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Preface

This Special Issue explores the complex relationships among body image, nutrition, and mental
health.

The articles cover timely research topics regarding eating and weight disorders and their
treatment, such as the regulation of emotions, appetite, and metabolism; social media, social
networking sites, and sociocultural pressure; and the therapeutic use of smart toys and bariatric
surgery. Therefore, this Special Issue provides a comprehensive overview of the current research
ideas and activities in this area.

We are grateful to the team of diverse authors from Austria, Belgium, Chile, China, Colombia,
France, Georgia, Germany, Iran, Italy, Japan, Lebanon, Lithuania, Poland, Saudi Arabia, Spain,
Tiirkiye, the United Kingdom, and the United States of America.

We would also like to thank Holly Walker for the cover image that is a handmade embroidery
depicting a skeleton drinking coffee.

We hope that this Special Issue will inform and entertain our readers.

Hubertus Himmerich and Khadijeh Mirzaei
Editors
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Classical examples of disorders associated with body image disturbances are eating
disorders (EDs) such as anorexia nervosa (AN) and bulimia nervosa (BN), as well as body
dysmorphic disorder (BDD). Body image is a complex construct comprising thoughts,
feelings, evaluations, and behaviors related to one’s body. Body image disturbances are
not exclusively found in EDs and BDD; they are also highly prevalent in people with
other mental or physical health problems, e.g., depression or obesity, and in the general
population [1].

Similarly, altered nutritional intake is not restricted to EDs and obesity. A change
in food intake can be a symptom of a mental health disorder such as depression [2], or a
consequence of psychopharmacological treatment [3]. Increased appetite and food intake
lead to obesity, which is often associated with depression [4]. Vice versa, weight loss can
help with depression in people with obesity if they lose weight under a calorie-restricted
diet [5]. These examples indicate the close association between nutrition and mental
health disorders.

This Special Issue examines and illuminates the complex relationships between body
image, nutrition, and mental health. More specifically, it covers the psychological and
social risk factors of body image disturbances and associated disorders, biological aspects
of appetite regulation and the metabolic syndrome, and therapeutic approaches for EDs
and weight disorders and their health consequences.

Psychosocial risk factors of body image disturbances and associated disorders are the
first group of themes covered in this Special Issue.

Yumen et al. [6] and Karam et al. [7] examined the influence of social websites and
social media use on body image and food intake. In a sample of young Japanese women,
Yumen et al. found that longer social networking site use was associated with lower body
weight and with a thinner body shape ideal [6]. Karam et al. researched the relationship
between social media use and body image in Lebanese university students. Individuals
with more social media use had higher odds of exhibiting body image concerns and were
at risk for emotional overeating [7].

Witaszek et al. investigated anxiety and depression as risk factors of the use of
food intake to regulate emotions and found that women with anxiety and depression
showed higher scores for uncontrolled and emotional eating but lower scores of cognitive
restraint [8]. As an additional result, they reported that the use of the glucagon-like peptide
1 (GLP-1) receptor agonists liraglutide and semaglutide was associated with increased
cognitive restraint in the Three-Factor Eating Questionnaire.

In a study using a virtual reality (VR) kitchen as experimental paradigm, Bektas
et al. observed that ED symptoms correlated positively with food-specific trait and state
disgust [9].

Baceviciene et al. compared disordered eating, body image, and sociocultural and
coach-related pressures between adolescent and adult and between male and female
athletes. An interesting finding was that vomiting, laxative misuse, and excessive exercise
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were more prevalent in adolescent female athletes than adult females, while dietary restraint
was more common in adult male athletes compared to adolescent males. Adolescent female
athletes experienced a high sociocultural pressure from family and peers, and sport-related
pressure from the coach [10].

Fabrig et al. examined a large sample of candidates for bariatric surgery and found
a strong association between weight-related experienced stigmatization and depressive
symptoms in candidates with high weight bias internalization [11].

Biological appetite regulation and markers of the metabolic syndrome constitute the
second group of themes covered in this Special Issue.

In a sophisticated immunohistochemical study, Fichtner et al. provided evidence for
a widespread distribution of the glial-cell-derived neurotrophic factor (GDNF) receptor
alpha-like (GFRAL), which is the receptor for growth differentiation factor-15 (GDF-15).
They found GFRAL in the prefrontal cortex, the hippocampus, the arcuate nucleus, and in
peripheral tissues. GFRAL had already been implicated in food intake and body weight
regulation, but these novel findings indicate a broader role of GFRAL in metabolism [12].

Bilska et al. investigated markers of metabolic syndrome and adipokines in a sample
of patients with a depressive episode of bipolar disorder. They found that in women with
bipolar depression, visfatin, S100B, and leptin concentrations correlated with metabolic
syndrome, whereas adiponectin and leptin-receptor levels were negatively associated with
it [13].

Therapeutic approaches for EDs and weight disorders and their health consequences
are the third group of themes covered in this Special Issue.

Clemente-Suarez et al. summarized the non-pharmacological interventions in people
with AN in a narrative review and thus covered nutritional interventions, psychological
and family therapy, social media use management, and physical therapy interventions
including relaxation, massages, and exercises [14].

The therapeutic use of the novel technology-enabled smart toy Purrble, which is
designed for emotional regulation, was explored in a mixed-method analysis by Chubinidze
et al. [15]. They found that it might be helpful particularly for patients with EDs and
complex presentations.

A systematic review and meta-analysis of randomized controlled trials to treat obesity
in military populations was performed by Gravina et al. [16]. They found that the current
weight loss interventions are effective in military populations with a high level of evidence
for physical activity, dietary and nutritional interventions, cognitive behavioral therapy,
and structured outcome monitoring (clinical or self-monitoring).

Paszynska et al. summarized the biological, behavioral (binge eating episodes, vom-
iting, acidic diet, poor oral hygiene), and pharmacotherapeutic factors that may threaten
oral health in people with EDs [17]. In their article, they advocate for early diagnosis,
reductions in behaviors that are destructive for oral health, nutritional counselling, and
medical interventions to treat and protect oral soft and hard tissues.

In summary, the use of social websites and social media, anxiety and depression,
food-specific disgust, social pressure, physical fitness pressure, weight-related experienced
stigmatization, and weight bias internalization were identified as risk factors for body
image disturbances; disordered, restrictive, or over-eating; vomiting; laxative misuse;
excessive exercise; and associated mental health problems [7-11]. The GDF-15 receptor
GFRAL, which is known to be involved in appetite regulation, was found to be expressed
across various central-nervous as well as peripheral tissues [12], and visfatin, S100B, and
leptin are associated with the development of metabolic syndrome in people with bipolar
depression [13]. Four articles of this Special Issue [14-17] summarized already available
(e.g., nutritional interventions, psychological and family therapy) [14] and experimental
(smart toy Purrble) [15] therapies for AN, effective therapies for the treatment of obesity
(e.g., physical activity, dietary and nutritional intervention, cognitive behavioral therapy,
clinical and self-monitoring) [16], as well as the preventive and therapeutic options for oral
health consequences of EDs [17]. Witaszek et al.’s finding that liraglutide and semaglutide
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were associated with increased cognitive restraint [8] is also therapeutically relevant as
these GLP-1 receptor agonists are approved for the treatment of obesity.

The mentioned findings reported in this Special Issue are clinically relevant and pave
the way for future research in EDs and weight-related disorders.

For example, as weight gain is a clinically significant problem during the treatment
with antidepressants and antipsychotics [3], prescription of the GLP-1 receptor agonists li-
raglutide and semaglutide alongside the treatment with weight-gain-inducing psychophar-
macological medications might help to prevent or attenuate weight gain [18]. Witaszek
et al.’s finding that liraglutide and semaglutide were associated with increased cogni-
tive restraint [8] might help to explain weight loss during treatment with these GLP-1
receptor agonists.

The findings of Bilska et al. [13] that visfatin, S100B, and leptin concentrations cor-
related with the metabolic syndrome point to the involvement of the immune system in
EDs and weight disorders, because visfatin, S100B, and leptin modulate the release of pro-
inflammatory cytokines like tumor necrosis factor (TNF)-« and interleukin (IL)-6 [19-21].
TNF-« and IL-6 have been found elevated in people with obesity [22] but also in patients
with AN [23]. Moreover, TNF-« and IL-6 inhibitors have been reported to lead to an
increase in body weight and were therefore suggested as potential future treatments of
AN [24,25]. Taking their influence on mood, cognition and behavior into account, these
cytokines might not only be involved in the pathophysiology of EDs but also other mental
health disorders [26]. Vice versa, psychopharmacological agents that treat mental health
disorders like antipsychotics, antidepressants, and mood stabilizers have been shown to
alter cytokine production in vivo and in vitro [27,28].

By using novel technical solutions such as VR [9] or a smart toy [15] as add-ons,
therapists might enhance the success of their therapies in the future.

To conclude, this Special Issue covers psychological, social, and biological aspects
of mental health problems associated with body image disturbances, and over- and un-
dernutrition. It also provides novel ideas for psychometric and biological markers and
therapeutic options for people with EDs and weight disorders such as the use of GLP-1
receptor agonists, GDF-15 and GFRAL signaling modification, and the enhancement of
psychotherapies using VR and smart toys.

Author Contributions: H.H. and K.M. have written the manuscript of this editorial together. All
authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
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Abstract: Recent reports have associated the use of social networking sites (SNS) with the drive for
thinness in young women; however, its influence on their actual body shape and eating behaviors
(EB) remains unclear. We aimed to examine the effect of SNS use on body mass index (BMI), body
image (BI), and EB in young women. Participants included 196 healthy women (2029 years) who
answered questions about their SNS use, height, weight, Bl and EB via a web-based survey. First,
the correlation between time spent on SNS and each variable was determined. Participants were
then divided into quartiles according to the duration of daily SNS use as long (>3 h, n = 52) and
short (<1 h, n = 54), and the data were then compared between the groups. Correlation analysis
showed that the longer the duration of daily SNS use, the significantly lower the BMI, the use of
nutrition labels, and the frequency of consumption of milk and dairy products. The long group had
significantly lower BMI and ideal BI than the short group. The results suggest that spending more
time on SNS in young women may be associated with thinner actual and ideal body shapes and
poorer access to health information and healthy foods.

Keywords: social media; body mass index; body image; nutrition labeling; healthy eating; thinness

1. Introduction

Underweight (body mass index; BMI < 18.5 kg/m?) is found in approximately 10%
of adult women worldwide, and female thinness is prevalent not only in countries and
regions with inadequate food supplies, but also in those without [1]. One of these countries,
Japan, has the highest prevalence of underweight among adult women in the Organization
for Economic Cooperation and Development (OECD) and among developed countries [1].
In particular, nearly 20% of young women are underweight [2]. Women in younger
generations are more likely to engage in intentional dietary restriction for weight loss,
or dieting, due to their greater drive for thinness and desire to achieve a slimmer body
shape [3]. The increasing prevalence of thinness among young women has raised concerns
about its possible adverse effects not only on women’s own life-course [4], but also on
the health of offspring across generations from the Developmental Origins of Health and
Disease (DOHaD) perspective [5], highlighting the prevention of thinness among young
women as an important public health nutrition issue.

The drive to be thin, which contributes to female thinness, is known to be enhanced
by comparison with others [6]. The recent development of social networking sites (SNS),
along with a constant stream of attractive platforms for posting images and videos, has
dramatically increased the opportunities for comparison with others. The majority of SNS
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users belong to the younger generations [7]. Several studies have reported associations
between SNS use and the drive for thinness in young women [8]. Tiggemann et al. [9,10]
showed that the more time female high school students spent on SNS, the higher their
drive for thinness. Cohen et al. [11,12] focused on behavioral outcomes associated with
SNS use and found that appearance-focused activities on SNS among young adult women
promoted thin-ideal internalization and body surveillance, thereby enhancing their drive
for thinness. As described above, SNS use has been documented to increase the drive for
thinness in adolescent and young adult women, though its influence on their actual and
ideal body shapes remains unknown.

Furthermore, given the link between thinness and eating behaviors (EB), the relation-
ship between SNS use and EB also needs to be addressed [13]. Yao et al. [14] reported that
among female college students, appearance comparisons on SNS were associated with an
increased tendency toward restrained eating. However, the relationships between SNS use
and dietary habits and food choices have not been fully elucidated.

This study aimed to clarify the impact of SNS use on actual and ideal body shapes and
EB in non-obese young Japanese women.

2. Materials and Methods
2.1. Participants and Procedure

This cross-sectional study was conducted using a web-based survey between De-
cember 2020 and February 2021. Participants were healthy Japanese women over the age
of 20 who were recruited through flyers, social media, and emails promoting the study.
Exclusion criteria were participants who (1) were pregnant and breastfeeding, (2) had
any of the following weight-related medical conditions within the past 5 years: cancer,
eating disorders, diabetes mellitus, or endocrine disorders. Participation was voluntary.
The study was approved by the Research Committee of the School of Human Science and
Environment, University of Hyogo (N0.192, 7 December 2018).

Seven hundred women completed questions on demographics, body size, nutrition,
and lifestyle (all required questions). However, only the objectified body consciousness
questionnaires were non-required questions, resulting in missing values for these questions.

Age and employment status were considered to influence the duration of SNS use,
so participants older than 30 years (1 = 342) and with employment status (n = 155) were
excluded from the analyses. In addition, seven women reported not having an SNS
account (e.g., Facebook, Instagram, Twitter, or TikTok) and were excluded from the analy-
ses, resulting in a final dataset of 196 women between the ages of 20 and 29 years (M = 21.1,
SD = 1.8) with a mean reported BMI of 20.3 (SD = 2.3). The prevalence of being underweight
(BMI < 18.5 kg/m?) and overweight (BMI > 25 kg/m?) among all participants was 17.9%
and 1.5%, respectively.

2.2. Measures
2.2.1. SNS Use

A questionnaire was developed based on a previous report [11]. Participants indicated
the number of times they accessed/checked their accounts daily on a 7-point scale: hardly
ever, 1 or 2 times, 3-5 times, 5-10 times, 11-15 times, 15-20 times, more times than I
can count, and the average amount of time they spent on SNS a day on a 12-point scale:
0-15 min, 15-30 min, 1-2h, 2-3 h, 34 h,4-5h,5-6 h, 6-7 h, 7-8 h, 8-9 h, 9-10 h, 10 or
more hours, each scored at the median. Participants also indicated how often they looked
at other people’s photos of themselves on a 5-point scale: almost never, rarely, sometimes,
often, almost every time I log on. Participants were asked how many selfies they took and
posted per day.

2.2.2. Anthropometric Assessments

Participants reported their age, sex, height, and weight. BMI (kg/ mz) was calculated
from self-reported the height and weight data.
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2.2.3. Body Image

Body image was assessed using the Japanese version of the Body Image Scale, which
has 10 silhouettes ranging from thin (score 1) to obese (score 10). This scale was devel-
oped and its reliability and validity were assessed in the Japanese adult population [15].
Regarding reliability, good test-retest reliability was found for both men (1 = 35, p = 0.90,
p < 0.01) and women (n =257, p = 0.90, p < 0.01). In terms of validity, there was a significant
positive correlation between the body image score and BMI in both men (1 = 335, p = 0.82,
p < 0.001) and women (n = 444, p = 0.81, p < 0.001). The area under the curve (AUC)
calculated by sensitivity and specificity was > 0.9 for thinness (BMI < 18.5 kg/ m?) and
obesity (BMI > 25 g/m?) in both genders. Body image scores are reliable indicators of
thinness or obesity.

Participants were asked to identify the silhouette that best represented their current
body image (CBI) and ideal body image (IBI). The difference between CBI and IBI was
calculated as body dissatisfaction discrepancy (CBI-IBI). To assess body perception, par-
ticipants reported their own body shape on a 5-point scale: thin, slightly thin, normal,
slightly overweight, or overweight. Body image distortion was scored based on partici-
pants” body perception and actual body shape: (1) underestimation: normal body shape
perceived as thin or slightly thin, and overweight perceived as thin, slightly thin, or normal;
(2) overestimation: underweight perceived as normal, slightly overweight, or overweight,
and normal body shape perceived as slightly overweight or overweight; (3) no distortion:
perceived body shape equal to actual body shape.

2.2.4. Objectified Body Consciousness

The Objectified Body Consciousness Scale [16] was used to assess objectified body con-
sciousness tendencies. The Objectified Body Consciousness Scale consists of three subscales of
eight items pertaining to body surveillance, body shame, and appearance control. Participants
rate their level of agreement with 24 items (e.g., “I often worry about whether the clothes I am
wearing make me look good”) on a 5-point scale (1 = strongly disagree, 5 = strongly agree).
McKinley and Hyde (1996) [16] reported good construct and discriminant validity in a sample
of female undergraduates. In the present study, alpha was 0.75, 0.74, 0.60, and 0.66 for body
surveillance, body shame, appearance control, and total score, respectively. The total score
for each subscale (8 items) and the total score for all 24 items were calculated and used for
scoring. To consider participants who did not want to answer sensitive questionnaires, only
the Objectified body consciousness items were open-ended.

2.2.5. Subjective Feelings

Subjective health perceptions were assessed using a self-report questionnaire [17] that
asked, “Do you feel that you are in good health?” Participants reported on a 4-point scale
(1 = poor, 4 = excellent), with lower scores indicating lower subjective health perceptions.

The four-item Subjective Happiness Scale [18] was used to measure subjective happi-
ness. Participants reported on a 7-point scale (1 = not a very happy person, 7 = a very happy
person) with lower scores indicating lower subjective happiness. The scale has shown good
internal consistency in a Japanese undergraduate sample [19]; in the present study, the
alpha was 0.88. The average score for the four items was calculated and used for scoring.

2.2.6. Eating Behaviors

Dietary habits, including skipping breakfast, eating dinner within two hours of bed-
time, and eating snacks after dinner were assessed using a self-report questionnaire [20].
Participants answered “yes” if they did so on three or more days per week, and “no” if they
did so on two or fewer days per week. In addition, use of nutrition labels was assessed
using a self-report questionnaire [21] that asked, “Do you usually refer to the nutrition label
when you buy food?” Participants responded on a 4-point scale: hardly ever (0), rarely (1),
often (2), and every time (3).
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The frequency of food consumption of fruits, fish, milk and dairy products, and
alcohol was assessed using a self-report questionnaire; the food items were selected from
the healthy lifestyle behaviors that have been shown to be associated with cardiovascular
mortality among Japanese people [22]. Participants reported on a 5-point scale: rarely (0),
1-2 days a month (1), 1-2 days a week (2), 34 days a week (3), almost every day (4). Each
frequency weight was set to 0, 0.05 (1.5/30), 0.214 (1.5/7), 0.5 (3.5/7), and 1.0.

2.3. Statistical Analysis

Using all data (1 = 196), we evaluated the association between the duration of SNS use
and body image and eating behaviors using Spearman correlation coefficients. Based on
previous reports [23,24], we compared participants in the highest (long: >75th percentile;
>3 h per day) and lowest (short: <25th percentile; <1 h per day) quartiles of duration of
SNS use. Comparisons between the two groups (long vs. short) were performed using
the Mann—-Whitney U or chi-squared test, as appropriate. Cases with missing data were
removed from the relevant analysis and Little’s missing completely at random (MCAR) test
was used to demonstrate that the data were missing at random [25]. All statistical analyses
were performed using the Statistical Package for the Social Sciences (SPSS for Windows™
ver. 28, IBM Inc., Tokyo, Japan). The significance level was set to alpha = 0.05.

3. Results

There were no missing values except for four items of the Objectified Body Conscious-
ness. For the missing data, the number of missing data in the long and short groups was 17
(31.5%) and 15 (28.8%), respectively. Little’s MCAR test showed that the missing data were
missing completely at random (Chi-square = 0.09; p = 0.768).

3.1. SNS Use

Most participants (88.8%, n = 174) checked their SNS account at least 3-5 times per
day. Approximately half of the participants (51.0%, n = 100) reported using SNS for 2 or
more hours per day. Two-thirds of the participants (69.9%, n = 137) looked at other people’s
photos of themselves often or almost every time they logged on. Approximately one in five
participants (17.9%, n = 35) habitually took selfies, and only 10 participants (5.1%) posted
the photos on SNS (both > 0 times per day).

3.2. Relationship between SNS Use and Actual and Ideal Body Shapes, and Eating Behaviors

Figure 1 presents the correlation between the duration of SNS use and (a) BMI,
(b) CBI, (c) IBI, and (d) body dissatisfaction of all data. BMI was negatively correlated with
the duration of SNS use (r = —0.149, p = 0.037).
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Figure 1. Correlations between the duration of SNS use and (a) body mass index, (b) current body image,
(c) ideal body image, and (d) body dissatisfaction (all # = 196). Spearman’s correlation. Body dissatisfaction
was calculated as the difference between current and ideal body image. SNS = social networking sites.

Use of nutrition labels (r = —0.159, p = 0.026) and the frequency of consumption of
milk and dairy products (r = —0.195, p = 0.006) were negatively correlated with the duration
of SNS use. Frequency of consumption of fruit, fish, and alcohol was not significantly
correlated with the duration of SNS use.

3.3. Characteristics in the Long and Short Time Groups of SNS Use
3.3.1. Daily SNS Use

Table 1 shows the daily SNS use, body shape, body image, Objectified Body Conscious-
ness, and subjective feelings of the long and short groups. Compared to the short group,
the long group accessed SNS more frequently (p < 0.001), took more selfies (p = 0.001), and
posted more of them (p = 0.001) per day. There were no differences in the frequency of
viewing others’ photos of themselves (Table 1).

3.3.2. Body Shape

BMI was lower in the long group than in the short group (p = 0.027). Body weight
status based on the BMI value did not differ significantly between the two groups.

3.3.3. Body Image

There was no difference in CBI between the two groups (p = 0.182). On the other
hand, IBI was lower in the long group than in the short group (p = 0.026). There were no
differences in body dissatisfaction, body perception, and body image distortion between
the two groups (Table 1).

3.3.4. Objectified Body Consciousness

The total scores of Objectified Body Consciousness (p = 0.032) and body surveillance
(p = 0.002) were higher in the long group than in the short group. There were no differences
in body shame and appearance control between the two groups (Table 1).

3.3.5. Subjective Feelings

The subjective health score was higher in the long group than in the short group (p = 0.038).
There was no difference in the subjective happiness score between the two groups (Table 1).

3.3.6. Eating Behaviors

Table 2 shows the eating behaviors of the long and short groups. There were significant
differences in the frequency of consumption of fruits (p = 0.017), milk and dairy products
(p = 0.045), and alcohol (p = 0.043) in the two groups. There was no difference in skipping
breakfast, eating dinner within two hours of bedtime, and eating snacks after dinner
between the two groups (Table 2).
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Table 1. Daily SNS use, body shape, body image, objectified body consciousness, and subjective
feelings by the duration of SNS use.

Variables Long (1 = 52) Short (n = 54) p-Value
Daily SNS use !
Frequency of access ° 49+13 21+13 <0.001
Frequency of viewing others’ photos of themselves * 29+1.0 28+10 0.383
Number of selfies taken 04407 0.1+04 0.001
Number of selfies posted 02404 0.0 £0.0 0.001
Body shape
Body mass index (kg/m?) ! 19.6 +23 205+ 2.0 0.027
Body weight status 2 0.395
underweight (BMI < 18.5) 11(21.2) 8(14.8)
normal (185 < BMI < 25) 40 (76.9) 46 (85.2)
overweight (25 < BMI) 1(1.9) 0(0.0)
Body Image
Current body image (CBI) ! 51+18 56+14 0.182
Ideal body image (IBI) ! 40+14 44+11 0.026
Body dissatisfaction 11+16 12+14 0.796
Body perception 2 0.194
thin, slightly thin 9(17.3) 4(74)
normal 10 (19.2) 21 (38.9)
slightly overweight, overweight 33(63.5) 29 (53.7)
Body image distortion 2 0.967
underestimation 1(1.9) 1(1.9)
no distortion 18 (34.6) 20 (37.0)
overestimation 33 (63.5) 33 (61.1)
Objectified Body Consciousness ©
Body surveillance 7 304 +5.5 26.7+4.9 0.002
Body shame 7 23.1+6.0 21.8+49 0.332
Appearance control 7 263 +4.9 269 +3.9 0.551
Total 79.8 +10.1 753+ 8.4 0.032

Subjective feelings !

Health 31+£05 28+£07 0.038

Happiness ° 48412 47412 0.694

Note. SNS = social networking sites. ! Values represent mean = SD. p-values were analyzed via Mann-Whitney U.
2 Values represent 1 (%). p-values were analyzed by Chi-square test. 3 score range 0-6 (0 = hardly ever, 6 = more
times than I can count). # score range 0—4 (0 = almost never, 4 = nearly every time I log on). > Body dissatisfaction
represents the difference between CBI and IBI (IBI-CBI). ® Long; 1 = 37, Short; n = 37 7 score range 8-40 (8 items
total score, 1 item score range 1 = strongly disagree, 5 = strongly agree). & score range 1-4 (1 = poor, 4 = excellent).
9 score range 1-7 (1 = not a very happy person, 7 = a very happy person). Bold: significant differences in p-Value.
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Table 2. Eating behaviors by the duration of SNS use.

Variables Long (n = 52) Short (n = 54) p-Value
Skipping breakfast (>3 days/week) 0.157
Yes 34 (65.4) 42 (77.8)
No 18 (34.6) 12 (22.2)
Eating dinner within two hours of bedtime (>3 days/week) 0.777
Yes 36 (69.2) 36 (66.7)
No 16 (30.8) 18 (33.3)
Eating snacks after dinner (>3 days/week) 0.582
Yes 32 (61.5) 36 (66.7)
No 20 (38.5) 18 (33.3)
Nutrition label use
hardly ever 9(17.3) 6(11.1) 0.059
Rarely 10 (19.2) 8(14.8)
Often 29 (55.8) 25 (46.3)
every time 4(7.7) 15 (27.8)
Frequency of food consumption
Fruits 0.017
Rarely 11 (21.2) 15 (27.8)
1-2 days a month 17 (32.7) 9(16.7)
1-2 days a week 9(17.3) 13 (24.1)
3—4 days a week 12 (23.1) 5(9.3)
almost every day 3(5.8) 12(222)
Fish 0.357
Rarely 10 (19.2) 6(11.1)
1-2 days a month 9(17.3) 8(14.8)
1-2 days a week 27 (51.9) 29 (53.7)
3—4 days a week 6(11.5) 8(14.8)
almost every day 0(0.0) 3(5.6)
Milk and Dairy products 0.045
Rarely 4(7.7) 3(5.6)
1-2 days a month 8(15.4) 3(5.6)
1-2 days a week 20 (38.5) 15 (27.8)
3—4 days a week 10 (19.2) 8(14.8)
almost every day 10 (19.2) 25 (46.3)
Alcohol 0.043
rarely 30 (57.7) 34 (63.0)
1-2 days a month 11(21.2) 10 (18.5)
1-2 days a week 4(7.7) 10 (18.5)
3—4 days a week 3(5.8) 0(0.0)
almost every day 4(7.7) 0(0.0)

Note. SNS = social networking sites. Values represent 1 (%). p-values were analyzed using Chi-square test. Bold:
significant differences in p-Value.

11



Nutrients 2023, 15, 1589

4. Discussion

This study had two main findings: (1) in non-obese young Japanese women, the longer
the duration of daily SNS use, the significantly lower the BMI, use of nutrition labels, and
frequency of consumption of milk and dairy products; and (2) when comparing subgroups
of time spent on SNS, the long group had a lower BMI and IBI than the short group.

4.1. SNS Use and Actual and Ideal Body Shapes

A limited number of studies have investigated the association between time spent
on SNS and physiques in young women. In contrast with the present finding that the
more time young women spent on SNS, the lower their BMI, Wagner et al. [26] reported
that there was no correlation between the frequency of posting selfies on SNS and BMI in
female college students. This discrepancy is probably due to the methodological difference
between the studies, in that Wagner et al. assessed the frequency of posting selfies, one
form of SNS activity, whereas we examined the time spent engaging in SNS activity as a
whole. This activity mainly consisted of posting and browsing, considering the importance
of the total time spent on both components. In 2000, before SNS became an information
source, it was suggested that the portrayal of thin models and celebrities on television and
in fashion magazines would promote the drive for thinness in young women [27]. As their
main source of information is currently shifting from television to SNS [7], our finding
that a longer duration of daily SNS use can lead to a thinner physique in young women
suggests that further attention needs to be paid to the modes of SNS use in order to reduce
thinness among young women.

An interesting finding of the present study was that the long group had a thinner
actual and ideal physiques than the short group. Tiggemann et al. [9,10] reported a positive
correlation between time spent on SNS and the drive for thinness in adolescent girls.
Fardouly et al. [28] found that the more female college students engaged in SNS use,
as measured by the mean scores of time spent and frequency, the higher their drive for
thinness and body dissatisfaction. The finding from these previous studies that SNS use is
associated with increased drive for thinness in young women is in good agreement with
our findings that women in the long group who spent more time on SNS had a thinner body
size ideal. In the present study, however, no significant difference in body dissatisfaction
was noted between the long and short groups. This could be explained by the fact that the
long group actually had a thinner physique, with a mean BMI of 19.5 kg/m?; therefore,
they were less likely to develop greater body dissatisfaction.

4.2. SNS Use and Eating Behaviors

The analysis of time spent on SNS and EB revealed that the longer the duration of
daily SNS use, the lower the frequency of referring to nutrition labels when purchasing
food. The percentage of adult women in Japan [2] who cited SNS as a source of information
influencing their diet was highest among those in their 20s (approximately 40%), which,
together with our results, suggests that SNS information, rather than reliable information
on nutrition labels, is used as a reference for food purchases in young women who spend
more time on SNS.

Another interesting new finding of this study was that the longer the duration of daily
SNS use, the lower frequency of consumption of milk and dairy products. Previous research
on the associations between SNS use and EB found that scores on the Eating Attitudes
Test-26 [29] and dieting behavior scores (which measure items such as the frequency of
attempts to lose weight) [10] increased with the amount of time spent on SNS. However, to
our knowledge, no studies have shown that SNS use affects specific food consumption. In
light of this, why were the milk and dairy product intakes lower? In this regard, the study
on food selection patterns in Japanese adolescent girls reported that body dissatisfaction
was associated with lower frequency of milk consumption [30]. Additionally, a study of
Japanese mothers of preschool children found that they were more likely to perceive that
“milk and dairy products are high in energy due to their fat content and that consumption
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of these foods causes weight gain” [31]. In Japan, national surveys have shown a decline in
dairy consumption over the past 20 years among non-obese women aged 20-39 years [32].
In reality, however, milk and dairy products are desirable for young women as they are rich
sources of nutrients such as calcium and protein. Taken together with the finding on the
use of nutrition labels, this finding indicates that the use of SNS as a source of information
may have led to limited access to correct information, such as nutrition labels, leading to
misconceived avoidance of healthy foods (milk and dairy products). It is plausible that
overuse of SNS may be a barrier to access both health information and healthy foods.

4.3. Limitations

The limitations of this study were as follows: (1) A detailed dietary survey was not
conducted, and data on participants” actual food or nutrient intake were not available.
(2) SNS use was self-reported, so the possibility of underestimation cannot be excluded [33,34].
In the future, research using objective data logs and screen time applications to assess SNS
use is needed [35]. (3) The survey focused primarily on time spent on SNS and not on
content viewed and the use of individual application, all of which should be investigated
in future studies. (4) The study design was cross-sectional, so cause and effect cannot be
inferred. In addition, the possibility of reverse causation cannot be excluded [36]. Future
longitudinal or interventional studies are required to confirm our findings. Despite the
above limitations, to the best of our knowledge, the present study is the first report to
demonstrate the negative impact of prolonged SNS use on both actual and ideal body
shapes and healthy EB in non-obese young women.

5. Conclusions

The present results suggest that spending more time on SNS may be associated with
thinner actual and ideal body shapes and poorer access to health information and healthy
foods among young women. In order to prevent thinness and promote healthy EB among
young women, it may be necessary to pay attention to the time spent on SNS.
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Abstract: Well-being is not only defined as being physically healthy; multiple factors can affect a
person’s well-being. Social media is strongly correlated with the body dissatisfaction of an individual.
High exposure to lean and toned body shapes has created new standards and “idealized” body types.
The aim of this article was to assess the relationship between social media and body image among
university students in Lebanon. Data were obtained from 292 university students (median age:
22 years), selected from different Lebanese regions by using convenience sampling. Demographic
data, social media addiction, body satisfaction, levels of physical activity, eating behaviors, and
ultimate well-being were expressed as median and interquartile range. People who relied more
on social media were younger than those who did not. Individuals addicted to social media had
higher odds of having moderate and marked body image concerns. A significant association was
found between social media addiction and emotional overeating, food responsiveness, and feeling
hunger. These findings stress the need for rising regional and national awareness among social
media users, especially the younger ones, and the implementation of intervention and prevention
techniques to help prevent body image dissatisfaction, disordered eating patterns, and the alteration
of overall well-being.

Keywords: body image; self-perception; social media addiction; social media use; university
students; Lebanon

1. Introduction

The World Health Organization (WHO) defines health as a “state of complete physical,
mental, and social well-being” and not merely the absence of disease or infirmity [1].
Human beings seek to feel well in their lives, which makes well-being a vital human
aim [2]. The concept of well-being describes how people feel about their lives, which
may or may not be strongly correlated with the unchanging realities of people’s lives [3].
According to the center for disease control, CDC, well-being is associated with job, family,
health, and economically related benefits [2]. Psychological well-being specifically is a
main building block of mental health and may be defined as enjoyment and pleasure on
one hand and meaning and fulfillment on the other hand, as well as resilience (coping,
emotional regulation, and healthy problem solving) [4].

Among university students, well-being is specifically important as it is a critical
contributor to lifelong fulfilment [5], but it is at risk since the students encounter many
academic difficulties, as well as social, emotional, and psychological ones [6].
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Lebanon is undergoing several crises arising due to a massive economic collapse
and the tragic August 4 Beirut port blast [7]. Young adults representing 28% of the total
population were found to be most affected by these crises because they are the population
most vulnerable to stressors since their future is at stake, and it is their time to shape their
lives in a country that is crippling them [8].

Social media has become the primary source of communication for young people, and
its usage has increased substantially among university students, who mainly use it for
non-academic purposes [9]. It presents significant challenges for the younger generation
since it allows them to discover the world as a filtered image rather than portraying the
real world [10]. Social media is responsible for the new perception of what is called an
“ideal man” or “ideal woman”. Those terms refer to men or women socially perceived as
attractive, according to sociocultural norms [11]. Moreover, this is considered the primary
cause of the exertion of extra pressure on the public, which leads to body dissatisfaction due
to the unattainable standards that are set in society [12]. The social comparison theory might
explain this association as it asserts that individuals tend to compare themselves to others
who are similar [13]. This theory posits that individuals evaluate themselves by comparing
their abilities and opinions to those of others, which influences their self-perception and
emotional well-being [14].

People frequently display an idealized picture of themselves on social media, adding
only the most appealing photographs of themselves to their profile [15]; those pictures
might be even changed using applications and filters. Even though social media provides
images of a variety of individuals (e.g., friends, family, strangers, and celebrities), it is
mainly used to communicate with one’s peers [16].

Evidence shows that peer comparisons may have a particularly strong impact on body
image [17]. Physique dissatisfaction is frequently tested by asking people to rate their
actual body with their ideal form; as with social comparison theory, the gap between the
two is the level of body dissatisfaction [12]. Body image and psychological well-being are
inextricably linked; body dissatisfaction is mainly based on a person’s negative thoughts
about their appearance, which are frequently influenced by social experiences like media
representations [18]. In recent years, body dissatisfaction has become a serious worry for
both men and women, particularly women [19,20]. Body dissatisfaction has previously
been related to unhealthy lifestyles, whereas body satisfaction has been related to healthier
lifestyles [20]. Therefore, authors hypothesize that the usage of social media could be linked
to body dissatisfaction and to lifestyle.

Understanding and investigating students” body dissatisfaction as influenced by
the effects of social media is significantly important in assessing the need to develop
appropriate education on health awareness and the appropriate use of social media. Such
studies are lacking, especially among university students in Lebanon during the crisis.
This study aims to assess the relationship between social media and body image among
university students in Lebanon.

2. Methods
2.1. Design and Sample Size

This study is a cross-sectional survey. Participants were asked to complete an on-
line questionnaire including six sections. This survey was designed to assess the effect
of social media on body image. For data collection purposes, the online survey was dis-
tributed throughout different social media platforms. The inclusion criterion for subjects
to participate in this study consisted of being Lebanese university students registered
in different universities across all Lebanese regions. Exclusion criteria included being a
Lebanese student outside Lebanon and being a non-Lebanese student in a university in
Lebanon. The subject population included both genders regardless of the educational level
or occupation of the participants. A convenience sampling technique was used in this
research. The sample size was 292 participants. Data collection took place in November
and December 2021.
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This study received approval from the ethical committee of the Modern University
of Business and Science (approval reference MU-20211105-27). The survey included a
consent form. Subjects had the full right to drop out of the study at any time they wanted
without giving any reason. Participants were asked to complete a 10 min questionnaire.
All questionnaire responses were confidential and anonymous, and the analyzed data were
non-identifiable.

2.2. Assessment Tools

The questionnaire, distributed in English, included 6 sections: (1) sociodemographic.
(2) The Bergen social media usage scale (BSMAS), a six-item scale used to assess addiction
to social media [21], from which scores were calculated according to a certain ranking
(any level above 18 was considered an addiction to social media). In the present study,
the internal consistency of BSMAS was quite acceptable (Cronbach « = 0.762). (3) The
Body Shape Questionnaire 16-Item Version (BSQ-16), a self-reported measurement of body
shape concerns [22]; scores were also recorded and classified in a system split into four
categories: ‘no concern’ (scoring less than 38), ‘mild concern’ (scoring between 38 and
51), ‘moderate concern’ (scoring between 52 and 66), and ‘marked concern with shape’
(scoring over 66) (Cronbach « = 0.945). (4) The Godin leisure scale, a four-item scale
used to assess physical activity [23], in which scoring was as follows: active (scoring
24 units or more), moderately active (scoring between 14 and 23 units), and insufficiently
active/sedentary (less than 14 units), and “how often they work up a sweat”, to which the
possible answers were often, sometimes, and never (Cronbach « = 0.649). (5) The Adult
Eating Behavior Questionnaire (AEBQ), used to assess positive and negative beliefs about
food and eating [24] and which consists of 35 items, was rated on a 5-point Likert-type scale
(1-strongly disagree; 5-strongly agree); these items were split into sub-categories which
are as follows: hunger, food responsiveness, emotional eating, enjoyment of food, satiety
responsiveness, emotional undereating, food fussiness, and slow eating (Cronbach o for
each sub category = 0.700-0.895). (6) The last part of the questionnaire was the World
Health Organization-5 Well-being Index (WHO-5) validated in Lebanon and used to assess
psychological well-being [25,26], which consisted of five statements, rated according to
the following scale: all of the time 5, most of the time 4, more than half of the time 3, less
than half of the time 2, some of the time 1, at no time 0 (Cronbach o = 0.843). The total raw
score, ranging from 0 to 25, was multiplied by 4 to give the final score, with 0 representing
the worst imaginable well-being and 100 representing the best imaginable well-being. All
variables were calculated as the authors of the questionnaire and the validation study
have stated.

Addiction status was classified according to the total score of BSMAS. The median
value was 18 points; therefore, a total score > 18 was an addiction indicator, while a total
score < 18 was a no-addiction indicator. All variables from BSQ-16, weekly leisure-time
activity, and WHO-5 that were not dichotomous were transformed considering each specific
study issue as a cutoff point. All variables from AEBQ that were not dichotomous were
transformed taking the median as a cutoff point.

2.3. Statistics

The SPSS statistical software package version 27.0 (SPSSS Inc., Chicago, IL, USA)
was used to perform analyses. The distribution of variables was assessed by performing
the Kolmogorov—Smirnov test. The data are shown as median and interquartile range
(IQR), and differences among groups were analyzed by performing the Mann-Whitney
U test because the variables did not follow a normal distribution. The prevalence is
shown as sample size and percentage. The difference in prevalence among groups was
analyzed using %2 (all p values are two-tailed). The association between body shape concern,
physical activity level, well-being status, and adult eating behaviors (dependent variables)
and addiction status (independent variables) was analyzed by calculating the odds ratio
(OR). For each item, two ORs were calculated: crude and adjusted by sociodemographic
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characteristics (age, gender, and university student). Results were considered statistically
significant when the p-value < 0.05.

3. Results

Sociodemographic characteristics according to social media addiction (no addiction:
total BSMAS score < 18; addiction: total BSMAS score > 18) are shown in Table 1. Partici-
pants with a major social media addiction were slightly younger (21 years) than those who
did not have an addiction.

Table 1. Sociodemographic characteristics of participants according to social media addiction.

No Addiction Addiction

(n = 166) (n =154) p-Value

Age (years) * 22.0(8.0) 21.0 (4.0) 0.017
Gender (female; n; %) 138 (83.1) 124 (80.5) 0.544
Province (n; %) 0.916

Beirut 17 (10.3) 16 (10.5)

Mount Lebanon 119 (72.1) 108 (70.6)

North of Lebanon 2(1.2) 1(0.7)

South of Lebanon 10 (6.1) 10 (6.5)

Begaa 16 (9.7) 15(9.8)

Nabatiyeh 1(0.6) 3(2.0)

* Values are median (IQR: interquartile range). Differences between groups were tested by performing the
Mann-Whitney U test. Differences in prevalence across groups were examined using x>.

Body shape concern, weekly leisure-time activity, and well-being index according to
social media addiction are available in Table 2. Most people without social media addiction
are not concerned with their body shape (63.9%). In the social media addiction group, the
percentage of participants who had moderate and marked concern with their body shape
was notably high (31.2%).

Table 2. Body shape concern, weekly leisure-time activity, and well-being index according to social
media addiction.

No Addiction Addiction
p-Value
(n =166) (n=154)
BSQ-16 (n; %) 0.001
No concern with shape 106 (63.9) 74 (48.1)
Mild concern with shape 37 (22.3) 32 (20.8)
Moderate and marked concern with shape 23(13.9) 48 (31.2)
Weekly Leisure-Time Activity (n; %) 0.563
Insufficiently Active/Sedentary 67 (40.4) 55 (35.7)
Moderately Active 24 (14.5) 28 (18.2)
Active 75 (45.2) 71 (46.1)
WHO-5 (n; %) 0.137
Worst possible well-being 2(1.2) 6(3.9)
Poor well-being 44 (26.5) 51 (33.1)
Mild well-being 66 (39.8) 60 (39.0)
Good and best possible well-being 54 (32.5) 37 (24.0)

Abbreviations: BSQ-16: Body Shape Questionnaire 16-Item Version; WHO-5: World Health Organization-5
Well-being Index. Differences in prevalence were examined using x2.

Eating behaviors according to social media addiction are shown in Table 3. Regarding
the enjoyment of food, participants obtained the same score in both groups (4.0). Neverthe-
less, the scores referring to emotional overeating, food responsiveness, and hunger were
higher in the social media addiction group participants, at (3.2)/(3.3)/(3.4), respectively.
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Table 3. Eating behaviors according to social media addiction.

No Addiction Addiction

p-Value
(n =166) (n =154)
AEBQ *
Enjoyment of food (EF) 4.0 (1.0) 4.0 (1.0 0.028
Emotional overeating (EOE) 2.6 (1.4) 3.2(1.6) <0.001
Emotional undereating (EUE) 32(14) 3.0 (1.6) 0.409
Food fussiness (FF) 2.2(1.0) 24(1.1) 0.245
Food responsiveness (FR) 3.0 (1.0) 3.3(0.8) <0.001
Hunger (H) 3.0 (0.8) 3.4(1.0) <0.001
Slowness in eating (SE) 2.8 (1.3) 2.8 (1.5) 0.705
Satiety responsiveness (SR) 2.8 (1.0) 3.0(1.2) 0.067

* Values are median (IQR: interquartile range). Abbreviation: AEBQ: Adult Eating Behavior Questionnaire.
Differences between groups were tested by performing the Mann-Whitney U test.

In Table 4, crude and adjusted ORs were calculated to find an association between body
shape concern, weekly leisure-time activity, well-being index, and social media addiction.
No addiction was established as the reference. Crude and adjusted analysis showed that
students addicted to social media had higher odds of reporting moderate and marked
concern with shape (adjusted OR: 0.48; 95% CI: 0.30-0.77). Accordingly, students with
social media addiction were less likely to report no concerns with body shape than students
without addiction (adjusted OR: 3.01; 95% CI: 1.70-5.33).

Table 4. Association between body shape concern, weekly leisure-time activity, and well-being index
and social media addiction.

No Addiction Addiction
(n =166) (n =154) p-Value
OR (95% CI) OR (95% CI)
BSQ-16
No concern with shape Crude OR 1.00 (ref.) 0.52 (0.34-0.82) 0.005
P Adjusted OR 1.00 (ref.) 0.48 (0.30-0.77) 0.002
. . Crude OR 1.00 (ref.) 0.91 (0.54-1.56) 0.743
Mild concern with shape Adjusted OR 1.00 (ref.) 0.94 (0.54-1.64) 0.830
. Crude OR 1.00 (ref.) 2.82 (1.61-4.91) <0.001
Moderate and marked concern with shape Adjusted OR 1.00 (ref.) 3.01 (1.70-5.33) <0.001
Weekly Leisure-Time Activity
. . Crude OR 1.00 (ref.) 0.82 (0.52-1.29) 0.393
Insufficiently Active/Sedentary Adjusted OR 1.00 (ref.) 0.88 (0.55-1.39) 0.576
. Crude OR 1.00 (ref.) 1.32 (0.73-2.39) 0.368
Moderately Active Adjusted OR 1.00 (ref.) 1.40 (0.76-2.58) 0.288
At Crude OR 1.00 (ref.) 1.04 (0.67-1.61) 0.868
cuve Adjusted OR 1.00 (ref.) 0.95 (0.60-1.49) 0.818
WHO-5
Worst well-bein Crude OR 1.00 (ref.) 332 (0.66-16.73) 0.145
& Adjusted OR 1.00 (ref.) 2.68 (0.53-13.64) 0.235
Poor well-bein Crude OR 1.00 (ref.) 1.37 (0.85-2.22) 0.197
& Adjusted OR 1.00 (ref.) 1.45 (0.88-2.37) 0.143
. L Crude OR 1.00 (ref.) 0.97 (0.62-1.52) 0.884
Mild well-being Adjusted OR 1.00 (ref.) 0.95 (0.60-1.49) 0.807
L Crude OR 1.00 (ref.) 0.66 (0.40-1.07) 0.093
Good and best well-being Adjusted OR 1.00 (ref.) 0.66 (0.40-1.08) 0.098

Values are OR (95% CI). Abbreviations: BSQ-16: Body Shape Questionnaire 16-Item Version; CI: confidence
interval; OR: odds ratio; adjusted OR: odds ratio adjusted by sociodemographic characteristics (age, gender,
university student); WHO-5: World Health Organization-5 Well-being Index.

Table 5 shows crude and adjusted ORs for association between eating behaviors and

social media addiction. No addiction was established as the reference (1.00). In all cases,
crude and adjusted analyses showed that the OR for the addiction group was higher than
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for the no-addiction group for “Emotional overeating” (adjusted OR: 2.2; 95% CI: 1.42-3.54),
“Food responsiveness” (adjusted OR: 2.13; 95% CI: 1.35-3.36), and “Hunger” (adjusted
OR: 2.16; 95% CI: 1.37-3.41) items. Hence, students with social media addiction were
more likely to report emotional overeating, food responsiveness, and hunger than students
without social media addiction.

Table 5. Association between eating behaviors and social media addiction.

No Addiction Addiction
(n =166) (n =154) p-Value
OR (95% CI) OR (95% CI)

Adult Eating Behavior Questionnaire (AEBQ)
) Crude OR 1.00 (ref.) 1.33 (0.85-2.07) 0.209
Enjoyment of food (EF) Adjusted OR 1.00 (ref.) 1.25 (0.79-1.97) 0.343
) ) Crude OR 1.00 (ref.) 2.24 (1.44-3.51) <0.001
Emotional overeating (FOF) Adjusted OR 1.00 (ref.) 2.25 (1.42-3.54) 0.001
. . Crude OR 1.00 (ref.) 0.76 (0.49-1.19) 0.230
Emotional undereating (EUE) Adjusted OR 1.00 (ref.) 0.73 (0.46-1.15) 0.176
. Crude OR 1.00 (ref.) 1.10 (0.70-1.73) 0.672
Food fussiness (FF) Adjusted OR 1.00 (ref.) 1.09 (0.69-1.72) 0.710
Food responsiveness (FR) Crude OR 1.00 (ref.) 231 (1.47-3.61) <0.001
P Adjusted OR 1.00 (ref.) 2.13 (1.35-3.36) 0.001
Hunger (H) Crude OR 1.00 (ref.) 2.18 (1.39-3.41) 0.001
& Adjusted OR 1.00 (ref.) 2.16 (1.37-3.41) 0.001
Slowness in eating (SE) Crude OR 1.00 (ref.) 1.02 (0.66-1.58) 0.934
& Adjusted OR 1.00 (ref.) 0.99 (0.63-1.56) 0.954
Satiety responsiveness (SK) Crude OR 1.00 (ref.) 1.48 (0.93-2.35) 0.097
y resp Adjusted OR 1.00 (ref.) 147 (0.91-2.37) 0.118

Values are OR (95% CI). Abbreviations: CI: confidence interval; OR: odds ratio; adjusted OR: odds ratio adjusted
by sociodemographic characteristics (age, gender, university student).

4. Discussion

The current study explored the effect of social media on body image among univer-
sity students in Lebanon. Younger participants displayed major social media addiction
compared to older participants. Social media addiction was also more dominant among
young women (80.5%) than among men. Similar findings were obtained in Turkey [27]
and Romania [28]. These results are also consistent with prior reports of social media
addiction, where findings showed that young people [29-35] and females [36] were more
prone to social media addiction. The tendency of the young population to be addicted to
social media can be attributed to their need to express their personality, achieve dominance,
escape family pressure, overcome loneliness, and earn social approval, in addition to coping
with psychological disorders, economic problems, and physical inabilities [27]. Negative
mood states are also considered causes of social media addiction among young people;
these include timidity, depression, social phobia, and worry about the future. Hence, a
strong body of evidence relates youth and social media addiction. However, other studies
have shown significant relationships between males and older adults with problematic
social media use or who have not displayed any relationship [37-40], which reflects that
there is no agreement among studies on the association of a particular sociodemographic
with social media addiction.

A positive association between no addiction to social media and no concerns about
body shape was determined in this current study. Moreover, the percentage of participants
having moderate and marked concerns with body shape was significantly higher among
the social media addiction group compared to the group not addicted to social media.
Previous studies examining the relationship between social media addiction and body
image concerns yielded comparable results [41,42], especially among females [12,43-45].

As has been pointed out [46], the digital filters that hide flaws set an unrealistic
standard of beauty. Moreover, studies have shown that internalizing the portrayed images
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exposed by the media leads to a desire to achieve ideal beauty [47,48]. This association
can be explained by the social comparison theory, suggesting that individuals tend to
compare themselves to others who are similar to them [13]. In fact, the significant Western
influence in the media in Lebanon has spread perceptions of a ‘perfect body” and thus
led to increased body concerns [45]. However, these results contradict other studies that
did not find a direct association between social media addiction and body concerns or
dissatisfaction [49-52].

The social media addiction group obtained higher scores for emotional overeating,
food responsiveness, and hunger. These current results confirm previous studies among
Lebanese university students, where eating disorders (mainly emotional and restrained
eating) were significantly linked to social media influence and pressure [53], and separation
anxiety from technological devices was associated with the risk of eating disorders [54].
Similar findings were obtained in a recent study evaluating the relationship between social
media addiction and eating behavior and disorder risk in university students during the
pandemic period in Turkey, where emotional eating behavior was higher among social
media addiction participants [55]. This was also supported by the literature on the impact
of social media addiction on eating behaviors [56-59]. Research in America has also shown
that social media use can affect eating choices and increase individuals” unaware food
intake despite their not feeling hungry [60]. In fact, the use of social media can influence
eating choices and food intake due to product marketing and excessive energy-dense food
exposure [61], in addition to peer pressure, as young adults tend to pay increased attention
to products recommended by friends on social media [62]. Emotional eating can also
result in overeating [63] and higher energy-dense food intake in attempts to rapidly reduce
negative moods [64].

Strengths and Limitations

The current study addresses a currently hot topic that affects health and well-being.
Moreover, it addresses students, who are at most risk of developing social media addiction,
specifically in the context of Lebanon, where it might become an escape mechanism due
to the escalating humanitarian crisis [7], with no previous studies having tackled this
subject since the crisis boomed in 2019. Tools used for the current research were previously
validated, providing the article with scientific soundness. Nevertheless, this study also has
limitations. It was conducted using online self-reported data, which introduces a risk of
memory bias. Moreover, the studied population is limited to Lebanese university students,
which might be a hindrance in extending the findings to other populations. In addition,
not all the instruments used were previously validated in Lebanon. Last but not least,
due to the cross-sectional nature of the study, there is a potential reverse causation, as its
cross-sectional design does not allow it to explore whether the behaviors are an outcome
or an antecedent of social media use [65]. Therefore, the use of social media and body
concerns or behaviors could have an inherent relationship that cannot be ascertained due
to the study’s design.

5. Conclusions

Social media addiction among Lebanese students is related to body image concerns
and several behaviors/feelings such as emotional overeating, food responsiveness, and
feeling hunger. Such associations increase the risk of unhealthy behaviors, especially those
related to food intake, which will directly affect health.

These findings should raise awareness among social media users, especially younger
users, of the need to avoid the detrimental effects on health of social media overuse. These
findings should be taken into consideration by authorities regulating social media access
and when developing programs to address eating behavior disorders.

Longitudinal research would be advisable to be able to better establish causality and
to check possible interventions to improve such associations.
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Abstract: (1) Background: Causes of obesity are multifactorial and include genetic predisposition
as well as behavioural, psychological, social, and hormonal influences. We aimed to compare adult
women with normal weight, overweight, and obesity, with a focus on maladaptive eating behaviours,
the presence of generalised anxiety disorder, and the severity of depression. Additionally, we explored
the context of anti-obesity pharmacotherapy and the status of bariatric surgery. (2) Methods: The
sample was composed of 1105 adult women. The following measures, through the Computer-Assisted
Web Interview (CAWI), were used in the present study: the Three Factor Eating Questionnaire
(TFEQ-R18), the 7-item Generalised Anxiety Disorders Scale (GAD-7), and the 9-item Patient Health
Questionnaire (PHQ-9). (3) Results: All domains of the TFEQ-R18 had correlations with Body
Mass Index (BMI). There was a weak negative association between BMI and Cognitive Restraint
(r=-0.172, p < 0.001) and a weak positive relationship between BMI and Uncontrolled as well as
Emotional Eating (r = 0.165, p < 0.001; r = 0.191, p < 0.001, respectively). Women who screened
positive for anxiety scored lower in the Cognitive Restraint domain (10.11 4 3.58, p = 0.042) and
higher in the Uncontrolled Eating (12.69 £ 6.04, p < 0.001) and Emotional Eating (5.29 £ 2.75,
p < 0.001) domains. Similarly, women screening positive for depression had lower scores in Cognitive
Restraint (9.88 £ 3.61, p < 0.001) and higher scores in Uncontrolled Eating (12.64 & 6.09, p < 0.001)
and Emotional Eating (5.31 £ 2.71, p < 0.001). A significant association between liraglutide and
semaglutide administration and Cognitive Restraint was observed. (4) Conclusions: Individualised
treatment for obesity should consider the existing and confirmed association between maladaptive
eating behaviours and generalised anxiety disorder, as well as the severity of depression influencing
the BMI altogether. The use of anti-obesity pharmacotherapy needs further exploration because the
evidence for the use of liraglutide and semaglutide in terms of positive associations with eating
behaviours is encouraging.

Keywords: obesity; maladaptive eating behaviours; anxiety; depression; women health; BMI

1. Introduction

Since 1975, there has been a threefold increase in obesity and overweight prevalence.
In 2019, an estimated 38.2 million children under the age of 5 were overweight or obese,
which is an unfavourable prognosis for the future. It is estimated that around 55% of
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children with obesity will become adolescents with obesity, and out of them, around
80% will become adults living with this disease [1,2]. Obesity is the result of complex
relationships between epigenetic, genetic, psychological, socioeconomic, and cultural
factors [3,4]. Due to its common occurrence, obesity is now an emerging topic of scientific
study, not only in terms of pathogenesis but also because of its economic and societal
impact [5]. Positive energy balance in obesity is related to numerous factors, including
eating patterns affected by maladaptive eating behaviours or potentially occurring eating
disorders. In the literature, three specific dimensions of eating behaviour are presented:
cognitive restraint (placing restrictions on food without taking into account the sensations
of hunger and satiety), uncontrolled eating (characterised by a disordered perception of
hunger that results in excessive food intake), and emotional eating (where food is consumed
in response to various negative emotions) [4,6]. The Three Factor Eating Questionnaire
(TFEQ) is a widely used method that quantifies these three dimensions [7,8]. In the
case of the Polish population, it was found that the three-factor structure of the TFEQ-
R18 (18-items) is invariant at each level-configural, metric, scalar, and strict [6]. Several
studies have examined the associations between body weight and TFEQ-R18 scores. They
demonstrated that gaining weight is significantly associated with uncontrolled eating and
emotional eating and that higher scores in cognitive restraint and emotional eating are
found to be associated with a higher Body Mass Index (BMI) in women [9-11].

Apart from the fact that psychological factors influence the development of obesity,
this disease is also the cause of mental disorders. Anxiety and depression have a high
prevalence among people with obesity, especially females [12]. According to a recent meta-
analysis by Jung et al. (2017), obesity increases the risk of depression [13]. A bidirectional
link between these two diseases has been observed [14]. Individuals with more severe
obesity (BMI > 40 kg/ m?) exhibited a stronger association with depression [13,14]. In
some studies, the link between being overweight and the onset of depression was found
in women but not in men [13]. For women with a baseline BMI of 30 kg/ m? or higher,
the odds of a major depressive disorder (MDD) are significantly higher and independent
of other risk factors such as age, education, prior depressive symptoms, marital status,
chronic disease, low social support, and financial strain [15]. A connection was also found
between obesity and general anxiety disorder (GAD), but the risk between obesity and the
onset of anxiety disorders (i.e., panic disorder, agoraphobia without panic disorder, social
phobia, specific phobia, and generalised anxiety disorder) has been less investigated so
far [16]. Women who were either overweight or obese were significantly more likely to
have the three mental health issues simultaneously—current depression; lifetime diagnosed
depression; and anxiety disorder—than women with a normal BMI range [17].

Achieving long-term weight loss maintenance in patients with obesity through current
treatment methods continues to pose a clinical challenge. This challenge is particularly
evident in the varied responses to obesity interventions, including changes in eating
patterns, medication use, and surgical procedures [4]. Lifestyle interventions for weight loss
are currently not personalised to address the underlying pathophysiology and behavioural
traits associated with obesity [18]. There is a need to develop a valid classification for this
heterogeneous patient population and assess its effectiveness in obesity management to
provide a more individualised approach. One of the hypothesised obesity phenotypes is
emotional eating, which could be identified by screening patients for depression, anxiety,
and emotional eating behaviour using validated tools [4,18]. This approach is especially
promising because a phenotype-targeted pharmacological treatment of obesity resulted in
a mean weight loss of 4.1% higher after 6 months compared to the non-phenotype-targeted
approach. Additionally, the proportion of patients who lost >10% at 1 year was 79%,
compared with 34% with non-phenotype-guided treatment, with no increase in the adverse
effect ratio [4].

The aim of the present study was to compare adult women with normal weight,
overweight, and obesity in relation to maladaptive eating behaviours, generalised anxiety
disorder, and depression severity using the TFEQ-R18, the 7-item Generalised Anxiety
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Disorders Scale (GAD-7) and the 9-item Patient Health Questionnaire (PHQ-9). As this
topic is severely understudied, we have also explored the associations between anti-obesity
pharmacotherapy and undergoing bariatric surgery in the past with TFEQ-R18 domain
scores. We have put forward the following hypotheses: 1. There is an association between
BMI and the results of the above-mentioned questionnaires, and the significance of this
relationship will increase with weight. 2. There is a correlation between the TFEQ-R18
scales and the PHQ-9 and GAD-7. 3. The use of particular medications influences the scores
obtained on the subscales of the TFEQ-R18 scale.

2. Materials and Methods
2.1. Participants and Recruitment

This cross-sectional survey was conducted between 4 September 2023 and 19 Octo-
ber 2023 using a computer-assisted web interviewing (CAWI) technique. A proprietary
questionnaire was used and uploaded to Google Forms, making it available to any device
connected to the internet. The survey was then distributed through social media plat-
forms like Instagram and Facebook within support groups for individuals with obesity,
undergoing pharmacological obesity treatment, or undergoing bariatric surgery. Before
proceeding with the questionnaire, participants were informed about the research objec-
tives and methodology, after which they gave their informed consent to participate in this
study. Respondents had the option to discontinue their participation without explanation
at any point. In order to maintain anonymity, no personal data were collected. This study’s
inclusion criteria were being female, being over 18 years old, residing in Poland, and having
internet access.

This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Bioethics Committee of the Wroclaw Medical University, Poland (approval
number: 349/2023N).

This study questionnaire included a series of questions aimed at evaluating the socio-
demographic profile of the participants. These questions covered topics such as age,
gender, height, current weight, and the highest weight ever recorded. Following this
section, participants were asked about the presence of any chronic diseases, whether
they were undergoing pharmacological treatment for obesity, or if they had undergone
bariatric treatment. In the event of a positive response, participants were presented with an
additional multiple-choice question to specify the particular co-morbid condition, specific
anti-obesity medication taken, and type of bariatric procedure. The second part of the
survey consisted of standardised psychometric tools: the Three Factor Eating Questionnaire
(TFEQ-R18), the Patient Health Questionnaire (PHQ-9), and the General Anxiety Disorder
7-Item (GAD-7). The questionnaire required all questions to be answered. Failure to answer
at least one question prevented progression to the next stage.

2.2. TFEQ-R18 Scale

The Three Factor Eating Questionnaire (TFEQ-R18) was developed by Stunkard and
Messick [7] as a 51-item questionnaire. It was further modified by Karlsson et al. [19], who
abbreviated the measure to 18 items (TFEQ-R18). The Polish version of the TFEQ-R18
was validated [6]. The questionnaire refers to current dietary practise and measures three
domains of eating behaviour: cognitive restraint (conscious restriction of food intake in
order to control body weight), uncontrolled eating (excessive food intake due to a loss of
control accompanied by subjective feelings of hunger), and emotional eating (inability to
resist emotional cues). The TFEQ-R18 consists of 17 items on a four-point Likert response
scale (ranging from “definitely true” to “definitely false”) and an additional item to rate, on
an eight-point Likert scale, how often respondents restrain their eating. For the purpose
of analysis, this particular item was re-coded into four categories, with responses 1 and 2
combined into category 1, 3 and 4 into category 2, 5 and 6 into category 3, and 7 and 8 into
category 4. The range of points that can be obtained in each subscale is: 0-18 for cognitive
restraint, 0-27 for uncontrolled eating, and 0-9 for emotional eating. The reliability of the
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tool, as measured by Cronbach’s alpha coefficient, was 0.763. Additionally, the Cronbach’s
alpha coefficient for the individual subscales was, respectively, 0.799 for cognitive restraint,
0.889 for uncontrolled eating, and 0.883 for uncontrolled eating.

2.3. PHQ-9 Scale

The Patient Health Questionnaire (PHQ-9) is an instrument used to diagnose criteria-
based depressive disorders commonly encountered in primary care settings. The PHQ-9
asks patients to rate, on a four-point scale ranging from “not at all” to “most days”, the
frequency with which they have experienced certain depressive symptoms in the preceding
2 weeks. Items are rated from 0 to 3 accordingly. The possible point range to be scored
is between 0 and 27 points. Researchers have confirmed the validity and reliability of
the PHQ-9 [20]. The Polish version of the questionnaire has been validated [21]. In the
validation of the tool in the Polish population, a cutoff value of 12 points was calculated [21].
The reliability of the tool, as measured by Cronbach’s alpha coefficient, was 0.872.

2.4. GAD-7 Scale

The General Anxiety Disorder 7-Item (GAD-7) Scale is commonly used to assess
general anxiety symptoms in various settings and populations. The GAD-7 has shown
good reliability and construct validity [22]. It comprises seven items that measure worry
and anxiety symptoms. Each item is rated on a four-point Likert scale (0-3), with total
scores ranging from 0 to 21, where higher scores indicate greater anxiety severity. Scores
exceeding 10 are considered to be within the clinical range. In this study, we used the Polish
translation of the GAD-7 provided by the MAPI Research Institute [23]. A high internal
consistency for Cronbach’s alpha was found (0.924).

For a better understanding of the research methodology, the English version of the survey
is attached in Supplementary Table S1. The English Version of this Study Questionnaire.

2.5. Statistical Analysis

The variables in this study had both qualitative and quantitative characteristics. To
assess the normality of the distribution, the Shapiro-Wilk test was used. Qualitative
variable comparisons were conducted using the chi-squared test. For quantitative variables,
non-parametric tests such as the Kruskal-Wallis H Test or the Mann-Whitney U test were
used. The level of correlation between variables was assessed with the Spearman correlation
test coefficient. The BMI was assumed to mediate the effect of eating behaviour (TFEQ-
R18 subscales) on anxiety (GAD-7) and depression (PHQ-9), because it can be affected
by the eating behavior, and on the other hand, it can affect anxiety or health. Based on
this assumption, the associations between eating behavior, BMI, anxiety, and health were
analysed using the mediation model. The model enables assessing the average direct
effect (ADE) of a given factor (subscale of TFEQ-R18) and the average causal mediation
effect (ACME) of a mediator (BMI). To test hypothesis 1, the Kruskal-Wallis H Test and
Mann-Whitney U test were used. Additionally, the mediation model was used. To test
hypothesis 2, the Spearman correlation test was used, and to test hypothesis 3, the Mann—
Whitney U test was used.

The hypotheses verified based on a common group of patients were considered
a family of hypotheses, and the Bonferroni correction was used for controlling I-type
error. Therefore, a corrected alpha level amounted to 0.008 (0.05/6) (with respect to scales
GAD-7 and PHQ-9), or to 0.017 (0.05/3) (for Age and BMI). The analysis was conducted
using Statistica 13.0 (TIBCO Software, Palo Alto, CA, USA). The mediation analysis was
performed using the command ‘mediate” from the R-package version 4.0.4 ‘mediation’.

3. Results
3.1. Characteristics of the Study Group

This study involved 1105 female participants. The average age was 38.89 years
(SD = 9.0). The mean BMI was 33.32 kg/m? (SD = 6.67). Overall, 44.2% of women (1 = 488)
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were undergoing pharmacological treatment for obesity, with liraglutide being the most
common (21.3%), and 11.9% of women (n = 131) had undergone surgical treatment for
obesity. Among all participants, 29.6% had one or more chronic diseases. Out of 68.7%
of women with obesity (1 = 759), only 44.8% (n = 496) recognised it as a chronic disease.
Approximately 46.4% of the women (1 = 513) screened positively for anxiety, and 50.3%
(n = 556) screened positively for depression. A detailed overview of the characteristics of
the study group is presented in Table 1, and a summary of the results and interpretation of
the Three-Factor Eating Questionnaire, Generalised Anxiety Disorder, and Patient Health
Questionnaire-9 is presented in Table 2.

Table 1. Characteristics of the study group.

Variable N/M £ SD
Age [years] 38.89 +9.00
Body Mass Index [kg/m?] 33.32 4 6.67
Body Mass Index Underweight 0(0.0)
Normal weight 92 (8.3)
Overweight 254 (23.0)
Obesity I 366 (33.1)
Obesity II 247 (22.4)
Obesity III 146 (13.2)
Pharmacological treatment of obesity 488 (44.2)
PharmacologicaAI treatment of Semaglutide 232 (21.0)
obesity
Bupropion + Naltrexone 41(3.7)
Liraglutide 235 (21.3)
Surgical treatment of obesity 131 (11.9)
Chronic diseases 327 (29.6)
Hypertension 220 (19.9)
Cardiovascular disea‘ses other than 57 (5.2)
hypertension
Obesity 496 (44.8)
Hypothyroidism 387 (35.0)
Diabetes mellitus type 2 116 (10.5)
Chronic diseases Osteoarthritis 76 (6.9)
Depression 211 (19.1)
Anxiety 153 (13.8)
Dyslipidemia 101 (9.1)
Fatty liver disease 112 (10.1)
Other 367 (33.2)

M—mean; SD—Standard deviation; N—number,, kg/ mz—kilogram(s) per square metre.

3.2. Correlations between the Three Domains of TFEQ-R18 and GAD-7, as Well as PHQ-9 Scores
in Women with Normal Weight, Overweight, and Obesity

All domains of TFEQ-R18 were associated with BMI. There were weak negative corre-
lations between BMI and Cognitive Restraint, (rho = —0.172, p < 0.001) and weak positive
relationships between BMI and Uncontrolled as well as Emotional Eating (rho = 0.165,
p < 0.001; rho = 0.191, p < 0.001, respectively). Emotional Eating was the only domain that
was weakly negatively linked to age (rho = —0.086, p = 0.004).
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Table 2. Summary of results and interpretation of the Three-Factor Eating Questionnaire, Generalised
Anxiety Disorder, and Patient Health Questionnaire-9.

Variable N/M £ SD
Cognitive Restraint 10.33 £ 3.51
TFEQ-R18 Uncontrolled Eating 11.16 4 5.85
Emotional Eating 4.60 £2.76

GAD-7 9.57 + 6.10

GAD-7 Interpretation Anxiety 513 (46.4)
PHQ-9 10.6 £ 6.36

PHQ-9 Interpretation Depression 556 (50.3)

M—mean; SD—Standard deviation; N—number; TFEQ-R18 Three-Factor Eating Questionnaire, GAD-7—Generalised
anxiety disorder; PHQ-9—Patient Health Questionnaire-9.

Analysis of correlations between three domains of TFEQ-R18 and GAD-7 as well
as PHQ-9 scores (as continuous values) revealed no significance for GAD-7 and PHQ-9
between Uncontrolled and Emotional Eating in women with normal weight. In overweight
women, relationships were moderately significantly positive for both the GAD-7 and PHQ-
9 scores in relation to Uncontrolled Eating (rtho = 0.357, p < 0.001, and rho = 0.360, p < 0.001,
respectively) and Emotional Eating (rtho = 0.313, p < 0.001, and rho = 0.349, p < 0.001,
respectively). Finally, we found weak negative significant correlations among women with
class I obesity between GAD-7 and PHQ-9 scores and Cognitive Restraint (tho = —0.136,
p =0.008 and rho = —0.189, p < 0.001, respectively) and weak positive relationship between
GAD-7 and PHQ-(score and Uncontrolled Eating (rho = 0.283, p < 0.001 and rho = 0.291
and p < 0.001, respectively) and Emotional Eating (rho = 0.286, p < 0.001 and rho = 0.314,
p < 0.001, respectively). All analysed correlations are presented in Table 3.

Table 3. Correlations between the three domains of TFEQ-R18, GAD-7, and PHQ-9 scores (as a
continuous value) in different BMI subgroups.

Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable rho p* rho p* rho p*
Age [years] 0.055 0.067 —0.428 0.154 —0.086 0.004
BMI [kg/m?] —0.172 <0.001 0.165 <0.001 0.191 <0.001
Whole group (N = 1105)
GAD-7 —0.091 0.003 0.299 <0.001 0.293 <0.001
PHQ-9 —0.154 <0.001 0.338 <0.001 0.329 <0.001
Normal weight (N = 92)
GAD-7 0.048 0.648 0.179 0.086 0.149 0.155
PHQ-9 0.008 0.937 0.268 0.008 0.208 0.046
Overweight (N = 254)
GAD-7 —0.040 0.524 0.357 <0.001 0.313 <0.001
PHQ-9 —0.112 0.074 0.360 <0.001 0.349 <0.001
Obesity I (N = 366)
GAD-7 —0.136 0.008 0.283 <0.001 0.286 <0.001
PHQ-9 —0.189 <0.001 0.291 <0.001 0.314 <0.001
Obesity II (N = 247)
GAD-7 —0.002 0.981 0.221 <0.001 0.215 <0.001
PHQ-9 0.005 0.934 0.207 0.002 0.191 0.003
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Table 3. Cont.

Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable
rho p* rho p* rho p*
Obesity III (N = 146)
GAD-7 —-0.118 0.156 0.291 <0.001 0.318 <0.001
PHQ-9 —0.316 <0.001 0.473 <0.001 0.435 <0.001

N—number; GAD-7—Generalised anxiety disorder; PHQ-9—Patient Health Questionnaire-9; * Spearman’s rank
correlation. Significant effects (<0.017 for BMI and age) and (<0.008) for the rest are marked in bold.

Associations between the three domains of TFEQ-R18 and GAD-7, as well as PHQ-9
scores (grouped by the screening cut-off threshold) revealed that women who screened pos-
itively for anxiety were scoring higher in the Uncontrolled Eating (12.69 + 6.04, p < 0.001)
and Emotional Eating (5.29 £ 2.75, p < 0.001) domains when compared to those that did
not meet the screening threshold.

A similar tendency was noted for women who screened positively for depression.
They were scoring lower in the Cognitive Restraint domain (9.88 & 3.61, p < 0.001) while
scoring higher in the Uncontrolled Eating (12.64 + 6.09, p < 0.001) and Emotional Eating
(5.31 £ 2.71, p < 0.001) domains.

After dividing the study group into BMI subgroups, it was found that women with
normal weight presented no association between GAD-7 and PHQ-9 scores and TFEQ-R18
Cognitive Restraint scores, whereas in women with class I obesity, an association between
the PHQ-9 score and Cogpnitive Restraint was observed. Moreover, in women with class I
and class III obesity, the PHQ-9 score was significantly associated with all three domains of
TFEQ-R18. A detailed overview of the results of GAD-7 and PHQ-9 is presented in Table 4,
distinguishing between different BMI subgroups.

Table 4. Association between the three domains of TFEQ-R18, GAD-7, and PHQ-9 scores (grouped
by the screening cut-off threshold).

Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable
M + SD p* M + SD p* M + SD p*
Whole group (N = 1105)
GAD-7 Inter- Anxiety 10.11 4 3.58 12.69 + 6.04 529 £275
: ; 0042 ———————— <0.001 —————— <0.001
pretation No anxiety 10.53 + 3.43 9.82 +5.32 3.99 +2.61
PHQ-9 Inter- Depression 9.88 £ 3.61 12.64 £ 6.09 531 +271
. - <0001 ———————— <0001 —(————— <0.001
pretation No depression 10.80 + 3.33 9.64 +5.17 3.88 +2.61
Normal weight (N = 92)
Anxiety 11.34 £3.44 11.09 £ 6.02 4.28 +3.05
GAD-7 Interpretation 0844 ———————— 006 —————— 0214
No anxiety 11.22 + 3.56 792 +441 3.33 £231
Depression 11.10 £ 3.59 11.63 £ 6.17 4.66 + 3.04
PHQ-9 Interpretation 081 —(———————— 0003 ———————— 0018
No depression ~ 11.34 4-3.48 7.76 £4.19 318 £225
Overweight (N = 254)
Anxiety 10.76 4 3.21 12.03 4 6.01 4.82+2.79
GAD-7 Interpretation 0689 ————————— <0001 —__———— <0.001
No anxiety 10.90 & 3.42 8.69 £5.16 3.57 £2.60
Depression 10.52 £ 3.56 11.70 £ 6.03 477 £2.83
PHQ-9 Interpretation 0233 ————————— <0001 ——————— 0.001
No depression ~ 11.09 & 3.07 8.92 £5.27 3.59 £257

33



Nutrients 2024, 16, 80

Table 4. Cont.

Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable
M + SD p* M + SD p* M + SD p*
Obesity I (N = 366)
Anxiety 10.30 & 3.42 12.63 4 5.95 511 +£277
GAD-7 Interpretation 0183 ——————— - <0001 ——————— <0.001
No anxiety 10.75 4 3.28 10.13 4+ 5.28 3.99 £2.63
Depression 10.04 £ 3.44 12.39 +6.18 5.13 £ 2.64
PHQ-9 Interpretation 0007 —————— - <0001 ——————— <0.001
No depression ~ 11.02 & 3.19 10.12 4+ 5.03 3.88 £271
Obesity IT (N = 247)
GAD-7 Interpretation Anxiety 9.92 £3.44 0.566 13.01 +5.92 0.031 551 £0.26 0.018
No anxiety 9.61 £ 3.42 11.39 £+ 5.48 4.72 £ 2.64
Depression 9.78 £3.49 13.00 & 6.01 542 £270
PHQ-9 Interpretation 081 ——— - 0028 —————— 0033
No depression 9.77 £3.37 11.11 £ 5.16 4.72 £ 2.56
Obesity III (N = 146)
Anxiety 8.71 £3.96 13.78 + 6.37 6.33 = 4.35
GAD-7 Interpretation 0084 ——————— 0002 ———_————_—— <0.001
No anxiety 9.89 £3.95 10.46 + 5.49 4.35 4244
Depression 8.61 =391 13.94 +5.94 6.28 4= 2.45
PHQ-9 Interpretation 0016 ————— - <0001 —————_—— <0.001
No depression ~ 10.33 4 3.91 9.48 £ 5.67 4.02 4+ 247

M—mean; SD—Standard deviation; N—number; GAD-7—Generalised anxiety disorder; PHQ-9—Patient Health
Questionnaire-9; * Mann-Whitney U test Significant effects (<0.008) are marked in bold.

3.3. Maladaptive Eating Behaviours among Adult Women with Overweight, Obesity, and
Normal Weight

After dividing participants into subgroups based on their BMI, we found an associ-
ation between BMI and all three TFEQ-R18 domains. We observed increasing scores of
Uncontrolled and Emotional Eating and decreasing scores of Cognitive Restraint in women
with an increasing degree of obesity (p < 0.001).

Patients who are undergoing pharmacological treatment for obesity scored signifi-
cantly higher in the Cognitive Restraint domain (p < 0.001). When considering every class
of medication separately, this relationship was stronger with semaglutide (p < 0.001) than
with liraglutide (p < 0.016). There was no observed relationship between cognitive restraint
and the use of Bupropion/Naltrexone. However, it is the only medication for which a
relationship with Emotional Eating was noted (p < 0.001). The status of bariatric surgery
had significant differences in all three domains (p < 0.001). An in-depth overview of the
results of the TFEQ-R18 is presented in Table 5.

Table 5. Associations between studied variables and the TFEQ-R18 domain scores.

. Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable
M + SD p M + SD p M =+ SD p
Normal weight
(N =92) 11.26 +3.49 9.02 £522 3.66 £ 2.62
Overweight
(N = 254) 10.84 + 3.30 10.14 £ 5.78 4.11+£2.75
Obesity I . “ .
BMI (N = 366) 10.56 + 3.34 <0.001 11.16 + 5.69 <0.001 445 +274 <0.001
Obesity IT
(N = 247) 9.78 +3.43 12.28 +£5.78 5.16 + 2.66
Obesity IIT
(N = 146) 9.21 £3.98 1235 +6.21 548 + 2.68
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Table 5. Cont.

. Cognitive Restraint Uncontrolled Eating Emotional Eating
Variable
M + SD p M + SD p M + SD p
Yes
10.96 + 3.27 11.30 £ 591 4.68 +£2.77
Pharmacological (N =488)
treatment of obesity No <0.001 % 0.492% 0.387*
(N =617) 9.83 £ 3.60 11.04 =5.92 4.54 +2.76
Yes
(N =232) 11.19 £ 3.21 10.78 = 3.92 447 £2.70
Semaglutide N <0.001* —————— 0223*% ———————  0.441*
o
(N =873) 10.11 = 3.54 11.25 +5.82 4.63 £2.77
Yes
(N =235) 10.84 + 3.25 11.56 + 5.41 4.69 +2.79
Liraglutide N 0.016* ———— 0125 ——— (0.588*%
o
(N = 870) 10.20 + 3.56 11.04 +£5.96 4.58 +2.75
_ (NY:’ZD 10.61 £3.71 12.98 + 5.67 6.13 +2.39
Bupropion 0401* ———————— 0067* ————— <0.001*
+ Naltrexone No 032 +351 11.08 + 5.84 4544275
(N =1064) 10. i : : i :
Yes
11.78 + 3.57 7.83 £+ 5.35 3.28 +2.54
Surgical treatment of (N =131) . . .
obesity No <0.001 - <0.001* ——— <0.001
(N = 974) 10.14 + 3.45 11.60 = 5.77 4.77 £2.73
M—mean; SD—Standard deviation; N—number; BMI—body mass index; kg/ mz—kilogram(s) per square meter;
" Kruskal-Wallis H Test; * Mann-Whitney U test; Significant effects (<0.017) are marked in bold.
3.4. Mediation Effect of BMI in Associations between the TFEQ-R18 and Anxiety and Health
Although the mediation effect of BMI was statistically significant in all the analyses
performed, the effect size of the mediation was low. The rate of the mediated effect on the
total effect of the analysed factors amounted to 0.04-0.06 (4—6%) for uncontrolled eating
and emotional eating and to 0.20 and 0.16 (20 and 16%) for cognitive restraint (Table 6).
Table 6. The analysis of the mediation effect of BMI in associations between the TFEQ-R18 subscales
and anxiety (GAD-7) and health (PHQ-9).
Explained - Lower Limit of Upper Limit of
Variable Factor Effect Statistics Coeff. 95% CI 95% CI p
ACME —0.03 —0.06 —0.01 <0.001
Cognitive ADE —0.13 —-0.22 —0.01 0.028
Restraint Total effect —0.16 —0.26 —0.04 0.016
Prop. med. effect 0.20 0.28 163.79 0.016
ACME 0.01 0.00 0.02 0.006
Uncontrolled ADE 0.31 0.25 0.37 <0.001
GAD-7 score Eating Total effect 033 0.27 0.38 <0.001
Prop. med. effect 0.04 0.01 0.08 0.006
ACME 0.03 0.01 0.06 0.026
Emotional ADE 0.63 0.49 0.76 <0.001
Eating Total effect 0.66 0.52 0.79 <0.001
Prop. med. effect 0.04 0.01 0.10 0.026
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Table 6. Cont.

Explained . Lower Limit of Upper Limit of
Variable Effect Statistics Coeff. 95% CI 95% CI p
ACME —0.04 —0.07 —0.02 <0.001
Cognitive ADE —0.25 —0.35 —0.13 <0.001
Restraint Total effect —0.29 —0.39 —0.18 <0.001
Prop. med. effect 0.15 0.08 0.31 <0.001
ACME 0.02 0.01 0.03 <0.001
PHO-9 Uncontrolled ADE 0.38 0.32 0.44 <0.001
Q-9 score Total effect 0.40 0.34 0.46 <0.001
Prop. med. effect 0.05 0.02 0.09 <0.001
ACME 0.05 0.02 0.08 <0.001
Emotional ADE 0.72 0.59 0.86 <0.001
Total effect 0.77 0.63 0.90 <0.001
Prop. med. effect 0.06 0.03 0.12 <0.001

ACME—average causal mediation effect; ADE—average direct effect; Prop. Med. Effect—proportion of mediated
effect (ACME/Total effect); GAD-7—Generalized anxiety disorder; PHQ-9—Patient Health Questionnaire-9;
Significant effects (<0.008) are marked in bold.

4. Discussion

The aim of this study was to compare women with normal body weight, overweight,
and obesity in relation to maladaptive eating behaviours, generalised anxiety disorder,
and depression severity using the TFEQ-R18, the GAD-7, and the PHQ-9 scales. We have
also hypothesised that there will be an association between body weight and scores on the
aforementioned questionnaires and that the significance of this association will increase
with increasing BMI.

Indeed, we found that BMI correlated significantly positively with Uncontrolled and
Emotional Eating and significantly negatively with Cognitive Restraint. This was confirmed
in a separate analysis of associations between the studied variables and TFEQ-R18 domain
scores. An analysis of existing literature showed that this relationship may differ in relation
to the studied population. For example, in the Finnish study on 2 997 females, higher BMI
was associated with higher levels of Cognitive Restraint (p < 0.001) and Emotional Eating
(p < 0.001), but not with Uncontrolled Eating [10]. Whereas, in the Arabic population,
BMI was positively correlated with Uncontrolled Eating and Emotional Eating (p < 0.001
respectively), but not with Cognitive Restraint [8]. Another piece of evidence that this
study population is of great importance gives a sample of 4377 Swedish, middle-aged
men and women living with obesity in whom the original factor structure of TFEQ was
not replicated at all [19]. Not without significance is also the mean age of the studied
population, because it can be correlated with TFEQ-R18 domain scores. In the case of our
study, a significant negative correlation was found between age and Emotional Eating.
The aforementioned Finnish population consisted of very young women, with a mean age
of 18.6 years, whereas our population consisted of mostly middle-aged women, with a
mean age of 38.9 years. Our results also vary in the context of Cognitive Restraint, which
is usually associated positively with a higher BMI [10,24] or is not associated with body
weight [5,25]. Interestingly, a German sample of middle-aged adults exhibited a reversed
U-shaped association between cognitive restraint and BMI, where BMI was high in subjects
with medium cognitive restraint [24]. Population diversity in terms of the association
between BMI and TFEQ-R18 is an interesting aspect that requires further research.

Our study revealed significant correlations between PHQ-9 scores and all three do-
mains of TFEQ-R18. Also, when dividing the population into groups by BMI, relationships
were noted for Uncontrolled Eating and Emotional Eating across all BMI subgroups. A
similar observation was made in a study of 238 participants undergoing a behavioural
weight loss intervention in Germany. PHQ-9 scores were positively correlated with Hunger
(Emotional Eating) (r = 0.245, p < 0.001) and Disinhibition (Uncontrolled Eating) (r = 0.353,
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p < 0.05). It is worth noting that the original version of the 51-item TFEQ was used. No
significant correlation was observed between PHQ-9 scores and Cognitive Restraint [26].
Individuals with obesity and eating disorders are characterised by impulsivity, anxiety,
and depression. However, even without the presence of eating disorders, people living
with obesity are affected by psychological factors [27,28]. The linkage between weight gain
and depression is considered to be formed on the basis of pathological eating behaviour,
including emotional eating [29]. Thus, the results observed in the 1105 population of
women in this study are in concordance with former reports and confirm the previous
scientific findings.

The aforementioned study of the German population undergoing behavioural weight
loss intervention also reveals correlations between GAD-7 scores and TFEQ-R18 Domains.
GAD-7 scores are positively correlated with Hunger (Emotional Eating) (r = 0.311, p < 0.001)
and Disinhibition (Uncontrolled Eating) (r = 0.245, p < 0.001) [26]. Another study on
129 Ghanaian students reveals a positive correlation between screening positively for
anxiety with GAD-7 and Emotional Eating (r = 0.471, p < 0.001), but only for female
participants [30]. Similar to depression, anxiety, and perceived stress affect individuals with
obesity. Especially, perceived stress is considered a linkage between body image, stigma,
and depressive symptoms, as well as food addiction [5,31-33]. There is an association
between weight management and stress management. Optimal stress coping strategies
result in weight reduction and changes in pathologic eating behaviours in women [34].

In one of the studies, TFEQ-R18 scores were measured before and after liraglutide
treatment. After treatment with liraglutide, the Uncontrolled Eating score decreased from
36.8 +24.5 to 19.6 &+ 18.4 (p < 0.001), and the Emotional Eating score decreased from
49.9 4 33.3 t0 28.5 4= 26.9 (p < 0.001). Scores for Cognitive Restraint were not changed [35].
What is interesting is that in our study, a significant association between liraglutide admin-
istration and Cognitive Restraint was observed. We can assume that participants already
treated with liraglutide (before the study) had undergone lifestyle interventions and educa-
tion, which are provided with obesity pharmacotherapy in Poland, thus their Cognitive
Restraint obtained higher scores. A similar result was observed in the case of semaglutide.

We also found a relationship between the use of Bupropion/Naltrexone and the
Emotional Eating domain of TFEQ-R18 (p < 0.001). However, it should be suspected that
the presence of emotional eating is the reason why the participant received this medication
in the first place. The Polish Society for the Treatment of Obesity recommends considering
the use of this medication in patients exhibiting emotional eating patterns and significant
cravings, especially with coexisting depression [36]. In one of the studies about phenotype-
targeted pharmacological treatment, the dominance of the emotional eating domain in
TFEQ was an indication for choosing this particular class of anti-obesity medication and
led to a higher efficacy of treatment [4].

The status of bariatric surgery had significant differences in all three domains of TFEQ-
R18 (p < 0.001). Those who underwent the surgery scored higher in Cognitive Restraint,
while receiving lower scores in Emotional Eating and Uncontrolled Eating. This is reflected
in the available literature. In one of the studies, 204 adults with severe obesity from three
countries were followed 1 year after metabolic surgical procedures. The original version of
the 51-item TFEQ was used. After 12 months, there were statistically significant increases
in restraint and decreases in disinhibition and hunger [37].

The authors are aware of the limitations of this study, which are undoubtedly the
data collection methodology. Firstly, the authors did not analyse socio-economic data,
which can play a very large role in the parameters analysed. Furthermore, the use of self-
reported height and weight to calculate BMI is controversial, as there are numerous studies
that suggest self-reported measures are biassed as people tend to provide overestimates
of their height and underestimates of their weight [38,39]. Additionally, the use of an
online questionnaire and its distribution through social networks carry a risk of group
selection. Only people using the Internet and social networks could participate in this study.
However, on the other hand, this type of methodology allows a large number of people
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from different parts of the country to be reached in a quick way. In addition, research
suggests that CAWI-type surveys are associated with a greater likelihood of providing
truthful answers than socially acceptable ones. Participants also experience lower levels of
stress when taking part in this type of survey. Another limitation of the survey is the lack
of representativeness of the analysed group in Polish society. It should also be borne in
mind that the authors do not know the number of people reached by the survey and cannot
assess the response rate. More research on eating-related behaviours among patients is
needed to understand the multifaceted nature of these disorders and to offer new solutions
with a more individual approach.

5. Conclusions

Individualised treatment for obesity should consider the existing and confirmed
association between maladaptive eating behaviours, and generalised anxiety disorder, as
well as the severity of depression influencing the BMI altogether. The use of anti-obesity
pharmacotherapy needs further exploration because the evidence for the use of liraglutide
and semaglutide in terms of positive associations with eating behaviours is encouraging.
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Abstract: The emotion of disgust is thought to play a critical role in maintaining restrictive eating
among individuals with anorexia nervosa. This exploratory cross-sectional study examined correla-
tions between food-specific trait and state disgust, eating disorder psychopathology, illness severity
(body mass index: BMI), and interactions with virtual foods in people with anorexia nervosa. Food-
specific trait disgust and eating disorder symptoms were measured before exposure to virtual foods
in one of three virtual reality (VR) kitchens to which participants were randomly allocated. Food
interactions (eye gaze and reaching towards virtual foods) were measured during the VR exposure.
Food-specific state disgust ratings were collected after the VR exposure. In the entire sample, eating
disorder symptoms correlated positively with food-specific trait disgust (rs (68) = 0.45, p < 0.001). We
also found a significant association between food-specific state disgust and eating disorder symptoms
in each virtual kitchen scenario: virtual kitchen only (rs (22) = 0.40, p = 0.05), virtual kitchen plus
pet (rs (22) = 0.80, p < 0.001), and virtual kitchen plus avatar (rs (20) = 0.78, p < 0.001). No significant
correlation was observed for the link between food-specific disgust measures and food-related touch.
Correlations between food-specific trait disgust and food-related eye gaze differed across scenarios.
The current experimental paradigm needs to be improved to draw firm conclusions. Both food-
specific trait and state disgust are associated with eating disorder psychopathology, and therefore,
effective strategies are warranted to attenuate food-specific disgust.

Keywords: anorexia nervosa; disgust; food; eye gaze; touch; virtual reality

1. Introduction

Anorexia nervosa (AN) is a psychiatric disorder defined by a persistent and pervasive
tendency of food avoidance. Exposure to food- or eating-related cues is associated with
expected negative consequences (e.g., losing control, weight gain) and aversive emotions [1].
Much of the literature in this field has focused on the emotions of fear and anxiety, whereas
only a few studies have investigated the role of disgust in maintaining eating disorder
behaviours. A recent systematic review and meta-analysis of disgust in eating disorders [2]
indicated that disgust in response to high-calorie food images was significantly elevated in
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people with eating disorders, whereas generic disgust sensitivity was lower. Individual
differences in food disgust sensitivity compared to generic disgust sensitivity may be a
more salient concept in people with AN since they tend to report disgust towards specific
foods or food characteristics. Previous studies have examined state disgust, such as disgust
reactions in response to food pictures in AN [2]. However, a pervasive pattern of food-
specific disgust as a potential trait of individuals with AN has not yet been the focus
of research.

Both state and trait forms of food-specific disgust may play a key role in shaping
cognitive and behavioural mechanisms underlying AN symptomatology. For example,
attentional or behavioural bias for food in AN has been studied using behavioural tasks
and eye-tracking paradigms [3,4]. A recent systematic and methodological review of
this literature [5] highlighted the variations in paradigms or stimuli used across studies.
These variations have limited researchers’ ability to conclude on the direction of biases
(hypervigilance or avoidance of the stimuli). Nevertheless, it has been reported that
attentional and/or behavioural avoidance of food, especially foods with high fat content,
may be a common phenomenon in AN. It might be also possible that people with AN who
experience greater food disgust may show enhanced attention and preparedness or greater
avoidance of certain information or signals associated with danger (e.g., foods of unknown
caloric density or changes in appearance), as suggested in the vigilance and avoidance
model of attentional bias [6,7].

It is critical to explore relevant attentional and behavioural patterns linked to food dis-
gust and eating disorder symptoms in AN for the development of treatment plans targeting
disgust as well as anxiety or fear. Recently, virtual reality has been utilised as a practical re-
search tool in the assessment of food-related attentional and behavioural mechanisms—for
example, in people with binge eating disorders [8]. However, to our knowledge, data on
disgust in AN using this technology are non-existent. Hence, the aim of this research is
to test correlations between food-specific disgust, eating disorder psychopathology, and
food interaction across different virtual kitchen scenarios in people with AN. No specific
hypotheses were formulated due to the exploratory nature of this study.

2. Materials and Methods
2.1. Participants

English-speaking participants under treatment for AN were recruited from South
London and Maudsley NHS Foundation Trust, through social media, and via email cir-
culars at King’s College London (KCL) between September 2022 and March 2023. The
exclusion criteria were (1) age under 14 years; (2) body mass index (BMI) > 25; (3) self-
reported diagnosis of neurological disorders, psychosis, or substance abuse disorders; and
(4) visual/hearing impairments not corrected by glasses/hearing aids. All participants
provided informed consent. The study was approved by the Research Ethics Committee
North West—Liverpool East (reference number: 18/NW /0853) in the UK.

2.2. Apparatus

The virtual reality (VR) environment was developed by the KCL VR Research Lab for
an ongoing large study led by V.C. and supported by the Medical Research Council [9].
The VR environment was built using the Unity3D game engine, Oculus Integration SDK
for Unity, and Oculus Quest 2 headsets. A head-mounted display (HMD) headset and
two Oculus Touch controllers were used. The headset has six degrees of freedom (6DoF)
technology, which provides continuous rotational and positional tracking. The screen had
a resolution of 1832 x 1920 pixels per eye.

The five-minute 3D scenario displayed a virtual kitchen, which stored foods of various
calorie contents. A full list of the virtual foods is provided in Table S1. Three different
versions of the virtual kitchen scenario were used: (1) a virtual kitchen only, (2) a virtual
kitchen plus a virtual pet to induce a positive mood, and (3) a virtual kitchen plus an
avatar to induce social support (see Text S1). Pre-recorded vocal instructions were used
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to guide participants on freedom to move in the kitchen, to look around, to open the
fridge/cupboards, and to reach out to touch and hold the food using the hand controllers
(for pictures of the virtual kitchen environment, see Figure S1).

2.3. Procedure

After providing written consent, participants completed a Qualtrics survey consisting
of demographic and baseline questionnaires (related to eating disorder psychopathology
and disgust sensitivity). Subsequently, participants were invited to complete the VR
exposure session at KCL. During their lab visit, they were individually guided to familiarise
themselves with the Oculus Quest 2 headset and controllers in a quiet room and then
entered one of three virtual kitchen scenarios selected at random for each participant.

The use of components that increase the presence of positive emotional experiences
can be beneficial for psychological treatment adjuncts [10]. So far, it has been demonstrated
that both positive mood induction and recovery-focused support from peers are associated
with increased calorie intake during a standard test meal and decreased attention bias to
food after the test meal compared to a control condition [11-13]. In addition, it has been
reported that encouraging support from people with lived experiences is highly endorsed
by patients over time and associated with fewer eating disorder symptoms [12]. Based on
this evidence, a positive mood induction condition and a social support condition were
combined with the food exposure in the virtual kitchen scenarios with the goal of exploring
whether these forms of support might impact participants” emotions/behaviours in the
virtual kitchen compared to the food-only condition.

In the virtual kitchen plus pet scenario, participants entered the kitchen with a virtual
pet, a pink elephant making soft gurgling noises and following the participant around the
environment. In the virtual kitchen plus avatar scenario, participants were accompanied in
the kitchen by a virtual avatar (they could choose between four different avatars, see Figure
S2) who spoke from a supportive and motivational script (e.g., “It is normal to feel anxious,
you are doing the best you can right now. Nobody is here to judge what you will do in the
kitchen, which foods you will look at or grab. Take a few deep breaths, slow your mindset
down, and think of the bigger picture. Each minute more is a minute easier”), encouraging
participants to challenge the eating disorder voice and approach the virtual foods.

After the completion of the exposure session, participants were asked to rate their
disgust at the thought of eating the high-calorie or palatable foods that were shown in
the virtual kitchen. Participants were debriefed and reimbursed with a GBP 20 Amazon
voucher upon completing the survey and VR exposure.

2.4. Measures
The following data were collected:
Before VR exposure

The socio-demographic and clinical variables collected were age, gender, ethnicity,
years of education, illness duration, self-reported weight, and height (used to calculate BMI
as kg/m?). At baseline, participants also completed the Food Disgust Scale [14], a 32-item
scale measuring eight domains of food disgust (Cronbach’s alpha in this study = 0.93) as
a parameter reflecting food-specific trait disgust, and the Eating Disorders Examination
Questionnaire [15], a 28-item scale for the assessment of eating disorder symptom severity
(Cronbach’s alpha in this study = 0.94), with four dimensions: dietary restraint, shape
concern, weight concern, and eating concern.

During VR exposure

The frequency of eye gazes towards and touching of virtual foods were automatically
recorded in the VR environment by the software. The application used a narrow BoxCast, a
rectangular ray fired along the Quest HDM'’s z-axis (see Figure 1, produced by J.D.P), to
approximate eye gaze direction. The head movement can, in this way, be used to determine
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where the participant is looking at the task, despite its limitation to perfectly analogous

and accurate eye tracking.

BoxCast

Figure 1. A diagram of the virtual reality device.

After VR exposure

As a parameter reflecting state disgust, momentary disgust reactions towards pictures
of high-calorie foods that were shown in the virtual kitchen were collected using a Likert
scale ranging from 0 (not at all) to 7 (extremely disgusted) with one question (“How dis-
gusted do you feel now about eating high-calorie or palatable foods (e.g., pizza, chocolate,

crisps)?”).

For a summary of measures collected at different time points, see Table 1.

Table 1. Summary of measures collected in the present study.

Before the VR kitchen

During the VR kitchen
(Participants were randomly
allocated to different
scenarios: (1) virtual kitchen
only, (2) virtual kitchen + pet,
(3) virtual kitchen + avatar

After the VR kitchen

Food-specific trait disgust
measure: Food Disgust Scale,
a 32-item scale from 1 (not
disgusting at all) to 6
(extremely disgusting) for
food disgust sensitivity.

Food interaction measure:
The frequency of food-related
eye gaze towards virtual
food items.

Food-specific state disgust
measure: A Likert scale with
one question (“How disgusted
do you feel now about eating
high-calorie or palatable foods
(e.g., pizza, chocolate,
crisps)?”) for post-exposure
disgust towards high-calorie
foods that were shown in the
virtual kitchen.

Eating disorder
psychopathology measure:
Eating Disorder Examination
Questionnaire, a 28-item scale
for eating disorder

symptom severity.

Food interaction measure:
The frequency of food-related
touching of virtual food items.

Illness severity measure:
body mass index (BMI)
as kg/m?
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2.5. Statistical Analyses

All statistical analyses were performed with SPSS v.28 (IBM Corp., Armonk, NY,
USA). The descriptive analyses provided an overview of the demographic and clinical
variables of the entire sample. Data were non-parametrically distributed. Thus, median
and interquartile ranges were reported. The Pearson Chi-square test and the Kruskal-
Wallis one-way analysis of variance with a post hoc Dunn test was used to compare the
participants’ characteristics among different virtual kitchen scenarios since the criteria
for homogeneity of variance was not met. Spearman rank—order correlation coefficients
were used to identify the strength and directions of relationships between the variables of
interest. Significance was determined with p-values < 0.05. We did not control multiple
measurements, as this was an exploratory study.

3. Results

A total of 70 participants with AN with an average age of 25.7 (SD =7) years completed
the study. Most participants were female (94.3%) and White British (88.6%). The overall
mean BMI was 16.8 (SD = 2.5) kg/m?.

The Kruskal-Wallis test revealed significant differences between the three virtual
scenarios only for illness duration. A follow-up Dunn test revealed that the length of illness
duration of participants in the virtual kitchen plus avatar scenario was significantly lower
than those in the kitchen-only scenario (H (2) = 7.91, p = 0.02). Descriptive statistics and
group comparisons are reported in Table 2.

Table 2. Descriptive statistics of the demographic and clinical variables and group comparisons.

N (%) or Median (IQR)

Variable Wh(()rlle=S7a(;;1 ple I((nlt:l;i]; Kit(c’ll1e=nzz)Pet Kitc}:in=+2?)vatar Test of Group Differences
Age 23.5 (21.00-29.25) 26.0 (21.00-29.75) 24.5 (16.0-40.0) 22.5 (20.00-26.25) H((2)=315p=021
Sex X2 (4)=6.17,p=0.19
Female 66 (94.3%) 21 (87.5%) 24 (100%) 21 (95.5%)
Male 2 (2.9%) 1 (4.2%) N/A 1 (4.5%)
Other 2 (2.9%) 2 (8.3%) N/A N/A
Ethnicity X2 (6) = 10.42, p = 0.11
Asian British 2 (2.9%) 2 (8.3%) N/A N/A
White British 62 (88.6%) 19 (79.2%) 22 (91.7%) 21 (95.5%)
Mixed race 2 (2.9%) N/A 1 (4.2%) 1 (4.5%)
Other (non-British) 4(5.7%) 3 (12.5%) 1 (4.2%) N/A

Years of education

16.0 (14.00-18.00)

16.0 (15.00-18.00)

15.5 (13.00-18.00)

16.0 (14.00-18.00) H (2)=0.24,p =089

Illness duration

8.0 (4.75-12.00)

10.0 (7.13-13.00)

8.0 (2.88-13.75)

H(2)=791,p=002*
Kitchen > kitchen + avatar,
p=0.02

6.5 (3.50-9.00)

BMI (kg /m2) 16.6 (1534-1847)  16.5(14.90-18.24) 165 (14.96-17.64)  17.3 (17.29-19.61) H (2) =340,p=0.18
EDE-Q H (2) =0.25,p =088
EDE-Q global 3.6 (2.72-4.73) 3.8 (2.92-4.84) 3.5 (2.50-4.72) 4.0 (2.21-4.88)
EDE-Q restraint 3.9 (2.35-4.65) 3.7 (2.10-4.75) 3.9 (2.45-4.60) 4.2 (2.00-4.85)
EDE-Q eating concern 2.6 (1.55-4.20) 2.8 (1.80-4.70) 2.6 (1.45-3.70) 2.3 (1.30-4.40)
EDE-Q weight concern 4.0 (2.80-5.40) 41 (2.90-5.40) 4.0 (3.00-5.20) 4.0 (2.50-5.40)
EDE-Q shape concern 45 (3.35-5.63) 4.6 (3.53-5.60) 4.4 (3.38-5.38) 4.8 (2.88-5.91)
FDS H (2) =0.05,p = 0.98
FDS global 4.0 (3.27-4.69) 4.0 (3.30-4.85) 42 (3.10-4.71) 3.8 (3.30-4.53)
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Table 2. Cont.

N (%) or Median (IQR)

Variable Wh?:'is;(;‘;‘l ple If':t:l;i‘; Kit(c:inzz)l’et Kitcl::n;—zgvatar Test of Group Differences
FDS animal meat 4.8 (3.50-5.50) 49 (3.38-5.94) 49 (3.56-5.50) 45 (3.44-5.31)
FDS poor hygiene 5.6 (4.95-6.00) 5.8 (4.85-6.00) 5.5 (4.45-5.95) 5.7 (5.30-5.85)
ngiﬁ;ﬁgn 3.0 (1.94-4.50) 3.4 (2.00-4.50) 3.5 (1.81-6.00) 2.6 (1.75-3.63)
FDS mold 4.0 (4.00-5.50) 40 (2.06-5.25) 3.9 (1.81-6.00) 49 (2.38-5.50)
FDS decaying fruit 2.5 (1.25-4.00) 2.5 (1.31-4.00) 2.1 (1.38-4.00) 2.9 (1.19-3.75)
FDS fish 3.4 (2.25-5.00) 3.3 (2.50-5.50) 3.8 (1.81-5.00) 33 (2.25-4.31)
FDS decaying 3.4 (2.25-4.56) 3.0 (2.25-4.19) 3.4 (2.25-4.44) 4.1 (2.81-4.75)
vegetables
FDS living 6.0 (492-6.00) 6.0 (5.08-6.00) 6.0 (4.67-6.00) 5.7 (4.92-6.00)
contamination T : T : T : A :
Food interaction
VR eye gazes (229523?3?33.25) (233.225?3539.75) (216.72;23'(;775) (216.5233527.00) H(2)=003,p =09
VR touches 19.0 (12.00-2525)  215(15.00-29.75) 185 (12.00-22.00) 15.0 (9.50-26.50) H (2) =5.26, p = 0.07
Post-VR disgust 5.0 (4.00-6.00) 5.0 (4.00-6.00) 6.0 (4.00-6.50) 5.0 (3.00-6.25) H (2) =0.36, p = 0.84

Abbreviations. IQR, interquartile range; N/A, not applicable; BMI, body mass index; EDE-Q, Eating Disorder
Examination Questionnaire; FDS, Food Disgust Scale; VR eye gazes, the frequencies of eye gazes towards virtual
foods; VR touches, the frequencies of touching virtual foods; post-VR disgust, momentary disgust reactions
towards virtual foods with high-calorie content measured following the VR exposure; H, Kruskal-Wallis test; X2,
Pearson Chi-square test. * p < 0.05.

3.1. Correlations between Eating Disorder Psychopathology and Food-Specific Disgust Measures

The associations between food disgust sensitivity (food-specific trait disgust), post-
exposure disgust towards high-calorie foods alone (food-specific state disgust), eating
disorder severity (EDE-Q global and BMI), and food interactions (eye gazes towards and
touching virtual foods) are presented in Table 3. The SPSS output for Spearman rank-order
correlations and scatterplots are available in the Supplementary Materials (see Figures S3
and S4).

In the entire sample, the correlation between food disgust sensitivity (food-specific
trait disgust) and the EDE-Q global score was 0.45 (p < 0.001, 95% CI [0.24, 0.63]), indicating
a moderate relationship. There were no statistically significant correlations of food-specific
disgust measures and BMI.

The correlation between post-exposure disgust ratings (food-specific state disgust) and
the EDE-Q global scores was also significant in each virtual kitchen scenario: virtual kitchen
only (rs = (22) = 0.40, p = 0.05, 95% CI [—0.02, 0.70]), virtual kitchen plus pet (rs = (22) = 0.80,
p <0.001, 95% CI [0.56, 0.92]), and virtual kitchen plus avatar (rs = (20) = 0.78, p < 0.001,
95% CI[0.52, 0.92]). However, there were no statistically significant correlations between
post-exposure disgust ratings (food-specific state disgust) and BMI in the three virtual
kitchen scenarios.

3.2. Correlations between Food Interaction and Food-Specific Disgust Measures in the Virtual
Kitchen Scenarios

Food disgust sensitivity (food-specific trait disgust) was significantly and positively
correlated with frequency of eye gazes towards virtual foods (rs = (22) = 0.66, p < 0.001, 95%
CI[0.34, 0.84]) in the virtual kitchen plus pet scenario. There were no statistically significant
correlations between food-specific disgust measures and food interaction measures in the
virtual kitchen-only scenario or in the virtual kitchen plus pet condition.
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Table 3. Spearman rank-order correlations for variables of interest in people with anorexia nervosa.

VR Scenarios Variables
I II 111 v v VI
FDS_Global  Post-VR Disgust  EDE-Q Global BMI VR Eye Gazes VR Touches
All Sample (1 = 70)
T'FDS global 1.00
II Post-VR-Disgust 0.16 1.00
III EDE-Q global 0.45 ** 0.66 ** 1.00
IV BMI 0.15 —0.01 —0.00 1.00
V VR eye gazes 0.25*% —0.13 —0.16 0.27 % 1.00
VI VR touches —0.22 -0.17 —0.35** —0.07 0.33 ** 1.00
Kitchen (1 = 24)
T FDS global 1.00
II post-VR-disgust 0.14 1.00
III EDE-Q global 0.53 ** 0.40* 1.00
IV BMI 0.05 —0.04 0.02 1.00
V VR eye gazes 0.11 -0.27 —0.33 0.12 1.00
VI VR touches —0.36 —0.14 —0.31 —0.36 0.33 1.00
Kitchen + Pet (n = 24)
I FDS global 1.00
II post-VR disgust 0.16 1.00
III EDE-Q global 0.33 0.80 ** 1.00
IV BMI 0.10 —0.36 —0.42* 1.00
V VR eye gazes 0.66 ** 0.17 0.09 0.35 1.00
VI VR touches 0.15 —0.15 —047* 0.34 0.37 1.00
Kitchen + Avatar (n = 22)
1 FDS global 1.00
II post-VR disgust 0.19 1.00
III EDE-Q global 045* 0.78 ** 1.00
IV BMI 0.29 0.24 0.28 1.00
V VR eye gazes 0.02 —0.26 —0.23 0.25 1.00
VI VR touches —0.33 —0.20 —0.40 —0.21 0.28 1.00

Abbreviations. IQR, interquartile range; BMI, body mass index; EDE-Q, Eating Disorder Examination Question-
naire; FDS, Food Disgust Scale; VR eye gazes, the frequency of eye gazes towards virtual foods; VR touches, the
frequency of touching virtual foods; post-VR disgust, momentary disgust reactions towards virtual foods with
high-calorie content measured following the VR exposure. * p < 0.05; ** p < 0.001.

4. Discussion

This explorative study assessed correlations between food-specific trait and state
disgust, eating disorder psychopathology (EDE-Q global and BMI), and food interaction
measures (eye gaze and touch) in people with AN. We collected food disgust sensitivity
(trait disgust) and eating disorder psychopathology data at baseline before participants
were randomly assigned to the different virtual kitchen scenarios in which food interaction
measures were obtained. Participants were then asked to rate their disgust reactions (state
disgust) to high-calorie foods. The correlations involving variables collected during or after
the VR paradigm were examined for each scenario rather than the whole sample. There are
two main findings in the present study. The first finding is that food-specific trait and state
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disgust were significantly and positively associated with eating disorder symptom severity.
The second finding is that inconsistent correlations between food disgust sensitivity and
food-related eye gaze in different virtual kitchen scenarios were observed.

The first finding of an association between trait and state disgust with eating disorder
psychopathology can be interpreted as an association of eating disorder severity with
food-specific disgust. This is in line with a recent systematic review and meta-analysis that
found that the levels of generic disgust sensitivity, self-disgust sensitivity, and momentary
disgust to food images were significantly higher in people with eating disorders than in
healthy controls [2]. Food disgust sensitivity has recently been investigated in non-clinical
populations, and findings indicate that food disgust sensitivity may potentially influence
food- or eating-related behaviours (e.g., texture-based food rejection, picky eating, selective
eating, and variety-seeking in food) [16,17]. Surprisingly, there has been no research in
patients with eating disorders so far in this regard.

In addition, food-specific state disgust correlated with eating disorder severity in
the three different virtual kitchen scenarios. However, there was no difference among
the scenarios regarding the question of “How disgusted do you feel now about eating
high-calorie or palatable foods (e.g., pizza, chocolate, crisps)?” This indicates that there
is no post-exposure effect on disgust ratings. However, this question is not suitable for
investigating the impact of the kitchen scenarios comprehensively on the food-specific
state of disgust. In addition, the experimental paradigm was primarily designed to test
whether induced social support or positive mood would enhance the impact of virtual food
exposure on food-related anxiety in people with AN [9]. It has been reported that disgust is
more resistant to change compared to anxiety and fear [18], and therefore the development
of treatment strategies directly targeting disgust in response to food or eating is necessary.
Improvements in the current VR paradigm could be considered to ameliorate food-specific
state disgust in the future. The availability of compassionate social support and social
networks has a key role in the treatment of individuals with AN in terms of developing new
positive associations with food stimuli [19]. Thus, an exposure to food-related environments
providing social contact in VR settings may motivate individuals with AN to approach
disgust-eliciting foods. For example, not only the company of the virtual avatar but also
a positive interaction/dialogue in the virtual kitchen may have a potential therapeutic
value of improving positive emotions (e.g., joy, connectedness, optimism) and diminishing
disgust. Developing tailored and personally relevant scripts addressing disgust feelings in
response to high-calorie foods and relevant negative expectations (e.g., body signals, taste
pleasantness, or weight gain) and motivations (e.g., avoidance) might be useful.

Our second finding suggests that correlations between food disgust sensitivity and
food-related eye gaze differed across the three virtual kitchen scenarios. A positive correla-
tion between food disgust sensitivity and food-related eye gaze was observed for people
with AN in the virtual kitchen plus pet scenario. Interestingly, this relationship was non-
existent in the other two conditions. The variations between the conditions might partially
explain the discrepancies in the results. Specifically, participants in the virtual kitchen
plus avatar condition had a higher BMI and lower illness duration in comparison with
those in the virtual kitchen plus pet condition. Lower BMI and longer duration of eating
disorder diagnosis have previously been associated with non-response to treatment [20] or
worse short-term treatment outcomes [21] in people with AN. The relationship between
food disgust sensitivity and eye gaze towards virtual food items might be more evident
in people with greater eating disorder severity. On the other hand, if the illness duration
is critical to seeing a statistically significant correlation, the absence of this relationship
in the kitchen-only scenario for participants with the longest illness duration is puzzling.
This raises the question of whether the presence of a pet might motivate people with greater
food disgust sensitivity to look at food items more often in the virtual kitchen environment.
The inconsistent findings might also be explained by the low power due to the small
sample size across the virtual kitchen scenarios. The correlation of food-specific trait and
state disgust with food interaction measures should be tested in a larger sample of AN
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patients to better understand the relationship between food disgust sensitivity and food-
related eye gaze. To prevent variations between conditions for illness duration, stratified
randomisation may be considered.

5. Clinical Implications

In order to draw clinical conclusions, longitudinal studies on the relevance of disgust
for the development of eating disorder pathology are needed. If this causal connection is
confirmed, then strategies that enable people to modify their perception of food-specific
disgust could be useful for the prevention and treatment of AN and other eating disorders.

So far, most interventions for AN have focused on food-related fears rather than dis-
gust around food or eating. Our study highlights the importance of targeting food-specific
disgust as well. Behavioural strategies—for example, exposure and counterconditioning
of US revaluation—are recommended to reduce extinction-resistant disgust responses in
the literature on obsessive-compulsive disorders [18]. Future research could test whether
increasing the frequency and duration of exposure-based techniques leads to more effective
and longer-term effects in reducing disgust-based avoidance. Cognitive techniques may
also be of use to evaluate thoughts related to their perceptions of unpleasant or threatening
experiences of food-specific disgust.

6. Strengths and Limitations

This study has two main strengths. First, to the best of our knowledge, this is the
first study to examine the correlation between food-disgust sensitivity and eating disorder
symptom severity in people with AN. Second, the VR paradigm enabled aspects of attention
and approaches towards food to be measured.

There are some limitations in the present study to acknowledge. The first limitation is
the lack of a healthy control group. Including a healthy control group would be valuable for
supporting the hypothesis that food-specific disgust is critical to target in the treatment of
anorexia and when investigating aberrant patterns in food-related eye gaze and touch. The
second is the smaller number of participants from ethnic minority backgrounds, limiting
the generalisability. Possible explanations could be that young White females, the majority
of the participants, have more cultural pressure on body image, greater awareness of the
illness, or access to better medical care [22,23]. Further studies may have a healthy control
group and may implement new recruitment strategies to increase ethnic diversity in clinical
anorexia research [24]. Future studies could also examine differences between individuals
with diverse types of food-related avoidance (e.g., avoidant-restrictive food intake disorder,
restrictive and binge—purge-type AN) to address important research questions of clinical
significance. In the current sample, autistic traits were not evaluated. However, in patients
with AN who have autistic traits, expectation about the impact of food on the body with
aversive feelings or physical sensations appear to be more frequent and stronger than in
non-autistic patients and more likely to generalise to other foods. Elevated food disgust
sensitivity may cause susceptible individuals to experience disgust when encountering
combined or modified edible foods (e.g., bread with seeds, wonky strawberries, chocolate
with nuts) in a similar way to encountering inedible foods. Thus, having participants who
are more similar (e.g., individuals with both AN and autism spectrum traits) might be
useful in minimising the within-subject variability and being able to evaluate the effects of
different virtual kitchen scenarios. Improving the existing food list with the more complex
aforementioned foods could help with the assessment of food disgust sensitivity for people
with more complex sensory difficulties related to food (e.g., some autistic individuals).

The current experimental paradigm also has limitations. For example, food-specific
trait and state disgust were measured at different time points. Only one question was
utilised to measure disgust reactions to a group of high-calorie foods that were shown in the
virtual kitchen. Food-specific state disgust responses collected before and after the virtual
kitchen exposure via VR would help to evaluate the effects of different virtual kitchen
scenarios. Exposure to a virtual kitchen with a wider range of foods (e.g., decaying melon,
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wrinkled tomato, chocolate with chocolate bloom, snails, oysters, and grasshoppers) might
be more likely to elicit disgust, especially in people with a greater level of food disgust
sensitivity. To further increase the sense of presence in VR and to make the user experience
even more immersive, it might be useful to include more sensory modalities that occur
during interaction with food, such as tactile feedback and smell. With regards to food
interaction measures, it might be useful to analyse them specifically in relation to the calorie
content of virtual food items. In addition to the VR touch feature, other measures of food
avoidance could be tested in a larger sample to draw firm conclusions regarding the link
between food-related touch and food-specific disgust.

7. Conclusions

The present explorative study tested the correlations of food-specific disgust measures
with eating disorder psychopathology and food interaction measures by using the VR
paradigm in people with AN. The findings showed that both food-specific trait and state
disgust were correlated with eating disorder severity. The correlation between food-specific
trait disgust and food-related eye gaze was statistically significant in the virtual kitchen
plus pet scenario, but not in the other two virtual kitchen scenarios. The inconsistent
findings could be explained by the small sample size or the effect of variations in the virtual
kitchen scenarios. The present study offers valuable insight into ways to modify the design
of future VR studies to examine potential correlates of food-specific disgust in people with
AN, which could contribute to assessment and treatment strategies.
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ing link: https:/ /www.mdpi.com/article/10.3390/nu15204443/s1, Table S1: List of virtual foods;
Text S1: Script used in the kitchen + avatar scenario; Figure S1: Pictures of the virtual kitchen environ-
ment; Figure S2: Selection of avatars available to participants; Figure S3: SPSS output for spearman
rank—order correlations; Figure S4: Scatter plot figures.
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Abstract: The aim of the present study was to compare disordered eating (DE), body image, and
sociocultural and coach-related pressures between athletes of different age groups (adolescents and
adults) and between athletes participating in weight-sensitive (WS) and less WS groups. A total of
1003 athletes participated in this study. The age range of the sample was 15 to 44 years, and the mean
age was 18.9 4 5.8 years (51.3% were female). Athletes who voluntarily agreed to participate in the
study were provided with the study measures on DE, body image and sociocultural attitudes towards
appearance. Vomiting, laxative misuse and excessive exercise were more prevalent in adolescent
female athletes than adults, while dietary restraint was more common in adult male athletes than
adolescents. Adolescent female athletes experienced higher sociocultural (family, peers) and sport-
related (coach) pressures and a less positive body image compared with adult female athletes. Adult
male athletes experienced higher overweight preoccupation, more DE and unhealthy eating habits,
and engaged in more frequent self-weighing behaviour compared with adolescent males. When
the effect of weight sensitivity in sports was tested, a higher prevalence of DE and overweight
preoccupation, more frequent self-weighing, and higher body-image-related pressure from coaches
were observed in female athletes participating in aesthetic weight-sensitive (WS) sports as compared
with those participating in less WS sports. No differences in positive body image were observed in
female WS and less WS sports. Special DE prevention and positive body image promotion programs
are necessary for female competitive athletes and parents of adolescent female athletes, especially
those participating in aesthetic ones. For adult male athletes, special programs aiming to promote
healthy eating should be implemented to prevent DE and body image concerns. Special education
about DE prevention is compulsory for coaches who train female athletes.

Keywords: eating disorders; athletes; sociocultural and sport-related pressures; body appreciation

1. Introduction
1.1. The Prevalence and Consequences of Disordered Eating in Athletes

Disordered eating (DE) and eating disorders (ED) are one of the most common mental
health illnesses in athletes [1-3]. DE can have devasting effects on athlete health and
performance [4]. DE and ED are classified in WHO ICD-10 and in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-V) as anorexia nervosa, bu-
limia nervosa, binge eating disorder and eating disorders not otherwise specified (EDNOS).
EDNOS is hereafter termed DE.

In athletes, DE might be understood in the continuum model starting with healthy di-
eting and exercise behaviours and the occasional use of more extreme weight loss methods,
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ranging to DE and ending with clinical EDs such as anorexia and bulimia nervosa [2,4-6].
Competitive athletes might move forward and back along the spectrum of the eating be-
haviour continuum at different points of their training cycle (i.e., during the preseason,
competitive season, and off-season) and career [4]. DE is a set of disturbed eating patterns;
unlike an ED, it does not conform to the clinical diagnosis of anorexia and bulimia nervosa
or binge eating disorder. DE might manifest as unhealthy weight control behaviours,
compensatory behaviours such as excessive exercising, binge eating, constant dieting,
compulsive eating, fasting, self-induced vomiting, use of laxatives, skipped meals, use of
weight loss supplements and other behaviours [2,4,5]. The prevalence of DE in competitive
athletes is higher than that of ED [1,7]. Up to 45% of female athletes and up to 32.5% of
male athletes are described as having DE or ED [1,8,9].

The consequences of DE attitudes and behaviours are related to the health and perfor-
mance of competitive athletes [2,4,6]. DE in athletes is related to low energy availability
(LEA) and the potential development of relative energy deficiency in sports (RED-S) [10].
LEA occurs when there is a mismatch between energy intake and exercise load, leaving
insufficient energy to cover the body‘s other needs [2,11]. If DE overlaps with LEA, it
negatively affects bone health, menstrual function, the endocrine, cardiovascular, gas-
trointestinal systems, and psychological functioning [4,11,12]. In adolescents, long-term
consequences of LEA might be irreversible, since DE and LEA might have a negative
effect on growth and maturity, reproductive functions, and bone mineral density [10,11].
DE also decreases athletes” psychological functioning [1,4]. Psychological consequences
include depression, anxiety, social isolation, substance use, self-harm, and increased risk
for suicide [1]. Further, DE might increase the risks of injury and illnesses that compromise
the training regime and its quality, training adaptation, and fatigue recovery [12,13]. The
training might become interrupted and less effective, and impairments might affect the
results of the competition [10,11].

The analysis of factors that are associated with the development and prevalence
of DE in athletes is important for DE prevention practice in athletes. The main factors
predisposing athletes to DE and ED are biological, psychological, sociocultural, and gender-
based [2]. A significant part of the studies that previously analysed risk factors for eating
psychopathology in athletes was implemented in samples of similar age and participating
in one kind of sport (i.e., gymnastics, swimming) or in one group of sports (i.e., combat
sports) [14-16]. To have a deeper understanding of DE and its associated factors, it is
necessary to assess them in large samples of athletes of different ages participating in
various sports [14]. In the present study, we aimed to expand scientific knowledge by
comparing DE, body image, and sociocultural factors in different age groups of competitive
athletes and comparing athletes participating in groups of different weight sensitivity in
sports. Further, most of the studies concerning DE in athletes were implemented using
samples of Scandinavian and North American collegiate athletes [10,12,17]. To our best
knowledge, there are no studies assessing DE and factors associated with the development
of DE in a sample of athletes from Eastern European countries; therefore, one of the
objectives of the present study is to provide data on this topic.

1.2. Disordered Eating, Sociocultural and Coach-Related Appearance Pressures, and Body Image in
Athletes: The Effect of Age and Weight Sensitivity in Sports

The effect of age on DE, sociocultural attitudes towards appearance (general and
sports-related), and body image are less studied. Research on adolescent athletes is scarce,
and sport-specific risk factors for DE are less studied. Adolescence is a transition period
from childhood to adulthood and a period of significant psychophysiological changes that
require proper nutrition [18]. In this period, adolescents usually start specialising in a
particular sport and experience major bodily changes that do not usually meet sociocultural
and/or sport-related expectations. Therefore, they might experience higher general and
coach-related pressures compared to adult athletes. In adolescence, DE and ED most
frequently occur [19,20]. A recent systematic review concluded that age did not moderate
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DE in women athletes [21]. However, the effect of age on DE in male athletes is less studied.
Thus, in the present study, we aimed to extend knowledge on this issue.

Among the sport-specific factors, the most important factor associated with DE and
ED in athletes is participation in weight-sensitive (WS) sports [6,8]. In WS sports, leanness
and lower body weight play a major role in terms of performance, and lower body weight
gives an athlete an advantage [22]. DE is more prevalent in sports with weight classes
(i.e., rowing), aesthetic sports (i.e., figure skating, gymnastics), and sports where having
a lower body weight is seen as advantageous (i.e., cycling) [4,8,23-25]. It is estimated
that more than half of athletes participating in WS sports demonstrate DE behaviours,
practising rapid weight loss (RWL) during competitive periods [16], and adolescent girls
participating in aesthetic sports have significantly lower body fat compared with their
peers participating in other sports [26]. Less is known about the differences in general
sociocultural and coach-related pressures comparing athletes of different ages and genders
participating in WS and less WS sports. Therefore, in the present study, we aimed to extend
the current knowledge on this topic.

Studies show that athletes demonstrate less negative and more positive body image
compared with non-athletes [21,27-30]. In male athletes, negative body image is not
associated with DE [8]. However, in female athletes, dissatisfaction with body image
is one of the strongest predictors of DE and ED [31]. Findings comparing the negative
body image of WS and less WS sports are contradicting. Some studies found that females
who participate in aesthetic sports experience a more negative body image [32]; however,
others demonstrate the opposite [33,34]. Therefore, it is important to continue research
on this topic. Finally, the majority of studies were focused on negative body image, and
positive body image is understudied in competitive athletes [30]. Positive body image is
associated with body functionality appreciation (appreciation for what one’s body can do),
self-esteem, self-compassion, and psychological well-being, and it is protective for DE in
women of general populations [35,36]. Findings of the previous studies suggested that
older women report appreciating their bodies more readily than younger women [37]. To
inform DE prevention programs in athletes, it is important to understand the differences in
positive body image in various age groups of athletes and in groups of weight sensitivity
in sports controlling for gender. In the present study, we aimed to assess if positive body
image (operating as body appreciation) is more prevalent in adult athletes compared to
adolescents and in less WS sports participating athletes compared to those participating in
WS sports.

The sociocultural model of Petrie and Greenleaf [38,39] posits that sociocultural (me-
dia, family, peers) and sport-specific pressures lead to DE through the internalization of
appearance ideals, body dissatisfaction, and dietary restraint in athletes. Athletes are
vulnerable to general pressures to attain stereotyped body ideals and also experience sport-
specific pressures from sports environments (coaches, teammates, sports uniforms) [40].
More than 60% of elite athletes from leanness-focused and non-leanness-focused sports
reported pressure from coaches concerning body shape [32]. Pressures from a coach are con-
sidered one of the main risk factors for body image concerns and DE in athletes [24,41,42].
However, less is known about the prevalence of sociocultural and sport-related pressures
and internalization of appearance ideals in athletes of different ages. It is unclear if younger
athletes experience more sociocultural and coach-related pressures compared to adult
athletes. Adolescents spend a significant part of their time on social networking, which is a
major source of body image concerns [43]; therefore, adolescent athletes might experience
higher general pressures to attain stereotyped body ideals and to internalize these ideals
more compared to adult athletes. Furthermore, adolescent athletes might perceive higher
appearance pressures from coaches compared to adults. Finally, it is unclear if athletes
participating in WS sports perceive higher sociocultural and coach-related pressures and in-
ternalize stereotyped appearance ideals to a greater extent compared to those participating
in less WS sports. However, there is lack of empirical studies addressing these questions.
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Knowledge on these issues is important for science and evidence-based practice preventing
DE in athletes [14].

1.3. The Present Study

The aim of the present study was to compare DE, body image and sociocultural and
coach-related pressures between athletes of different age groups (adolescents and adults)
and between athletes participating in WS and less WS groups. In the present study, we
hypothesized that DE, body image concerns, and general sociocultural and coach-related
pressures towards appearance would be more prevalent in adolescent athletes compared
with adults controlling for gender. Next, we expected that DE, body image concerns, and
sociocultural pressures, including pressures from coaches, would be higher in WS sports
compared to less WS sports, controlling for age and gender. Finally, we expected that
positive body image would be higher in adults compared to adolescents. We developed no
assumptions for positive body image differences in groups of different weight sensitivity.

2. Materials and Methods
2.1. Procedure

This cross-sectional study was approved by the Lithuanian Sports University Social
Research Ethics Committee (Protocol No. SMTEK-37, 27 May 2021). The online survey
was implemented by using the Survey Monkey platform from January to June of 2022.
Lithuanian athletes from different sports, who had competed for at least two years in
professional competitive sports and were formally included in the lists as members of sport
schools and/or sport clubs or belonged to national sports teams, were invited to participate
in the survey. Persons who were not involved in competitive sports were excluded from
the study. Information about the organized survey was spread via emails and sent to the
following organizations: National Sports Federations, sport schools or gymnasiums, and
sport centres across the country. Additionally, for better survey responses from respondents,
members of national teams were contacted personally via social networks. Most recruited
schools and organizations agreed to disseminate the online questionnaire with the help
of coaches. The email contained an invitation to participate in the study, a participant
information form, and a link to the online survey. The relevant sporting body emailed this
information to athletes aged over 18 years and to the parents or guardians of athletes aged
<18 years with a request to forward the information and survey link to the athlete.

The inclusive criteria were being an athlete that competed for at least two years in any
competitive sport (participating in sports competitions of one sport) and being an official
member of a sports school, sport club, or national sports team. Exclusion criteria were not
competing in any sport, competing in any sport for less than two years, not being officially
listed as a member of a sports school, sport club, or national team.

The survey was completed anonymously. Before starting the survey, participants
were informed that the study aimed to investigate lifestyle and health-related habits in
competitive athletes, the time required to fill in the form (about 30 min), and that no
identifying information will be collected. After the formalization, all the participants were
asked to provide consent to participate by ticking one option “I agree to participate” or “I
disagree to participate”. Those who disagreed were acknowledged and the survey was
terminated, while those who agreed were provided with the study measures. Participation
was voluntary, and only the researchers had access to the data.

According to the Lithuanian sport centre, in 2021, 140,240 athletes participated in
high-skill sports competitions, and 39,567 of them were female. Based on an a priori power
calculation (small-to-medium effect size, & = 0.05, 95% power, n = 384), a minimum of
about 400 women and 400 men would be recruited.

2.2. Participants

One thousand three athletes (1 = 1003) participated in this study. Of these, 488 (48.7%)
were males (mean age 18.8 & 5.7 years), and 515 (51.3%) were females (mean age 19.0 & 5.9)
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from age 15 to 44 years. The mean age in both gender groups was similar: 18.8 & 5.7 years
in males and 19.0 £ 5.9 years in females. In total, 56% of all study participants were
<18 years, while 44% were >18 years. The duration of involvement in competitive sports
varied from 2 to 11 years (mean =+ SD: 7.0 + 3.2 years). Athletes reported from 2 to 21 h
(mean £ SD: 11.2 + 5.0) of exercise per week: of these, 10.8% exercised 2-5 h/week, 31.3%
6-9, 37.0% 10-15 and 20.9% 16-21 h/week.

2.3. Study Measures

The body mass index (BMI) was calculated by using self-reported weight (kg) and
height (cm): weight (kg) /height (m?). The BMI ranged from 15.2 to 37.0 kg/ m? (mean = SD:
21.6 £ 29kg/m?). The mean BMI in gender groups was as follows: in males
222 +32kg/ m?, in females 21.0 + 2.5 kg/ m2. Using the criteria recommended by the
WHO, all the athletes were classified into underweight (4.4%), normal weight (85%) and
overweight/obesity (10.6%) groups. For athletes of age <18 years, the International Obesity
Task Force (IOTF) cut-offs were applied [44].

According to the proposed classification of sports [22,45], all the athletes were classified
into WS aesthetic sports (for example, gymnastics, competitive dancing, figure skating, body
building), other WS sports (endurance/gravitational, for example, swimming, athletics,
cycling and weight class, for example, boxing, martial arts) and less WS sports (ball games,
for example, basketball, handball and technical sports, for example, fencing, shooting). In
the sample of athletes, 6.4% of males and 20.4% of females participated in WS aesthetic
sports (n = 136), 48.2% and 32.0% in other WS sports (1 = 400), and 45.5 and 47.6% in less
WS sports (n = 467), respectively.

The Lithuanian version of the Eating Disorder Examination Questionnaire 6 (EDE-Q 6)
was used to examine disordered eating (DE) behaviours in athletes [46]. The questionnaire
consists of 28 questions and statements with the response options ranging from 0 (never) up
to 6 (always). Statements 1-12 and 19-28 were used to calculate the final score, averaging
the response options, where a higher score indicates more frequent DE behaviour and
greater body weight and shape concerns. For this study, we used only a total score. Next,
we used items 2, 14, 16, 17, and 18 to define any occurrence of DE during the last 28
days [47]. Dietary restraint was a behaviour described as going for “long periods of time
(>8 h) without eating anything at all in order to influence your shape or weight” (EDE-Q
6 item 2); binge eating distinguished by loss of control (or objective binge eating) was an
episode described by eating a large amount of food with the feeling of losing self-control
during consumption (EDE-Q 6 item 14); self-induced vomiting was an episode described
as making “yourself vomit as a means of controlling your shape or weight” (EDE-Q 6 item
16); laxative misuse was an episode described as going “to take laxatives as a means of
controlling your shape or weight” (EDE-Q 6 item 17); and excessive exercising was an
episode described as exercising vigorously in “a driven or compulsive way as a means of
controlling your weight, shape or amount of fat, or to burn off calories” (EDE-Q 6 item 18).
Psychometric characteristics of the Lithuanian version of the EDE-Q 6 were tested in our
previous research [48]. For this study, Cronbach’s  was 0.92 in females and 0.88 in males.

To assess negative body image, two subscales, the Overweight Preoccupation subscale
and the Self-Classified Weight subscale from the Lithuanian version of the Multidimen-
sional Self-Relations Questionnaire Appearance Scales (MBSRQ-AS), were used [49]. The
Overweight Preoccupation subscale (4 items) assesses a construct reflecting fat anxiety,
weight vigilance, dieting, and eating restraint, while the Self-Classified Weight subscale
(2 items) reflects how one perceives and labels one’s own weight, from very underweight
to very overweight, irrespective of actual body fat mass. Each subscale was rated on a
five-point Likert scale. The final score was calculated by averaging the response options.
Psychometric properties of the Lithuanian translation of the MBSRQ-AS were tested previ-
ously in an adult sample [50]. In this study, for the Overweight Preoccupation subscale,
Cronbach’s « was 0.80 in females and 0.68 in males, while for the Self-Classified Weight
subscale, it was 0.77 in females and 0.67 in males.
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The Lithuanian version of the Body Appreciation Scale 2 (BAS-2) was employed to
assess positive body image [51]. A unidimensional scale reflects a positive attitude towards
one’s own body and the ability to resist body beauty standards. The BAS-2 contains
10 statements with a 5-point Likert scale from never (1) to always (5). A final score is
calculated by averaging the response options to demonstrate greater body appreciation.
A unidimensional factor structure and good psychometric properties of the Lithuanian
translation of the BAS-2 were demonstrated in our previous study [52]. In this study, for
the BAS-2, Cronbach’s & was 0.97 in females and 0.96 in males.

The Lithuanian version of the Drive for Muscularity Scale (DMS) was used. It reflects
body image attitudes and behaviours towards body muscularity irrespective of a person’s
actual muscle mass [53]. The response options range in a six-point Likert scale from 1
(never) to 6 (always). A total averaged score indicates higher drive for muscularity attitudes
and behaviours. The psychometric properties of the Lithuanian translation of the DMS were
previously tested in a sample of male students [54]. In this study, for the DMS, Cronbach o
was 0.90 in females and 0.91 in males.

The Lithuanian version of the Sociocultural Attitudes towards Appearance Ques-
tionnaire 4 (SATAQ-4) was used. SATAQ-4 is one of the most widely used measures of
sociocultural factors that contribute to an acceptance of prevailing appearance ideal [55].
The SATAQ-4 consists of five subscales: internalization of a thin/low-body-fat body beauty
ideal, internalization of a muscular/athletic body beauty ideal and perceived pressure
on appearance from the media, family, and peers. For this study, an additional subscale
was created to reflect perceived pressure on appearance from a coach. The items of coach
pressure subscale were: “I feel pressure from coach to look more thinner”; “I feel pressure
from coach to enhance appearance”; “I feel pressure from coach to decrease body fat”; and
“My coach encourages me to decrease body weight for getting better body shape”. All items
are scored on a five-point Likert scale from 1 (definitely disagree) to 5 (definitely agree).
The final scores are calculated by averaging the response options for each subscale and for
the total scale. Previously, the psychometric properties and the original five-factor structure
of the Lithuanian translation of the SATAQ-4 was confirmed in a student sample [56]. In
this study, for the SATAQ-4, Cronbach’s « was in the range of 0.85-0.98 in females and
0.85-0.92 in male for the subscales and 0.93 and 0.92 for the total score, respectively.

The questions about unhealthy and healthy dietary habits were taken from the na-
tional survey “Health Behavior among Lithuanian Adult Population” [57] and used in
previous studies [58,59]. Unhealthy dietary habits reflect unhealthy food (sweets, chips,
fast food) consumption for snacking, overeating, eating in a rush or eating while working
or reading, and eating late at night less than 2 h before going to bed. Healthy dietary
habits reflect regular eating regimens, having breakfast and lunch, using more healthy
cooking techniques, and choosing healthy snacks (fruits, berries, vegetables). All dietary
habits were assessed using a five-option Likert-type scale with the response options from 1
(never) up to 5 (always). The final averaged scores of unhealthy and healthy dietary habits
represent more frequent specific dietary patterns.

Study participants were asked to indicate their weighing frequency during the past
month by providing the response options from “never” (0) up to “several times a day” [6].
Similar question was used in the previous study [60].

2.4. Statistical Analysis

Descriptive statistics were calculated and the distribution of continuous variables
tested for normality in a preliminary analysis. A chi-square test was used to assess the
associations between pairs of categorical variables. Next, an independent-samples ¢-test
was run to compare body image and DE in the two age groups with the Cohen’s d calculated
to represent the effect size. Effect sizes above 0.2 were considered small, and those equal
to or above 0.5 were considered moderate [61]. Binary logistic regression was run to test
independent multivariable adjusted effects of gender, age, and sensitivity in sports groups
on any occurrence of the DE during the last week.
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Finally, analysis of covariance (ANCOVA) was employed to test the DE and BI dif-
ferences across three weight-sensitive sports groups where age was added as a covariate.
A Bonferroni post hoc test was used for multiple pairwise comparisons between groups.
The effect sizes, represented by eta-squared, were calculated. An effect size above 0.01
and below 0.06 was considered small, above 0.06 and below 0.12 moderate, and >0.12 as
large [61]. A p-value less than 0.05 was considered as statistically significant. All statistical
analyses were carried out with SPSS v. 29 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. The Analysis of the Effect of Age on Study Variables

Table 1 presents a comparison of disordered eating (DE) behaviours during the last
28 days across age groups separately in males and females. Notably, dietary restraint
behaviours were more prevalent in male athletes aged 18 years and older as compared
with those <18 years. There were no significant differences when other types of DE
were compared in adolescent male athletes and adults. Next, adolescent female athletes
aged <18 years demonstrated more frequent self-induced vomiting, laxative misuse, and
excessive exercise to reduce body weight during the last 28 days when compared with the
age group >18 years.

Table 1. The comparison of any occurrence (%) of disordered eating behaviours across age groups
during the last 28 days in male and female athletes (1 = 1003).

Disordered Eating Males <18 Years Males >18 Years

2,
Behaviors (1 = 276) (n=212) Xip
Dietary restraint 17.0 24.5 4.2;0.041
Binge eating (loss of 384 462 3.0;0.083
control)
Self-induced 10.1 6.1 25;0.113
vomiting
Laxative misuse 9.4 52 3.1;0.08
Excessive exercise 51.1 46.2 1.1;0.287
Females < 18 years Females > 18 years
(n =286) (n =229)
Dietary restraint 36.4 31.0 1.6; 0.202
Binge eating (loss of 552 472 3.3;0.068
control)
Self-induced 7.7 35 41;0.043
vomiting
Laxative misuse 8.0 3.1 5.8;0.016
Excessive exercise 67.1 52.8 10.9; 0.001

Multivariable adjusted effects of gender (male was the reference group), age (<18 years
was the reference group), and weight sensitivity in the sports group (weight-sensitive
aesthetic sports group was the reference) on the occurrence of any DE behaviour during
the last 28 days are presented in Table 2 with the odds ratios obtained from binary logistic
regression. The models were tested on each DE separately. Females were more likely to
report dietary restraint in the last 28 days, binge eating, and excessive exercise to reduce
body weight by 96%, 47%, and 51%, respectively, as compared with males. Participation in
less WS sports reduced the odds of dietary restraint by 49% and excessive exercise by 43% as
compared with the WS aesthetic sports group. Furthermore, athletes participating in other
than aesthetic WS sports were less likely to engage in excessive exercise by 44% as compared
with the aesthetic sports group. Finally, older age was associated with reduced odds of
vomiting, laxative misuse, and excessive exercise by 49%, 56%, and 31%, respectively, as
compared with the age group <18 years.
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Table 2. The effects of gender, age, and weight-sensitivity group on the odds ratios * of disordered
eating behaviours during the last 28 days in the sample of athletes (1 = 1003).

Dietary Restraint B OR 95% CI P
Male 1.0
Gender Female 0.68 1.96 1.46-2.64 <0.001
Age group <18 10
>18 0.11 1.12 0.84-1.49 0.448
WS aesthetic 1.0
WS group in sports WS other —0.29 0.75 0.49-1.14 0.174
Less WS —0.67 0.51 0.34-0.78 0.002
Binge eating
Male 1.0
Gender Female 0.38 147 1.13-1.89 0.003
Age group <18 1.0
>18 —0.02 0.98 0.76-1.26 0.869
WS aesthetic 1.0
WS group in sports WS other —0.09 0.91 0.61-1.36 0.648
Less WS 0.02 1.03 0.69-1.51 0.902
Vomiting
Male 1.0
Gender Female —0.39 0.67 0.41-1.12 0.126
Age group <18 L0
>18 —0.67 0.51 0.30-0.87 0.012
WS aesthetic 1.0
WS group in sports WS other —0.05 0.96 0.43-2.13 0.910
Less WS 0.07 1.08 0.49-2.35 0.853
Laxative misuse
Male 1.0
Gender Female —0.32 0.73 0.43-1.22 0.231
Age group <18 1.0
>18 —0.81 0.44 0.25-0.78 0.004
WS aesthetic 1.0
WS group in sports WS other —0.29 0.75 0.34-1.66 0.474
Less WS —0.03 0.97 0.45-2.06 0.930
Excessive exercise
Male 1.0
Gender Female 0.41 1.51 1.17-1.96 0.002
Age group <18 Lo
>18 —0.38 0.69 0.53-0.89 0.004
WS aesthetic 1.0
WS group in sports WS other —0.59 0.56 0.36-0.85 0.007
Less WS —0.57 0.57 0.37-0.86 0.007

* Binary logistic regression; B = regression coefficient; OR = odds ratio; CI = confidence interval; WS = weight
sensitive.

In Table 3, the comparison of the study measures between female athletes <18 years and
adult athletes >18 years is presented. It was revealed that adult athletes had higher BMI,
greater body appreciation, and more healthy eating habits as compared with adolescents
<18 years. On the other hand, adolescent athletes demonstrated more perceived pressures
regarding appearance from family, peers, and coaches and had a higher total SATAQ-4
score. All Cohen’s d coefficients demonstrated a small-to-medium effect size.
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Table 3. The comparison of the study measures (m =+ SD) in female athletes across <18 and >18 years
age groups (n = 515).

Study Measures <(i8:Y2e8a6r)s 2(:8:Y2e2a9r)s Cohen’s d 14
Body mass index, kg/m2 20.37 +2.39 21.89 +2.35 —0.64 <0.001
EDE-Q 6 130 £1.13 112 £1.01 - 0.067
BAS-2 342 £1.07 3.76 £ 0.89 —0.38 <0.001
MBSRQ-AS: OP 242 £0.97 2.50 £ 0.98 - 0.363
MBSRQ-AS: SCW 3.04 £ 0.61 3.06 £ 0.52 - 0.731
SATAQ-4: total 2.59 £ 0.77 243 +0.73 0.22 0.015
SATAQ-4: thin 327 £1.17 3.09 £1.11 - 0.072
SATAQ-4: muscular 3.45 4+ 091 3.34 +0.88 - 0.147
SATAQ-4: pressures media 2.54 4+ 1.46 2.66 + 1.50 - 0.361
SATAQ-4: pressures family 1.87 £1.01 1.64 +£0.94 0.24 0.008
SATAQ-4: pressures peers 1.79 £1.12 1.60 £ 0.93 0.18 0.04
SATAQ-4: pressures coach 226+ 121 1.88 £1.10 0.33 <0.001
DMS 2.36 £ 0.95 2.21 £0.95 - 0.075
Self-weighing frequency 295+ 1.59 3.08 + 1.68 - 0.392
Unhealthy nutrition habits 2.78 £ 0.58 2.82 + 0.55 - 0.378
Healthy nutrition habits 3.51 £ 0.63 3.68 £0.57 —0.29 0.001

m = mean, SD = standard deviation; EDE-Q 6 = Eating Disorder Examination Questionnaire 6; MBSRQ-AS = Mul-
tidimensional Self-Relations Questionnaire, Appearance Scales; OP = Overweight Preoccupation; SCW = Self-
Classified Weight; DMS = Drive for Muscularity Scale; SATAQ-4 = Sociocultural Attitudes towards Appearance
Questionnaire 4; BAS-2 = Body Appreciation Scale 2.

In Table 4, the comparison of the study measures between adolescent male athletes
<18 years and adult male athletes >18 years are presented. It was revealed that adult
athletes had higher BMI, more frequent unhealthy dietary habits, and higher levels of DE
and overweight preoccupation. Furthermore, adult male athletes indicated more frequent
self-weighing. All Cohen’s d coefficients demonstrated a small-to-medium effect size.

Table 4. Comparison of the study measures (m £ SD) in male athletes across <18 and >18 years age
groups (1 = 488).

<18 Years >18 Years

Study Measures (1 = 276) = 212) Cohen’s d 14

Body mass index, kg/m2 21.32 +£3.03 23.37 +£3.11 —0.67 <0.001
EDE-Q 6 0.51 £ 0.54 0.61 £ 0.62 —0.19 0.043
BAS-2 4.09 £ 0.82 4.0540.81 - 0.585
MBSRQ-AS: OP 1.90 £0.72 2.11 £0.82 —0.28 0.003
MBSRQ-AS: SCW 2.78 £ 0.56 2.80 £ 0.55 - 0.701
SATAQ-4: total 2.16 £ 0.66 2.10 £ 0.63 - 0.288
SATAQ-4: thin 2.30 +0.94 242 +091 - 0.157
SATAQ-4: muscular 3.32 £ 1.06 3.20 + 0.96 - 0.213
SATAQ-4: pressures media 1.77 £1.03 1.69 £+ 1.02 - 0.389
SATAQ-4: pressures family 1.71 £ 091 1.56 £+ 0.81 - 0.067
SATAQ-4: pressures peers 1.64 £ 0.89 1.54 £+ 0.85 - 0.207
SATAQ-4: pressures coach 1.90 £ 0.98 1.81 £ 0.95 - 0.331
DMS 3.01 £1.12 2.83 £1.12 - 0.083
Self-weighing frequency 3.16 + 1.62 3.55+ 1.61 —0.24 0.009
Unhealthy nutrition habits 2.63 + 0.63 2.76 + 0.58 —0.23 0.014
Healthy nutrition habits 3.65 £ 0.59 3.65 £ 0.56 - 0.993

m = mean, SD = standard deviation; EDE-Q 6 = Eating Disorder Examination Questionnaire 6; MBSRQ-AS = Mul-
tidimensional Self-Relations Questionnaire, Appearance Scales; OP = Overweight Preoccupation; SCW = Self-
Classified Weight; DMS = Drive for Muscularity Scale; SATAQ-4 = Sociocultural Attitudes towards Appearance
Questionnaire 4; BAS-2 = Body Appreciation Scale 2.
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3.2. Analysis of the Effect of Weight Sensitivity on the Study Variables

Finally, DE and BI were compared across three groups of different levels of WS in
sports separately in male and female athletes controlling for age (Table 5). Thus, the
independent effects of weight sensitivity in sports on DE and BI could be explored. Female
athletes participating in less WS sports had higher BMI and attained a higher score on
DMS. By contrast, athletes involved in aesthetic WS sports perceived more pressure on
appearance from their coaches, were more preoccupied with overweight, demonstrated
more frequent self-weighing behaviour, and scored higher on the EDE-Q 6. Furthermore,
in the aesthetic WS sports group, the score for healthy dietary habits was higher compared
with the other groups.

Table 5. Comparison of the study measures m * (95% CI) across sports groups of different weight
sensitivities in female athletes (n = 515).

Aesthetic Other . .
. o . - Less Weight-Sensitive
Weight-Sensitive Weight-Sensitive
Study Measures Sports Eta-Squared; p
Sports Sports = 245
n=105 n=165 -
19.68 20.932 21.712b 0.11;
. 2 ’
Body mass index, kg/m (19.25-20.11) (20.58-21.27) (21.43-22.00) <0.001
147 1.23 1102 0.02;
EDE-Q 6 (1.26-1.68) (1.07-1.40) (0.97-1.24) 0.017
3.58 3.56 357
BAS-2 (3.39-3.78) (3.41-3.71) (3.44-3.70) 0-983
2.74 2414 2374 0.02;
MBSRQ-AS: OF (2.55-2.93) (2.26-2.56) (2.24-2.49) 0.004
294 3.05 3.10
MBSRQ-AS: SCW (2.83-3.05) (2.96-3.13) (3.03-3.18) 0.058
2.60 2.59 2.44
SATAQ-4: total (2.46-2.75) (2.48-2.71) (2.35-2.54) 0.069
) 3.38 3.25 3.07
SATAQ-4: thin (3.16-3.60) (3.07-3.42) (2.92-321) 0.051
) 3.34 3.50 3.36
SATAQ-4: muscular (3.17-3.51) (3.36-3.64) (3.25-3.47) 0.219
) 2.60 2.72 251
SATAQ-4: pressures media (2.31-2.89) (2.49-2.95) (2.32-2.70) 0.373
) 1.67 1.78 1.79
SATAQ-4: pressures family (1.48-1.86) (1.63-1.93) (1.67-1.92) 0.578
1.65 1.72 1.73
SATAQ-4: pressures peers (1.45-1.85) (1.56-1.88) (1.60-1.86) 0.789
) 2.60 2192 1.80 2P 0.07;
SATAQ-4: pressures coach (2.38-2.82) (2.02-2.36) (1.66-1.94) <0.001
Self-weighing frequen 3.57 3.042 2.752 0.04;
cl-weighing frequency (3.26-3.88) (2.79-3.29) (2.55-2.95) <0.001
DMS 1.95 2372 2382 0.03;
(1.77-2.14) (2.23-2.51) (2.26-2.50) <0.001
Unhealthy nutrition habits @ 627_728 89) (2.723'12‘ 90) (2.722.—729.8 6) 0.847
. . 3.67 3.70 3.47ab 0.03;
Healthy nutrition habits (3.56-3.79) (3.61-3.79) (3.40-3.54) <0.001

* = controlled by age; m = mean; CI = confidence interval. EDE-Q 6 = Eating Disorder Examination Questionnaire 6;
MBSRQ-AS = Multidimensional Self-Relations Questionnaire, Appearance Scales; OP = Overweight Preoccupation;
SCW = Self-Classified Weight; DMS = Drive for Muscularity Scale; SATAQ-4 = Sociocultural Attitudes towards
Appearance Questionnaire 4; BAS-2 = Body Appreciation Scale 2. Etas squared are calculated only in case of
significant differences between groups; ? = p < 0.05 as compared with aesthetic weight-sensitive sports group;
b-p<0.05as compared with the other weight-sensitive sports group.

The same differences across WS in sports groups in the male subsample were not
apparent (Table 6). Athletes from less WS sports groups had higher BMI and attained a
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higher score for self-classified weight. By contrast, athletes participating in aesthetic WS
sports demonstrated more frequent self-weighing behaviour than those from the less WS
sports group.

Table 6. Comparison of the study measures m * (95% CI) across sports groups of different weight
sensitivities in male athletes (n = 488).

Aesthetic Other . .
. o . o Less Weight-Sensitive
Weight-Sensitive Weight-Sensitive
Study Measures Sports Eta-Squared; p
Sports Sports =022
n=31 n =235 B
Bod index, ke /m? 20.69 22192 22452 0.02;
0dy mass Idex, kg/m (19.64-21.74) (21.81-22.57) (22.05-22.84) 0.009
0.68 0.56 0.53
EDE-Q6 (0.48-0.88) (0.48-0.63) (0.46-0.61) 0.403
3.89 4.11 4.05
BAS-2 (3.60-4.18) (4.00-4.21) (3.95-4.16) 0.372
2.03 1.99 1.97
MBSRQ-AS: OP (1.76-2.30) (1.90-2.09) (1.87-2.07) 0913
. 2.51 2832 2772 0.02;
MBSRQ-AS: SCW (2.32-2.70) (2.76-2.90) (2.70-2.85) 0.009
. 2.28 2.10 2.15
SATAQ-4: total (2.05-2.51) (2.02-2.18) (2.06-2.24) 0.304
. 2.38 2.38 2.32
SATAQ-4: thin (2.05-2.71) (2.26-2.50) (2.19-2.44) 0.755
341 3.20 3.33
SATAQ-4: muscular (3.05-3.77) (3.07-3.33) (3.19-3.46) 0-303
. 2.00 1.72 1.73
SATAQ-4: pressures media (1.63-2.36) (1.58-1.85) (1.59-1.86) 0.351
_ _ 1.75 1.62 1.66
SATAQ-4: pressures family (1.44-2.06) (1.50-1.73) (1.54-1.77) 0.680
. 1.63 1.55 1.64
SATAQ-4: pressures peers (1.32-1.94) (1.44-1.67) (1.53-1.76) 0.534
2.20 1.79 1.89
SATAQ-4: pressures coach (1.86-2.54) (1.67-1.91) (1.76-2.02) 0.069
Self-weighing frequenc 3.56 3.70 290° 0.06;
ghing trequency (3.00-4.12) (3.50-3.90) (2.69-3.11) <0.001
3.11 2.87 2.98
DMS (2.72-3.51) (2.73-3.01) (2.83-3.12) 0.389
. . 2.60 2.71 2.67
Unhealthy nutrition habits (2.39-2.82) (2.63-2.79) (2.59-2.75) 0.599
" . 3.60 3.70 3.61
Healthy nutrition habits (3.39-3.80) (3.62-3.77) (3.53-3.68) 0.217

* = controlled by age; m = mean; CI = confidence interval. EDE-Q 6 = Eating Disorder Examination Questionnaire 6;
MBSRQ-AS = Multidimensional Self-Relations Questionnaire, Appearance Scales; OP = Overweight Preoccupation;
SCW = Self-Classified Weight; DMS = Drive for Muscularity Scale; SATAQ-4 = Sociocultural Attitudes towards
Appearance Questionnaire 4; BAS-2 = Body Appreciation Scale 2. Etas squared are calculated only in case of
significant differences between groups; # = p < 0.05 as compared with the aesthetic weight-sensitive sports group;
b = p <0.05 as compared with the other weight-sensitive sports group.

Finally, in female athletes, the correlations between the EDE-Q 6 score and body
appreciation were from —0.61 to —0.63 (p < 0.001) and similar across different WS in sports
groups. The same correlations in male athletes varied from —0.15 in the less WS group, to
—0.27 in the other WS group, to —0.32 in the aesthetic WS group (p < 0.05). Furthermore,
the correlations between overweight preoccupation and the total EDE-Q 6 score were from
0.74 to 0.79 in different WS sports groups in female and from 0.56 to 0.60 in male athletes
(p <0.001).
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4. Discussion
4.1. Effect of Age on DE, Body Image, and Sociocultural and Coach-Related Pressures

In the present study, we aimed to compare DE, body image, and general sociocultural
and coach-related pressures in groups of competitive athletes of different age (adolescents
and adults). We hypothesized that DE, body image concerns, and sociocultural pressures
would be more prevalent in younger athletes. The present study adds important new
knowledge that age is associated with DE, body image, and sociocultural pressures for
competitive female athletes. Specifically, we observed that adolescent competitive female
athletes reported more frequent self-induced vomiting, laxative misuse, and excessive exer-
cise, as well as poorer heathy eating habits, compared with adult female athletes. Further,
adolescent female athletes expressed a greater desire to attain stereotypical body ideals
and higher pressures to attain a stereotyped body image from family, peers, and coaches,
compared with adult female athletes. This finding is novel; therefore, the comparison of
the results is limited, and future studies should test it. A recent study reported that parents
of adolescent athletes might use psychological violence and neglect towards their children
regarding body weight, especially in adolescent girls [62]. A plethora of studies reported
that coach pressures on the body image of athletes is associated with their body image
concerns and DE [63]. Peers, especially teammates, are also an important source of pressure
regarding appearance and body weight in adolescent athletes [64]. Adult female athletes
may no longer experience appearance and body-weight-related pressures from their par-
ents. Further, adult athletes spent more years in sport, possibly facing pressures from the
sport-related environment [14]. However, they have a more stable athletic identity, higher
athletic achievements, and might also have higher resilience to sociocultural pressures,
including pressures from coaches. Stronger athletic identity have been associated with
enhanced athletic performance, improved global self-esteem and confidence, as well as
improved social relationships [65,66]. Since the study is cross-sectional, it is impossible
to understand the directions of the associations. It might be that younger athletes experi-
ence more intense general sociocultural and coach-related pressures on their appearance;
however, it might also be that those young female athletes, who experience high general
sociocultural and coach-related pressures, have higher body image concerns and DE and
withdraw from sports more frequently compared to those who experience less pressure.
Future studies with experimental and longitudinal designs should be implemented to
understand this topic.

Finally, the results of the present study showed that adult female athletes have a
significantly more positive body image (body appreciation) compared with adolescents.
Body appreciation is protective of body image in women and girls [35]. Higher body
appreciation means that female athletes express respect and love for their bodies and have
more resilience to the sociocultural pressures to attain stereotyped body ideals [67]. These
findings suggest that special programs helping adolescent female competitive athletes to
promote positive body image and resist sociocultural and sport-related pressures should
be implemented. Special education for coaches who train adolescent females should be
implemented to teach them how to avoid negative pressure on the body image of growing
adolescent girls [40].

Importantly, no effect of age on the sociocultural pressures on body image was ob-
served in male athletes. However, we found that higher dietary restraint, DE, self-weighing
frequency, unhealthy nutrition habits and overweight preoccupation were more prevalent
in adult male competitive athletes compared with adolescents. These results might be
explained by the high level of competition and sport-related expectations that adult male
athletes competing in elite sport possibly experience. Young adolescent athletes are in their
puberty period, and it might be that they adjust body-weight-related expectations more
easily compared with adult males. Since knowledge on this topic is very limited, these
speculations should be tested by future studies. However, special efforts to prevent DE
and body image concerns in adult male athletes are necessary. Furthermore, it is important
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to educate all adult male athletes about healthy nutrition and safe body weight control
methods to prevent DE.

4.2. Effect of Weight Sensitivity in Sports on DE, Body Image, and Sociocultural and
Coach-Related Pressures

Further, we hypothesized that DE, body image concerns, and sociocultural pressures
on appearance would be more prevalent in athletes participating WS sports, controlling for
age and gender. This hypothesis was partially confirmed. In females, DE was more preva-
lent in aesthetic sports compared with less WS sports; however, no significant differences
were observed between less WS sports and other WS sports and between aesthetic WS
sports and other WS sports, controlling for age. Further, we observed a significant effect of
weight sensitivity for dietary restraint and excessive exercise. Specifically, we observed that
female gender and participation in WS (aesthetic) sports predicted higher dietary restraint
and excessive exercise in females, controlling for age. However, no significant effect of
weight sensitivity in sport groups was observed for binge eating, vomiting and laxative
misuse in females. These results are in accordance with previous studies which showed
that disordered eating is more prevalent in female athletes participating in aesthetic sports
compared with other athletes [4,6,23,68]. The present study extends previous knowledge
that both adolescent and adult female athletes participating in aesthetic sports experience
significantly higher DE than athletes participating in less WS sports.

Our results also add important new knowledge that, despite having the lowest body
weight, females participating in aesthetic sports report the highest overweight preoccu-
pation, which is one of the main facets of negative body image [49] and DE [69]. These
findings are in line with studies reporting that females participating in aesthetic sports
report a more negative body image than other athletes [32]. Further, female adults in-
volved in aesthetic sports reported a higher self-weighing frequency compared with other
weight-sensitive groups. Frequent self-weighing is related to overweight preoccupation
and considered a risk factor for DE in female athletes [60,70].

The present study adds important knowledge that aesthetic female athletes do not
express a more positive body image (body appreciation) than females participating in other
WS sports and less WS sports. It is an important novel finding suggesting that, despite
low body weight, female athletes involved in aesthetic sport do not develop a healthier
body image that might protect them from disordered eating. Further, we observed that
body appreciation is negatively associated with disordered eating in all three groups of
female athletes. This is a novel finding that is in line with the modern DE prevention
recommendations that are based on cognitive dissonance principles and the promotion of
positive body image and self-compassion in female athletes [2,71,72].

Finally, the present study adds new knowledge that aesthetic sports involving females
report significantly higher pressure from coaches to attain appearance ideals compared
with other female athletes. Previous studies showed that pressure from coaches is one of the
main risk factors for DE in athletes [24,41]. These results clearly suggest that female athletes
involved in aesthetic sports experience higher body image concerns and DE compared
with competitive athletes participating in less WS sports. Positive body image and self-
efficacy promotion programs for female athletes participating in WS sports are of immense
importance. Special education (the prevention of DE and the promotion of positive body
image) for coaches of WS sports, especially aesthetic sports, must be implemented [6,73-75].

In male competitive athletes, no significant differences were observed between WS and
less WS groups in DE, body image, and sociocultural and coach-related pressures, control-
ling for age. These results contradict previous findings that showed a higher prevalence of
DE in male athletes participating in aesthetic sports compared with other athletes [8]. This
might be explained by an extremely low number of male aesthetic sports participants in the
present sample, which might be considered as a limitation of the present study. Therefore,
the generalization of these results should be limited. However, we observed a higher
self-weighing frequency and self-classified weight in a group of male athletes participating
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in other WS sports compared with less WS sports. Previous studies reported that self-
weighing is associated with an increased risk of eating disorders in male athletes [76]. These
results suggest that males participating in sports where lower body weight is advantageous
and those participating in sports with weight categories also need education about safe
methods of weight loss and the risks of rapid weight loss, which are prevalent in WS sports
with weight categories [16]. Finally, we observed that positive body image was negatively
associated with DE in less WS and other than aesthetic WS sports groups in male athletes.
Thus, positive body image promotion might also be effective in DE prevention programs
for men.

4.3. Limitations and Strengths of the Study

The present study has important limitations. First, it is a cross-sectional study, and
the direction of the associations is unclear. Specifically, the cross-sectional design limits the
ability to establish causal relationships and determine the direction of associations. Experi-
mental or longitudinal studies are recommended to have more clarity on the associations
between study variables. Second, few male athletes from aesthetic sports participated in
the present research. This might have an impact on the results of the comparison of study
variables between groups of weight sensitivity in sports, especially comparing aesthetic
sports and less weight-sensitive sports. Next, the point of the season and years in sport
might influence the results of the study [14]. Another limitation of the present study is
that the sample is convenient and does not represent any population. Furthermore, in the
present study, we used a modified SATAQ-4 subscale to assess coach pressures on athletes’
body image. This might be considered as a limitation of the study. Future studies might
additionally include other instruments that are widely accepted for assessing coach and
sport-related pressures on athletes” body image [77,78].

The strengths of the study include the large sample of competitive athletes from a
variety of sports, including WS and less WS sports, of different genders and ages, and the
use of sound research instruments to test DE [79], body image, and sociocultural pressures
to attain a stereotyped body image.

4.4. Practical Implications

Special DE prevention and positive body image promotion programs are necessary
for female competitive athletes participating in weight-sensitive sports (especially aesthetic
sports). Special education programs aiming to increase resistance to general sociocultural
and coach-specific pressures of adolescent female athletes should be implemented. For
adult male athletes participating in competitive sports, special programs that aim to prevent
disordered eating and to increase healthy eating habits might be beneficial. Special educa-
tion is essential for coaches who train adolescent and adult female athletes participating in
weight-sensitive sports, especially aesthetic ones.

5. Conclusions

The results of the present study extend the existing knowledge about the effect of
age and weight sensitivity on disordered eating in competitive athletes. When the effect
of age was tested, higher DE behaviours (self-induced vomiting, laxative misuse, and
excessive exercise) in adolescent female athletes were observed compared with adults.
Adolescent female athletes experienced higher sociocultural pressures (family, peers) and
sport-related pressures (coach) compared with adult female athletes. No differences in
negative body image were observed; however, adult female athletes reported significantly
higher positive body image (body appreciation) than adolescents. Adult male athletes
more frequently experienced dietary restraint, disordered eating, unhealthy eating habits,
self-weighing behaviour, and overweight preoccupation compared with adolescent male
athletes; however, no differences were observed in sociocultural pressures and positive
body image in the two age groups.
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In the present study, we observed a significantly higher prevalence of disordered eat-
ing, body image concerns, self-weighing practice, and body-image-related pressures from
coaches in aesthetic-sport-involved female athletes compared with athletes participating
in less weight-sensitive sports. No differences in positive body image (body appreciation)
were observed between weight-sensitive and less weight-sensitive female sports partici-
pants. In male athletes, no significant differences were observed between weight-sensitive
and less weight-sensitive sports in disordered eating and body-image-related sociocultural
pressures.

Special disordered eating prevention and positive body image promotion programs
are necessary for female competitive athletes and parents of adolescent female athletes,
especially those participating in aesthetic sports. For adult male athletes, special programs
aiming to promote healthy eating should be implemented to prevent DE and body image
concerns. Special education about DE prevention is essential for coaches who train female
athletes.
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Abstract: Bariatric surgery candidates (BSC) are a highly vulnerable group for mental health im-
pairments. According to the theoretical model of weight stigma, weight-related experienced stigma-
tization (ES) negatively influences mental health through weight bias internalization (WBI). This
study tested this model among BSC and investigated whether this association depends on a negative
body image in terms of weight and shape concern as a potential moderator. As part of a German
multicenter study, ES, WBI, weight and shape concern, and depressive symptoms were assessed
via self-report questionnaires among n = 854 BSC. Simple and moderated mediation analyses were
applied to analyze whether WBI influences the relationship between ES and depressive symptoms,
and whether this influence depends on weight and shape concern. WBI significantly mediated
the relationship between ES and depressive symptoms by partially reducing the association of ES
with depressive symptoms. Weight and shape concern emerged as significant moderators in the
overall model and specifically for associations between WBI and depressive symptoms. The results
suggest that the association between ES and depressive symptoms among BSC is stronger in those
with high WBI. This association is strengthened by weight and shape concern, especially at low and
mean levels. Studies evaluating longitudinal associations between weight-related stigmatization and
mental health are indicated, as well as intervention studies targeting WBI in order to reduce adverse
effects of ES on mental health in BSC.

Keywords: bariatric surgery candidates; weight bias internalization; weight-related experienced
stigmatization; depressive symptoms; weight and shape concern

1. Introduction

The worldwide prevalence of obesity is increasing [1-3], with 13% of adults exceeding
a body mass index (BMI; kg/m?) of 30 kg/m? according to the World Health Organiza-
tion [4]. In 2014, 2.3% of men and 5.0% of women globally met the criteria for obesity class 2
(35.0 kg/m? < BMI < 40.0 kg/m?) and 3 (BMI > 40.0 kg/m?) [3]. Due to associations with
physical [5] and mental health impairments including depressive symptoms [6], obesity
poses a major economic challenge to healthcare systems [7]. The standard treatment of
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obesity, behavioral weight loss treatment, including nutritional, physical activity, and be-
havioral, shows overall small effects on health outcomes [8]. Although, the adjunct of the
subcutaneous application of semaglutide can optimize the effects [9], bariatric surgery is
the most efficacious treatment for patients with severe obesity, including obesity class 2
with physical comorbidity and class 3 leading to significant weight loss of 20-35% and
long-term improvements in physical and mental comorbidities [10,11].

Among individuals with obesity, bariatric surgery candidates (BSC) comprise a notably
vulnerable group to mental health impairments, given that up to 58% of these patients
present with a mental disorder, especially affective and anxiety disorders, as well as
eating disorders [12]. Rates of depression are significantly higher in BSC than in those
seeking behavioral weight loss treatment [13]. However, so far, mechanisms related to
the development of psychopathology such as depressive symptoms among BSC are not
fully understood. Based on Tylka et al.’s [14] theoretical model of weight stigma, which is
based on both longitudinal and cross-sectional data and supported by recent cross-sectional
research [15-18], experienced stigmatization (ES) may lead to weight bias internalization
(WBI) and/or body shame, thereby negatively influencing psychological well-being. While
ES describes negative experiences related to one’s weight [19], with weight-based teasing
being the most common type of ES [20], WBI denotes individual beliefs that negative
stereotypes related to one’s weight are true for oneself. A variety of cross-sectional studies
demonstrated that both ES and WBI increase with higher BMI [8,20-22], and are negatively
associated with mental health including depressive symptoms [23-29]. This pattern is
especially pronounced in BSC compared to individuals with obesity undergoing behavioral
weight loss treatment [30,31], with prospective experimental evidence highlighting stronger
negative effects on mental health for WBI than for ES [32]. ES and WBI were found to be
associated with medium effect size, according to a systematic review with predominantly
cross-sectional evidence, in adults from the population [27], and based on a cross-sectional
study in BSC [21]. Notably, a systematic review revealed that ES in terms of weight-based
teasing in childhood was longitudinally and cross-sectionally positively associated with
depressive symptoms in both childhood and adulthood [33]. Another recent cross-sectional
study among treatment-seeking adults with obesity who have experienced and internalized
weight stigma found a high percentage of depressive symptoms [29].

Supporting Tylka et al.’s [14] model, a recent systematic review demonstrated that
WBI may function as a mediator between ES and psychological well-being, including
depression, disordered eating, and body dissatisfaction, in community-based and clinical
populations [34]. Specifically, in adult patients with obesity participating in a behavioral
weight loss program, ES had a direct and an indirect effect on depression through WBI [35].
Among BSC, cross-sectional evidence identified the interplay of WBI, body shame, and
internalized shame as mediators in the relationship between ES and depression, though WBI
as a single mediator was not significant [36]. Body shame has been highly associated with
eating disorder symptoms, including weight and shape concern [37-39], and depressive
symptoms in BSC. At the same time, weight and shape concern and WBI were cross-
sectionally highly associated in BSC [31]. However, nothing is known about the potential
impact of weight and shape concern on the relationship between ES, WBI, and mental
health among BSC, specifically whether weight and shape concern strengthen the effect of
WBI on the association between ES and depressive symptoms.

In this context, the aim of this cross-sectional study was to investigate, first, the
mediating role of WBI on the relationship between ES and depressive symptoms among
BSC and, second, the potential influence of weight and shape concern on the association
between ES, WBI, and depressive symptoms. Based on Tylka et al.’s [14] theoretical model
of weight stigma and related evidence, it was hypothesized that ES directly and indirectly
(through WBI) will be related to depressive symptoms, and that this mediation will be
moderated by BSC’s weight and shape concern. An investigation of these associations was
deemed to be of high clinical relevance, since both WBI and weight and shape concern may
serve as potential intervention targets to improve BSC’s mental health.
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2. Materials and Methods
2.1. Sample

This study is part of the multicenter Psychosocial Registry for Bariatric Surgery (PRAC)
study, which longitudinally assesses psychosocial aspects in a consecutive sample of
patients seeking bariatric surgery in six participating study centers in Germany. Inclusion
criteria for the PRAC study were a minimum age of 18 years and a planned bariatric surgery.
Patients were excluded due to insufficient German language skills and inability to comply
with the study protocol. Based on an eligible sample of n = 978, data on the self-reported
measures of interest (see below) were missing for n = 124, leaving a total sample of n = 854
adult BSC, recruited between March 2012 and March 2023. All patients provided written
informed consent before study participation. Data collection proceeded independently
of clinical treatment, and all patients were informed that study data would be treated as
strictly confidential and inaccessible to the surgical team.

2.2. Measures

This study used PRAC baseline data from well-established self-report questionnaires
on weight and shape concern, weight-related stigmatization, and depressive symptoms,
assessed prior to bariatric surgery.

2.2.1. Predictor Variable: Experienced Stigmatization

The German version of the 6-item Perception of Teasing Scale (POTS [40,41]) was used
to assess how often participants had been the target of weight stigmatization by others in
their childhood on a 5-point scale ranging from 0 (“never”) to 4 (“very often”). The effect
of teasing on the individuals, a second subscale of the POTS, was not evaluated in this
study. All responses were summed up to a total score, with higher scores representing
more frequently perceived teasing (Cronbach’s alpha in the present study « = 0.97).

2.2.2. Outcome Variable: Depressive Symptoms

The 9-item subscale of the German version of the Patient Health Questionnaire (PHQ-
D [42-44]) was used to screen for depressive symptoms based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV [45]). All items were rated on a 4-point
Likert scale ranging from 0 (“not at all”) to 3 (“nearly every day”), with higher sum scores
indicating higher severity of depression (x = 0.85).

2.2.3. Mediator Variable: Weight Bias Internalization

The German version of the 11-item Weight Bias Internalization Scale (WBIS [46,47])
was used to assess the level of weight bias internalization describing someone’s belief that
negative stereotypes and negative self-statements about persons with overweight or obesity
apply to him- or herself. From April 2015, the WBIS was replaced by the German version
of the Modified Weight Bias Internalization Scale (WBIS-M [47,48]), which assesses WBI
across various weight statuses. Although the WBIS-M showed slightly better psychometric
properties than the WBIS, both measures showed acceptable internal consistency as well
as convergent and divergent validity [49]. In favor of good readability, only “WBIS” is
referred to in tables and figures. All items were rated on a 7-point Likert scale ranging from
1 (“strongly disagree”) to 7 (“strongly agree”). According to the results of psychometric
analyses, item 1 was removed before computing the mean score [47]. A higher mean score
indicates greater internalized weight stigma (x = 0.87).

2.2.4. Moderator Variable: Weight and Shape Concern

The 5- and 8-item subscales of the German Eating Disorder Examination Question-
naire (EDE-Q [50,51]) on weight concern and shape concern were combined to measure
a composite covering both weight and shape concern [52,53]. The items were rated on a
7-point Likert scale ranging from 0 (“no day”/“not at all”) to 6 (“everyday” /“extremely”)
with higher mean scores indicating greater weight and shape concern (« = 0.84).
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2.2.5. Control Variables

Sociodemographic characteristics were assessed by self-report, including participants’
age, sex (male, female), and education (>10 school years, <10 school years). BMI was
calculated from participants’ measured weight and height using calibrated scales.

2.3. Data Analysis

A priori power analysis was calculated to determine the minimum sample size for
detecting medium-sized effects with a statistical power of 0.80. For mediation analyses
(small-sized a path, medium-sized b path, see Figure 1; percentile bootstrapping), n = 406
patients were required [54]. All statistical analyses were performed using IBM SPSS
Statistics Version 29 and a two-tailed significance level of « = 0.05. Prior to conducting
the main analyses, all variables were screened for plausibility and outliers. Pearson and
Spearman correlation analyses were run to examine bivariate associations between all study
variables and to identify relevant sociodemographic control variables.

Weight bias
internalization (M)

Weight and shape
concern (W)

Perception of teasing Depressive symptoms

) < (8]

Figure 1. Moderated mediation model.

In order to examine whether there was an indirect effect of ES on depressive symptoms
through WBI, a simple mediation analysis was conducted using Model 4 from the SPSS
PROCESS macro 4.0 [55]. Secondly, in order to investigate the moderating influence of
weight and shape concern on all paths of the mediation model, a moderated mediation
analysis (Process Model 59) was conducted (see Figure 1 for the hypothesized model). Both
the mediation-only and moderated mediation models were controlled for sex, age, and
BMI due to significant associations of these variables with model variables. Bootstrapping
was applied, which involved repeated sampling from the dataset with replacement (i.e.,
10,000 bootstrap resamples), in order to achieve an approximation of the sampling distri-
bution of the indirect effect and to generate 95% confidence intervals for these effects. For
illustrative purposes, the moderating effect of weight and shape concern was calculated at
three different levels of the moderator (i.e., —1 SD, mean, +1 SD).

3. Results
3.1. Sample Characteristics

The sample had a mean age of 46.8 &= 11.6 years, with n = 547 (67.2%) women (Table 1).
Mean BMI was 48.7 + 8.0 kg/m?, with the majority of patients having obesity class IIT
(n =754, 88.3%). Most participants were married (n = 430, 51.7%) and had at least 10 years
of education (n = 579, 76.3%).
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Table 1. Sample characteristics.

Baseline Characteristics n Mi/n SD/% Min. Max.
Sociodemographic variables
Age 854 46.8 11.6 18 74
Sex 854
Women 547 67.2
Men 280 32.8
Marital status 832
Single 154 18.5
Partnership 160 19.2
Married 430 51.7
Divorced 63 7.6
Widowed 25 3.0
Educational level 759
<10 school years 180 23.7
>10 school years 579 76.3
Anthropometrics
BMI, kg/m? 854 487 8.0 35.0 97.3
Obesity class 2 100 11.7
Obesity class 3 754 88.3
Psychological variables
POTS, 6-30 854 16.0 79 6.0 30.0
WBIS, 1-7 854 4.8 1.3 13 7.0
PHQ-D, 0-27 854 7.8 5.2 0.0 26.0
EDE-Q WS, 0-6 854 37 1.1 0.0 6.0

Note: BMI = body mass index; POTS = Perception of Teasing Scale; WBIS = Weight Bias Internalization Scale; PHQ-
D = Patient Health Questionnaire Depression Scale; EDE-Q WS = Eating Disorder Examination Questionnaire:
composite of weight and shape concern.

Associations between all study variables can be found in Table 2. Among possible
covariates, age, sex, and BMI, but not education, were significantly associated with the
predictor, outcome, mediator, and moderator.

Table 2. Correlations of study variables.

1 2 3 4 5 6 7
1. Age -
2. Sex —0.11** -
3. BMI —0.14 *** —0.03 —
4. Education 0.02 0.11 ** —0.11** —
5. POTS —0.36 *** 0.11 ** 0.29 *#** —0.01 —
6. WBIS —0.17 #* 0.7 ** 0.09 * —0.03 0.38 *** —
7. PHQ-D 0.01 0.09 ** 0.14 *** —0.05 0.27 *** 0.56 *** —
8. EDE-Q WS —0.03 0.19 *** 0.09 0.01 0.33 *** 0.72 #** 0.56 ***

Note: BMI = body mass index (kg/ m?); POTS = Perception of Teasing Scale; WBIS = Weight Bias Internalization
Scale; PHQ-D = Patient Health Questionnaire Depression Scale; EDE-Q WS = Eating Disorder Examination
Questionnaire: composite of weight and shape concern. * p < 0.05. ** p < 0.01. *** p < 0.001.

3.2. Mediation

The overall prediction by the model of greater depressive symptoms by more frequent
ES through the indirect effect of WBI was significant (F(5, 848) = 89.331, p < 0.001), ac-
counting for 35% of variance (see Table 3 and Figure 2). The inclusion of WBI in the model
reduced the direct effect of ES on depressive symptoms significantly (p < 0.001). Thus, WBI
was found to be a partial mediator of the association between ES and depressive symptoms.
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Table 3. Effects of simple mediation.

Path Independent  Dependent . Direct Effect  Indirect Effect
Variable Variable P [95% CI] [95% CI]
a POTS WBIS 10.206  <0.001 0.06
’ ’ [0.05, 0.07]
2.23
b WBIS PHQ-D 18.018  <0.001 (2.01,2.52]
0.19
c POTS PHQ-D 7.931 <0.001 015, 0.25]
, 0.06 0.13
c POTS PHQ-D 2.841 0.005 0.03,0.12] 010, 0.16]

Note: POTS = Perception of Teasing Scale; WBIS = Weight Bias Internalization Scale; PHQ-D = Patient Health
Questionnaire Depression Scale.

Weight bias

internalization (M)

Weight and shape

concern (W)

0.03 (0.02)
Perception of teasing Depressive symptoms
X) €=0.09 )
=029

Figure 2. Moderated mediation model displayed with coefficients and standard errors. Mediation
coefficients displayed are standardized. ** p < 0.01. *** p < 0.001.

3.3. Moderated Mediation

The overall prediction by the model of greater depressive symptoms by more fre-
quent ES through WBI, while considering weight and shape concern, was significant
(F(8, 845) = 74.140, p < 0.001), accounting for 41% of variance (see Table 4 and Figure 2). The
interaction between the effects of ES and weight and shape concern on WBI was statistically
significant, p = 0.001. Specifically, the conditional effect of ES on WBI was significant for
low and mean values of weight and shape concern, both p < 0.001, while high values of
weight and shape concern did not moderate the effect between ES and WBI, p = 0.063. The
results thus indicate that the effect of ES on WBI was stronger for patients with low and
mean weight and shape concern—see Figure 3.

15
g 1
[
g
'8 05
B EDEQ-WS
o -
g0 U Ll ——-15D
E === Mean
2 -05
g / +15D
-
g -

-15

-1s5D Mean +15D
POTS

Figure 3. Conditional effect of perception of teasing on weight bias internalization at values of
weight and shape concern. Note. POTS = Perception of Teasing Scale; WBIS = Weight Bias Internal-
ization Scale; EDE-Q WS = Eating Disorder Examination Questionnaire: composite of weight and

shape concern.
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Table 4. Effects of moderated mediation.

WBIS (Mediator) PHQ-D (Outcome)
Effect ¢ Effect ¢
[95% CI] P [95% CI] p
Path a
0.02
POTS [0.01, 0.03] 497 <0.001
EDE-Q WS 0.74 26.99 <0.001
[0.68, 0.79] : :
POTS x EDE-Q WS Coo Jooo 308 0.002
POTS x 0.03
EDE-Q WS (—1 SD) [0.02, 0.04] 5.37 <0.001
POTS x 0.02
EDE-Q WS (mean) [0.01, 0.03] 4.97 <0.001
POTS x 0.01
EDE-Q WS (+1 SD) [~0.00, 0.02] 1.86 0.063
—0.01
Age (002, ~0.01] —421 <0.001
—0.01
Sex [-013,013] —0.18 0.860
~0.01
BMI [—001, 0.00] ~135 0.177
Path b
1.55
WBIS [1.29, 1.94] 9.57 <0.001
EDE-Q WS 1.38 7.77 <0.001
[0.98, 1.70] : :
WBIS x EDE-Q WS [0 3%43 7 5.01 <0.001
WBIS x 0.99
EDE-Q WS (1 SD) [0.63,1.41] 517 <0.001
WBIS x 1.55
EDE-Q WS (mean) [1.29, 1.94] 9-57 <0.001
WBIS x 2.11
EDE-Q WS (+1 SD) [1.80, 2.62] 1045 <0.001
0.05
Age [0.02, 0.08] 3.75 <0.001
025
Sex [-099.022] —0.84 0.399
0.05
BMI [0.01, 0.08] 2.83 0.005
Path ¢’
0.03
POTS (0.0, 0.08] 153 0.127
POTS x EDE-Q WS [0 3‘1030 06] 1.39 0.164
Overall moderated
mediation
POTS x WBIS x 0.03
EDE-Q WS (—1SD) [0.01, 0.05]
POTS x WBIS x 0.03
EDE-Q WS (mean) [0.02, 0.05]
POTS x WBIS x 0.02
EDE-Q WS (+1 SD) [—0.00, 0.04]

Note. BMI = body mass index; POTS = Perception of Teasing Scale; WBIS = Weight Bias Internalization Scale; PHQ-
D = Patient Health Questionnaire Depression Scale; EDE-Q WS = Eating Disorder Examination Questionnaire:
composite of weight and shape concern.
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The moderating effect of weight and shape concern on the association between WBI
and depressive symptoms was significant, p < 0.001. Specifically, the conditional effect of
WBI on depressive symptoms was significant for low, mean, and high values of weight and
shape concern, all p < 0.001, indicating that they increased the association between WBI
and depressive symptoms—see Figure 4.
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EDEQ-WS
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@®

-1SD Mean +1SD
WBIS

Figure 4. Conditional effect of weight bias internalization on depressive symptoms at values of
weight and shape concern. Note. WBIS = Weight Bias Internalization Scale; PHQ-D = Patient Health
Questionnaire Depression Scale; EDE-Q WS = Eating Disorder Examination Questionnaire: composite
of weight and shape concern.

There was no moderating effect of weight and shape concern on the association
between ES and depressive symptoms, p = 0.164, indicating that weight and shape concern
did not strengthen or weaken the respective association.

The moderation of the indirect effect of ES on depressive symptoms through WBI was
significant for low and mean values, but not for high values of weight and shape concern,
indicating that the indirect effect of ES on depressive symptoms through WBI was stronger
for patients with low and mean weight and shape concern.

4. Discussion

This cross-sectional study was the first to test the theoretical model of weight stigma [14],
specifying associations between experienced stigmatization (ES), weight bias internaliza-
tion (WBI), and depressive symptoms among bariatric surgery candidates (BSC), adding
weight and shape concern as a potential moderator. In a large baseline sample of BSC, we
found mediating effects of WBI on the relation between ES and depressive symptoms, and
weight and shape concern moderated this mediation.

Notably, compared to a community sample of adults with overweight or obesity [18],
the association between ES and WBI was smaller in this study of BSC, but similar to another
recent study in BSC [21]. Supporting the suggested model and prior population-based
research [34], WBI was here found to mediate the association between ES and depressive
symptoms. The result is also in line with cross-sectional findings in individuals opting
for surgical and non-surgical intervention with obesity [35], showing an indirect effect of
more ES on lower mood through WBI. A recent cross-sectional study in BSC did not find a
significant separate effect of WBI on ES and depressive symptoms, but only in combination
with high internalized shame and body shame, and low self-compassion [36]. Based on the
present results, depressive symptoms among BSC, who experienced frequent weight-based
teasing in childhood, were stronger in those with a higher than lower internalized weight
bias. Thus, health care professionals might pay particular attention to patients undergoing
bariatric surgery, believing that negative stereotypes about weight apply to themselves, in
order to improve their psychological well-being in relation to ES in childhood.
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Based on Tylka et al.’s model [14], there may be a moderation effect caused by body
shame on associations between ES and mental health. The present study extended this
model by testing the moderating effect of weight and shape concern. As hypothesized, a
significant moderating effect of weight and shape concern was found: weight and shape
concern strengthened the mediating effect of WBI on the association between ES and
depressive symptoms among BSC, especially in those with low and mean levels of weight
and shape concern. To understand this result, it is important to evaluate the separate path
connections. Weight and shape concern at all levels had a large moderating effect on the
relation between WBI and depressive symptoms. This result goes in line with findings
from a cluster analysis revealing that individuals with overweight or obesity and weight
concern showed low levels of happiness and positivity [56]. Similarly, a cross-sectional
study demonstrated that WBI was highly correlated with depressive symptoms and weight
and shape concern among BSC [57]. With a significant but small effect, the composite
of weight and shape concern moderated the relation between ES and WBI, indicating
that the lower the patients” weight and shape concern, the stronger the positive relation
between ES and WBI. Experienced teasing in childhood may thus be especially important
for mental health among BSC who are less concerned about their weight and shape. In
other words, the association between experienced weight teasing in childhood and current
WHBI is stronger for those with low or moderate levels of weight and shape concern, while
for those with high weight and shape concern, WBI is generally high, whether or not the
BSC reported an experience of weight teasing during childhood. This result, which is
implicated in the overall result, could be due to a general negative self-image that is not
necessarily weight-related.

Strikingly, the positive association between ES and depressive symptoms was not
moderated by weight and shape concern, against the hypothesis. Although the association
between ES and depressive symptoms was significant, as expected, it was only weak,
which is congruent with the results of a community study of adults with a mean BMI of
36 kg/m? [18], but contrasts previous cross-sectional evidence showing strong correlations
between ES and depressive symptoms in adults with BMI between 28 and 45 kg/m? seeking
behavioral weight loss treatment [24]. The fact that the strength of association between
ES and depressive symptoms was not affected by the level of weight and shape concern
suggests that BSC with high weight and shape concern and a high frequency of experienced
teasing do not suffer from stronger depressive symptoms than BSC with low weight and
shape concern and a low frequency of experienced teasing. Given the large association of
weight and shape concern and depressive symptoms, and the small association between ES
and depressive symptoms, the result may suggest that weight and shape concern alone are
relevant for patients” mental health, but do not serve as protective or adverse mechanisms
between childhood teasing and current depressive symptoms.

The strengths of this study include the large sample size, the multicenter design,
and the application of internationally well-established self-report instruments. Among
the limitations, data were only quasi-longitudinal with patients reporting their current
perceptions of weight teasing in childhood, thus precluding causal interpretations of the
present results. Although the WBIS refers to experienced weight-based teasing in childhood,
there was no objective information on patients” weight status in childhood available. With
Tylka et al.’s model [14], postulating a rather longitudinal mediation, it must be taken
into account that this cross-sectional study’s level of evidence is lower compared to those
of longitudinal studies, offering the possibility to establish causality. Further, socially
desirable response behavior cannot be completely ruled out, even if the participants were
informed that their answers played no role in the clinical decision to have surgery.

5. Conclusions

This study cross-sectionally confirms that WBI acts as a mediator between ES and
depressive symptoms, and that weight and shape concern have moderating effects on this
mediating pathway among BSC. Clinically, the results suggest that the reduction in WBI in
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BSC may be a valuable target in psychological intervention. The strong correlation between
WBI and depressive symptoms shown in this study, high prospective associations between
presurgical and postsurgical depressive symptoms [58], and predictive effects of presurgical
WHBI for diminished weight loss after surgery [59] support pre-surgical assessments as well
as improvements in WBI and depressive symptoms as clinical necessities in BSC [60]. A
related intervention target could be weight and shape concern. Herein, patients with
low weight and shape concern should not be neglected, because for these patients, the
mediating effect of WBI on the association between ES and depressive symptoms was
especially strong. Regarding psychotherapy in BSC, the results highlight that not the
frequency of ES in the past, which cannot be changed in the present, but internal conditions,
including WBI and weight and shape concern, are largely related to mental health.

In order to better understand the etiology of BSC’s depressive symptoms and postsur-
gical outcomes, future research should use longitudinal designs prospectively assessing
weight-based teasing in childhood, pre- and postsurgical WBI and outcomes. Due to the
importance of WBI for mental health among the population and people with overweight or
obesity [61-63], intervention studies aiming to reduce the level of WBI will be of high clini-
cal interest. The number of recently developed studies evaluating the efficacy of lowering
WHBI [64,65] is small. They should be built upon in the future, focusing on the vulnerable
group of BSC.
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Abstract: In 2017, four independent publications described the glial cell-derived neurotrophic factor
(GDNEF) receptor alpha-like (GFRAL) as receptor for the growth differentiation factor 15 (GDF15, also
MIC-1, NAG-1) with an expression exclusively in the mice brainstem area postrema (AP) and nucleus
tractus solitarii (NTS) where it mediates effects of GDF15 on reduction of food intake and body weight.
GDF15 is a cell stress cytokine with a widespread expression and pleiotropic effects, which both
seem to be in contrast to the reported highly specialized localization of its receptor. This discrepancy
prompts us to re-evaluate the expression pattern of GFRAL in the brain and peripheral tissues of
mice. In this detailed immunohistochemical study, we provide evidence for a more widespread
distribution of this receptor. Apart from the AP/NTS region, GFRAL-immunoreactivity was found
in the prefrontal cortex, hippocampus, nucleus arcuatus and peripheral tissues including liver,
small intestine, fat, kidney and muscle tissues. This widespread receptor expression, not taken into
consideration so far, may explain the multiple effects of GDF-15 that are not yet assigned to GFRAL.
Furthermore, our results could be relevant for the development of novel pharmacological therapies
for physical and mental disorders related to body image and food intake, such as eating disorders,
cachexia and obesity.

Keywords: GFRAL; brain; peripheral tissue; immunohistochemistry

1. Introduction

Dysregulation in the control of food intake and body weight may lead to obesity
or anorexia. Circulating high levels of the cell stress cytokine growth differentiation
factor 15 (GDF15, also called MIC-1 and NAG-1) are linked to reduced appetite and food
intake, loss of body weight and cancer-associated anorexia-cachexia [1-4]. In patients
with obesity and type 2 diabetes mellitus, elevated GDF15 was found [5]. In mice models,
GDF15 was effective in reducing food intake and adiposity and in counteracting metabolic
dysfunction via increased energy expenditure [6,7]. GDF15 might exert its effects with
multiple mechanisms, e.g., on food preference for non-fat diet, delay of gastric emptying,
taste aversion or nausea and emesis [8].

In patients with anorexia nervosa, high serum GDF15 levels were found and were
probably related to weight loss in this group, but can be reversed via realimentation [9-11].
Furthermore, the anti-diabetic drug metformin was shown to increase circulating GDF15
levels as a requirement for seeing beneficial effects regarding energy intake and expenditure,
and weight loss, but not for lowering glucose [7].
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The pleiotropic from of GDF15 is a distant member of the transforming growth factor
B (TGF-B) family [12] that is widely expressed in, for example, the placenta, bladder, liver,
kidney, epithelia of exocrine glands and brain [13-15]. Its synthesis is regulated by cell
activation and cell stress involving p53, EGR-1 and transcription factors of the integrated
stress response pathway [16]. Consequently, circulating GDF15 levels rise under ‘non-
homeostatic” conditions of adiposity, starvation, mitochondrial dysfunction, and insulin
resistance, but also in inflammatory diseases and various cancer types [1,16].

In 2017, four research groups independently described that GDF15 binds with high affin-
ity to the glial cell-derived neurotrophic factor (GDNF) family receptor alpha-like (GFRAL)
and that this receptor has a strongly restricted expression in the brainstem [1,2,17,18].

GFRAL shares significant structural characteristics with the canonical members of the
GDNF receptor family (GFR-«1-4), i.e., a highly conserved second cysteine-rich domain, a
highly hydrophobic N-terminal signal peptide and its membrane anchorage [19]. However,
in contrast to its distant homologs, a GPtdIns cleavage site at its C-terminal sequence is
replaced by a single transmembrane region. Sequence analysis of GFRAL indicated that
only 30% of its amino acid sequence is identical to that of GFRx-3 [19]. The distant relation
of GFRAL from the GFR-« family is also apparent in specific ligand binding. Whereas
recombinant native GDNF binds to the GFR-«1 and 2 isoforms, it does not interact with
GFRAL. Otherwise, GDF15 exclusively binds to GFRAL but not to its homologs GAS-1 or
GFR-«1-3 [18].

Activation of GFRAL via GDF15 recruits the tyrosine kinase rearranged during trans-
fection (RET) as a co-receptor stimulating intracellular downstream pathways, e.g., ex-
tracellular signal-regulated kinase (ERK), protein kinase B (AKT) and phospholipase Cy
(PLCy) [16]. The unique action of GDF15 on GFRAL at area postrema/nucleus tractus soli-
tarii (AP/NTS) neurons is suggested to activate neurons in the parabrachial nucleus (PBN)-
central amygdala circuit to mediate food and taste aversion, GDF15 driven anorexia and
weight loss [1,2,20,21]. Thereby, the GDF15/GFRAL/RET signaling pathway represents
a potential therapeutic target for eating disorders, metabolic diseases and cancer-related
cachexia [2,22-24].

However, to date, the biological function of the GDF15/GFRAL system is poorly
understood, i.e., whether elevated GFRAL signaling directed to restore homeostasis might
be ineffective or even harmful in severe disease [16,25].

In fact, a further uncertainty is the widespread expression of GDF15 and its apparently
pleiotropic actions [26], particularly in ‘non-homoestatic” disease conditions, while its recep-
tor GFRAL is described to be strongly restricted to the AP/NTS. An obvious explanation for
this might be that there is a more extensive receptor distribution than is currently presumed
at low levels, but biologically sufficient levels that evaded consideration so far.

A review of the previous literature provided some hints for such a more widespread
GFRAL expression. For example, Li et al. (2005) found strong GFRAL transcripts, e.g., in
the substantia nigra and the hippocampus of adult mice [19]. Apart from a high expression
in the brainstem, Mullican et al. (2017) also showed low GFRAL mRNA expression in
the hippocampus and cortex of mice. Further, they described strong GFRAL mRNA
expression in the human testes and adipose tissues and various other human peripheral
tissues also expressed GFRAL, albeit at low levels [2]. Finally, gene expression data from the
GTEXx portal suggest that GFRAL protein expression could be more ubiquitous distributed,
although in small quantities [27].

These discrepancies to the commonly cited highly specialized receptor localization
prompted us to re-evaluate the expression pattern of GFRAL in healthy mice by utilizing
immunofluorescence labeling of GFRAL. For this purpose, we referred to the polyclonal
sheep anti-GFRAL antigen affinity-purified antibody used by the first researchers that
described its use, as well as others [1,22].

With this detailed analysis on the cellular level, in addition to the commonly accepted
GFRAL expression in the AP/NTS, GFRAL-immunoreactivity (IR) was found in further
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brain areas and peripheral tissues. This observation is relevant for the understanding of
disorders related to food intake, body image and their therapies.

2. Materials and Methods
2.1. Animals

Animal experiments were performed according to the ARRIVE guidelines, to the
European (Council Directive 2010/63/EU) and to the German guidelines for the welfare
of experimental animals. Experiments were approved by the local authorities (Landesdi-
rektion, Leipzig, Germany). Male and female wild-type C57BL/6] mice (10-12 weeks old,
23-25 g, Charles River, Sulzfeld, Germany) were housed under an air-conditioned standard
environment with free access to food and water and a 12 h light/dark cycle (lights on from
7:00 a.m.). A total of 4 male and 4 female mice were randomly selected; to the best of our
knowledge, no gender differences in naive animals were described. Mice were euthanized
with an overdose of isoflurane and transcardially rinsed with 10 mL of heparinized saline,
followed by 10% neutral buffered formalin.

2.2. Immunofluorescence Labeling and Confocal Laser Scanning Microscopy

The brain, the medial lobe of liver, visceral perigonadal white fat tissue, duodenum
tissue, medulla of kidney, heart and skeletal muscle and the aorta were dissected, post-fixed
in 4% paraformaldehyde (PFA) overnight, dehydrated and embedded in paraffin. Tissue
sections of 6 um thickness were cleared from paraffin and treated with citrate buffer pH 6
at 85 °C for 15 min to unmask antigenic epitopes.

Unspecific binding was blocked with 5% bovine serum albumin and 0.3% Triton in
PBS for 1 h. Slices were incubated over night at 4 °C with the following primary antibod-
ies: sheep anti-GFRAL (1:200, R&D Systems #AF5728, Lot. CDBG062305A, Minneapolis,
MN, USA) and, additionally for brain, mouse anti-MAP2 (microtubule associated protein
2, a neuron specific cytoskeletal protein) (1:1000, Abcam #ab254144, Lot. GR3390046-5,
Cambridge, UK).

Sections were washed with PBS followed by incubation for 2 h at room temperature
with the respective secondary antibodies. For GFRAL, donkey anti-sheep IgG (H+L)
cross-adsorbed secondary antibodies (1:1000, Alexa Fluor™ 680, ThermoFisher Scientific
#A-21102, Waltham, MA, USA) were used. MAP2 antibodies were detected with donkey
anti-mouse IgG (H+L) highly cross-adsorbed secondary antibody (1:1000, Alexa Fluor™
488, ThermoFisher Scientific #A-21202). In negative controls, the GFRAL antibody was
omitted. Sections were washed again.

In a control experiment for hippocampal expression, slices were incubated alterna-
tively with rabbit anti-GFRAL (1:500, antibodies-online #ABIN2174394, Lot. A106214490,
Limerick, PA, USA). For these slices, blocking was performed with 3% milk powder, 5%
goat serum and goat anti-rabbit IgG (H+L) unconjugated (1:200, VectorLabs #AI-1000,
Newark, CA, USA) in TBS was used. To counterstain GFRAL-IR against glycoproteins of
the plasma membrane, wheat germ agglutinin (WGA) Alexa Fluor 488 conjugated (1:200,
ThermoFisher Scientific W11261) was incubated for 2 h at room temperature followed
by washing with TBS and incubation with goat anti-rabbit IgG (H+L) cross-adsorbed
secondary antibody, Alexa Fluor™ 633 #A-21070. Sections were washed again.

Finally, all slices were rinsed with distilled water before the addition of Fluoromount-
G™ Mounting Medium, containing DAPI to label DNA in the nuclei (ThermoFisher Scien-
tific #00-4959-52). For imaging, a confocal live cell microscope Leica TCS SP8/DMi8 with
the LAS X Software (version 3.5.7.23225, Leica Biosystems, Wetzlar, Germany) was used.
Each experiment was performed in independent triplicates. Figures were arranged with
the graphic software CorelDRAW 2022.

2.3. Antibody Validation with HFF-1 and HEK293 Cells

In addition to the reported proofs, the specificity of the sheep anti-GFRAL antibody
was verified using two cell lines, human foreskin fibroblasts (HFF-1) and human embryonic
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kidney (HEK293) cells—negative and positive for GREAL mRNA, respectively (for methods
and results, see the Supplementary Materials section and Figure S1).

3. Results
3.1. GFRAL-IR Is Expressed in Various Mouse Brain Areas

In the brains of mice, immunofluorescence data confirmed the former descriptions on
GFRAL in the brainstem. In addition, it was detectable in other brain areas.

In detail, strong GFRAL-IR-positive cells were found as expected in the AP/NTS
region (Figure 1). A much lower GFRAL antibody specific for IR with less dense distribution
could be detected in the nucleus arcuatus, a part of the hypothalamus (Figure 1). In slices
from the medial prefrontal cortex, GFRAL-positive cells were observed in particular in
layer 2/3 of the cingulate and prelimbic part, but also diffusely distributed in the deeper
cortex (Figure 1). Very weak GFRAL-IR further appeared in the pyramidal cell layer of
the CA1 region in the dorsal hippocampus (Figure 1), which could hardly be specifically
assigned to a cellular structure.

APINTS

Figure 1. GFRAL-immunoreactivity (IR) in various brain areas of mice. Colors represent GFRAL-IR
structures (red), nuclei (blue) and microtubule-associated protein 2 (MAP2, green). Negative controls
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are shown in (A,D,G,J). Area postrema (AP) and nucleus tractus solitarii (NTS) (A-C); nucleus
arcuatus (Arc, (D-F)); prefrontal cortex (G-I); dorsal hippocampus (CA1 region, (J-L)); 3V: third
ventricle; Cg: cingulate cortex; Hf: hippocampal fissure. *: pyramidal cell layer, <—: GFRAL-IR-
positive cell. Scale bars: 100 um in (A,B,D,E,G,H,J K) (20x) and 50 um in (C,F,I,L) (63x).

Therefore, a control experiment using a rabbit anti-GFRAL antibody labeled against
WGA was performed. In this approach, GFRAL-IR in the hippocampal pyramidal cell layer
could conclusively be proven with an appearance compatible with a membrane-bound
protein (Figure 2).

Figure 2. Verification of GFRAL-immunoreactivity (IR) in the hippocampus of mice. Colors represent
GFRAL-IR structures (red), nuclei (blue) and wheat germ agglutinin (WGA, green). Negative controls
are shown in (B,E). CA1: hippocampal CA1 region; Hf: hippocampal fissure; *: pyramidal cell layer;
<: GFRAL-IR-positive cell. Scale bars: 100 um (20x) in (A,D) and 50 um (63 x) in (B,C,E,F).

3.2. Peripheral Tissues of Mice Express GFRAL-IR

GFRAL-IR was found to be widely distributed in peripheral tissues. GFRAL-positive
hepatocytes were particularly observed around the central vein (Figure 3A-C). In the
visceral fat tissue, GFRAL-labeling appears densely around the fat reservoir along the mem-
brane (Figure 3D-F). GFRAL-IR was found all over the kidney, probably in the proximal
tubulus cells in the parts associated with their brush border. The interior of distal tubuli
and the renal corpuscles were free of GFRAL-IR (Figure 3G-I). In the intestine, cells of the
mucosa (enterocytes) were also fluorescence-labelled for GFRAL, particularly the microvilli.
Possibly, the IR-negative gaps at the luminal mucosal surface are attributable to goblet cells
(Figure 3L).

GFRAL-positive elements were detected in the striated heart and skeletal muscle but
also in the smooth muscle of the vascular wall of the aorta (Figure 4).
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Figure 3. GFRAL-immunoreactivity (IR) in peripheral tissues of mice. In the liver (A-C), fat
tissue (D-F), kidney (G-I) and intestine (J-L); GFRAL-positive structures appear in red and nuclei in
blue. Negative controls are shown in (A,D,G,]). Liver (A-C): CV: central vein; *: positive hepatocytes;
A: hepatocyte; <—: sinusoid. Visceral fat (D-F): *: fat reservoir; <—: cytoplasm of adipocytes. Kidney
(G-I): —: renal corpuscle; *: proximal tubulus; A: distal tubulus. Small intestine (J-L): <—: mucosa
cells with luminal brush border; A: goblet cell. Scale bars: 100 um in (A,B,D,E,G H,J K) (20x) and
50 um in (C,E,ILL) (63x).
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Figure 4. Inmunohistochemical presentation of GFRAL-positive structures in the muscles of mice.
GFRAL-positive structures (red); nuclei (blue). Negative controls are shown in (A,D,G). Heart muscle
(A-C): <—:striation. cardiac muscle fibers. Aorta (D-F): <—: tunica. Skeletal muscle (G-I): * skeletal
muscle fibers; <—: striation. Scale bars: 100 um (20x) in (A,B,D,E,G,H), and 50 um (63 x) in (C,F,I).

4, Discussion

In summary, we showed that GFRAL is much more widely expressed in mice than is
currently considered. In agreement with previous reports, high GFRAL-IR expression was
found in the neurons of the AP/NTS, which is described to modulate the anorectic effects
of GDF15 [1,2,17,18]. Further, this study proved that GFRAL-IR is present in the cells of the
nucleus arcuatus and the pyramidal cell layers of the prefrontal cortex and hippocampus.
Moreover, in selected peripheral tissues, GFRAL-IR was apparent in the liver, visceral fat
tissues, kidneys, mucosa of the intestines and muscular structures.

The technique used based on the same polyclonal sheep anti-GFRAL antigen affini-ty-
purified antibody originally used by the first researchers that used it, as well as others [1,22].
This antibody did not bind to GFRAL-related proteins in ELISA and failed to label GFRAL
in the brainstem of GFRAL-knockout mice [1]. Here, the antibody was further validated
in two cell lines proved to be negative or positive for GFRAL transcripts. HEK293 cells
were specifically labeled, and no unspecific IR was detectable (see the Supplementary
Materials). Li et al. (2005) described an isoform of GFRAL missing the transmembrane
region that was suggested to represent a soluble form of GFRAL with a still-unknown
function, which may be recognized by the used antibody as well [19]. Of note, the tissue
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studied here was permeabilized, a process which may interfere with an expected strong
membrane-associated IR [19].

This study confirmed the intensive labeling of AP/NTS neurons, whereas the GFRAL-
IR in other brain regions appeared to be specific, but weaker, and therefore may have
evaded their detection so far.

For the AP/NTS region, the expression of GFRAL is conserved in rodents, monkeys
and human [18]. In the other analyzed brain structures, the cellular GFRAL-IR is consistent
with the GFRAL transcript distribution in adult mice, which is particularly reported for the
cortex and hippocampus, although it is comparatively low [2,19]. Both groups could not
detect GFRAL in peripheral tissues using RT-PCR analysis in adult mice, which might be
attributable to a rare expression not recognizable via bulk PCR analysis [23]. However, in a
number of human brain regions and peripheral tissues, GFRAL transcripts were detectable
on a low scale, with the exception of high levels found in fat tissues, testes and mammary
tissues [2,27].

The distribution of GFRAL-IR found here matches the widespread expression of its
ligand, GDF15, in the brain and peripheral tissues of mice and humans [13,15,28].

Consequently, this challenges the notion that the circulating pleiotropic GDF15 ex-
clusively activates GFRAL-expressing neurons in the AP/NTS, thereby being involved in
anorexia and weight loss [4,16,23].

Rather, our immunohistochemical data point out the possibility that GFRAL is also
activated in other brain areas and peripheral tissues via local or circulating GDF15. Here,
GDF15/GFRAL signaling could be involved in keeping or restoring cellular homeostasis in
disease or aging, as outlined below.

Similar to the AP/NTS, as a circumventricular organ with vascular permeability,
neurons of the hypothalamic arcuate nucleus—a major center for appetite control—are
accessible for GDF15. These neurons are open to the cerebrospinal fluid in the infundibular
recess of the third ventricle [29,30]. Notably, GDF15 is also synthesized in the choroid
plexus and secreted into the ventricle [14].

In the healthy mice in our study, GFRAL-IR in the arcuatus region was less intense com-
pared to the AP/NTS, as were the GFRAL transcripts elsewhere [2]. This low expression
may explain that their detection has failed using in situ hybridization analysis [18,31].

As present research mainly focuses on the exclusive role of GFRAL in the AP/NTS
in anorexia, tumor-induced cachexia and obesity, the data on potential GDF15/GFRAL
signaling in other brain areas are sparse. It has been consistently shown that GDF15 is
synthesized in the cortex and hippocampus of mice and humans, and that it is highly
regulated in the brain, for example, by ischemia, aging or Alzheimer’s disease [13,32,33].

The release of GDF15 occurs downstream to cell stress related to mitochondrial and
endoplasmic reticulum dysfunction and is suggested to exert anti-inflammatory effects
by enhancing tissue tolerance to inflammation, as well as through the counter-regulation
of inflammation-induced expression of pro-inflammatory cytokines [12,33-36]. Although
the physiological functions of GDF15 are not yet fully understood, its upregulation can be
considered as an attempt to compensate for cell stress [33]. However, the receptors and
signaling pathways by which brain-derived GDF15 may induce such local responses are
still unclear [33].

The GFRAL-IR, in comparison to its reported low mRNA outside the AP/NTS of
healthy adult mice, might suggest that GFRAL-mediated signaling is repressed in normo-
physiological situations, e.g., for the control of appetite [24]. It should be noted that
mRNA levels are not the final output of gene expression, but that they mechanistically
represent the templates required for biological systems’ potential highly controlled protein
synthesis on demand [37]. This implies the possibility of an upregulation of GFRAL under
challenging conditions, like specific developmental stages in mice and humans [19,38] or
obesity. The low or even missing detection of GFRAL transcripts apart from AP/NTS may
have prevented the investigation of such demanding circumstances in more detail so far.
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GFRAL transcripts, even very slight, are also noticed in the peripheral tissues of hu-
mans or occasionally in mice in the current databases, but are barely further reported [27,39].
Similar to what we have found in various brain areas, GFRAL-IR was also shown to be
present in the peripheral parts of the liver, visceral fat tissues, kidneys, mucosa of the
intestines and muscular structures.

Our results in mice were confirmed with the detection of GFRAL-IR in human normal
gastric mucosa as well as in gastric cancer cells [40]. Interestingly, in the latter GDF15,
GFRAL and RET proteins are significantly and jointly elevated. Similarly, GFRAL-IR
was detected in human normal pancreatic ductal epithelial and cancer cells, which was
positively correlated with GDF15 expression [41]. Furthermore, in the dual immunofluores-
cence analysis of pancreatic cancer cells, both proteins were co-expressed. Although it was
not shown whether this co-expression is also existent in normal tissues, this constellation
strongly argues for carrying out feedback sensing of autocrine-released GDF15 from pan-
creatic cancer cells. On the other hand, pancreas carcinoma and pancreatitis are strongly
associated with nausea, reduced food intake and anorexia/cachexia, and are obviously me-
diated by the GDF15/GFRAL brainstem pathway. The autocrine or endocrine properties of
GDF15 have been discussed repeatedly, particularly regarding the adjustment of metabolic
activity, and may be in line with the reported enhancement of GDF15 expression in the
liver, heart and muscles after physical exercise, as reviewed by Wang (2021) [4,8,20,42,43].
However, at present, the identity of a respective receptor remains unclear, but the current
data suggest that GFRAL might be a candidate.

In view of the shown GFRAL distribution in mice—results obtained with full GFRAL-
KO mice or with the use of blocking antibodies should be interpreted with care. Neverthe-
less, full or cell-specific KO mice as well as the use of adeno-associated viruses (AAV) to
assess gene function in or beyond AP/NTS are important research tools to further explore
the role of GFRAL in the brain and peripheral organs under disease conditions. Although
no functional investigations were performed, a more global regulatory role of GFRAL in
disorders related to food intake, such as eating disorders, anorexia/cachexia and obesity,
is conceivable.

In genome-wide association studies (GWAS) on variants, a GFRAL missense variant,
1512199003 (p.Arg33Cys), which obviously causes impaired binding to GDF15, was as-
sociated with BMI [8,17,44]. Further, in a transcriptome wide analysis (TWAS), GFRAL
expression in human adipose tissue was negatively associated with higher levels of the orex-
igenic peptide ghrelin, mediating several further opposing effects to the GDF15/GFRAL
signaling [45]. Interestingly, a gene variant of GFRAL was found using next-generation
sequencing in a cohort of patients exhibiting diverse clinical signs of anorexia nervosa;
however, its clinical relevance is unknown [46].

5. Conclusions

More insights into the genetic variants of GFRAL—together with a more comprehen-
sive knowledge about the control of the transcription and translation of GFRAL under
disease conditions, as well as further explanations of GDF15-mediated effects beyond
the AP/NTS—could be relevant for the development of novel pharmacological therapies
for physical and mental disorders related to body image and food intake, such as eating
disorders, cachexia and obesity.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu16050734/s1, Figure S1: Antibody validation for GFRAL in
HEK and HFF1 cells.
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N S I

Abstract: Metabolic syndrome (MS) is a growing social, economic, and health problem. MS coexists
with nearly half of all patients with affective disorders. This study aimed to evaluate the neurobiolog-
ical parameters (clinical, anthropometric, biochemical, adipokines levels, and ultrasound of carotid
arteries) and their relationship with the development of MS in patients with bipolar disorder. The
study group consisted of 70 patients (50 women and 20 men) hospitalized due to episodes of depres-
sion in the course of bipolar disorders. The Hamilton Depression Rating Scale was used to assess
the severity of the depression symptoms in an acute state of illness and after six weeks of treatment.
The serum concentration of adipokines was determined using an ELISA method. The main finding
of this study is that the following adipokines correlated with MS in the bipolar depression women
group: visfatin, S100B, and leptin had a positive correlation, whereas adiponectin, leptin-receptor,
and adiponectin/leptin ratio showed a negative correlation. Moreover, the adiponectin/leptin ra-
tio showed moderate to strong negative correlation with insulin level, BMI, waist circumference,
triglyceride level, treatment with metformin, and a positive moderate correlation with HDL. The
adiponectin/leptin ratio may be an effective tool to assess MS in depressed female bipolar patients.

Keywords: metabolic syndrome; bipolar disorder; adipokines; metformin treatment; ADIPO/LEP
ratio

1. Introduction

Metabolic syndrome (MS) is a growing social, economic, and health problem. MS
consists of abdominal obesity, hypertension, and disorders of carbohydrate and lipid
metabolism [1]. The prevalence of metabolic syndrome in the Polish population is estimated
at about 20%, 18% of men and 22% of women [2]. Insulin resistance and obesity (especially
abdominal obesity) plays a key role in the pathogenesis of MS [1,3].

Adipose tissue is a highly specialized tissue that plays an important endocrine func-
tion through the synthesis and secretion of adipokines [3-6]. The enlarged adipocytes
secrete pro-inflammatory adipokines, promoting systemic inflammation, and contributing
to metabolic syndrome [1]. Among the most important of these adipokines are leptin,
resistin, adiponectin, visfatin, and interleukin-6 (IL-6) [1,3,5]. Leptin regulates feeding
behavior, energy homeostasis [4,7], and lipid metabolism [5,8,9]. It also controls glucose
homeostasis and insulin sensitivity [3,4,9]. Moreover, leptin is known to promote a pro-
inflammatory immune response, and it is suggested to be an important factor linking
obesity, MS, and cardiovascular diseases [3,8,9]. Another essential role in the development
of inflammation is played by resistin [1,5]. The role of resistin in the pathogenesis of
insulin resistance in humans remains unclear [4,5]; however, the role in inflammation and
metabolic dyslipidemia development is well-known [9]. Adiponectin plays a vital role in
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the regulation of glucose and lipid metabolism [1,3,5,7]. Adiponectin acts as an endoge-
nous insulin sensitizer, increasing glucose uptake and promoting fatty acid oxidation [7].
Moreover, adiponectin plays a protective role against the development and progression
of insulin resistance, MS, and cardiovascular diseases, and also inhibits pro-inflammatory
factors [3,7]. Visfatin similarly affects insulin sensitivity due to its insulin-mimetic ca-
pacity [1,5,10]. It binds insulin receptors and enhances glucose uptake, transport, and
lipogenesis [10]. However, unlike adiponectin, visfatin is a pro-inflammatory mediator
that activates multiple inflammatory pathways (e.g., mitogen-activated protein kinase and
phosphatidylinositol 3 kinase) [10]. Increased expression of IL-6 has numerous implications
for the pathogenesis of obesity and its complications. IL-6, by reducing the expression of
the insulin receptor, adiponectin, and inhibiting the activity of lipoprotein lipase, leads
to the intensification of insulin resistance [1,11]. Moreover, IL-6, affects the functioning
of the vascular endothelium by stimulating the synthesis of acute phase proteins. This
leads to the formation and progression of the atherosclerotic lesions inflammation, and
dysfunction [1,3].

The S100B is a calcium-binding protein responsible for transcriptional regulation
and DNA repair, cell differentiation, cell growth and migration, and programmed cell
death [12]. The S100B is predominantly expressed by astrocytes [13], and also by other
cell types: melanocytes [14], chondrocytes, adipocytes [15,16], skeletal muscle, and a few
other cell types [17]. In their research, Fujiya et al. [18] proposed that the S100B functions
as an adipokine in the interaction between adipocytes and macrophages. They proved that
S100B upregulated the expression of TNF-« and proinflammatory markers in macrophages,
and TNF-o augmented S100B secretion from preadipocytes. Moreover, silencing of S100B
in preadipocytes significantly reduced TNF-« secretion from macrophages [18]. Recent
publications [17,19] suggest the involvement of S100B in obesity and diabetes mechanisms,
possibly by participating in the inflammatory processes.

Bipolar disorder patients are almost twice as likely to have MS than the general
population [20-22]. Moreover, patients taking antipsychotic medication have a higher risk
of developing MS than antipsychotic-free patients [20,21]. Psychiatric patients are more
likely to develop obesity and metabolic abnormalities than healthy people [21-23]. Factors
that predispose psychiatric patients to MS include genetic, unhealthy lifestyle (e.g., smoking,
excessive alcohol intake, poor sleep hygiene, physical inactivity, and unhealthy nutritional
patterns), but also the use of psychotropic medication (antipsychotics, antidepressants, and
mood stabilizers) [20-23].

The aim of this study was to evaluate the neurobiological parameters (clinical, an-
thropometric, biochemical, adipokines levels, and ultrasound of carotid arteries) and their
relationship with the development of MS in patients with bipolar affective disorder. The
first research hypothesis is that depending on coexisting MS, patients differ in neurobiolog-
ical parameters and the level of adipokines tested. The second research hypothesis is that
differences in neurobiological parameters and the level of tested adipokines depend on the
state of the disease (exacerbation vs. improvement).

2. Materials and Methods
2.1. Participants

The study group included 50 women (45.0 £ 14.29 years old) and 20 men (50.9 + 15.73 years
old) (Table 1) with a diagnosis of bipolar disorder based on DSM-IV criteria [24,25]. Only
patients with current depression episodes were included in the study. Patients were
evaluated by psychiatrists twice, upon admission to the hospital in an acute state of
illness (exacerbation) and after six weeks of treatment as recommended by the National
Consultant [26], to assess depression symptoms using the 17-item version of Hamilton
Depression Rating Scale (HAMD) [27].
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Table 1. Characteristic of bipolar patients group with gender distinction.

Anthropometric and Biochemical Parameters MZZ(:I:IEED Mex:‘ SD
Age (years) 45.0 £ 14.29 50.9 +15.73
Duration of disease (years) 15.5 + 8.88 159 + 11.78
HDL (mg/dL) 51.0 £ 15.08 40.1 £10.43
LDL (mg/dL) 125.7 + 39.04 125.3 £51.10
TG (mg/dL) 171.6 + 82.44 196.6 £ 95.25
Insulin (mU/mL) 12.3 £ 10.90 13.3 £ 3.89
BMI (kg/m?) 27.7 + 6.02 28.8 +5.80
Waist circumference (cm) 94.9 + 16.88 103.9 £ 10.35
Comorbidities V\lé)g,}f)n IETA (?)2)
Metabolic syndrome (MS) 34 (68) 13 (65)
MS metformin treatment 16 (32) 5(25)
Hypothyroidism 28 (56) 5(25)
Hypertension 9 (18) 5(25)
Hypercholesterolemia 4(8) 1(5)
Psychiatric drugs Vl\i??’}f? IEIA (?)Z)
Antidepressants 31 (62) 9 (45)
Mood stabilizers 32 (64) 16 (80)
Antipsychotics 39 (78) 12 (60)

Abbreviations: HDL—high-density lipoprotein; LDL—low-density lipoprotein; TG—triglyceride; BMI—body
mass index; MS—metabolic syndrome; SD—standard deviation; N- number of patients.

The exclusion criteria were severe and unstable medical conditions, pregnancy, au-
toimmune diseases, severe and chronic somatic diseases (except diabetes, hypertension,
and obesity), infectious diseases four weeks before and during the study period, neu-
ropsychiatric illnesses associated with cognitive impairment, or a prior clinical diagnosis
of schizophrenia or schizoaffective disorder. The study protocol did not interfere with
the treatment of patients, was compliant with the indications and was supervised by the
attending physicians. Patients were treated with various combinations and doses of drugs
with different mechanisms of action (antidepressants, antipsychotics, and mood stabiliz-
ers). The most often prescribed drugs were: antidepressant—venlafaxine (21 women and
7 men), mood stabilizers—lithium carbonate (23 women and 10 men) and valproic acid
(9 women and 11 men), antipsychotics—quetiapine (32 women and 8 men), olanzapine
(13 women and 5 men) and clozapine (12 women and 3 men). More detailed information
about the pharmacological therapy can be found in the Supplementary Material (Table S1).
No patients were in monotherapy or with the same set of drugs in the study group.

Upon admission to the hospital, all patients underwent anthropometric measurements:
height, waist circumference (with an accuracy of 1.0 cm), and body weight (with an
accuracy of 0.1 kg). These data were used to estimate visceral obesity and body mass
index (BMI). Following the recommendations of the World Health Organization (WHO)
regarding visceral obesity [28], we adopted the following cut-off points for significantly
increased risk of metabolic complications: >88 cm in women and >102 cm in men. BMI
below 25 kg/ m? was considered a normal body mass index, whereas overweight was
diagnosed with BMI values between 25 and 29.9 kg/m?, and obesity with a BMI above
30 kg/m? [29]. In the statistical analysis, we distinguished two groups: normal weight
and obesity (BMI above 25 kg/m?) which consists of overweight, and obesity according to
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WHO. Biochemical tests determined the lipid profile (HDL, LDL, and TG [mg/dL]) and
insulin concentration (mU/mL) were performed. Based on anthropometric measurements
and laboratory tests, the internist diagnosed metabolic syndrome under the guidelines of
the International Diabetes Federation [30] and decided which patients required metformin
treatment (500 mg daily).

The intima-media complex (IMC) was measured in the common carotid arteries.
Distal IMC of both carotid arteries was measured by duplex and B-mode ultrasound using
SonoScape S6 ultrasound with a 6-12 Mhz linear transducer. IMC measurements were
taken at several points approximately 1 cm proximal to the common carotid sinus. The
IMC thickness result is presented as the average of the measurements taken. In addition,
the maximum systolic velocity in the tested vessels was determined [31].

The study was approved by the Bioethics Committee of University Medical Sciences in
Poznan (Resolution No. 1082/15 of 3 December 2015) [32]. All study participants provided
written informed consent and were recruited in 2015-2018 in the Adult Psychiatry Clinic
by the Department of Psychiatry, University of Medical Sciences in Poznan.

2.2. Biochemical Analysis

The blood samples were collected from the patients twice: upon admission to the
hospital and after six weeks of treatment in order to assess the concentration of adipokines
in the blood serum. In the exacerbation state, we measured concentrations of visfatin (VIS),
adiponectin (ADIPO), S100B, interleukin-6 (IL-6), leptin (LEP), leptin-receptor (LEP_R), and
resistin (RES). After six weeks of treatment only ADIPO, VIS, and S100B were measured.
Venous blood was collected into EDTA tubes and centrifuged at 1000 x g for 15 min at 4 °C
to obtain serum samples, aliquoted into Eppendorf tubes, and stored at —80 °C. Commercial
Enzyme-Linked Immunosorbent Assay tests (ELISA) (Table 2) were used to quantify the
selected proteins in the blood serum. Optical density was read with a spectrophotometric
plate reader (Asys UVM 340 Microplate Reader from Biochrom Ltd., Cambridge, UK) for a
wavelength of 450 nm £ 10nm. A four-parameter algorithm (four-parameter logistic curve)
was used to assay the concentration in the tested samples. All samples and standards were
run in duplicates, and the mean value of the two assays was used for statistical evaluation.
All ELISA tests were performed according to the manufacturer’s instructions without any
modifications.

Table 2. Parameters of commercial ELISA tests used to assess concentrations of adipokines in the

serum.
. Intra-Assay Inter-Assay
Adipokine Name Eumf:l;i:x::nd Assay Range Sensitivity Variability Variability
Coefficient (%)  Coefficient (%)
Visfatin E0638h, EIAab, Wucan, 4 5 14 ng/mL <0.78 ng/mL <49 <6.4
China
DEEO009 for the In Vitro
. . Diagnostic (IVD)
Adiponectin Demeditec Diagnostics 0.27-31000 pg/mL <0.27 pug/mL <37 <82
GmbH, Kiel, Germany
Human S100B,
EZHS100B-33K, EMD
S100B Millipore Corporation, 2.7-2000 pg/mL 2.7 pg/mL <3.3 <54

Darmstadt, Germany
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Table 2. Cont.

Adipokine Name

ELISA Kit Name and
Manufacturer

Assay Range

Sensitivity

Intra-Assay
Variability
Coefficient (%)

Inter-Assay
Variability
Coefficient (%)

Interleukin-6

Quantikine ELISA
Human Leptin il-6,
56050, R&D Systems
Minneapolis,
Minneapolis, MN, USA

3.13-100 pg/mL

<0.70 pg/mL

<4.2

<64

Leptin

Quantikine ELISA
Human Leptin, SLP0O,
R&D Systems
Minneapolis,
Minneapolis, MN, USA

15.6-1000 pg/mL

<7.8 pg/mL

<3.3

<54

Leptin receptor

Quantikine ELISA
Human Leptin sR,
DOBRO0, R&D Systems
Minneapolis,
Minneapolis, MN, USA

0.313-20 ng/mL

0.020-0.128 ng/mL

<6.1

<8.6

Resistin

DRSNOO for research use
only (RUO) R&D
Systems Minneapolis,
Minneapolis, MN, USA

0.156-10 ng/mL

0.010-0.055 ng/mL

<5.3

<9.2

2.3. Statistical Analysis

Statistical analyses were performed using the STATISTICA 13.3 (StatSoft, Krakow,
Poland). The significance level p < 0.05 was adopted for all analyses. The distribution
of variables was studied by the Shapiro-Wilk test. Variables with normal distribution
were tested using parametric tests (student’s {-test and ANOVA with Tukey’s post-hock
test). Variables that did not meet the normal distribution criteria were tested using non-
parametric tests (Mann-Whitney U test, Wilcoxon pair order test, ANOVA rank Kruskal-
Wallis test, Chi-square test, and Friedman ANOVA with Kendall Concordance). Spearman’s
rank correlation coefficient was applied to assess the relationship between the analyzed
variables. The ROC curve was used to test the diagnostic ability of the ADIPO/LEP ratio.

3. Results

Spearman’s rank correlation coefficient was applied to assess the influence of gender on
studied variables. Seven of the examined variables (hypothyroidism, waist circumference,
HDL, ADIPO, S100B, LEP, and LEP_R) correlated with sex; therefore, we decided to
study women and men groups separately. Depression symptoms upon admission to the
hospital in an acute state of illness (exacerbation) and after six weeks of treatment were
assessed using the 17-item version of the Hamilton Depression Rating Scale (HAMD) [27].
Hamilton’s total score was higher in exacerbation in both sexes (Table 3). Thirty-five
patients (23 women and 12 men) did not achieve remission (score < 7) [33], but they had
25-56% reduction in the total score. A total number of the uptaken antidepressant drugs
correlated positively with Hamilton total score (R = 0.3633 p = 0.0195).

Because insulin resistance and obesity play a crucial role in MS pathogenesis, we
conducted a statistical analysis of metabolic syndrome, and variables such as insulin levels,
BMI, and metformin treatment. Women with MS had higher insulin levels (p = 0.0197) and
higher BMI values (p = 0.007) than women without MS. Unfortunately, these observations
were not confirmed in the group of men, probably due to the small study group. We have
also tested the thickness and maximum systolic velocity of intima-media complex in the
common carotid arteries, but no statistically significant results were obtained in either sex
(but were correlated with age, duration of disease, and waist circumference).
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Table 3. Clinical and biochemical parameters were analyzed at two-time points: upon admission to
the hospital in an acute state of illness (exacerbation) and after six weeks of treatment.

Group Women Men
Parameters Mean + SD p-Value Mean + SD p-Value
Median (Min-Max) (t/2) Median (Min-Max) (t/Z)
HAMD E 16.3 +1.84 <0.0001 16, 1+2.19 <0.0001
17 (12-20) 17 (12-19)
784278 (23.34) 8.8 +248 (16:22)
HAMD 6 7 (3-15) 9 (5-13)
165 + 7.65 162 +7.95
VIS (ng/mL) E 159 (2.6-33.4) <0.0001 189 (37-249) 0.0109
VIS (ng/mL) 6 6.4+ 431 (410) 8.1+ 5.08 258)
& 5.6 (2.0-18.0) 7.4 (1.8-18.8)
7913.3 + 4840.5 4381.0 = 2184.65
ADIPO (ng/mL) E 7833.7 (1621.3-24,415.6) ns 3899.8 (1912.7-8435.1) 0(;)?2‘;
ADIPO (ng/mL) 6 9533.5 4 6994.5 5518.3 +2900.62 :
& 7498.9 (2142.1-27,335.8) 4625.2 (2709.4-10,577.2)
31.0 + 18.71 29.3 + 14.52
S100B (ng/mL) B 28.25 (4.8-82.6) ns 27.7 (9.1-55.2) ?2'0037%
$100B (ng/mL) 6 27.1 +18.94 402 +14.38 :
& 29.83 (4.7-77.5) 40.6 (16.3-66.6)

Abbreviations: HAMD—Hamilton Depression Rating Scale; VIS—visfatine; ADIPO—adiponectin; E—an exac-
erbation; 6—after six weeks of treatment; SD—standard deviation; ns—non-significant values. Students’ t-test
was applied only to HAMD; all other parameters were calculated using the Wilcoxon pair order test, with a
significance level of p < 0.05.

Pro-inflammatory adipokines have been tested in the context of obesity, metabolic syn-
drome, and metformin treatment, as well as concerning the mental state of patients. Obese
women had statistically significant elevated levels of S100B and LEP and lower LEP_R lev-
els in exacerbation (Table 4). Women with MS had statistically significant differences in the
level of adipokines (VIS, ADIPO, S100B, LEP, and LEP_R) in exacerbations compared with
women without MS. The VIS, S100B, and LEP levels have been increased, while ADIPO and
LEP_R concentrations have been reduced. Similar results were obtained when comparing
three groups: with and without MS, and MS metformin-treated. Post-hock tests showed
significant differences not only between patients with and without MS, but also between
MS and MS treated with metformin (Table 4). We also compared the ratio of ADIPO/LEP;
women without MS (mean £ SD 1.1 £ 0.95) had significantly (Z = 3.90 p = 0.0001) higher ra-
tio than women with MS (mean =+ SD 0.4 £ 0.76). Moreover, the ADIPO/LEP ratio showed
moderate to strong negative correlation with insulin level, BMI, waist circumference, TG
level, metformin treatment, and positive moderate correlations with HDL concentrations.
We conducted the ROC curve analysis for the ADIPO/LEP ratio regarding MS (Supple-
mentary Table S2). The result was statistically significant (AUC = 0.846 p < 0.0001), with
the cut-off point at 0.31 (Youden index 0.64). The sensitivity and specificity were 76.5% and
87.5%. In the case of our data, this meant two people without MS were classified as ill, and
eight ill people were classified as healthy. We believe that 23.5% of misclassified ill people
is too high a percentage, so we decided to set a better-fitting cut-off point. In relation to our
data, we have selected a 0.48 cut-off point (Youden index 0.599) with 91.2% sensitivity and
68.8% specificity. In the analysis between the level of adipokines and the mental state of
the patients, only the level of visfatin had changed (decreased) significantly (Table 3).

100



Nutrients 2023, 15, 4532

Table 4. The comparison of biochemical parameters concerns three variables: obesity, metabolic
syndrome, and metformin treatment in the women group.

Metabolic Metformin Metformin Treatment
Obesity
Syndrome Treatment Post-Hock Analysis
Group
Parameters W vs. MSMT W vs. MSnT MSMT vs. MSnT
p-Value p-Value p-Value p-Value p-Value p-Value
(Z-Value) (Z-Value) (H-Value) (Z-Value) (Z-Value) (Z-Value)
0.0209 0.0360 0.0187

VIS (ng/mL) E ns 2.31) (6.65) (—2.35) ns ns
VIS (ng/mL) 6 ns ns ns ns ns ns

0.0173 0.0028 0.0011 0.0143

ADIPO (ng/mL) E ns (—2.38) (11.77) (3.26) ns (—2.45)

0.0428
ADIPO (ng/mL) 6 ns ns ns 2.02) ns ns
0.0012 0.0022 0.0078 0.0122 0.0055
S100B (ng/mL) E (—3.23) (3.07) 9.71) (—2.51) (=2.78) e
S100B (ng/mL) 6 ns ns ns ns ns ns
IL 6 (pg/mL) ns ns ns ns ns ns
<0.0001 0.0005 0.0015 0.0006 0.0083
LEP (pg/mL) (—4.01) (348) (12.97) (—3.41) (—2.64) ns
0.0057 0.0254

LEP_R (ng/mL) (2.76) (—2.24) ns ns ns ns
RES (ng/mL) ns ns ns ns ns ns

Abbreviations: VIS—visfatin; ADIPO—adiponectin; Il 6—Interleukin 6; LEP—leptin; LEP_R—receptor for lep-
tin; RES- resistin; E—exacerbation; 6—after six weeks of treatment; W—patients without metabolic syndrome;
MSMT—patients with metabolic syndrome with metformin treatment; MSnT—patients with metabolic syndrome
non treated with metformin; ns—non-significant values; significance level p < 0.05. Comparison between normal
weight and obesity (Obesity column in the table), patients with and without metabolic syndrome (Metabolic syn-
drome column in the table), and post-hock analysis were conducted using the Mann-Whitney U test. Comparison
between three groups (patients without and with metabolic syndrome, and patients with metabolic syndrome
treated with metformin) was conducted using ANOVA rank Kruskal-Wallis test (Metformin treatment column in
the table).

In contrast to women, there were no changes in the level of adipokines in the group
of men, in the context of obesity, metabolic syndrome, or metformin treatment (probably
due to the small study group). However, the ADIPO/LEP ratio showed a strong negative
correlation with BMI and waist circumference (R = —0.6568 p = 0.0057 and R = —0.6139
p = 0.0088), but no correlation with MS was observed. Interestingly, concerning the mental
state of the patients, changes were observed in the level of three adipokines (VIS, ADIPO,
S100B), not just one, as was the case in the group of women (Table 3). As in women
group, visfatin level decreased while ADIPO and S100B levels increased after six weeks of
treatment.

Spearman’s rank correlation coefficient was applied to assess the influence of neurobi-
ological parameters (clinical, anthropometric, biochemical, adipokines, and ultrasound of
carotid arteries) on the development of MS in patients with bipolar affective disorder. In
women, thirteen parameters were significantly correlated with MS (Table 5). A positive,
strong correlation was observed with metformin treatment, whereas other parameters
showed moderate (TG, insulin, BMI, waist circumference, S100B, and LEP) and weak (hy-
pothyroidism and VIS_E) positive correlation (Table 5). A negative, weak correlation was
also observed for three parameters: HDL, ADIPO_E, and LEP_R (Table 5). In the men group,
only metformin treatment was significantly correlated with MS (R Spearman = 0.8819
p < 0.0001).
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Table 5. Spearman’s rank correlation coefficient and descriptive statistics for female bipolar patients

with and without metabolic syndrome.

Group Without MS With MS
Parameters Mean + SD Mean + SD R Spearman -Value
Median (Min-Max) Median (Min-Max) p P
42.6 £ 15.90 462+ 13.57
Age (years) 39.5 (21.0-71.0) 48.5 (18.0-68.0) 0.1174 ns
. . 10.9 +9.51 13.5 + 8.58
Duration of disease (years) 10.0 (1.0-35.0) 12.0 (1.0-39.0) 0.1661 ns
Hypothyroidism * 6 22 0.3281 0.0362
Hypertension * 2 7 0.083 ns
Hypercholesterolemia * 0 4 0.2254 ns
61.2 + 14.82 472 +13.56
HDL (mg/dL) 60.0 (40.0-81.0) 45.0 (24.0-80.0) —04049 0.0129
120.6 + 32.64 141.9 + 40.62
LDL (mg/Dl) 110.0 (92.0-189.0) 144.0 (85.0-230.0) 0.2317 ns
114.2 + 56.62 195.0 -+ 80.47
TG (mg/dL) 106.0 (60.0-250.0) 196.0 (59.0-344.0) 0.4657 0.0032
. 545 + 2.20 16.4 + 12.05
Insulin (mU/mL) 5.85 (2.7-7.5) 12.6 (3.2-44.6) 0.6161 0.0110
232 +335 295+ 5.96
2
BMI (kg/m?®) 22.5(19.8-31.2) 28.65 (21.2-44.0) 0.5391 0.0003
o 835 & 12.47 100.3 + 16.11
Waist circumference (cm) 79.0 (68.0-108.0) 98.0 (72.0-140.0) 0.4882 0.0009
Metformin treatment * 0 16 0.8575 <0.0001
0.64 + 0.26 0.65 £ 0.12
IMCL 0.57 (0.43-1.48) 0.63 (0.42-0.99) 0-2093 ns
0.80 = 0.88 0.65 £ 0.16
IMCR 0.57 (0.35-3.83) 0.67 (0.29-1.11) 0.1260 ns
79.9 + 22.86 75.6 + 14.52
VL 77.0 (39.5-116.6) 74.1 (52.3-110.5) —0.0712 ns
842 + 2571 761 +21.97
VR 93.3 (40.7-119.0) 78.3 (35.7-127.5) —0.2185 ns
16.7 + 1.57 16.1 +1.95
HAMD E 17.0 (14.0-19.0) 17.0 (12.0-20.0) —0.1529 ns
7.9 +233 7.8 +3.00
HAMD 6 7.0 (5.0-13.0) 8.0 (3.0-15.0) —0.0187 ns
11.9 + 8.44 17.0 + 6.79
VIS (ng/mL) E 1107 (L4.516) 173 (26-93.4) 0.3350 0.0186
54+ 4.08 6.7 +4.34
VIS (ng/mL) 6 45 (2.3-14.3) 5.7 (2.0-18.0) 0.2387 ns
11657.6 + 6066.77 7709.9 + 4782.67
ADIFO (ng/mL) E 9641.0 (3227.1-24,415.6)  6699.1 (1621.3-23,098.1) —03417 00152
12,209.6 + 7556.85 8596.9 + 6734.39
ADIPO (ng/mL) 6 11,491.7 (5549.0-27,335.8) 6990.5 (2142.1-25,196.8) —0.2930 ns
S100B (ng/mL) E 19.9 49,62 330 £ 1575 0.4398 0.0014

17.1 (4.8-36.3)

29.67 (13.3-82.8)
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Table 5. Cont.

Group Without MS With MS
Parameters Mean i SD Mean i SD R Spearman p-Value
Median (Min-Max) Median (Min-Max)

S100B (ng/mL) 6 255 (16995 268 (89779 ~o0108 ns
IL 6 (pg/mL) 1.123(;3952) 1.326.54(3.:1%.2565.8) 0.1278 ns
LEP (pg/mL) B35 (Toh0 1700 770 G0 sasre O 0002
ADIPO/LEP 0'7; 10:590_9351 7 0. 2%4:0:"(:)30_'2629) —0.5586 <0.0001
LEP_R (ng/mL) 3332;'?25 71—0524.14) 26%47 .(31;73379.8) —0.3209 0.0231
RES (ng/mL) 230 (14507 25506609 0081 ns

Abbreviations: HDL—high-density lipoprotein; LDL—low-density lipoprotein; TG—triglyceride; BMI—body
mass index; IMC—intima-media complex; L—left; R—right; V—maximum systolic velocity; HAMD—Hamilton
Depression Rating Scale; VIS—visfatin; ADIPO—adiponectin; Il 6—Interleukin 6; LEP—leptin; LEP_R—leptin re-
ceptor; RES—resistin; E—exacerbation; 6—after six weeks of treatment; MS—metabolic syndrome; SD—standard
deviation; significance level p < 0.05; * number of person instead mean 4 SD and median (min-max).

4. Discussion

In our study, not all patients achieved remission, but they had shown an improvement,
defined as a 20-30% reduction in the total scores of HAMD [26]. Bipolar depression is
challenging to treat, and drugs should be administrated wisely to avoid mood switches
in patients [34-36]. Antidepressant therapy is associated with an increased risk of mania
or hypomania, so it should be taken with mood stabilizers and/or antipsychotic medica-
tions [35].

In our study, women suffering from MS had higher insulin levels, BMI, and waist
circumference than patients without MS. It is unsurprising because one of the criteria of
MS is overweight (mainly abdominal), whereas insulin resistance plays a crucial role in
MS pathogenesis [1,3]. BP patients have a higher MS prevalence than the general pop-
ulation [20-22]. Most psychiatric patients have at least one metabolic disorder [22,37].
Despite other factors like genetics, physical inactivity, unhealthy diet, and addictions,
medications, especially antipsychotic drugs, have well-established weight gain side ef-
fects [20,21]. In clinical practice, clozapine and olanzapine are associated with a higher risk
of MS [20,21,38,39], quetiapine and risperidone cause moderate alterations [39], whereas
aripiprazole has a little effect on body weight [21,38]. Unfortunately, we could not assess
the effect of treatment on BMI because patients were weighed only at the time of admission
to the hospital. Therefore, it is important to balance the potential benefits and damages
in bipolar depression treatment, especially in long-term treatment, because high doses
or multiple medications can be associated with harmful metabolic consequences [21,39].
Interestingly, there appears to be a correlation between the higher clinical effectiveness of
atypical antipsychotics and the increased risk of metabolic alterations [39].

The following adipokines correlated with MS in the women group VIS, S100B, and
LEP had a positive correlation, whereas ADIPO, LEP_R, and ADIPO/LEP ratio showed
a negative correlation. It has been proven that leptin concentrations are significantly in-
creased in obesity [4,5,40]. The concept of “leptin resistance” was proposed to explain this
phenomenon [8]. It assesses that tissues have decreased sensitivity to leptin, so higher leptin
levels are essential to correct the metabolic imbalance in obesity [3]. Leptin binds to and ac-
tivates its transmembrane receptor, the LEP-R, which plays a crucial role in regulating body
mass via a negative feedback mechanism between adipose tissue and the hypothalamus [8].
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Similarly to our observations, higher leptin level and lowest leptin-receptor concentrations
in obese patients were detected in Koch et al. study [41].

Decreased ADIPO levels in patients with obesity [40], coronary heart disease, diabetes,
and hypertension demonstrate a high tendency to develop MS [3]. Moreover, patients with
BP during the depression episode showed decreased levels of ADIPO [42-44]. Obesity and
MS are characterized by increased leptin and decreased adiponectin concentration [6,45].
Therefore, the ADIPO/LEP ratio has been suggested as a maker of adipose tissue dysfunc-
tion [6,45]. In our study, MS patients reached significantly lower values of ADIPO/LEP
ratio than patients without MS, which is consistent with the study conducted by Frithbeck
et al. [45]. Moreover, the ADIPO/LEP ratio was negatively correlated with BMI and waist
circumference, which is consistent with the previous study [46]. In our study, an insulin
level was significantly correlated with the ADIPO/LEP ratio. In the literature, it has been
claimed that the ADIPO/LEP ratio correlates with insulin resistance better than adiponectin
or leptin alone [6]. In our ROC curve analysis, the statistical software proposed a 0.31
cut-off point with 76.5% sensitivity and 87.5% specificity. The 23.5% of misclassified ill
people is too high a percentage, so we have chosen a better-fitting cut-off point 0.48 cut-off
point with 91.2% sensitivity and 68.8% specificity. At that point, the specificity is lower, but
we believe it is better to order a more detailed diagnostics for a healthy person than to miss
an ill person. The ADIPO/LEP ratio has been proposed as a predictive marker for the MS
with a cut-off point lower than 0.5 [45].

Visfatin is secreted by adipose and visceral adipose tissue [7], skeletal muscle, liver,
and lymphocytes [40]. This cytokine acts like insulin by binding to insulin receptors,
increasing glucose uptake [10,47]. The serum visfatin level correlates with the BMI, waist
circumference, and insulin resistance index [47]. A meta-analysis study showed a significant
increase in visfatin serum concentration in overweight/obese participants compared with
normal BMI participants and also in type 2 diabetes mellitus participants compared with
the control group [48]. The visfatin serum concentration was also higher in MS patients [49],
consistent with our study.

The S100B, which is expressed in adipose tissue [15,16], has been associated with the
pathophysiology of obesity-promoting macrophage-based inflammation [17,50]. The serum
level of S100B correlates with insulin resistance, metabolic risk score, and fat cell size [17].
In studies conducted on mice [50], plasma and white adipose tissue S100B levels were
increased by diet-induced obesity. Also, in a human study, serum levels of S100B positively
correlate with BMI; S100B levels in obesity were significantly higher than in overweight
and normal weight subjects [51]. In another study, participants with MS had a significantly
higher level of S100B than the control group [19]. Moreover, serum levels of S100B were
positively correlated with abdominal obesity and triglyceride serum levels [19]. In our
study, BP patients with obesity and MS had a higher serum level of S100B in exacerbation
than BP patients with normal BMI, and without MS. Our results show, on the one hand,
the relationship between the S100B levels and obesity and MS, and on the other hand,
with the mental state of patients. The meta-analysis showed elevated levels of serum
S100B in patients with affective disorders (depression and mania) compared with the
control group [52,53]. The same relationship was also observed in drug-naive adolescents
diagnosed with first-episode unipolar major depression [54].

5. Conclusions

We partially confirmed our first research hypothesis: ‘Depending on coexisting MS,
patients differ in neurobiological parameters and the level of adipokines tested’. This
statement is correct for a women’s group. The second research hypothesis, ‘Differences in
neurobiological parameters and the level of tested adipokines depend on the state of the
disease (exacerbation vs. improvement)’, is correct both in the groups of women and men
but for a different set of proteins.

In this study, we showed that in bipolar depression, adipokines correlated with MS
in the women group: VIS, S100B, and LEP had a positive correlation, whereas ADIPO,
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LEP_R, and ADIPO/LEP ratio showed negative correlation. Moreover, the ADIPO/LEP
ratio showed moderate to strong negative correlation with insulin level, BMI, waist cir-
cumference, TG level, treatment with metformin, and a positive correlation with HDL
correlations. The ADIPO/LEP ratio has been proposed as a predictive marker for MS [6,45],
and our study proved that it can be successfully applied in depressed BP women patients.
It is necessary to continue research on a larger group with naturalistic treatment, taking
into account different patient states: euthymia, hypomania, mania, or mixed states, to check
whether the ADIPO/LEP ratio is a good predictor of MS regardless of the patient’s mental
state and pharmacological treatment.

6. Study Limitations

- Heterogeneous population concerning the treatment used;

- Asmall group of men and women subgroup;

- Only three adipokines measured twice, in an exacerbation and after six weeks of
treatment;

- BMI, waist circumference, HDL, LDL, TG, and insulin level were measured only in an
exacerbation state;

- Information on previous treatment was not recorded.
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Abstract: Anorexia nervosa is a psychiatric disorder with an unknown etiology that is characterized
by an individual’s preoccupation with their weight and body structure while denying the severity of
their low body weight. Due to the fact that anorexia nervosa is multifaceted and may indicate the coex-
istence of genetic, social, hormonal, and psychiatric disorders, a description of non-pharmacological
interventions can be used to ameliorate or reduce the symptoms of this condition. Consequently, the
purpose of the present narrative review is to describe the profile’s context in the anorexic person as
well as the support they would require from their family and environment. In addition, it is aimed at
examining preventative and non-pharmacological interventions, such as nutritional interventions,
physical activity interventions, psychological interventions, psychosocial interventions, and physical
therapy interventions. To reach the narrative review aims, a critical review was conducted utilizing
both primary sources, such as scientific publications, and secondary sources, such as bibliographic
indexes, web pages, and databases. Nutritional interventions include nutritional education and an
individualized treatment for each patient, physical activity interventions include allowing patients to
perform controlled physical activity, psychological interventions include family therapy and evalua-
tion of the existence of other psychological disorders, psychosocial interventions include management
of the relationship between the patient and social media and physical therapy interventions include
relaxation massages and exercises to relieve pain. All these non-pharmacological interventions need
to be individualized based on each patient’s needs.

Keywords: anorexia nervosa; interventions; non-pharmacological; individual profile; therapy; eating
disorder; microbiota; physical exercise; nutrition; psychology

1. Introduction

Eating disorders are diseases whose main characteristics are distorted eating behavior
and an extreme concern for self-image and body weight. The two main eating disorders
are anorexia nervosa (AN) and bulimia nervosa (BN), referring in this review exclusively
to AN. According to the diagnostic and statistical manual for mental disorders (5th edition)
(DSM-5), individuals with AN are disturbed by their weight and body shape, without
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recognizing the graveness of their low weight. The prevalence of AN is 0.4% among women
and 0.1% among men at any point in time, worldwide [1]. However, recent reviews suggest
that the lifetime prevalence rates of AN might be up to 4% among females and 0.3% among
males. Regarding BM, up to 3% of females and more than 1% of males suffer from this
disorder during their lifetime. According to epidemiological studies, the trend is for a
significant percentage increase in AN, this being greater in women than in men [2].

New fashion trends and new standards in physical aspects and eating patterns are
indicated as possible triggers for the increase in the frequency of AN. Yet, as with many
psychiatric illnesses, the etiology of AN is not yet known with certainty, but is thought to
be multifactorial and may include components of genetic, social, metabolic, personality,
hormonal, sexual, the way of expressing emotions, learning, abuse history, mistreatment,
perfectionism, and the coexistence of other psychiatric disorders (such as a depressive
component, obsessive-compulsive, anxiety disorders and loss of impulse control) [3].
The initial consequence of AN is decreased caloric and nutrient intake. With this deficit
and malnutrition, disorders appear in different organ systems, including cardiovascular,
gastrointestinal, endocrine, neurological and skeletal [4]. These organic dysfunctions in the
different systems are accompanied by dysfunctions in the mental health of patients with
AN such as mood and anxiety disorders. If AN is considered as a pathology of a psychiatric
nature, it is one with the highest mortality rate compared to other mental disorders [4], due
to increased suicidal thoughts (up to 10% more). Indeed, one in five deaths associated with
AN has been due to suicide [5].

A greater number of resources are needed, including more healthcare professionals to
deal with the increased patient-related workloads. In the case of AN, the treatments are
highly expensive given the frequency of relapses and the high disease burden [6]. Given the
prevalence of the disease and the epidemiological curve, special focus should be made since
it can increase the global healthcare costs. Furthermore, from an economic point of view, it
is not only the associated health costs, but also the decreased work capacity of subjects with
AN, which affect the world economy indirectly, due to a decrease in workplace productivity
produced by the physical and mental health implications of AN [7].

Interventions can be of two types: pharmacological treatments and non-pharmacological
interventions. The interventions that concern this review are of a non-pharmacological
nature, and among most traditional interventions we can find [6]:

e  Family therapy (changing and solving family problems to cure AN)

e  Family based treatment (parents’ involvement in adolescents’ food consumption)

e Joint family therapy (collaborative work among adolescents, the entire family and a
therapist with monitoring of the family’s emotional issues)

e  Behavioral family system therapy (three-step behavioral weight gain program with
family involvement)

e  Cognitive-behavioral therapy (modifications of irrational beliefs and problematic
eating behavior)

e  Specialist supportive clinical management (Education with supportive therapy)

The aforementioned refers to psychological treatments, however, like any pathology,
prevention and treatment from a holistic point of view is essential. Especially since current
treatment efficacy remains limited; around 40% of AN patients after 10 years of medical
care still show prolonged symptoms and disabilities [8]. This highlights the importance of
developing new alternative therapies against AN. Therefore, the inclusion of other areas
such as nutrition, physical exercise, and psychosocial aspects among others, are essential
and will be discussed throughout this review. Therefore, the present narrative review
focuses on the analysis from a holistic perspective of the multifactorial etiology of AN,
addressing the different medical-scientific disciplines considered non-pharmacological
interventions, to give a broader view of the pathology of AN, generating holistic practical
applications that can improve the patient intervention processes.
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2. Materials and Methods

To reach the narrative review’s aims, a critical review was conducted utilizing both pri-
mary sources, such as scientific publications, and secondary sources, such as bibliographic
indexes, web pages, and databases. This narrative review focuses on non-pharmacological
interventions for the AN patient. The main research topic was combined as follows:

AN or malnutrition or nutritional disorder and psychological profile or microbiome
or oral health or physical activity or nutritional intervention or psychological interven-
tion or physical therapy or psychosocial intervention. The search was limited to English
manuscripts, excluding grey literature, with a publication range between 2012 and 2023,
except for the classic literature. In addition, retrieved articles, practice guidelines, editorials,
and letters were searched for additional references. To cover the multifactorial nature of
mental health, several databases were used as MedLine, Cochrane, Embase, Psych-INFO
and CinAhl. Studies were included if they addressed any topic related to nutrition, physical
activity, oral health, mental health, inflammation, gut microbiome, or non-pharmacological
interventions. Additionally included were described nutritional interventions that were
published in a nutritional /psychiatry/psychology journal. Exclusion criteria were: (i) re-
search outside the time period analyzed, (ii) presented topics out of the review scope,
(iii) unpublished studies, books, conference proceedings, abstracts, and PhD dissertations.
Information extraction was performed by the authors of this manuscript, who divided
the information according to their area of expertise. This divided the text into different
fragments that form the narrative line of the present narrative review.

3. The Impact of Anorexia Nervosa on an Individual’s Life
3.1. Psychological Profile

The individual profile has been highlighted as one of the most important factors
which may lead to anorexia development and severity [9]. Thus, understanding the
profile that characterizes anorexia patients may increase the likelihood of providing more
effective treatments and preventive strategies [10]. Characteristics related to an individual’s
profile are perfectionism, obsessive—compulsive disorder, self-esteem, cognitive rigidity,
and neuroticism.

Previous literature describes how perfectionism, obsessive-compulsiveness and dys-
phoric mood could be considered as characteristics strongly related to anorexia [11]. Fur-
thermore, it was described several years ago how anorexia patients could present anxiety
persistence, perfectionism, and obsessional behaviors, including symmetry, exactness, and
order [12-14]. Nowadays, researchers point out how female anorexia patients self-report
significantly lower cognitive flexibility and significantly higher clinical perfectionism [15].
In this study, participants self-reported in a questionnaire which evaluated different items,
including cognitive, behavioral and affective components of setting aims and struggling to
achieve them, as well as the consequences on their self-evaluation when these principles
were accomplished or not accomplished [16]. Thus, according to these findings, perfection-
ists were more prone to anorexia, probably due to the fact that they needed to comply with
patterns inferred as role models to be followed by society or their own thoughts.

Obsessive—compulsive disorders are another important aspect related to anorexia,
since both have been bidirectionally related in several studies [11,17]. Along these lines,
it was described how 10 to 60% of obsessive-compulsive disorder patients suffered from
anorexia as well as close to 10 to 40% of anorexia patients were primary obsessive—
compulsive disorder diagnosed [17-19]. Self-esteem is another key factor which has been
associated with anorexia. Thus, it could be defined as a positive or negative attitude
concerning oneself [20]. Lower levels of self-esteem have been largely described as a risk
factor of anorexia, as well as being pointed out as predisposing and precipitating factors,
compromising anorexia prognosis, including treatment and recovery [21-23]. Additionally,
a strong association was suggested by research conducted in the last two decades, showing
how anorexia patients presented low self-esteem values compared to non-eating-disorder
patients [24-28].
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Neuroticism has also been pointed out as a risk factor which could compromise
anorexia status. Neuroticism is, along with extraversion, agreeableness, conscientiousness,
and openness to experience, one of the five factor model personality traits, and it could be
defined as the opposite term to emotional stability [29,30]. Thus, neuroticism involves a
higher sensitivity and a strong tendency to experience negative feelings, as well as a lower
resilience against stress [29]. Hence, it has been largely described among recent and prior
literature how neuroticism plays a crucial role in body image dissatisfaction and eating
related disorders [31-33].

Finally, cognitive rigidity has also been proposed by previous researchers for its ability
to play an important role in anorexia [34]. Cognitive rigidity could be defined as the
tendency to pay attention to one’s own thoughts, beliefs or behaviors, sometimes exclud-
ing opinions, thoughts, beliefs or ideas of others [35]. Thus, recent literature described
how anorexia patients showed deficits in cognitive flexibility in verbal and nonverbal do-
mains [36]. Moreover, previous authors highlighted how this cognitive rigidity also could
be presented by first degree relatives, a fact which may reinforce the obsessive personality
in anorexia patients [37,38]. Previous studies related cognitive flexibility to obsessive—
compulsive disorder [39] as well as to obsessive—-compulsive personality disorder [40,41],
conditions which may favor the reinforcement of the view that one’s own ideas are the
right ones, leaving aside the opinions of the other people with whom the anorexia patient
interacts. Additionally, recent research highlighted an association between perfectionism
and cognitive inflexibility in anorexia patients [42]. Thus, according to these findings,
cognitive inflexibility may be considered as a potential triggering factor in anorexia, where
a patient’s own thoughts predispose them not to consider the opinion of others. Moreover,
it could also enhance the idea of perfectionism previously mentioned, where patients need
to fulfil role models in order to increase their self-esteem, meeting their own expectations.
Furthermore, as we mentioned above, it is important to consider how previous literature
correlated anorexia, neuroticism and obsessive—compulsive disorder, a fact that may be ex-
plained through biological mechanism shared in the development of the three pathologies.
We consider these five variables constitute a vicious circle that can worsen the prognosis
of a patient with anorexia and should be taken into consideration in the management of
these patients.

3.2. Family and Anorexia

Family context has been highlighted as a key factor in anorexia development and
disease management. Hence, the latest literature proposes how parental influence may
modulate body image development, since relatives take part in primary socialization,
enhancing the first social acceptance. Thus, at the age of approximately two, children
usually become conscious of their gender, and they take part in social norms of participation,
such as male competitiveness and powerfulness and female beauty or neatness. At this
moment, children seek parental agreement, in order to reinforce their personality [43].
Subsequently, as they move towards pre-adolescence, previous authors have pointed out
how by 6 years old, body shape gains consideration until 12 years old, relating some
non-conformities with aspects related to body size or shape in approximately 50% of
surveyed children. Later, children reach adolescence, where physical and social changes
become more important, and this crucial period plays an important role in body image
development [44]. It has been described how the relationship between relatives and the
adolescent may strongly influence the adolescent’s body dissatisfaction, since parents can be
a source of different kinds of messages, including critical, sociocultural, or their own ideals
about body appearance or eating concerns, which may modulate adolescents’ thoughts
and behaviors [43,45]. For example, it has been described how a significant influence
on body satisfaction could present in children to whom parents paid special attention
in relation to weight control actions. Thus, these messages can increase self-criticism, as
well as encourage children to judge themselves or others on the basis of appearance and
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reinforce the idea that established social and cultural body ideals must be met as proof of
acceptance [45,46].

Furthermore, previous authors suggested that adolescents with better parent-adolescent
relationships presented a lower probability of suffering from body dissatisfaction [47]. Body
disappointment is a complex risk factor which may predispose to anorexia development,
maintaining and lengthening illness [48,49]. Previous researchers have pointed out how
anorexia patients can be inclined to overvalue their body size, more specifically contro-
versial parts such as hips, buttocks, abdomen and arms [50]. As a consequence, anorexia
patients suffer different emotions such as anxiety, disapprobation, guilt and social with-
drawal, increasing their discomfort [48]. Thus, it should be considered how powerfully
parental influence may affect anorexia progress.

Previous authors supported the idea that neuropsychological deficits, such as cognitive
inflexibility and decision-making, could be also observed in first-degree relatives of the
patients. Regarding decision-making, it may be that anorexia patients present a dysfunction
at this level, since previous research has shown how decision-making was significantly
diminished in eating disorder patients, leading to restrictive eating behaviors [51].

Finally, family-based interventions have been established as a useful tool especially
in children and adolescents, showing encouraging results in anorexia management and
recovery [52-54]. Thus, recent authors developed a specific model treatment, which consists
of an intervention constituting four phases, which may have a positive effect in families
supporting anorexia patients. These phases include commitment and growth of the thera-
peutic agreement, aiding families to relieve the symptoms of an eating disorder, discover
individual and family development issues and finally, to complete treatment and discuss
future plans [55]. Naturally, parental influence in this case plays a beneficial role in im-
proving anorexia management, as patients may feel supported by their family members,
promoting better strategies in order to decrease the severity and overall health impact of
anorexia or even overcoming the disease.

3.3. Social Context and Anorexia

The sociocultural context is recognized as an important risk factor for the development
and for the specificity of eating disorders [56].

Social performance generally refers to an individual’s ability to interact successfully
with their environment (including work, school, social activities, and relationships with
partners and family). This is possible by the development of a variety of social skills
including verbal and nonverbal gestures, social cognition, and interpersonal performance.
Although not a diagnostic criterion, some studies suggest that eating disorders are associ-
ated with atypical social and emotional behaviors [57-59]. At the same time, other studies
highlight the important role of social support [59], social behavior and social inclusion [60]
in the successful recovery of adults with ED.

Currently, the media promotes pre-set standards of physical appeal based on thinness.
Media coverage interaction with body dissatisfaction, and personality traits could intensify
specific behaviors in women that should aid them in achieving an ideal body image, e.g.,
excessive focus on body image, weight control, increased physical activity. However, the
intensification of these behaviors may develop anorexia readiness syndrome (ARS) in
women [61]. Such behaviors can be attributed to comparing oneself to unrealistic ideals
while setting aside one’s own attractiveness. These behaviors include: increased interest
in nutrition, calorie counting, dieting, weight control methods, increased physical activity,
excessive focus on body image, emotional lability related to eating and body perception,
the desire to control one’s own body dimensions and weight, high competitiveness and
perfectionism, as well as the need for control [61].

Several studies have confirmed the significance of sociocultural messages, in highly
industrialized countries, in reinforcing the perception that ‘thin female bodies” are more
attractive. Levine et al. [62] found in a group of 10-14-year-old girls that most reported
receiving a clear message from fashion magazines and peers or family members that
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slimness is important and can be achieved through dieting and other methods. Two strong
influences on the urge for thinness and altered eating patterns were reading magazines
containing information and ideas about attractive body shapes and weight control, and
receiving weight/body shape-related criticism from family [62]. In a follow-up study of
428 boys and girls, Bearman et al. [47] found that body dissatisfaction was higher among
girls. For both sexes, lack of parental support, negative affectivity, self-reported dietary
restraint, body mass index, and eating pathologies, showed significant associations with
future increases in body dissatisfaction.

Factors such as body image dissatisfaction, the restrictive pursuit of thinness, the
adoption of a perfectionist attitude towards the body, and the development of bulimic
tendencies are often indicated in scientific research as predictors of eating disorders. Peer
pressure is common to both sexes: A study conducted among adolescent schoolchildren
indicated that, while girls talk more about appearance, boys had a higher perception of
appearance pressure and teasing. Boys also admitted that they talked to their friends about
muscle development more often than girls did about diet. Most researchers, however, focus
on the selected risk factor [63].

Additionally, while peers are a major influence in a teenager s life, another strong social
influence for teenagers is social media, media advertisements, and the internet in general.
Social media is a part of most people’s lives, especially Facebook, Twitter, Tiktok, and
Instagram. These accounts contain dangerous information about body image, eating habits,
and physical appearance. Social media is a way for some people to inform themselves and
has become a career for others in the form of brand ambassadors or “influencers’. However,
most research on social media and social networking is somewhat outdated for today’s
teenagers, as technology changes so rapidly. Although there is little research on social
networking sites, advertisements are a great way to reach different types of people, whether
through social media or other media. The internet in general is a tool that many young
adults use to define themselves and they can find themselves on sites that are considered
“pro-anorexia”, where adolescent girls can find like-minded people [64].

Pro-anorexia websites are virtual spaces where adolescents can exchange ideas about
their body image and physical appearance. Uncontrolled use of these websites is a common
practice among adolescents, particularly among young women, and is a factor related
to eating disorders. According to different studies, looking at images of underweight
celebrities is associated with an ideal body image and aspiration to lose weight, and these
conditions may promote eating disorders [65,66]. The COVID-19 pandemic influenced
media exposure to adolescents due to increased overall media consumption, increased
exposure to harmful content related to diet and physical appearance, particularly on social
networking sites, and increased use of video conferencing and subsequent self-image
exposure while working and/or studying from home. All of these may be associated with
an increase in eating-disordered behaviors [67].

Knowledge of the relationship between the use of social media and self-esteem related
to eating disorders is necessary to promote prevention of the use of these electronic media,
generating skills and providing sufficient information to avoid being negatively influenced
by messages broadcast on social media about the ‘Western ideal” of body perfection [68,69].

3.4. Bone and Muscular Implications of Anorexia

Eating Disorders (EDs), specifically AN, are associated with multiple neuroendocrine
disruptions and low bone mineral density (BMD) [70,71]. Increased calorie restriction
may impede reaching optimum bone mass, especially during adolescence, which can
lead to long-term skeletal disorders [71,72]. Dual energy X-ray absorptiometry (DXA)
measurements have shown that adolescents with AN have lower BMD and lower rates of
bone accretion than normal-weight adolescents of comparable age and maturity [70,71].
Specifically, Z-scores of less than —1 are present in up to 50% of adolescent girls with
anorexia nervosa, while Z-scores of less than —2 are present in 11% of these individuals.
Despite the fact that there are fewer data on AN in males than in girls, the research that
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is available is even more alarming, with 70% of boys having Z-scores of less than —1 at
age [71]. Thus, osteopenia, lower than normal bone mass and lower BMD, is a frequent and
often chronic consequence of AN that causes clinical fractures and an elevated lifetime risk
of fracture (Figure 1). Another study reported that only 15% of women with AN in their
mid-20 s had a normal BMD across all bone regions investigated, while 55% had osteopenia
and 35% had osteoporosis [73]. Moreover, studies in adults have shown lower markers of
bone formation and higher markers of bone resorption, which has led to the theory that
osteopenia is brought on by low osteoblast activity and high osteoclast activity. Conversely,
AN results in a broad decrease in bone turnover indicators during adolescence, a period of
significant bone turnover [74,75].

FOOD
RESTRICTION

GENETIC

Figure 1. Bone and muscle implications in AN influenced by genetics and food restriction; BMD:
bone mineral density; mTOR: mammalian target of rapamycin; HDAC4: histone deacetylase 4; IGF-1:
insulin grown factor 1; ERRs: estrogen-related receptors.
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The decreased mineral density phenomenon is amplified when the condition manifests
during adolescence and when the length of amenorrhea is prolonged. Although estrogen
insufficiency has long been thought to be the principal cause, it is insufficient to explain the
condition. Recent research has revealed the critical importance of nutrition-related variables,
including leptin and adiponectin (Figure 1) [76-78]. However, several mechanisms have
been proposed and are probably interrelated, such as growth hormone (GH) and IGF-1
metabolism disorders, hypercorticism, vitamin D deficiency, adipose tissue metabolism
disorders and factors involved in adipocyte/osteoblast differentiation. Furthermore, it is
important to highlight that significant alterations in body weight and composition, pubertal
development, and pubertal hormones like estradiol and IGF-1 that affect bone metabolism
occur in anorexic patients [79]. More specifically, the bone-trophic hormone IGF-1 acts
on osteoblasts and collagen production to promote bone growth and development. High
plasma GH levels and low IGF-1 levels are found in AN patients, which may indicate
GH resistance. Furthermore, leptin plays a complex role in controlling bone mass and
density. Likewise, peripheral leptin appears to promote bone density whereas it appears to
diminish it through a central action [71]. Serum leptin levels are generally lower in AN,
and it has been discovered that these levels are related to reduced measurements of fat
mass and bone density. The results for adiponectin varied based on the molecular weight
fraction of plasma adiponectin that was examined, but some authors observed a rise in
serum levels [80].

Thus, these variables accounted for the majority of the variation in BMD in AN individ-
uals with osteoporosis. Additionally, regarding stress hormones, this population has been
observed to have high cortisol levels despite regular circadian cycles. A rise in free urine
cortisol is commonly observed, with a dexamethasone test reducing hypercortisolism [77].
As is the situation with patients using exogenous corticosteroids, hypercortisolism can
lead to reduced BMD via decreased osteoblast activity, which inhibits bone production,
and increased osteoclast activity, which promotes bone resorption [78]. Concerning sex
hormones, adults and adolescents with AN have lower serum levels of estrogen and testos-
terone than controls, and estrogen deficiency has been identified as a significant etiological
factor for bone loss in this population. Additional potential causes include hypothalamic
dysfunction and weight loss, as well as the dysregulation of neurohormones such as GnRH.
Moreover, a link has been reported in the literature between BMD, duration, and age at
onset of amenorrhea [78,81].

Although bone has received most of the attention at the present, muscular function
is also compromised [82]. A consistent low-calorie diet combined with high-metabolic-
loading activities may help people lose weight on their own [83]. As a result, patients’ body
composition profiles experience significant changes in their bone mineral, water content,
relative body fat, skeletal muscle mass, and fat mass. Depletion of fat free mass, which
contributes 15 to 45% of the total body weight decrease, is associated with diminished
muscular performance [84,85]. The initial therapy objective for people with AN is to reduce
calorie deficit by increasing total calorie intake, which will then lead to weight restoration.
Current epidemiological evidence suggests that across many patient populations, muscular
size and strength—not necessarily weight—predict lifespan, quality of life, and mortal-
ity [86]. However, regaining muscular mass and strength has been generally ignored in the
treatment of eating disorders. Maintaining muscle mass requires a fine balance between
protein production and protein breakdown. In this regard, mTOR (mammalian target of
rapamycin) promotes protein synthesis in a wide sense. Activation of mTOR moderates
the stimulation of downstream effector proteins (4EB-P1 and S6K), thus facilitating the
translation of mRNAs into polypeptides for protein synthesis [87]. mTOR can be activated
by a variety of stimuli, with resistance exercise and dietary protein consumption being
two important activators in humans. mTOR inhibition frequently results in diminished
protein synthesis and diminished muscle mass [88] and a resulting decline in muscle
strength. Despite the fact that our understanding of the mTOR regulatory mechanism has
allowed us to better comprehend the pathophysiology of malnutrition over the past two
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decades, numerous important concerns remain unanswered. A recent review focused on
the mTORCI signaling pathway as an essential energy sensor, which plays a crucial role in
the regulation of whole-body energy balance, centrally and peripherally [89]. Although
our understanding of these nutritional and hormonal adaptive mechanisms in AN that
maintain vital functions during this severe form of wasting has been increased, the central
role of the mTOR system in the hypothalamus and subcortical areas in the regulation of
energy balance in AN patients remains unknown and these interconnected but distinct
systems may change during AN or after weight recovery [89].

Considering the possible hereditary inheritance of eating problems, in skeletal muscle
the genes that regulate mitochondrial functions are also determined. It is crucial to consider
how AN is influenced by genetic elements. Consequently, DNA was taken from two large
ED-affected families, and whole genome sequencing, linkage mapping, or whole exome
sequencing were used to identify segregating variants associated with the disease [90].
Twenty members of the first family, spanning three generations, were found to have
a disease-correlating uncommon nonsense mutation in the estrogen-related receptor «
(ESRRA) gene. In the second family, a nonsense mutation in the histone deacetylase
4 (HDAC4) gene was linked to the illness after eight people over four generations were
examined [91]. Moreover, it was discovered that ESRRA and HDAC4 interact both in vivo
in the mouse brain and in vitro in HeLa cells [91]. Assessed in greater detail, ERRs are
members of a small subfamily of nuclear receptors termed NR3B, which has three members:
estrogen-related receptor alpha (ESRRA/NR3B1), beta (ESRR 3/NR3B2), and gamma
(ESRR y/NR3B3) [92]. Specifically, ESRR o« and ESRR vy are predominantly expressed in
metabolically active tissues that use fatty acids as fuel (such as the heart, brown adipose
tissue (BAT), brain, gut, and liver) [93]. ESRR « controls mitochondrial activity, biogenesis,
turnover, and lipid catabolism [94,95]. Additionally, it regulates appropriate physiological
and developmental muscle and bone function [92]. It has a documented involvement in
energy balance and metabolism, is increased in peripheral tissues by exercise and caloric
restriction, and is a transcriptional target of the estrogen receptor [91,96,97]. However, one
association research study evaluating 182 potential genes excluded ESRR o and HDAC4,
but included PGC-1, the ESRRA coactivator [98]. Thus, mutations altering the functional
relationship between the transcription factor ESRR « and the transcriptional repressor
histone deacetylase 4 (HDAC4) could be linked to the development of eating disorders
(Figure 1). Although it is believed that eating disorders (EDs) develop from a complicated
interaction between genetic susceptibility and environmental risk factors, studies have
failed to discover specific genes that predispose to the development of an ED.

3.5. Microbiota and Anorexia

Among the different biological parameters that potentially constitute and influence
the patient with AN, the gut microbiota has recently gained a lot of attention. It is logical to
think that if its composition and health is largely due to the composition, richness, variety
and quality of the food we eat, in a patient with AN in whom malnutrition is present,
alterations will be observed.

The human host’s intestinal microbiota is an ecosystem made up of bacteria, archaea,
microeukaryotes (including fungus and protozoans), and viruses that coexist in harmony.
In the human microbiome, bacteria outweigh archaea and microeukaryotes. There are a
total number of around 3.8 x 103 bacteria in the 70 kg “reference man” [99], which is on
par with the amount of human cells in the entire body. Firmicutes (60-65%), Bacteroidetes
(20-25%), Proteobacteria (5-10%), and Actinobacteria (3%) make up the majority of the
bacteria in the gut [100]. Even though these phyla are uniform, the hundreds of bacterial
species found in the microbiota differ substantially across people. The functional gene
profiles of bacteria are fairly comparable between people, in contrast to the variation among
bacterial species, which may indicate the presence of shared fundamental activities [101].
Digestion and fermentation of nutrients, particularly carbohydrates and amino acids, as
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well as the creation of important metabolites such as short chain fatty acids are tasks carried
out by gut microbes.

3.5.1. Diversity and Microbial Metabolites in Anorexia Nervosa

Recent reviews suggest that there is diversity and composition differences in the
intestinal microbiota in patients with AN in comparison with healthy controls. Borgo
et al. [102] showed that the families of dominant bacteria in the patients with AN are
Bacteroides, Firmicutes and to a lesser extent Actinobacteria, Proteobacteria and Verru-
comicrobia, a composition similar to that presented by the healthy groups. However, Mark
et al. [103] stated that the Firmicutes and Bacteroides concentrations were decreased in
patients with AN. Both studies ensured that patients with AN had elevated concentrations
of Actinobacteria, Proteobacteria, and Enterobacteria when comparing them with healthy
controls. Another study by Morkl et al. [104] supported the idea that patients with AN also
had elevated levels of Coriobacteriaceae. On the other hand, patients with AN have also
shown decreased levels of Ruminococcus and Roseburia, both butyrate producers.

However, differences in the microbial compositions of the clinical subtypes of AN,
either restrictive or purgative AN, have also been analyzed by authors. However, restrictive
or purgative AN differ in their feeding behavior since the first is characterized by the severe
restriction of caloric intake while the second occasionally eats large amounts and is often
accompanied by vomiting [103,105]. Authors concluded that there were no significant
differences between the subtypes in terms of quantity.

Numerous variables, including food, affect the quantity and composition of the gut
microbiota. In fact, both short-term and long-term dietary modifications can cause de-
tectable microbial alterations [106]. There is evidence that some situations, such as acute
starvation, might lead to an imbalance in the gut microbiome (also called dysbiosis). The
detection of particular bacterial and archaeal species in feces from AN patients in compari-
son to healthy persons using quantitative PCR provided the first data indicating that the
intestinal microbiota from AN patients may differ from healthy individuals suggesting dys-
biosis [107]. According to these findings, 9 AN patients had higher levels of the methanogen
Methanobrevibacter smithii (M. smithii) in their gut microbiota than did 20 healthy normo-
weight subjects. Indeed, it is M. smithii and other methanogens that increase microbial
fermentation and the conversion of nutrients into energy by breaking down excess H2 in
the gut into methane. The authors suggest that the higher levels of M. smithii may thus be
an adaptive response to optimize energy extraction from the extremely low calorie diet that
anorectic individuals are consuming [107].

Constipation, a common functional intestinal condition seen in AN patients, might
potentially be connected to this rise in M. smithii. In fact, an increase in methane-producing
bacteria has been linked to patients with constipation, and more specifically, patients
with C-IBS (irritable bowel syndrome with a constipation predominance) [108]. There is
currently some data that suggests methane decreases gastrointestinal motility and may
thus contribute to constipation.

The dysbiosis that occurs in AN patients affects not just Eubacteria and Archaea,
but most likely the entire gut ecology, which includes viruses and eukaryotes. Research
concentrating on the gut microeukaryotes of an AN patient found a decline in fungal
diversity and discovered four species previously unknown in the human gut. Again, these
findings must be extrapolated to other AN patients and supplemented by a large-scale
investigation of the variety of viruses and eukaryotes in these individuals.

3.5.2. Psychopathology in Anorexia Nervosa

Breton et al. [109] demonstrated that E. coli produces CIpB, and this is in turn an
anorexigenic protein, which could establish a relationship between the Enterobacteriaceae
and AN, that is, a gut-brain communication. In addition, the caseinolytic protein B (CIpB)
is associated with melanocyte stimulant (MSH), a hormone that is involved in signaling
satiety and anxiety characteristic of eating disorders.
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These findings supported the results obtained in the studies carried out by Borgo et al. [102]
and Kleiman et al. [110], where they analyzed the association between the microbial composi-
tion and psychopathology of AN.

Depression and anxiety were the two most common symptoms in these patients,
highlighting the personal dissatisfaction and social insecurity in patients with AN. Authors
observed a negative correlation between bacterial species, mainly Clostridium concen-
trations, and butyrate levels with the symptoms of depression. These results point to
the influence of the microbiota in the intestine in the regulation of mood in patients with
AN [110].

3.5.3. Gut Microbiome Rehabilitation

Authors confirmed that the development of microbial diversity is linked to weight
gain after treatment; although authors show an improvement in the composition of the
microbiota that was considered a reference after comparison with the healthy group [103].
It was shown that the microbiota of AN patients after treatment had a higher quantity of
Firmicutes, Bacteroides and Ruminococcus, which could be explained by the diet prescribed
during the rehabilitation that was characterized by being rich in fiber. Regarding the
plasma levels of SCFA, there was no recovery after nutritional rehabilitation. The study
carried out by Kleiman et al. [110] and Prochazkova et al. [111] confirmed the increase
in microbial richness in patients with AN after treatment, however, there had been no
complete restoration of the microbiota when compared with the control group.

In another study the microbiota of patients with recurrent AN was analyzed, after fecal
transplantation authors reported results of increased microbial diversity. These findings
could suggest that gut dysbiosis is one of the causal factors in the etiology of patients with
AN [112]. Gastrointestinal symptoms characteristic of patients with AN may be affected by
the modifications produced in the diet or by the composition of the intestinal microbiota.
Therefore, nutritional rehabilitation is key to mitigating gastrointestinal symptoms such as
constipation.

Physical activity, which is reduced in patients with AN to avoid energy expenditure
and thus promote weight gain; could be beneficial in a controlled way for nutritional
rehabilitation since two studies carried out by Morkl et al. [113] and Speranza et al. [114]
demonstrated the benefits of physical exercise on the composition of the intestinal mi-
crobiota through the study of athletes. In summary, from these studies it is shown that
patients with AN present an altered composition of the microbiota that allows the estab-
lishment of a gut-brain association; and postulates the possibility that the microbiota is
the cause of the development of this disease, therefore suggesting that an analysis of the
intestinal microbiota at the initial evaluation of AN could be a useful tool for subsequent
nutritional rehabilitation.

3.6. Dental Health in Anorexia

There has been an increasing focus on the poor physical health of persons with mental
illness, but less attention has been paid to dental health, despite the fact that it is an essential
component of physical health [115]. Moreover, painful, ugly dentition or ill-fitting dentures
can worsen social disengagement, isolation, and low self-esteem, as well as create speaking
and eating difficulties. In addition to this, there is a link between oral illness, coronary heart
disease, stroke, diabetes, and respiratory disease. However, even in nations with universal
health care coverage, dental care is not completely covered [116]. Those with mental illness,
particularly severe mental illness, are at increased risk for dental health problems because of
poor diet and oral hygiene; the high consumption of sugary drinks; co-occurring substance
abuse, such as cigarettes, alcohol, or psychostimulants; and finasteride [117]. To reduce
barriers to care, whether they are psychosocial or financial, more coordination between
mental health clinicians and dentists is essential [116].

The oral cavity may be the principal site of involvement in endocrine, renal, gas-
trointestinal, cardiovascular, hematological, autoimmune cutaneous, and psychological
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illnesses. EDs are psychosomatic disorders with complex etiologies and aberrant eating
behaviors [118]. Brain alterations in AN were discovered decades ago, with the most
prevalent result being a loss in grey and white matter that correlates with the severity of
malnutrition and is typically reversible upon recovery (Figure 2) [119]. In many situations,
the oral cavity may be the only region where eating disorders occur. The medical compli-
cations linked to these disorders (dehydration, electrolyte abnormalities, abnormal heart
activity, gastrointestinal complications, endocrine disorders, osteopenia, and increased
risk of fertility problems) have been well described in the medical literature for many
years [120]. Nevertheless, the effects of eating disorder behaviors on the teeth and oral
tissues were not recognized until more recently [121,122].

MALNUTRITION

ENAMEL

ALTERATIONS OF EROSION

BRAIN
STRUCTURE AND
FUNCTIONS

PERIODONTAL
DISEASE

——  SALIVARY
ADENOPATHY

7 GUMS SENSITIVITY

DENTAL CARIES

Figure 2. Consequences of malnutrition on the dental health of people suffering from anorexia.

One of the most severe eating disorders in the world, restrictive type AN, still has
an unfavorable prognosis as 1.2-2.2% of girls and women will develop full-blown AN
throughout their lives [123]. Frequently, the onset of an anorexic eating disorder occurs as
young as 12 years. According to Roberts and Li [124], the extremely low self-perception
and self-esteem that many sufferers of AN and BN experience may contribute to their poor
oral hygiene and increase in dental disease. The critical nature of oral health at this age may
be attributed to the phase of development during which permanent teeth mineralization
and periodontal tissue are formed [125]. Any oral imbalance may have permanent effects
on their oral health in the future. In this regard, research including adult participants
revealed significant dental caries, erosive tooth wear, and loss of periodontal health [116].
Comparing the oral cavities of anorexic young patients to those of the control group in a
recent case study, the most significant findings were the presence of dental caries and poor
oral hygiene in conjunction with gingival bleeding. Dental examination revealed that 37.6%
of AN patients were affected by dental caries, compared to 11.7% of the controls [126].
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In this regard, few dental analyses were based on an adult patient population [127], the
majority consisted of a small number of cases ranging in age from 12 to 18. However, the
perioral tissues, oral mucosa, teeth (such as dental erosion and dental caries), periodontium,
salivary glands, and temporomandibular joint are among the soft and hard tissues that
are affected in both populations [128]. Salivary adenopathy, hyposalivation/xerostomia,
dental erosion, periodontitis, and soft tissue disorders are also among the common oral
signs of ED [129] (Figure 2).

Similarly, the Decayed, Missing, Filled teeth (DMFT), dental caries score of the AN
individuals were considerably greater than that of the control group [130]. However,
previous research based on the Basic Erosive Wear Examination (BEWE) index examination
found that AN patients had a lower risk of tooth erosion than BN patients. Notably, young
people with AN experienced infrequent vomiting inducement [131]. Nevertheless, the AN
subgroups with purging episodes had worse dental erosion results [126]. Moreover, recent
studies reported that 47.3% of AN patients declared suffering from bleeding gums after
tooth brushing as the most prevalent oral health symptom, 37.5% of patients also regularly
complained of tooth hypersensitivity [132].

Patients” eating habits are influenced by their intense fear of gaining weight, pre-
occupation with weight, denial of their current low weight and its negative impact on
their health. Oral signs of EDs are influenced by the patient’s diet, level of oral hygiene,
frequency and length of dysfunctional behaviors, ability to induce vomiting, and usage
of drugs. In addition to vomiting, many factors influence the BEWE score. The role of an
acid diet may be significant; foods and beverages tend to decrease the pH of the oral cavity,
particularly in those with tooth decay. It is hypothesized that a diet low in pH, particularly
beverages, and excessive physical activity may decrease salivary buffer capacity at this age
and encourage the loss of non-caries dental tissue [133]. Poor motivation to maintain proper
dental hygiene may also be influenced by a challenging life circumstance and the linked
apathy, sad mood, psychomotor drive, and suicidal tendencies, according to our observa-
tions and research [134]. Other studies found that a diet deficient in protein, vitamins, and
unsaturated fatty acids contributes to metabolic and biochemical abnormalities that result
in an imbalance between oxidants and antioxidants [135]. Therefore, the persistent state
of malnutrition, particularly in extremely severe AN, impacted the likelihood of medical
problems and fast gingival inflammation [136]. In order to give patients an interdisciplinary
approach to care for the whole person, it is crucial to include an oral health program focus-
ing on enhancing self-image through dental education [137]. Specifically, an oral health
education protocol that is standardized and included in the normal curricula of eating
disorder treatment facilities should be developed by taking into account the oral health
knowledge and self-image beliefs of eating disorder patients in connection to their smiles.

4. Non-Pharmacological Interventions in Anorexia Nervosa

Following a thorough assessment of each of the non-pharmacological strategies that
could most effectively aid those who are suffering from anorexia. Table 1 below presents
some of the most important references from this review.
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4.1. Nutritional Interventions

Treatment of AN is based on how the disease presents itself and the severity of it,
therefore every patient’s treatment should be individualized [148]. Nutrition is a very im-
portant part of managing this disease, since when malnutrition is present, the psychological
treatment of the patient is not possible. A malnourished person cannot mentally center on
the problems and solutions related to their disease [149].

Dietitians are in charge of the differential diagnosis with other disorders, establishment
of the most appropriate nutritional treatment, evaluating the need to integrate other health
care providers into the treatment, assessing the need for hospitalization, evaluating the need
for prescribing protein and caloric supplements, assessing the need for using a nasogastric
tube or parenteral nutrition, follow up with the patient’s recovery, involving the family
members in the treatment of the disorder [148], and obtaining a food history, which can be
more useful than lab tests in determining nutritional deficiencies [150].

The first step in the treatment is the clinical history, and what is usually common is
that even when the physical aspect of the patient is very concerning, they are not aware
of the disease. These patients usually do not go willingly to counseling and the first step
is to establish a good relationship with them. The dietician should ask about other health
complications that might be present such as the presence of vomiting, the intake of laxatives
or diuretics, drug consumption, and the frequency of physical activity. The dietician should
obtain information about what foods they intake and what are the forbidden foods for them,
also the quantity and how such foods are consumed (e.g., chopped into small pieces) [151].

The physical examination is the next step. Usually, the most notorious sign of the
disease is the loss of subcutaneous fat. Other symptoms can be a decrease in body temper-
ature, hypotension, and lanugo. When the weight is determined, the nutritionist should
make sure that the patient did not try to manipulate the result by ingesting excess water, or
by hiding certain objects in their clothes.

The primary aim of the nutritional treatment should be to restore the body weight
back to normal, treating all non-acute physical complications, educate the patient on
healthy eating habits, modify any other associated disorders such as purging or binge
eating disorders, improve the perception of anxiety and hunger, obtain family support, and
prevent any relapse [152,153]. In teenagers and children, it is important to restart growth
and development. It is important to restore at least the patient’s minimal weight, but in
order to determine this weight, other factors should be taken under consideration, like
family weight history, patient’s growth and development rate, patient’s ponderal evolution,
sex, and age [154].

The energy requirements should be calculated based on the patient’s actual weight
instead of the patient’s ideal weight, this calculation will also depend on the patient’s
degree of malnutrition [138]. It is not recommended to use the usual formulas to calculate
these requirements since they tend to overestimate the patient’s needs at the beginning [154]
and later in the treatments, they can underestimate them [155]. Usually in patients with
AN an increase of 0.5 kg a week could be set as a reasonable target [153,156]. In the first
six months of treatment, patients suffering from this disorder require more caloric intake
than healthy patients in order to maintain their body weight [138]. Weight is important for
evaluating patient progress, but this should not be the only goal of the treatment, outcomes
have more importance than weight gain to determine the progress of the patient [157].
Additionally, water retention is very common when refeeding starts, and this could make
the weight of the patient increase, and give a false result [158].

There is no evidence regarding what is the ideal food or meal for this disorder, the
diet should be based on a healthy food intake pattern [159], and the food quantity should
be determined by the dietitians, depending on the calculated energy requirement [154].
If for any reason the patient cannot reach the calculated energy requirements, nutritional
supplements should be prescribed [138]. One out of three patients with AN present with
vitamin deficiency [149]. This is due to lack of vitamin intake or due to the fact that the
food restriction caused thyroid hormone abnormalities which impede the metabolism
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of riboflavin [160]. This is an important phenomenon that nutritionists must take into
consideration [149]. Osteopenia is a common complication of the disease, intake of vitamin
D and calcium are important, and even with the patient’s recovery a lower bone density
and a deficiency in bone minerals can still be present [161].

Nutritional education is extremely important in the treatment of AN, since its aim is
to modify the eating behaviors to transform them into more healthy patterns [162]. The
appropriate education could lead patients to develop skills that allow them to choose
healthy foods and maintain a positive attitude [139,163]. Nutritional education has several
objectives, among which are: to improve the behavior and relationship with food, reach an
adequate number of meals a day, improve the energy intake of micro and macro nutrients,
improve the alimentary pattern to achieve the recommended intake of the basic food groups,
and to clarify myths and errors obtained as a result of inadequate information sources.

Patients suffering from this disorder usually have a deep understanding of the caloric
content of every food, but they do not have any nutritional knowledge, which will help
them improve their health, once the fear of gaining weight is overcome. Patients are usually
misinformed about which foods are healthy and unhealthy, and their information often
comes from nonscientific sources and creates fear and confusion [135,164]. This is why
nutritional counseling is so important, and it should focus on controlling these abnormal
behaviors around food and body weight to avoid any future relapse [143,165]. This can only
be achieved by making the patients aware of the problem and instructing them about the
benefits of changing these patterns [166]. Other activities like preparing meals or grocery
shopping can also play an important role in the patient’s recovery and in establishing
a good relationship between the patient and food [149]. Nutritional education plays an
exclusive role in the overall treatment of AN [149] and should be given by dieticians that
have extensive knowledge of eating disorders. It is important to take into consideration
that changes generated by the education in nutrition are nonlinear, meaning that patients
usually experience setbacks for different reasons and need to start over [135].

4.2. Physical Activity Interventions

The relationship between physical activity and anorexia is paradoxical because it has
been associated with negative and symptomatic effects on the health of anorexia patients,
or more recently, structured and supervised exercise has been proposed as coadjutant ther-
apy in patients with anorexia because it might improve eating disorder symptomatology,
strength and muscle function and vital signs [167]. On the one hand, excessive physical
activity has been identified in around 80% of patients with anorexia as a tool to produce a
greater daily energy cost and weight loss and to influence their body shape [168-170]. In
addition, as exercise has demonstrated its effect on negative affective states such as stress,
depression or anxiety, patients with anorexia used excessive exercising as a strategy to alle-
viate the aforementioned emotional, mood, behavior and other eating disorder symptoms
(e.g., body dissatisfaction, weight preoccupation) [171]. Moreover, physical activity and
exercise are linked to increased endorphin levels which produce euphoric and analgesic
feelings, creating a relaxed psychological state and playing a key role in addiction [172].
For these reasons, excessive exercise has been associated with a negative impact on clinical
outcomes (e.g., muscle mass decrement, osteoporosis, electrolytic imbalance) and poorer
quality of life [168,173], increasing physical complications and dropouts during the treat-
ment and the risk of relapses [167]. Therefore, physical activity should be programmed
and well controlled during the different phases of the pathology because compulsive and
non-supervised exercise during the acute phase and during the hospitalization phase of
the disorder can affect the therapeutic targets [174].

On the other hand, current evidence does not report adverse effects of supervised exer-
cise interventions on weight loss and other clinical outcomes in patients with anorexia [167].
This finding is also supported by a previous systematic review on the topic [140] that found
that supervised exercise training did not modify body composition (body fat, body weight
and body mass index) but can have benefits in strength and psychological outcomes in
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patients with anorexia, concluding that supervised exercise training programs are safe and
must be included in the treatment therapies of this eating disorder. Another systematic
review [167] corroborates previous affirmations, suggesting the inclusion of a supervised
physical exercise program as a coadjutant therapy during the usual treatment of anorexia
may produce a positive impact on symptomatology. Specifically, supervised strength
training may be a promising tool in the treatment of patients with anorexia. Previous
studies showed beneficial effects of resistance training on muscle mass and strength values
in patients with anorexia [85] which are two outcomes that are clearly related to the risk
of mortality, other comorbidities and quality of life [175-177]. Moreover, the inclusion
of two training session of 20 jumps daily [178] promoted health benefits in vital signs in
patients with anorexia. Interestingly, aerobic exercise and flexibility has been also used as
adjunctive therapy in anorexia treatment [179,180] reporting no negative effects on weight
gain. In this way, yoga has been proposed as a tool to produce benefits in symptoms
such as anxiety, depression, or general eating disorders in patients with anorexia [180].
Individualized yoga treatments may reduce global eating disorders psychopathology and
improve body image concerns [181]; yoga has been proposed by experts as an adjunctive
therapy that should be included in future guidelines for anorexia treatment, in order to
manage symptoms of anorexia (anxiety, depression or excess of exercise) [182]. There-
fore, although substantial evidence supports the implementation of supervised exercise
programs to treat anorexia [85,140,141,183,184], knowledge of the exercise characteristics
(frequency, duration, intensity, type of exercise) to obtain an optimized program is scarce
and further research is required. Regarding the aforementioned exercise characteristics,
some remarkable aspects have been analyzed in recent studies. For example, the effect of
high-intensity training on anorexia treatment has been explored in a previous study [141]
and it has been associated with a better nutritional status. This previous study adapted
the exercise intensity to the patient’s clinical status and the exercise program was indi-
vidualized and continuously monitored during the rehabilitation process. Furthermore,
it has been previously suggested that the calorie intake needs to be adjusted in patients
that perform physical activity or exercise [85,183]. Therefore, the individualization of the
supervised exercise program based on strength and flexibility exercises may determine the
effectiveness of the intervention.

4.3. Psychological Interventions

The disorders found in the classification of Eating Disorders according to the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-5) are very complex pathologies,
which have multifactorial etiology and mainly affect young people between the ages of
12 and 25 years. However, although there is currently a higher tendency of appearing at
younger ages and at older ages, and entering the adult stage. Regarding the prevalence
of these disorders, it is estimated that approximately 4.2% of young people between 12
and 24 years of age have an eating disorder, approximately 3% have unspecified disorders,
almost 1% have bulimia and 0.3-0.5% have anorexia [185]. On a general level, it is estimated
that more than 3 million people a year have their health significantly worsened by these
disorders, which increases the number of people who must live with some kind of disability
due to poor nutrition [186,187].

In terms of comorbidity, the most frequently associated disorder is depressive disorder,
showing up to 24% in cases of anorexia, and 65% in cases of bulimia and binge eating
disorder. As for anxiety, we found that at least 10% present depressive symptomatology
in AN, and between 45 to 50% in the case of BN and binge eating disorders [18,188].
The clinical manifestations of the most common disorders, anorexia and bulimia and
binge eating disorder are different, although they present as a nuclear symptom the fear
of having a weight above that which the person has idealized [189]. Associated with
these symptoms we also find an irrational fear of gaining weight, body dysmorphia and
comorbidity with other serious disorders such as anxiety, depression, substance use or
personality disorders [190]. Recent studies along these lines also show a predisposition for
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these patients to present self-injurious behaviors and suicide attempts, which is an element
that causes these disorders to have a high mortality rate. Suicide is the second leading cause
of death in these disorders, after medical problems associated with malnutrition [191].

It is known that there are some risk factors that can function as precipitators of the
onset of the disease. Likewise, these factors can explain the maintenance of the pathology
and the difficulty in recovery [192]. Among the most frequent in the psychological and
cognitive area we find low self-esteem, the previous presence of mood disorders, as well as
some more physiological elements that are associated with the body changes that occur
during adolescence and that can confuse the person and determine a high dissatisfaction
with his or her physical image. Social factors often include the presence of different family
and educational problems and rigid mental schemes in relation to body image and success
patterns that include beauty ideals [193,194].

In this sense, the emergence of the SARS-CoV-2 pandemic in 2019 posed a great
challenge for these patients, since those elements precipitating the disease were aggravated
in a highly restrictive environment, increasing levels of anxiety, stress, and depressive
symptomatology, at the same time as a significant decrease in quality of life [195]. All this
led the population to reduce social contact and thus increase isolation, the perception of
loneliness and concern about how to cope with an exceptional situation. In addition to
this, health care was blocked worldwide due to the massive contagion and the growing
number of deaths, which left mental health care, among others, in second place, with the
interruption of assistance to these patients who did not have alternative ways to adequately
address the symptoms associated with the pathology presented [196,197].

The treatment of eating disorders should be approached from different areas and
using the resources best suited to the individual situation of each patient, which will be
determined according to the level of severity of the disease and the determining factors
that are favoring the presence of this pathology [198]. Therefore, the approach must always
be multidisciplinary, involving the joint work of the psychiatrist, the endocrinologist, the
nurse, the nutrition specialist, and the psychologist [66].

From a psychological perspective, the most widely used therapy now is cognitive-
behavioral therapy, as it has shown the most empirical evidence in the last decades and
because it has numerous studies that support it [199]. In addition, it is a therapy that will
allow the mental health professional to establish the principles that support the disease,
such as cognitive schemas, distortions about body image, food, and weight [200]. Once
these bases are established and the patient’s functioning is identified, cognitive restruc-
turing and exposure therapies can be applied to those irrational ideas and fears that are
underpinning the pathology [201,202]. In addition, this therapy is useful in disorders that
frequently occur along with anorexia, bulimia or binge eating disorder, such as depressive
symptoms, obsessive symptoms, anxiogenic symptoms, personality disorders and even
some organic syndromes.

Once the main treatment objectives have been established, it is essential that a good
definition is obtained of the patient’s clinical history and the relationships that have been
developing with food, such as restrictive or purgative behaviors, compensatory behaviors
such as excessive physical exercise, and other mechanisms that the patient may have
acquired to avoid food. This will allow joint action by health professionals to address
recovery [203].

Cognitive behavioral therapy will implement tools aimed at cognitive restructuring to
enable the patient to modify those mental schemas that have become maladaptive and have
become part of the person’s reality [204]. The objectives include making the patient aware
again of the dysfunctional patterns of restriction, compensation and cognitive inflexibility
derived from rigid thoughts and ideas regarding food [205]. This is aimed at improving
self-image perception, self-concept and ultimately improving self-esteem, as well as an
adequate determination of the feelings and thoughts associated with body image [206].

All this should be done progressively, setting milestones that the patient can achieve
little by little. Techniques are used to encourage self-control during mealtimes, as well as
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techniques to increase motivation to change [207]. In addition, it will always be considered
that the patient must be prepared for possible relapses, so it is important that they are part
of the recovery process and must be prepared to face these moments [208].

Although this therapy is the most effective, not all patients respond as expected, and
therefore there are other psychological treatment choices that can be implemented [209].
Among the most widely used, we find schema-focused therapy, the basis of which is to
address those dysfunctional schemas that have been created in early stages and that may
be resistant and therefore perpetuate the acquired habits [210]. This therapy unifies several
psychological models and is based precisely on addressing those cognitive schemas that
are sensitive to change and their motive in each person [211].

On the other hand, we find cognitive behavioral therapy focused on appetite, which
is based on the analysis of food from the organic point of view, teaching the patient to
listen to the signals that the body sends at every moment, both hunger and satiety, so
that the person can be able to recognize and ignore the wrong signals in relation to eating
behavior [142,212].

Acceptance and commitment therapy (ACT) is showing great empirical evidence in
the treatment of these disorders, and is oriented to satisfaction with body image [213].
This therapy currently maintains the great support of the scientific community because
it focuses on those behaviors that are valuable for the person, understands and collects
the suffering as an inherent part of the human being, addresses relapses as an essential
path in the healing process and emphasizes the importance of personal values individually,
since these values will be part of the behavior that the patient will implement during the
therapeutic process [214]. This therapy is not oriented to the elimination of disruptive
thoughts but gives importance to the patient’s flexibility to accept them without a negative
emotional bond [215].

In any case, psychological treatment in these disorders is fundamental, since the
person needs to be aware of the patterns, ideas and thoughts that are maintaining the
disease and that must be modified for recovery to be possible.

4.4. Psychosocial Interventions

These disorders have experienced a significant diagnostic increase in recent decades
associated with the extreme preoccupation with thinness and body weight. It is very
interesting to see how the incidence of these disorders is centered in industrialized soci-
eties where aesthetic stereotypes are determinant. In the last twenty years, the incidence
and prevalence have accelerated in Western countries, with practically no appearance in
underdeveloped societies [186].

Psychosocial factors are determinant in the genesis of eating disorders (ED), as they
contribute to the maintenance of the pathology and also to the increase in its appearance
in recent decades [216]. Among the most important we find an increase in the perception
of an ideal body image as a basis for success in society, and the loss of other cultural and
moral elements, changes in eating habits and a lack of commitment to the family. The
latter seems to be a fundamental element since the affected person must find in his or her
family environment a safe and reliable communication space, which allows dialogue and
the intervention of the family as a protective and unconditional support factor [217].

Regarding psychosocial intervention, we are referring to the actions to be implemented
to prevent or reduce the occurrence of eating disorders. That is why we work in different
stages, the first being the most important; the prevention stage [218]. The second level of
action is applied when the pathology is already present and focuses on the identification of
symptoms and signs that may be favoring the maintenance. The third level in this type of
intervention focuses on preventing relapse when the patient has achieved partial or total
recovery and avoiding the appearance of other associated organic pathologies that may
increase the risk of mortality [219].
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Therefore, the first level is the most important and must be approached from different
points of view, including schools, the media, fashions, nutrition and other aspects such as
physical activity [220].

The perception of body image is a key factor in these pathologies. In today’s societies
this aspect is overvalued and is informed by the media with a vision of the perfection
of the slim body [221]. The cult of slim, beautiful women and men is promoted, and is
accompanied by attractive messages about health and the improvement of well-being, the
achievement of success in the workplace and in the social and personal spheres. As for
food products, those that help to reduce or control weight are advertised with the idea
that the person who consumes them will improve their quality of life and their position
in society. Studies along these lines show the harmful effect of this type of advertising on
populations vulnerable to these pathologies, such as young adolescents [222].

It is therefore essential to control advertising, intervene in advertisements that defend
the beneficial properties of consuming products that help to reduce weight or not to put
on weight. It is necessary to modify the message and the image models used so that the
information reaching society is not based on the idea that thinness is synonymous with
happiness and success [223].

The acquisition of adequate nutritional habits is the strategy followed in the psychoso-
cial intervention of eating disorders. It is important that these people learn to maintain a
healthy diet, which favors education and food awareness [224]. Work is done by educa-
tion on the products that are supposedly fattening and that become forbidden food [144].
This type of behavior is usually the antecedent of a disorder since foods are restricted or
begin with the realization of compensation behaviors before the impossibility of not eating
them [224]. That is why it is important that prevention is approached with the learning of
healthy eating behaviors, but which are not restrictive or impossible to maintain, which
can be diets that can be modified over time and adapted to everyone and their personal
situation [225].

An additional issue to be addressed is the facilitation of strategies to deal with new
trends or fashions that have a direct impact on the groups at risk of these disorders. The
models that take hold as prototypes of styles that are called harmonious, do not have to be
valid for all people [226]. However, the tendency of younger people is to follow this fashion
even if it does not fit their body measurements. This causes suffering and frustration and
can be a precursor to risky eating behaviors [227,228]. This is why it is important to train
young people in coping skills in the face of the amount of information related to the new
fashions that are appearing. Studies along these lines show the negative impact of fashion
standards on young people and how the lack of coping skills leads to negative thoughts
about self-image and self-concept [229].

Psychosocial intervention strategies should be applied mainly when risk factors are
identified during adolescence. We know that these factors are essential for the appearance
of the core symptoms of eating disorders, and among the most important, the following
should be noted as determinants: the existence of some type of abuse during childhood,
family presence of eating disorders or obesity, family presence of personality, mood or other
mental disorders, rigid nutritional habits, body dysmorphia or dissatisfaction with self-
image, the presence of excessive physical activity routines, low self-esteem. A systematic
review by Linardon et al. (2019) showed that the identification of these elements is essential
for a correct multidisciplinary intervention [230].

An early recognition of any of these factors associated with changes in eating routines
will allow the application of an intervention that addresses the most dysfunctional aspects
and is supported in the environments where there may be more affectation, such as the
family, school, or work [144,231]. Although the first therapeutic objective will always be
for the patient to regain his or her ideal weight, the psychosocial intervention should be
oriented towards the restoration of healthy habits to avoid relapses, since these are a poor
prognostic element in the course of the disease [232].
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4.5. Physical Therapy Interventions

It is recommended a multicomponent intervention program for the treatment of
anorexia [146], where physiotherapy could collaborate in the treatment of the distorted
body experience by therapies focused on behavior, attitudes and perception [233]. Moreover,
physical therapy can also contribute to the observed excessive use of physical activity but
this topic has been explained previously. To successfully accomplish these therapy targets
in patients with anorexia, physiotherapy has a wide range of therapeutic techniques. They
can be applied in a group or in an individual manner.

Among these possible techniques, postural exercises are recommended to be included
in the treatment because a relationship exists between the duration and severity of the
eating disorder and the possibility of reporting lower back pain [234]. In this way, patients
with prolonged anorexia present postural disorders mainly due to the low muscle tone and
weakness that promote posture compensations (e.g., scoliosis) and lower back pain [235].
Therefore, the inclusion of strength exercises, mainly core exercises, and postural control
and stability tasks can produce a greater tone in the hypotonic muscles, reducing postural
abnormalities and also increasing self-esteem. Moreover, to normalize the tone of hyper-
tonic muscles, the physiotherapeutic treatment of anorexia includes stretching exercises.
Previous evidence supports the effectiveness of these low intensity exercises [236], showing
improvement of health markers and quality of life without negatively impacting weight or
body mass index recovery after the exercise program. Moreover, a recent study found simi-
lar findings using a combination of stretching and resistance exercise where the stretching
exercise of the major muscles were performed at the end of the training session [237].

Additionally, in the treatment of patients with anorexia, massage has demonstrated
its effectiveness in attenuating many of the symptoms associated with the eating disor-
der. Specifically, massage reduces stress and anxiety levels and decreases stress hormones
(cortisol) [146]. Moreover, massage decreases the level of body dissatisfaction [235]. The
main mechanisms that explain the positive effects of massage are linked with the greater
parasympathetic arousal due to the catecholamines and cortisol decrement after the mas-
sage [238], the increase in vagal tone and the higher promotion of serotonin and dopamine
which can improve mood state [239]. The techniques recommended include passive mobi-
lization of limbs and legs, patting, subtle touching and kneading to increase the relaxing
feeling [235]. In addition, relaxing and activating back or leg massage is suggested as the
most common massage approach for patients with anorexia [235].

Regarding, relaxing feelings, relaxation exercises and also acupuncture are recom-
mended to treat anorexia symptoms because they reduce anxiety and stress (perceived
and cortisol) [147,240]. Among the different techniques which have been demonstrated in
their effectiveness in patients with eating disorders (i.e., Jacobson’s progressive relaxation,
biofeedback, autogenic training, yoga and mindfulness) [180,235,241,242], the physiother-
apist should choose the most relevant method according to the patient’s phase, severity
and characteristics within the disorder. The relaxion exercises may be combined with
breathing exercises in order to reduce breath frequency with a concomitant increment in
the amplitude of abdominal respiration and lengthening of the duration of the expiration
phase [235]. These breathing exercises improve breath control and the self-perception of
the body by the patient [235] improving anorexia symptomatology.

On the other hand, a disturbed body image promotes severe dietary restriction,
weight loss behaviors and also plays a key role in the initiation, persistence and relapse of
anorexia [243]. For this reason, some physiotherapy is aimed at self-perception and it must
be included in the treatment in combination with other health professionals. For example,
mirror exercises, estimation techniques or sensory awareness training have demonstrated
their effectiveness as adjunctive intervention to build self-awareness and improved body
image distortion [235].

Summarizing, anorexia treatment must be approached from a multidisciplinary point
of view where physical therapy and adjunctive therapy may include massage, postural
exercises, stretching, breathing and relaxation exercises and other self-perception therapies
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amongst others. The individualization of the targets of the physical therapy according to
the patients characterization and eating disorder severity and course is an essential point.

5. Practical Applications
As the main practical application of the present study, we can highlight:

- Understanding the individual profile that characterizes each anorexia patient may
help in providing a more effective treatment and preventive strategies.

- Family support and involvement during the treatment of anorexia patients can have a
positive impact on the outcome.

- Managing the relationship between the patient and social media will help avoid
setbacks in the treatment and avoid any body image influence during and after
the treatment.

- Eating disorders might be linked to mutations in the transcription factor ESRR o
and the transcriptional repressor histone deacetylase 4 (HDAC4). Even so, studies
have not proven the relationship between a specific gene and the development of
eating disorders.

- Adietrich in fiber can improve the diversity of the gut microbiome which is linked to
weight gain.

- Controlled and supervised physical exercise could help improve the composition of
the intestinal microbiota and improve eating disorder symptomatology. It should be
included in the patient’s treatment plan.

- An analysis of the intestinal microbiota in patients with AN could be useful for
nutritional rehabilitation.

- Oral care should be included in the treatment of patients with AN, since they have a
higher risk of developing gingival and dental disease.

- A healthy mouth and smile could help improve the low self-esteem that patients with
AN usually present with.

- Agood clinic history and physical examination are crucial in treating patients with AN.

- The rate of weight gain and energy requirements should be calculated individually
for each patient.

- Nutritional education is a key aspect in treating patients with this disorder.

- Each patient needs an individualized nutritional plan.

- AN can be accompanied by other psychological disorders, depression being the most
common one.

- The most used psychological therapy for patients with AN is cognitive behavioral therapy.

- Physical therapy can help ease back pain or increase the tone of hypotonic muscles.

- Massages can help decrease anxiety and stress, promoting relaxation.

6. Conclusions

AN is a psychiatric illness with an unknown etiology where individuals are disturbed
by their weight and body shape, without recognizing the graveness of their low weight.
The initial consequence of AN is decreased caloric and nutrient intake. With this deficit and
malnutrition, disorders appear in different organ systems. Muscles, bones, gut microbiota,
as well as the patient’s oral health are seriously affected by this disease. Understanding the
profile that characterizes anorexia patients may increase the likelihood of providing more
effective treatments and preventive strategies. Family based interventions have proven
to be a valuable tool, particularly for children and adolescents, demonstrating promising
outcomes in the treatment and recovery of anorexia. Understanding the correlation between
social media usage and self-esteem in relation to eating disorders is essential for advancing
prevention efforts. Providing a comprehensive clinical history and conducting a thorough
physical examination are essential when treating patients with AN. Nutritional education
is a fundamental aspect and needs to be a part of all AN treatments. It is recommended to
allow the patients to practice physical exercise which can also include massages, as long as
this is controlled and supervised.
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In conclusion, an individualized treatment for each patient with a multidisciplinary
approach is necessary when treating patients with AN. Without the collective work in all of
these areas, none of the treatments will be successful.
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Abstract: Individuals with eating disorders (EDs) often encounter challenges related to body image,
emotional, and sensory difficulties during nutritional rehabilitation. To address these challenges,
a novel technology-enabled smart toy, Purrble, designed for immediate assistance in emotion reg-
ulation, is being explored. A mixed-method approach involving workshops, diaries, and focus
groups was employed to examine the feasibility of Purrble as a therapeutic tool and its impact on
participants’ daily routines, sensory experiences, and emotional states. The study results demonstrate
the engagement and acceptability of this device. Qualitative analysis revealed that participants
independently used and integrated Purrble into their emotional and sensory regulation practices.
These pilot results support the potential for a shift in the delivery of adjunct therapeutic tools through
technology, particularly for ED patients with complex presentations. Future research is necessary to
further explore the psychological benefits of this intervention.

Keywords: eating disorders; anorexia nervosa; autism; emotion regulation; sensory sensitivity;
technology-enabled interventions

1. Introduction

Eating disorders (EDs) are complex conditions that impact an individual’s psycho-
logical and physiological well-being. Often compounded by a range of comorbid condi-
tions, EDs significantly influence both clinical practice and the quality of life for those
affected [1,2]. A noteworthy comorbidity is that between EDs and the autism spectrum
condition (henceforth ‘autism’, as preferred by the autistic community) [3], presenting
unique challenges in daily routines for those undergoing treatment. This is particularly
evident in the realm of sensory disturbances and difficulties in emotion regulation (ER) [4-7].

Research indicates a relationship between sensory processing and eating behaviors.
Individuals with autism as well as with ED may exhibit heightened sensitivities in sensory
domains such as smell, taste, vision, and texture [8-15]. This heightened sensitivity can be
exacerbated in comorbid cases with ED and autism and can result in difficulties adapting
to a treatment setting and the active avoidance of specific foods [16].

Emotion regulation capacity is also considered a crucial aspect of ED management.
Challenges in recognizing, identifying and expressing emotions, which are exaggerated in
the context of comorbid autism, can exacerbate the complexities of EDs [17-22]. Sensory
disturbances, such as difficulties in interpreting and tolerating sensations, further influence
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emotion regulation. This is particularly relevant in EDs, where misinterpretation of bodily
signals can lead to inappropriate emotional responses [23].

Consequently, for people with EDs, it may be beneficial to provide adjunct therapeutic
interventions that specifically target ER, as well as sensory sensitivities. Accordingly, there
is an expanding scope of research focused on exploring creative and innovative methods
to augment talking therapies with evidence-based adjunct interventions [24]. In the novel
clinical pathway for EDs and autism, known as PEACE (Pathway for Eating Disorders and
Autism developed from Clinical Experience), these avenues are being explored (see [25] for
details of this pathway). Within PEACE, adjustments have been made to the clinical envi-
ronment, communication, and clinical practices to support patients’ sensory and emotional
needs. This includes the development of psychoeducational materials and experiential
activities aimed at enhancing sensory well-being [26,27]. Additionally, a sensory workshop
has been developed to assist patients in creating a soothing sensory toolkit, which has been
proven to be beneficial for patients [27,28]. It is worth mentioning that these adjunct inter-
ventions can benefit not only individuals with comorbid EDs or autism but every patient
with an ED. The recognition of the need for additional activities and enhanced collaboration
across clinical services has led to the acknowledgment that further development in these
areas is essential. In response, our approach involved developing existing adjunct tools,
such as the sensory well-being workshop, with the introduction of a technology-enabled
tool—a socially assistive robot known as Purrble [29,30].

Purrble’s design is theoretically grounded in Gross” extended process model of ER [31].
It specifically targets two distinct stages: (a) the attentional deployment stage, by redirecting
the user’s focus away from the emotion-eliciting situation towards interaction with the
device; and (b) the response modulation stage, by promoting downregulation through
pleasant tactile interaction [32].

The soothing effects of interacting with Purrble are further heightened due to the
device being modeled on human-animal interactions. Research in various domains sug-
gests that tactile stimulation is an adaptive strategy for modulating stress responses. This
mechanism is thought to be key in the emotion-regulating effects of human-animal inter-
actions [33]. It is also hypothesized to play a role in “social touch’ [34] and in the calming
benefits of animal-like robots [35]. Moreover, the effectiveness of human—animal interac-
tions in promoting soothing and emotion regulation is further evidenced by animal-assisted
therapies. These therapies have been recognized for addressing a variety of psychological
needs, as indicated in several studies [36—40].

There is a growing body of research suggesting that Purrble can offer significant
benefits by improving ER in young people [29,32,41] and in highly anxious university
students [42]. Although there is emerging evidence suggesting that Purrble could support
ER across the lifespan, its use in mental health clinical settings, particularly in the context
of EDs, has not yet been explored.

The primary aim of this pilot study is to investigate (a) the level of engagement and
acceptability of Purrble within intensive treatment programs for EDs and (b) the exploration
of the perceived impact of this device on participants’ sensory and emotional well-being.

2. Materials and Methods
2.1. Participants

Participants in the study included adult and young patients with a confirmed DSM-
5 [43] diagnosis of an ED (made by lead clinicians). All participants were recruited from
ED services at the South London and Maudsley NHS Foundation Trust (SLaM) for young
persons and adults. Anonymous feedback from participants was collected as part of routine
clinical practice. The data generated for this study were approved by the SLaM Child and
Adolescent Mental Health (CAMHS) Service Evaluation and Audit Committee (328) and
by the SLaM Clinical Governance and Audit Committee (032019).
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2.2. Intervention

Purrble is a compact, affordable sensory device shaped like a plush animal (Figure 1)
designed to provide in-the-moment ER support in daily life [29,41]. The device is conceptu-
alized as a creature that experiences anxiety, requiring care and comfort when agitated. Its
emotional state is conveyed through a simulated heartbeat, created by inbuilt electronics
that generate vibrations ranging from frantic and anxious to slow and calm. The toy’s heart-
beat starts off fast and can be calmed through stroking, denoting a state of relaxation. While
the calming process generally takes less than a minute, the duration can vary depending
on the user’s interaction with the device.

Figure 1. Intervention tool—Purrble.

Due to its sensory characteristics, including its soft and cuddly design, neutral colors,
and gentle sensory feedback, such as soft vibrations and purring sounds, as well as its com-
pact and portable size, Purrble showed promise as an addition to patients’ sensory toolkits.
It can be used both in clinical settings and various other environments. Furthermore,
this intervention is designed to require minimal clinical effort while offering additional
therapeutic support and facilitating seamless integration across various clinical services.

2.3. Procedure

The study involved three stages: (1) a sensory wellbeing workshop (a single session)
and Purrble distribution; (2) 10-day interaction period with the device; and (3) post-
experience focus group.

Sensory well-being workshop and distribution of Purrble: Participants attended a
one-hour session aimed to enhance their understanding of the sensory system and its
role in self-regulation. It also provided strategies to improve sensory well-being and
equipped participants with the tools and language to communicate their sensory needs.
The workshop included a do-it-yourself (DIY) activity, where participants created a sensory
item, such as a glitter jar or scented hand cream. The workshop was led by two or three
facilitators and the first author. Details of the workshop’s procedure and protocol are
available in the pilot evaluation [27,28]. At the conclusion of the workshop, the smart toy
Purrble was introduced to the participants as a sensory tool. It was provided without
explicit training in emotion regulation and distributed to each participant for personal use.

Ten-Day Interaction with Purrble Documented Through Diary Recording: Post-
workshop, participants engaged with Purrble for a period of 10 days. They documented
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their daily interactions in a specially designed diary (see Supplementary Material Diary
Template S1). This diary gauged the frequency of device use, its perceived benefits on
emotional state improvement, and sensory sensitivity. Participants rated their experiences
daily using a 10-point visual analogue scale. The diary also included a section detailing
specific contexts or situations in which Purrble was used. Additionally, it featured an area
for open-ended feedback, allowing participants to share reflections on their interactions
with the device.

Focus Group Session: Following the 10-day experience, participants were invited to a
focus group session to share their experiences. The discussion was also aimed at exploring
any concerns, suggesting modifications, and discussing participants’ future intentions
regarding the use of Purrble. The focus group, lasting 45 min, was facilitated by the first
author and a member of the respective clinical team and audio recorded for analysis.

2.4. Analysis

Focus group recordings were transcribed verbatim by DC. Transcripts were read and
re-read by authors DC and ZL to ensure thorough familiarization. In parallel, qualitative
content from the participants” 10-day diaries was compiled. An initial set of codes was
generated by DC, based on the content of the transcripts, and it was evaluated by KT.
The codes were then generated from the data using NVivol4 software. DC conducted
qualitative content analysis [44] to identify potential themes, which were subsequently
reviewed by ZL and KT. This review process involved evaluating how well the themes
encapsulated the coded data and their reflection of the entire dataset. Themes are reported
together with supporting quotes in the Section 3. Quotes from participants are anonymized
using participant numbers (e.g., P1, P2 .. .). Quotes from focus groups are marked with ‘FG’.

In the Section 3, qualitative and quantitative findings are presented together, rather
than separately, with quantitative data presented under relevant themes. This integrated
approach will specifically highlight themes related to the usage patterns of the device and
its perceived impact on ER and sensory sensitivity.

3. Results

In total, four workshops were conducted from June to September 2023, involving
26 patients across three ED services: inpatient and daycare programs for adults and
the Intensive day Treatment Program (ITP) for young people (cf. [45] for programme
details). The number of participants in each workshop ranged from 3 to 10. However, five
participants (19.23%) did not return their diaries and were absent from the focus group. The
reasons for non-participation among the five excluded participants varied. Three required
admissions to a different ward due to worsening conditions, including self-harm and
suicidal thoughts. One temporarily left London for vacation, and one chose to discontinue
participation due to discomfort with Purrble, reminiscent of a negative experience with
a similar toy. Clinical characteristics varied among these participants, with two having
comorbid depression, one with comorbid anxiety, one with autism, and one participant
having no comorbidities. Individuals who did not return diaries were excluded from the
analysis, leaving a total of 21 cases.

Table 1 summarizes the participant demographics. The majority of the participants
(n = 20) were female, with one individual identifying as non-binary. The mean age of
participants was 21.9 years, with an age range of 13 to 37 years. The predominant ethnic
background in the study was White British (1 = 16), from other ethnic backgrounds (1 = 5).
Approximately 52.38% (n = 11) of the participants had a comorbid condition, and 38.1%
(n = 8) had either a formal diagnosis of autism or high autistic traits, as assessed by the
clinical team.
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Table 1. Summary of Participants’ Health and Demographic Characteristics.

Variables n=21
Age, mean (SD) 21.9(7.4)
Gender, female 1 (%) 20 (95.2%)
Ethnicity, n (%)
White British 16 (76.2%)
White Other 1(4.8%)
Black British 1(4.8%)
Asian 1(4.8%)
Mixed 2 (9.5%)
Diagnosis, 1 (%)
AN restrictive subtype 17 (80.9%)
AN binge-purge subtype 3 (14.3%)
AN atypical 1 (4.8%)
Duration of ED in years, mean (SD) 48(5.2)
Missing, 1 (%) 4 (19%)
BMI on admission, mean (SD) 15.85 (2.95)
Comorbidity, 1 (%)
EUPD 2 (9.5%)
Autism (including trait and diagnosis) 8 (38.1%)
MDD 1(4.8%)

Abbreviations: AN—Anorexia Nervosa; ED—Eating Disorder; BMI—Body Mass Index; EUPD—Emotionally
Unstable Personality Disorder; MDD—Major Depressive Disorder; SD—Standard Deviation.

On average, participants interacted with Purrble approximately 25 times over the
10-day period. While a rating scale was initially provided, the majority of participants chose
to directly report the number of interactions with Purrble, and we estimated the daily usage
based on the latter. The trend in their daily usage of Purrble and self-reported improvement
in emotional state and sensory sensitivity over the 10-day period is reported in Figure 2.
Four themes arose from participants’ qualitative feedback in diaries and focus groups,
including the following: (1) engagement and relationship dynamics; (2) acceptability
and ubiquity in daily activities; (3) anxiety, distress, and discomfort management; and
(4) sensory tuning.

Variables
== Purrble usage
0, Emotional improvement
" * * Sensory improvement

Mean

Day

Figure 2. Trends in Purrble usage, emotional, and sensory improvements over 10-day experience.
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3.1. Engagement and Relationship Dynamics

This theme focuses on the dynamics of participant engagement with the intervention
device. It explores the evolving nature of engagement with Purrble and the developing
dynamics of the relationship between participants and the device. Additionally, this section
investigates themes such as empathetic engagement, bonding, and perceived responsibility.

Figure 2 shows that overall, participants’ engagement with Purrble was consistent
over the 10-day period. Qualitative analysis of diary entries and focus group discussions
further identified that engagement evolved from curiosity into more focused and targeted
interactions, particularly during moments requiring significant emotional support:

Iwas probably using Purrble more at the beginning, but I think that was more exploratory
at the start. And then, as the days went on, it shifted to more acute situations where I felt,
‘Okay, I really need to calm down’. [FG]

Some days I used it more often than others, like when I encountered a stressful situation.
[FG]

The interactions between participants and Purrble illustrate an evolving, empathetic
relationship characterized by sentiments of responsibility, caregiving, and mutual emotional
regulation. This dynamic extended beyond mere functional use, as participants perceived
Purrble as an emotionally responsive companion. For example, participant 20 expressed a
sense of caregiving responsibility:

I sometimes feel like I have responsibility to look after it. [P20]

Further, participant 8 described a shared emotional state with Purrble, finding intrinsic
calmness in soothing the toy:

The only thing was that when Purrble’s heart rate increased, it made me feel quite anxious
as if my toy was anxious. However, when it was calm, I fell into a rhythm of soothing it
when it purred, and that was calming. [P8]

The depth of the bond between participants and Purrble is perhaps most poignantly
illustrated in the creative expressions of the participants themselves. Participant 6 expressed
their relationship with Purrble through a poem, reflecting the emotional connection and
significance Purrble had during the experience. The poem reads as follows:

I love my Purrble. His name is Arlo.
Now he comes everywhere I go.

I hold him close before a meal,

I love his softness I can feel.

First his sound and feel gave me joy,
Now just sitting next to me,

He is more than just a toy. [P6]

Despite participants gravitating towards this growing bond, it is important to acknowl-
edge that not all perceived the empathetic relationship as beneficial. P18 voiced concerns
about the potential emotional burden:

It felt like you kind of had to look after another person, and sometimes you don’t feel like
you can’t even look after yourself. [P18]

3.2. Acceptability and Ubiquity in Daily Activities

Through the analysis it emerged that Purrble was seamlessly incorporated into the
participants’ everyday practices, both at home and on the ward/in clinic. Its presence in
frequently used areas, such as living rooms and bedrooms, emerged as a consistent theme.
For instance, a focus group participant mentioned, ‘I generally used Purrble when I was in the
living room, either watching TV or engaged in other activities. It was usually there on the couch,
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close by me’. This sentiment was echoed by another participant who remarked, ‘Purrble
has been a constant presence in my living room’ [FG], highlighting its pervasive role in their
living spaces.

Additionally, participants highlighted Purrble’s role as a portable companion, provid-
ing support in various settings. This included scenarios such as ‘walking around the house’
[FG] and ... using Purrble in the car while traveling’ [FG].

The acceptability of the device is further illustrated by its incorporation into various
routine activities such as leisure, study, work, or as a mealtime companion. Participants
mentioned diverse reasons for using the device, including comfort, relaxation and im-
proved concentration.

Purrble served as a companion during leisure activities, such as watching TV, and
played a role in evening calming routines. Its effectiveness in offering companionship and
comfort, especially during evening times, was emphasized:

I normally use Purrble once or twice a day and mainly in the evening more often than
throughout the day. So, especially before bed, it helped me calm down . .. Helping me in
relaxing before going to sleep. [P16]

Focus group discussions further highlighted Purrble’s effectiveness as a sleep aid:

Lalways find it difficult to sleep because my brain constantly races, going round in circles.
Purrble gives me something to focus on, unlike when I focus on the TV, which often leads
to me watching endless episodes of shows. [FG]

In addition to its role in relaxation, participants mentioned Purrble’s benefits in terms
of heightening attentional focus and improving task management. A participant from the
ITP noted its utility during academic activities:

Twas using Purrble when I was doing homework and stuff because I usually get distracted.
So, by having Purrble, it kind of helped me counter that stressful situation because there
was a lot to do. Having Purrble there was like having something to focus on. [FG]

In addition to predominantly home-based activities, other participants reported uti-
lizing Purrble in clinical procedures and during psychological therapies, highlighting
soothing support and facilitating verbalization during discussions of traumatic events:

It [Purrble] had been helpful during therapy. Yeah, kind of like a sensory soothing toolkit
while talking about stuff which is difficult. [FG]

I get really distressed during NG [nasogastric feeding], so I use the Purrble. I mean, I
quite like the fact that the heartbeat slowed down. It didn’t completely calm me down, but
I think it did help. I think my heartbeat was really fast, and I think my heartbeat ended
up slightly matching the heartbeat of the Purrble in a way. [FG]

3.3. Anxiety, Distress and Discomfort Management

This theme, together with those that follow, provides an examination of Purrble’s per-
ceived impact in managing emotionally charged states and addressing sensory-related issues.
One of the most reported psychological states where participants utilized Purrble is
anxiety. They emphasized its immediate use as a response mechanism to anxiety episodes:

A lot of times, it’s still just hanging out when turned off, but then I'd actually seek it out
for anxiety . .. [FG]

Once the anxiety started, I would take Purrble. So, it was usually after the anxiety had
begun. [FG]

For me, it was mainly when I felt anxious, which happens often, especially in the evenings.
During the initial days, I'd just pick Purrble up whenever I felt that way and soothe
myself by stroking him. [FG]

One participant discussed the strategy of keeping Purrble close for immediate access
in case of sudden anxiety:
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There were moments when I felt anxious, and I'd carry it around with me. The location
varied based on whether I was alone in the house or not. If my housemates were home, I
tended to only use Purrble in my bedroom. But when I was on my own, I'd have Purrble
close by, just in case I started to feel anxious and needed immediate access. [FG]

While participants shared experiences of Purrble’s soothing effect in times of anxiety,
some pointed out their need for more active forms of distraction during high-stress moments:

Well, sometimes when I'm more stressed, I think I need more active distractions than just
sitting with Purrble. But, you know, maybe sitting with Purrble wouldve been good. [FG]

When I had a meeting, I was very angry and very distressed, and I just couldn’t. I didn’t
want to soothe or comfort at all, so I was too angry, so I wasn't able to reach out for
Purrble. [FG]

Therefore, some participants, particularly in times of high stress, preferred more
proactive coping strategies and found it challenging to calm down with Purrble.

Purrble demonstrated effectiveness in a variety of situations, including feelings of
loneliness:

When I woke up feeling anxious, Purrble helped me a bit; when I had an argument with
my parents; when I felt sad or lonely; when I just needed comforting; needed something
to distract me when I watched TV or read. When trying to get back to sleep. [P18]

Time spent in the ward can produce a sense of loneliness for inpatient service users.
Participants reported the following;:

When I felt sad or sometimes even empty, I'd turn to him. I remember when I had a dog,
cuddling with him always uplifted my spirits. So, with Purrble, it felt similar, like he’d
cheer me up when I was down. [P7]

I used Purrble when I was feeling sad, lonely, slightly anxious, when I wanted to feel
comforted. [P3]

Participants also highlighted Purrble’s role in managing somatic conditions such as
pain and shaking:

After eating, I usually experience a lot of pain in my stomach. Purrble helped not only
with my anxiety but also by providing a distraction. Just holding him kind of made me
concentrate on him instead of the pain. My stomach gets really painful when I eat, so it
helped to cuddle him against my stomach to take my mind off the pain. [FG]

When I get anxiety, I get really bad shakes in my hands, and I found that just holding
Purrble and feeling its vibrations helped to calm my shakes. [P1]

Mealtime Companion

One common experience was that Purrble helped participants with managing meal-
related stress. An emotionally charged scenario commonly faced by individuals with ED
involves stress and discomfort during mealtimes. Participants reported Purrble’s effective-
ness in these specific contexts, including addressing pre- and post-mealtime challenges, as
well as serving as a companion during meals.

A focus group participant shared their experience using Purrble to manage pre-
mealtime anxiety:

I've mainly used him before mealtimes ... I'm getting used to reaching for him before

a meal, especially as I approach my second mealtime. That’s when I tend to get most

anxious, anticipating what’s to come. [FG]

Participants also reported significant challenges associated with post-mealtime dis-
comfort and diverse emotional states, areas where Purrble provided relief:

Yesterday was the first time that I actually went out to dinner and wasn’t sick afterwards.
By the time we got home, my anxiety was getting worse and worse, to the point where I was
close to having a panic attack. So as soon as I got home, I reached out for Purrble. [FG]
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Yes, I've used it after meals. In fact, that’s probably the most common time I've gone to it.
That’s when I feel the highest level of stress. [FG]

In my experience, it especially helped when I was overwhelmed, stressed, or had a lot of
anxiety after meals. In these situations, it helped to ground me and bring my heart rate
down, hearing and feeling my Purrble’s heart decrease and slow relaxed me and soothed
me until I realized that my heart rate was slow, and I wasn’t really having thoughts, or I
forgot what I was overwhelmed about. [P15]

In some instances, participants incorporated Purrble into their actual mealtime routine:

L use it [Purrble] a lot before meals and sometimes during meals, so like have it next to
me during the meal. [FG]

It was helpful in the dining room to have something with you. [FG]

Participants also reported using the device during intense distress and feeling over-
whelmed by sensory cues during the mealtime. A participant from the Daycare service
provided a vivid scenario of using Purrble in a case of distress and sensory sensitivity:

There was this one day where so much was happening. We were having a challenging
meal . ... Everything came to a head when a glass smashed. I was already cooking and
feeling stressed, and then I knocked the glass over. I was so frustrated. I went upstairs,
took a moment with Purrble, and then came back down. Only after that, I felt ready to
clean up the glass and sort out the kitchen. [FG]

3.4. Sensory Tunning

The sensory characteristics of Purrble, such as its tactile and auditory feedback, played
a significant role in ER. A participant from the focus group reflected on the calming effect
of Purrble’s heartbeat:

I found Purrble’s heartbeat incredibly calming. I knew beforehand that rhythmical things
help ground me, so I expected the heartbeat to have a decent impact on me. But the
softness of it was also comforting. I often cover my face when I'm anxious, and with
Purrble, I found myself doing the same, holding him close to my face because of his soft
texture. It reminded me of the comfort I get from blankets. [FG]

Emotions, with their intensity and character, bring forth varying sensory demands. A
recurrent attribute emphasized by participants concerning Purrble was its lack of squishi-
ness, particularly significant during intense emotional experiences. For example, Partici-
pant 7, during an emotionally challenging clinical procedure (i.e., Naso Gastric Feeding),
expressed a need for tactile engagement:

I realized I felt like I needed to squeeze something ... But I felt like the problem was
you couldn’t squeeze [Purrble], because I felt like if I squeezed it, it would have broken
or something.

To navigate this emotional distress, the participant intuitively combined Purrble with
a dinosaur toy (‘teddy’) to fulfil this sensory need:

What I would do is I would put the Purrble next to my teddy so I could squeeze something
and then feel at the same time. [P7]

Sensory tuning, or the capacity to align with Purrble’s sensory output (i.e., heartbeat),
emerged as a vital aspect for participants. The challenge of synchronizing Purrble’s heart-
beat with their emotional states was both a therapeutic tool and a challenge. P2 accentuated
the importance of personalization in managing the device’s heartbeat:

I found it challenging to lower Purrble’s heartbeat. It would be ideal if there was an option
to adjust settings, like deciding if or when the noises occur or controlling how long it
takes for the heartbeat to slow down. I would prefer a shorter duration for the heartbeat
to decelerate.
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The sense of achievement felt by participants for successfully calming Purrble is
indicative of its therapeutic benefits. This engagement is characterized by a determination
to regulate the toy’s heartbeat, as one participant expressed:

Sometimes it made me quite determined to stop its heartbeat. When it started purring,
then I'd also feel calm. [FG]

4. Discussion

The objective of this study was to investigate the engagement and acceptability of
the socially assistive robot, Purrble, in people with EDs. A key novel aspect of this study
was the introduction of the intervention in a mental health clinical setting for EDs. This
is especially pertinent during the critical phase of nutritional rehabilitation, where the
interplay of emotional regulation and sensory processing is vital in treatment efficacy
and patient responsiveness. The incorporation of Purrble in such settings represents a
progressive intersection of mental health technology and nutritional rehabilitation.

The pilot study’s findings suggest that participant engagement with the device was
consistent throughout the 10-day experiential period. This level of engagement and ac-
ceptance aligns with prior deployments of the device across diverse groups, including
children [29,32] and highly anxious university students [42].

Qualitative analysis further suggests that participant interactions with Purrble de-
veloped into empathetic relationships, characterized by feelings of responsibility and
caregiving. This dynamic is indicative of mechanisms that potentially underpin sustained
engagement with the intervention. For instance, portraying the device as an anxious entity
in need of care seemed to foster a sense of relationship and responsibility towards the
Purrble’s wellbeing, echoing findings from earlier studies involving Purrble [29,32,41].
However, it is crucial to acknowledge that while these relationships predominantly evoked
positive feelings of comfort and care, they sometimes introduced an additional sense of
responsibility. Such complex emotional responses hold particular importance in mental
health clinical settings for patients with comorbid conditions, highlighting the necessity of
a nuanced approach to the psychological effects of these interactions.

Additionally, our findings align with earlier research regarding the integration of
the device in home environments, specifically within leisure and bedroom settings [46].
Uniquely in our study population, the Purrble device was seamlessly incorporated into the
daily routines of participants, even in highly structured environments like ward settings
and therapy sessions. This adaptability within both home and clinical contexts underscores
the flexibility and potential of Purrble as a therapeutic tool in diverse settings and routines.

The patient-reported experiences in this study corroborate the immediate regulatory
effects of the Purrble device evidenced in previous research [29,32,42]. However, our
study’s participant group uniquely articulated a wide range of psychological states and
scenarios in which they employed the intervention. These ranged from somatic symptoms
such as pain and shaking to emotional and cognitive states, including anxiety, stress, panic,
distress, concentration difficulties, overwhelming emotions, sadness, loneliness, anger, and
sensory overload.

A particularly noteworthy application emerged in relation to mealtime routines. Par-
ticipants in our study reported a significant positive impact of Purrble’s ability to provide
sensory grounding and emotional regulation both before and after meals. The presence of
Purrble was also noted to offer comfort and support during meals, a time often fraught
with heightened anxiety for individuals with EDs. This finding underscores the potential
of Purrble as a therapeutic tool not only in managing a broad spectrum of psychological
states but also in specifically addressing the complex emotional and sensory challenges
associated with mealtimes in this patient population.

Our findings support the effectiveness of the human-animal interaction design model
in the context of ER, as hypothesized in a previous study [32]. They further confirm the
calming effects of tactile engagement with animal-like robots [35], as well as the soothing
and emotion-regulation benefits demonstrated by animal-assisted therapies [36-40].
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Consistent with prior research [29,32], participants expressed appreciation for the
sensory characteristics of the device, particularly the calming effects of tactile interaction.
However, some participants highlighted difficulties in synchronizing their heartbeat with
the device’s heartbeat, a challenge that became more pronounced during periods of high
stress. This difficulty in achieving sensory tuning, or attunement, highlights a need for
more customizable sensory features in therapeutic tools or varied sensory properties for
more proactive engagement. These findings resonate with those from previous sensory
well-being workshops [27,28], emphasizing the importance of creating personalized sensory
toolkits. Such tools are essential to effectively address the diverse and specific needs of
patients with EDs, enhancing the efficacy of sensory-based therapeutic interventions.

4.1. Implications

The feedback from participants in this pilot study suggests significant implications
for broader research and clinical applications, particularly in the context of ED treatment
programs. It could be particularly beneficial as a complimentary resource for individuals
on waitlists for ED treatment programs. Given the high demand for specialized care in
this field, patients often face prolonged waiting periods, sometimes exceeding 18 months,
before they can access treatment [47]. This extended wait period highlights the critical need
for innovative interventions bridging the care gap during these crucial waiting periods,
offering immediate support and potentially enhancing long-term treatment outcomes.

4.2. Limitations

While the study offers valuable initial insights, more rigorous, large-scale research
is necessary to ascertain the full extent and strength of these psychological effects. Key
questions remain, particularly regarding the potential for these effects to facilitate long-
term behavioral changes. Additionally, it is yet to be determined whether the reported
effects are substantial enough to effectuate clinically significant changes in emotion-coping
mechanisms and strategies. This highlights the need for further research to explore the
longevity and clinical relevance of implications reported, thereby contributing to a more
comprehensive understanding of the intervention’s impact in the context of mental health
clinical settings and therapeutic practices.

Furthermore, in this pilot study, we have identified two methodological areas for im-
provement in future research. Firstly, our findings revealed a disparity between qualitative
and quantitative data, particularly in terms of participant engagement with the device. To
addpress this, future studies will employ more comprehensive measures to better capture
the subtle changes in user experiences. The second aspect pertains to the diary design
used for reporting interactions with Purrble. Participants opted to report their interactions
directly rather than using the provided rating scale. This preference for direct reporting
over the structured format indicates an opportunity to optimize the diary design for more
user-friendly and accurate data collection in subsequent studies.

5. Conclusions

This study represents the first known investigation into the feasibility of a smart
toy, Purrble, in mental health clinical settings. The exploratory data demonstrated how
the intervention was integrated into the daily routines of participants in both home and
clinical environments. The findings on engagement, acceptability, and qualitative effects are
promising, demonstrating that participants were able to use the device and integrate it into
their practices for regulating emotions and sensory sensitivity. Future research is needed
to build upon these initial findings with larger studies that examine the psychological
efficacy of this intervention. More broadly, pilot study results indicate the potential for
a technology-enabled shift in the delivery of adjunct therapeutic tools, particularly for
addressing the complex needs of patients with comorbid conditions.

151



Nutrients 2024, 16, 467

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu16040467/s1, Diary Template S1: 10-day diary template for
documenting interactions with Purrble.

Author Contributions: Conceptualization, D.C., Z.L., P.S. and K.T.; methodology, D.C., Z.L., P.S. and
K.T,; formal analysis, D.C. and Z.L.; investigation, D.C. and Z.L.; resources, P.S., K.T., ].B. and E.D.;
data curation, D.C.; writing—original draft preparation, D.C.; writing—review and editing, D.C.,
Z.1.,PS, ].B., EDD. and K.T,; visualization, D.C. and Z.L.; supervision, K.T.; project administration,
D.C,; funding acquisition, K.T., P.S., D.C. and Z.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was funded by the Engineering and Physical Sciences Research Council (EPSRC)
Impact Acceleration Account (IAA). The grant reference number is EP/X525571/1.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the South London and Maudsley (SLaM) Clinical Governance and
Audit Committee (032019) in 5 April 2019 and by the SLaM Child and Adolescent Mental Health
(CAMHS) Service Evaluation and Audit Committee (328) in 11 August 2023.

Informed Consent Statement: Patient consent was waived due to the decisions of the SLaM Clinical
Governance, Service Evaluation, and Audit Committee. Anonymous feedback from patients was
collected as part of routine clinical practice.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical considerations.

Acknowledgments: The authors would like to thank the Maudsley Charity for their assistance in
conducting this study. We would also like to express our gratitude to the staff and patients in the
Eating Disorder Service at the South London and Maudsley NHS Foundation Trust.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.
11.

12.

13.

14.

15.

Klump, K.L.; Bulik, C.M.; Kaye, W.H.; Treasure, ].; Tyson, E. Academy for eating disorders position paper: Eating disorders are
serious mental illnesses. Int. J. Eat. Disord. 2009, 42, 97-103. [CrossRef] [PubMed]

Treasure, J. Treatment resistance in eating disorders: A question of uncertain targets or insufficient personalization? Int. Rev.
Psychiatry 2019, 31, 305-307. [CrossRef]

Kenny, L.; Hattersley, C.; Molins, B.; Buckley, C.; Povey, C.; Pellicano, E. Which terms should be used to describe autism?
Perspectives from the UK autism community. Autism 2016, 20, 442-462. [CrossRef] [PubMed]

Adamson, J.; Kinnaird, E.; Glennon, D.; Oakley, M.; Tchanturia, K. Carers’ views on autism and eating disorders comorbidity:
Qualitative study. BJPsych Open 2020, 6, e51. [CrossRef]

Tchanturia, K. Supporting Autistic People with Eating Disorders: A Guide to Adapting Treatment and Supporting Recovery; Jessica
Kingsley Publishers: London, UK, 2021.

Tchanturia, K. Autism and Feeding and Eating Disorders. Eur. Eat. Disord. Rev. 2022, 30, 435-690.

Brede, J.; Babb, C.; Jones, C.R.G.; Elliott, M.B.; Zanker, C.; Tchanturia, K.; Serpell, L.; Fox, J., Mandy, W. For me, the anorexia is just
a symptom, and the cause is the autism”: Investigating restrictive eating disorders in autistic women. J. Autism Dev. Disord. 2020,
50, 4280-4296. [CrossRef] [PubMed]

Williams, P.G.; Dalrymple, N.; Neal, J. Eating habits of children with autism. Pediatr. Nurs. 2000, 26, 259-264.

Ben-Sasson, A.; Hen, L.; Fluss, R.; Cermak, S.A.; Engel-Yeger, B.; Gal, E. A Meta-Analysis of Sensory Modulation Symptoms in
Individuals with Autism Spectrum Disorders. ]. Autism Dev. Disord. 2009, 39, 1-11. [CrossRef]

Smith, A.M.; Roux, S.; Naidoo, N.; Venter, D.J. Food choices of tactile defensive children. Nutrition 2005, 21, 14-19. [CrossRef]
Kinnaird, E.; Norton, C.; Pimblett, C.; Stewart, C.; Tchanturia, K. Eating as an autistic adult: An exploratory qualitative study.
PLoS ONE 2019, 14, €0221937. [CrossRef]

Nistico, V.; Faggioli, R.; Tedesco, R.; Giordano, B.; Priori, A.; Gambini, O.; Demartini, B. Brief Report: Sensory Sensitivity is
Associated with Disturbed Eating in Adults with Autism Spectrum Disorders Without Intellectual Disabilities. ]. Autism Dev.
Disord. 2023, 53, 3295-3300. [CrossRef]

Kinnaird, E.; Tchanturia, K. Looking beneath the surface: Distinguishing between common features in autism and anorexia
nervosa. J. Behav. Cogn. Ther. 2021, 31, 3-13. [CrossRef]

Kinnaird, E.; Dandil, Y.; Li, Z.; Smith, K.; Pimblett, C.; Agbalaya, R.; Stewart, C.; Tchanturia, K. Pragmatic Sensory Screening in
Anorexia Nervosa and Associations with Autistic Traits. J. Clin. Med. 2020, 9, 1182. [CrossRef]

Nimbley, E.; Golds, L.; Sharpe, H.; Gillespie-Smith, K.; Duffy, E. Sensory processing and eating behaviours in autism: A systematic
review. Eur. Eat. Disord. Rev. 2022, 30, 538-559. [CrossRef]

152



Nutrients 2024, 16, 467

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Li, Z.; Hutchings-Hay, C.; Byford, S.; Tchanturia, K. How to support adults with anorexia nervosa and autism: Qualitative study
of clinical pathway case series. Front. Psychiatry 2022, 13, 1016287. [CrossRef]

Samson, A.C.; Huber, O.; Gross, ].J. Emotion regulation in Asperger’s syndrome and high-functioning autism. Emotion 2012,
12, 659. [CrossRef]

Westwood, H.; Kerr-Gaffney, J.; Stahl, D.; Tchanturia, K. Alexithymia in eating disorders: Systematic review and meta-analyses of
studies using the Toronto Alexithymia Scale. J. Psychosom. Res. 2017, 99, 66-81. [CrossRef] [PubMed]

Prefit, A.-B.; Candea, D.M.; Szentagotai-Tatar, A. Emotion regulation across eating pathology: A meta-analysis. Appetite 2019,
143, 104438. [CrossRef] [PubMed]

Adams, K.L.; Murphy, J.; Catmur, C.; Bird, G. The role of interoception in the overlap between eating disorders and autism:
Methodological considerations. Eur. Eat. Disord. Rev. 2022, 30, 501-509. [CrossRef] [PubMed]

Carpiniello, B.; Pinna, F,; Sanna, L. Alexithymia in eating disorders: Therapeutic implications. Psychol. Res. Behav. Manag. 2014, 8,
1-15. [CrossRef] [PubMed]

Nowakowski, M.E.; McFarlane, T.; Cassin, S. Alexithymia and eating disorders: A critical review of the literature. ]. Eat. Disord.
2013, 1, 21. [CrossRef] [PubMed]

Merwin, R.M.; Moskovich, A.A.; Wagner, H.R,; Ritschel, L.A.; Craighead, L.W.; Zucker, N.L. Emotion regulation difficulties in
anorexia nervosa: Relationship to self-perceived sensory sensitivity. Cogn. Emot. 2013, 27, 441-452. [CrossRef] [PubMed]
Brockmeyer, T.; Friederich, H.-C.; Schmidt, U. Advances in the treatment of anorexia nervosa: A review of established and
emerging interventions. Psychol. Med. 2017, 48, 1228-1256. [CrossRef]

Pathway for Eating Disorders and Autism Developed from Clinical Experience. 2020. Available online: www.peacepathway.org
(accessed on 7 December 2023).

Tchanturia, K.; Smith, K.; Glennon, D.; Burhouse, A. Towards an Improved Understanding of the Anorexia Nervosa and Autism
Spectrum Comorbidity: PEACE Pathway Implementation. Front. Psychiatry 2020, 11, 640. [CrossRef] [PubMed]

Tchanturia, K.; Baillie, C.; Biggs, C.; Carr, A.; Harrison, A.; Li, Z.; McFie, C.; Oyeleye, O.; Toloza, C. Sensory wellbeing workshops
for inpatient and day-care patients with anorexia nervosa. Neuropsychiatrie 2022, 36, 51-59. [CrossRef] [PubMed]

Li, Z.; Holetic, V.; Webb, J.; Chubinidze, D.; Byford, S.; Tchanturia, K. In-person and online sensory wellbeing workshop for eating
disorders: Updated case series. J. Eat. Disord. 2023, 11, 117. [CrossRef] [PubMed]

Slovak, P.; Theofanopoulou, N.; Cecchet, A.; Cottrell, P.; Bertran, F.A.; Dagan, E.; Childs, J.; Isbister, K. I just let him cry ...
Designing Socio-Technical Interventions in Families to Prevent Mental Health Disorders. Proc. ACM Hum. Comput. Interact. 2018,
2,1-34. [CrossRef]

Theofanopoulou, N.; Isbister, K.; Edbrooke-Childs, J.; Slovak, P. Feasibility study of technology-enabled prevention intervention
for children and families. JMIR Ment. Health 2019, 6, €14029. [CrossRef]

Gross, J.J. The Extended Process Model of Emotion Regulation: Elaborations, Applications, and Future Directions. Psychol. Ing.
2015, 26, 130-137. [CrossRef]

Theofanopoulou, N.; Slovak, P. Exploring Technology-Mediated Parental Socialisation of Emotion: Leveraging an Embodied,
In-situ Intervention for Child Emotion Regulation. In Proceedings of the 2022 CHI Conference on Human Factors in Computing
Systems, New Orleans, LA, USA, 29 April-5 May 2022.

Beetz, A.; Uvnés-Moberg, K.; Julius, H.; Kotrschal, K. Psychosocial and Psychophysiological Effects of Human-Animal Interactions:
The Possible Role of Oxytocin. Front. Psychol. 2012, 3, 234. [CrossRef]

Reeck, C.; Ames, D.R.; Ochsner, K.N. The Social Regulation of Emotion: An Integrative, Cross-Disciplinary Model. Trends Cogn.
Sci. 2016, 20, 47-63. [CrossRef]

Rabbitt, 5.M.; Kazdin, A.E.; Scassellati, B. Integrating socially assistive robotics into mental healthcare interventions: Applications
and recommendations for expanded use. Clin. Psychol. Rev. 2015, 35, 35-46. [CrossRef]

Hoagwood, K.E.; Acri, M.; Morrissey, M.; Peth-Pierce, R. Animal-assisted therapies for youth with or at risk for mental health
problems: A systematic review. Appl. Dev. Sci. 2017, 21, 1-13. [CrossRef]

Amiot, C.E.; Bastian, B. Toward a psychology of human-animal relations. Psychol. Bull. 2015, 141, 6. [CrossRef]

Nimer, J.; Lundahl, B. Animal-Assisted Therapy: A Meta-Analysis. Anthrozoos 2007, 20, 225-238. [CrossRef]

O’haire, M.E. Animal-Assisted Intervention for Autism Spectrum Disorder: A Systematic Literature Review. J. Autism Dev. Disord.
2013, 43, 1606-1622. [CrossRef] [PubMed]

Souter, M.A.; Miller, M.D. Do Animal-Assisted Activities Effectively Treat Depression? A Meta-Analysis. Anthrozoos 2007, 20,
167-180. [CrossRef]

Slovak, P; Ford, B.Q.; Widen, S.; Roquet, C.D.; Theofanopoulou, N.; Gross, J.J.; Hankin, B.; Klasnja, P. An In Situ, Child-Led
Intervention to Promote Emotion Regulation Competence in Middle Childhood: Protocol for an Exploratory Randomized
Controlled Trial. JMIR Res. Protoc. 2021, 10, €28914. [CrossRef] [PubMed]

Williams, A.J.; Freed, M.; Theofanopoulou, N.; Roquet, C.D.; Klasnja, P.; Gross, J.; Schleider, J.; Slovak, P. Feasibility, Perceived
Impact, and Acceptability of a Socially Assistive Robot to Support Emotion Regulation With Highly Anxious University Students:
Mixed Methods Open Trial. JMIR Ment. Health 2023, 10, €46826. [CrossRef] [PubMed]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5; American Psychiatric Association:
Washington, DC, USA, 2013; Volume 5.

153



Nutrients 2024, 16, 467

44.

45.

46.

47.

Kleinheksel, A.J.; Rockich-Winston, N.; Tawfik, H.; Wyatt, T.R. Demystifying content analysis. Am. J. Pharm. Educ. 2020, 84, 7113.
[CrossRef] [PubMed]

Baudinet, J.; Simic, M.; Griffiths, H.; Donnelly, C.; Stewart, C.; Goddard, E. Targeting maladaptive overcontrol with radically open
dialectical behaviour therapy in a day programme for ado-lescents with restrictive eating disorders: An uncontrolled case series.
J. Eat. Disord. 2020, 8, 68. [CrossRef] [PubMed]

Theofanopoulou, N.; Isbister, K.; Edbrooke-Childs, J.; Slovak, P. A Smart Toy Intervention to Promote Emotion Regulation in
Middle Childhood: Feasibility Study. JMIR Ment. Health 2019, 6, €14029. [CrossRef] [PubMed]

NHS England. Children and Young People with an Eating Disorder Waiting Times. NHS England. 2020. Available online:
https:/ /www.england.nhs.uk/statistics/statistical-work-areas/cyped-waiting-times/ (accessed on 17 November 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

154



P

YR8l nutrients

Systematic Review

Randomized Controlled Trials to Treat Obesity in Military
Populations: A Systematic Review and Meta-Analysis

Davide Gravina 1">*, Johanna Louise Keeler 1>, Melahat Nur Akkese ', Sevgi Bektas 14, Paula Fina 5,
Charles Tweed 3%, Gerd-Dieter Willmund 7, Janet Treasure 1* and Hubertus Himmerich 13

Citation: Gravina, D.; Keeler, J.L.;
Akkese, M.N; Bektas, S.; Fina, P.;
Tweed, C.; Willmund, G.-D.; Treasure,
J.; Himmerich, H. Randomized
Controlled Trials to Treat Obesity in
Military Populations: A Systematic
Review and Meta-Analysis. Nutrients
2023, 15,4778. https://doi.org/
10.3390/nu15224778

Academic Editor: Arved Weimann

Received: 16 September 2023
Revised: 3 November 2023
Accepted: 5 November 2023
Published: 14 November 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
1.0/).

Centre for Research in Eating and Weight Disorders, Institute of Psychiatry, Psychology and Neuroscience,

King’s College, London SE5 8AF, UK; johanna.keeler@kcl.ac.uk (J.L.K.);

melahat_nur.akkese@kcl.ac.uk (M.N.A.); sevgi.bektasl@kcl.ac.uk (S.B.); janet.treasure@kcl.ac.uk (J.T.);

hubertus.himmerich@kcl.ac.uk (H.H.)

Department of Clinical and Experimental Medicine, University of Pisa, 56127 Pisa, Italy

3 South London and Maudsley NHS Foundation Trust, Bethlem Royal Hospital, Monks Orchard Road,

Beckenham BR3 3BX, UK; charles.tweed@slam.nhs.uk

Department of Psychology, Hacettepe University, Ankara 06800, Tiirkiye

Faculty of Psychology, Sigmund Freud University Vienna, Freudplatz 1, 1020 Vienna, Austria;

paula@thefinas.eu

6 Royal Navy Reserve, London WCIN 1INP, UK

7 Bundeswehr Center for Military Mental Health, Military Hospital Berlin, 13, 10115 Berlin, Germany;
gw@ptzbw.org

*  Correspondence: davide.gravina@hotmail.it or davide.gravina@kcl.ac.uk

Abstract: In recent years, overweight and obesity have reached an alarmingly high incidence and
prevalence worldwide; they have also been steadily increasing in military populations. Military
personnel, as an occupational group, are often exposed to stressful and harmful environments that
represent a risk factor for disordered eating, with major repercussions on both physical and mental
health. This study aims to explore the effectiveness of weight loss interventions and assess the
significance of current obesity treatments for these populations. Three online databases (PubMed,
PsycInfo, and Web of Science) were screened to identify randomized controlled trials (RCTs) aiming
to treat obesity in active-duty military personnel and veterans. Random-effects meta-analyses were
conducted for body weight (BW) and body mass index (BMI) values, both longitudinally comparing
treatment groups from pre-to-post intervention and cross-sectionally comparing the treatment group
to controls at the end of the intervention. A total of 21 studies were included: 16 cross-sectional
(BW:n = 15; BMIL: n = 12) and 16 longitudinal (BW: n = 15; BMI: n = 12) studies were meta-analyzed,
and 5 studies were narratively synthesized. A significant small overall BW and BMI reduction from
baseline to post-intervention was observed (BW: g = —0.10; p = 0.015; BMI: g = —0.32; p < 0.001),
together with a decreased BMI (¢ = —0.16; p = 0.001) and nominally lower BW (g = —0.08; p = 0.178) in
the intervention group compared to controls at the post-intervention time-point. Despite limitations,
such as the heterogeneity across the included interventions and the follow-up duration, our findings
highlight how current weight loss interventions are effective in terms of BW and BMI reductions in
military populations and how a comprehensive approach with multiple therapeutic goals should be
taken during the intervention.

Keywords: obesity; obesity treatment; weight loss intervention; military population; active-duty
military personnel; veterans; RCT; randomized controlled trial; meta-analysis

1. Introduction

Obesity is a global epidemic. Overweight and obesity are currently two of the main
public health concerns across the world, with more than 1 billion people worldwide being
obese—650 million adults, 340 million adolescents, and 39 million children [1]. Worldwide
obesity has nearly tripled since 1975, and this number is still dramatically increasing.
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According to the World Obesity Atlas report from the World Obesity Federation, the
majority of the global population (51%, or over 4 billion people) will be living with either
overweight or obesity by 2035 based on current trends, and 1 in 4 people worldwide (nearly
2 billion) will meet or exceed a body mass index (BMI) of 30 kg/m? [2].

Moreover, obesity is a systemic disease impacting the well-being of the person as a
whole, with consequences for both physical and mental health. Indeed, the World Health
Organization (WHO) estimates that by 2025, approximately 167 million people—adults and
children—will become less healthy because they are overweight or obese [1]. Overweight
and obesity are major risk factors for many chronic diseases, including cardiovascular
diseases such as hypertension, dyslipidemia, heart diseases, and stroke, which are the
world’s leading causes of death [3]. Being overweight can also lead to type 2 diabetes and
musculoskeletal disorders such as osteoarthritis and represents a risk factor for the occur-
rence of some tumors, including endometrial, breast, ovarian, prostate, liver, gallbladder,
kidney, and colon [1].

Obesity is one side of the double burden of nutritional problems, affecting all age
groups and countries world-wide regardless of their developmental stage [4-7]. Today,
more people are obese than underweight in every region of the world except sub-Saharan
Africa and Asia [1]. As mentioned above, the issue has grown to epidemic proportions,
with over 4 million people dying each year because of being overweight or obese and its
consequences [1].

It is now widely accepted that occupational factors may play an important role in
the occurrence of excessive body weight [8-10]. The main occupational risk factors are
performing sedentary work and adverse lifestyle factors such as high levels of occupational
stress [8,11-13]. Military personnel represent a population particularly exposed to a higher
level of stress, with a higher risk of both obesity and mental health conditions such as major
depression, post-traumatic stress disorder (PTSD), and disinhibited eating [14].

Indeed, the obesity epidemic has reached the military population [15,16]: possibly
related to high levels of stress and harmful environmental factors, especially during military
exercises, military missions, or during deployment and relocation [8,17,18]. In addition,
there may be limitations on food selection or availability, especially among particular
services such as the Navy and Marine Corps [19].

Another consideration is that military personnel are required to meet body weight and
composition standards to remain in the military and to be eligible for their work. This might
lead to an increased focus and concern on body weight, shape, and fitness. In fact, soldiers
are required to maintain fitness standards that are not required for civilians to be ready
for combat. Nonetheless, the armed forces population is experiencing similar patterns of
increasing levels of overweight and obesity as observed in civilian society [20,21].

Between 2002 and 2015, the rate of obesity among U.S. active-duty military service
members increased by 68%, such that now nearly two-thirds of U.S. active-duty across
all branches meet criteria for overweight and obesity [15,22]; and, thereafter, the overall
prevalence of obesity within the U.S. active component increased from 16.3% in 2015 to
17.9% in 2019 [23,24]. Obesity was significantly higher among Navy and Air Force military
personnel [15], In particular, Navy personnel have the third highest rate of overweight and
obesity among all service branches (64.6%), with 48.9% overweight and 15.7% obese [22].
Evidence from the UK shows slightly lower collective values, with 38% being overweight
and 14% obese [20]. In the scientific literature, soldiers fulfilling the criteria of obesity
constitute more than 15% in the US Army [23,25], 12% in the British Army [26,27], 13% in
the Iranian Army [28,29], 6% in the Polish Air Force [30], and 44% in the Saudi Arabian
Army [31].

Moreover, the spread of the COVID-19 pandemic in March 2020 led to restrictions,
which may have contributed to a worsening problem of obesity within the active military.
A recent study by Legg et al. [23] reported that the monthly prevalence of obesity in U.S.
active component military members ranged from 15.0% in August 2020 to 19.3% in April
2021, confirming a further growth trend. Again, among the services, the Navy and Marine
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Corps showed the largest absolute increase in mean monthly obesity prevalence from the
pre-pandemic period to the pandemic period (0.78% and 0.77%, respectively) [23].

Not only does obesity within the military ranks negatively impact the professional
perception of the military in terms of appearance, but it also compromises function. The
psychological and physiological impacts on obese military personnel include problems with
cardiorespiratory fitness and neuromuscular fitness [32], heat stress [33], sleep apnea [34],
a higher risk of musculoskeletal injuries and load carriage [35,36], and also mental health
problems such as depressive symptoms [37], PTSD [38], anxiety, and substance and alcohol
abuse disorders [39,40].

Veterans also have higher levels of obesity: 78% of U.S. military veterans are over-
weight or obese [41], and 65% of female and 45% of male veterans report at least one
symptom of Binge Eating Disorder (BED) [42]. Sedentary habits and suboptimal levels
of physical activity [43] may combine with PTSD (seen in 11 and 30% of veterans) to in-
crease disordered eating behaviors [44,45]. Thus, addressing eating behavior within this
population is a high priority [46].

A variety of weight management programs have been developed to address the prob-
lem of obesity in military personnel, including prevention programs [47], lifestyle programs
such as “LOOK AHEAD” [48,49], “LE3AN" [50], “MOVE”, and “armyMOVE!” [51,52],
nutrition-focusing programs [53,54], internet-based interventions [55-57], cognitive be-
havioral interventions [58,59], Navy weight management programs [60], pharmacological
interventions [61], and surgical approaches [62,63].

Several systematic reviews of weight management programs have been undertaken.
A systematic review in 2011 by Sanderson et al. [20], including 17 studies, found that
interventions based on exercise, healthy eating information, behavioral modification, and
structured follow-up were effective for weight reduction. Moreover, a systematic review
conducted in 2017 summarized data from 38 studies and found weight loss for up to
12 months from dietary, physical activity, and weight management interventions among
active-duty military personnel [64]. However, a systematic review in 2021 of seven studies
that evaluated the effectiveness of weight loss interventions among U.S. active-duty military
populations concluded that there is not a sufficient body of evidence to determine if
interventions are effective [65].

At the time of writing this paper, there has been no meta-analysis published regarding
weight management programs in military populations. Therefore, the present systematic
review and meta-analysis aims to synthesize the results of studies investigating obesity
treatments in military populations, in which the interventions have been delivered with a
randomized controlled trial study design.

The main aim of the study is to address the effectiveness of the therapeutic intervention
in terms of weight loss by comparing the pre-intervention body weight and BMI values
of participants who received the treatment to the post-intervention values, as well as
comparing the intervention group to controls.

A secondary aim of this study is to investigate the extent to which demographic
and intervention characteristics, including age, duration of the intervention, body weight
(BW) at baseline, and body mass index (BMI) at baseline, may be associated with changes
in weight.

2. Materials and Methods

This systematic review and meta-analysis was registered in PROSPERO (CRD42023439107)
and was conducted according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [66].

2.1. Search Strategy

Two reviewers (DG and PF) independently and systematically searched the following
electronic databases: Web of Science, PubMed, and APA PsycInfo (Ovid) from inception
until 7 September 2023. Searches included the following keywords: “obesity” or “adipos-
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ity” or “overweight” in combination with “military” or “military personnel” or “army” or
“navy” or “military force” or “air force” or “soldiers” and “treatment” or “clinical trial” or
“psychotherapy” or “psychological therapy” or “CBT” or “cognitive behavioral therapy” or
“pharmacological” or “medication” or “drug”. The full search strategy is listed in Supple-
mentary Materials Text S1. Searches were supplemented by internet searches and manual
hand searches through reference lists to identify potentially relevant additional studies.

2.2. Eligibility Criteria
To be included in the systematic review, studies needed to meet the following criteria:

Human studies

The studies included only individuals aged > 18 years

The studies involved military populations: Army, Navy, or Air Force personnel,
Active duty-military personnel, veterans

The topic of the studies focused on weight management interventions (any kind of
treatment, e.g., pharmacological, psychotherapeutic, lifestyle, and nutritional) to treat
obesity and overweight

The studies assessed randomized controlled trials (RCTs) to test the treatment

The studies are original articles

The studies are published in the English, German, Italian, Spanish or French language
Ongoing studies were eligible in order to maximize inclusion

Articles from literature that met the following criteria were eligible for exclusion:
The topic is not related to weight management interventions or obesity treatment
The sample is different from the military population

The study design is different from a randomized controlled trial

Articles not published in English, German, Italian, Spanish, or French.

Animal or pre-clinical studies

Article type other than original articles (i.e., systematic reviews, narrative reviews,
meta-analyses, cross-sectional studies, perspective papers, letters (without data),
masters or doctoral theses, case reports).

vVvYy

Y

YYVYYVVYYVVYVYY

2.3. Study Selection

The search process was conducted independently by two reviewers (DG and PF). Titles
and abstracts of publications yielded by the searches were imported into EndNote, where
duplicates were removed. Titles and abstracts of the remaining records were imported
into Rayyan and assessed against the aforementioned eligibility criteria. Those deemed
highly unlikely to be relevant were discarded. Full texts of the remaining articles were
assessed against the eligibility criteria before inclusion (see Figure 1). A third reviewer
(HH) supervised the process and resolved any disagreements.

2.4. Data Extraction

The first author (DG) extracted data from all included studies into an electronic
summary table, which was checked by another reviewer (HH). The following data were
extracted: publication identifiers (journal, year, first author); country of origin; study
design; study objective; methodology; sample characteristics (mean age, sample size, body
weight, BMI); clinical characteristics (type of intervention, duration of the intervention,
main findings, outcome data). Authors were contacted for data not obtainable from
the manuscript.

2.5. Risk of Bias Assessment

Two reviewers inspected each study to assess the risk of bias independently by us-
ing the Scottish Intercollegiate Guidelines Network (SIGN) Methodology Checklist for
randomized controlled trials (Table S1), evaluating the internal validity of the RCTs and
the overall assessment of the studies through several domains of bias. A third reviewer
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Identification ]

[

Screening

coordinated the process and resolved any disagreements. See Table S2 for the assessments
of study quality.

Identification of studies via datab and registers ] [ Identification of studies via other methods ]
Records identified from Records removed before
databases (n = 3105): screening:
Records identified from

PubMed (n = 1435) Duplicate records removed citation or web searching

Web of Science (n = 1182) (n = 629) (n=8)

PsychINFO (n = 488)

h 4 3
Reports assessed for

Records screened Records excluded due to eligibility Re[)orts excluded
(n=2476) irrelevant title/abstract (n = 2396) (n=86) {2 =0}

Reports assessed for eligibility

(n =80)

Reports excluded (n = 65)
(1) Ineligible publication format
(n=13)
(2) Neo contral group (n = 34)

(3) No military sample (n = 18)

Studies included in the
systematic review
(n=21)

Figure 1. PRISMA flow diagram of the literature screening. Adapted from Page et al., 2021 [66].

2.6. Data Synthesis and Statistical Analysis

Individual meta-analyses were conducted in STATA (Release 17; StataCorp LP) using
the ‘meta-set’ and ‘meta-summarize’ commands. The primary outcome measures were
body weight (kg) and BMI (kg/m?). Higgins I*> was used to assess between-study hetero-
geneity, which was considered to be high when I? > 75%. A random-effects model using
the DerSimonian and Laird method [67] was used to pool the effect size (ES; Hedge’s g)
from the between-group difference for each study (Interventions vs. Controls, and Pre vs.
Post) relative to the sample size. The ES expressed the difference between BW and BMI
at baseline and at the last available follow-up timepoint for longitudinal meta-analyses
(pre-to-post intervention). Regarding the cross-sectional meta-analyses, the ES expressed
the difference between BW and BMI at post-intervention, where values were compared
between treatment and control groups. Statistical significance of between-group differences
was ascertained according to the p < 0.05 threshold.

We performed meta-regressions, using the ‘metareg’ command, to investigate the
association between key demographic, study, and clinical variables (BMI at baseline, BW at
baseline, mean age, duration of the intervention), and the ES of the meta-analysis comparing
the pre-to-post intervention groups. The meta-regression analyses were not limited by the
number of studies, as it is recommended that meta-regressions be conducted when there
are 10 or more studies available for inclusion [68].

Alongside the evaluation of the primary outcome of the study, additional meta-
analyses divided by sample and intervention type were conducted using the ‘meta-set’ and
‘meta-summarize’ commands, with the aim of evaluating the effectiveness of the different
types of interventions included in the study.

159



Nutrients 2023, 15, 4778

Publication bias was assessed using Egger’s test for small study effects, with funnel
plots derived using the ‘meta funnelplot’ command. The Duval and Tweedie Trim and
Fill method [69] was used successively if funnel plot asymmetry was detected to identify
whether there were any missing studies.

3. Results

The literature search resulted in 3105 studies (Figure 1). After removing duplicates and
reviewing titles and abstracts, 80 studies were retrieved for full-text review. A further 65 studies
were excluded for the following reasons: ineligible publication format (n = 13), lack of a control
group (n = 34), and not a military sample (n = 18). Finally, 21 studies [57,60,70-88] were
included in this systematic review, 16 of which [57,71,72,74-78,80-85,87,88] were included
in the meta-analysis.

3.1. Characteristics of Included Studies and Participants

A total of 4253 participants from 21 studies were included in this systematic review and
meta-analysis. All studies had a randomized controlled clinical trial design. The duration
of the interventions ranged from two weeks to twenty-four months, with a median of
26 weeks. The average age of participants ranged from 21.0 years to 61.8 years (mean =+ SD:
45.6 + 15.8), and most of the overall sample was represented by males (58%). The overall
mean + SD BW was 97.4 + 21.2, and the overall mean & SD BMI was 32.4 & 5.6. The
majority of the studies were conducted in the United States of America (n = 18); two
studies were from Iran and one from Brazil. The military population studied included
active-duty military soldiers (n = 7), Navy personnel (n = 3), Air Force personnel (n = 3),
and veterans (n = 8).

Of these 21 included studies, sixteen studies [57,71,72,74-78,80-85,87,88] were in-
cluded in the longitudinal meta-analyses investigating the effect sizes of BW [71,72,74—
78,80,82-85,87,88] and BMI [57,71,72,77,78,80-85,87] comparing pre- to post-intervention
values for the treatment group (11 studies were used in both the BW and BMI longitudi-
nal meta-analyses). Sixteen studies [57,71,72,74-78,80-85,87,88] were also included in the
cross-sectional meta-analyses comparing BW [57,71,72,74-78,80,82-85,87,88] and BMI [57,
71,72,77,78,80-85,87] data from the treatment group to controls at the post-intervention
time-point (11 studies were used in both the BW and BMI cross-sectional meta-analyses).

Regarding the longitudinal meta-analyses, the pooled mean =+ SD age for the interven-
tion group was 42.5 & 15.8 for the meta-analysis investigating BW (reported by 12 studies)
and 35.8 & 11.7 for the meta-analysis investigating BMI (reported by 9 studies). The pooled
mean £ SD BW was 93.8 & 20.7 for the pre-intervention group and 91.9 £ 20.0 for the
post-intervention group, as reported by 15 studies. The pooled mean + SD BMI reported
by 12 studies was 30.6 & 5.2 and 29.9 £ 5.2 for the pre-intervention and post-intervention
groups, respectively.

Regarding the cross-sectional meta-analyses, the pooled mean + SD age was 42.5 & 15.8
for the treatment group and 44.0 & 16.2 for the control group (reported by 12 studies) in
the meta-analysis investigating BW; the pooled mean £ SD age for the cross-sectional
meta-analyses investigating BMI was 35.8 &= 11.7 for the treatment group and 35.9 & 11.6
for the control group (reported by 9 studies). The pooled mean 4+ SD BW was 91.9 4 20.0
in the treatment group and 95.3 & 19.9 in the control group, as reported in 15 studies. The
pooled mean + SD BMI was 29.9 + 5.2 and 30.7 & 5.2 for the treatment and control groups,
respectively, reported in 12 studies.

Findings from five studies [60,70,73,79,86] were narratively synthesized and not in-
cluded in the meta-analysis due to the required data being unavailable (n = 3) or because
the studies were still in progress (n = 2). The characteristics of each study are summarized
in Table 1.
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3.2. Weight Loss Interventions of the Included Studies

Across 21 studies, the majority of papers (n = 19) reported an intervention based on
cognitive behavioral therapy or behavioral modification, except for two studies [81,84].

Diet education or nutritional modifications was offered by twelve of the interven-
tions [57,72,73,75,78,80,81,83-85,87,88], as well as one study that provided a synbiotic
supplementation [81] and two studies that provided a meal-replacement program [78,84].
In twelve studies [57,60,70-72,76,77,82,83,86-88], participants self-reported outcomes such
as weight, whereas in twelve studies [60,70,71,73-75,78-81,84,85], specialists were available
for monitoring, counselling, and outcome measurement.

Specific devices, such as a pedometer [86] and a calorimeter [80], were used in two
studies, and in five studies, the interventions were delivered through an Internet-based
program or Internet-assistance were provided during the intervention [57,76,78,86,87].

Additionally, two studies used a specific weight loss program for the Navy population,
or Marines [60,72]. One study focused on a post-partum weight loss program [83], and
another study explored a weight loss maintenance program to address the amount of
weight regain and retention during follow-up [88].

Finally, one study investigated the efficacy of the pharmacologic treatment Orlistat
versus placebo [85].

A summary of the interventions provided by each study is shown in Supplementary
Materials Table S3.

3.3. Results for the Meta-Analysis Comparing Pre-to-Post Intervention for the Treatment Group

Data from a total of 15 studies, including a total sample of 2666 participants (pre-
intervention group n = 1431; post-intervention group n = 1235) were used to compare the
pre-treatment values of the BW of participants who received the intervention with the
post-treatment values. Similarly, a total sample of 1942 participants from 12 studies was
used to compare BMI values (pre-intervention group n = 1028; post-intervention group
n = 914). Forest plots for the BW and BMI meta-analyses are presented in Figures 2 and 3,
respectively. A summary of comparative outcomes and heterogeneity for BW and BMI
meta-analyses for the intervention group are shown in Table 2.

Table 2. Summary of overall outcomes and heterogeneity for cross-sectional and longitudinal BW
and BMI meta-analyses, with analyses according to sample type (active-duty personnel and veterans).

Group N SMD 95% CI V4 p Heterogeneity
Pre-to-post intervention (Pre, Post)
Overall
BW (n=15) 1431, 1235 —0.10 —0.18, —0.02 —243 0.015* 2 = 3.45%; p = 0.413
BMI (n = 12) 1028, 914 —0.32 —0.48, —0.15 —3.74 <0.001 * 2 = 61.2%; p < 0.001 **
Active-duty personnel
BW (n =10) 838, 726 —0.12 —0.23, —0.00 —2.04 0.041* 2 =12.6%; p = 0.327
BMI (n=11) 868, 792 —0.35 —0.54, —0.16 —3.62 <0.001 * 2 = 64.3%; p <0.002 **
Veterans
BW (n=5) 593, 476 —0.09 —0.21, —0.04 —1.36 0.174 2 = 4.71%; p = 0.380
Treatment vs. controls (Treatment, Control)
Overall
BW (n=15) 1235, 1094 —0.08 —0.19, 0.03 —1.35 0.178 2 =32.7%; p = 0.107
BMI (n =12) 914, 752 —0.16 —0.26, —0.06 —3.23 0.001 * 2 = 0.00%; p = 0.711
Active-duty personnel
BW (n =10) 762, 603 —0.06 —0.21, 0.09 —0.77 0.439 2 =31.1%; p = 0.159
BMI (n=11) 792; 633 —0.17 —0.27, —0.06 —3.14 0.001 * 2 =0.00%; p = 0.643
Veterans
BW (n=5) 473,491 —0.10 —0.30, —0.09 —1.05 0.294 2 = 47.6%; p = 0.106

Notes. * Significant findings at p < 0.05; ** Significant findings at p < 0.01; BW: body weight; BMI: body mass
index. N: Number of participants; SMD: Standardized Mean Difference; CI: Confidence Intervals; Z: Z-value.
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Post-Intervention Pre-Intervention Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Damschroeder et al., 2014 122 109.6 245 160 1124 219 —EII— -0.12[-0.36, 0.11] 10.59
Denis et al., 1999 21 99.6 97 21 1081 102 —&— : -0.84[-1.46, -0.22] 1.60
Evans-Hudnall et al., 2020 16 1044 16.1 16 1055 19.6 - — -0.06[-0.74, 0.62] 1.35
Goldberg et al., 2013 30 109.2 182 53 1076 228 —— 0.07[-0.37, 0.52] 3.10
Hoerster et al., 2022 217 99.8 158 254 102.8 15 ‘d‘ -0.19[-0.38, -0.01] 17.14
Hosseini-Amiri et al., 2018 47 10053 115 47 102.01 12.32 —H— -0.12[-0.52, 0.28] 3.77
Hunter et al., 2008 224 855 158 227 874 156 {:]' -0.12[-0.31, 0.06] 16.62
Krukowsky et al., 2018 95 85.74 1417 124 88 129 — -0.17[-0.43, 0.10] 8.33
McDoniel et al., 2008 19 906 136 25 947 143 —D-:'— -0.29[-0.88, 0.30] 1.77
Paravidino et al., 2021 24 85 92 24 86.7 8.91 — -0.18[-0.74, 0.37] 1.97
Perez-Munoz et al., 2023 248 755 16.1 286 745 152 |[;|' 0.06 [ -0.11, 0.23] 19.29
Smith et al., 2012 35 947 172 35 978 156 —D:—— -0.19[-0.65, 0.28] 2.83
Smith et al., 2010 29 948 155 29 98.6 16.1 — 8 -0.24[-0.75, 0.27] 236
Veverka et al., 2003 20 834 116 20 856 11.6 —al— -0.19[-0.79, 0.42] 1.66
Voils et al., 2017 88 104.32 1393 110 1021 19.8 *:-D— 0.13[-0.15, 0.41] 7.62
Overall + -0.10[-0.18, -0.02]
Heterogeneity: 12 = 0.00, I? = 3.45%, H? = 1.04 |
Test of 8, = 6;: Q(14) = 14.50, p = 0.41 :
Testof 6 =0:z=-2.43, p=0.02 |

45 -1 -05 0 05 1 15
Random-effects DerSimonian—Laird model

Figure 2. Forest plot of Hedge’s ¢ comparing pre-intervention and post-intervention BW values of
the treatment group [57,71,72,74-78,80,82-85,87,88]. Zero indicates no effect, whereas values on the
left of this line indicate a decrease in BW when comparing values at baseline and after treatment. The
dashed line represents the overall effect size.

Post-Intervention Pre-Intervention Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Damschroeder etal.,, 2014 122 355 7.1 160 36.4 6.1 +|D‘ -0.14[-0.37, 0.10] 12.29
Denis et al., 1999 21 313 33 21 339 27 —El—:— -0.85[-1.47, -0.23] 4.95
Hosseini-Amiri et al., 2018 47 3038 238 47 3251 312 —O—! -0.76 [ -1.18, -0.35]  8.04
Hunter et al., 2008 224 288 33 227 294 3 h -0.19[-0.37, -0.01] 13.58
Krukowsky et al., 2018 95 29.54 3.19 124 30.37 273 —ﬁ;]— -0.28[-0.55, -0.01] 11.45
McDoniel et al., 2008 19 29 23 25 304 24 —EI—:— -0.58[-1.18, 0.02] 5.20
Parastouei et al., 2020 30 3186 .88 30 3251 .84 —O— -0.75[-1.26, -0.23] 6.29
Paravidino et al., 2021 24 27 18 24 27.44 1.83 —FI—— -0.24[-0.80, 0.32] 5.70
Perez-Munoz et al., 2023 248 281 56 286 277 5.2 1 13 0.07[-0.10, 0.24] 13.95
Smith et al., 2012 3 321 37 35 332 3.1 —fll—— -0.32[-0.79, 0.15] 7.1
Smith et al., 2010 29 321 3 29 332 3 —a— -0.36[-0.87, 0.15] 6.37
Veverka et ai., 2003 20 257 33 20 264 29 E— -0.22-0.83, 0.39] 5.07

8, -0.15]

Heterogeneity: 12 = 0.04, I? = 61.17%, H? = 2.58
Test of 6, = 6;: Q(11) = 28.33, p = 0.00

— ] 0.8
Overall # -0.32[ -0.4
|
|
|
Test of 6 = 0: 2= -3.74, p = 0.00 |

45 -1 05 0 05 1 15
Random-effects DerSimonian—Laird model

Figure 3. Forest plot of Hedge’s ¢ comparing pre-intervention and post-intervention BMI values of
the treatment group [57,71,72,77,78,80-85,87]. Zero indicates no effect, whereas values on the left
of this line indicate a decrease in BMI when comparing values at baseline and after treatment. The
dashed line represents the overall effect size.
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Study

Participants who received the intervention showed overall lower post-treatment BW
values than pre-treatment, with a small but significant effect (Hedges g = —0.10; 95%
CI —0.02, —0.18; p = 0.015). Furthermore, results showed intervention effectiveness also
in terms of BMI reduction, as a small-to-medium but significant overall reduction of
post-treatment body mass index than baseline was observed (g = —0.32; 95% CI —0.15,
—0.48; p = 0.0002).

Results for the Meta-Analyses Comparing Pre-to-Post Outcomes Per Sample Type

Additional meta-analyses were conducted, separating active military personnel from
veterans, with the aim of evaluating the effectiveness of the weight loss interventions
on these different samples analyzed individually (Table 2). Results showed a significant
decrease in both BMI (¢ = —0.35; p < 0.001) and BW (g = —0.12; p = 0.041) in active-duty
military personnel. In veterans, there was a small decrease in BW, although this was not
significant (¢ = —0.09; p = 0.173). There was insufficient data to meta-analyze outcomes
relating to BMI in veterans.

3.4. Results for the Treatment Group vs. Controls Meta-Analyses

A total of 15 studies were included in the meta-analysis comparing BW data for the
interventional group to the comparison group, with a total sample of 2329 participants
(intervention group, n = 1235; control group, n = 1094). Results showed an overall lower
body weight in the treatment group compared to controls at the post-intervention time-
point (T1), although statistical significance was not achieved (g = —0.08; 95% CI —0.19, 0.03;
p = 0.178). The forest plots for BW and BMI are presented in Figures 4 and 5, respectively,
and comparative outcomes and heterogeneity are summarized in Table 2.

Treatment Control
N Mean SD N Mean SD

Hedges's g Weight
with 95% Cl (%)

Damschroeder et al., 2014
Denis et al., 1999
Evans-Hudnall et al., 2020
Goldberg et al., 2013
Hoerster et al., 2022
Hosseini-Amiri et al., 2018
Hunter et al., 2008
Krukowsky et al., 2018
McDoniel et al., 2008
Paravidino et al., 2021
Perez-Munoz et al., 2023
Smith et al., 2012

Smith et al., 2010
Veverka et al., 2003

Voils et al., 2017

Overall

Heterogeneity: T2 = 0.01, I> = 32.66%, H> = 1.49
Test of 6, = 6;: Q(14) =20.79, p = 0.1
Testof 6=0:2=-1.35,p=0.18

122 109.6 245 119 1127 258 -0.12[-0.37, 0.13] 10.55
21 996 97 18 101.1 125 -0.13[-0.75, 0.48] 2.81
16 1044 161 18 1201 188 -0.87[-1.56, -0.18]  2.31
30 1092 182 41 1035 19.7 0.30[-0.17, 0.76] 4.49
217 998 158 212 101 15 -0.08[-0.27, 0.11] 13.89
47 10053 115 47 9519 867 0.52[ 0.1, 0.93] 5.58
224 855 158 222 874 147 -0.12[-0.31, 0.06] 14.10
95 8574 1417 77 89.69 15.78 -0.26[-0.56, 0.04] 8.56
19 906 136 25 88 153 0.17[-0.41, 0.76] 3.07
24 85 92 24 868 126 -0.16[-0.72, 0.40] 3.36
248 755 161 132 761 153 -0.04[-0.25, 0.17] 12.63
35 947 172 22 994 154 -0.28[-0.81, 0.25] 3.68
29 948 155 17 922 129 0.17[-0.41, 0.76] 3.05
20 834 116 19 885 149 -0.38[-1.00, 0.25] 2.79
88 104.32 13.93 101 10593 14.84 -0.11[-0.40, 0.17] 9.15
-0.08[-0.19, 0.03]
. .
-2 2

Random-effects DerSimonian—Laird model

Figure 4. Forest plot of Hedge’s g of BW values in the treatment group compared to controls [57,71,
72,74-78,80,82-85,87,88]. Zero indicates no effect, whereas values on the left of this line indicate a
decrease in body weight when comparing values between the treatment and control groups at the
post-intervention time-point. The dashed line represents the overall effect size.
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Damschroeder et al., 2014 122 355 7.1 119 363 7.5 —llj— -0.11[-0.36, 0.14] 14.85
Denis et al., 1999 21 313 33 18 31.2 3 —:—3— 0.03[-0.59, 0.65] 2.48
Hosseini-Amiri et al., 2018 47 30.38 2.38 47 31.59 2.89 —a—* -0.45[-0.86, -0.05] 5.71
Hunter et al., 2008 224 288 33 222 294 3 -{__LI— -0.19[-0.38, -0.00] 27.32
Krukowsky et al., 2018 95 29.54 3.19 77 30.59 3.29 —EI:— -0.32[-0.62, -0.02] 10.39
McDoniel et al., 2008 19 29 23 25 292 27 —— -0.08[-0.66, 0.51] 274
Parastouei et al., 2020 30 31.86 .88 30 31.73 .88 —:——D— 0.15[-0.35, 0.65] 3.77
Paravidino et al., 2021 24 27 18 24 275 27 —L'I:—— -0.21[-0.77, 0.34] 3.02
Perez-Munoz et al., 2023 248 281 56 132 285 5.7 —- -0.07[-0.28, 0.14] 21.20
Smith et al., 2012 3 321 37 22 325 37 —P—— -0.11[-0.63, 0.42] 3.40
Smith et al., 2010 29 321 3 17 319 3 —t— 0.07[-0.52, 0.65] 2.72
Veverka et ai., 2003 20 257 33 18 277 38 —E‘-—:—— -0.54[-1.17, 0.08] 2.40
Overall + -0.16 [ -0.26, -0.06]
Heterogeneity: 2 = 0.00, 12 = 0.00%, H? = 1.00 :

Test of 8, = 6;: Q(11) = 8.03, p = 0.71 |

Testof 8 = 0: z = -3.23, p = 0.00 i

-1 05 0 0.5
Random-effects DerSimonian—Laird model

Figure 5. Forest plot of Hedge’s g of BMI values in the treatment group compared to controls [57,
71,72,77,78,80-85,87]. Zero indicates no effect, whereas values on the left of this line indicate a
decrease in body mass index when comparing values between the treatment and control groups at
the post-intervention time-point. The dashed line represents the overall effect size.

A total sample of 1666 participants from 12 studies was used to compare BMI values
(intervention group n = 914; control group n = 752). At post-intervention, a significantly
lower BMI in the treatment group was found in comparison with controls (¢ = —0.16; 95%
CI —0.26, —0.06; p = 0.001).

Results for Treatment Group vs. Control Meta-Analyses Per Sample Type

Results showed that active-duty personnel in the treatment groups had a significantly
lower BMI (g = —0.17; p = 0.002) and nominally lower BW compared to controls (g = —0.06;
p = 0.439) at the post-intervention time-point. In veterans, BW was nominally lower in
those given the intervention, although this failed to reach significance (¢ = —0.10; p = 0.294).
Forest plots for each meta-analysis are provided in Supplemental Materials Figures S1-S6.

3.5. Meta-Regression Analyses

Meta-regression analyses were performed to test whether there was a significant
relationship between various continuous variables and the effect sizes of BW and BMI
in the group that received the weight loss intervention. Results are presented in Table 3.
The continuous variables investigated in individual meta-regression analyses were the
age of the sample, the duration of the intervention, the BW at baseline, and the BMI at
baseline. None of these variables were significantly associated with the difference in BW or
BMI between pre-intervention and post-intervention values (Table 3). An overview of the
studies included in the meta-regression analyses is also provided in Table S4.
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Table 3. Results of meta-regression analyses.

Group Variable N Studies Included B (SD) 95% Cls p
Intervention Group
BW
Age 13 —0.002 (0.004) —0.009, 0.005 0.609
BW at baseline 15 0.005 (0.003) —0.001, 0.011 0.135
Duration of the intervention 15 —0.000 (0.003) —0.005, 0.005 0.944
BMI
Age 10 0.002 (0.021) —0.028, 0.015 0.545
BMI at baseline 12 0.034 (0.028) —0.021, 0.089 0.224
Duration of the intervention 12 —0.008 (0.005) —0.018, 0.003 0.142

Notes. BW: body weight; BMI: body mass index; N: Number; 3 (SD): Beta Coefficient (Standard Deviation); Cls:
Confidence Intervals; p: p-value (significant findings at p < 0.05).

3.6. Sensitivity Analyses

All main meta-analyses showed low (BW longitudinal, 12 = 3.45%; BW cross-sectional,
I? = 32.7%; BMI cross-sectional, I> = 0.0%) or moderate (BMI longitudinal, I? = 61.2%)
heterogeneity. The Egger’s test for small study effects found that one meta-analysis had
likely publication bias (BW cross-sectional: t = —0.18, p = 0.859; BMI cross-sectional: t = 0.04,
p =0.968; BW longitudinal: t = 1.41, p = 0.160; BMI longitudinal: t = 3.41, p < 0.001). When
adjusting for publication bias using the trim and fill method, the BMI longitudinal meta-
analysis remained statistically significant (g = —0.20; 95% CI —0.29, —0.11). See Figures
S7-510 for funnel plots.

Regarding the meta-analyses per sample type, low to moderate heterogeneity was
also observed for both active-duty military personnel (BW longitudinal, I? = 12.6%; BW
cross-sectional, I2 = 31.1%; BMI longitudinal, 12 = 64.3%; BMI cross-sectional, I = 0.00%)
and veterans (BW longitudinal, 12 = 4.71%; BW cross-sectional, I = 47.6%). The Egger’s
test for small study effects revealed that two meta-analyses had potential publication bias
for active-duty military personnel (BW longitudinal: t = —2.27 p = 0.023; BMI longitudinal:
t=—2.90, p = 0.004; BW cross-sectional: t = 0.24, p = 0.813; BMI cross-sectional: t = 0.10,
p =0.917) and veterans (BW longitudinal: t = 1.13 p = 0.257; BW cross-sectional: t = —0.94,
p = 0.345). The Duval and Tweedie trim and fill method was used to identify funnel plot
asymmetry and adjust to publication bias for both active-duty military (BW longitudinal:
g =—0.07; CI -0.17, 0.02; BMI longitudinal: g = —0.16; CI —0.35, 0.03; BW cross-sectional:
g =—0.07; CI —0.18, 0.04; BMI cross-sectional: g = —0.18; CI —0.29, —0.08) and veterans
meta-analyses (BW longitudinal: ¢ = —0.17; CI —0.32, —0.01; BW cross-sectional: g = —0.05;
CI —0.16, 0.06). Funnel plots for each meta-analysis per sample type are provided in the
Supplemental Material Figures S11-516.

3.7. Results for Separate Meta-Analyses Divided by Intervention Type

Alongside the evaluation of the primary outcome of the study, additional meta-
analyses were conducted with the aim of evaluating the effectiveness of the different
types of interventions included in the study. The main intervention sub-groups were
summarized as follows: behavioral and lifestyle intervention, diet and nutritional interven-
tion, self-monitoring intervention, counseling-provided intervention, and Internet-based
intervention. Pre-to-post BW and BMI values for the intervention group were analyzed
both longitudinally and cross-sectionally compared to control at the post-intervention
timepoint for each kind of intervention. The main findings showed that all the intervention
subtypes showed a statistically significant decrease in BMI values for both longitudinal
and cross-sectional meta-analyses, except for the counseling cross-sectional meta-analysis
(Table 4). A comprehensive overview of all the results (number of studies included, Hedge’s
g, Confidence Intervals, p-values) for each meta-analysis is provided in Table S5.
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Table 4. Results for longitudinal and cross-sectional BMI meta-analyses divided by intervention.

Type of BMI Longitudinal Meta-Analyses BMI Cross-Sectional Meta-Analyses
Intervention N Hedge's g 95% CI p N Hedge's g 95% CI p
Behavioral and 10 —028 —045,-0.11  0.001 ** 10 ~0.18 —028,-0.08  <0.001 **
Lifestyle
Diet and 9 ~030  —0.50,-011  0.002* 9 ~015 026,003  0010*
Nutritional
Self-Monitoring 7 —026 —048,-0.04  0.021* 7 ~0.17 —028,-0.06  0.003**
Counseling 6 —030  —047,-014  0.001* 6 ~0.13 ~0.29,0.03 0.113
Provided
Internet-Based 3 —022 —037,-0.07  0.004 ** 3 —025 —040,-0.09  0.002**

Notes. * Significant findings at p < 0.05; ** Significant findings at p < 0.01; N = number of studies; g = Hedge’s g
Effect Size; 95% CI: Confidence Interval; p = p-value.

3.8. Narrative Synthesis of Additional findings

The results of studies excluded from the meta-analysis (n = 5) were narratively syn-
thesized (see Supplementary Materials Text S2). The main findings were that behavioral
interventions consisting of classes and individual nutritional counseling with a dietitian, as
well as lifestyle change promotion using a pedometer, respectively, resulted in a greater
and statistically significant decrease in average waist circumference, percent of body fat,
and BMI in the treatment group compared to controls [73], and a significant change from
baseline to post-intervention in BW, BMI, and percent of body fat [86].

However, an examination of the effectiveness of a second-year weight loss intervention
based on behavioral modifications with non-clinician life-style coach sessions compared
to usual care showed a significant weight regain in the participants, highlighting how the
weight loss intervention was not sufficient to sustain the initial weight loss achieved during
the follow-up [79].

4. Discussion

The present study is the first meta-analysis and systematic review of RCTs investigat-
ing the effectiveness of weight loss interventions to treat overweight and obesity in military
populations, comparing the intervention group both longitudinally and cross-sectionally
with controls. Our findings highlight how military personnel, such as active-duty military
soldiers as well as veterans enrolled in weight loss intervention programs, achieve an
overall body weight and BMI reduction from baseline to post-intervention. Moreover, at
the post-intervention time-point, BMI was lower than controls with a small-to-moderate
effect size. The effectiveness of the weight loss interventions was also found to be signifi-
cant largely in active-duty military personnel but not in veterans. These findings indicate
that weight management interventions in the military population are effective, updating
previous research [20,65,89]. Most of the included interventions were based on behavior
change strategies adopting a comprehensive approach with different therapeutic goals,
combining lifestyle modification with diet and nutritional changes and physical activity
therapy, in line with previous evidence [20].

The limited role of pharmacotherapy in this population reflects current practice [90].
Indeed, only one RCT study comparing Orlistat versus Placebo has been identified through
screening and was included in the meta-analyses. However, it may be that the introduction
of new medications such as Glucagon-Like Peptide-1 (GLP-1) receptor agonists may change
practice: the American Association of Clinical Endocrinologist guidelines emphasize this
point with consideration of those patients who have not responded to intensive lifestyle
therapy, or have experienced weight regain after responding to lifestyle therapy, and those
with more severe complications of obesity [91]. Adding a pharmacotherapeutic adjunct to
behavioral and lifestyle therapy might turn out to be an effective strategy to stem the rising
rate of obesity in the military population, especially for veterans [92], although further
studies are needed in this regard.
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Another relevant consideration of our research concerns the possible application of
new therapeutic approaches based on the use of technology. Several forms of remote,
internet-based interventions have been identified by our study, enhancing the increasing
evidence that an internet-based weight management program could have relevant clinical
implications, especially in the military population [55,93-95]. Indeed, among soldiers
enrolled in the Army weight control program (AWCP), 29% (28% of males and 36% of
females) reported that they would like access to an internet-based program to facilitate
their weight loss efforts [96]. From this perspective, internet-based interventions may
present a platform for a widespread approach to weight management [97] and offer a
possible treatment option for the Navy or Marine Corps while aboard [98], in other cases
when face-to-face interventions are not possible (such as during the restrictions due to the
COVID-19 pandemic [23]), or to facilitate follow-up over time.

Another relevant consideration of these findings concerns the duration of the inter-
vention: only two studies examined the effectiveness of the intervention after 12 months
had passed [79,88]. In recent years, several meta-analyses of weight loss interventions con-
ducted on the general population based on pharmacological (BMIgs: —2.37, [99]), cognitive
behavioral therapy (BMIgs: —0.63; [100]), and lifestyle and dietary interventions (BMlIgs:
—1.5; [101]) have been conducted, which also report successful weight loss induction but
poor maintenance of weight loss [102,103]. Strategies used to maintain the weight loss
include regular contact with a lifestyle counselor [95] or innovative strategies targeting
participants at key moments of disengagement risk [104]. More research is needed to assess
the long-term effectiveness of weight management interventions in military populations.

Even though we found that behavioral and lifestyle interventions, diet and nutri-
tional interventions, self-monitoring interventions, counseling-provided interventions, and
internet-based interventions are all effective in military populations, these approaches
might not work for individual military personnel. For example, long-term face-to-face
interventions are not feasible for military personnel with frequent different deployments
or for sailors. Research should therefore address the specific needs of people with obesity
serving in specific military branches and units.

Additionally, most studies have used body weight or BMI as outcome parameters to
measure the success of weight loss programs. However, soldiers often endeavor to gain
muscle mass in order to cope with the physical demands of their job or to appear physically
fitter and more muscular, which can even become a mental health problem [105]. In fact, the
comparatively smaller effect size of weight loss interventions in this population compared
to general populations may be because of the different distribution of muscle mass and fat
mass when considering the whole BMI composition in these populations. In this case, body
weight and BMI metrics might be misleading indicators of health. Thus, BMI and body
weight should not be the only outcomes of weight loss interventions; other parameters
such as body fat percentage, waist-to-hip ratio, or abdominal circumference should also be
considered [106].

5. Clinical Implications and Practical Recommendations

Recommendations for clinical practice can be outlined from the findings of this study
(Table 5). First, it is recommended to use as comprehensive an approach as possible, as
combining multiple therapeutic targets has been found to be the strategy with the greatest
effectiveness. This outcome is in line with the latest update of the U.S. Veterans Health
Administration (VHA) and Department of Defense (DoD) Clinical Practice Guidelines
for the management of adult overweight and obesity, confirming how comprehensive
lifestyle interventions (CLIs) have been, and continue to be, the foundation of weight loss
management. CLIs combine three critical elements: nutritional, behavioral, and physical
activity modification, with the goal of promoting a negative energy balance [107]. Successful
interventions can be delivered with both individual and in-group sessions, but the strongest
evidence was found to be for tailored approaches [108]. Indeed, both dietary strategies and
physical activities are essential components of achieving weight loss. However, this goal
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can be achieved through various types of meal replacement and food regimens or different
types of training sessions (such as aerobic or resistance/physical activities), and there is no
one standardized program that universally represents the most effective approach. Thus,
it is important to personalize the treatment strategy according to the patient and his or
her medical comorbidities, if any, and to establish a collaborative plan that can also be
useful in improving therapeutic adherence. Therefore, a successful approach might be to
include the patient in an interdisciplinary approach, comprising a dietitian or nutritionist
to deal with diet and food intake, a fitness coach for exercise, and a psychologist to provide
psychoeducation to the patient by working on the emotional, cognitive, and social factors
that influence their relationship with food and the environmental factors that may have a
negative influence on lifestyle. This may have a positive influence on long-term weight
management and may increase compliance with the dietary and exercise regimen [109].

It must also be considered that the specific military environment can play an important
role in dietary and exercise restrictions. While both the Army and the Navy are focused on
maintaining physical fitness and weight standards, the unique environments, operational
demands, and challenges they face result in tailored approaches to weight loss interventions.
The Navy might need to consider dietary and exercise adjustments that account for the
specific challenges of being on a ship or naval base for a long period of time. This could
involve more focus on balanced nutrition that remains accessible during long journeys
and considering the limited space for storage. On the other hand, access to fresh versus
ultra-processed foods (UPF) can significantly impact weight loss interventions in those
populations. Access to fresh, whole foods is often preferred for weight loss and overall
health due to their higher nutritional value and benefits. However, in certain military
settings, such as deployments or naval environments, access to fresh food might be limited
or impractical. Military interventions focusing on weight loss might need to strike a
balance between providing nutrient-dense fresh foods whenever possible and incorporating
healthier options within the constraints of the military environment. The next stage might
be to develop qualitative studies to address the implications of access to fresh versus UPF
in weight loss interventions, emphasizing the importance of adapting dietary guidelines
to suit the practical challenges and unique circumstances faced by military personnel in
different settings.

Interesting and promising evidence on the use of technology to deliver lifestyle mod-
ifications during a weight loss intervention can also be outlined from the present study.
Although this represents a still-emerging topic, the use of web-based intervention and
computer remote sessions is certainly a rapidly growing area. Although in-person dietary,
physical activity, and behavioral interventions have the strongest evidence of effective-
ness, the results of our study showed that in clinical practice, the use of internet-based
interventions could be an effective strategy to enable the implementation of weight loss
interventions when in-person sessions are not possible (such as due to geographical con-
straints or military service abroad).

Concerning the role of pharmacotherapy, our research highlighted how the use of
medications is poorly employed for short-term weight loss interventions in active military
populations. Only one RCT investigating the use of orlistat in addition to lifestyle modi-
fication in these populations was found. This reflects current clinical practice, as the use
of pharmacological therapy is not the first-line approach, although it can certainly be an
important tool for weight loss management in combination with CLIs, especially in the long
term. Indeed, a systematic review and meta-analysis including 28 RCTs (n = 29,018) investi-
gating the role of pharmacotherapy for the treatment of obesity in the general population
concluded that the prescription of medications (such as liraglutide, naltrexone /bupropion,
orlistat, or phentermine/topiramate) is recommended in addition to CLlIs, especially for
patients with a BMI of >30 kg/ m?2,and as a long-term therapeutic strategy [110]. There is
little support in the literature for the short-term use of medications for weight loss, and
current international guidelines recommend the introduction of medications when CLIs
have produced insufficient results [107]. The same applies to the use of bariatric surgery:
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current U.S. VA/DoD Clinical Practical Guidelines point to bariatric surgery in general
populations as a possible long-term treatment strategy in conjunction with CLIs for patients
who are less than 65 years old and who have a BMI > 40 kg/ m?, or patients who have an
obesity-associated medical condition(s) with a BMI > 35 kg/m? [107]. There is still a dearth
of evidence for the long-term management of weight loss and maintenance interventions in
military populations. Current guidelines recommend that if a patient has lost weight in a
short-term treatment program, they should be placed in a program for weight maintenance
over time [111]. Moreover, adjunctive pharmacotherapy could be combined with CLIs, as
has been observed in the general population. Overall, further studies are currently needed
to confirm the long-term effects of weight loss interventions in military populations before
definitive recommendations can be made.

Table 5. A summary of the main clinical implications and practical recommendations for military
populations based on the literature review.

Topic

Level of
Evidence

Clinical

Recommendations RCTs (n)

Practical Implications

Short-term weight loss
intervention for obesity
(up to 6-12 months).

Physical activity (aerobics, resistance, or
high intensity); no sufficient evidence
from RCTs regarding the superior High 18
effectiveness of one type, frequency, or
intensity of physical activity.

Individual or group-based
comprehensive lifestyle
intervention

Dietary and nutritional interventions such
as meal replacements promoting low
caloric balance intake and healthy meal
plans provided by a registered dietitian
(when available) and individualized to
each patient.

High

12

Cognitive behavioral therapy,
psychoeducational strategies, and
motivational techniques for cognitive,
emotional, and social factors that
influence weight management.

High

12

Structured outcome monitoring over time
(clinical or self-monitoring): body weight,
BMI, fat percentage, waist-to-hip ratio,
abdominal circumference.

High

12

Internet-based intervention when
in-person programs are not available.

Good

Behavioral therapy plus the use of
technology (e.g., pedometer).

Weak

Pharmacological intervention (e.g.,
Orlistat).

Weak

Long-term weight loss
intervention for obesity

Military personnel who
have lost weight should be
enrolled in a
comprehensive weight loss
maintenance program.

Lack of evidence for weight maintenance
programs in military populations.

Weak

Abbreviations: RCTs: randomized controlled trials; n: number; BMI: Body mass index. Algorithm: The level of
evidence was evaluated based on the number of available RCTs, rated as follows: “weak” for RCTs n < 2; “good”
for RCTs n = 3-5; “high” for RCTs n > 5.

6. Strengths and Limitations

To the best of our knowledge, this systematic review and meta-analysis is the first
of its kind to comprehensively review the literature on RCTs to address the effectiveness
of weight loss interventions in the military population. Selection bias was mitigated by
involving two independent reviewers during the screening, data extraction, and quality
assessment procedures. However, several limitations should be highlighted. First, there
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is wide heterogeneity in the type of intervention, and interventions may have included
several active elements. In addition, a separate meta-analysis could not be conducted to
investigate the effectiveness of the weight loss interventions in terms of BMI values in
the sample of only veterans due to a lack of sufficient data, as well as for gender-specific
sub-group analyses. Finally, although inclusion criteria allowed the selection of ongoing
studies to maximize inclusion, as well as the selection of articles in different languages
(English, German, Italian, Spanish, and French) to limit possible bias due to missing data
and ensure a high level of generalizability, most of the articles after the screening process
were from the United States.

7. Conclusions

This systematic review and meta-analysis found a small to moderate short-term
effectiveness of weight loss interventions among the military population and a promising
effectiveness of Internet-based programs. However, there is still a need for further research
to evaluate the long-term effects and weight loss maintenance following the intervention.
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Abstract: Persons suffering from eating disorders (ED) may often experience a recurrence/ persistence
symptoms despite the completion of psychiatric therapy. In most cases, their general health status is
linked to current nutritional behaviors. Medical professionals, general practitioners (GPs), dieticians,
and dentists may see those patients in their practices. At the same time, due to low sense of illness,
some patients may delay or never seek professional medical care. The aim of this article is to analyze
the main ED types according to dietary behaviors causing oral health problems and discuss oral
health complications in affected dentate patients. The second objective is to update oral preventive
measures and technological innovations together with active agents for oral hygiene care that might
effectively support oral health maintenance during the presence of long-term symptoms. The research
method involved a review of clinical reports as a synthesis of the electronic research in the Pubmed,
Web of Science, and Google Scholar databases. Based on the research, ED patients were found to
present related incidences of oral complications. Studies have reported that the possible course

Citation: Paszynska, E.; Hernik, A.; of an ED and comorbidities may be an imbalance in the oral environment. The results showed
Rangé, H.; Amaechi, B.T; Gross, G.S;  an association between biological (malnutrition, etc.), behavioral (binge eating episodes, vomiting,
Pawinska, M. Diet Traps during acidic diet, poor oral hygiene), and pharmacotherapeutic (addiction, hyposalivation) factors that
Eating Disorders among Dentate may threaten oral health. Early diagnosis of the past and present symptoms is essential to eliminate
Patients at an Oral Health Glance. and take control of destructive behaviors. Oral changes need to be tackled with medical insight, and
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additionally, the perception of dietary interactions is recommended.
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1. Introduction

Published: 18 October 2023 Medical professionals, including general practitioners (GPs), dieticians, and dentists,
may see eating disorder (ED) patients in their practices. Patients attending medical or
dental appointments usually show up for a routine check-up, and EDs can be diagnosed by

accident. Those affected by eating disorders are young and often unaware of the serious-
Copyright: © 2023 by the authors.  negg of the complications that can occur as a result of a lack of diagnosis, untreated disease,
Licensee MDPI, Basel, Switzerland.  and dietary errors. Romanos (2012) points out that oral symptoms can appear asymptomat-
This article is an open access article  jea]]y [1]. Implementing treatment standards, and providing professional medical and
psychological help, can happen faster if there is knowledge on and awareness of dietary
traps. This increases the chance of not only preventing dangerous health complications
manifested in the oral cavity but also improving the prognosis of disease treatment.

distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
1.0/).

Nutrients 2023, 15, 4414. https://doi.org/10.3390/nu15204414 180 https:/ /www.mdpi.com/journal /nutrients



Nutrients 2023, 15, 4414

The aim of this article is to analyze the main ED types according to the dietary choices
that cause oral health symptoms and to discuss the side effects associated with EDs in
affected dentate patients. The second goal is to update available oral preventive measures
and technological innovations together with active oral hygiene measures and care that
might effectively maintain oral health during the presence of long-term ED symptoms.
The research method involved a review of the clinical reports on EDs as a synthesis of the
electronic research in the Pubmed, Web of Science, Google Scholar databases, addressing
patients residing in industrialized countries.

2. Eating Disorder Characteristics
2.1. Types of Eating Disorders

The most important classifications that describe diagnostic criteria are the American
Psychiatric Association (APA) guidelines, provided in the Diagnostic and Statistical Manual
of Mental Disorders (DSM 5th edition, updated in 2013), and the International Classification
of Diseases (ICD-11), approved by the World Health Organization (updated 2019) [2,3].
According to ICD-11, this group of diseases falls under behavioral syndromes associated
with physiological disorders and physical factors. According to the APA, eating disorders
are characterized by ongoing abnormal behaviors related to feeding and eating, followed
by changes in food intake or impaired food absorption, and this in turn causes disorders
of physical health or social functioning. The symptoms of the disorder allow a clear
diagnosis since the diagnosis of a particular disease entity excludes another. Division of
EDs according to DSM-5 and ICD-11 subtypes is presented in Figure 1, [2,4].

FEEDING AND EATING DISORDERS

DSM-5 & ICD-11
1

PICA

RUMINATION DISORDER  FOOD INTAKE DISORDER

AVOIDANT/RESTRICTIVE ANOREXIANERVOSA BULIMIANERVOSA | fo e oo oo oo d R S arED gr': ES:‘IEICI‘IIS E)?S%FEI?IE?:ST
(BN)

(AFRID) J (&) | | DISORDERS(OSFED) (UFED)

| BINGEEATING/PURGING
RESTRICTING SUBTYPE s

Figure 1. Division of EDs according to DSM-5 and ICD-11 subtypes.

2.2. ED Risk Factors

Eating disorders are characterized by multiple risk factors, which can be biological,
psychological, social, and cultural determinants. Individual theoretical models were con-
sidered, referring to socio-cultural determinants (ideal body model, gender role), aspects of
personal vulnerability (character and behavioral features, including genetic), family and
interpersonal background (disorders occurring in the family, e.g., lack of hierarchy, unclear
roles, existence of strong ties, turbulent way of solving problems, perfectionism or overpro-
tection of the family, influences of the environment from the same age group), and influence
of traumatic life events (e.g., physical, sexual violence) [5,6]. Risk factors predisposing to
the disorder in childhood trigger the first onset of the disease in adolescence [7].

Eating disorders often begin with the selective eating of certain foods or following
of specific diets, such as vegetarian diets, that seem easy to accept socially [8]. The im-
age of idealized figures created by social media can also lead to behaviors that promote
eating disorders [9]. A contributing factor is perfectionism, an ideal that is an important
reference point for the individual [10-12]. The following risk groups can be recognized:
athletes—including more often female athletes, such as those in cycling, judo, gymnastics,
and athletics—and people working in modeling, dance training, the military, catering, and
show business [13,14]. Biological backgrounds, e.g., disorders of the serotonergic system,
are considered in genetic analysis or as correlations with metabolic and immunological
features (including glycemic, lipid) and analysis of the fetal period [7]. Meta-analyses
indicate the potential importance of single-nucleotide polymorphisms (SNPs) including
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serotonin receptor gene and serotonin transporter gene (5-HTR2A, 5-HTT), catechol-O-
methyltransferase (COMT) polymorphism (Val158Met), and brain-derived neurotrophic
factor (BDNF) polymorphism (Val66Met) [15,16]. The heritability in families with mono-
dizygotic twins is estimated to be between 48-74% [17]. Genome-wide association studies
(GWASs) have identified a chromosome 12 (12q13.2) locus that is relevant to the inheritance
of the disease [18].

Researchers’ attention is drawn to changes in both the hunger and satiety centers as
well as to the associated regulation of appetite and metabolism. This includes anorexigenic
(appetite-reducing) and orexigenic (appetite-stimulating) substances secreted centrally
in the central nervous system and peripherally (by adiponectin and enterohormones).
Substances that regulate appetite in the short term (e.g., cholecystokinin and other proteins)
and long term (hormones leptin, insulin) and enterohormones that interact with the brain—-
gut axis (e.g., ghrelin, obestatin, neuropeptide B, vaspin phoenixin, spexin, kisspeptin) are
involved in the processes of regulating appetite and metabolism [19-22].

2.3. Epidemiology

Current data show that about 2.9 million people worldwide suffer from anorexia
nervosa (AN), with the prevalence in European countries being at the levels of 1-4%
(women) and 0.3-0.7% (men) [23,24]. Regarding bulimia nervosa (BN), up to 3% of females
and more than 1% of males suffer from this disorder during their lifetime [25]. According
to current epidemiological data, EDs are characterized by a long-term course and a high
mortality rate [6]. Thus, EDs are an important issue for modern medicine, especially since
the incidence rate in Western-civilization countries has been almost declining since the
1970s and the full-blown course is being observed in patients at an increasingly younger
age [6,25-27].

3. Common Dietary Intakes and Behavioral Habits Related to Oral Health in
ED Patients

Persons with current or ongoing symptoms of EDs rarely seek out a dietitian for help
with their erratic eating habits. These people often visit a medical doctor or dentist to help
alleviate a health complication brought on by their dysfunctional eating habits. This section
will discuss the food types and practices of patients with ongoing eating disorders. Several
types of eating disorders have been described and diagnosed.

Anorexia nervosa: Persons with anorexia nervosa exhibit dietary behaviors that are
prompted by their fear of weight gain and distorted body image. Their dietary intakes
are consumed in very small portions throughout the day. The food intake is followed
by extreme exercise to “burn off” the calories consumed. This form of AN is called the
“Restricted Type”. A subset of these patients will binge but purge after a small meal intake
to further reduce caloric intake. Most of them purge by inducing vomiting, while others
use laxatives. Foods commonly used by these patients are lower-calorie foods generally
lower in sugar than the food seen in other types of eating disorders [28-30].

Bulimia Nervosa: This form of an ED is presented by eating not only very low-
calorie foods. Often, high-calorie food is consumed and followed by purging behavior,
particularly vomiting. These foods are consumed rapidly, usually in less than 15-20 min
before abdominal discomfort sets in. In other cases, laxatives, fasting, and intense exercise
are used as well. The vomiting group had a significantly higher intake of diet cola drinks
(low-calorie carbonated drinks) in studies [28-30].

Binge Eating Disorder: This eating behavior is most destructive to the oral cavity and
upper gastrointestinal tract. Individuals involved select high-calorie foods and follow with
purging behavior. If purging is not activated, these people may use laxatives or diuretics
and endure extreme exercise activity (Table 1).
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Table 1. List of binge foods reported by patients: composition and NOVA categories [31].

Carbohydrate % Fat% Protein%  NOVA Category
Ice cream 47 46 7 4
Doughnut 4045 45-50 2-3 4
Pita bread and hummus 50 39 11 4
Raisin bagels 80 6 8 4
Cookies 60 38 2 4
Nuts 12 75 13 lor4
Diet soda Artificial sweetener 0 0 4
Potato chips 35 60 5 4
Chocolate cake 57 40 3 4
Cherry yoghurt 75 10 15 4
Pizza 48 37 15 4

NOVA: a classification of food products that assigns the level of processing by the food industry. Examples are
described as categories such as minimally processed and ultra-processed. Numerical categories defined: Group 1
comprises foods that are unprocessed or minimally processed. Examples: salt, sugar, oil, and fats. Group 2 is
defined as comprising foods from Group 1 with minimal processing with culinary ingredients. Examples are
oils, butter, lard, sugar, and salt. Group 3 comprises processed foods, i.e., products manufactured by industry
with added substances to increase palatability or shelf stability. Examples include bottled vegetables or legumes
preserved in brine and vinegar, fruits in syrup, meat products and canned fish, smoked fish, freshly baked bread,
and simple cheeses to which salt is added. Group 4: Ultra-processed foods formulated with ingredients exclusive
to industry. Examples are soft drinks, sweets, salty or fatty foods, packaged snacks, candy, pasties, breakfast
cereals, and energy drinks.

Further proof of deficiencies in dietary intakes by persons with ongoing eating dis-
orders of any type was described in the following studies. A case-controlled study by
Johansson et al. [28] listed the types of foods consumed during the active disease. Patients
filled out a ‘food recall” of their dietary intakes. The findings concluded that their diet
was significantly higher in caffeine-containing cola soft drinks (carbonated drinks). Also,
they noted that sugar-containing foods were reduced, along with a reduction in the lunch
meal quantity. The NHANES study reviewed the nutritional adequacy of dietary intake in
women with anorexia nervosa. In women from 19 to 30 years of age, a 24 h dietary recall
was analyzed and compared to the Dietary Reference Intakes (DRIs). It was concluded that
all women were deficient in energy, macronutrients, and micronutrients [29,30].

In conclusion, patients with EDs are at risk for malnutrition, which could have sig-
nificant general and oral health consequences. It is recommended that these patients
be assessed both psychologically and physically by health professionals. Counseling by
Registered Dietitians is highly recommended to support improved dietary intakes.

4. Oral Complications of ED
4.1. Oral Hygiene

Until recently, studies have reported conflicting results regarding oral hygiene and
periodontal health conditions in ED patients. On the one hand, the ED sufferer exhibits
personality traits supposed to lead to overzealous toothbrushing. On the other hand, they
suffer from depressive comorbidity with low interest in oral hygiene practices and a higher
risk of periodontal diseases. Indeed, periodontal diseases include reversible and irreversible
clinical forms of periodontal tissue destruction, known as plaque-induced gingivitis and
periodontitis, respectively. The evidence-based pathogenesis of periodontal diseases em-
phasizes the role of malnutrition [32,33], substance abuse in particular tobacco smoking
and alcohol consumption [34], and anxiety [35]. Unbalanced diets with a high consumption
of carbohydrates [36,37] and deficiency in vitamins and minerals are frequent in EDs [38].
In addition, mood and anxiety disorders are commonly associated with EDs [39,40]. Hence,
ED patients exhibit dietary habits and comorbidities at high risk of periodontal disease.
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According to the joint classification of the American Academy of Periodontology and the
European Federation of Periodontology, plaque-induced gingivitis is an inflammatory
response of the gingival tissues resulting from bacterial plaque accumulation located at
and below the gingival margin [41]. Managing gingivitis is a primary preventive strategy
for periodontitis. Periodontitis is a chronic multifactorial inflammatory disease associated
with dysbiotic plaque biofilms and characterized by the progressive destruction of the
tooth-supporting apparatus [42]. Its primary features include the loss of periodontal tissue
support, manifested through clinical attachment loss (CAL) and radiographically assessed
alveolar bone loss; the presence of periodontal pocketing; and gingival bleeding. Without
treatment, periodontitis leads to tooth loss.

Case-control studies comparing oral health conditions in EDs with controls have
evaluated plaque control with conflicting results. Two studies in the 1990s using the Plaque
Index (PI) from Silness and Loe [43], which is a partial recording system prone to bias,
found no difference in plaque accumulation between ED and non-ED subjects [44,45]. The
oral hygiene level was better in ED outpatients than in non-ED controls in two studies
again using non-full-mouth recorded data [28,46]. Poorer plaque control in ED inpatients
compared to non-ED controls was shown in two studies [47,48]. In a study with a subgroup
analysis, according to the ED diagnosis, plaque control was worse in patients with AN
compared to patients with BN and controls with a Plaque Control Record (PCR), measured
at79%, 64%, and 53%, p < 0.01, respectively [47]. Hyposalivation induced by the disease and
the psychotropic medications [49] may make plaque control difficult and the lack of salivary
mechanical and biological antimicrobial actions can favor plaque accumulation [50,51].
However, in studies, the toothbrushing frequency in people with EDs was not different [52]
or even higher than in non-ED controls [47,53].

4.2. Periodontal Health

Several observational studies have assessed the periodontal status of ED patients,
mostly those suffering from AN and BN. Gingivitis case definitions used were often hetero-
geneous among studies based on partial-mouth examination approaches with the Gingival
Index (GI) [54], leading to no difference [45] and less gingival inflammation [28,46] in ED
patients. However, the two studies with full-mouth bleeding scores showed a higher occur-
rence of plaque-induced gingivitis in ED patients [47,48]. In addition, two well-designed
case-control studies found that ED patients present significantly fewer healthy (no gingival
bleeding after probing) sextants, measured by the Community Periodontal Index and
Treatment Needs (CPITN) [55], compared with non-ED controls, but found no difference in
the number of sextants with periodontitis (probing pocket depth > 3mm) [48,56]. These
results are in accordance with those of Pallier and collaborators, who observed a higher
CAL, with significantly more sites exhibiting gingival recessions in the ED group in com-
parison with the control group, but no difference in the number of sites with probing pocket
depth [47]. To sum up, ED sufferers are not at risk of periodontitis but are at high risk of
plaque-induced gingivitis and gingival recessions.

Gingival recession is defined as the apical shift of the gingival margin with respect
to the cementoenamel junction; it is associated with attachment loss and with the expo-
sure of the root surface to the oral environment [57]. People with AN and BN have an
increased prevalence of gingival recession compared to subjects without EDs of the same
age [47,48]. Gingival recessions have multiple maxillary and mandibular localizations. A
whitish appearance of the free gingival margin of the recession is frequent as a sign of
chemically induced tissue damage by intrinsic and extrinsic acidity. Atypical localizations
such as the palatine surfaces of the upper molars are characteristic of ED patients [58].
Toothbrushing frequency is one of the main risk factors for gingival recession along with
improper toothbrushing duration and force [57]. This could explain the more frequent
generalized gingival recessions observed in ED patients.

Induced by both tooth wear and gingival recessions, dentinal hypersensitivity is also
more frequently reported by patients suffering from EDs than controls [44,53].
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4.3. Oral Mucosal Health

Oral mucosal lesions are often observed in EDs. Factors such as malnutrition and asso-
ciated deficiencies of vitamins or micro- and macronutrients, dehydration, or pathological
behaviors such as provoking vomiting, overbiting, and other parafunctions predispose to
their occurrence [59]. Stress levels and addictions like smoking are also important [52].

When analyzing the published results, it is important to pay attention to the profile of
the study group. Some differences will exist due to the fact that previous authors analyzed
subjects with varying proportions of AN, BN, and EDNOS cases; disease durations; and
ages. Panico et al. (2018) [60] and Lesar et al. (2022) [61] observed oral lesions in up to
94% of patients. Their locations can be on the lips, which are dry in as many as 76.2% [62],
93.2% [52], or 69% [28] of subjects. In addition, exfoliative cheilitis, angular cheilitis, and
labial erythema are very frequently diagnosed [1,52,53,60,61,63]. The mucosa is anemic,
thin, and prone to injury. As a result, it is pale, and more often, ulcerations and hemorrhagic
lesions appear on it, the occurrence of which are significantly influenced by the provocation
of vomiting and the highly acidic content of vomit [52,60-63].

Patients are more likely to report mouth irritation, diagnosed as Burning Mouth
Syndrome (BMS) [1,53,63]. This disease can be determined by the dentist on the basis
of subjective symptoms reported by the patient as it is usually not accompanied by any
objective local changes in the oral mucosa. Johansson et al. (2012) [28] showed that the
chance of experiencing episodes of burning mouth is 14.2 times higher in patients with
eating disorders than in healthy individuals. This is suggested to be associated with
mucosal atrophy, xerostomia, and the general disruption of oral homeostasis. Individuals
with eating disorders have also been observed to have more common symptoms of cheek
and lip biting, as well as impressions on the tongue and linea alba, associated with increased
stress levels [52,60,61,63]. A weakened immune system and dysbiosis resulting from a
breach in tissue continuity will promote a variety of bacterial, viral, and fungal infections,
with the typical clinical presentation of these pathogens [64-67].

4.4. Dental Health
4.4.1. Dental Caries

Eating patterns in EDs that may affect the onset of dental caries include, on the one
hand, avoiding entire food groups and certain macronutrients without a medical reason,
participating in fad diets to lose weight, and intentionally skipping meals, which may result
in nutritional deficiency [68,69]. The low intake of nutrients such as proteins; vitamins A,
C, and D; and minerals may enhance their susceptibility to demineralization in carious
processes [70]. On the other hand, alternative eating behaviors, such as slowing down the
pace of eating, the consumption of large amounts of high-caloric and high-carbohydrate
food during binge eating, and engaging in making yourself vomit to control body weight,
may contribute to the retention of food debris, the formation of dental plaque on the tooth
surface, the lowering of the pH of the oral cavity environment, and the promotion of
demineralization, and thus favor dental caries [68].

Additional factors that may promote dental caries in ED patients are alterations
in the composition of saliva [71]; a decrease in saliva’s buffer capacity and secretion
rate [52,53,72,73], which may be associated with the structural changes in the salivary
glands [28,74]; self-induced vomiting or starvation; and the side effects of psychotropic
drugs (i.e., antidepressants, appetite suppressants), diuretics or laxatives [49]. Undoubt-
edly, poor oral hygiene in patients with eating disorders, presumably also resulting from
psychological reasons, may be a contributing factor to dental caries [47,75].

Numerous studies have examined the association between dental caries and EDs,
applying commonly used caries assessment measures such as caries prevalence or caries
severity based on the clinical or (less often) radiographic recordings and expressed by the
sum of decayed (D), missing (M), and filled (F) teeth (DMFT index) or tooth surfaces (DMFS
index) [28,47,52,53,74-78] or the International Caries Detection and Assessment System
(ICDAS-II) system) [79]. However, the results obtained are contradictory and vary between

185



Nutrients 2023, 15, 4414

37% and 80% depending on the type of ED and the qualification criteria adopted for
diagnosis [74,75,78-81]. Some authors demonstrated significantly higher values in terms of
the DMFT index and its D and M components in comparison with control groups [47,53,75].

Relationships between the caries index and vomiting frequency are also inconsistent
although it is clear that gastric acid along with high-carbohydrate food or beverages may
initiate the carious process [82].

It is important to emphasize that there is no single ED-associated factor, but rather, all
the above-discussed contributing risk factors may have inputs in ED. The following factors
should be considered: cariogenic diet, oral hygiene level, remineralization exposure, and
taking certain types of medication [81].

4.4.2. Erosive Tooth Wear

Erosive tooth wear (dental erosion), the irreversible loss of tooth structure due to
chemical dissolution by acids not of bacterial origin, is one of the major oral complications
of eating disorders [83]. Erosive tooth wear (ETW) is caused by the frequent contact of
teeth with acid from either the stomach (gastric acid) or drinking and eating acidic drinks
and foods, particularly outside meal times [84]. EDs, particularly BN, can potentially
increase the risk for ETW since they may be associated with bingeing on acidic foods
and/or drinks followed by vomiting after every meal [28-31,85]. Some of these patients
use these beverages both in the place of normal meals as well as during intense exercise to
lose calories [31]. These characteristics are associated with the frequent contact of the teeth
with gastric or dietary acids over an extended period of time, with the consequent wearing
away of the dental hard tissue through acid demineralization, initially affecting the enamel,
and with the progression to an advanced stage, dentin is exposed (Figures 2 and 3). The
exposure of dentin may result in dentin hypersensitivity in response to external stimuli of
a cold, hot, tactile, or osmotic nature. The acid of gastric juice brought up due to vomiting,
the pH of which can be as low as 1, causes the wear of the palatal surfaces of upper incisors
(Figure 2), and with lesion progression, the lingual surfaces of premolars and molars
become affected, and in more advanced stages, the process extends to the occlusal surfaces
of molars and to the facial surfaces of all teeth [85,86]. Erosion due to dietary acid, with pH
ranging from 2.7 to 3.8, has no specific distribution pattern, but depends on factors such as
the method of application. Thus, EDs in combination with vomiting are associated with an
increased occurrence, severity, and risk of dental erosion [85]. The reported prevalence of
ETW among eating disorder patients, particularly those with BN, varies among countries
and ranges from 42 to 98% [85].

Figure 2. Palatal surfaces of maxillary teeth affected by erosive tooth wear (Courtsey Amaechi BT,
UTHSA, San Antonio, TX, USA).
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Figure 3. Occlusal surfaces of mandibular teeth affected by erosive teeth wear (Courtsey Amaechi BT,
UTHSA, San Antonio, TX, USA).

Main ED’s symptoms and oral effects are presented in Figure 4.
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Figure 4. EDs’ main symptoms (in yellow) and oral effects (in blue and purple). The following factors
may influence any oral complications: subtype of AN, BN, and EDNOS according to nutritional
behaviors; vomiting frequency; disease duration; age and sex of the patient; general health status;
pharmacotherapy and their side effects to salivation; and psychosocial profile; as well as cario-
genic/acidic diet, individual oral hygiene, and remineralization exposure. Abbreviations: 1| means
the ED symptoms increase the oral effect/decrease the oral effect.
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5. Current Approaches to Managing ED

Due to the fact that the effects of EDs on both soft and hard oral tissues are of a
multifactorial nature, the dentist may be the first to observe the existence of EDs that may
not have been revealed to the medical personnel during history taking. Considering the
etiology and symptoms of EDs, management requires a multidisciplinary team involving
clinical psychologists, dietitians, and dental professionals. For this reason, the following
management should be followed.

5.1. Counselling Relating to Dietary Habits

As noted in this manuscript, there exist a wide variety of manifestations of eating
disorders. Multiple therapeutic approaches, including psychotherapy, hospitalization, and
nutritional counseling, have been employed. A focus on the dietary intake and nutritional
education of individuals suffering from eating disorders is of high significance.

The most severe and aggressive form of an eating disorder is anorexia nervosa. A study
of young women who had current disease were assessed as to their state of malnutrition.
The study investigated and analyzed their dietary intake with a 4-day food diary recorded
by each participant. The nutritional analysis found that their diets were deficient in both
macro- and micronutrients. Their body weight and basic mass index (BMI) were lower than
in healthy reference groups. The study concluded that all anorexia nervosa patients must
undergo nutritional counseling. In severe cases, refeeding may include hospitalization with
Nasogastric-tube feedings, nutrition education, and the supplementation of vitamins and
minerals to support the refeeding plan [28-30].

A meta-analysis of nutritional counseling as part of the clinical approach to treating eat-
ing disorders demonstrated the benefit to vary among patients, with some benefitting while
others did not, and this was attributed to the varied manifestations of the disease [28,29].
However, a consistent finding indicated that BMI and weight increased with dietetic input.
The quality of the diet was positively impacted by nutritional advice. Further, practices
and standards conclude that refeeding intervention is necessary and a dietitian/nutritionist
is well able to intervene as part of the interprofessional team. Valuable to the outcome
was the dietitian’s expertise in selecting a feeding plan to include menus tailored to each
patient’s taste and cultural background [28,29].

In general, the first rule of dietetic therapy is to personalize the refeeding plan of
the patient presenting with an eating disorder. Conducting an interview with the pa-
tient to determine how they “feel about food” may assist in the education process. Such
a conversation may unveil certain aversions to food types, smell, or consistency. The
dietitian/nutritionist can prescribe a menu plan that does not include these food items.
Furthermore, the omitted food items may be a topic of discussion to dispel any misinfor-
mation that may exist [31,87,88]. To initiate the discussion, the dietitian/nutritionist must
have the patient’s agreement on the composition of the menu plan. Once agreed upon, the
calorie level should be advanced one to two times per week. Weight goals of 2-3 Ibs per
week are recommended for underweight patients (BMI < 18) [31,88]. It should be noted
that eating disorder patients can have normal or above-normal BMI. Nutritional therapy
should include support for consistency in the patients” eating patterns. These menus should
include three meals with 1-3 snacks per day. Due to the use of laxatives, purging episodes,
and excess exercise, the monitoring of electrolytes, weights, vital signs, and recovery meal
plan compliance is advised [31,88]. The recovery meal plan may be a vehicle to give the
eating disorder patient “permission” to eat. The goal is to reintroduce food as a partner
and not an adversary in the healing process. The MyPlate approach (Figure 5, Table 2) is
the simplest place to start with the education process [89,90], and foods to include are:

Proteins: Total 5 0z/day

Grains: 6 servings/day

Dairy or alternative to dairy: 3 servings/day
Vegetables and fruits: 5 servings/day

Fats and oils: 4 servings/day
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The Plate-by-Plate Approach The Plate-by-Plate Approach

50% Grains/Starches Plate 33% Grains/Starches Plate

Figure 5. A typical example of the Plate-by-Plate Approach.

Table 2. Seven essential steps and strategies for implementing the Plate-by-Plate Strategy [89,90].

STEP 1 CHOOSE A 10-inch PLATE

STEP 2 PLATE ALL FOOD GROUPS

STEP 3 FILL THE PLATE UP

STEP 4 DECIDE HOW MANY MEALS AND SNACKS
STEP 5 INCLUDE VARIETY

STEP 6 DOES THE MEAL MAKE SENSE?

THE FINAL REVIEW: HOW DOES THE PLATE LOOK?

e Areall the food groups present? Grains/Starches? Proteins?
Fruit/ Vegetables? Dairy? Fat?

STEP 7 e Are the plate 50% grains/starches, 25% protein, 25% fruit/vegetables?
(or 33% grains/starches, 33% protein, 33% fruit/vegetable, depending
on which plate is recommended?)

e Is the whole plate full?
e  Have you challenged your child?

The patient must keep an accurate food intake of dairy. The dietitian/nutritionist
should review for balance, frequency of meal consumption, variety, and the appropriateness
of portion sizes [89,90].

Standard practice for a dietitian’s role in the supervision of a patient with an eating
disorder is centered around the core dietetic skills of screening, professional responsibility,
assessment, nutrition diagnosis, intervention, monitoring, and evaluation [91]. In summary,
regular and careful assessments of nutritional intake along with nutritional counseling
can reduce malnutrition in patients with eating disorders. To optimize the chance of full
recovery from an eating disorder, a multidisciplinary approach is highly recommended.
Currently, dietitians are a part of most eating disorder treatment teams.

5.2. Counseling Relating to the Prevention of Effects on Oral Soft Tissues

Faced with this increased risk of plaque-related gingivitis and gingival recession,
prevention and early treatment require increased motivation for plaque control and the
appropriate teaching of oral hygiene methods. An electric toothbrush is useful in patients
with EDs to potentiate plaque removal while controlling brushing time and pressure on the
periodontium due to the integrated timer and sensor [89].
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Regular supportive periodontal care, two times a year, including professional mechan-
ical supra-gingival plaque removal and lifestyle counselling is of the utmost importance
for an efficacious preventive approach towards periodontal complications in ED patients.

5.3. Counseling Relating to the Prevention of Effects on Oral Hard Tissues (Dental Caries)

Individuals suffering from EDs are included in the high-caries-risk group [92]. There-
fore, effective strategies for preventing dental caries should be applied (Table 3) [93].

While fluoride compounds, applied to remineralize dental hard tissues, need the
salivary calcium and phosphate ions, in the case of ED hyposalivation, they may diminish
the remineralization process. Apart from fluoride compounds, the cariostatic effect of
fluoride-free formulations such as calcium phosphates, either in amorphous or crystalline
form (hydroxyapatite), has also been used with advantageous results in several long-term
randomized clinical trials [94-99]. The mode of action of hydroxyapatite involves providing
mineral ions required for remineralization. These deposits form a protective layer on the
enamel surface, eliminate the harmful effects of cariogenic acids, and prevent the adhesion
of plaque-forming bacteria to the tooth surface [100].

Table 3. The main strategies for preventing dental caries.

via physical methods (toothbrush, interdental
and tongue brushes, dental floss, irrigators)
along with antibacterial preparations if
temporarily needed (toothpaste or
mouthwashes containing active agents, e.g.,
chlorhexidine, stannous salts, or zinc salts)

Control the bacterial biofilm

Increase in the resistance of hard dental tissues  via the topical use of remineralizing agents (at
to the demineralizing effect of bacterial acids home and in-office application)

limiting the consumption of fermentable
carbohydrates; avoiding sticky/acid products
and replacing them with caries-protective
foods such as raw vegetables, nuts, and cheese

Modification of the diet

with consistent food and sugar-free chewing

Stimulation of salivary flow gums containing sucrose substitutes i.e., xylitol

Altering medication-induced hyposalivation if needed [101-103]

Regular dental check-ups every 3 months to monitor the oral condition and motivate the patient

5.4. Counseling Relating to the Prevention of Effects on Oral Hard Tissues (Erosive Tooth Wear)

Once dental erosion is detected, there is a need for a full case history, which should
include dietary history, medical history, dental hygiene habits, and lifestyle history. This
would establish the risk factors and help in the development of individualized counseling.
Erosive tooth wear management in ED patients must involve education (counselling) on
risk factors and the prevention of occurrence and protection of affected surfaces from
further damage, and in cases of severe structural damage, restoration may be required.

The counseling of ED patients should start by educating each patient on the risk factors
predisposing him/her to ETW, with a referral for psychoeducation and dietary advice.
Eating disorder patients should take the following precautions [83].

When possible, ‘bite-guards’ should be worn while vomiting. The inside (tooth surface)
of the guard should be coated with a small amount of Sodium Bicarbonate suspension, or
Milk of Magnesia, to neutralize any gastric acid pooling in it.

Patients must avoid toothbrushing immediately after each episode of vomiting or
bingeing on acidic food or drink; rather, patients should use any of the following to
freshen their mouth and wait for at least 60 min before toothbrushing [104]: fluoride
mouthwash, fluoride tablets/lozenges or dairy products (e.g., milk) to enhance the rapid
remineralization of the softened tooth surface, sugar-free chewing gum or lozenges to
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increase saliva flow to neutralize the acidity and provide an alkaline environment to
facilitate the rapid remineralization of the softened tooth tissue, and sugar-free antacid
tablets or a pinch of sodium bicarbonate (or baking soda) dissolved in some water to
neutralize the acidic oral fluid.

They must use toothpaste containing either high fluoride concentrations or stabilized
stannous fluoride, as well as fluoride mouth rinses, for their routine daily oral hygiene practice.

The intake of acidic dietary products with added calcium reduces the erosive effect of
the drink [105].

5.5. Steps to Protect Affected Oral Soft and Hard Tissues

Current recommendations for oral management of patients with EDs are based on the
need for early intervention without waiting for the remission/curing of eating symptoms,
which sometimes takes years [106]. Oral treatment is part of the comprehensive, multidisci-
plinary, and personalized care project that is coordinated by the general practitioner and
the psychiatrist. After making a differential diagnosis with the usual dental pathologies
(carious lesions, fractures, cracks, defective restorative care), the positive diagnosis of denti-
nal hypersensitivity associated with gingival recessions will be confirmed via the visual
inspection of dentinal exposure sites, most often at the cervical level that is sensitive to
contact (tactile probe test) and/or air using the Schiff test, which is graded from 0 to 3 [107].
Non-invasive treatment is preferred and may include a prescription of desensitizing agents
in the form of toothpaste and/or mouthwash. However, in many situations, in patients
with an ED, the advanced stage of the hard and soft tissue lesions will indicate restorative
treatment and /or periodontal plastic surgery as part of comprehensive management [108].
However, no study has explored the safety and efficacy of root coverage procedures in ED
patients. Tobacco cessation has a beneficial impact on root coverage success and ED patients
who smoke have to be encouraged to quit before periodontal plastic surgeries [109].

Eroded tooth surfaces in ED patients can be protected from further erosive damage
and deterioration in appearance by using any of the following procedures. Dentin bonding
agents can be applied to protect erosively exposed dentinal tissues to reduce the rate of
tooth wear [110]. Adhesively retained resin veneers and crowns both improve appearance
as well as provide protection against further damage [111,112]. These restorations are easy
to place in advanced cases with dentinal exposure when the eating symptoms are not fully
controlled [113,114]. Porcelain restorations may be preferred when the patient recovers
from the ED.

5.6. Recall Visits for Continued Care to Maintain Compliance and Oral Health

A continued care regime matched to the patient’s requirements should be established
to check patient compliance, monitor wear, reinforce advice, and provide encouragement
to maintain changed behavior. Failure to monitor the patient over time may result in a
relapse of the condition (Figure 6).
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Dental
Introduce ProfessionalCare

EEm) Boost water drinking
Check-ups every 3 months

mm) Use straw foracidic — Oral plaque control by toothbrushing
beveragesdrinking (electric) 2 minutes twice a day

Low pH food & drinks mmmm)-  training

Sticky food & drinks

Fermentable carbohydrates

mmmm) Prefer calcium-enriched - monitoring
food & drinks

Long-keeping of acidic food /. Proactive remineralization by

& drinks in oral cavity biomimeticoral care products with
Alcohol consumption neutral pH

Tobacco smoking
Irregular snacking

- hydroxyapatites HAP
- calcium-phosphates Ca-F

Toothbrushing immediately
after vomiting or binge Oral Care Drugs selection while hyposalivation

episode

Abrasive toothpastes

Recommendations
While vomiting
mme)-  individual instructions
- bite-guard

Figure 6. Counseling relating to the prevention of effects on oral hard and soft tissues (what to avoid
but introduce for the patient and professional care).

6. Conclusions

Based on the specific psychopathological ED symptoms associated with food intake, it
is possible to identify EDs that lead to a number of somatic complications and changes in
the functioning of the oral cavity. The present review covers various directions in which
dietary habits and oral health may be altered during the course of an ED. However, oral
complications in ED patients are of multifactorial origin, and as such, their management
requires multidisciplinary approaches. Current concepts in oral disease prevention should
focus on tooth remineralization and the control of all the key factors involved in oral
complications. The results of this review highlight the role that should be played in this
regard by groups of nutritionists, dental professionals, and medical practitioners. Therefore,
it should be considered as a serious and complex health problem. The present study
uncovers analysis that future investigations may be forwarded. Further studies, preferably
multi-center longitudinal studies involving larger populations with EDs, are necessary to
establish, precisely, the association between dietary patterns in ED patients and their oral
factors, e.g., microbiota. To inhibit oral repercussions, we recommend tailored interventions
consisting of oral plaque control, moisturizing oral mucosa, intensive remineralization
based not only on fluoride but also hydroxyapatites and calcium-phosphate products, and
preventive advice and bite-guard application while vomiting.

Author Contributions: Conceptualization, E.P.; data curation, E.P., M.P,, HR., B.T.A,, GS.G. and
A.H.; formal analysis, E.P., M.P,, H.R., B.T.A,, G.S.G. and A.H.; funding acquisition, E.P. and M.P.;
investigation, E.P., M.P,, H.R., BT.A.,, G.S.G. and A.H.; methodology, E.P,; project administration,
E.P; software, E.P,, M.P, HR., B.T.A,, G.S.G. and A .H.; supervision, E.P; writing original draft, E.P,
M.P, HR, B.T.A,, G.S.G. and A.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Poznan University of Medical Sciences and Medical
University in Bialystok.

192



Nutrients 2023, 15, 4414

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: This research methodology assumed non-invasive methods of analy-
sis of the scientific literature.

Data Availability Statement: Data associated with the paper are not publicly available but are
available from the corresponding author on reasonable request.

Acknowledgments: Particular thanks go to Magdalena Karbowniczek, who supported us with
editing and data preparation.

Conflicts of Interest: The authors declare no conflict of interest. The funders (Poznan University
of Medical Sciences and Medical University in Bialystok) had no role in the study’s design; in the
collection, analysis, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.

References

1. Romanos, G.E,; Javed, F; Romanos, E.B.; Williams, R.C. Oro-facial manifestations in patients with eating disorders. Appetite 2012,
59, 499-504. [CrossRef] [PubMed]

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Arlington, TX, USA, 2013.

3. International Classification of Diseases, Eleventh Revision (ICD-11), World Health Organization (WHO) 2019/2021. Licensed
under Creative Commons Attribution-NoDerivatives 3.0 IGO Licence (CC BY-ND 3.0 IGO). Available online: https:/ /icd.who.
int/browsell (accessed on 1 July 2023).

4. Reed, G.M.; First, M.B.; Kogan, C.S.; Hyman, S.E.; Gureje, O.; Gaebel, W.; Maj, M.; Stein, D.]J.; Maercker, A.; Tyrer, P; et al.
Innovations and changes in the ICD-11 classification of mental, behavioural and neurodevelopmental disorders. World Psychiatry
2019, 18, 3-19. [CrossRef] [PubMed]

5. Ogzbaran, N.B.; Yilancioglu, H.Y.; Tokmak, S.H.; YulugTas, B.; Cek, D.; Bildik, T. Changes in the psychosocial and clinical profiles
of anorexia nervosa patients during the pandemic. Front. Psychiatry 2023, 14, 1207526. [CrossRef] [PubMed]

6.  Jagielska, G.; Kacperska, I. Outcome, comorbidity and prognosis in anorexia nervosa. Psychiatr. Pol. 2017, 51, 205-218. [CrossRef]
[PubMed]

7. Grzelak, T.,; Dutkiewicz, A.; Paszynska, E.; Dmitrzak-Weglarz, M.; Slopien, A.; Tyszkiewicz-Nwafor, M. Neurobiochemical and
psychological factors influencing the eating behaviors and attitudes in anorexia nervosa. J. Physiol. Biochem. 2017, 73, 297-305.
[CrossRef] [PubMed]

8.  Bardone-Cone, A.M; Fitzsimmons-Craft, E.E.; Harney, M.B.; Maldonado, C.R.; Lawson, M.A_; Smith, R.; Robinson, D.P. The
inter-relationships between vegetarianism and eating disorders among females. |. Acad. Nutr. Diet. 2012, 112, 1247-1252.
[CrossRef] [PubMed]

9.  Ferguson, C.J.; Mufioz, M.E.; Garza, A.; Galindo, M. Concurrent and prospective analyses of peer, television and social media
influences on body dissatisfaction, eating disorder symptoms and life satisfaction in adolescent girls. J. Youth Adolesc. 2014,
43, 1-14. [CrossRef]

10.  Antczak, A].; Brininger, T.L. Diagnosed eating disorders in the U.S. Military: A nine year review. Eat. Disord. 2008, 16, 363-377.
[CrossRef]

11. Filaire, E.; Rouveix, M.; Pannafieux, C.; Ferrand, C. Eating Attitudes, Perfectionism and Body-esteem of Elite Male Judoists and
Cyclists. J. Sports Sci. Med. 2007, 6, 50-57.

12.  Penniment, K.J.; Egan, S.J. Perfectionism and learning experiences in dance class as risk factors for eating disorders in dancers.
Eur. Eat. Disord. Rev. 2012, 20, 13-22. [CrossRef]

13.  Lindberg, L.; Hjern, A. Risk factors for anorexia nervosa: A national cohort study. Int. ]. Eat. Disord. 2003, 34, 397-408. [CrossRef]
[PubMed]

14.  McClelland, L.; Crisp, A. Anorexia nervosa and social class. Int. ]. Eat. Disord. 2001, 29, 150-156. [CrossRef] [PubMed]

15.  Dmitrzak-Weglarz, M.; Moczko, J.; Skibinska, M.; Slopien, A.; Tyszkiewicz, M.; Pawlak, J.; Zaremba, D.; Szczepankiewicz, A.;
Rajewski, A.; Hauser, J. The study of candidate genes related to the neurodevelopmental hypothesis of anorexia nervosa: Classical
association study versus decision tree. Psychiatry Res. 2013, 30, 117-121. [CrossRef]

16. Dmitrzak-Weglarz, M.; Szczepankiewicz, A.; Slopien, A.; Tyszkiewicz, M.; Maciukiewicz, M.; Zaremba, D.; Twarowska-Hauser, J.
Association of the glucocorticoid receptor gene polymorphisms and their interaction with stressful life events in Polish adolescent
girls with anorexia nervosa. Psychiatr. Danub. 2016, 28, 51-57.

17.  Baker, ].H.; Schaumberg, K.; Munn-Chernoff, M.A. Genetics of Anorexia Nervosa. Curr. Psychiatry Rep. 2017, 19, 84. [CrossRef]
[PubMed]

18. Boraska, V,; Franklin, C.S.; Floyd, J.A.; Thornton, L.M.; Huckins, L.M.; Southam, L.; Rayner, N.W.; Tachmazidou, I.; Klump, K.L.;
Treasure, ]. A genome-wide association study of anorexia nervosa. Mol. Psychiatry 2014, 19, 1085-1094. [CrossRef]

19. Janas-Kozik, M.; Stachowicz, M.; Krupka-Matuszczyk, I.; Szymszal, J.; Krysta, K.; Janas, A.; Rybakowski, ].K. Plasma levels of

leptin and orexin a in the restrictive type of anorexia nervosa. Regul. Pept. 2011, 168, 5-9. [CrossRef]

193



Nutrients 2023, 15, 4414

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

Patasz, A.; Tyszkiewicz-Nwafor, M.; Suszka-Switek, A.; Bacopoulou, E; Dmitrzak-Weglarz, M.; Dutkiewicz, A.; Stopien, A.;
Janas-Kozik, M.; Wilczynski, KM.; Filipczyk, L.; et al. Longitudinal study on novel neuropeptides phoenixin, spexin and
kisspeptin in adolescent inpatients with anorexia nervosa—Association with psychiatric symptoms. Nutr. Neurosci. 2021,
24,896-906. [CrossRef]

Grzelak, T.; Tyszkiewicz-Nwafor, M.; Dutkiewicz, A.; Mikulska, A.A.; Dmitrzak-Weglarz, M.; Slopien, A.; Czyzewska, K,;
Paszynska, E. Neuropeptide B and Vaspinas New Biomarkers in Anorexia Nervosa. Biomed. Res. Int. 2018, 10, 9727509.
Tyszkiewicz-Nwafor, M.; Jowik, K.; Paszynska, E.; Dutkiewicz, A.; Stopien, A.; Dmitrzak-Weglarz, M. Expression of immune-
related proteins and their association with neuropeptides in adolescent patients with anorexia nervosa. Neuropeptides 2022,
91, 102214. [CrossRef]

Vos, T.; Allen, C.; Arora, M.; Barber, R M.; Bhutta, Z.A.; Brown, A.; Carter, A.; Casey, D.C.; Charlson, FJ.; Chen, A.Z.; et al. Global,
regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990-2015: A systematic
analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388, 1545-1602. [CrossRef] [PubMed]

Keski-Rahkonen, A.; Mustelin, L. Epidemiology of eating disorders in Europe: Prevalence, incidence, comorbidity, course,
consequences, and risk factors. Curr. Opin. Psychiatry 2016, 29, 340-345. [CrossRef] [PubMed]

van Eeden, A.E.; van Hoeken, D.; Hoek, H.W. Incidence, prevalence and mortality of anorexia nervosa and bulimia nervosa. Curr.
Opin. Psychiatry 2021, 34, 515-524. [CrossRef]

van Noort, B.M.; Lohmar, S.K.; Pfeiffer, E.; Lehmkuhl, U.; Winter, S.M.; Kappel, V. Clinical characteristics of early onset anorexia
nervosa. Eur. Eat. Disord. Rev. 2018, 26, 519-525. [CrossRef]

Bryant-Waugh, R. Feeding and Eating Disorders in Children. Psychiatr. Clin. N. Am. 2019, 42, 157-167. [CrossRef]

Johansson, A.K.; Norring, C.; Unell, L.; Johansson, A. Eating disorders and oral health: A matched case-control study. Eur. ]. Oral
Sci. 2012, 120, 61. [CrossRef]

Schebendach, J.E.; Mayer, L.E.; Devlin, M.].; Attia, E.; Contento, I.R.; Wolf, R.L.; Walsh, B.T. Dietary energy density and diet
variety as predictors of outcome in anorexia nervosa. Am. J. Clin. Nutr. 2008, 87, 810-816, Erratum in Am. . Clin. Nutr. 2012,
96, 222. [CrossRef]

Raatz, S.K.; Jahns, L.; Johnson, L.K.; Crosby, R.; Mitchell, J.E.; Crow, S.; Peterson, C.; Le Grange, D.; Wonderlich, S.A. Nutritional
adequacy of dietary intake in women with anorexia nervosa. Nutrients 2015, 15, 3652-3665. [CrossRef] [PubMed]

Monteiro, C.A.; Cannon, G.; Lawrence, M.; Costa Louzada, M.; Pereira Machado, P. Ultra-Processed Foods, Diet Quality, and Health
Using the NOVA Classification System; Food and Agriculture Organization of the United Nations: Rome, Italy, 2019.

Casarin, M.; da Silveira, T.M.; Bezerra, B.; Pirih, EQ.; Pola, N.M. Association between different dietary patterns and eating
disorders and periodontal diseases. Front. Oral Health 2023, 22, 1152031. [CrossRef]

Dommisch, H.; Kuzmanova, D.; Jonsson, D.; Grant, M.; Chapple, 1. Effect of micronutrient malnutrition on periodontal disease
and periodontal therapy. Periodontol. 2000 2018, 78, 129-153. [CrossRef]

Kumar, PS. Interventions to prevent periodontal disease in tobacco-, alcohol-, and drug-dependent individuals. Periodontol. 2000
2020, 84, 84-101. [CrossRef] [PubMed]

Aggarwal, K.; Gupta, J.; Kaur, RK,; Bansal, D.; Jain, A. Effect of anxiety and psychologic stress on periodontal health: A systematic
review and meta-analysis. Quintessence Int. 2022, 53, 144-154. [PubMed]

Liew, V.P; Frisken, KW.; Touyz, S.W.; Beumont, PJ.; Williams, H. Clinical and microbiological investigations of anorexia nervosa.
Aust. Dent. J. 1991, 36, 435-441. [CrossRef] [PubMed]

Hellstrom, I. Oral complications in anorexia nervosa. Scand. |. Dent. Res. 1977, 85, 71-86. [CrossRef] [PubMed]

Hanachi, M.; Dicembre, M.; Rives-Lange, C.; Ropers, ]J.; Bemer, P; Zazzo, J.F.; Poupon, ].; Dauvergne, A.; Melchior, J.C.
Micronutrients Deficiencies in 374 Severely Malnourished Anorexia Nervosa Inpatients. Nutrients 2019, 5, 792. [CrossRef]
Godart, N.T.; Flament, M.F,; Perdereau, F.; Jeammet, P. Comorbidity between eating disorders and anxiety disorders: A review.
Int. J. Eat. Disord. 2002, 32, 253-270. [CrossRef]

Godart, N.T.; Perdereau, F; Rein, Z.; Berthoz, S.; Wallier, J.; Jeammet, P.H.; Flament, M.F. Comorbidity studies of eating disorders
and mood disorders. Critical review of the literature. J. Affect. Disord. 2007, 97, 37-49. [CrossRef]

Murakami, S.; Mealey, B.L.; Mariotti, A.; Chapple, I.L.C. Dental plaque-induced gingival conditions. J. Periodontol. 2018, 89, 17-27.
[CrossRef]

Papapanou, P.; Sanz, M.; Buduneli, N.; Dietrich, T.; Feres, M.; Fine, D.H.; Flemmig, T.F; Garcia, R.; Giannobile, W.V.; Graziani,
F; et al. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. J. Clin. Periodontol. 2018, 45, 162-170. [CrossRef]

Silness, J.; Loe, H. Periodontal Disease in Pregnancy. II. Correlation between Oral Hygiene and Periodontal Condtion. Acta
Odontol. Scand. 1964, 22, 121-135. [CrossRef]

Altschuler, B.D.; Dechow, P.C.; Waller, D.A.; Hardy, B.W. An investigation of the oral pathologies occurring in bulimia nervosa.
Int. ]. Eat. Disord. 1990, 9, 191-199. [CrossRef]

Milosevic, A.; Slade, P.D. The orodental status of anorexics and bulimics. Br. Dent. |. 1989, 22, 66-70. [CrossRef] [PubMed]
Philipp, E.; Willershausen-Zénnchen, B.; Hamm, G.; Pirke, K.M. Oral and dental characteristics in bulimic and anorectic patients.
Int. J. Eat. Disord. 1991, 10, 423-431. [CrossRef]

Pallier, A.; Karimovaa, A.; Boillota, A.; Colon, P; Ringuenete, D.; Bouchard, P. Dental and periodontal health in adults with eating
disorders: A case-control study. J. Dent. 2019, 84, 55-59. [CrossRef]

194



Nutrients 2023, 15, 4414

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Touyz, S.; Liew, V.; Tseng, P; Frisken, K.; Williams, H.; Beumont, P. Oral and Dental Complications in Dieting Disorders. Int. |.
Eat. Disord. 1993, 14, 341-347. [CrossRef]

Kisely, S.; Baghaie, H.; Lalloo, R.; Johnson, N. Association between poor oral health and eating disorders: Systematic review and
meta-analysis. Br. |. Psychiatry 2015, 207, 299-305. [CrossRef]

Chapple, L.L.; Bouchard, P; Cagetti, M.G.; Campus, G.; Carra, M.C.; Cocco, F.; Nibali, L.; Hujoel, P.; Laine, M.1.; Lingstrom, P.; et al.
Interaction of lifestyle, behaviour or systemic diseases with dental caries and periodontal diseases: Consensus report of group 2
of the joint EFP/ORCA workshop on the boundaries between caries and periodontal diseases. J. Clin. Periodontol. 2017, 44, 39-51.
[CrossRef]

Chapple, L.L.; Mealey, B.L.; Van Dyke, T.E.; Bartold, PM.; Dommisch, H.; Eickholz, P.; Geisinger, M.L.; Genco, R.J.; Glogauer,
M.; Goldstein, M.; et al. Periodontal health and gingival diseases and conditions on an intact and a reduced periodontium:
Consensus report of workgroup 1 of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases
and Conditions. J. Clin. Periodontol. 2018, 45, 68-77. [CrossRef]

Garrido-Martinez, P.; Dominguez-Gordillo, A.; Cerero-Lapiedra, R.; Burgueno-Garcia, M.; Martinez-Ramirez, M.J.; Gomez-
Candela, C.; Cebrian-Carretero, J.L.; Esparza-Gomez, G.G. Oral and dental health status in patients with eating disorders in
Madrid, Spain. Med. Oral Patol. Oral Cir. Bucal. 2019, 24, 595-602. [CrossRef]

Lourenco, M.; Azevedo, A.; Brandao, I.; Gomes, P. Orofacial manifestations in outpatients with anorexia nervosa and bulimia
nervosa focusing on the vomiting behaviour. Clin. Oral Investig. 2018, 22, 1915-1922. [CrossRef]

Loe, H.; Silness, J. Periodontal Disease in Pregnancy. I. Prevalence and Severity. Acta Odontol. Scand. 1963, 21, 533-551. [CrossRef]
Cutress, TW.; Ainamo, J.; Sardo-Infirri, J. The community periodontal index of treatment needs (CPITN) procedure for population
groups and individuals. Int. Dent. ]. 1987, 37, 222-333.

Chiba, FY.; Sumida, D.H.; Moimaz, S.A.S.; Chaves Neto, A.H.; Nakamune, A.; Garbin, A.J.I.; Garbin, C.A.S. Periodontal condition,
changes in salivary biochemical parameters, and oral health-related quality of life in patients with anorexia and bulimia nervosa.
J. Periodontol. 2019, 90, 1423-1430. [CrossRef]

Cortellini, P.; Bissada, N.F. Mucogingival conditions in the natural dentition: Narrative review, case definitions, and diagnostic
considerations. J. Periodontol. 2018, 45, 190-198.

Range, H.; Colon, P; Godart, N.; Kapila, Y.; Bouchard, P. Eating disorders through the periodontal lens. Periodontol. 2000 2021,
87,17-31. [CrossRef] [PubMed]

Stanislav, N.; Tolkachjov, M.D.; Bruce, A.]. Oral manifestations of nutritional disorders. Clin. Dermatol. 2017, 35, 441-452.
Panico, R.; Piemonte, E.; Lazos, J.; Gilligan, G.; Zampini, A.; Lanfranchi, H. Oral mucosal lesions in Anorexia Nervosa, Bulimia
Nervosa and EDNOS. . Psychiatr. Res. 2018, 96, 178-182. [CrossRef] [PubMed]

Lesar, T.; Vidovi¢ Juras, D.; Tomié, M.; Cimi¢, S; Kraljevi¢ Simunkovi¢, S. Oral Changes in Pediatric Patients with Eating Disorders.
Acta Clin. Croat. 2022, 61, 185-192. [CrossRef] [PubMed]

Mascitti, M.; Coccia, E.; Vignini, A.; Aquilanti, L.; Santarelli, A.; Salvolini, E.; Sabbatinelli, J.; Mazzanti, L.; Procaccini, M.; Rappelli,
G. Anorexia, Oral Health and Antioxidant Salivary System: A Clinical Study on Adult Female Subjects. Dent. J. 2019, 7, 60.
[CrossRef]

Paszynska, E.; Stopien, A.; Slebioda, Z.S.; Dyszkiewicz-Konwiriska, M.; Monika Weglarz, M.; Rajewski, A. Macroscopic evaluation
of the oral mucosa and analysis of salivary pH in patients with anorexia nervosa. Psychiatr. Pol. 2014, 48, 453—464.

Back-Brito, G.N.; da Mota, A.J.; de Souza Bernardes, L.A.; Takamune, S.S.; Prado Ede, E; Cordas, T.A.; Balducdi, I.; da Nobrega,
E.G.; Koga-Ito, C.Y. Effects of eating disorders on oral fungal diversity. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2012,
113, 512-517. [CrossRef] [PubMed]

Hedman, A_; Breithaupt, L.; Hiibel, C.; Thornton, L.M.; Tillander, A.; Norring, C.; Birgegard, A.; Larsson, H.; Ludvigsson, J.E;
Savendahl, L.; et al. Bidirectional relationship between eating disorders and autoimmune diseases. J. Child Psychol. Psychiatry
2019, 60, 803-812. [CrossRef]

Yadav, K.; Prakash, S. Dental Caries: A review. Asian J. Biomed. Pharm. Sci. 2016, 6, 1-7.

Moynihan, P.; Petersen, P.E. Diet, nutrition and the prevention of dental diseases. Public Health Nutr. 2004, 7, 201-226. [CrossRef]
Johansson, A.K.; Norring, C.; Unell, L.; Johansson, A. Diet and behavioral habits related to oral health in eating disorder patients:
A matched case-control study. J. Eat. Disord. 2020, 8, 7. [CrossRef]

Jung, E.H.; Jun, M.K. Relationship between risk factors related to eating disorders and subjective health and oral health. Children
2022, 9, 786. [CrossRef] [PubMed]

Sheetal, A.; Hiremath, V.K; Patil, A.G.; Sajjansetty, S.; Kumar, S.R. Malnutrition and its oral outcome—A review. J. Clin. Diagn.
Res. 2013, 7, 178-180. [CrossRef]

Johansson, A.K.; Norring, C.; Unell, L.; Johansson, A. Eating disorders and biochemical composition of saliva: A retrospective
matched case—control study. Eur. J. Oral Sci. 2015, 123, 158-164. [CrossRef]

Paszynska, E.; Schlueter, N.; Slopien, A.; Dmitrzak-Weglarz, M.; Dyszkiewicz-Konwinska, M.; Hannig, C. Salivary enzyme
activity in anorexic persons-a controlled clinical trial. Clin. Oral Investig. 2015, 19, 1981-1989.

Dynesen, A.W.; Bardow, A_; Petersson, B.; Nielsen, L.R.; Nauntofte, B. Salivary changes and dental erosion in bulimia nervosa.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2008, 106, 696-707. [CrossRef]

Ximenes, R.; Couto, G.; Sougey, E. Eating disorders in adolescents and their repercussions in oral health. Int. ]. Eat. Disord. 2010,
43,59-64. [CrossRef] [PubMed]

195



Nutrients 2023, 15, 4414

75.

76.

77.
78.

79.

80.

81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Paszynska, E.; Hernik, A ; Slopien, A.; Roszak, M.; Jowik, K.; Dmitrzak-Weglarz, M.; Tyszkiewicz-Nwafor, M. Risk of dental
caries and erosive tooth wear in 117 children and adolescents anorexia nervosa population-a case-control study. Front. Psychiatry
2022, 13, 874263. [CrossRef] [PubMed]

Szupiany-Janeczek, T.; Rutkowski, K.; Pytko-Poloniczyk, J. Oral cavity clinical evaluation in psychiatric patients with eating
disorders: A case-control study. Int. |. Environ. Res. Public Health 2023, 20, 4792. [CrossRef] [PubMed]

Manevski, J.; Stojsin, I.; Vukoje, K.; Jankovi¢, O. Dental aspects of purging bulimia. Vojnosanit. Pregl. 2020, 77, 300-307. [CrossRef]
Shaughnessy, B.F.; Feldman, H.A ; Cleveland, R.; Sonis, A.; Brown, J.N.; Gordon, C.M. Oral health and bone density in adolescents
and young women with anorexia nervosa. |. Clin. Pediatr. Dent. 2008, 33, 87-92. [CrossRef]

Hermont, A.P; Pordeus, I.A.; Paiva, S.M.; Abreu, M.H.; Auad, S.M. Eating disorder risk behavior and dental implications among
adolescents. Int. ]. Eat. Disord. 2013, 46, 677-683. [CrossRef]

Brandt, L.M.T,; Freitas Fernandes, L.H.; Silva Aragao, A.; Costa Aguiar, Y.P.; Auad, S.M.; Dias de Castro, R.; D’Avila Lins Bezerra,
B.; Leite Cavalcanti, A. Relationship between risk behavior for eating disorders and dental caries and dental erosion. Sci. World |.
2017, 2017, 1656417. [CrossRef]

Jugale, P.V.; Pramila, M.; Murthy, A K.; Rangath, S. Oral manifestations of suspected eating disorders among women of 20-25
years in Bangalore City, India. J. Health Popul. Nutr. 2014, 32, 46-50.

De Moor, R.J.G. Eating disorder-induced dental complications: A case report. J. Oral Rehabil. 2004, 31, 725-732. [CrossRef]
Amaechi, B.T.; Higham, S.M. Dental erosion: Possible approaches to prevention and control. J. Dent. 2005, 33, 243-252. [CrossRef]
The Erosive Tooth Wear Foundation. What Is Erosive Toothwear? Available online: www.erosivetoothwear.com (accessed on
13 August 2023).

Schlueter, N.; Luka, B. Risk groups. Br. Dent. . 2018, 224, 364-370. [CrossRef] [PubMed]

Schlueter, N.; Tveit, A.B. Prevalence of erosive tooth wear in risk groups. Monogr. Oral Sci. 2014, 25, 74-98. [PubMed]
Petersson, C.; Svedlund, A.; Wallengren, O.; Swolin-Eide, D.; Paulson Karlssonet, G.; Ellegard, L. Dietary Intake and Nutritional
States in Adolescents & Young Adults with Anorexia Nervosa: A 3-Year Follow-Up Study. Clin. Nutr. 2021, 40, 5391-5398.
McMaster, C.M.; Fong, M.; Franklin, J.; Hart, S. Dietetic Intervention for Adult Outpatients with Eating Disorders: A Systemic
Review and Assessment of Evidence Quality. Nutr. Rev. 2021, 79, 914-930. [CrossRef] [PubMed]

Yang, Y.; Conti, ].; McMaster, C.M.; Hay, P. Beyond Refeeding: The Effects of Including a Dietitian in Eating Disorder Treatment.
A Systemic Review. Nutrients 2021, 13, 4490. [CrossRef]

Sterling, W.; Crosbie, C.; Shaw, N.; Martin, S. The Use of the Plate-by-Plate Approach for Adolescents Undergoing Family Based
Treatment. J. Acad. Nutr. Diet. 2019, 119, 1075-1084. [CrossRef]

Heruc, G.; Hart, S; Stiles, G.; Fleming, K.; Casey, A.; Sutherland, F; Jeffrey, S.; Roberton, M.; Hurst, K. ANZAED practice and
training standards for dietitians providing eating disorder treatment. J. Eat. Disord. 2018, 8, 77. [CrossRef]

Butera, A.; Maiorani, C.; Morandini, A.; Simonini, M.; Morittu, S.; Trombini, J.; Scribante, A. Evaluation of Children Caries
Risk Factors: A Narrative Review of Nutritional Aspects, Oral Hygiene Habits, and Bacterial Alterations. Children 2022, 9, 262.
[CrossRef]

Pitts, N.B.; Ismail, A.I; Martignon, S.; Ekstrand, K.; Douglas, G.V.A_; Longbottom, C. International Caries Classification and
Management System (ICCMS™) Guide for Practitioners and Educators. 2014. Available online: www.iccms-web.com (accessed
on 16 August 2023).

Walsh, T.; Worthington, H.V.; Glenny, A.M.; Marinho, V.C.C.; Jeroncic, A. Fluoride toothpaste of different concentrations for
preventing dental caries. Cochrane Database Syst. Rev. 2019, 3, CD007868. [CrossRef]

Paszynska, E.; Pawinska, M.; Gawriolek, M.; Kaminska, I.; Otulakowska-Skrzynska, J.; Marczuk-Kolada, G.; Rzatowski, S.;
Sokolowska, K.; Olszewska, A.; Schlagenhauf, U.; et al. Impact of toothpaste with microcrystalline hydroxyapatite on the
occurrence of early childhood caries: A 1-year randomized clinical trial. Sci. Rep. 2021, 11, 2650. [CrossRef]

Paszynska, E.; Pawinska, M.; Enax, J.; Meyer, E; Schulze zur Wiesche, E.; May, T.W.; Amaechi, B.T.; Limeback, H.; Hernik, A;
Otulakowska-Skrzynska, J.; et al. Caries-preventing effect of a hydroxyapatite-toothpaste in adults: An 18-month double-blinded
randomized clinical trial Front. Front. Public Health 2023, 11, 1199728. [CrossRef] [PubMed]

Grocholewicz, K.; Matkowska-Cichocka, G.; Makowiecki, P.; Drozdzik, A.; Ey-Chmielewska, H.; Dziewulska, A.; Tomasik, M.;
Trybek, G.; Janiszewska-Olszowska, ]. Effect of nano-hydroxyapatite and ozone on approximal initial caries: A randomized
clinical trial. Sci. Rep. 2020, 10, 11192. [CrossRef] [PubMed]

Robertson, M.A.; Kau, C.H.; English, ].D.; Lee, R.P; Powers, J.; Nguyen, ]J.T. MI Paste Plus to prevent demineralization in
orthodontic patients: A prospective randomized controlled trial. Am. J. Orthod. Dentofac. Orthop. 2011, 140, 660-668. [CrossRef]
[PubMed]

Karabekiroglu, S.; Unlii, N.; Kiigtikyilmaz, E.; Sener, S.; Botsali, M.S.; Malkog, S. Treatment of post-orthodontic white spot lesions
with CPP-ACP paste: A three year follow up study. Dent. Mater. J. 2017, 36, 791-797. [CrossRef] [PubMed]

Limeback, H.; Enax, J.; Meyer, E. Biomimetic hydroxyapatite and caries prevention: A systematic review and meta-analysis. Carn.
J. Dent. Hyg. 2021, 55, 148-159. [PubMed]

Paszyriska, E.; Jurga-Krokowicz, J.; Shaw, H. The use of parotid gland activity analysis in patients with gastroesophageal reflux
disease (GERD) and bulimia nervosa. Adv. Med. Sci. 2006, 51, 208-213.

Paszynska, E.; Linden, R.W.; Slopien, A.; Rajewski, A. Flow rates and inorganic composition of whole saliva in purging bulimic
patients treated with a fluoxetine. World ]. Biol. Psychiatry 2011, 12, 282-287. [CrossRef]

196



Nutrients 2023, 15, 4414

103.

104.

105.

106.

107.

108.

109.
110.
111.

112.
113.

114.

Paszyriska, E.; Stopieni, A.; Weglarz, M.; Linden, R.W. Parotid salivary parameters in bulimic patients—A controlled clinical trial.
Psychiatr. Pol. 2015, 49, 709-720. [CrossRef]

Nehme, M.; Parkinson, C.R.; Zero, D.T.; Hara, A.T. Randomised study of the effects of fluoride and time on in situ remineralisation
of acid-softened enamel. Clin. Oral Investig. 2019, 23, 4455-4463. [CrossRef]

Hughes, J.A.; West, N.X.; Parker, D.M.; Newcombe, R.G.; Addy, M. Development and evaluation of a low erosive blackcurrant
juice drink 3. Final drink and concentrate, formulae comparisons in situ and overview of the concept. J. Dent. 1999, 27, 345-350.
[CrossRef]

Haute Autorité de Santé. Detection and Management of Dental Problems by Dentists. Available online: www.has-sante.fr
(accessed on 16 August 2023).

Schiff, T.; Wachs, G.N.; Petrone, D.M.; Chaknis, P.; Kemp, ].H.; DeVizio, W. The efficacy of a newly designed toothbrush to
decrease tooth sensitivity. Compend. Contin. Educ. Dent. 2009, 30, 238-240.

Antezack, A.; Ohanessian, R.; Sadowski, C.; Faure-Brac, M.; Brincat, A.; Etchecopar-Etchart, D.; Monnet-Corti, V. Effectiveness of
surgical root coverage on dentin hypersensitivity: A systematic review and meta-analysis. ]. Clin. Periodontol. 2022, 49, 840-851.
[CrossRef] [PubMed]

Erley, K.J.; Swiec, G.D.; Herold, R.; Bisch, F.C.; Peacock, M.E. Gingival recession treatment with connective tissue grafts in smokers
and non-smokers. J. Periodontol. 2006, 77, 1148-1155. [CrossRef] [PubMed]

Wiegand, A.; Lechte, C.; Kanzow, P. Adhesion to eroded enamel and dentin: Systematic review and meta-analysis. Dent. Mater.
2021, 37, 1845-1853. [CrossRef] [PubMed]

King, P.A. Tooth surface loss: Adhesive techniques. Br. Dent. ]. 1999, 186, 371-376. [CrossRef]

Milosevic, A. Use of porcelain veneers to restore palatal tooth loss. Restor. Dent. 1990, 6, 15-18.

Carvalho, T.S.; Colon, P.; Ganss, C.; Huysmans, M.C.; Lussi, A.; Schlueter, N.; Schmalz, G.; Shellis, R.P; Tveit, A.B.; Wiegand, A.
Consensus report of the European Federation of Conservative Dentistry: Erosive tooth wear—Diagnosis and management. Clin.
Oral. Investig. 2015, 19, 1557-1561. [CrossRef]

Colon, P,; Lussi, A. Minimal intervention dentistry: Part 5. Ultra-conservative approach to the treatment of erosive and abrasive
lesions. Br. Dent. . 2014, 216, 463-468. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

197






MDPI
St. Alban-Anlage 66
4052 Basel
Switzerland

www.mdpi.com

Nutrients Editorial Office
E-mail: nutrients@mdpi.com

www.mdpi.com/journal/nutrients

7
MDPI

F

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s).
MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from

any ideas, methods, instructions or products referred to in the content.






[w]*:d[m] Academic Open
"¢ Access Publishing

£ mdpi.com ISBN 978-3-7258-1304-9



