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1. Introduction

Body image perception is a composite construct that includes feelings, evaluations,
and attitudes concerning the body. This perception may be independent of the body’s actual
appearance, and is strongly influenced by others’ judgments. Body image dissatisfaction
may arise from negative thoughts and feelings about one’s own body [1].

Disturbances to body image, including dissatisfaction with and misperception of one’s
body, may be associated with eating disorders and unhealthy behaviors aimed at weight
control [2].

The idealization of thinness is widely observed in Western societies, particularly
among women and in those of increasingly younger ages. This can lead to dissatisfaction
with one’s body and low self-esteem, resulting in a distorted perception of body image [3,4].

Distorted body image is common and can cause anxiety regarding one’s appearance,
as well as depressive disorders and harmful eating behaviors, especially among adolescents
and young adults. Furthermore, body dissatisfaction resulting from discrepancies between
perceived and ideal body image can negatively affect individuals in terms of both physical
and mental health.

This Special Issue of Nutrients collates twelve original research articles that discuss
various aspects of body perception and eating disorders. The main aim of this Special
Issue is to present an overview of the recent advances in this field, encompassing risk
factors for eating disorders as well as the effects of physical activity on body image, from
dissatisfaction with weight and body image to anorexia nervosa. Furthermore, it aims to
explore differences in gender and age across a diverse range of contexts.

2. Eating Disorders, Risk Factors, and Assessment Tools

An article by Bozzola et al., forming contribution 1, shows that the experience of
multiple adverse events, particularly during childhood and adolescence, can significantly
increase the likelihood of an individual developing an eating disorder. Based on a sample
of patients under 18 years of age hospitalized for anorexia, the authors hypothesized that
considering the simultaneous presence of multiple potential risk factors, rather than a
single risk factor, is crucial to understanding the severity of anorexia nervosa.

Especially in sports such as artistic and rhythmic gymnastics, in which success is
associated with maintaining a lean body to meet esthetic and performance demands, partic-
ipation is associated with a heightened risk of eating disorders. In this context, Donti et al.
(contribution 2) demonstrate that adolescent artistic gymnasts exhibit symptoms of eating
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disorders and have limited knowledge of the key aspects of Relative Energy Deficiency
in Sport (RED-S). Notably, a higher prevalence of eating disorders has been found among
elite gymnasts compared to those at lower competitive levels. This suggests that reduced
pressure on performance and appearance is associated with fewer eating disorders.

The incidence of anorexia nervosa was observed to have increased among children
and adolescents during the pandemic. A study by Dylag et al. [contribution 3], conducted
on a large sample of Polish patients aged 10 to 18, demonstrated the significant impact of
the COVID-19 pandemic on the clinical course and hospitalization patterns of pediatric
patients with anorexia nervosa. The results suggest that the pandemic may have worsened
the disease’s severity and resulted in alterations to treatment approaches, underscoring
the need for increased awareness, early intervention, and targeted support strategies to
ameliorate the impact of future pandemics on the incidence of eating disorders.

A diet rich in plant-based nutrients such as the Mediterranean diet has been shown
to reduce plasma levels of pro-inflammatory cytokines, thus counteracting the biological
mechanisms involved in the development of depression. In this context, Menghi et al.
(contribution 4) found that the girls they examined exhibited higher levels of depression,
anxiety, neuroticism, and food pickiness than the boys. They also observed that greater
sensitivity to bitterness and astringency predicted higher levels of depressive symptoms in
girls exclusively. This suggests that gender modulates the relationship between depressive
symptoms, sensory perception, and eating habits in healthy adolescents.

The symptoms of eating disorders are complex and heterogeneous, making their
clinical evaluation challenging. Despite the many validated assessment tools that have been
developed, several demonstrated limited sensitivity to change, an inadequate coverage
of associated factors, and excessive reliance on indicators such as BMI. Addressing this
drawback, Golan et al. (contribution 5) examined the psychometric properties of the
CONTASI-ED tool, demonstrating its strong reliability and that it has a high correlation
with EAT-26. The scores acquired decreased significantly over the course of treatment,
confirming the tool’s sensitivity to changes in symptoms.

Furthermore, Gallagher et al. (contribution 6) investigated the Eating Disorders-
Specific Nutrition-Focused Physical Examination (ED-NFPE) tool for use by registered
dietitian nutritionists across different levels of emergency department care. Developed
through expert consensus, this tool assesses nutrition-related complications in individu-
als with eating disorders. The results demonstrate that the ED-NFPE tool can enhance
nutritional assessments and improve the overall patient experience.

3. Dissatisfaction with Body Image Perception and Weight

Girls, in particular, tend to be dissatisfied with their body weight. Fondell et al.
(contribution 7) compared girls who wished to lose weight with those who intended
to maintain their current weight in a nationally representative U.S. sample, examining
eating habits, physical activity, vaping, alcohol consumption, sleep patterns, and screen
time. Adolescent girls with the intention to lose weight exhibited various unhealthy
behaviors, including skipping breakfast, increased screen time, and sleeping less. They also
reported higher alcohol consumption and more vaping. Although weight loss intentions
were more common among obese girls, they were also observed to have considerable
prevalence among normal-weight girls. The authors suggested that girls would benefit
from interventions targeting sleep, screen time, diet, physical activity, and substance use.

Negative body image perception is a hallmark symptom of anorexia nervosa. Af-
fected individuals often demonstrate significantly distorted body size perception and high
dissatisfaction with their body, including its size, shape, and appearance. A study by
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Scarpina et al. (contribution 8) revealed that muscle mass and vitamin B6 concentrations
are associated with the psychological manifestations of body image concerns in individuals
with anorexia nervosa, particularly in the early stages of the disorder.

Adolescents generally tend to be dissatisfied with their bodies due to discrepancies
between their current body image and prevalent beauty ideals. Through a longitudinal
study of early adolescents, Gualdi-Russo et al. (contribution 9) found that perceptions of
body image remained relatively stable over the three-year study period. Dissatisfaction was
observed at similar rates in both genders, although different esthetic ideals were already
noticeable even in early adolescence. Self-perception of weight status was not entirely
consistent, with underweight adolescents tending to overestimate it and overweight/obese
adolescents tending to underestimate it. Given increasing body dissatisfaction and the
increasing misinterpretations of weight status, the promotion of a healthy lifestyle and a
positive body image in schools is an advisable endeavor.

Relationships between body image and sociodemographic, morphological, and be-
havioral variables were examined by Knapik et al. (contribution 10) in a sample of adult
women. The results indicate that women generally tend to be critical of their bodies. Ex-
cessive BMI negatively influences scores on the Body Esteem Scale, while BMI itself is less
severely affected by sociodemographic variables. Engagement in physical activity had a
particularly notable correlation with the “physical condition” domain of the Body Esteem
Scale in young women.

Given that positive body image is linked to improved physical and mental well-being,
Kriaucioniené et al. (contribution 11) examined the associations between body appreciation,
body weight, lifestyle factors, and subjective health among undergraduate students. Their
study highlighted strong links between body appreciation, healthy weight, positive lifestyle
behaviors, and self-perceived health. The promotion of healthier habits may therefore
foster an increased sense of body appreciation.

While numerous studies have explored body image and self-esteem in females, only a
few have examined these aspects in adult men. McNeill’s study (contribution 12) found
that men are generally less influenced by celebrities or fashion trends in the development of
their body image ideals and are largely satisfied with their appearance. The author found
no significant influence of age on men’s body image; instead, body image satisfaction
appears to be shaped by other aspects of life satisfaction, such as relationship status and
engagement in sports.

4. Conclusions

Altogether, the studies presented in this Special Issue emphasize the importance
of body image perception and nutritional status for both physical and mental health.
Furthermore, the availability of validated tools can substantially assist in clinical and
nutritional assessments.

In conclusion, ongoing research on body image and weight perceptions, as well as
the related eating disorders, continues to elucidate human variability and the factors that
influence health maintenance. Nevertheless, further clinical, translational, nutritional, and
anthropometric research is needed to address the many questions that remain unanswered.

Author Contributions: Conceptualization: E.G.-R. and L.Z.; writing—original draft, E.G.-R.;
writing—review and editing, E.G.-R. and L.Z. All authors have read and agreed to the published

version of the manuscript.
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Abstract: Background: Accurately assessing eating disorder (ED) severity and treatment
progress is essential for effective intervention. The Comprehensive and Continuous Tool
to Assess Severity and Improvement of Eating Disorders (CONTASI-ED) was developed
to address limitations in existing assessments by incorporating behavioral, cognitive,
and physiological markers. Objectives: This study aimed to examine the psychometric
properties and sensitivity to symptom changes of the CONTASI-ED in a community-based
clinical sample of women with ED. Methods: Participants were 58 females diagnosed with
EDs and 10 healthy controls. The CONTASI-ED assessments were conducted over multiple
time points in outpatient and intensive treatment settings. We examined reliability, validity,
and sensitivity to treatment-related change. The CONTASI-ED scores were compared
with EAT-26, and multivariable analyses explored the effects of body mass index (BMI),
age, and post-traumatic stress disorder (PTSD) on symptom trajectories. Results: The
CONTASI-ED demonstrated strong reliability, with test-retest correlations between 0.72
and 0.90 and inter-rater reliability of 0.68-0.95. The tool effectively distinguished ED
patients from healthy controls (p < 0.001) and correlated strongly with EAT-26. Significant
reductions in the CONTASI-ED scores over time (p < 0.001) reflected treatment-related
improvements—although temporary score increases highlighted greater self-awareness
and symptom disclosure. BMI, age, and PTSD significantly influenced symptom severity
and treatment response. Conclusions: The CONTASI-ED demonstrated strong reliability
and validity in distinguishing clinical and non-clinical cases and in tracking treatment-
related changes. However, the findings are based on a relatively small, all-female sample,
underscoring the need for further validation in more diverse populations.

Keywords: eating disorders; assessment; severity; longitudinal; psychometric properties

1. Introduction

The clinical assessment of eating disorders (EDs) remains a significant challenge due to
their complex, heterogeneous, and often fluctuating symptom presentations. EDs manifest
in a wide range of physical, cognitive, and emotional symptoms, varying widely across
individuals. Over the past decades, a wide range of validated assessment tools has been
developed, each with distinct strengths and clinical applications. Existing screening tools

Nutrients 2025, 17, 1790 6 https://doi.org/10.3390/nu17111790
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have high specificity and sensitivity, yet many are impractical in primary care due to
complexity, cultural adaptability issues, or administration demands [1,2]. Clinicians often
rely on a combination of assessment tools to quantify illness severity over time or detect
meaningful clinical changes in ED pathology [3-5].

Tools such as the Eating Disorder Inventory-3 (EDI-3) [6,7] and the Eating Disorder
Examination (EDE) [8,9] have demonstrated diagnostic precision and contributed valu-
able insight into the cognitive and emotional correlates of EDs. The EDI-3 also provides
valuable insight into psychological traits linked to EDs—such as perfectionism and low
self-esteem [6,7]. However, it is time-consuming and better suited for diagnostic profiling
than for ongoing outcome monitoring.

The Eating Disorder Examination (EDE), a well-validated interview protocol, is sim-
ilarly robust. Yet, it requires specialized training and lengthy administration [8,9]. The
EDE-Q offers a more practical self-report alternative but may be influenced by social
desirability or lack of insight, particularly in individuals with poor insight or profound
shame [10]. Several other tools focus on symptom tracking or life impact. For instance,
the CHEDS [11] measures session-by-session fluctuations but lacks coverage of psychiatric
comorbidities. The Munich ED-Quest [12] aligns with DSM-5 criteria but overlooks factors
such as depression and trauma, which are crucial for predicting treatment outcomes [13].

Broader tools such as the Eating Disorder Quality of Life (EDQoL) Scale assess quality-
of-life impacts but may not detect short-term symptom shifts, and thus are often used as
supplementary measures [14]. Similarly, the CR-EAT captures long-term patterns but is less
responsive to rapid clinical changes, limiting its utility for real-time decision-making [15].

Newer methods, such as the Ecological Momentary Assessment (EMA), use digital
tracking to reduce recall bias, but lack standardization in scoring and interpretation, and
are not designed to estimate overall illness severity or track treatment progress [16].

Common screening tools such as the SCOFF questionnaire [17], the EAT-26 [18], and
the EDE-Q [19] are often based on cutoff scores and may miss atypical presentations—
such as restrictive eating disorder (RED) patients who maintain normal weight despite
severe metabolic dysregulation [20], or EDs in males, older adults, and culturally diverse
populations [1,21]. For example, individuals from cultures where weight gain is perceived
as a sign of health or prosperity may experience EDs differently and focus more on control
or ritualistic eating behaviors than on body dissatisfaction [22,23]. These cultural and
clinical nuances highlight the need for more inclusive, flexible tools that can account for
diverse symptom profiles and trajectories. Moreover, the continued reliance on static
indicators like BMI presents another limitation. While BMI is a relevant clinical parameter,
it explains less than 15% of the variance in ED-related quality of life [24] and may obscure
symptom severity in higher-weight individuals or those with normo-weight presentations.

To summarize, current assessment tools show limited sensitivity to change, insufficient
coverage of comorbid factors, and overreliance on static indicators like BMI.

1.1. The Need for a Comprehensive and Continuous Assessment Tool

The Comprehensive and Continuous Tool to Assess Severity and Improvement of
Eating Disorders (CONTASI-ED) was developed to address these challenges. Rather than
replacing existing measures, the CONTASI-ED aims to complement them by integrating
behavioral, cognitive, physiological, and psychosocial domains into a brief, structured
format suitable for routine clinical use.

Grounded in contemporary evidence [25-27], The CONTASI-ED incorporates both
state-based indicators (e.g., purging, somatic symptoms) and more stable trait-level contrib-
utors (e.g., compulsiveness, trauma history). This enables clinicians to track intra-individual
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changes over time, detect relapse risk, and support timely treatment adjustments. Its
modular, transdiagnostic structure also increases applicability across ED subtypes and
care settings.

To our knowledge, the CONTASI-ED is the first tool to combine this breadth of content
with a scoring system sensitive enough for short-term progress tracking, while remaining
feasible for real-world implementation.

1.2. Study Aims

This study aimed to evaluate the psychometric properties of the CONTASI-ED—
including reliability, validity, and sensitivity to within-person symptom changes over time.
Secondary analyses explored how the CONTASI-ED scores varied by BMI, age, and PTSD
diagnosis, and how they compared with EAT-26, an established screening tool.

2. Methods
2.1. Development of CONTASI-ED

The development of the CONTASI-ED followed a structured, multi-phase process
aimed at generating a clinically actionable instrument that captures the complexity of ED
symptomatology and its evolution over time.

An initial item pool was generated based on clinical records, established ED instru-
ments, and key domains identified in recent literature. Items were reviewed for redundancy,
ambiguity, and contextual relevance, and were then organized into conceptual domains that
reflected both theoretical frameworks and clinical utility. A multidisciplinary expert panel—
including clinicians from psychiatry, psychology, nutrition, and research—refined the draft
tool over two iterative rounds, focusing on clarity, scoring feasibility, and alignment with
treatment decision-making. The tool was subsequently pilot tested across three clinical
settings (inpatient, day program, and outpatient), leading to minor revisions in wording,
item structure, and scoring anchors. The final tool was designed to be brief (completion
time < 20 min), adaptable for self-report or clinician administration, and sensitive to both
overt symptoms and underlying contributors to ED severity.

2.2. Item Generation and Tool Structure

Item content for the CONTASI-ED was informed by established ED assessment models
and empirical literature [2,4,11,14,28-35]. The initial version included 78 items across eight
candidate domains. During the refinement phase, concept saturation was monitored, and
no new themes emerged, supporting content sufficiency. Following expert review, the final
version included 61 items organized into six domains: Starting Point, Anthropometrics and
Menstrual Cycle, Pathophysiology, Self-Care, Compulsiveness, and Obsessiveness.

The tool is structured as a checklist with standardized scoring anchors and a summed
severity score. Item content includes behavioral symptoms (e.g., restriction, purging),
cognitive-affective factors (e.g., intrusive thoughts), psychosocial history (e.g., trauma,
treatment dropout), and a limited number of physiological markers (e.g., bradycardia, ab-
normal electrolyte or enzyme levels), which are commonly used in ED medical monitoring.
These physiological items were included not as diagnostic thresholds, but as clinically
relevant indicators that can support comprehensive severity profiling and facilitate inter-
disciplinary communication.

Higher total scores reflect greater illness severity and clinical complexity. Full scoring
details and domain structure are provided in Table 1.
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Table 1. Structure and scoring of the final version of the assessment tool.

Domain Number O.f Number of Max Wel.ght KeZ Example of Factors Included
Subcategories Items Score Indicators

Previous treatments; occupation

Starting Point 6 11 22 22% status; trauma history; substance
use
Anthropometrics and o Weight trajectory; weight stability;
4 4 16 16%
Menstrual Cycle menstrual status

Bradycardia; orthostatic;
Pathophysiology 3 19 13 13% hypotension; gastrointestinal
symptoms; blood test

Sleep hygiene; general self-care
Self-Care 4 4 16 16% behaviors; physical activity
patterns; medication adherence

Eating restriction; over-controlling;
Compulsiveness 4 22 16 16% other compulsive behaviors; use of
laxatives or vomiting

Intrusive thoughts; cognitive

Obsessiveness 7 20 18 18% rigidity

* WKI = Max category score/max points.

2.3. Expert Panel Review and Scoring

An expert panel consisting of one psychiatrist, two clinical psychologists, four dieti-
tians, and one statistician, all with substantial experience in eating disorder treatment—
reviewed the tool for clinical relevance, clarity, and scoring feasibility.

The review process involved two formal consensus rounds. In Round 1, panelists
rated each item on a 5-point Likert scale for clarity, clinical relevance, and contribution to
illness severity and relapse risk. Items with high variability or low median ratings were
flagged for further discussion. In Round 2, a structured Delphi method was employed to
resolve disagreements and finalize the scoring schema. Consensus was defined as >75%
agreement on each item’s inclusion, phrasing, and weight.

Final weights were determined using a dual approach. Exploratory Factor Analysis
(EFA) was used to identify item-level loadings, with those above 0.50 prioritized within their
respective domains. These empirical results were supplemented with clinical judgment
from the expert panel, particularly regarding each item’s relevance to treatment decision-
making and relapse prevention [3,4]. For instance, although some physiological items
(e.g., bradycardia, CPK levels) showed modest loadings, they were retained at lower
weights due to their clinical importance in medical risk assessment. Conversely, items
reflecting obsessive thoughts or rigid behavioral patterns received higher weights, reflecting
their consistent association with treatment resistance and relapse. Scoring anchors were
standardized to improve consistency across raters and treatment contexts.

The tool was designed for flexible administration and can be used either as a clinician-
administered interview or as a structured self-report questionnaire, depending on the
setting and user preference. This flexibility enhances its usability across a wide range of
clinical environments.

The final version of the CONTASI-ED includes six weighted domains, contributing
to a total possible score of 101. These domains are outlined in Table 1, which details the
number of subcategories, number of items, maximum scores, and examples of the key
indicators included in each domain.
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2.4. Pilot Testing

The study protocol was approved by the institutional review board of Tel Hai Aca-
demic College on 3.2021. Informed consent was obtained in writing from participants and
their legal guardians.

This pilot study was conducted to evaluate item clarity, response feasibility, and
clinical relevance. The preliminary version of the CONTASI-ED was pilot-tested by eight
clinical dietitians across three different clinical settings: inpatient unit, intensive day
treatment program, and outpatient clinics. During the pilot phase, clinicians completed
the proposed tool alongside the EAT-26 questionnaire for all their patients and provided
structured feedback through written comments and group debriefing meetings. Based on
this feedback, 11 items were revised to enhance clarity, improve the comprehensibility of
behavior descriptions, and align more closely with clinical language.

Key modifications included the addition of items related to previous treatment history
and occupation; recoding of several categorial variables into continuous scales for greater
sensitivity in capturing symptom severity; and inclusion of emotional and regulatory indi-
cators commonly observed in comorbid presentations—such as mood disorders, anxiety,
and impulse control disorders, which often underlie eating pathology.

These modifications aimed to improve the comprehensiveness and clinical inter-
pretability of the tool. The revised version was subsequently evaluated for reliability and
validity in a naturalistic clinical sample, where severity levels tend to vary continuously
and do not align with categorical diagnostic threshold (Supplementary Materials S1).

2.5. Statistical Analysis

To evaluate the psychometric properties of the CONTASI-ED and its sensitivity in
tracking longitudinal changes in illness severity and treatment outcomes, a series of statisti-
cal analyses were performed:

The dataset was reformatted from a wide to a long format to facilitate time-series
analysis. Participants with at least two valid BMI measurements were included.

Each time point was modeled within a unified linear mixed-effects model, which
accounts for repeated measures and estimates fixed effects jointly across the full-time series.
As such, adjustment for multiple comparisons was not required, since the structure of
the model controls for overall type I error without inflating significance at individual
time points.

Additionally, multivariable models incorporated age and PTSD diagnosis as covariates
to control for potential confounding effects. These adjustments improved model fit, as
reflected in increased speculative marginal R? values, and enabled a more precise estimation
of independent effects.

Although diagnostic categories (e.g., anorexia nervosa, bulimia nervosa, binge eating
disorder) were available, analyses were conducted using BMI-based groups. This approach
was chosen due to diagnostic fluidity across time points, particularly in patients transition-
ing between restrictive and binge-purge behaviors. Grouping by BMI allowed a clearer
interpretation of symptom trajectories, minimized misclassification, and aligned with the
tool’s aim to track severity across a transdiagnostic spectrum. Thus, to investigate how the
CONTASI-ED scores varied across different BMI categories, the BMI from the first three
valid time points was calculated for each participant. Based on this, participants were
categorized into three groups: Underweight, Normal Weight, and Overweight.

All analyses were conducted using R statistical software (version 3.5.0). Longitudinal
data were analyzed using linear mixed-effects models, with random intercepts at the
participant level, to account for repeated measurements. The model included Time as a
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fixed effect to assess the trajectory of symptom changes. An interaction term between Time
and BMI group was introduced to determine whether the patterns of the CONTASI-ED
and EAT-26 scores differed across BMI categories. Univariate and multivariate survival
analyses were also performed to explore the predictive value of the CONTASI-ED scores
for treatment outcomes. The CONTASI-ED and EAT26 scores were analyzed to examine
changes over time and the effect of BMI group status on those changes.

To visualize the longitudinal trends, line plots were generated, displaying the mean
CONTASI-ED and EAT-26 scores over time for each BMI group. To better understand
the trend of EAT-26 measurements over time across BMI groups, we applied the locally
estimated scatterplot smoothing (LOESS) method. Since the CONTASI-ED involved more
frequent measurements than EAT-26, gaps in the data related to the latter made it difficult
to observe a clear trend using traditional line plots. The LOESS method was used to smooth
fluctuations and provide a continuous representation of the trajectory over time. This
approach allowed us to visualize the overall trend of EAT26 scores while preserving local
variations, ensuring a more accurate interpretation of changes within each BMI group.

2.6. Power Calculation

A post hoc power analysis was conducted to assess the adequacy of the sample size.
Based on the observed effect sizes from the linear mixed-effects models, ranging from
—12.75 to —22.54 units in STAT scores over time, and standard errors between 1.3 and
1.8, we estimated the statistical power with a two-sided alpha of 0.05 and an intra-class
correlation (ICC) of 0.8. With 39 participants and 481 repeated observations, the power to
detect a mean difference of 12.75 units was approximately 99%, and exceeded 99.9% for
larger differences. These results support that the available sample size was sufficient to
detect the longitudinal changes in STAT scores with high precision.

3. Results
3.1. Study Population

All participants were recruited and assessed in Israel. All procedures adhered to
the Declaration of Helsinki. Assessments took place within community-based clinics,
hospital-affiliated outpatient programs, and intensive day programs. This study included
58 Israeli female patients, who were admitted to community-based outpatient clinics for
eating disorders during 2022-2023. Data from repeated assessments of 31 patients over
22 time points, and from the remaining 17 patients (who had not remained in treatment long
enough) at 3 time points, were incorporated into the psychometric analysis of the CONTASI-
ED. Ten other patients from this sample were treated in an intensive day program, with
the CONTASI-ED assessments conducted over three months. There were no statistically
significant differences in mean age or years of education among the three participant groups
(Table 2). All participants provided written consent to have their data used for this study’s
analysis and publication.

Table 2. The sample demographic and clinical characteristics.

Characteristic Diagnosed with ED H?a.l thy
Participants
. Outpatient clinic Intensive day clinic _
Setting of treatment N =48 N=10 N =10
Age (mean =+ SD) 19.7 (SD = 6.4) 24.0 (SD = 3.2) 20 (SD = 5.5)
BMI at admission 20.0 (SD = 5.7) 19.66 (SD = 6.1) 23.4 (SD = 6.8)

11
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Table 2. Cont.

Characteristic Diagnosed with ED H?a.l thy
Participants
Education 11 12 13
Restrictive AN 24 (50%)
. . Binge Purge AN 5 (10%) Restrictive AN 7 (70%)

E? jﬁf“‘i’sﬁ Atypical AN 7 (14.6%) Binge Purge AN 3 (30%) -
at admissio BN 7 (14.6%)
BED 5 (10.5%)

PTSD 32 (55%) 2 (20%) -

3.2. Psychometric Properties

The psychometric evaluation of the CONTASI-ED revealed strong reliability and
validity across multiple measures, as follows:

Test—retest reliability: Pearson’s correlation coefficients (r) for test-retest reliability
of the total CONTASI-ED score ranged from 0.72 to 0.90—indicating excellent stability
over time.

Inter-rater reliability: Three clinicians independently interviewed and scored 22 patients.
Fleiss’s Kappa reliability () ranged from 0.68 to 0.95—reflecting high agreement between
different raters using the tool.

Patient—dietitian reliability: Spearman correlations between patient self-reports and
dietitian-administered assessments ranged from 0.75 to 0.92—indicating strong alignment
between the two modes of administration.

Criterion (discriminant) validity: The CONTASI-ED demonstrated strong criterion validity.

At baseline, scores were significantly higher among ED patients compared to healthy
controls (p < 0.001; see Figure 1).

STAT at Baseline by Group

50

40

30

) % -
0

Healthy Diagnosed
Group

STAT at Baseline

CONTASI-ED at baseline

Figure 1. CONTASI-ED at baseline for healthy vs. ED-diagnosed patients.

A parallel analysis using the EAT-26 yielded a similar pattern, with both tools showing
large effect sizes and clear discrimination between groups, as summarized in Table 3.

Table 3. Comparison of CONTASI-ED and EAT-26 scores between diagnosed and healthy participants.

Variable 18‘:!;;11 Dzi\? inlo;fd ge:g?z’ p-Value 2
STATT1 26.7 (14.9) 7.6 (4.7) 34.6 (9.4) <0.001
Eat26T1 35.8 (19.0) 5.7 (3.4) 40.2 (16.0) <0.001
Unknown 11 11 0

1 Mean (SD) and 2 Welch two sample t-test.
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Convergent validity: Convergent validity was assessed by examining correlations be-
tween the CONTASI-ED and EAT-26 scores over the course of treatment. The CONTASI-ED
scores were strongly correlated with EAT-26 scores throughout treatment (Figures 2 and 3).
Initially, both measures were high, gradually decreasing over the course of treatment, until
around 12 months—after which occasional regressions were observed. These regressions
initially reflected the disclosure of previously hidden symptoms (such as restriction, purg-
ing or compulsive physical activity) and subsequent shifts in eating disorder subtypes (e.g.,
from restrictive anorexia nervosa to binge-purge anorexia or bulimia nervosa).

40
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=130
|
wn
<
Z
o) 20
QO
c
[+
(7]
= |10
0 5 10 15 20

Time (Months)

BMI Group —* Mormal weight —* Owverweight —* Underweight

Figure 2. Differences in CONTASI-ED based on BMI group.

60

Mean EAT26

0 5 10 15 20
Time (Months)

BMI Group —* MNormal weight —* Overweight —* Underweight

Figure 3. Differences in EAT-26 scores based on BMI group.

Internal consistency: Internal consistency was calculated using McDonald’s Omega,
accounting for different item loadings and variations in the strength of the items’ associ-
ations with the construct being measured [36]. Apart from the “Start” category, all other
categories exhibit omega coefficients above the acceptable threshold of 0.70—ranging
between 0.72 and 0.9.
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3.3. Change in CONTASI-ED Scores over Time

The CONTASI-ED scores decreased significantly over time. From Time 1 to Time 2,
scores decreased by 12.75 units (B = —12.75, 95% CI: —15.12 to —10.39). By Time 13, the
cumulative reduction reached 20.87 units (B = —20.87, 95% CI: —23.80 to —17.94).

Occasional score increases at later time points were observed, particularly among
participants with extended treatment duration. While these patterns may reflect temporary
symptom exacerbation, they could also indicate increased insight or willingness to disclose
previously unreported symptoms. As this interpretation is speculative, further research is
needed to clarify whether such score elevations reflect true clinical worsening or a shift in
self-awareness and reporting.

BMI Group Differences

At baseline, Underweight participants had significantly higher CONTASI-ED scores
than the Normal Weight group (B = 10.04, 95% CI: 2.86 to 17.21, p = 0.006). The Overweight
group did not significantly differ from the Normal Weight group (B = —1.32, 95% CI:
—10.51 to 7.87, p = 0.778) (Figure 2). Visual inspection of Figure 2 reveals distinct patterns of
symptom reduction by BMI group. While all groups showed declining CONTASI-ED scores
over time, the Underweight group exhibited a more gradual descent with a flatter slope in
early treatment phases—suggesting potential resistance or slower response. In contrast,
participants in the Overweight group demonstrated steeper initial declines, indicating a
more rapid symptom reduction in the early weeks. The Normal Weight group displayed a
more linear and consistent downward trend. These visual trends complement the model-
based findings and underscore the clinical heterogeneity in treatment response trajectories.

Interaction effects indicated that Underweight participants showed a slower rate of
improvement in the early stage of treatment. For example, at Time 2, the difference in
reduction was significantly smaller (Time 2: B =9.19, 95% CI: 3.98 to 14.39, p = 0.001). By
Time 8, however, this difference diminished and was no longer statistically significant
(B =3.67,95% CI: —1.67 t0 9.01, p = 0.177).

Conversely, participants in the Overweight participants demonstrated greater reduc-
tions in the CONTASI-ED scores than those of the Normal Weight group, with significant
interaction effects at multiple time points (e.g., Time 2: B = 11.08, 95% CI: 4.16 to 17.99,
p = 0.002).

3.4. Change in EAT-26 Scores over Time

EAT-26 scores also showed significant reductions across time (p < 0.001). From baseline
to Time 2, scores dropped by 14.77 units (B = —14.77, 95% CI: —21.01 to —8.54). By Time 10,
the total reduction reached 22.13 units (B = —22.13, 95% CI: —28.79 to —15.46).

In the Underweight group, interaction effects indicated limited changes in EAT26
scores over time. While early time points suggested larger increases (e.g., Time 2: B = 9.85,
95% CI: —5.32 to 25.02, p = 0.201), these trends were not statistically significant and dimin-
ished further at subsequent time points (e.g., Time 10: B = 2.80, 95% CI: —14.01 to 19.62,
p =0.742).

In contrast, the Overweight group showed significant increases in EAT-26 scores at
specific time points—notably at Time 4 (B = 33.54, 95% CI: 6.59 to 60.49, p = 0.015) (Figure 3).
As shown in Figure 3, the Overweight group exhibited fluctuations in EAT-26 scores with
notable spikes (e.g., at Time 4), possibly reflecting episodic changes in cognitive attitudes
toward eating. The Underweight group showed relatively flat trajectories, with limited
downward movement, indicating a potential disconnect between behavioral and cognitive
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symptom improvement. These visual patterns illustrate the differential sensitivity of EAT-

26 across subgroups and reinforce the importance of multidimensional assessment tools.
However, these patterns were inconsistent over time, with many time points yielding

non-significant interaction effects (e.g., Time 9: B = 4.86, 95% CI: —12.22 to 21.94, p = 0.574).

3.5. Multivariable Analysis
3.5.1. Effect of Age on CONTASI-ED Scores

Age was significantly associated with higher CONTASI-ED scores in the Overweight
group (B =1.42, 95% CI: 0.36 to 2.49, p = 0.010), but only to a limited degree with Under-
weight and Normal Weight participants.

Including age as a covariate improved model fit for the Overweight group, with the
marginal R? increasing from 0.437 to 0.604 (Supplementary Materials S2a).

3.5.2. Effect of PTSD on CONTASI-ED Scores

Adjusting for PTSD had a more pronounced effect on the Normal Weight participants.
In the Underweight group, PTSD had no significant impact (B = 1.42, 95% CI: —13.14 to
15.98, p = 0.848), and baseline CONTASI-ED scores remained stable (41.48, 95% CI: 34.94 to
48.02) (Supplementary Materials S2b).

Similarly, in the Overweight group, PTSD was not a significant predictor (B = 8.89,
95% CI: —1.85 to 19.63, p = 0.102), and its inclusion did not substantially change baseline
CONTASI-ED estimates (30.12, 95% CI: 23.36 to 36.89). However, in the Normal Weight
group, PTSD was strongly associated with lower CONTASI-ED scores (B = —16.81, 95% CI:
—22.50 to —11.12, p < 0.001), and adjusting for PTSD increased the baseline estimate from
33.99 (95% CI: 28.29 to 39.70) to 31.45 (95% CI: 27.28 to 35.61). This stratified analysis was
exploratory and intended to probe potential variation in comorbidity patterns, although
the observed effects should be interpreted with caution due to limited subgroup sizes.

4. Discussion

This study provides initial validation of the CONTASI-ED as a psychometrically sound
and clinically responsive tool for assessing eating disorder (ED) severity and tracking treat-
ment progress. Designed to address key limitations of existing instruments, the CONTASI-
ED integrates state-based indicators (e.g., physiological markers) with trait-level factors
(e.g., trauma history, compulsivity), offering a holistic and nuanced assessment framework.

The CONTASI-ED demonstrated strong test-retest and inter-rater reliability, compara-
ble to or exceeding those reported for established instruments such as the EDE-Q [19] and
EPSI-CRYV [3]. This suggests that the tool yields stable and consistent assessments across
raters and time, even in varied clinical settings. Moreover, the strong alignment between
clinician- and patient-rated scores reinforces its applicability as a dual-mode instrument,
adaptable to clinician or self-report formats depending on patient needs.

The CONTASI-ED also demonstrated high internal consistency for most categories,
supporting its structural coherence. As anticipated, the “Start” category yielded lower
omega values due to its broader coverage of historical risk factors—consistent with psycho-
metric literature suggesting reduced reliability in multidomain constructs [36].

Importantly, the CONTASI-ED effectively differentiated between ED patients and
healthy controls providing evidence for its discriminant validity. This aligns with previous
literature establishing large effect sizes for tools like EAT-26 in distinguishing clinical from
non-clinical groups [18], but the present results suggest even greater sensitivity, potentially
due to the inclusion of both behavioral and physiological domains.
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One of the most notable findings was the CONTASI-ED'’s sensitivity to symptom
change over time. Scores decreased significantly across treatment phases, with occasional
increases interpreted as reflections of greater honesty and insight. These “blips” may re-
flect either temporary symptom exacerbation or increased trust in the therapeutic alliance,
leading to greater disclosure of previously unreported symptoms. However, this inter-
pretation remains speculative and should be further examined in future research before
being considered indicative of ‘authentic worsening’ or deeper self-awareness—paralleling
prior work suggesting that symptom disclosure can transiently elevate scores without
indicating relapse [33]. In contrast, EAT-26 scores remained flatter, missing these nuanced
shifts—suggesting that the CONTASI-ED may be better equipped to capture clinically
meaningful fluctuations than static screening tools.

Group-based analyses offered further insight. Underweight participants had higher
baseline scores and showed slower early improvement compared to those at normal weight,
consistent with prior studies indicating that low BMI is associated with more entrenched
cognitions and treatment resistance [26]. In contrast, participants with overweight sta-
tus demonstrated greater symptom reduction, potentially reflecting responsiveness to
interventions addressing binge-eating patterns [5].

Multivariable analyses revealed additional complexity. Older age was associated
with higher severity in the Overweight group, suggesting that chronicity may moderate
treatment response in this subgroup. PTSD was significantly associated with symptom
severity only in the Normal Weight group—a finding that reinforces the importance of
trauma-informed assessment tools. One possible explanation is that individuals in this
weight category may experience fewer external indicators of illness, leading to an increased
role of internalized emotional distress in symptom expression. PTSD-related hypervigi-
lance, avoidance, or dissociation could interfere with treatment responsiveness or amplify
underlying compulsive behaviors. These interpretations remain exploratory and war-
rant targeted investigation in future studies. This finding also echoes prior work on the
prognostic role of comorbidity in ED outcomes [4,13].

In light of emerging research on emotion dysregulation as a central mechanism in
eating pathology, it is notable that several CONTASI-ED domains—particularly Compul-
siveness, Self-Care, and the inclusion of mood and anxiety indicators—may indirectly
capture aspects of dysregulation. For example, patterns of impulsive behaviors, sleep
disruption, and restrictive eating cycles often reflect difficulties in emotional containment.
While the tool was not explicitly designed to quantify emotion regulation capacity, future
work could explore how specific subdomains of the CONTASI-ED correlate with validated
emotion dysregulation scales, thereby enriching its clinical interpretability and relevance
to transdiagnostic processes, a finding that reinforces the importance of trauma-informed
assessment tools and echoes prior work on the prognostic role of comorbidity in ED
outcomes [4,13]. The CONTASI-ED also demonstrated clear advantages in routine clinical
application. Its flexible design enables tracking of progress across settings—f{rom inpatient
to outpatient—without losing interpretive continuity. While not a focus of the present
study, the modular structure and dual-mode administration of the CONTASI-ED may lend
itself to future digital implementation. This possibility remains untested in our current
data and is proposed solely as a direction for future research, particularly in the context of
stepped-care models and remote monitoring strategies.

While the CONTASI-ED was designed with contextual adaptability in mind—including
phrasing that allows for clinical and cultural tailoring—this flexibility has not yet been
empirically tested. The current study was conducted in a culturally homogenous sample,
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limiting the ability to assess cross-cultural validity. Future studies should examine whether
the tool performs equivalently across diverse populations and healthcare systems.

Unlike static tools with cutoff scores, the CONTASI-ED allows clinicians to moni-
tor progress on a continuous scale, capturing meaningful intra-individual variation and
informing real-time decisions. This approach is consistent with the rationale behind
tools such as the CR-EAT, which emphasizes session-by-session tracking rather than fixed
thresholds [15]. In our clinical observations, reductions in the CONTASI-ED scores be-
low 10 coincided with substantial functional improvement and justified a step-down in
treatment intensity—a pattern that warrants future empirical validation.

Finally, the inclusion of objective physiological markers such as bradycardia and
electrolyte abnormalities further distinguishes the CONTASI-ED from existing tools. These
markers not only improve face validity and clinical confidence but also facilitate communi-
cation across interdisciplinary teams (e.g., psychiatry, internal medicine, nutrition)—a key
requirement in ED care settings [28].

Limitations and Future Research Directions

While the present findings support the CONTASI-ED'’s strong psychometric properties
and clinical applicability, several limitations warrant consideration. First, the sample
was predominantly female and relatively homogenous in terms of cultural background,
which limits the generalizability of the findings to males, non-binary individuals, and
more diverse populations. This limitation is common in ED research but highlights the
importance of validating assessment tools in underrepresented groups [32] Further studies
should include broader demographic samples to assess measurement invariance across sex
and cultural background.

Second, although the CONTASI-ED was designed to capture a wide range of
behavioral, cognitive, and physiological indicators, certain contextual and protective
factors—such as social connectedness, body appreciation, or self-compassion—were not
included. These factors may play a critical role in moderating ED severity and predicting
recovery trajectories [37], and their exclusion may limit the tool’s comprehensiveness. In-
corporating such elements into future revisions or as parallel modules may enhance its
predictive value. Moreover, future studies may want to validate each subdomain with
specific tools—particularly constructs such as emotion regulation and compulsivity.

Third, although domain weights were informed by both expert consensus and factor
analysis, their empirical grounding remains preliminary. For example, obsessive cogni-
tions were weighted more heavily than some physiological markers, based on the clinical
assumption that they are more resistant to change and more strongly associated with
relapse risk. While this reflects established clinical reasoning [3], it may also introduce a
theoretical risk that multidimensional scoring may inadvertently over-pathologize certain
subgroups—especially when psychosocial variables are weighted alongside physiological
indicators. Future large-scale predictive modeling could help refine the weighting schema
and ensure that clinical relevance does not come at the expense of diagnostic inflation.

Additionally, the relatively modest sample size and the naturalistic setting of the study,
while ecologically valid, may limit statistical power and preclude certain subgroups or
longitudinal comparisons. Larger samples across multiple sites would allow for more
robust analyses of measurement invariance, predictive validity, and sensitivity to treatment
phase or subtype transitions.

Finally, it is important to note that the “Social and/or mentalizing impairment” item
category was added after the primary analyses were conducted. Thus, it was excluded
from all quantitative analyses reported in this study and is not reflected in any of the
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psychometric evaluations. While this domain reflects a growing interest in social-cognitive
factors in EDs [23], its psychometric contribution and predictive utility should be evaluated
in future studies before being integrated into the core scoring algorithm.

5. Conclusions

The CONTASI-ED represents a novel, multidimensional assessment tool that bridges
key gaps in ED evaluation—combining clinical depth, time efficiency, and sensitivity to
therapeutic change. Its adaptability across care settings, robust psychometric properties,
and incorporation of physiological and psychosocial indicators position it as a valuable
addition to the measurement-based care landscape.

As mental health systems move toward more personalized, data-informed practices,
tools like the CONTASI-ED offer a scalable and clinically meaningful way to guide decision-
making and improve treatment outcomes across the diverse spectrum of eating disorders.
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Abstract: Background/Objectives: Pressure to stay lean may lead adolescent athletes to
dietary restraint and disordered eating. Lack of nutrition awareness can also contribute
to suboptimal dietary habits, increasing the risk of eating disorders and Relative Energy
Deficiency in Sport [RED-S], though evidence in competitive athletes is limited. This
study explored eating disorder symptoms and RED-S knowledge in adolescent artistic
gymnasts. Methods: Eighty-four female artistic gymnasts, thirty-nine international and
national level gymnasts [high-level; 14 [14, 15] y] and forty-five recreational and club
level gymnasts [low-level; 14 [13, 15] y] completed the Eating Disorder Examination
Questionnaire [EDE-Q 6.0], the RED-S knowledge Questionnaire and provided training
details. Results: Seventeen gymnasts (20.2%) scored above the cutoff point on the EDE-Q.
In addition, high-level gymnasts scored higher than low-level on EDE-Q [2.21 4 1.37
(35.9%) vs. 1.19 £ 0.79 (6.7%), respectively; p < 0.001] and on its subscales: Restraint, Eating
Concerns, Weight Concerns, and Shape Concerns [p < 0.001 to 0.009], thus indicating more
severe disordered eating symptoms. No group differences were found in binge eating
and compensatory behaviors. An important percentage of gymnasts reported at least one
episode of binge eating and excessive training [39.3-58.3%], while four gymnasts reported
self-induced vomiting. RED-S knowledge did not differ between groups. On average,
gymnasts were unaware of correct answers related to RED-S [51.5%], its definitions [79.8-
92.9%], and its association with menstrual disturbances and bone health [54.8-86.9%].
However, gymnasts reported better awareness of the impact of food restriction on illness
and performance [47.6-84.5%]. Conclusions: Elite artistic gymnasts exhibited a higher
prevalence of eating disorder symptoms than lower-level peers. Gymnasts at all levels
demonstrated limited knowledge of the effects of RED-S on menstrual and bone health.
Failure to recognize these risks may influence gymnasts’ eating behaviors and delay RED-S
detection and management.

Keywords: energy deficit; eating behaviors; adolescence; gymnastics; energy availability;
aesthetic sports

1. Introduction

Eating disorders are complex psychiatric disorders that may negatively affect health,
development, and daily life [1]. They are often accompanied by other mental health
disorders, their exact causes remain unclear, and their treatment is challenging, costly,
and frequently ineffective [2]. Eating behaviors exist along a continuum, ranging from
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optimal nutritional practices to clinically diagnosable eating disorders, with disordered
eating representing a midpoint [1]. Anorexia Nervosa and Bulimia Nervosa represent the
most severe forms of disordered eating [3]. Subclinical behaviors—such as body image
preoccupation, food restriction, bingeing, purging, and laxative or diuretic misuse—can
negatively impact health and increase the risk of developing clinical eating disorders [3].
Intensive food restriction, and, as a result, low energy availability are the primary causes of
Relative Energy Deficiency Syndrome (RED-S), a clinical syndrome characterized by an
energy imbalance in which an athlete’s energy intake is insufficient to meet the demands of
exercise, growth, and normal physiological functioning [4,5].

Previous studies have shown that participation in sports with strict demands on
body weight, such as gymnastics, is associated with an increased risk of eating disorders
in female athletes [6-9]. Success in these sports often necessitates maintaining a lean,
sometimes prepubescent body, to meet sport-specific aesthetic demands and optimize
performance [6,7,10,11]. Furthermore, high-level athletes frequently exhibit elevated rates
of disordered eating compared to their lower-level or non-athlete counterparts, driven by
performance pressures, appearance demands, and specific personality traits [12-15].

Eating disorders predominantly affect female adolescents and tend to follow a chronic
course with significant impairment in social functioning [16]. Early diagnosis and timely
therapeutic intervention are essential for improving long-term outcomes [17]. Adolescent
athletes in aesthetic sports, such as artistic and rhythmic gymnastics, are often exposed
to excessive training and competition loads during a critical developmental stage [18,19],
when performance pressures coincide with significant physical changes [20,21]. The drive
for a lean physique may lead to food restriction, and initial performance gains can reinforce
this behavior, increasing the risk of eating disorders [22,23].

Importantly, a lack of understanding of the nutritional requirements of sport may
influence athletes’ dietary habits and increase the risks of eating disorders and RED-S [4].
Research on RED-S has typically been performed among adolescent female athletes; how-
ever, emerging research demonstrates that male athletes are also affected, exhibiting clinical
indicators of compromised bone health [24]. RED-S can result in a variety of adverse
outcomes, including disruptions in hormonal regulation, growth retardation, impaired
bone health, decreased immune function, and alterations in metabolic processes [25,26]. To
lower the risk of RED-S, athletes, their families, and their support teams must be aware of
its signs, symptoms, and consequences on sports performance, injury risk, recovery, and
overall health. Failure to recognize these risks may not only influence gymnasts’ eating
behavior but also delay early RED-S detection and management [27,28]. However, despite
its significance, evidence on athletes” awareness of the impact of RED-S on health and
performance remains scarce. Thus, the aim of this study was to examine eating disorder
symptoms and RED-S knowledge in a population of adolescent artistic gymnasts. It was hy-
pothesized that: (a) a higher percentage of disturbed eating attitudes and behaviors would
be observed in high-compared to low-level artistic gymnasts, and (b) a high percentage of
gymnasts would be unaware of RED-S.

2. Materials and Methods
2.1. Participants

Eighty-four female artistic gymnasts, aged 12-18 years, participated in this research.
Male athletes were excluded from the study due to an insufficient sample size, which
would have limited the statistical power, prevented meaningful sex-based comparisons,
and minimized confounding factors associated with sex-based physiological, behavioral,
and nutritional differences.
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The study questionnaire consisted of two parts: (a) a questionnaire which included
age, training and competition details such as training experience (i.e., the years of system-
atic training and competing in artistic gymnastics), number of training sessions/hours
per week and number of competitions per year, and (b) the Eating Disorder Examination
Questionnaire (EDE-Q) [29,30], and the Knowledge of Relative Energy Deficiency Syn-
drome Questionnaire (RED-S Knowledge) [31]. The questionnaires were distributed to the
participants in their training facilities, one hour before training. Athletes were gathered
in small groups in a separate room, with no coaches or parents present. A member of
the research team was present during questionnaire completion to provide clarification
if needed and to ensure that participants remained focused and completed the invento-
ries independently. Furthermore, athletes were informed about the confidentiality and
anonymity of their responses and their right to withdraw from the study at any time with-
out being required to provide any explanation for their decision. Participants responded to
the questionnaire on paper, and a researcher was available to answer questions and collect
the completed questionnaires.

The eighty-four artistic gymnasts included a population of international and national
level gymnasts (High-level gymnasts; n = 39) and club and recreational level gymnasts
(Low-level gymnasts; n = 45). The sample of high-level gymnasts (n = 39) comprised all the
national team members of the country, trained six times per week, for approximately 3-4.5 h
per session, and participated in competitions 3—4 times a year. Low-level artistic gymnasts
trained 2—4 times per week, for 1.5-2.5 h per session, and participated in contests, festivals,
or club competitions 2-3 times a year. The high-level artistic gymnasts were recruited in
collaboration with the Hellenic Gymnastics Federation. The club and recreational level
artistic gymnasts were randomly recruited from three different gymnastics clubs.

Participants” Body Mass Index (BMI) was calculated as the ratio of body weight to
the squared standing height (kg/m?). The characteristics of the participants are shown in
Table 1. Prior to the study, the athletes and their parents were fully informed about the
purpose and procedures of this study and gave written informed consent. Instructions to
the participants included a reminder to respond to all items and a statement that there were
no right or wrong answers. Procedures were approved by the local Institutional Ethics
Review Committee (number 1645/15-05-2024) and followed the Code of Ethics set by the
World Medical Association.

Table 1. Age, competitive experience, and anthropometric characteristics of the participants *.

High Level Gymnasts Low Level Gymnasts
° (n = 39) .= 45) p-Value
Age (y) 14 (14, 15) 14 (13, 15) 0.061
Training experience (y) 8 (6, 8) 6 (3,8) <0.001
Height (cm) 159 (157, 162) 160 (156, 163) 0.815
Body mass (Kg) 47 (44, 50) 50 (47, 55) 0.019
Body Mass Index (kg/m?) 18.7 (17.7,19.7) 20.1(18.4,21.4) 0.006

! Note: Values are expressed as median (Q1, Q3). p-values derived from Mann-Whitney rank test. Statistical
significance was set at the 5% level.

2.2. Study Measures
2.2.1. Eating Disorder Examination Questionnaire (EDE-Q)

The Eating Disorder Examination Questionnaire (EDE-Q) [29,30] is a 28-item self-
report questionnaire designed to assess the range and severity of features associated with
a diagnosis of an eating disorder and is derived from the Eating Disorder Examination
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interview [32]. The EDE-Q focuses on the past 28 days and is scored using a 7-point, forced-
choice rating scheme. Subscale scores, relating to Dietary Restraint, Eating Concerns, Concerns
about Shape, and Concerns about Weight, and a global score, are derived from the 22 items
addressing attitudinal aspects of eating-disorder psychopathology. The total score of the
inventory is an average of the subscales. A global EDE-Q score of 2.612 for the Greek popu-
lation yields an optimal trade-off to determine eating disorder diagnosis [30]. Questions
13 to 18 (6 items) of EDE-Q are individually examined to ascertain the frequency of binge
eating and compensatory behaviors occurring during the past four weeks (28 days) [29,33].
These items do not contribute to the subscale scores. The questionnaire also includes three
more questions, which are not numbered. The two questions ask the respondent to estimate
his/her weight and height. The third question concerns the frequency of menstruation for
the last 3—4 months, as well as the use of contraceptive pills. Cronbach’s « values for the
total score of the questionnaire as well as its subscales were 0.840, 0.808, 0.817, 0.880, and
0.811, for EDE-Q total score, Dietary Restraint, Eating Concerns, Concerns about Shape, and
Concerns about Weight, respectively.

2.2.2. Knowledge of Relative Energy Deficiency Syndrome

This comprehensive 18-item questionnaire assesses theoretical and practical under-
standing of the signs, symptoms, and consequences of RED-S, including menstrual ir-
regularities, poor bone health, impaired immunity, and decreased neuromuscular perfor-
mance [31]. The domains of the inventory that assessed RED-S knowledge are labelled as
follows: (1) Awareness and definition of Low Energy Availability (LEA), Athletic Triad, and
RED-S (items 1-3); (2) knowledge of RED-S signs and symptoms (items 4-8); and (3) knowl-
edge of health and performance consequences of RED-S (items 9-18). The questionnaire
has high content as well as construct validity [31]. Total scores are calculated by summing
the scores of 18-items. Preliminary analyses of the RED-S knowledge questionnaire’s relia-
bility in the Greek population indicate acceptable reliability, with Cronbach’s alpha values
around 0.70.

2.3. Statistical Analysis

The normality of distribution of continuous variables was assessed using the Shapiro—
Wilks test and Q-Q plots. For normally distributed data, data are presented as means =+ SD,
and differences between high- and low-level artistic gymnasts were determined using
independent samples t-tests. Data that were not normally distributed are presented as
medians (Q1, Q3), while data on categorical variables are presented as frequencies (n, %);
differences between high- and low-level artistic gymnasts were determined using Mann-
Whitney rank or Chi-Square tests, respectively. Statistical significance was set at the 5%
level (p-value < 0.05). All hypotheses tested were two-tailed. All analyses were performed
using SPSS (version 29, SPSS Inc. Chicago, IL, USA).

3. Results
3.1. Eating Disorder Examination Questionnaire

A total of 84 artistic gymnasts provided data for the variables of interest and were
included in the analyses for the present study. High-level artistic gymnasts had more
training experience, lower body mass, and BMI than low-level artistic gymnasts (p < 0.05,
Table 1).

High-level artistic gymnasts scored higher than low-level in EDE-Q global score and
its subscales Restraint, Eating Concerns, Weight Concerns, and Shape Concerns (p < 0.05;
Table 2).
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Table 2. Participants’ values of the EDE-6 Questionnaire 1

High Level Gymnasts Low Level Gymnasts
(n = 39) (n = 45) p-Value

EDE-Q total score 2.07 (1.12,3.13) 1.17 (0.44, 1.73) <0.001
Subscales

Restrain 1.40 (0.60, 3.60) 0.60 (0.20, 1.70) 0.014
Eating Concern 1.20 (0.40, 2.60) 0.60 (0.20, 1.20) 0.009
Weight Concern 2.00 (1.60, 4.20) 1.00 (0.40, 2.20) <0.001
Shape concern 2.38 (1.63, 3.75) 1.25(0.50, 2.31) <0.001
RED-S total score 8.74 + 3.04 8.71 +2.98 0.961

1 Note: Values are expressed as median (Q1, Q3) for EDE-Q and its subscales and as means + SD for REDS
knowledge score. p-values derived from Mann-Whitney rank test and from f-test. Statistical significance was set
at the 5% level.

The six items of EDE were transformed into dichotomous variables, with 0 indicating
the absence of binge eating and compensatory behaviors, and 1 indicating the presence of
at least one episode. No differences were found between groups across these six EDE-Q
items (p > 0.05). In contrast, more high-level artistic gymnasts had missed menstrual cycles
in the last 3-4 months (p < 0.001), while no differences were observed between groups
in contraceptive use (p = 0.283). Furthermore, when frequencies were computed for the
six EDE-Q items for all the artistic gymnasts combined, it was found that 49 girls (58.3%)
were concerned about the amount of food (EDE13) and 48 girls (57.2%) lost control of
their eating at least once (EDE14). Forty-two (50%) experienced at least one subjective
or objective binge-eating episode (EDE15). Four athletes (4.8%) reported self-induced
vomiting as compensatory behavior after binge eating (EDE16). No gymnast reported
laxative or diuretic misuse (EDE 17). Thirty-three athletes (39.3%) reported additional
excessive training as compensatory behavior to avoid feeling guilty about eating (EDE18).

The percentage of artistic gymnasts scoring higher than the cut-off of 2.612 in EDE-Q
was 20.2% (n = 17; 35.9% in high and 6.7% in low-level gymnasts). Those gymnasts scored
significantly higher in all EDE-Q subscales (p < 0.001), with no significant differences in
main characteristics (age, height, weight, BMI, training experience and RED-S knowledge
score (p > 0.05); however, they were more likely to train at high than low level, compared
to those scoring lower than 2.612 (p < 0.001).

3.2. RelativeED-S Knowledge

No differences were observed between groups in the total scores of the RED-S knowl-
edge questionnaire (p = 0.961) (Table 2). Athletes’ responses to each question in this
questionnaire are presented in Figure 1 and in Supplementary Table S1. In the domain
assessing awareness and definition of LEA, Triad, and RED-S, 79.8 to 92.9% of the partici-
pants reported unawareness of these definitions. In the domain assessing knowledge of
RED-S signs and symptoms, 54.8 to 86.9% of all artistic gymnasts failed to recognize known
RED-S signs and symptoms and in the domain knowledge of the health and performance
consequences of RED-S, 15.5 to 52.4% of the participants exhibited limited understanding
of the impact of food restriction on their health and performance (Figure 1 and Supplemen-
tary Table S1). On average, 51.5% of artistic gymnasts provided incorrect answers related
to RED-S.
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Figure 1. Percentage of correct and incorrect responses to the RED-S knowledge questionnaire among
gymnasts (n = 84).

4. Discussion

This study examined eating disorder symptoms and RED-S knowledge in adolescent
artistic gymnasts. A higher percentage of eating disorder symptoms and higher total
scores in EDE-Q and its subscales were found in high-level compared to lower-level artistic
gymnasts. An important percentage of artistic gymnasts reported at least one episode of
binge eating and excessive training. RED-S knowledge did not differ between groups, with
most artistic gymnasts unaware of the main aspects of Relative Energy Deficiency in Sports.

It is well-established that eating disorders have a greater prevalence among high-
performance athletes as compared with non-elite athletes and the general population,
especially in disciplines that emphasize leanness, like gymnastics [10,22,34]. In a previous
study with adolescent artistic gymnasts, Tan et al. [22] also reported that disordered eating
among elite female artistic gymnasts was higher than that observed in lower-level gymnasts,
and the same was found for international-level adolescent rhythmic gymnasts [35]. The
finding that a large percentage (35.9%) of high-level adolescent artistic gymnasts in this
study demonstrated eating disorder symptoms-based on their EDE-Q scores, is in line
with previous research highlighting the need for psychological support and treatment in
high-level sport environments [6,12]. In contrast, 6.7% of club and recreational artistic
gymnasts scored higher than 2.612 in EDE-Q, a percentage almost similar to that found in
Greek adolescents (9.8%) [36]. This shows that moderate exercise and lower performance
and appearance demands are linked to reduced occurrence of disturbed eating attitudes
compared to high-level competitive athletes (35.9% in the present study), while remaining
comparable to the general adolescent population. High-level artistic gymnasts also scored
higher than low-level in the subscales Restraint, Eating Concerns, Weight Concerns, and Shape

26



Nutrients 2025, 17, 1699

Concerns. Artistic gymnasts are required to execute complex technical skills during flight
while maintaining difficult body shapes. Thus, the ratio of force and power generation
to body mass is a critical performance determinant in gymnastics from an early age,
potentially leading youth gymnasts to engage in food restriction [37,38]. Notably, despite
having a lower BMI and more extensive training experience, high-level artistic gymnasts
in this study demonstrated greater concerns regarding weight and body shape compared
to lower-level peers. Heightened preoccupation with weight and a drive for thinness are
significant risk factors for the development of eating disorders [37,39,40].

No differences were found between groups regarding binge eating and compensatory
behaviors. Over 50% of artistic gymnasts reported overeating with a loss of control and
binge eating at least once in the past 28 days, highlighting the potential influence of the
gymnastics environment (e.g., negative comments, performance anxiety) in triggering
binge eating as a coping mechanism for emotional distress, guilt, or shame [39,41]. Regard-
ing compensatory behaviors, fewer gymnasts reported excessive training or self-induced
vomiting, with approximately 4% engaging in self-induced vomiting. Similar percentages
of self-vomiting, a symptom associated with severe health, psychological, and, in some
cases, life-threatening consequences, have also been reported in previous studies in elite
athletes [42,43]. While the athletes’ responses in these areas are concerning, these findings
must be interpreted with caution. Previous research involving Greek adolescents has
highlighted discrepancies between the six items of the EDE-Q and objectively assessed
compensatory behaviors during clinical evaluations [30]. Similarly, Mond et al. [44] found
that about 42% of the participants who reported self-induced vomiting or laxative misuse
on a questionnaire denied these behaviors when they were questioned in a face-to-face
interview. Thus, these findings highlight the need to interpret results from self-report inven-
tories, such as the EDE-Q, within the framework of clinical evaluation. While inventories
offer practical benefits, including ease of use and preliminary insights, accurate diagnosis
of eating disorders requires validation through clinical interviews and comprehensive
diagnostic assessments.

RED-S is common among female athletes at different ages and performance levels
and results in serious health and performance consequences [45-47]. Exposure to low
energy availability is the main underlying etiological factor thus, awareness of the effects of
food restriction on metabolic rate, menstrual, bone, cardiovascular, and gastroenterological
health, immunity, and overall well-being is of paramount importance and especially for
adolescent athletes [48]. The results of this study highlight an interesting finding: irre-
spective of performance level, most artistic gymnasts reported unawareness of the RED-S
definition, and over 50% of them failed to recognize known associations between food
restriction and menstrual and bone health. This lack of awareness was not specific to high
or low performance levels but rather reflects a broader, systemic gap in knowledge among
athletes, and possibly coaches, or parents. Limited understanding of RED-S and its health
implications may delay recognition and treatment of serious conditions, placing athletes at
risk [49].

The finding that 86.9% of gymnasts responded “No or I don’t know” to the ques-
tion about whether amenorrhea increases the risk of fractures highlights a substantial
educational gap among athletes, coaches, and parents. This lack of awareness is es-
pecially concerning given the well-established association between menstrual dysfunc-
tion and impaired bone health, which significantly increases the risk of stress fractures.
Ackerman et al. [50] reported that adolescent athletes with amenorrhea had a markedly
higher lifetime incidence of fractures (47%) compared to their eumenorrheic peers (25.7%)
and non-athletes (12.5%). In artistic gymnastics, the prevalence of stress fractures is further
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amplified by the sport’s high mechanical loads imposed on skeletally immature athletes.
A recent systematic review found that women’s gymnastics has one of the highest rates
of stress fractures among collegiate sports, with an incidence of 25.58 per 100,000 athlete-
exposures [51]. In line with this finding, a previous survey of 712 adolescent and young
adult runners, dancers, and figure skaters found that only 12% had heard of the female
athlete triad and only 7% were able to name two of the three components of the triad [52].
Anecdotally, over 60% of the artistic gymnasts in this study reported that it is normal for fe-
male athletes to miss their period when they are following intensive training regimes. This
result aligns with the finding that high-level artistic gymnasts reported a greater number
of missed menstrual cycles compared to low-level peers over the past 3-4 months. At the
elite level, misconceptions regarding menstruation are prevalent, with evidence suggesting
that 28-56% of female adolescent athletes believe that the absence of menstruation is a
normal consequence of intense athletic training [53,54]. Several studies on female athletes
highlight a culture that encourages the pursuit of the ideal body through restrictive eating
and excessive training, cultivating a “lighter is better” mentality from the early stages
of their careers, while often neglecting the significance of menstrual disturbances [54,55].
Nevertheless, artistic gymnasts in this study demonstrated a better understanding of the
effects of severe food restriction on immunity and neuromuscular performance, likely
influenced by feedback from coaches and parents or their own personal experiences. It is
plausible that malnourished athletes face performance difficulties due to weakness and
energy depletion.

Although this study is the first to examine awareness of energy deficiency and eating
disorder symptoms in adolescent artistic gymnasts, there are some limitations that should
be acknowledged. EDE-Q, when using its global score, is a proper screening tool for
assessing the core psychopathology of eating disorders [30,33]. However, the assessment
of pathological behaviors using the six items of the EDE-Q has limitations within the
Greek population, as adolescents may misinterpret terms such as “large amount of food”
and “loss of control” or misunderstand the motivation behind excessive exercise [30,33].
They may perceive the term as referring to additional exercise for physical fitness rather
than compensatory behavior. Therefore, it is crucial to recognize that the results obtained
from these self-report questions should be cross-validated with findings from face-to-face
interviews. A second limitation is that this study relied solely on self-report instruments.
Thus, a comprehensive clinical evaluation is necessary to accurately assess the presence
of eating disorders. In addition, data on menstruation were derived solely from self-
reported responses to non-standardized items included in the EDE-Q. These items, which
asked about menstrual frequency and contraceptive use over the past 3-4 months, may
be subject to recall bias or misreporting, potentially affecting the accuracy and reliability
of the menstrual data collected. A final limitation is the small sample size of high-level
adolescent artistic gymnasts and unequal recruitment methods, which restrict the statistical
power to detect small or medium effect sizes and may introduce bias. However, it should
be reported that the sample of high-level gymnasts (n = 39) comprised all female artistic
gymnasts in Greece who were members of the national team and trained at the two high-
performance centers located in Athens and Thessaloniki. For comparison purposes, a
demographically similar group of club and recreational-level artistic gymnasts (n = 45)
was randomly selected from three different gymnastics clubs. The inclusion of a large
sample of elite athletes was crucial for investigating sensitive issues like eating disorders
and RED-S awareness.

Nevertheless, the findings of this study highlight the need for the gymnastics commu-
nity to educate athletes and coaches on the importance of maintaining adequate energy
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availability to optimize both health and performance. It is crucial to teach athletes effective
fueling strategies for different training durations and intensities, as well as for growth [26].
Adolescent aesthetic athletes who fail to recognize potential risks may gradually develop
pathological behaviors, eventually losing control over their actions, which can compromise
both their health and performance. The treatment of RED-S and low energy availability
necessitates addressing the underlying causes [25]. Researchers and specialists should focus
on strengthening protective factors (e.g., enhancing self-esteem and a positive body image,
encouraging acceptance of physical changes during adolescence, and improving media
literacy) while reducing risk factors (e.g., internalization of the stereotype of the “ideal
body”, peer pressure, and fat shaming), involving the entire athlete support system [25,26].
In addition, long-term coach education programs, especially those offered at the university
level or through national sport federations, should include modules on RED-S and training
load management. To further promote awareness, workshops and digital resources should
also be made available to parents and athletes through National Olympic Committees
and sport federations. Increasing knowledge in these areas can help identify additional
educational needs and support athletes, coaches, and sports medicine professionals in
making informed decisions about training, competition, and recovery. Failure to recognize
these risks may not only impact artistic gymnasts” eating behaviors but also hinder the
early detection and management of RED-S, where timely intervention may be required.

5. Conclusions

A higher prevalence of eating disorder symptoms was observed among high-level
artistic gymnasts compared to their lower-level counterparts, suggesting that reduced
performance and appearance-related pressures may be associated with fewer disordered
eating behaviors. The finding that RED-S knowledge did not differ between groups—and
that most artistic gymnasts were unaware of the core aspects of Relative Energy Deficiency
in Sport—is both novel and concerning. This widespread lack of awareness was not limited
to athletes of a specific performance level, but instead highlights a broader, systemic gap in
understanding that may extend to coaches and parents as well.
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Abstract: Background: External social influences on body image affect females differently
than males, and adolescent girls are more likely to want to change their weight status.
Understanding the healthy and unhealthy habits of adolescent girls is vital for developing
effective and targeted health promotions and interventions. Methods: Using data from
the 2021 Youth Risk Behavior Surveillance System (YRBS) survey, this cross-sectional
study compares dietary habits, physical activity, vaping, alcohol use, sleep, and screen
time in females (9th—12th grades) who intend to lose weight versus those who want to
maintain their current weight. Results: The sample consisted of 4362 females, of which
56.7% reported an intent to lose weight. The average BMI percentile was 64.1 compared
to 75.4 among those trying to lose weight and 50.1 among those not trying to lose weight.
Adolescent girls intending to lose weight also reported less frequent breakfast consumption
(OR 0.52; 0.40-0.69), less sleep (OR 0.72; 0.59-0.89), more screen time (OR 1.27; 1.02-1.58),
engaging in muscle toning exercises (OR 1.30; 1.07-1.57), vaping (OR 1.22; 1.01-1.47),
and alcohol use (OR 1.61; 1.32-1.98) compared to those not intending to lose weight.
Conclusions: Adolescent girls trying to lose weight would likely benefit from interventions
to help them improve sleep, reduce screen time, improve dietary and exercise habits, and
monitor alcohol and vaping use.

Keywords: weight loss; weight control; weight dissatisfaction; female adolescents; dietary
behaviors; sleep; screen time; physical activity; breakfast; girls’ lifestyle

1. Introduction

Obesity prevalence reached 22.2% among adolescents aged 12-19, based on the latest
National Health Report released in 2021 [1]. Around 80% of obese adolescents carry it into
adulthood, leading to health risks such as metabolic tissue dysfunction, low-grade systemic
inflammation, cardiovascular diseases, and type 2 diabetes [2,3].

External social influences on body image affect females differently than males [4].
Weight dissatisfaction is particularly prevalent among girls, ranging from 19.2 to 83.4%
among 10-19-year-old girls in an international systematic review [5]. Perception of body
weight plays a role in the motivation to lose weight in young adults, and physically active
adolescents have reported a better body perception [6,7]. However, there is less information
regarding physical activity in adolescent girls intending to lose weight. The PA Guidelines
for Americans recommend 60 min (1 h) or more of moderate-to-vigorous physical activity
daily, including aerobic, muscle-strengthening and bone-strengthening exercise for children
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and adolescents [8]. Unfortunately the adherence to these recommendations in adolescents
is low, approximately 23.9% adherence overall, and significantly lower for girls at 15.7% [9].

The Healthy Eating Index (HEI) score for boys and girls aged 14-18 is 51/100 [10].
The average vegetable intake for girls that age is less than 1 serving per day. Adhering to
the Dietary Guidelines for Americans increases the likelihood of maintaining body weight
since it encompasses balance, moderation, variety, and calorie control.

The American Academy of Sleep Medicine recommends that teenagers aged 13 to
18 sleep 8 to 10 h per 24 h regularly to promote optimal health [11]. There is a consistent
association between screen time and sleep in adolescents [12]. Data from the longitudinal,
U.S.-based Adolescent Brain Cognitive Development (ABCD) study showed that females
recorded about 1 h more average daily app and smartphone use than males [13]. Coinciden-
tally, the Centers for Disease Control and Prevention (CDC) reported that the percentage of
high school students who do not get enough sleep is higher among girls (80%) compared
to boys (75%) [14]. Furthermore, inadequate sleep (including both short duration and
poor quality) is associated with overweight and obesity in adolescents [15]. Adolescents
are also susceptible to direct pulmonary injury, addiction, and other health risks from
e-cigarettes [16]. According to the Monitoring the Future survey report, by the National
Institute of Health, Institute on Drug Abuse, 27% of 12th grade students had vaped nicotine
within the last 12 months in 2022, while 52% of students had used alcohol within the last
12 months in 2022 [17].

While there have been some descriptive studies on adolescents” habits [9,13,18-20],
to date, a comprehensive analysis of lifestyle habits among girls intending to lose weight
using a representative US sample has been limited [21-23].

Understanding the health-related behavior of girls intending to reduce their weight
can inform strategies for addressing body weight management in this population. Us-
ing a national representative sample, this cross-sectional study compares dietary habits,
physical activity, vaping, alcohol use, sleep, and screen time in females (9th—12th grades)
who intend to lose weight versus those who want to maintain their current weight. Ad-
ditionally, this study describes the relationship between actual BMI (using self-reported
weight) and weight perception between the two groups of girls (weight loss intent vs.
maintaining weight).

2. Materials and Methods
2.1. Study Design

The 2021 Youth Risk Behavior Survey (YRBS) is part of a biennial cross-sectional
survey conducted by the CDC since 1991 to monitor the prevalence of health risk behaviors
among 9th through 12th grade students in public and private schools in the United States.
YRBS utilizes a three-stage cluster sample design to generate a representative sample. Each
student record was assigned a weighting factor based on student sex, race, ethnicity, and
grade to adjust for nonresponse and the oversampling of black and Hispanic students in
the sample. The weighted count of students equals the total sample size, and the weighted
proportions match the national population proportions.

The 2021 YRBS covered 152 schools, received 17,232 usable questionnaires, and had
an overall response rate of 57.5% (72.7% school response rate and 79.1% student response
rate) [24]. Of the 87 questions covered in the questionnaire, only 58 were required, and
schools could customize the survey. Question Q67 regarding weight loss was an optional
question and was completed by 9273 students, of which 4362 were girls. The test-retest
reliability has been shown to be strong for the questions in YRBS [25]. The institutional
review board at the CDC approved the protocol for the YRBS. The YRBS has been described
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in more detail here [24]. In addition, the present authors obtained IRB approval at their
institution to conduct this secondary data analysis.

2.2. YRBS Measures

The dependent variable, intent to lose weight, was measured as “Which of the fol-
lowing are you trying to do about your weight” (lose weight, gain weight, stay the same
weight, I am not trying to do anything about my weight). For the main analyses, this
question was dichotomized into (trying to lose weight, not trying to lose weight).

A healthy diet was measured by looking at vegetable intake, fruit intake, breakfast
consumption, soda, and milk intake. Dichotomized versions were used for the variables
fruit, soda, milk, and breakfast consumption (yes or no regarding 1 or more fruit per day
during the past 7 days, 1 or more soda [not including diet soda] per day during the last
7 days, 1 or more glass of milk per day during the previous 7 days, eating breakfast on all
7 days before the survey).

We used two measures to assess physical activity: muscle strengthening (“During the
past 7 days, on how many days did you exercise to strengthen or tone your muscles, such
as push-ups, sit-ups, or weight lifting?”) and being physically active for 60 min per day
(“During the past 7 days, on how many days were you physically active for a total of at
least 60 min per day?”). Screen time was measured as time spent in front of a TV, computer,
smartphone, or other electronic device watching shows or videos, playing games, accessing
the Internet, or using social media on an average school day, not counting time spent doing
schoolwork. This variable was dichotomized into spending 3 or more hours per day on
screen time (yes, no). Sleep was dichotomized into getting 8 h or more of sleep on an
average school night (yes, no). Alcohol use was dichotomized as drinking at least one
drink on at least 1 day during the last 30 days before the survey (yes, no). Similarly, vaping
was assessed as using electronic vapor products (including e-cigarettes, vapes, vape pens,
e-cigars, e-hookahs, hookah pens, and mods) on at least 1 day during the 30 days before
the survey. The BMI percentile was available in the YRBS data set and calculated using the
2000 CDC growth charts [26].

Body size perception was derived from a question regarding how they view their weight
(very underweight, slightly underweight, about the right weight, slightly overweight, very over-
weight) and comparing it to their BMI percentile (overweight/obese > 85th BMI percentile).
Body size perception was then categorized into underestimator (those who perceive them-
selves lighter than their actual weight), accurate estimator (their weight perception is close
to their actual weight classification), and overestimator (their body weight perception is
above their actual weight).

2.3. Data Analysis

All variables were weighted to adjust for nonresponse and oversampling. SPSS
complex samples were used to account for the YRBS survey design and weighting. Logistic
regression was used to assess the association between dietary variables, physical activity
variables, sleep, screen time, alcohol intake, vaping, BMI percentile, and weight loss intent.
The fit of the model was assessed by examining ROC curves (AUC = 0.78), which indicated
a good fit and good discrimination between groups.

To assess whether associations differed among girls with good versus poor body
perception, we conducted analyses stratified by body size perception.

SPSS v29 was used for all statistical analyses (IBM Corp. Released 2023. IBM SPSS
Statistics for Windows, Version 29.0.2.0 Armonk, NY, USA: IBM Corp). Statistical signifi-
cance was determined at the 5% level (2-sided).
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3. Results

3.1. Participant Characteristics

The mean BMI percentile among the girls in our sample was 64.2 (95% CI 62.4-65.9).

In total, 55.5% (95% CI 53.6-57.4) wanted to lose weight. This intent was the highest among
girls of Hispanic (66.3%) or multiple-Hispanic descent (59.9%) and lowest among girls of
Asian descent (50.5%) or ‘Other’ descent (50.0%) (Table 1).

Table 1. Demographic characteristics of adolescent girls by weight loss intent status (2021 YRBS).

Total Trying to Lose Weight Not Trying to Lose Weight
Weighted Weighted Weighted
Unweighted % Unweighted % Unweighted Y%
N (95% CI) N (95% CI) N (95% CI)
Mean (SE) Mean (SE) Mean (SE)
Age
20.4% 20.2% 20.7%
<14 years old 819 (18.8-22.1) 448 (18.1-22.4) 371 (19.1-22.4)
49.8% 50.2% 49.4%
15-16 years old 2192 (48.4-51.2) 1229 (48.2-52.1) 963 (46.6-52.1)
29.5% 29.7% 30.0%
>17 years old 1347 (28.3-31.3) 769 (27.6-31.8) 578 (27.4-32.7)
Grade
24.8% 24.9% 24.6%
oth 1058 (23.4-26.2) 286 (23.0-26.9) 472 (22.9-26.7)
25.2% 24.6% 26.0%
10th 127 (23.2-27.3) 619 (22.1-27.2) 508 (23.5-28.7)
25.5% 25.4% 25.6%
1th 1068 (23.9-27.2) 595 (22.6-28.5) 473 (23.3-28.1)
24.5% 24.9% 23.9%
12th 1102 (23.1-25.9) 644 (23.2-26.7) 458 (21.6-26.5)
Race/Ethnicity
. 5.6% 5.0% 6.4%
Asian 259 (32-9.8) 130 (3.0-8.1) 129 (33-12.3)
12.2% 11.4% 13.1%
Black 713 (8.6-16.9) 372 (7.9-16.3) 341 (9.4-18.0)
. 48.5% 48.2% 49.0%
White 2033 (43.4-53.7) 1142 (43.2-53.1) 891 (43.1-54.9)
. 9.8% 11.4% 7.7%
Hispanic 346 7.2-13.2) 227 (8.3-15.5) 19 (5.7-10.2)
. o 17.1% 18.0% 15.9%
Multiple Hispanic 637 (14.9-19.5) 383 (15.8-20.5) 254 (13.1-19.1)
Other (American Indian,
Alaska Native, 6.8% 6.0% 7.9%
Native Hawaii, 325 (5.1-9.1) 172 (4.3-8.3) 153 (5.9-10.5)

Multiple-Non-Hispanic)

3.2. Weight Loss Intent and Lifestyle Behaviors

Results from the weighted logistic regression models are presented in Table 2 and were
adjusted for race/ethnicity, grade level, BMI percentile, vegetable consumption, muscle
strengthening, sleep, screen time, alcohol intake, and vaping. Girls trying to lose weight
were more likely to report engaging in muscle-strengthening exercises (OR 1.30, 95% CI
1.07-1.57), spending 3 h or more per day using screens (OR 1.27; 1.02-1.58), drinking
alcohol (OR 1.61; 1.32-1.98), and vaping (OR 1.22; 1.01-1.47). Girls trying to lose weight
were less likely to report eating breakfast daily (OR 0.52; 0.40-0.69), eating other vegetables
(not including potatoes, salad, or carrots) (OR 0.78; 0.67-0.90), and getting 8 h of sleep (OR
0.72; 0.59-0.89) (Table 2).
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Table 2. Adjusted odds ratios for lifestyle behaviors associated with weight loss intent among
adolescent girls (2021 YRBS).

Weighted N Weighted % Adjusted Odds  95% Confidence

Ratio (OR) ! Interval (CI)
Dietary intake
No daily breakfast intake 1951 44.9% 1.00 Reference
Daily breakfast intake 2398 55.1% 0.52 0.40-0.69
No daily vegetable intake (gregn salad, carrots, or other vegetables 3095 76.0% 1.00 Reference
excluding potatoes)
Daily vegetable intake (greer} salad, carrots, or other vegetables 1039 24.0% 091 0.77-1.08
excluding potatoes)
No daily green salad intake 4036 92.9% 1.00 Reference
Daily green salad intake 309 7.1% 1.31 0.73-2.35
No daily carrot intake 4158 96.2% 1.00 Reference
Daily carrot intake 166 3.8% 1.01 0.61-1.66
No daily intake of other vegetables (not including salad, carrots, 3500 80.4% 1.00 Reference
or potatoes)
Daily other vegetable intake (not including salad, carrots, or potatoes) 854 19.6% 0.78 0.67-0.90
No daily fruit intake 3104 71.3% 1.00 Reference
Daily fruit intake 1247 28.7% 091 0.74-1.12
No daily milk intake 722 16.6% 1.00 Reference
Daily milk intake 3626 83.4% 0.90 0.61-1.32
No daily soda intake (not including diet) 3835 88.1% 1.00 Reference
Daily soda intake (not including diet) 517 11.9% 0.99 0.79-1.23
Physical activity
Less than 3 days per week of muscle-strengthening activities 2939 67.6% 1.00 Reference
Engage in muscle-strengthening activities on 3 days or more per week 1411 32.4% 1.30 1.07-1.57
Less than 5 days per week of 60-min physical activity 2783 62.8% 1.00 Reference
Physically active for 60 min or more on 5 or more days per week 1652 37.2% 1.09 0.82-1.45
Did not play on a sports team 2257 51% 1.00 Reference
Played on 1 or more sports team during the last 12 months 2169 49% 111 0.97-1.26
Screen time
Did not spend 3 or more hours per day using screens 893 20.5% 1.00 Reference
Spent 3 h or more using screens per school day (not including 3457 79.5% 127 1.02-1.58
schoolwork) (yes vs. no)
Sleep
Slept less than 8 h 3449 79.3% 1.00 Reference
Slept 8 h or more on an average school night (yes vs. no) 901 20.7% 0.72 0.59-0.89
Substance use
Did not drink alcohol during the last 30 days 3197 73.5% 1.00 Reference
1 or more drinks of alcohol on one or more days during the last 30 days 1153 26.5% 1.61 1.32-1.98
(yes vs. no)
No binge drinking 3872 87.8% 1.00 Reference
Binge drinking (4 or more drinks in a row) on one or more days during 539 12.2% 1.29 0.97-1.70
the last 30 days (yes vs. no)
Did not use vapor products during the last 30 days 3414 78.5% 1.00 Reference
Use of electronic vapor product on 1 or more days during the last 30 936 21.5% 122 1.01-1.47
days (yes vs. no)
Did not smoke in the last 30 days 4524 96.4% 1.00 Reference
Smoked cigarettes on at least 1 day during the last 30 days 167 3.6% 1.89 0.96-3.72

! Weighted multiple logistic regression models, adjusted for grade level, race/ethnicity, BMI percentile, breakfast
intake, sleep, screen time, muscle strengthening activities, alcohol intake, and vaping.

3.3. Weight Loss Intent and BMI

A large proportion of girls within the normal weight category indicated an intent to
lose weight despite being within the normal BMI percentile (43.4%). The intent to lose
weight was the highest among obese girls (87.8%). (Figure 1) As previously shown in
Table 1, Hispanic and multiple-Hispanic girls were more likely to want to lose weight when
considering the entire sample of girls. When considering girls within normal weight only,
this body size dissatisfaction was the largest among white girls and girls of Asian descent
(47.5% and 45.7%, respectively).
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Figure 1. Proportion of adolescent girls reporting weight loss intent by BMI percentile categories
(Normal Weight, Overweight, Obese) in the 2021 YRBS Survey: BMI, Body Mass Index. Normal
weight BMI% < 85, overweight BMI% 85-<95, obese BMI% > 95.

4. Discussion

This study examined the associations between sleep, screen time, physical activity,
dietary-related variables, alcohol, vaping, and weight loss intent among adolescent girls.
The relationship between BMI percentile and weight loss intent is also described. We
found that girls intending to lose weight were associated with several unhealthy lifestyle
behaviors. Girls intending to lose weight were more likely to report skipping breakfast,
more screen time, and less sleep. Furthermore, a weight loss intent was associated with
a higher consumption of alcohol and vaping use. The only healthy lifestyle behavior
associated with weight loss intent was muscle-strengthening exercises. Due to the cross-
sectional nature of the data, we cannot know if girls engaging in these unhealthy lifestyle
activities are more likely to develop an intent to lose weight or if girls intending to lose
weight are more likely to develop listed unhealthy lifestyle habits. Lastly, we found that
weight-loss intent was most common among obese girls. However, many girls within a
normal BMI range also reported an intent to lose weight.

4.1. Physical Activity

There were no differences in following the PA recommendation of 60 min. per day
among the groups. Our results show that girls trying to lose weight were more likely
to do strength training 1-3 times per week. These results were similar to data from the
2017 YRBS [22]. Engaging in muscle-strengthening activities can increase body weight,
making it harder to fit the slim female ideal often seen in the media. Therefore, it is possible
that girls who engage in strength training do so with the intention of losing weight, rather
than the training itself leading to weight loss.

Physical activity can help regulate body weight [27] and dramatically lower the risk
of many chronic illnesses [28]. Promoting increased physical activity levels could improve
health in all adolescents regardless of weight loss intent. Conversely, the correlation
between weight loss intent and muscle-strengthening exercise should be studied further
to identify potential needs to improve body image among girls in sports. Low energy
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availability is highly prevalent among female athletes, up to 90% in some sports like
ballet [29]. It is crucial to ensure proper food intake in these girls because under-fueling
in sports can not only reduce sports performance but also impair immune function, bone
health, cardiovascular health, and menstrual function [29].

4.2. Diet

In the present study, those trying to lose weight were less likely to eat other vegetables
than those who were not trying to lose weight. Other vegetables refer to any vegetable,
excluding potatoes, carrots, and salad greens. The YRBS survey only includes questions on
the frequency of consumption of fruits and vegetables, and it does not specify the amounts.
Although we did not see any significant differences in the consumption frequency of fruits
and vegetables, aside from other vegetables, we could not explore a difference in the portion
sizes of fruits and vegetables consumed.

Intervention studies targeting increased vegetable intake in this group can improve
eating behaviors. However, as previously stated, the frequency of fruit and vegetable
intake was low across this population, indicating that both groups of girls would benefit
from increasing fruit and vegetable consumption. Adolescents have limited freedom to
choose their diet as they follow their family’s eating habits and grocery shopping. In this
context, school cafeterias could play a pivotal role in offering healthier options to provide
opportunities to increase intake.

Our results indicate that skipping breakfast was correlated with a desire to lose weight,
confirming results from a previous study [21]. Skipping breakfast has also been positively
associated with obesity [30] and negative body image [31] in girls. The association between
breakfast and weight can also be attributed to other factors, such as sleep deprivation.
According to data from Project EAT (Eating and Activity in Teens and Young Adults) [18],
those who went to bed after 12:30 a.m. were more likely to skip breakfast.

A crossover study using block randomization of breakfast type in children showed
that low-glycemic index foods eaten at breakfast had a significant impact on food intake at
lunch [32]. Consuming breakfast increases satiety and contributes to higher fiber intake
in adolescent girls [33]. Common barriers expressed by adolescents to have breakfast are
lack of time and not being hungry [21]. This could be associated with eating late, which
is usually associated with being awake late at night. Early school start times are also a
likely contributor to poor breakfast habits and delaying school start time has been shown
to improve breakfast consumption among highschoolers [34]. Insufficient sleep changes
melatonin levels that in turn affects energy homeostasis related to the melanocortin system
in the hypothalamus [35]. Additionally, sleeping duration regulates ghrelin, a hormone
that stimulates appetite and feeding behavior [36].

Given the health consequences of skipping breakfast, providing adolescents with
strategies to incorporate breakfast in their daily routine is paramount. An environment
conducive to healthy food choices is key to implementing effective behavioral changes.
An example is to provide incentives for participation in the school breakfast program,
offering high-quality nutrients and breakfast options that are low in saturated fat and sugar.
Education is only one aspect of health promotion. A more comprehensive approach needs
to be applied to change health behaviors.

4.3. Sleep and Screen Time

Sleep is another lifestyle factor affecting body weight. Adolescents are chronically
sleep-deprived [37]. The percentage of high school students who do not get enough sleep
is higher among girls (80%) [24]. Regularly sleeping fewer than the recommended hours
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is associated with attention, behavior, and learning problems [11]. In the present study,
girls trying to lose weight were less likely to sleep 8 h or more. Lack of sleep in adolescents
affects their cognitive functioning and mental health. A recent review on sleep deprivation
reported associations between sleepiness and subjective perception of depression, anxiety,
and antisocial behavior [38]. Improvements in sleep need to be addressed in all adolescents,
but specific strategies could be tailored to girls trying to lose weight.

Screen time also affects sleep [39]. The percentage of girls spending more than 3
h on screen time was high overall, and it was higher in those girls who intend to lose
weight (81%) versus those who do not (75%). These results are consistent with reported
data on screen time and body weight dissatisfaction [23], and girls who want to lose
weight are more likely to spend more than 3 h per day using screens (not counting school
work). Consistently, girls with higher than median screen time over a two-year period
rated their body image lower than girls with below median screen time screen [40]. These
studies showed the negative role of screen time on body image. The association between
screen time and suicidality was 4.67% mediated by overweight/obesity (observed only
in female adolescents) and 9.66% mediated by self-perceived overweight (both male and
females) [41]. There is likely a bidirectional association between screen time and weight
loss intent. Reducing social media use has been shown to improve body satisfaction
in adolescents [42]. Therefore, limiting screen time in girls may be highly important to
improve mental health and body image. A 7-month school-based intervention using
social cognitive theory reduced screen time in overweight and obese adolescent girls [43].
Results from a meta-analysis showed that interventions targeting screen time are effective
in reducing total screen time and television time in children and adolescents [44]. Hence,
the implementation of these interventions in this group of girls is possible and warranted.

4.4. Vaping and Alcohol Use

Preventing primary use in teens and young adults is the most important step that can
be taken to reduce the long-term complications of nicotine exposure [16]. In the present
analysis, girls who intend to lose weight are more likely to vape. Consistent with our
results, Mohapatra et al. reported in their recent systematic review that the high rates of
vaping seemed to correlate with increased weight concerns, particularly among females.
Girls facing body image pressures may see vaping as a weight loss or weight control
strategy [45].

Alcohol intake was higher in females intending to lose weight in this sample. These
results are consistent with those from the COMPASS, which is a longitudinal cohort study
of secondary school students (Grades 9-12) in Canada [46]. Restrictive eating behavior has
also been associated with binge drinking [47], suggesting that girls intending to lose weight
may be more prone alcohol consumption. Risky behaviors, such as vaping and drinking
alcohol, may be used as coping mechanisms [48]. Therefore, this group may benefit
from increased support from school counselors to address mental health and prevent
addictive behaviors.

Opverall, vaping and alcohol are public health issues that need to be addressed in youth
and understanding motivation can help to better target prevention strategies. Existing cam-
paigns, such as the U.S. Food and Drug Administration’s (FDA'’s) Real Cost Campaign [49],
have been shown to influence youth beliefs related to vaping and can be useful tools to help
students avoid or quit vaping [50]. Tackling one of the potential factors triggering these
addictive behaviors can be a cost-effective measure. Thus, offering programs targeting girls
promoting healthier strategies to manage and accept their body weight is an appropriate
preventative measure.
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4.5. BMI and Weight Loss Intent

Despite having a normal BMI, more than half of these girls are actively trying to
change their weight—revealing a significant degree of body image dissatisfaction. Notably,
43% are attempting to lose weight, while 16% are striving to gain weight.

This corresponds well with previous years of YRBS. Approximately 80% of the girls
within BMI of 85-95% intend to lose weight in our sample; this is consistent with another
representative sample of American adolescents where 86.9% of the ones in the overweight
category reported that they intend to lose weight [51].

Culture impacts body image perception. Additionally, the immediate environment,
such as family and friends, plays a role in how adolescents perceive themselves. A recent
study reported that frequent negative familial weight talk was associated with higher
weight bias internalization across gender in non-Hispanic White 10-15-year-old children
living in MA [52]. In the present analysis, weight loss intent was the highest among white
girls and girls of Asian descent. Similarly, according to data from The Ningbo Youth Risk
Behavior Survey, self-perception of overweight and obesity was positively associated with
lower-calorie diets and increased levels of PA in Chinese adolescents [53]. This information
can be used to specifically target more vulnerable girls and develop culturally appropriate
programs for these groups.

4.6. Limitations

The general limitations of the 2021 YRBS survey were previously reported [24]. Lim-
itations specific to this study are outlined below. Given the cross-sectional nature of the
YRBS, it is impossible to determine the temporal directionality of associations or assess the
directionality of correlations. Future studies should use a longitudinal design to establish
cause-and-effect relationships. Nevertheless, cross-sectional research can help identify
subpopulations that may be more vulnerable and help provide targeted interventions.
As mentioned earlier, the YRBS survey includes questions on the frequency of food con-
sumption, not specific amounts. This limited our analyses and we were unable to assess
portion sizes. All questions in YRBS were assessed through self-reports, which can lead
to overestimation or underestimation of the variables measured. The 2021 survey was
conducted during COVID-19, which may have influenced dietary behaviors and access to
food. Despite any limitations COVID-19 might have introduced, it will be useful to have
these results recorded in the literature so comparisons can be made as future versions of
the YRBS are administered.

5. Conclusions

School interventions may focus on offering healthier lunch options and providing
breakfast programs, emphasizing high-quality nutrients that can enhance eating habits
among all youth. Parents and caregivers should limit screen time to promote better sleep
patterns, improve mental health, and foster positive body image. Programs designed to
prevent substance abuse among youth should specifically target girls who are attempting
to lose weight, as they are at a higher risk.
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Abstract: Background/Objectives: As a peripheral effect of depression-related traits, sen-
sory responses may predispose individuals to depressive symptoms by prompting subopti-
mal dietary patterns with long-term effects on mood. Mood disturbances in adolescence
are strong predictors of adult mental illness, making it crucial to identify factors that may
shift transient mood fluctuations into more severe mental health issues during this vul-
nerable period. Given the substantial gender differences in susceptibility to comorbidities
of depression, we examined whether the link between sensory perception and depressive
symptoms in nonclinical adolescents varied by gender and was related to dietary habits.
Methods: In this cross-sectional study, 232 healthy adolescents (41.8% girls, aged 13-17)
reported their diet over the past year using the EPIC Food Frequency Questionnaire and
rated their liking and perceived intensity of oral sensations from four grapefruit juices and
dark chocolate puddings with varying sucrose levels. Additionally, participants completed
assessments of anxiety, neuroticism, pickiness, body dissatisfaction, and the Patient Health
Questionnaire (PHQ-9) to evaluate depressive symptoms. Results: We found that girls
exhibited higher levels of depression, anxiety, neuroticism, and pickiness compared to boys
(Wilcoxon Rank Sum Test), and that greater responsiveness to bitterness (e.g., 3 = 0.264,
p = 0.037) and astringency (3 = 0.269, p = 0.029) predicted higher depressive symptoms
exclusively in girls. PHQ-9 scores were positively associated with alcohol use in both
girls (p = 0.176, p = 0.003) and boys (p = 0.148, p = 0.004) and inversely related to the
intake of beneficial nutrients (e.g., fiber, polyunsaturated fats), particularly in girls. Intrigu-
ingly, moderation analyses suggested that associations between nutrient intake and acuity
for alarming oral sensations were largely moderated by depression-related traits in girls,
but not in boys. Conclusions: Our findings suggest that gender moderates the links be-
tween depressive symptoms, sensory perception, and dietary habits in healthy adolescents,
possibly reflecting gender-specific coping strategies for comorbidities of depression.

Keywords: adolescents; gender; depressive symptoms; taste; oral responsiveness; diet
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1. Introduction

Adolescence is a transient stage of life marked by profound physiological and psy-
chosocial changes that can increase vulnerability to mood disorders. As emotional chal-
lenges intensify, mood disturbances may escalate to more significant mental health con-
ditions, including depression. Characterized by persistent loss of pleasure or interest in
activities and depressed mood [1], depressive disorders are one of the leading causes of
morbidity globally among adolescents, contributing to 15% of the disease burden in this
age group [2]. Approximately 34% of adolescents aged 10-19 are thought to experience
intense depressive symptoms [3], with prevalence doubling during the first year of the
COVID-19 pandemic [4] and increasing by 14% from the first (24%) to the second (38%)
decade of the 21st century [3]. In particular, girls are twice as likely as boys to experience
severe depressive symptoms, e.g., [5-7]. This gap typically emerges during preadolescence
and peaks at ages 15-18, e.g., [6], likely due to factors such as earlier onset of puberty,
increased exposure to severe stressors, intensified societal and academic pressures, and
heightened susceptibility to the psychosocial correlates of depression (for review, see [7]).
This is inevitably a cause for concern, as severe mood disturbances during adolescence are a
strong predictor of mental illness in adulthood [8], and early symptoms often go undetected
and untreated [2,9]. Therefore, identifying factors that may facilitate the progression from
short-term mood fluctuations to significant mental health problems during adolescence is a
critical public health priority.

In this context, changes in dietary habits are increasingly recognized as one of the
most promising modifiable risk factors for preventing depression (for review, see [10]).
In particular, an adequate intake of vegetables, fruits, vegetable oils, fish, and whole
grains, along with limited consumption of refined grains, simple sugars, red and processed
meats, and full-fat dairy products, has been consistently associated with a reduced risk of
depression among adolescents worldwide, e.g., [11-13]. Indeed, diets rich in plant-based
nutrients, such as the Mediterranean Diet, have been shown to reduce plasma levels of
pro-inflammatory cytokines (e.g., IL-6, INF-y, TNF-«), thereby counteracting biological
mechanisms implicated in the etiology of depression, including systemic oxidative stress
and dysregulation in the production of glucocorticoids, monoamines, and brain-derived
neurotrophic factor (for review, see [14]). Therefore, uncovering barriers to adherence to
dietary patterns beneficial for mood is one of the essential steps in addressing the rising
rates of depression among youth.

Despite greater independence compared to childhood and significant familial and
social influences, the sensory properties of food (taste, smell, flavor, texture, appearance)
remain one of the key determinants of dietary choices during this developmental stage
(for review, see [15]). Adolescents generally favor more intensely sweet tastes relative
to adults [16] and tend to avoid foods that evoke inherently disliked oral sensations,
such as bitterness [15]. However, there are substantial interpersonal differences in taste
perception, which can influence adherence to or deviation from healthy dietary patterns,
e.g., [17,18]. An example is the genetic ability to perceive bitter thiourea compounds, such
as phenylthiocarbamide or 6-n-propylthiouracil (PROP), which can have downstream
effects on food preferences (for review, see [18]). While PROP perception is a continuous
trait, individuals are typically classified as non-tasters (NTs), medium-tasters (MTs), or
super-tasters (STs) based on cut-offs that reflect varying levels of perceived bitterness,
from null to extreme, with haplotypes in the TAS2R38 gene largely responsible for this
phenotypic variation [18,19].

In adolescents, PROP status appears to influence food liking more than actual intake.
For instance, NTs rate cruciferous vegetables as more pleasant than STs [20], whereas STs
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find animal-based foods (e.g., bacon, fried chicken, and herring), sauces, condiments [21],
and sweetened foods more appealing [22]. While these findings might suggest that STs
are more likely to adopt suboptimal dietary patterns, previous reports yielded mixed
results. Only one study reported a higher sugar intake among STs relative to NTs [22],
while others failed to link PROP phenotypes and/or genotypes to diet [20,21,23]. Thus,
although the evidence remains insufficient to draw definitive conclusions due to small
sample sizes and varying methods of operationalizing PROP status and dietary habits [24],
other factors underlying variations in taste perception may contribute more to undesired
dietary patterns during this phase of life.

In addition to PROP, notable gender differences in taste perception have been docu-
mented across the lifespan [22,25]. Girls at various stages of adolescence generally show
greater responsiveness to oral stimuli than boys, e.g., [22,26], and are more likely to be
STs [19]. However, whether these differences are primarily psychological or physiological
remains debated [27]. In fact, a large body of literature suggests that sensory perception
can also be influenced by mood states and personality traits (for reviews, see [17,28]). In
nonclinical adults, anxiety and exposure to stressors (e.g., airhorn sounds, cold pressor test)
tend to express higher intensity ratings to sweet, salty, and bitter stimuli [29-31], and being
neurotic [32] or a picky eater [33] has been positively associated with acuity for bitter and
for sweet and bitter aqueous solutions, respectively.

Interestingly, similar findings have been reported for depression. Dess and Chap-
man [34] found a positive correlation between depressive symptoms and bitterness ratings
of quinine solutions, and Platte et al. [31] extended the same findings to the sweet taste
elicited by varying levels of sucrose in water. Nevertheless, a link between greater re-
sponsiveness to oral stimuli and pronounced internalizing symptoms (anxiety, depression,
stress) has not always been supported [35-37], and the opposite has often been observed in
clinically depressed adults (for review, see [28]). Although findings are inconclusive and
largely based on small adult samples, there is evidence that vulnerability to correlates of
depression may drive variations in taste perception, potentially shaping dietary choices
with long-term negative effects on mood.

Building on this, adolescents worldwide often cite the unpleasant sensory properties
of healthy foods as a key barrier to healthy eating, leading them to opt for less nutritious
options [15]. This is evident because prototypical healthy foods (e.g., vegetables, fruits,
nuts, vegetable oils), whether raw or cooked, can evoke a range of sensory qualities such as
bitterness, sourness, or astringency (hereafter referred to as alarming oral sensations), which
elicit psychobiological states (i.e., arousal) that enhance alertness and facilitate rejection
due to their perceived dangerousness [38]. However, the impact of arousal on food choices
varies widely among individuals and depends on how well a sensation aligns with their
optimal level of activation [38]. Consequently, an individual’s susceptibility to sources
of arousal in foods (stimulus intensity, novelty, and complexity) is contingent upon their
responsiveness to exogenous stimuli and mood state (for review, see [39]). Individuals with
traits that heighten responses to external inputs, such as those related to depression, may
thus be more reactive to negative arousal from food and potentially reinforce undesired
dietary choices with long-term effects on mood. Given the increased vulnerability of girls
to depression and its comorbidities [3,7], this holds the potential to yield new insights into
gender-based antecedents of depressive symptoms and warrants further investigation.

While taste plays a crucial role in shaping food habits among adolescents [15], and
diet may prevent depressive disorders [10], no studies have yet simultaneously exam-
ined the links between sensory perception, depressive symptoms, and dietary habits in
healthy adolescents, particularly concerning variations in vulnerability to correlates of
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depression. Additionally, the current knowledge has focused on either small adult samples,
e.g., [31,34,35], or documented inconclusive results on the impact of taste on dietary habits
due to a paucity of studies [24]. Also, the majority of previous research has relied on
detection or recognition thresholds of diluted tastants in simple solutions, which have
shown minimal correlations with everyday perceptions at suprathreshold levels [40]. To
address this gap, the use of actual or model foods with varying tastant concentrations could
offer more ecologically relevant insights, e.g., [41].

Against this backdrop, we examined whether the link between sensory perception
and depressive symptoms in nonclinical adolescents varied by gender and was related to
dietary habits. Additionally, we explored whether these associations were moderated by
common psychosocial correlates of depression, such as anxiety [42], neuroticism [43], picky
eating [33], and body dissatisfaction [44].

In this study, 232 nonclinical adolescents provided data on PROP responsiveness,
as well as hedonic and psychophysical ratings to oral stimuli elicited by four variants
of two food models with varying sucrose levels. Participants also completed the Euro-
pean Prospective Investigation into Cancer and Nutrition Food Frequency Questionnaire
(EPIC-FFQ) [45] to monitor their habitual diet, a series of questionnaires assessing the
aforementioned correlates of depression, and reported their depressive symptoms over the
previous two weeks using the nine-item Patient Health Questionnaire (PHQ-9) [46].

2. Materials and Methods
2.1. Participants

This work builds on a broader project aimed at elucidating the genetic, non-genetic,
and psychosocial determinants of individual variations in sensory perception among
adolescents and their impact on diet. Due to the lack of comparable studies, sample
size was estimated based on a previous study from our group involving healthy young
adults (aged 18-30) from the same location (Autonomous Province of Trento, Italy) and
engaged in similar experimental tasks [47]. In that study, we found significant differences
(Cohen’s d = 0.402) in responsiveness to bitterness and sourness elicited by commercially
available foods between groups with comparable salivary microbial profiles. Accordingly,
we conducted a power analysis using the pwr.t.test R function [48], which indicated that
198 participants would be needed to detect such an effect with 80% power at & = 0.05
(two-tailed). To account for deviations from normality and potential dropouts, the target
sample was increased by 15%, resulting in an expected sample size of 228 participants.

This was later accommodated with a final sample of 232 healthy adolescents
(41.8% girls, 13-17 years; mean age = SD = 14.5 £+ 0.6 years; mean BMI £+ SD
= 21.0 4 3.2 kg/m?), who were recruited via a series of promotional events targeting
both potential participants and their parents from two high schools in the Autonomous
Province of Trento, Italy.

No formal exclusion criteria were applied. Nonetheless, participants reported no
current diagnosis of major depressive disorder, nor were they undergoing treatment or had
used medications in the past 6 months that could affect mood or taste function. Furthermore,
girls and boys did not differ (p > 0.05) in terms of age, BMI, smoking habits, weekly alcohol
consumption, food allergies, and habitual diet. In contrast, boys engaged in more physical
activity than girls (t = 2.532, p = 0.012). A full demographic description of our sample is
provided in Table S1.

Before data collection, parents or legal guardians provided written consent, and
adolescents gave written assent. The study was approved by the Research Ethics Committee
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of the University of Trento (n° prot. 2023-047, approved on 28 September 2023) and followed
the principles of the Declaration of Helsinki (as amended in Fortaleza, Brazil, 2013).

2.2. Overview of Data Collection

To align with the project objectives, a 7-day cross-sectional protocol was designed to
collect a broad range of sensory, psychometric, demographic, health-related, and dietary
data, as well as biological samples (saliva and tongue swabs) for metagenomic and genetic
analyses. Key variables used in this study are highlighted in bold in the graphical overview
of the experimental design (Figure 1), while Tables 1 and 2 provide details on tasks and
measures used during data collection.

% 7 days
START |- . ¥ &  |memeeeee-

END

Part 1
[ ] r

Demographics \ === Saliva and tongue swab (metagenomics)
Antropometrics Food Familiarity Questionnaire
Physical health status i Arnett Inventory of Sensation Seeking
Lifestyle habits ! Saliva (genotyping)
Food Neophobia Scale B1
Food Liking Questionnaire i
Adult Picky Eating i

Questionnaire

EPIC-FFQ

Liking

P
Goldberg’s Big Five Questionnaire

Part 3

Intensity ¢;

Game

Intensity ¢,

Screen for Child Anxiety Related Disorders
Body Image Dimensional Assessment

Part 4

Intensity ppop

Patient Health Questionnaire

Food-related and lifestyle habits
Figure 1. Graphical overview of data collection, with measures employed in this study highlighted
in bold. Gj: grapefruit juice series; Cp: dark chocolate pudding series.

To optimize logistics, participants took part in two distinct work sessions: one remote
and one conducted in an ISO 8589:2007 [49] compliant sensory lab. At least 7 days before
the lab session, a researcher visited participants during school hours to provide detailed
instructions for the home tasks (Table 1). These included an online questionnaire assessing
demographics, anthropometrics, physical health status, lifestyle habits, stated preferences
for a list of 57 food items, and selective/avoidant feeding attitudes using the Food Neopho-
bia Scale and the Adult Picky Eating Questionnaire. Additionally, to assess their habitual
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diet, participants completed a paper version of the EPIC-FFQ, which they returned at the

beginning of the lab session.

Table 1. Data collected during the remote work session. Relevant questionnaires, response options,
number of items, rating scales, and references are listed. T Data collected in paper form.

Questionnaire Output Options (Scale) References
Age Years old at the moment of the test
Demographics
Gender Girl/Boy
. Weight 40-180 kg
Anthropometrics
Height 100-220 cm
Asthma; COVID-19; Type I or II diabetes;
Chronic diseases Celiac disease; Crohn’s disease;
Gastroesophageal reflux; Hiatal hernia;
Irritable bowel syndrome
Aphthous ulcers; Halitosis;
Oral diseases Oral candidiasis; Gingivitis; Periodontitis;
Xerostomia
Physmal health status (ongoing Anorexia nervosa; Bulimia nervosa;
diagnosis or within the last 6 Bi ine disorder: G lized :
months) Psychiatric disorders inge-eating disorder; Generalized anxiety
disorder; Major depressive disorder;
Autism spectrum disorder
Taste and smell disorders Ageusm.,' Anosmia; .
Hypogeusia; Hyposmia
Food allergies Yes/No [if yes, details asked]
Food intolerances Yes/No [if yes, details asked]
Antibiotics use Yes/No
Medications and supplements use Medicines use Yes/No [if yes, details asked]
(past 6 month)
Probiotics use Yes/No
Diet 10 items [50]
International Physical Activity .
Lifestyle habits Questionnaire (IPAQ) 7 items (511
Oral Hygiene Behavior Questionnaire 8 items [52]

Food Liking Questionnaire

Stated liking for a range of foods

57 items rated (9-point hedonic scale; 1 =
extremely disliked,
9 = extremely liked)

10 items (7-point Likert scale;

Food Neophobia Scale 1 = strongly disagree; [54]
Selective and avoidant 7 = strongly agree)
feeding attitudes 20 items
Adult Picky Eating Questionnaire (5-point Likert scale; [55]
1 =never; 5 = always)
Dietary habits EPIC Food Frequency Questionnaire t 163 items [45]

After the remote session, participants were instructed to refrain from eating, drinking
(except water), smoking, and brushing their teeth for at least 2 h before visiting the sensory
lab at the Edmund Mach Foundation (San Michele all’Adige, Trento, Italy). Due to the
extensive data collection, the lab session was divided into four slots (Parts 1-4) to minimize
participants’ burden and ensure data quality (Figure 1).
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Table 2. Data collected during the four task slots (Part) designed for the lab session. Relevant tasks,
expected outputs, number of items, rating scales, and references are listed. Gj: grapefruit juice series;

Cp: dark chocolate pudding series.

Part Task Output Items Scale References
Saliva and tongue swab One salivary and
. one tongue swab sample
(metagenomics) .
for shotgun metagenomics
Food familiarity Familiarity with a . 5-point Likert sce}le . Adapted
. . 57 items (1 =TI do not recognize it;
questionnaire range of foods 5-1 . from [53]
1 = I regularly eat it)
Arnett Inventory of Inclination for novel, 4_pOH‘1t Likert scale
. ; . . . (1 = describes me very well;
Sensation Seeking varied, and intense 20 items . [56]
. . . 4 = does not describe me
questionnaire experiences
at all)
. . One salivary sample for
Saliva (genotyping) SNP-array
Liking g; Liking rat.ings fofréhe four Labeled Affective Magnitude
variants of G scale (0 = greatest imaginable (57]
Liki Liking ratings for the four dislike; 100 = greatest
” 1KINg Cp variants of Cp imaginable like)
7-point Likert scale
Goldberg’s Blg Flvg Personality traits 30 items (1 = does not apply to me at [58]
Inventory questionnaire all, 7 = applies to me
very well)
Intensity ratings for oral
Intensity ; sensations from the four generalized Labeled
Variants of Gj Magnitude Scale (0 = no
; ; sensation, 100 = the strongest [59]
Intensity ratings for oral . . .
. . imaginable sensation of
Intensity ¢p, sensations from the four .
. any kind)
3 variants of Cp
Screen for Ch} Id Anxiety Level of generalized, . 3-point Likert scale
Related Disorders . . 17 items [60]
. . social, and school anxiety (1 = almost never, 3 = often)
questionnaire
Body Image D1m§n51ogal L.evel.of bo.dy 4 items Line scale from 1.8 to 5.2 [61]
Assessment questionnaire dissatisfaction
generalized Labeled
Intensit Intensity ratings from two serls:;ggrl: ulc(l)% S;C?}l:; (sqcrf)lfl1 0est [59]
¥ PROP PROP aqueous solutions . . - Tong
imaginable sensation of
any kind)
Patient Health Severity of depressive . 4-point Likert scale
. . 9 items (0 =never; 3 = nearly [46]
Questionnaire symptoms
every day)
4 Mothly frequency of . 7-point Likert scale
smoking cigarettes and 3 items B T
) (1 =never; 7 = 30 days)
e-cigs
Weekly intake of beer, o _ .
Food-related and wine, liquors, and 4 items 7—};0_mt L1ke;t scale (1 —£1ever,
lifestyle habits cocktails = more than once a day)
Weekly intake of snacks 14 items 7-point Likert scale (1 = never;
and sweetened beverages 7 = more than once a day)
Daily use of social 2 items 5-point Likert scale (1 = less

networks

than 1 h; 5 = more than 4 h)
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Part 1 (Table 2) began with the autonomous collection of a saliva sample and a tongue
swab for metagenomic analyses. Participants then rated their familiarity with the same
57 food items assessed remotely and completed the Arnett Inventory of Sensation Seeking
to evaluate their inclination for novel, varied, and intense experiences. An additional
salivary sample was collected for genotyping before concluding Part 1 (Figure 1).

In Part 2 (Table 2), participants evaluated their liking of two independent sets of
four variants each of two model foods (grapefruit juice, dark chocolate pudding) with
varying sucrose concentrations. Sensory evaluations were interspersed with a 5 min break
featuring logic games to maintain motivation. The following assessment of personality
dimensions through the Goldberg’s Big Five Inventory marked the end of this slot.

Part 3 (Table 2) focused on psychophysical responses to oral sensations elicited by the
same model foods from Part 2. Participants then completed the Screen for Child Anxiety
Related Disorders and the Body Image Dimensional Assessment to assess their generalized,
social, and school anxiety and estimate their level of body dissatisfaction, respectively.

In Part 4 (Table 2), participants rated the perceived bitterness of two aqueous solutions
containing PROP and reported the severity of depressive symptoms experienced in the
past 2 weeks through the Patient Health Questionnaire. Next, they were asked about their
smoking habits, alcohol, snacks, and sweetened beverages consumption, and habitual use
of social networks before concluding the study.

Each task slot (Parts 1-4) was separated by a break (B1-B3) of at least 15 min (Figure 1),
during which detailed verbal and practical instructions for the upcoming tasks were
provided. Data were collected using the EyeQuestion software (version 5.5.0, Elst, The
Netherlands), except for the EPIC-FFQ, which was completed in paper form. Data collection
took place between November and December 2023, with lab sessions held from 9:00 AM to
12:00 PM. The following sections provide details on the measures used to achieve the aims
of the current work.

2.3. Sensory Tasks
2.3.1. Stimuli

We aimed to develop four variants of two food models that would elicit a range of oral
sensations, including sweet, bitter, sour, astringent, and flavors (grapefruit and chocolate),
with the potential to mimic the spectrum of intensities experienced in everyday foods.
Given its strong acceptance at high intensities among adolescents [15], sweetness was
selected as the target sensation for modulation. Each food model had to (a) be widely
available on the Italian market and familiar to our target population; (b) evoke alarming
oral sensations that could be masked by increasing sweetness levels while maintaining
a congruent sensory profile; (c) be simple to prepare, store, portion, and consume at
room temperature; (d) be accepted by omnivores, vegetarians, and vegans. As a result,
commercially available 100% grapefruit juice (Gj) and dark chocolate pudding (Cp) base
formulations [53] were deemed the most suitable options (Table 3).

For each food model, four different sucrose concentrations were initially chosen
based on previous studies using Gj [41] and Cp [53], and expected to elicit an increasingly
higher level of sweetness while progressively decreasing relevant alarming oral sensa-
tions. Given that these sucrose levels had been tested either in a different Gj base [41]
or in adults (Cp) [53], an initial evaluation was conducted with a panel of 39 individuals
(58.9% girls, mean age + SD = 44.7 £ 14.5 y) experienced in sensory analysis (Pilot 1).
Results (Figure Sla) indicated that slight adaptations to the sucrose span in both Gj and Cp
were necessary to more effectively differentiate each series of products. Following these ad-
justments, a group of adolescents (Pilot 2, n = 16; 26.6% girls, mean age & SD =17.3 £ 0.4 y)
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rated the perceived intensities of oral sensations evoked by the optimized food models
(Table 3) using the generalized Labeled Magnitude Scale (gLMS, 0 = no sensation, 100 = the
strongest imaginable sensation of any kind), which revealed clearer sensory differences
among variants of both Gj and Cp (Figure S1b). The suitability of both food models was
later corroborated by our population (Part 3, Figure 1), as psychophysical responses (gLMS)
to sweetness exhibited a systematic increase, while bitterness, sourness, and astringency
decreased as sucrose concentration increased (Figure S2). For all testing, Gj was prepared by
dissolving sucrose in the base juice, while the same methodology developed by Monteleone
et al. [53] was used for preparation of the Cp variants.

Phenotypic responses to PROP (Part 4, Figure 1) were instead collected in duplicate
from 10 mL aqueous solutions with 0.5447 g /L of PROP [53]. All stimuli were prepared
the day before, stored at 4 °C overnight, and brought to ambient temperature 2 h prior
to testing. Both food models and PROP solutions were served in 80 cc plastic glasses at
~20 °C, coded with a random 3-digit code, and tested under white warm light for liking
and red light for intensity tasks (Figure 1).

Table 3. Food models and relative variants used in the present study. Ingredients (Brand), order of
presentation of each variant within the liking and intensity tasks, sucrose concentrations added to
each variant of Gj and Cp (g/kg), and the sensory ballot evaluated are listed. Target sensation is
highlighted in bold.

. . Sucrose Order Order Oral
Product Ingredients (Brand) Variant (g/ke) (Liking) (Intensity) Sensations
Sweet, Sour,
Sucrose (Zucchero, Eridania POl 0 2 4 weBciatterour
S.p.A., Genoa, Italy) PO2 40 3 1 Grapefruit
Grapefruit juice
Gj) Grapefruit juice 100% (Puertosol, P03 92 1 3
Eurospin Italia S.p.A, San Martino
Buon Albergo, Italy) P04 160 4 2
Sucrose (Zucchero, Eridania S.p.A,
Italy) POl 0 2 4 Sweet, Bitter,
Chocolate pudding mix (Budino Astringent,
Chqcolate da zuccherare, Cameo S.p.A, P02 60 3 1 Chocolate
pudding (Cp) Desenzano del Garda, Italy)
Cocoa powder (Cacao Amaro
Perugina, Nestlé, Assago, Italy) P03 138 1 3
Water P04 239 4 2

2.3.2. Training

Each sensory assessment was preceded by detailed instructions on the psychophysical
scaling methods to be used for the upcoming tasks. Before the liking task (Part 2, Figure 1),
participants were trained to use the Labeled Affective Magnitude scale (LAM, 0 = greatest
imaginable dislike, 100 = greatest imaginable like) according to common practices [57].
Subsequently, before the intensity tasks outlined in Parts 3 and 4 (Figure 1), special attention
was given to minimizing potential artifacts in the use of the gLMS (Table 2) by (a) clarifying
the meaning of the scale anchors and the sensory attributes being evaluated, providing
simple descriptions (e.g., a dry mouth feeling led by unripe fruits for astringency) along
with relevant food examples (e.g., lemon juice for sourness), (b) encouraging the use of the
full scale to avoid categorical behaviors and to distinguish the intensity of a stimulus from
its hedonic value, and (c) guiding participants to base the ratings on their daily sensory
experiences across various modalities [40,59,62].
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For individual calibration, participants provided psychophysical responses to 10 ex-
traoral stimuli shortly after rating the intensity of oral sensations from each variant of both
Gj and Cp series (n =4 x 2) or PROP solution (n = 2). The items were presented in a fixed
order, and stimuli representing various theoretical ranges on the gLMS were included in
each set of products. Collectively, systematic differences were observed in parallel with the
expected magnitude of the orientation stimuli (Figure S3). Furthermore, the effectiveness
of the gLMS training was supported by both girls and boys rating all extraoral stimuli as
equally intense, indicating consistent use and interpretation of the scale (Figure S54).

2.3.3. Sensory Assessments

In the hedonic task (Part 2, Figure 1), ratings were obtained from two independent
sets of four variants each of Gj and Cp (Table 3) using the LAM scale (Table 2). Participants
were instructed to hold the whole sample of Gj (20 mL) or a full spoon of Cp (20 g) in their
mouth for 5 s before swallowing and then rate their liking.

The same quantity of sample was used for the intensity assessment (Part 3, Figure 1).
Unlike the preceding task, participants were asked to keep each variant of Gj and Cp in
their mouth for 7 s, then swallow and wait 5 s before evaluating the perceived intensities
using the gL MS scale (Table 2). The Gj series was always presented first, followed by the
Cp series after a 5 min break during which participants engaged in logic games to maintain
motivation (Figure 1). In contrast, the variants were presented in different fixed orders
across the liking and intensity tasks (Table 3). This approach was designed to minimize
excessive fluctuations in perceived intensities that could lead to inflated responses, prevent
participants from associating the same presentation order with both tasks, and induce
similar perceptual biases across individuals, thereby facilitating subsequent comparisons
of sensory responses [63]. For the same purpose, the sensory ballot was presented with
a fixed sequence (Table 3): the target sensation (sweetness) was rated first, followed by
relevant attributes to Gj (sour, bitter) or Cp (bitter, astringency), with flavor evaluated
last [63]. Before sensory evaluations, participants were asked to declare any allergies
and/or intolerances to Gj and Cp ingredients (Table 3).

For PROP phenotyping (Part 4, Figure 1), participants retained each solution in their
mouth for 10 s, then expectorated and waited 20 s before reporting the perceived bitterness
(gLMS, Table 2). The average PROP values were used after confirming similar ratings
among replicates (W = 13,858, p = 0.295).

A 60 s break was enforced after each tasting, during which participants were provided
with mineral water and plain crackers to cleanse their palate.

2.4. Questionnaires
2.4.1. The Patient Health Questionnaire (PHQ-9)

To assess depressive symptoms, we utilized the Italian version of the 9-item Patient
Health Questionnaire [46], which has demonstrated psychometric soundness with diverse
Italian adolescent populations, e.g., [64,65]. The PHQ-9 is widely recognized as the gold
standard for diagnosing depressive disorders, exhibiting high sensitivity (89%) and speci-
ficity (88%) in primary care settings [66]. A 4-point Likert scale (0 = never, 3 = nearly every
day) is employed to quantify the frequency of depressive symptoms experienced over the
past 2 weeks. The sum of the nine items yields a total score ranging from 0 to 27, with
higher values reflecting greater severity of depressive symptoms. In this study, the PHQ-9
demonstrated good internal consistency (ox = 0.818).
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2.4.2. The Screen for Child Anxiety Related Emotional Disorders (SCARED)

Anxiety levels were operationalized using a subset of the 38-item Screen for Child
Anxiety Related Emotional Disorders adapted for the Italian adolescent population [60,67].
The SCARED employs a 3-point Likert scale (1 = almost never, 3 = often) to measure the
frequency of anxiety-related symptoms across five factors: generalized anxiety (9 items),
social anxiety (4 items), school anxiety (4 items), panic disorders (13 items), and separation
anxiety (8 items). In the present study, only the generalized, school, and social anxiety
subscales were collected. Each domain was scored by summing up the relevant items,
with higher values indicating a greater inclination toward anxiety-related symptoms. The
internal consistency of the subscales was acceptable to good, with Cronbach’s as of 0.821,
0.747, and 0.684 for the generalized, social, and school anxiety, respectively.

2.4.3. The Goldberg’s Big Five Questionnaire (BIG-5)

The facets of personality were assessed using the 30-item Goldberg’s Big Five question-
naire [68], which has been validated for use with Italian adolescents by Klimstra et al. [58].
Each personality dimension (agreeableness, conscientiousness, emotional stability, extraver-
sion, and openness) was evaluated with six items on a 7-point Likert scale (1 = does not
apply to me at all, 7 = applies to me very well). Composite subscale scores were then
computed by averaging the ratings for each subscale, with the control items reversed.
Each domain showed acceptable to good internal consistency, with Cronbach’s «s of 0.801
for agreeableness, 0.838 for conscientiousness, 0.778 for emotional stability, 0.845 for ex-
traversion, and 0.671 for openness. For the purposes of this study, the emotional stability
dimension was used and reversed to represent its opposite, neuroticism, which reflects the
tendency to experience negative affective states [43].

2.4.4. The Adult Picky Eating Questionnaire (APEQ)

As a food-related comorbidity of depressive symptoms [33], the Italian version of the
20-item Adult Picky Eating Questionnaire [55,69,70] was used to evaluate picky eating,
defined as the reluctance to try familiar and novel foods [33]. Participants were asked to
indicate how frequently they engage in picky eating behaviors on a 5-point Likert scale
(1 =“Never”; 5 = “Always”) across four dimensions: meal presentation (7 items), food
variety (4 items), meal disengagement (3 items), and taste aversion (6 items). Scores
were calculated as the average of all 20 items or within each subscale, with higher values
indicating greater pickiness.

Due to the absence of validated measures for assessing picky eating among Italian
adolescents and our prior validation being specific to adults over 18 [55], only the APEQ
global score was used in this study. To preliminarily assess its psychometric properties, we
tested its internal consistency (« = 0.808), convergent and discriminant validity (Figure S5),
and test-retest reliability, all yielding adequate results. For further details, please refer to
Appendix A.

2.4.5. The Body Image Dimensional Assessment (BIDA)

Lastly, participants completed the 4-item Body Image Dimensional Assessment [61],
which measures the discrepancy between an individual’s current body image and their
idealized physique. Participants viewed four anonymized body shapes representing
increasing weights along with a line scale from 1.8 to 5.2, before rating how closely their
actual body shape aligned with their ideal figure (body dissatisfaction), the most attractive
shape for the opposite sex (sexual body dissatisfaction), and the appearance of same-sex
and -age peers (compared body dissatisfaction). Three sub-scores (ranging from —100
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to 100) can be computed using the formulas provided by Sanchez-Miguel et al. [61], and
a total BIDA score was derived as the mean of their absolute values, with higher scores
reflecting greater body dissatisfaction [61].

Although validated only for Spanish adolescents aged 12-15 [61], the BIDA was still
preferred over the recently validated 8-item BIBA [71] in the Italian context, as the latter was
designed for younger children (ages 6-13). After an initial psychometric check, the BIDA
total score showed good internal consistency («x = 0.763), strong inter-item correlations
(Table S2), and evidence of convergent and discriminant validity (Figure S6). Further details
are provided in Appendix B.

2.4.6. Demographic and Lifestyle Variables

Alongside the remote (Table 1) and lab (Table 2) sessions, a range of demographic and
lifestyle-related measures were collected. These included, but were not limited to, gender,
age, and weight and height, with the latter used to calculate body mass index (BMI) in
kg/m?. Additionally, physical activity levels were estimated using the Italian short form of
the International Physical Activity Questionnaire (IPAQ) [51].

2.4.7. The EPIC Food Frequency Questionnaire (EPIC-FFQ)

In the week preceding the lab session (Figure 1), participants filled out a paper-based
version of the 163-item EPIC-FFQ, which was recently validated for Italian adolescents [45],
to monitor their habitual diet over the past year. Participants were asked to report con-
sumption frequencies for both individual foods (e.g., vegetables) and recipes (e.g., pasta,
pizza), along with habitual cooking methods (e.g., baked, boiled, fried, grilled) across daily,
weekly, monthly, and yearly intervals. To ensure accuracy, the questionnaire included
images depicting portion sizes (small, medium, large) for various recipes (e.g., soups, stew)
or food items within each food group (e.g., carrots for vegetables, cod for fish). Dietary
data were treated according to Pala et al. [72] to estimate daily intake of energy (Kcal) and
a list of macro- (e.g., carbohydrates, fats, proteins) and micronutrients (e.g., B vitamins,
minerals) before further processing (Section 2.5).

2.5. Data Analysis

Given that the majority of variables did not meet the normality assumptions, gender
differences in severity of depressive symptoms and their psychosocial correlates (general-
ized anxiety, neuroticism, picky eating, and body dissatisfaction) were first assessed using
the Wilcoxon Rank Sum Test (W). To prepare for further analyses, the PHQ-9 scores, which
exhibited right skewness (y = 1.421), were transformed using the Yeo—Johnson method to
approximate normality (y = 0.030). Additionally, psychophysical responses to oral sensa-
tions evoked by each variant of Gj (sweet, sour, bitter) and Cp (sweet, bitter, astringent)
were individually summed to derive six scores of global responsiveness (X), as outlined
by Piochi et al. [73]. Importantly, hedonic and intensity ratings were available for 231 and
227 individuals, as one participant reported constraints to ingredients in Gj, and five in Cp.

Separate general linear models (GLMs) were then fitted to evaluate whether the
associations between sensory perception and depressive symptoms differed by gender. In
these models, the PHQ-9 scores served as the dependent variable, while both the main
effects and the interactions between gender and each of the six taste global scores were
included as predictors. To control for possible psychosocial confounders, each GLM was
re-run with comorbid states or traits of depression included as covariates. According to
the results, the global taste scores that exhibited significant interactions with gender as
predictors of depressive symptoms, either with or without adjustments, were retained
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for further analysis. Data were then stratified by gender, and subsequent analyses were
conducted separately for girls and boys.

Next, partial Spearman’s rank correlation coefficients (p) were computed to examine
gender-specific relationships between depressive symptoms and dietary habits, adjust-
ing for age, BMI, and physical activity. Before analysis, nutrient data were screened for
misreporting and implausible extreme values, as recommended by Welch et al. [74]. In
brief, participants with more than 10 missing items (n = 8) due to misreporting or duplicate
responses were excluded [74]. Next, basal metabolic rates specific to gender and age were
estimated for each participant using the Schofield equation [75], and outliers (n = 6) were
identified as those whose ratio of habitual energy intake to basal metabolic rate fell within
the top or bottom 1% of the distribution [76]. As a result, data from 218 participants who
had a demographic and lifestyle background similar to that of the original population
(Table S3), were retained for analysis. Nutrient data were then individually adjusted for
daily energy intake (Kcal) using the residual method [77] to account for variations in energy
needs and to prevent inflation of the results.

Lastly, moderation analysis was applied to test whether varying vulnerabilities to
correlates of depression led to variations in oral acuity that may prompt undesired dietary
choices with long-term effects on mood. Moderation analysis evaluates how the effect
of an independent variable (oral acuity) on a dependent variable (nutrient intake) varies
with the level of a moderating variable (correlates of depression) [78]. Accordingly, each
energy-adjusted nutrient was treated as a dependent variable, with both main effects
and interaction terms between each global taste score (independent variable) and each
comorbidity of depression (moderator) included as predictors. Again, these analyses were
adjusted for age, BMI, and physical activity.

Bootstrapping with 10,000 iterations was used to robustly estimate 95% confidence
intervals for all models, and continuous variables were scaled to unit variance prior to
analysis to facilitate interpretability. Effect sizes are presented as bootstrapped standard-
ized B coefficients, with squared semi-partial correlations (sr?) included in moderation
analysis to quantify the unique variance explained by each predictor [78]. The absence of
severe multicollinearity and autocorrelation was confirmed by Variance Inflation Factor
(VIF) values < 10 [79] and non-significant results from the Durbin-Watson test (p > 0.05),
respectively. Lastly, data are summarized as median =+ interquartile range (IQR) where
applicable, with all tests being two-tailed and statistical significance set at p < 0.05. Data
analysis was conducted using R version 4.3.1 [80].

3. Results
3.1. Rates of Depression and Gender Differences in Depressive Symptoms and Comorbid Traits

According to standard clinical cut-offs [46], our sample overall showed mild
(PHQ-9 = 5-9) depressive symptoms (median =+ IQR =7 £ 5). Nonetheless, at least mod-
erate depressive symptoms (PHQ-9 > 10) were observed in 21.6% of participants. In
detail, 1.7%, 27.6%, 49.1%, 13.4%, 6.0%, and 2.2% of adolescents reported experiencing
no (PHQ-9 = 0), minimal (PHQ-9 = 1-4), mild (PHQ-9 = 5-9), moderate (PHQ-9 = 10-14),
moderately severe (PHQ-9 = 15-19), and severe (PHQ-9 > 20) depressive symptoms over
the past two weeks, respectively. Notably, 36.1% of adolescent girls exhibited at least
moderate depressive symptoms compared to 11.1% of boys.

As a result, significant (p < 0.001) gender differences in depression and related co-
morbidities emerged (Figure 2). Girls reported greater depressive symptoms, a higher
inclination toward generalized anxiety, increased levels of neuroticism, and more engage-
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Depressive symptoms (PHQ-9)

ment in picky eating behaviors compared to boys. In contrast, no significant differences
were found between genders regarding overall body dissatisfaction (W = 6532.5, p = 0.977).
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Figure 2. Differences (Wilcoxon Rank Sum Test) in the severity of depressive symptoms, generalized
anxiety, neuroticism, picky eating behaviors, and body dissatisfaction between girls (slate blue) and
boys (light tan). The plot shows raw data points (the “rain”), the kernel density estimate (the “cloud”),
and the median (black filled circle) = IQR (perpendicular black line). *** = p < 0.0001, ns = p > 0.05.

3.2. Associations Between Sensory Perception and Depression by Gender

Next, we examined whether the associations between PHQ-9 scores and the six global
scores of oral acuity varied by gender. Across all models, gender consistently showed
a significant main effect on depressive symptoms (p < 0.001), whereas the opposite was
true for all global taste scores (Table 4). This suggests that gender was a more influential
predictor of PHQ-9 scores than orosensory responsiveness.

However, the relationship between sensory perception and depression was gender-
specific. Notably, significant interaction effects were found in girls for global acuity for
bitterness in Gj and astringency in Cp. In contrast, no significant or almost significant
interactions were observed for sweetness in either food model, sourness in Gj (p = 0.055), or
bitterness in Cp (Table 4). These findings indicate that greater responsiveness to alarming
oral sensations predicted higher depressive symptoms in girls, but not in boys.

Similar patterns emerged after adjusting for psychosocial correlates of depression
(Table 5). The main effects of global taste scores remained non-significant, while the
predictive value of gender lost significance after adjustment. As expected, generalized
anxiety and neuroticism were the strongest predictors of PHQ-9 scores across all models,
with higher internalizing symptoms systematically linked to higher levels of depression.

Consistent with our previous findings, no significant interactions between gender
and sweetness were observed in either food model. Similarly, the positive association
between acuity for alarming oral sensations and PHQ-9 scores remained exclusive to girls,
with significant interaction effects found for bitterness in Gj and for both bitterness and
astringency in Cp (Table 5). Notably, both the crude (Table S4) and adjusted (Table S5)
models showed no evidence of severe multicollinearity or autocorrelation (Durbin-Watson
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tests, p > 0.05), with VIFs well below the commonly used threshold of 10 [79]. Based on
these results, only the global scores related to alarming oral sensations were retained for

further analysis.

Table 4. Associations between global sensory responsiveness (X) and depressive symptoms as a

function of gender. Bootstrapped 3 estimates, 95% confidence intervals, and p-values are provided.

Statistically significant main and interaction effects are highlighted in bold. Gender [G]: girls,

Gj: grapefruit juice, Cp: dark chocolate pudding.

Gj Cp
Predictors B 95% CI p Value Predictors B 95% CI p Value
¥ sweet 0.089  —0.044-0.246 0.210 Y sweet 0.089 —0.088-0.263 0.298
Gender [G] 0.526 0.268-0.792 <0.001 Gender [G] 0.548 0.296-0.795 <0.001
% sweet X Gender [G] —0.161 —0.453-0.156 0.310 2. sweet x Gender [G] 0.021 —0.248-0.270 0.897
¥ sour —0.024 —0.126-0.093 0.670 Y. bitter —0.027  —0.148-0.130 0.718
Gender [G] 0.538 0.288-0.786 <0.001 Gender [G] 0.550 0.287-0.808 <0.001
Y. sour X Gender [G] 0260  —0.005-0.519 0.055 Y. bitter x Gender [G] 0.221 —0.104-0.555 0.186
Y. bitter —0.031 —0.168-0.124 0.671 ¥ astringent 0.036 —0.07-0.153 0.506
Gender [G] 0.522 0.278-0.766 <0.001 Gender [G] 0.528 0.282-0.761 <0.001
Y. bitter x Gender [G] 0.260 0.000-0.503 0.050 ¥ astringent x Gender [G] 0.310 0.004-0.520 0.048
n 231 n 227
Table 5. Associations between global responsiveness (X) to oral sensations and depressive symptoms
by gender, controlling for psychosocial comorbidities of depression. Bootstrapped standardized
f coefficients and 95% confidence intervals, as well as p-values, are listed. Statistically significant
main and interaction effects are highlighted in bold. Gender [G]: girls, Gj: grapefruit juice Cp: dark
chocolate pudding, SCARED: generalized anxiety, BIG-5 [N]: neuroticism, APEQ: picky eating,
BIDA: body dissatisfaction.
Gj Cp
Predictors B 95% CI p Value Predictors B 95% CI p Value
> sweet 0.048 —0.084-0.205 0.499 ¥ sweet 0.044 —0.108-0.203 0.546
Gender [G] 0.172 —0.049-0.409 0.125 Gender [G] 0.183 —0.051-0.417 0.117
SCARED 0.312 0.162-0.465 <0.001 SCARED 0.312 0.154-0.466 <0.001
BIG-5 [N] 0.204 0.045-0.350 0.012 BIG-5 [N] 0.206 0.050-0.356 0.007
APEQ 0.089 —0.035-0.209 0.145 APEQ 0.079 —0.042-0.201 0.216
BIDA 0.030 —0.077-0.123 0.576 BIDA 0.029 —0.083-0.127 0.631
Y sweet x Gender [G] —0.137  —0.375-0.092 0.229 Y sweet X Gender [G] —0.008  —0.242-0.203 0.920
> sour —0.028  —0.133-0.101 0.645 . bitter —0.063 —0.171-0.077 0.353
Gender [G] 0.193 —0.031-0.427 0.091 Gender [G] 0.189 —0.045-0.433 0.114
SCARED 0.299 0.148-0.452 <0.001 SCARED 0.315 0.164-0.466 <0.001
BIG-5 [N] 0.210 0.057-0.354 0.008 BIG-5 [N] 0.205 0.050-0.349 0.007
APEQ 0.082 —0.040-0.204 0.178 APEQ 0.079 —0.037-0.205 0.189
BIDA 0.034 —0.067-0.125 0.519 BIDA 0.050 —0.067-0.139 0.440
Y. sour X Gender [G] 0.155 —0.069-0.367 0.172 Y. bitter x Gender [G] 0.244 0.004-0.483 0.047
Y. bitter —0.079  —0.202-0.059 0.242 ¥ astringent —0.040  —0.152-0.084 0.511
Gender [G] 0.186 —0.034-0.418 0.094 Gender [G] 0.186 —0.045-0.413 0.110
SCARED 0.294 0.145-0.445 0.001 SCARED 0.306 0.155-0.459 <0.001
BIG-5 [N] 0.221 0.069-0.362 0.005 BIG-5 [N] 0.193 0.036-0.343 0.013
APEQ 0.074 —0.046-0.190 0.222 APEQ 0.079 —0.043-0.202 0.209
BIDA 0.044 —0.054-0.133 0.382 BIDA 0.047 —0.063-0.143 0.403
Y. bitter x Gender [G] 0.238 0.019-0.442 0.035 ¥ astringent x Gender [G] 0.269 0.034-0.458 0.029
n 231 n 227
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3.3. Associations Between Dietary Habits and Depressive Symptoms by Gender

After stratifying by gender, we examined the correlations between depressive symp-
toms and dietary habits. Several commonalities emerged between girls and boys, though
depressive symptoms were associated with a greater number of dietary outcomes in girls
(Table 6).

Table 6. Partial correlation between the severity of depressive symptoms and nutrient intake by
gender. Spearman’s p coefficients, adjusted for age, BMI, and physical activity, along with p-values,
are listed. Statistically significant values (p < 0.05) are indicated in bold.

Nutrients Girls Boys
p p Value P p Value
Carbohydrates 0.171 0.004 0.053 0.303
Carbohydrates Simple sugars 0.041 0.498 0.060 0.245
Fibers —0.161 0.007 —0.049 0.344
Fats —0.188 0.002 —0.053 0.303
Animal fats —0.087 0.148 0.027 0.602
Vegetable fats —0.192 0.001 —0.120 0.021
Saturated fats —0.109 0.071 0.051 0.326
Fats Monounsaturated fats —0.199 0.001 —0.097 0.061
Polyunsaturated fats —0.143 0.017 —0.080 0.120
Linoleic acid —0.137 0.023 —0.066 0.202
Linolenic acid —0.170 0.004 0.014 0.782
Oleic acid —0.205 0.001 —0.106 0.041
Proteins —0.166 0.006 —0.103 0.047
Proteins Animal proteins —0.163 0.006 —0.087 0.094
Vegetable proteins 0.053 0.378 —0.111 0.032
Alcohol Alcohol 0.176 0.003 0.148 0.004
Calcium —0.064 0.284 0.031 0.544
Iron —0.286 0.000 —0.058 0.263
. Phosphorus —0.135 0.025 —0.046 0.372
Minerals Potassium —0.264 0.000 0.078 0.133
Sodium —0.026 0.672 —0.093 0.071
Zinc —0.177 0.003 —0.063 0.226
Vitamin A —0.040 0.506 0.050 0.337
Vitamin B1 —0.275 0.000 —0.080 0.122
Vitamin B2 —0.107 0.076 —0.013 0.806
Vitamin B3 —0.159 0.008 —0.022 0.677
. . Vitamin B6 —0.311 0.000 —0.069 0.184
Vitamins Vitamin B9 —0.127 0.034 —0.044 0.399
Vitamin C —0.110 0.068 0.069 0.184
Vitamin D —0.201 0.001 0.048 0.357
Vitamin E —0.192 0.001 —0.133 0.010
[3-carotene —0.131 0.029 0.001 0.981
n 93 125

In both genders, PHQ-9 scores were positively correlated (p < 0.05) with alcohol intake
and exhibited inverse associations with daily consumption of proteins, vegetable fats, oleic
acid, and vitamin E (Table 6).

It is noteworthy that, in addition to a positive correlation with carbohydrate intake,
depressive symptoms were inversely correlated (p < 0.05) with the intake of a lengthy
list of beneficial nutrients exclusively in girls. These included, but were not limited to,
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fibers, polyunsaturated fats, vitamin B6, vitamin D, and zinc. In contrast, habitual intake of
vegetable proteins showed an inverse correlation with PHQ-9 scores in boys, but not in
girls (Table 6).

3.4. Moderation Analysis

Lastly, we performed several moderation analyses to examine whether varying vulner-
abilities to comorbidities of depression influenced the link between global responsiveness
to alarming oral sensations and diet. In general, psychosocial correlates of depression pri-
marily moderated the associations between dietary habits and responsiveness to alarming
oral sensations in girls (Figure 3). For girls, the moderation effect from all significant models
(F p-value < 0.05) accounted for additional variance (sr?) ranging from 1.8% to 7.8% for
generalized anxiety, 0.0% to 7.7% for neuroticism, 1.0% to 6.8% for picky eating, and 4.7%
to 9.8% for body dissatisfaction. In contrast, for boys, the incremental variance attributed
to these variables was generally lower and often non-significant (p > 0.05), ranging from
0.0% to 5.5% for generalized anxiety, 0.5% to 4.1% for neuroticism, 0.0% to 3.1% for picky
eating, and 0.0% to 0.9% for body dissatisfaction.

Specifically, comorbidities of depression moderated (p < 0.05) the association between
responsiveness to bitterness, astringency, and (to a lesser extent) sourness and the consump-
tion of various healthful nutrients (Figure 3). For instance, generalized anxiety (sr* = 0.078),
neuroticism (sr? = 0.057), and picky eating (sr? = 0.045) moderated the negative association
between bitter taste acuity and habitual fiber intake. Similarly, neuroticism exerted a mod-
erating role on the inverse association between bitterness perception and habitual intake
of proteins (sr? = 0.040), calcium (sr? = 0.077), and phosphorus (sr? = 0.040). Additionally,
body dissatisfaction was found to moderate the negative association between the intake
of vitamins B1 (sr? = 0.050), B2 (sr? = 0.050), B3 (sr? = 0.062), and B6 (sr? = 0.092) and
responsiveness to bitterness (in Cp), astringency, bitterness (in Gj), and sourness, respec-
tively (Figure 3). In other words, adolescent girls with higher levels of comorbid traits of
depression showed stronger negative associations between responsiveness to alarming oral
sensations and the consumption of these nutrients.

Importantly, all models were free from multicollinearity (VIF < 10) [79] and autocor-
relation issues, with VIFs ranging from 1.005 to 1.837 for girls and 1.014 to 1.259 for boys.
Additionally, the results from the Durbin—Watson test were non-significant (p > 0.05) across
all analyses.

To facilitate comprehension of the moderating effects, Figure 4 depicts examples
of how varying levels of correlates of depression influence the strength of associations
between sensory perception and dietary intake by gender. Full details on bootstrapped
standardized (3 coefficients and 95% confidence intervals, as well as p-values, sr?, and
adjusted R? for all significant models (F p-value < 0.05) highlighting a moderating effect of
generalized anxiety, neuroticism, picky eating, and body dissatisfaction on the relationship
between acuity for alarming oral sensations and nutrient intake by gender are provided in
Tables S6-59.
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Figure 3. Significant moderating effects of depression comorbidities on the links between global
responsiveness (X) to alarming oral sensations and nutrient intake in girls (top) and boys (bottom).
The plot shows bootstrapped standardized 3 coefficients and 95% confidence intervals, along with
p-values (circles: p < 0.05, triangles: p > 0.05). SCARED (generalized anxiety), BIG-5 [N] (neuroticism),
APEQ (picky eating), and BIDA (body dissatisfaction).
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Figure 4. Significant moderating effects of depression comorbidities on the relationship between
global responsiveness (X) to alarming oral sensations and dietary habits by gender. Simple slopes
illustrate how internalizing symptom severity (ql: lowest quartile, g2—q3: second and third quartiles,
q4: highest quartile) may exacerbate the association between sensory perception and nutrient intake
(fibers: top left, proteins: top right, saturated fats: bottom left, vitamin B2: bottom right). Bootstrapped
standardized {3 coefficients and p-values for the interaction term (X taste * correlates of depression)
from moderation analyses are shown. SCARED (generalized anxiety), BIG-5 [N] (neuroticism), APEQ
(picky eating), and BIDA (body dissatisfaction).

4. Discussion

In this study, we investigated how gender influences the associations between sensory
perception, depression, and diet during adolescence. Given the differing vulnerabilities
between girls and boys, e.g., [7], we further examined whether common comorbidities of
depression moderated the impact of sensory perception on dietary choices. Our findings
first confirmed that girls are more susceptible to mood disturbances and revealed that
acuity for bitterness and astringency is positively associated with depressive symptoms
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exclusively in this group. Additionally, we corroborated known associations between
depression and poor dietary habits and found that higher levels of internalizing symptoms
in girls exacerbated the inverse relationship between heightened responsiveness to alarming
oral sensations and the intake of several nutrients.

4.1. Adolescent Girls Exhibit Higher Levels of Internalizing Symptoms than Boys

The concerning global trends in the prevalence of depression among adolescents,
e.g., [3,7], were also evident in our sample. Using a PHQ-9 score > 10 [46] as a sensitive
(85%) and specific (89%) indicator of early major depressive disorders [66], 21.6% of ado-
lescents exceeded this threshold. This finding is consistent with recent data from similar
regions, where 16% of European [3] and 20.8% of Italian adolescents [81] are currently
at risk of developing clinical depression. Moreover, we corroborated established gender
differences in susceptibility to internalizing symptoms. In our sample, girls reported de-
pressive symptoms at a rate three times higher than boys (36.1% vs. 11.1%), thus slightly
surpassing the 20172018 estimates (28.7% vs. 10.4%) from a larger Italian sample [81] and
underscoring the growing incidence of mental health difficulties among adolescents [3,7].

It was therefore unsurprising to observe girls exhibiting higher levels of common
comorbid traits of depression, such as generalized anxiety, neuroticism, and picky eat-
ing [7,33,42,43]. However, interpreting the latter finding is less straightforward. The
literature on variations in the engagement of picky eating behaviors by gender is sparse
and inconsistent, often focusing on younger children and varying in assessment tools and
definitions of picky eating itself [82]. For instance, Marchi and Cohen [83] found that
pickiness was more common in girls (n = 326) than in boys (n = 333) across the ages of 1-10,
9-18, and 11-21 over a 10-year follow-up. In contrast, no significant gender differences
were found in other cross-sectional [84] or prospective [85] studies.

Despite this mixed evidence, it is reasonable to speculate that our findings reflect
underlying gender differences in domains of anxiety, which have been reported to prompt
selective eating behaviors, e.g., [33]. This is further supported by systematic gender
disparities observed in the links between pickiness and domains of anxiety within our
sample, with stronger associations in girls for generalized (girls: p = 0.334, p < 0.001; boys:
p = 0.205, p = 0.017), social (girls: p = 0.313, p = 0.002; boys: p = 0.193, p = 0.025), and
school anxiety (girls: p = 0.371, p < 0.001; boys: p = 0.205, p = 0.017). However, further
research is needed to confirm or refute this hypothesis within diverse nonclinical adolescent
populations.

Surprisingly, our data also revealed no gender variations in overall body dissatisfac-
tion. This may tentatively be attributed to the multifaceted nature of the BIDA total score,
which assesses various aspects of body dissatisfaction. Indeed, girls felt their actual body
shape was more rounded compared to their ideal figure, whereas boys perceived their
physique to be leaner than what they viewed as most attractive to the opposite sex (Figure
S7). Hence, while our findings contrast with those of Sanchez-Miguel et al. [61], they align
with the current understanding that weight concerns and the pursuit of muscularity are key
contributors of body dissatisfaction for girls and boys, respectively (for review, see [86]).

4.2. Greater Responsiveness to Bitterness and Astringency Is Associated with Higher Severity of
Depressive Symptoms in Adolescent Girls, but Not in Boys

We found no main effects of sensory responsiveness on depressive symptoms, thus
suggesting that taste per se is not a relevant predictor of depressive symptoms in healthy
adolescents. While comparisons with the existing literature should be made cautiously due
to differing methods for assessing taste function that may not be correlated [40], our result
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aligns with prior research involving nonclinical adults showing no associations between
depression and thresholds for sweet, sour, bitter, or salty tastes [35], intensity ratings of
chocolate and vanilla milks [35], or recalled saltiness intensities for 10 food items [36].
However, it contrasts with studies observing either positive [31,34] or negative [37] asso-
ciations between depressive symptoms and intensity ratings for sweet and bitter-tasting
aqueous solutions.

Nonetheless, we provide evidence that sensory perception may differentially predict
mood disturbances by gender. Specifically, responsiveness to bitterness and astringency
was associated with the severity of depressive symptoms exclusively in girls, an effect
observed in both the crude and adjusted models. This finding is somewhat consistent
with a Japanese work involving young adults (n = 70, mean age & SD =20.7 £ 0.3 y) that
explored gender- and menstrual-cycle-related associations between internalizing symptoms
(depression, anxiety) and sweet taste recognition thresholds [87]. In that study, depression
was positively correlated with sweet taste sensitivity (i.e., decreased thresholds) uniquely
in women during the luteal phase, with no correlations detected in men or in women
during the follicular phase.

However, a similarity with the findings of Nagai et al. [87] exists in the gender-
specific association between a high responsiveness to oral stimuli and the severity of
internalizing symptoms. Intriguingly, the luteal phase group was the sole group to show
a positive correlation between sweet sensitivity and anxiety, which was independent of
baseline differences in anxiety between genders or menstrual cycle groups [87]. While the
authors hypothesized that this pattern might be attributed to higher levels of luteinizing
hormones [87], we can further speculate that the predictive value of sensory perception
regarding depressive symptoms might become more evident when comparing individuals
experiencing distinct physiological states and/or possessing varying vulnerabilities to
psychological constructs that predispose them to heightened affective responses [88,89].

Although the menstrual cycle was not considered in our study, we still lend sup-
port to this notion through three key points. First, adolescent girls exhibited higher
anxiety-related traits relative to boys. Second, putative physiological influences on
findings can be reasonably ruled out, as no gender differences were observed in ei-
ther PROP acuity (Figure S8) or global responsiveness to oral sensations (Figure S9).
Lastly, external cues are unlikely to fully account for the observed differences, as both
genders had similar demographic and lifestyle backgrounds (Table S1), were equally
familiar (Food Familiarity Questionnaire, Figure 1) with grapefruit juice (W = 6158,
p = 0.423) and dark chocolate (W = 6051, p = 0.294), and reported similar hedonic rat-
ings for all variants of Gj and Cp, except for the highest sucrose concentration in both food
models (Table S1).

4.3. Comorbidities of Depression Moderate the Links Between Sensory Perception and Dietary
Habits with Long-Term Adverse Effects on Mood in Adolescent Girls

Consistent with the existing literature, e.g., [10-13], we noted that various dietary
outcomes were inversely correlated with PHQ-9 scores, with this relationship being more
pronounced in girls. Specifically, alcohol use combined with low intake of proteins, veg-
etable fats, oleic acid, and vitamin E was associated with depressive symptoms in both
genders. Similar patterns, though not statistically significant in boys, were observed with
low daily consumption of animal proteins, mono- and polyunsaturated fats, linoleic acid,
B vitamins (B1, B6, B9), iron, phosphorus, and zinc.

Several mechanisms have been proposed to explain how inadequate intake of these
nutrients might exacerbate depression, and vice versa. Depression may prompt unhealthy
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eating habits, and nutrient deficiencies may impair brain function by disrupting the synthe-
sis and activity of monoamines (serotonin, norepinephrine, dopamine) or by increasing
oxidative stress, both of which are thought to be involved in the pathophysiology of depres-
sion (for review, see [14]). For example, amino acids from both animal and plant proteins
are key for monoamine production, while omega-3 fatty acids (e.g., linolenic acid) enhance
serotonin function and are believed to counteract oxidative stress through their potent
anti-inflammatory effects. Similarly, B-group vitamins and iron support neurotransmitter
metabolism, and zinc is essential for the optimal functioning of brain regions involved
in mood regulation and cognitive functions [10]. Consequently, it is not surprising that
dietary supplementation with nutrients involved in the homeostasis of brain functions has
frequently led to significant improvements in depressive symptoms across diverse adoles-
cent populations [10]. Our findings thus reinforce the substantial evidence supporting a
mutual link between adequate nutrition and mental health during adolescence.

In this context, we observed that comorbidities of depression exacerbated the negative
relationships between acuity for alarming oral stimuli and the intake of various nutrients
associated with higher PHQ-9 scores, particularly among girls. Importantly, the overall
direction of these effects was consistent across genders and aligned with current knowledge,
e.g., [15,90], with greater responsiveness generally serving as a barrier to consuming
beneficial nutrients that also support mood regulation (Tables S6-59). However, in models
accounting for the moderating effects of correlates of depression, significant associations
emerged almost exclusively in girls. This suggests that other biological, non-biological, or
psychosocial variables may better explain how variations in perception of alarming oral
sensations affect dietary habits in adolescent boys, warranting further investigation.

Conversely, we can tentatively discuss why depression-related states or traits might
strengthen the association between sensory perception and suboptimal dietary choices
in girls. Alarming oral sensations, which signal potentially aversive post-ingestive ef-
fects, naturally elicit negative arousal. Even minor stimulation can trigger a cascade of
psychobiological responses, which individuals may cope with differently before deciding
whether to accept or reject the stimulus. Beyond intensity, the complexity and novelty of
sensory stimuli also contribute to arousal, with responses shaped by expectations about
the upcoming experience. A discrepancy between expected and perceived sensations
may therefore lead to exaggerated attention on specific product cues, thereby intensifying
negative emotional states [39]. This might explain why the associations between bitter-
ness in Cp and diet were more pronounced than those observed in G;. It is possible that
participants had well-formed expectations about the taste qualities of both food models,
with bitterness being more anticipated in Gj than in Cp. Therefore, a mismatch between
expected and actual taste might have evoked negative arousal, which was possibly further
promoted by participants’ greater familiarity with chocolate puddings (W = 838, p < 0.001).
This, in turn, would have magnified the discrepancy between anxiety-related traits and
highlighted stronger moderating effects. However, further studies are needed to confirm
this hypothesis.

Alternatively, it is noteworthy that a higher vulnerability to internalizing symptoms
often reflects a generalized hyperresponsiveness to environmental inputs and stressors,
such as noise, tactile stimuli [91], pain [92] or danger-signaling smells [93]. While this
trend is observed in both girls and boys, notable gender differences in coping strategies
for stress exist [89]. Generally speaking, girls are more likely to notice and report even
subtle emotional changes, while boys tend to exhibit more passive behaviors that shift
toward a more feminine coping style only once signs of distress become evident [89,94].
Such heightened reactivity to stressors might thus translate into intensified attentional bias
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and negative affective states in response to negatively arousing stimuli, thereby reinforcing
avoidant behaviors when alarming oral sensations are experienced in food. Conversely,
a similar pattern might only emerge in boys when depression-related states or traits and
extremely intense arousing sensations occur concurrently. To either confirm or refute
this hypothesis, future studies with adolescent populations exhibiting similar levels of
psychosocial correlates of depression among genders and exposed to food stimuli that
combine multiple sources of arousal are necessary.

4.4. Strengths and Limitations

To our knowledge, this study is the first to examine the associations between depres-
sive symptoms, taste perception, and dietary habits in a nonclinical adolescent population.
Its key strengths include the use of one of the largest samples ever employed in this line of
research, a thorough data collection protocol, and the use of real food models to assess a
range of oral sensations at intensities that closely mirror real-life experiences. In response
to calls for novel research on the role of taste in adolescent food choices [24], we also
extend the existing literature by testing previously overlooked oral sensations (sourness,
astringency). Furthermore, this work presents the first empirical evidence linking astrin-
gency perception with depressive symptoms in healthy adolescent girls. Lastly, we provide
preliminary support for the psychometric validity of the APEQ and the BIDA for use with
Italian adolescents, which have the potential to offer deeper insights into the determinants
of eating habits in this age group, pending their comprehensive psychometric validation.

Nevertheless, our results should also be interpreted in light of several limitations.
Firstly, while we employed ecologically valid food stimuli and sensory assessments, we
did not test other relevant tastes (salty, umami) or chemesthetic sensations (e.g., pungency)
that may influence adolescents’ dietary habits. Additionally, our focus was on a limited set
of food models, which elicited a narrow range of sensory qualities typically encountered
in daily experiences. Whether the results can be replicated with a broader variety of
foods differing in sensory, chemical, and physical properties should thus be probed in
future investigations.

Secondly, the dietary data were based on self-reports, which can be subject to mo-
tivational and recall biases, as well as under- or over-reporting practices [95]. Despite
meticulous data preprocessing to minimize these biases and a strong alignment with exist-
ing knowledge, the potential for inaccuracies remains. In order to enhance the reliability of
data, future research should incorporate more precise and less burdensome approaches,
such as technological aids that facilitate memory and portion estimation, ideally within
repeated measures frameworks. In this vein, the integration of 24-hour recalls with digital
tools (e.g., mobile apps, image-based assessments) holds promise in mitigating prevalent
sources of error in adolescent populations.

Thirdly, the gender-based sensitivity analysis may have lacked sufficient statistical
power to detect subtle yet meaningful effects, particularly given the relatively modest
variance explained by the moderation models (Tables S6-59). Besides suggesting that other
factors, including genetic, non-genetic (e.g., oral microbiome), and psychosocial variables
not included in this study, might further elucidate how taste perception influences dietary
outcomes and potentially affects mood in the long term, this prompts the need to devote
future efforts to include larger and adequately powered samples.

Fourthly, the internalizing symptoms investigated herein are inherently interrelated
and might have acted as confounding or overlapping variables in the observed associations.
Case—control studies or novel research involving non-clinically gender-stratified groups that
differ in key psychosocial traits will be instrumental in further validating and extending our
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findings. Lastly, due to the study’s design, causality can not be inferred. Novel longitudinal
studies are thus needed to determine whether taste perception indirectly exacerbates
depressive symptoms through inadequate food choices or whether the opposite is true.

4.5. Conclusions

In addition to confirming a greater susceptibility to mood disturbances in girls com-
pared to boys, along with associations between internalizing symptoms and habitual
nutrient intake, this study methodologically contributes to expanding knowledge on picky
eating and body image in Italian adolescents by supporting the initial psychometric va-
lidity of tools currently used across different age groups (APEQ) or geographic contexts
(BIDA). More importantly, we present the first evidence linking heightened responsiveness
to bitterness and astringency, evoked by variants of food models designed to mimic a range
of intensities encountered in daily food experiences, with greater severity of depressive
symptoms exclusively in girls. While our findings require replication across a broader range
of food stimuli, oral sensations, adolescent populations, and longitudinal frameworks,
they remain highly relevant in supporting future gender-tailored, sensory-based strategies
aimed at promoting adherence to dietary patterns that may confer long-term benefits for
mental health. In conclusion, this study advances our understanding of gender-specific vul-
nerabilities to mood disturbances during adolescence and suggests that the links between
depressive symptoms, taste perception, and dietary habits are gender-specific, possibly
shaped by differing coping strategies for internalizing symptoms.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/nu17101653/s1, Figure S1: Sensory profiles of variants for
each food model (Gj, Cp) evaluated in Pilot 1 and Pilot 2; Figure S2: Variations in psychophysical
responses (gLMS) to oral sensations evoked by Gj and Cp variants across increasing sucrose con-
centrations; Figure S3: Differences in recalled intensities between the extraoral stimuli employed
during the gL MS training; Figure S4: Girls and boys rated the ten extraoral stimuli employed dur-
ing the gLMS training as equally intense; Figure S5: Correlations between the APEQ total score
and both theoretically similar and dissimilar constructs; Figure S6: Correlations between the BIDA
total and subscale scores and theoretically similar and dissimilar factors; Figure S7: Differences in
body dissatisfaction and sexual body dissatisfaction between girls and boys; Figure S8: Variations
in PROP responsiveness between genders; Figure S9: Differences in global sensory acuity by gen-
der; Figure S10: Differences between genders in liking for all variants of grapefruit juice and dark
chocolate pudding; Table S1: Demographic, lifestyle, and diet-related characteristics of participants;
Table S2: Inter-item correlations between subscale scores of the Body Image Dimensional Assessment
(BIDA); Table S3: Demographic, lifestyle, and diet-related characteristics of participants whose FFQ
data passed the screening for misreporting and outliers; Table S4: Variance Inflation Factor and
results from the Durbin-Watson test for the unadjusted general linear models assessing whether
the relationship between global taste scores and depressive symptoms varies by gender; Table S5:
Variance Inflation Factor and results from the Durbin-Watson test for the adjusted general linear
models assessing whether the relationship between global scores of sensory responsiveness and de-
pressive symptoms varies by gender; Table S6: Moderating effects of generalized anxiety on the link
between global responsiveness to alarming oral sensations and habitual nutrient intake, as a function
of gender; Table S7: Moderating effects of neuroticism on the link between global responsiveness to
alarming oral sensations and habitual nutrient intake, as a function of gender; Table S8: Moderating
effects of picky eating on the link between global responsiveness to alarming oral sensations and
habitual nutrient intake, as a function of gender; Table S9: Moderating effects of body dissatisfaction
on the link between global responsiveness to alarming oral sensations and habitual nutrient intake,
as a function of gender.
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Appendix A

In this work, we only used the APEQ total score due to our previous validation being
specific to adults over 18 [55] and the lack of validated measures for picky eating in Italian
adolescents. Hence, to preliminarily assess its suitability for this age group, we tested the
APEQ score for internal reliability (Cronbach’s o), convergent and discriminant validity
(Spearman’s rho coefficients), and for test-retest reliability (Intra-Class Coefficients, ICC).
Overall, we found good internal consistency (« = 0.808), adequate evidence of convergent
or discriminant validity (Figure S5), and test-retest reliability. In line with previous re-
ports, e.g., [33,55,69,70], the APEQ total score was positively correlated (p < 0.001) with
theoretically similar states or traits such as depressive symptoms, domains of anxiety, food
neophobia, and neuroticism, while showing no significant correlations with either BMI
(p =0.012, p = 0.861) or age (p = 0.014, p = 0.829). Additionally, several inverse corre-
lations between picky eating and familiarity with plant-based foods (Figure S5) further
supported the discriminant validity of the APEQ. Finally, the APEQ total score exhibited
good test-retest reliability (ICC = 0.751; 95% CI: 0.669-0.813, p < 0.001) when reassessed
in a subset of our sample (n = 190, 34.2% girls, mean age + SD = 14.4 & 0.64 y, mean
BMI =+ SD = 21.1 + 3.2 kg/m?) 30 days after data collection.
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Appendix B

Although the BIDA has been validated only for Spanish adolescents (ages 12-15) [61],
it was still favored over the recently validated 8-item BIBA in the Italian context [71], as
the latter was designed for children and early adolescents (ages 6-13). Despite this, the
BIDA showed preliminary psychometric soundness, as evidenced by (a) a good internal
consistency (a = 0.763); (b) an acceptable 30-day test-retest reliability (n = 190, ICC = 0.557,
95% CI: 0.410-0.668, p < 0.001); (c) strong inter-item correlations (p > 0.500, p < 0.001)
(Table S2); and (d) an initial proof of its convergent and divergent validity (Figure S6).
Particularly, convergent validity was supported by positive correlations between the BIDA
composite score and its subscales with BMI [61] and anxiety domains, while divergent
validity was corroborated by a negative association between the BIDA total score and
engagement in physical activity [96] (Figure S6).
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Abstract: Objective: This study aimed to identify components of a trauma-informed,
culturally sensitive eating-disorder-specific nutrition-focused physical examination (ED-
NFPE) tool. Method: The modified Delphi methodology was used to develop a consensus
on the clinical relevance of nine evidence-informed ED-specific nutrition examination
domains and 46 components within those domains. Purposive sampling was used to recruit
a panel of registered dietitian nutritionist (RDN) experts in the ED field. The panelists
responded to survey statements on a five-point Likert scale. The panelists also provided
qualitative feedback on domain and component additions, exclusions, modifications, and
trauma-informed culturally sensitive examination practice techniques. Results: Twenty-
two RDN expert panelists completed Round One of the study, and eighteen panelists
completed Round Two (82% retention). Twenty-one were female. Fifteen panelists had
ten or more years of experience in ED dietetics. Fifty percent held an advanced practice
credential from the International Association of Eating Disorders Professionals (IAEDP).
After the two survey rounds, the nine ED-NFPE domains and 46 of the 48 components
achieved a consensus for clinical relevance. The panelists proposed two new examination
components and provided qualitative feedback for trauma-informed culturally sensitive
practice techniques in all nine domains. Conclusions: This modified Delphi study design
was chosen to reach a consensus on developing an ED-NFPE tool, as there are few current
evidence-based guidelines for nutrition examinations in ED care. An NFPE tool specifically
designed to detect the nutrition-related findings of individuals with EDs would strengthen
the overall nutrition assessment. RDNs at every level of care and with all degrees of
experience could use an ED-NFPE to inform patient treatment goals.

Keywords: eating disorders; trauma-informed; culturally sensitive; nutrition assessment;
nutrition-focused physical examination; body image; weight-inclusive; registered dietitian
nutritionist; Delphi study

1. Introduction

Eating disorders (EDs) are complex biopsychosocial illnesses [1]. Individuals of every
age, weight, shape, and size can develop an ED [2]. They often affect marginalized and
vulnerable populations such as people of color, certain religious groups, people that are
lesbian, gay, bisexual, transgender, queer, and others (LGBTQ+), and those with neuro-
divergence and physical disabilities [3-7]. Individuals with EDs may have co-occurring
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mental or medical illnesses and a history of trauma [8-13]. Nine percent, or 28.8 million
Americans, will experience an ED in their lifetime [14]. The global lifetime ED prevalence
is nearly eight percent [15].

All ED subtypes are associated with nutrition-related medical complications, and
al-though each individual with an ED may have a unique presentation, complications
occur primarily due to ED behaviors such as restrictive eating, bingeing, purging, enema
use, laxative, diuretic, and other substance abuse, overhydration, dehydration, excessive
exercise, and others [2,16-28]. Complications of ED behaviors can be physical, psycho-
logical, and nutritional and include cardiorespiratory complications, bone, muscle, and
fat changes, hydration and electrolyte imbalances, impaired cognition and psychosocial
functioning, intraoral and extraoral issues, dermatologic abnormalities, parotid gland
enlargement, gastrointestinal symptoms, and other complications affecting one or more
organ systems (Figure 1) [13,16-26,29-53]. Awareness of unique ED-related complications,
timely ED-specific nutritional, psychiatric, psychological, and medical assessments, and
treatment are critical factors in ED recovery [54-56]. Most complications associated with
EDs can be reversed through effective treatment, including the cessation of ED behaviors,
proper nutrition rehabilitation, and weight restoration (if needed) [18,37,57].

Abdomen -
distension, bloating,
nausea, edema,
epigastric pain,
reflux, premature
fullness,
constipation,
diarrhea, cathartic
colon, hemorrhoids,
rectal prolapse

Anthropometrics -
weight changes,
weight related and
body image
experiences

Neck - parotid and
submandibulary
gland pain and
enlargement

Mouth - tooth and
enamel erosion,

tooth breakage, General Survey,

angular chelitis, Cognition,
intraoral bleeding, Ne;mpstychlatnc
opharyngeal cognitive
oropharyngea . co
dysphgsiga, impairment, flat

nyperaciive or
hypoactive gag
reflex

E - pal
yes - pale Cardiovascular -

conjunctiva, 1
sunkar, oy ED et
appearance, ion,
subconjunctivai . bradycardia of
Behaviors starvation, chest

hemorrhage, blurred A
vision pain, dyspnea,
hypothermia

Skeletal, Muscle, Fat
- osteopenia,stress
fracture, muscle and
fat changes,
hollowing in face,
loose skin under
eyes, concave
temple region, bone
protrusion

Hands and Nails -
pale nail bed, slow
capillary refill time,
dry, peeling, short
nails, Russell's
sign, interosseous
fat loss

Dehydration or
Overhydration - skin
turgur loss, cracked

Skin- poor wound
healing, bruising

oo
dermatitis, ’ Hair, Eyelashes, a:ézﬂ‘?ﬁ:f’or
carotenoderma Eyebrows -

peripheral edema,

alopecia, easily puffy eyes

pluckible hair, dry

hair, eyebrow and
eyelash loss, lanugo
on torso and face

Figure 1. Nutrition-related signs and symptoms of eating disorder behaviors [13,16-26,29-53].

76



Nutrients 2025, 17, 1449

In addition to a comprehensive assessment of an individual’s eating and exercise pat-
terns, height and weight history, and family history of EDs or other psychiatric illnesses, the
American Psychiatric Association (APA) recommends that multidisciplinary initial physical
assessments of individuals with EDs be performed [58]. These include the evaluation of
body temperature, heart rate, resting and orthostatic blood pressure, pulse, height, weight,
body mass index (BMI), and physical signs of malnutrition and purging behaviors [58]. The
APA also recommends a wide-ranging biochemical assessment, an electrocardiogram, and
a complete review of body systems [58]. Lastly, the APA emphasizes that individuals with
EDs should receive a culturally appropriate, person-centered treatment plan that includes
psychological, psychiatric, nutritional, and medical experts [58].

Although national and international organizations recommend comprehensive assess-
ments, there are few current ED-specific nutrition assessment tools, clinical guidelines,
or standards for examining or assessing this population for nutrition-related complica-
tions [3,27,58-70]. Table 1 outlines the primary ED diagnoses, several ED behavior types,
and co-occurring considerations for an ED nutrition assessment.

Table 1. Eating disorder diagnoses, behavior types, and co-occurring considerations.

Eating Disorder Diagnoses [28]

Eating Disorder Behavior Types
[27,28,45,71-73]

Co-occurring Considerations
[2,4,12,13,28,74-82]

Anorexia nervosa restricting type
Anorexia nervosa binge/purge type
Avoidant/restrictive food intake disorder
Binge eating disorder

Bulimia nervosa

Other specified feeding or eating disorder
Pica

Rumination disorder

Unspecified feeding or eating disorder

Restrictive eating [28]

Bingeing [28]

Purging [28]

Laxative/enema abuse [27]

Diuretic abuse [27]

Overhydration

Dehydration [20]

Chewing and spitting [27]

Ipecac abuse [20]

Regurgitating and re-chewing food [28]
Opver exercise [27]

Night eating [83]

Insulin manipulation (type 1 diabetes) [85]
Eating non-food items [28]

Supplement misuse [27]

Alcohol or drug abuse [86]

Anxiety disorders [12]

Bipolar disorder [12]

Borderline personality disorder [12]
Major depressive disorder [12]
Obsessive-compulsive disorder [12]
Autism spectrum disorder [5,7]
Attention-deficit disorder [5]
Intellectual developmental disorder [5]
Substance use disorders [12]

Trauma history [10]

Associated medical conditions [13]
Socioeconomic status/food insecurity [84]
Age [66,77]

Biological sex [2]

Gender identity [4]

Sexual orientation [4,80]

Body weight and size [87,88]

Race [74]

Ethnicity [74]

Religion [74]

Physical disability [74]

Athlete [75]

Extreme concern over weight, shape [89]

Registered dietitian nutritionists (RDNs) play a central role in ED care, as nutritional

rehabilitation is one of the cornerstones of short- and long-term ED treatment [3,27]. The
Academy of Nutrition and Dietetics (AND) standards of practice for RDNs include per-
forming a comprehensive nutrition assessment, establishing a nutrition diagnosis(es),
developing a nutrition intervention plan, monitoring and evaluating this plan, and con-
ducting patient discharge or modifying the level of care provided [3,59,90,91].

The nutrition assessment domains of the nutrition care process include (1) client
history, (2) anthropometric measurements, (3) biochemical, medical, and diagnostic tests,
(4) food and nutrition history, (5) nutrition-focused physical examination (NFPE), and
(6) ongoing reassessment(s), monitoring, and evaluation [3,42,59,63,64,70,90,92-95].

According to the APA, in individuals with EDs, guilt, embarrassment, and shame
about ED behaviors and symptoms may prevent them from providing a complete and
accurate food- and nutrition-related history [28]. Additionally, weight and body mass
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index (BMI) are not always diagnostic features of individuals with diagnoses other than
anorexia nervosa, such as bulimia nervosa, binge eating disorder, “unspecified feeding
or eating disorder”, and “other specified feeding or eating disorder”. These individuals
may present in a “larger” body or with a BMI in a “healthy” range [28,63,66,96-98]. Lastly,
individuals with EDs often present with normal biochemical and medical diagnostic test
findings despite illness severity [3,27].

Because food and nutrition history, weight and BMI, and biochemical and medical
diagnostic tests may not capture the physical signs and symptoms of malnutrition or the
degree or severity of an ED, a systematic head-to-toe assessment tool (NFPE) is a crucial
component of the nutrition assessment process [23,27,54,66,74,90,99].

The NFPE assessment tool evolved from the Subjective Global Assessment (SGA) tool
and the American Society of Parenteral and Enteral Nutrition (ASPEN)/AND criteria for
malnutrition [69,100]. The SGA is a validated nutrition assessment tool developed in the
1980s [100]. Based on patient history and physical examination findings, the SGA has been
used by RDNs and other medical professionals globally to help determine the presence
and severity of malnutrition [100].

In 2009, etiology-based diagnostic criteria for malnutrition were defined by the Euro-
pean Society for Clinical Nutrition and Metabolism (ESPEN) and, similarly, by a working
group of the American Society of Parenteral and Enteral Nutrition (ASPEN) and the
Academy of Nutrition and Dietetics (AND) [69,101]. The AND/ASPEN criteria were devel-
oped from the SGA and then expanded to include a minimum of two among the following
items: insufficient energy intake, weight loss, loss of muscle mass and subcutaneous fat
stores, fluid retention, and reduction in functional status [69,100]. Malnutrition was also
defined in the context of acute illness or injury, chronic illness, or social or environmental
circumstances [69].

The NFPE is utilized by RDNs in various clinical settings worldwide to assess mi-
cronutrient and macronutrient deficiencies, excesses, and imbalances and support a mal-
nutrition diagnosis [28,64,92,93,102-105]. Muscle and fat stores, fluid retention (hydration
status), functional status (grip strength), and other signs and symptoms of nutrition-related
complications can be assessed through the NFPE [42,92,93,102-104]. The AND consis-
tently updates the standards of practice and professional performance for RDNs (novice
through to expert) and includes an NFPE to assess for malnutrition and overall nutrition
status [3,59,70,92,102-104,106].

The examination techniques of inspection, palpation, percussion, and auscultation
are used in the traditional NFPE to identify nutrition-related signs and symptoms aris-
ing from disease pathology [42,70,102-104,106]. The traditional NFPE domains include
(1) general appearance, (2) vital signs, (3) skin, (4) nails, (5) head and hair, (6) eyes and nose,
(7) mouth (intra and extraoral), (8) neck and chest, (9) abdomen, and (10) musculoskeletal
system [92,93,102,104].

There are no evidence-based guidelines or standards for the NFPE of individuals with
EDs [3,27,59,99]. The traditional NFPE lacks the specificity to thoroughly capture the unique
nutritional complications commonly seen in individuals with EDs [93,99]. The conventional
NFPE does not incorporate the principles of trauma-informed care, patient-centeredness, or
culturally sensitive guidelines for its use in clinical practice, which are key considerations
for providing the highest-quality healthcare (Table 2) [3,27,90,93,99,107-110].

According to the Substance Abuse and Mental Health Services Administration
(SAMHSA), a trauma-informed approach in healthcare contributes to a positive treat-
ment outcome. Trauma-informed care prioritizes the physical and emotional safety of
survivors [109,110].
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Table 2. Principles of trauma-informed care, patient-centeredness, cultural sensitivity.

Trauma-Informed Care

Patient Centeredness

Cultural Sensitivity [74,107]

Unique Considerations for TIC and
Cultural Sensitivity

[109,110] [107,108] [4,6,64,74,78,79,87,88,111-113]
. LGBTQ+ [4,64,111,113,114]—medical trauma
Create a physically and Regard the patient as a Understand the patient’s is common; stigma in health care is often

emotionally safe environment

person, not a diagnosis

values, beliefs, and treatment
preferences

experienced; gender-affirming communication
is essential.

Establish trust, clarity, and
appropriate boundaries

Share responsibility and
power with the patient

Build relationship trust and
boundaries

Individuals in higher-weight bodies
[6,87,88]—independent of weight, body image
concerns can impact self-esteem and lead to
ED behaviors; weight stigma can reduce
quality of care; may have severe symptoms
despite body weight

or size.

Assure patients they have
choice and control, and
emphasize patient
empowerment

Build an appropriate
provider—patient relationship

Bear in mind one’s own
biases and beliefs

Religious groups [74,78,79,112]—religious
rules may play a role in food choices and
fasting, causing short-term deficiencies
unrelated to ED behaviors; some religions
have guidelines around modesty, upholding
no physical contact, while thoroughly covering
the head and/or body with headwear and
specific clothing. These guidelines necessitate
the RDN’s exhibition of respect.

Build a collaborative
relationship while
sharing power

Express unconditional
positive regard and respect
toward the patient

Possess knowledge and
understanding of various
cultures and

minority groups

Racial and ethnic differences [74,79]—there are
potential differences in the presentation, signs,
and symptoms associated with EDs in BIPOC;
dark-skinned individuals are also more prone
to skin conditions like xerosis and acanthosis
nigricans and vitamin D deficiency than
light-skinned individuals.

Encourage the support of
others who have a history of
trauma

Provide services that are
inclusive of individuals with
various backgrounds while
avoiding stereotypes and
biases

TIC—trauma-informed care; BIPOC—black, indigenous, and people of color.

Although not all individuals with EDs have a trauma history, trauma safeguards

must be instituted in ED assessments and treatment [115]. Individuals with a trauma
history may have a heightened fear of threat, high emotional reactivity, and sensitivity
to criticism [9]. A trauma history may also predict ED treatment withdrawal and poor
recovery outcomes [9,115]. Alternatively, a patient’s perception of a safe and supportive
treatment environment can help to remove obstacles to effective treatment [115].

Person-centered, culturally sensitive guidelines ensure that the treatment provider
treats the patient as a unique person, not a diagnosis [107,108]. The treatment provider
should exhibit awareness of their personal and professional biases, bear knowledge of
various cultures, races, ethnicities, and religions, and understand the health disparities of
marginalized groups [74,107].

A trauma-informed ED-specific nutrition-focused physical examination (ED-NFPE)
tool, conducted with cultural sensitivity, could more thoroughly and adeptly identify
nutrition-related complications in individuals with EDs and improve patients” experiences
and clinical outcomes [3,27,74,93,107-110]. The results of this ED-NFPE, in combination
with other nutrition assessment findings from food and nutrition history, medical and
psychosocial history, biochemical data, and medical and diagnostic tests and procedures,
could help to inform goals for nutrition rehabilitation [3,27,74,90,99].
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This study aimed to identify the domains and components of an ED-NFPE tool for
RDNs to utilize at various levels of ED care to assess nutrition-related complications
in individuals with EDs. The study also aimed to identify trauma-informed, culturally
sensitive practice tools and techniques based on the principles of trauma-informed care in
behavioral health science [110,116]. To meet these objectives, the study’s first aim was to
conduct a literature review to identify evidence to inform the development of the ED-NFPE
tool. The second aim was to develop a web-based survey and recruit ED RDN expert
panelists [117-120]. The second aim used the modified Delphi methodology to establish
a consensus among the expert panelists on the clinical relevance of the proposed ED-
NFPE domains and components and to obtain feedback on a trauma-informed, culturally
sensitive examination approach for inclusion in the ED-NFPE tool [121]. The research
team employed the grounded theory research strategy to analyze the qualitative data and
support the study objectives [122].

2. Materials and Methods

2.1. Study Design
2.1.1. Delphi Approach Introduction

The Delphi and modified Delphi methods are widely used in mental health and ED
research to develop clinical guidelines and improve mental health training, treatment,
and cultural competence [60,65,123-125]. The modified Delphi method was chosen due to
the complexities in the ED population and the need for expert opinions on ED care [121].
A modified Delphi approach, with iterative survey rounds and anonymous in-depth
“discussion” and “communication” among expert panelists, will likely generate a strong
consensus among the expert panel and reduce the impact of potential groupthink [121].
A literature review of the most commonly seen nutrition-related complications in EDs was
conducted, and an analysis of the traditional NFPE domains and common nutrition-related
complications in other clinical patient populations was performed. From the literature
review, a pre-selected set of survey statements was developed. The modified method
permitted a more focused study that could be conducted in six months with two to three
rounds [121]. This type of study would also potentially maximize panelist participa-
tion and retention, as the time commitment was limited [121]. The researchers used the
post-positivism research paradigm framework to obtain values-based, holistic, qualitative
panelist feedback for trauma-informed, culturally sensitive examination techniques [126].
Three feedback rounds were determined a priori; however, only two were conducted to
develop sufficient feedback and “communication” among panelists to achieve a consen-
sus [121].

2.1.2. Literature Review

An electronic literature review was conducted using the PubMed, CINAHL, and
Scopus databases to identify primary research articles, review articles, and case studies on
medical, dental, and nutrition assessment techniques and the current assessment methods
used in ED care and to identify the common nutrition-related signs and symptoms resulting
from the ED behaviors of all ED subtypes in children, adolescents, and adults.

The keywords and MeSH terms used in numerous groupings included “feeding and

v

eating disorders” (MeSH), “eating disorders”, “anorexia nervosa”, “bulimia or bulimic or

v

bulimia nervosa”, “avoidant restrictive food intake disorder or ARFID”, “atypical anorexia

v 7 V/a7i

nervosa”, “pica”, “eating disorders not otherwise specified”, “physical assessment”, “nu-

V77i Zai V77

trition assessment”, “nutrition-focused physical examination”, “skin conditions”, “skin

v v

signs”, “dermatologic signs”, “Russell’s sign”, “micronutrient deficiencies”, “macronutri-
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v v v

ent deficiencies”, “malnutrition”, “dehydration”, “overhydration”, “hydration”, “mouth

V/aTi

symptoms”,

Zas i a7

oral symptoms”, “vital signs”, “cognition”, “fat loss”, “muscle loss”, “hair”,

Zan /a7 I v

“nails”, “eyes”, “neurological consequences”, “abdominal issues”, “parotid gland”, “car-
diovascular”, “eating disorder treatment guidelines”, “gaps in eating disorders treatment”,
and “eating disorder nutrition treatment guidelines”.

Several articles were hand-selected from the reference lists of primary research, review
articles, and PubMed-suggested articles. Duplicate articles were eliminated. Published
guidelines from international organizations such as the Academy of Nutrition and Dietetics,
Academy for Eating Disorders, Australian and New Zealand Academy for Eating Disorders,
American Psychological Association, American Psychiatric Association, and National
Institute for Health and Care Excellence were retrieved from searches on Google Scholar,
UpToDate, and reference lists from the chosen articles. Articles were also reviewed to
clarify potential circumstances common in patients with eating disorders that should be
addressed before and during the examination. These include patients in larger bodies,
patients with a trauma history, racial, ethnic, and religious diversity, neurodiverse patients,
LGBTQ+ patients, and patients with gastrointestinal diseases or other medical or mental
health comorbidities.

The search was limited to articles written in English. The other inclusion criteria were
years of publication from 1987 to 2025, adults, adolescents, and children, inpatient and
outpatient settings, all genders, and all subtypes of eating disorders. Articles written before
2000 were included for historical value as relevant to the development of the NFPE.

The ED-specific nutrition-related complications identified through the literature search
were cross-referenced with the traditional NFPE domains and common clinical findings in
other clinical patient populations and organized into examination domains that were more
ED-specific and could be conducted with the primary techniques of discussion and obser-
vation. The literature search identified nine ED-specific examination domains, including
(1) anthropometrics, (2) general survey, cognition, and neuropsychiatric symptoms, (3) vital
signs, (4) bone loss and injury, fat and muscle stores, (5) hydration status, (6) skin, hands,
and nails, (7) hair, eyelashes, eyebrows, and eyes, (8) orofacial (intra and extraoral) and
neck, and (9) abdomen (gastrointestinal) [92,93,102,104].

As an alternative to the traditional NFPE examination techniques of inspection, pal-
pation, percussion, and auscultation, the examination techniques for the ED-NFPE tool
included (1) discussion and (2) observation, (3) and measuring blood pressure, temperature,
radial pulse, capillary refill rate, and grip strength (with explicit patient permission) [93,102].
Discussion and observation examination techniques (with explicit patient permission) were
selected by the authors to accurately assess individuals for nutrition-related complications
in most domains while adhering to the principles of trauma-informed care, patient-centered
care, and cultural sensitivity (i.e., ensuring patient safety and maintaining appropriate
boundaries) [3,27,74]. Measuring blood pressure, temperature, radial pulse, capillary
refill rate, and grip strength requires physical contact to be performed and was, there-
fore, excluded from the observation and discussion technique categories and organized
into a separate technique. The identified examination domains and common ED find-
ings that informed all survey statements for an ED-NFPE tool are outlined in Table 3:
Eating-Disorder-Specific Nutrition-Focused Physical Examination Tool.
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Table 3. Eating-Disorder-Specific Nutrition-Focused Physical Examination Tool.

Examination e . Common ED-Specific . - Comments/

. Examination . 1. ... Possible Nutritional .
Domain and hni Normal Findings Examination Non-Nutritional
Components Technique Findings Causes Causes

Discussion of weight,
weight history, and Malnutrition,
w:)l(g};—ize;ls;:d Normal weight for Weight loss, weight excbe;sieezeige;ase,
p . height, weight, gain, variation from . 8 8
Measure height and height. and stature rior erowth curve weight-related eating
weight (with explicit gty prior growsh ot disorder antecedents, -
atient,/guardian for age and trajectory (if child or current Medications and
Anthropometrics permissi(g)n) when developmental stage, adolescent), and weight-related non-nutrition related
wpei ht restoration is following previous history of weight Chaligen es. and illnesses [27]
& growth curve bullying and/or 18es,
a treatment goal, and . i, ; . non-nutrition-related
measure against trajectory (if child or weight stigma weight-related
. adolescent) [93,99] [18,63,127] .
previous growth circumstances
charts (if child or [23,44,63]
adolescent) [63]
. Neurodiversity,
. . Malnutrlt.l on autism spectrum
Discussion and Lack of engagement, dehydration, disorders. ADHD. or
observation of Engagement and weakness, sleep excessive exercise, other {earnin !
engagement and alertness [93,99] disturbances, and and night eating disabilities, a ngd
alertness fatigue [44,50,63] syndrome ’

[18-20,44,63,71,81]

medication type and
dose [5,27]

General Survey

Appropriate answers
to questions,
age-appropriate
behavior, and
cognition [93,99]

Depressed mood, feels
cold, memory loss,
cognitive impairment,
flat affect, anxiety,
dizziness, slowed
speech, tingling of
hands and/or feet,
skeletal muscle
cramps or paralysis,
and nerve palsy
[18,44,45,50,63,81]

Thiamine,
pyridoxine, vitamin
B12 deficiencies,
macronutrient
deficiencies, calorie
deficiency,
dehydration,
medication thyroid
medication misuse,
hypothyroidism, and
excessive exercise
[18-20,44,63,71,81]

Neurodiversity,
autism spectrum
disorders, ADHD, or
other learning
disabilities, and
medication type and
dose [5,27]

Neuropsychiatric,
Cognition, and
Mood
Discussion and
observation of
cognition, mood, and
speech
Discussion and
obtain radial pulse
(heart rate), blood
pressure (BP) (supine
Vital signs and to Sit?\g or Sitt.ilrll g to
temperature stancl ng), capillary
refill rate, and

temperature (with
explicit
patient/guardian
permission)

Pulse: 60-100
pulses/min
BP: <130 mmHg/85
mmHg
Capillary refill time:
<2s
Temperature:
96.4-99.1 °F [93,99]

Bradycardia
(<60 pulses/min
in adults,
<50 pulses/min in
adolescents and
children), tachycardia
> 100 pulses/min in
adults, arrhythmia,
orthostatic
hypotension (decrease
in systolic BP of
25 mmHg from supine
to sitting or sitting to
standing in adults,
decrease in systolic BP
of >20 mmHg,
and a decrease in
diastolic BP of
>10 mm/Hg (for
children and
adolescents),
hypertension,
hypothermia, cool
extremities,

lightheadedness, chest

pain, fatigue, hot
flashes, dyspnea, and
capillary refill
time > 2s
[20,33,63,128-130]

Malnutrition, weight
loss, dehydration,
purging, excessive

exercise, laxative or
diuretic abuse,
thyroid medication
misuse, electrolyte
imbalances
(hypokalemia,
hypomagnesemia,
hypophosphatemia),
refeeding syndrome,
and hypothyroidism
(euthyroid sick
syndrome) [20,21,44,
63,129,131,132]

Antipsychotic,
antidepressant, and
mood stabilizer
medications [128]
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Table 3. Cont.

Examination o Common ED-Specific . . Comments/
. Examination N o Possible Nutritional o
Domain and . Normal Findings Examination Non-Nutritional
Technique . 1 Causes
Components Findings Causes
Osteopenia, Micronutrient and

Discussion of
potential bone loss,
fracture, or injury

No bone loss or
age-related bone loss
and no fracture or

osteoporosis, fracture,

and over-exercise-
associated stress

macronutrient
deficiency, low
estrogen levels,

Age-related
osteoporosis or
athletic injury

bone-related injury fracture or injury hypothyroidism, and [135,136]
[49,133] over-exercise [134]
Discussion and Reduction in fat stores Hormone

observation (with

Minimal fat wasting

in all regions,
including the face,

Macronutrient and

replacement therapy

explicit and slight bulge in h : calorie deficiencies in gender-affirming
. . 4 ollowing, dark color, X
) patient/guardian the orbital fat pad 1 ki d and excessive treatment can alter
Bone Loss and Injury permission) of the [93,99] 008€ Sin uncer eyes, exercise [23,44,63] body composition
Fat Stores otbital region and delayed pubertal [137]
Muscle Stores development [41,63]
Changes in body
composition,
Discussion and decreased muscle
observation (with mass, muscle
explicit weakness, reduced Protein and calorie Hormone
patient/guardian Firm, well-defined grip strength, muscle malnutrition, replacement therapy
permission) of muscles of normal pain, hollow, flattened excessive exercise, in gender-affirming
interosseous hand size and shape muscle, concave dehydration, and treatment can alter
muscles, temple bilaterally [93,99] temple region, laxative abuse body composition
region, and grip cramping, [23,44,63] [137]
strength rhabdomyolysis, and
measurement delayed pubertal
development
[20,41,63,138-140]
Lack of appropriate
fluid intake,
Dehydration—sunken  excessive fluid intake
eyes, dark area under (water loading),
eyes, loss of skin excessive caffeine Include a detailed

Discussion and

turgor, dry, cracked

intake, protein

discussion of fluid,

observation (with lips, headache, deficiency, thiamin X . K
licit dizzi defici . caffeine, diuretic, and
expuct Normal mucus 1ZZINCSS, chciency, pusing, laxative intake in
. patient/guardian concentrated urine, laxative or diuretic L
Hydration Status ermission) of hands membranes and no and abuse, ipecac abuse, food /nutrition
P ! edema [93,99] . use, peca ! history to determine
feet, ankles, overhydration—puffy insulin misuse, £ th X
abdomen, and eyes, edema in excessive exercise, 1 the patient uses
L . ’ fluid and caffeine to
eyelids abdominal area, pseudo-Bartter’s mask huneer
eripheral edema, an syndrome, reboun
peripheral ed d synd bound 8
frequent urination or refeeding edema,
[20,21,38,128,141] and refeeding
syndrome
[20,21,44,52,128]
Carotenoderma on . .
Iron, folate, vitamin
palms of hands, poor . .
. B12 deficiency, zinc
wound healing, pallor, deficienc
xerosis, acanthosis macronutri}e,/n t
nigricans, hirsutism, deficiencies or
dermatitis, acne, loss .
of turger, cool excesses, poor ﬂuld
Skin Discussion and temperature, scarson 0% BUGREOY focial hai
Hands and Nails observation (with Uniform color, backs of hands from excessive intake o fy’ from hormone
Hair, Eyelashes, and explicit texture, moisture, purging, general beta-carotene- replacement thera
’Eyebrows, patient/guardian and temperature bruising, bruising over containing foods (tre}:ns ender atier?t}sl)
Yy permission) [93,99,102] bony prominences, mning L g p
Eyes of skin striae distensae essential fatty acid [137] and self-harm

cyanosis, signs of
self-harm (burns,
cuts—especially on
arms, legs, and
abdomen), and
dermatitis artefacta
[20,29,63,142]

deficiency, calorie
deficiency, purging,
peripheral
vasoconstriction,
excessive exercise,
and binge eating
[29,44,63,102]
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Table 3. Cont.

Examination .. Common ED-Specific . ... Comments/

. Examination .1 . . Possible Nutritional e
Domain and Technigue Normal Findings Examination Causes Non-Nutritional
Components 1 Findings Causes

Ridges, koilonychia [ron, protein, zinc,
. . ’1. h 4 folate, magnesium,
Discussion and Smooth, standard dry, peeling, or short selenium deficienc
observation (with / nails, pale nail bed, . ¥
.. color and shape, and X X macronutrient, . .
explicit less than two seconds bleeding cuticles, micronutrient. and Nail and cuticle
patient/guardian . B interosseous muscle . L biting
permission) of hands capillary refill time loss, poor circulation calorie deficiency,
. (CRT) [93,99,102] 4 . ’ dehydration, and
and nails Russell’s sign, and purging hypovolemia
slow CRT [29,63,102] [29.102]
Discussion and
observation (with Alopecia, easily Macronutrient, iron, Trichotillomania,
explicit Uniform color, pluckable, brittle, dry zinc, essential fatty ~ antidepressants [102],
patient/guardian texture, and amount hair, loss of eyebrows acid deficiency, and hormone
permission) of hair, of hair, eyelashes, and eyelashes, and hypothyroidism, replacement therapy
eyes, eyelashes, and eyebrows [93,99] lanugo on face and severe malnutrition, (transgender patients)
eyebrows, and fat torso [29,63,102] and weight loss [102] [137]
pads below the eyes
Pale conjunctivae,
Clear coniunctivae sunken, dry Dehydration, vitamin
moist a]n d pink ! appearance, and A deficiency, iron
membr,anes [23 99] subconjunctival deficiency, fat loss,
! hemorrhage and purging [143]
[20,63,143]
Tooth erosion, enamel
erosion, tooth
sensitivity, tooth Macronutrient
breakage, missing deficiency, bingeing,
teeth, dental caries, purging, biting,
angular cheilitis, red, chewing on hard
cracked lips, dark red foods (ice and hard
(magenta) tongue, candy), using hard
Discussion and A normal amount of excessive or minimal implements to purge
observation (with healthy teeth, pink, .sahva production, (1.e.{ toothbrush),
explicit smooth lips with no intra and extraoral _ eating non‘-food
patient/guardian sores, pink gums mouth sores, palatal items, chewing and
;o e ! scratches or ulcer, spitting, consuming
permission) of red, moist tongue ineival . 1 ¢
teeth, lips, gums with papillae, and a gimgvar recession, arge amounts o
Mouth mucé)sa t,on ue, rough a ea,rance swollen bleeding food in a short period
Neck breath a,n d vgo icé [9%) 99}%2 104] gums, redness in back  of time (binge eating),
! o of mouth/throat, oral regurgitation of
bleeding, stomach acid, iron,
oropharyngeal riboflavin, niacin,
dysphasia, halitosis, pyridoxine, vitamin
hyperactive or B12, folate, deficiency,
hypoactive gag reflex, and ketoacidosis
and hoarse voice [20,47,102,104,145]
[18,20,22,30,32,39,43,
47,63,102,104,143,144]
Discussion and
observation (with . Parotid and
- Fatty, triangular . L
explicit shape. and submandibular gland Bingeing and
patient/guardian pe pain and enlargement purging [63,147]

permission) of the

neck

unilobular [93,146]

[63,147]

84



Nutrients 2025, 17,

1449

Table 3. Cont.

Examination o Common ED-Specific . . Comments/
. Examination . - Possible Nutritional o,
Domain and . Normal Findings Examination Non-Nutritional
Technique . 1 Causes
Components Findings Causes
Distension, bloating, Gastroparesis,
nausea, fluid irritable bowel
accumulation, syndrome, celiac
flatulence, epigastric disease, Crohn’s
discomfort, extreme disease, muscle loss Antidepressant
Discussion and Flat, round, or scaphoid abdomen, and fat loss from epre
. . ! . . . medications,
observation (with scaphoid appearance,  constipation, blood in malnutrition, anti-anxiet
Abdomen explicit normal bowel stool, rectal fissure, excessive exercise, medica tion}s,
patient/guardian sounds, and minimal  reflux, hard abdomen,  superior mesenteric ; -
. . . antipsychotic
permission) of the self-reported early satiety, gastric artery syndrome, medications, and
abdomen discomfort [93,99] dilatation, laxative abuse, pelvic 4

constipation, diarrhea,
cathartic colon,
hemorrhoids, and
rectal prolapse
[18,63,81,144,148]

floor dysfunction,
binge eating, and
straining from
constipation [11,39,
44,53,63,81,143,149]

mood stabilizers

The search also identified the six principles of trauma-informed care and cultur-
ally sensitive guidelines [58,74,107-110,116]. These principles and guidelines provided
background to evaluate the panelists” qualitative open-ended feedback. After validation
through evidentiary support, the panelists” responses will also inform the future devel-
opment of trauma-informed, culturally sensitive instructional guidelines for ED-NFPE
tools [3-6,8,12,13,23,50,63,72,74-80].

2.2. Survey Development

The literature search results informed the construction of the Qualtrics survey
(Qualtrics, Provo, Utah), the “Eating Disorders Nutrition Assessment Tool” Survey (survey
is available in Supplementary Information) [150]. The survey consisted of panelist consent,
instructions, demographic and professional information, and a series of closed- and open-
ended statements organized by examination domain. An introduction and description of
each domain preceded the closed-ended statements. Each statement was designed so the
panelists could rate their agreement with the clinical relevance of the domains and com-
ponents on a 5-point Likert scale (strongly disagree, disagree, neither agree nor disagree,
agree, or strongly agree) [123,151].

An open-ended statement requesting panelist feedback for domain and component
addition, omission, or modification followed the set of closed-ended statements. Lastly,
the survey included an open-ended statement for each domain, stating, “If you feel the
(anthropometrics) domain is clinically relevant, please provide feedback on any particular
practice tools or techniques you may currently employ or would recommend promoting a
trauma-informed, culturally specific assessment. Leave blank if you prefer not to answer
or have no additional feedback”.

2.3. Survey Distribution and Panelist Recruitment

The study was conducted from May through to August 2024. Purposive sampling
was used to recruit a panel of RDN experts in ED practice. Several ED organizations
were contacted to request their members’ email addresses for study participation or to
post the study invitation on their professional discussion boards or professional interest
group online forums. The organizations included in recruitment were the Academy for
Eating Disorders (AED), the Academy of Nutrition and Dietetics (AND) Behavioral Health
Nutrition Practice Group, Eating Disorder Registered Dietitians and Professionals (EDRD
Pro), and the International Federation of Eating Disorder Dietitians (IFEDD) [117-120,152].
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Organization leaders posted an invitation to participate in an initial screening survey
on professional online forums or an invitation was directly emailed to nutrition profession-
als from these professional interest groups and ED organizations. The invitation included
a brief introduction to the research study, research team, Delphi methodology, and study
purpose. The screening survey included a brief set of questions to assess panelist eligibility.

If potential expert panelists met the criteria from the screening survey and chose to
participate, they were sent a second personalized email including a link to the survey.
Participants were informed of the time commitment of their participation. To maintain
interest and reduce the risk of attrition, participants were offered the opportunity to
participate in a raffle for a USD 50.00 Amazon e-gift card for their participation [153].

The inclusion criteria required that the expert panelists were RDNs with five or more
years of experience in ED treatment or held an advanced practice credential through the
International Association of Eating Disorders Professionals (IAEDP), with a minimum of
2500 supervised hours of work in the ED field [152]. Experts were not required to have
advanced training in trauma-informed care. Although panelist group size can vary in
Delphi studies, the study sought to recruit 20 or more panelists [123].

2.4. Ethics

The Rutgers University Institutional Review Board approved the study protocol and
consent for panelists” screening and participation (Pr02023002454). The authors followed
the recommended Conducting and Reporting of Delphi Studies (CREDES) guidelines
outlined by Jiinger and colleagues and the Reporting guidelines for Delphi techniques in
health sciences: A methodological review by Spranger et al. [154,155]. The panelists were
informed that their demographic information and survey responses would be de-identified.
Their anonymous responses would be included in future rounds for other panelists to
review [156].

2.5. Survey Process

Round One included study background information, panelist consent, instructions,
and demographic and professional information. The panelists were instructed to respond
to statements about the clinical relevance of the nine ED-NFPE domains and 46 components
within these domains by rating their agreement with the statements on a 5-point Likert
scale [123,151]. The panelists were also given the option to provide feedback for domain
and component addition, omission, modification, and practice tools or techniques they
may currently employ or recommend to promote a trauma-informed, culturally specific
ED-NFPE.

The panelists were required to complete and return their Round One survey via email
within three weeks. After Round One data collection and analysis, the panelists were
provided with a summary of their responses, mean group responses, and all other panelists’
de-identified responses to open-ended statements to permit the panelists to compare their
responses to other panelists’ responses and revise them if desired. The panelists were given
another week to review and revise their responses if desired. The round then closed, and a
final data analysis was conducted to determine if consensus was achieved on any domains
and components. Open-ended qualitative responses were reviewed for potential additions,
omissions, modifications, and approaches. Survey items from Round One that the panelists
added were verified through an additional literature review and added based on the results
of a review of evidence. Feedback on a trauma-informed, culturally sensitive approach was
analyzed for shared content. These comments will be evaluated for evidentiary support in
future studies.
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Round Two followed the same sequence as Round One. Items from Round One that
achieved consensus were visible to the panelists in Round Two but were closed for further
comments. Round Two contained statements that did not reach consensus in Round One
and statements for the two additional components recommended by the panelists. As
in Round One, the panelists were provided with a results summary and the opportunity
to review and revise their responses if desired. Of the 48 final components, 46 reached a
consensus after Round Two. There was no upward scoring trend for the additional two
components in Round Two. It was, therefore, determined by the research team that a
third round was not indicated. The results of Round Two determined a final consensus on
domains, components, and approaches.

2.6. Data Analysis

IBM SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0.
Armonk, NY, USA: IBM Corp.) was used for data analysis [157]. Descriptive statistics
(frequency and percentage) were used for panelist demographic information. The results for
the clinical relevance of the ED-NFPE domains and components are reported as means and
standard deviations (SDs). All research team members systematically read, hand-coded,
and performed content analysis on the data from the qualitative responses to identify
patterns in certain concepts or themes [122]. Based on previous Delphi studies on NFPE
development, mental health, and ED practice, consensus was defined a priori as >75% of
panelists answering “neither agree nor disagree”, “agree”, or “strongly agree” using the
5-point Likert scale, or as a rank of 4 + 1 SD for each domain or component [65,151,158-160].

3. Results
3.1. Panelists

In total, 22 of the 44 panelists who participated in the eligibility screening survey
met the eligibility criteria, consented to participate, and completed Round One (Table 4).
Ninety-five percent identified as female. All panelists were 30 years old or older. Two-
thirds had ten or more years of experience in ED dietetics. Fourteen worked thirty or more
hours per week. Most panelists worked in an outpatient clinic or private practice. Three
panelists were employed in a partial hospitalization program (PHP), intensive outpatient
program (IOP), or “other” setting. All panelists were RDNs, with 50% holding an advanced
practice credential from IAEDP. In the demographics portion of the survey, the panelists
were not asked which country they lived in. They were, however, recruited from several
international professional organizations, including IAEDP and IFEDD. Eighteen panelists
completed Round Two (82% retention).

Table 4. Demographics and professional characteristics of eating disorder dietitian expert panelists.

Variable (N = 22) n %
Gender

Female 21 95.5
Age

30-39 7 31.8
40-49 5 22.7
50+ 9 40.9
Years Employed in Eating Disorders Dietetics

5-9 years 7 31.8
10-14 years 3 13.6
15 years or more 12 54.5
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Table 4. Cont.

Variable (N = 22) n %
Professional Practice Status
Full-time (>30 h/week) 14 63.6
Part-time (<29 h/week) 6 27.3
Other 2 9.1
Eating Disorders Treatment Setting Where Employed
Outpatient Clinic or Private Practice 19 86.4
Other 3 13.6
Nutrition Profession
Registered Dietitian Nutritionist 22 100.0
International Association of Eating Disorders Professionals (IAEDP) Accreditation
Yes 11 50.0
No 11 50.0
IAEDP Advanced Practice Credential
Certified Eating Disorder Specialist (CEDS) 6 27.3
Certified Eating Disorder Specialist-Consultant (CEDS-C) 5 22.7

3.2. Round One

All nine domains (100%) and 44 of 46 components (95.6%) achieved consensus in

Round One (Table 5). Two components, “BMI” and “measuring weight when weight

restoration is not a treatment goal”, did not reach consensus.

Table 5. Round One domains” and components’ clinical relevance, consensus determination.

. s Clinical Relevance Standard Frequency (%)

Domains and Components of Examination Group Mean (N = 22) Deviation Rating 3 to 5 Consensus
Domain 1 Anthropometrics 4.55 0.51 100.0 yes
Components A1-A6 Anthropometrics
Al BMI 2.59 1.30 59.0 no
A2 Measuring height and growth trajectory 4.95 0.21 100.0 yes
A3 Measuring weight when weight restoration is a goal 4.68 0.57 100.0 yes
A4 Di;‘.cussing weight. changes, quy %mage, and weight 468 0.48 100.0 yes
experiences when weight restoration is a goal
A5 Measuring weight when weight restoration is not a goal 2.00 0.93 227 no
A6 D1§cu551ng we1ght. changes, quy image, and weight 386 1.39 773 yes
experiences when weight restoration is not a goal
Domain 2 General Survey, Cognition, and Neuropsychiatric 495 021 100.0 yes
Symptoms
Components G1-G3 General Survey, Cognition, and
Neuropsychiatric Symptoms
G1 General Survey Assessment 4.95 0.21 100.0 yes
G2 Cognitive Assessment 4.82 0.40 100.0 yes
G3 Neuropsychiatric Symptoms Assessment 4.86 0.35 100.0 yes
Domain 3 Vital Signs 4.86 0.35 100.0 yes
Components V1-V5 Vital Signs
V1 Discussing vital signs and symptoms 491 0.29 100.0 yes
V2 Measuring blood pressure 4.60 0.73 100.0 yes
V3 Measuring orthostatic blood pressure 4.82 0.50 100.0 yes
V4 Measuring heart rate using radial pulse 4.73 0.55 100.0 yes
V5 Measuring temperature 4.09 115 86.3 yes
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Table 5. Cont.

Domains and Components of Examination GSLT;CK/}:::?&aS?Z) Stea:zril:tai?rll Flgix?;egn;{(:?) Consensus
Domain 4 Bone Loss and Injury, Body Fat, and Muscle Stores 4.62 (n=21) 0.59 100.0 (n =21) yes
Components B1-B5 Bone Loss and Injury, Body Fat, and Muscle

Stores

B1 Discussing bone health 4.77 0.43 100.0 yes
B2 Discussing body fat changes 3.64 1.22 773 yes
B3 Observing body fat changes 3.77 1.11 86.4 yes
B4 Discussing body muscle changes 4.05 0.95 90.9 yes
B5 Observing body muscle changes 4.14 0.89 90.9 yes
Domain 5 Hydration Status 4.81 (n=21) 0.40 95.2 (n=21) yes
Components H1-H8 Hydration Status

H1 Discussing dehydration signs and symptoms 4.68 0.65 100.0 yes
H2 Observing dehydration signs and symptoms 4.86 0.35 100.0 yes
H3 Discussing overhydration signs and symptoms 4.59 0.67 100.0 yes
H4 Observing overhydration signs and symptoms 4.73 0.46 100.0 yes
H5 Discussing abdominal edema signs and symptoms 418 091 100.0 yes
H6 Observing abdominal edema signs and symptoms 4.41 0.80 100.0 yes
H?7 Discussing peripheral edema signs and symptoms 4.36 0.79 100.0 yes
H7 Observing peripheral edema signs and symptoms 4.55 0.67 100.0 yes
Domain 6 Skin, Hands, and Nails 441 0.67 100.0 yes
Components S1-S4 Skin, Hands, and Nails

S1 Discussing skin and hands 4.27 0.70 100.0 yes
S2 Observing skin and hands 4.36 0.79 100.0 yes
S3 Discussing nails 4.18 0.73 100.0 yes
S4 Observing nails 432 0.78 100.0 yes
Domain 7 Hair, Eyelashes, Eyebrows, and Eyes 423 0.87 95.5 yes
Components E1-E6 Hair, Eyelashes, Eyebrows, and Eyes

E1 Discussing hair 427 0.63 100.0 yes
E2 Observing hair 4.27 0.83 95.2 yes
E3 Discussing eyebrows and eyelashes 3.59 1.01 86.4 yes
E4 Observing eyebrows and eyelashes 3.82 1.14 86.4 yes
E5 Discussing eyes 3.95 0.90 100.0 yes
E6 Observing eyes 4.18 0.96 95.5 yes
Domain 8 Intraoral, Extraoral, and Neck 414 1.08 86.4 yes
Components O1-06 Intraoral, Extraoral, and Neck

O1 Discussing intraoral 4.05 0.90 95.5 yes
02 Observing intraoral 3.91 111 86.4 yes
O3 Discussing extraoral 3.95 1.00 90.9 yes
04 Observing extraoral 4.00 1.20 81.8 yes
O5 Discussing neck 3.95 0.79 100.0 yes
06 Observing neck 4.14 0.89 95.5 yes
Domain 9 Abdomen (Gastrointestinal) 4.86 0.35 100.0 yes

89



Nutrients 2025, 17, 1449

Table 5. Cont.

Domains and Components of Examination Gflrgcﬁiiiﬁa:(;z) Stea:zril:tai?rll Flgea(zil:legn;);(:?) Consensus
Components G1-G3 Abdomen (Gastrointestinal)

G1 Discussing gastrointestinal signs and symptoms 4.82 0.40 100.0 yes

G2 Discussing abdomen 4.50 0.67 100.0 yes

G3 Observing abdomen 4.09 1.11 86.4 yes

BMI—body mass index.

Several panelists recommended two new components. These components, “capillary
refill time” and “grip strength”, were reviewed for evidentiary support through a literature
search and added to the Round Two survey in the “vital signs” and “bone, body fat, and
muscle” domains, respectively.

From the open-ended statements, the panelists provided feedback for revisions, stating
that the discussion and observation of components should be case-dependent and carefully
considered and timed because of the topic sensitivity and to prevent the reinforcement
of eating disorder cognitions. Additionally, the panelists suggested that other treatment
providers should perform some measurements, observations, and discussions, especially if
the RDN performs telehealth treatment. Several panelists felt that they needed additional
training to assess and interpret some component findings.

The panelists were also asked to provide feedback, based on their extensive experience,
on practice tools to promote a trauma-informed, culturally specific approach to examination
components. Through hand-coding, frequently mentioned responses emerged (Table 6).

Table 6. Rounds One and Two feedback for trauma-informed, culturally sensitive techniques.

Domain

Feedback *

Anthropometrics

The RDN should ask the patient for permission before weighing them, assess their fears about being weighed,
and discuss with the patient whether they (the patient) should be informed of their weight or if a blind weight
(where the patient does not know the number) should be performed.

i

When exact numbers may be triggering, the RDN should use phrasing like “up, down, the same”, “moving in

the right direction”, or “on target”.

The RDN should convey to the patient that weight is only one component of the overall assessment and not
the sole determinant of their health.

The RDN should adopt a weight-inclusive approach when discussing concerns about body image.
Individuals, especially those with larger bodies and those who may have a history of weight-related

emotional stress, weight bias, and weight shaming or bullying, should be permitted to provide consent for
any discussion about weight, shape, size, weight history, and body image.
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Table 6. Cont.

Domain

Feedback *

General Survey, Cognition, and
Neuropsychiatric Symptoms

Neuropsychiatric symptoms could lead to feelings of being misunderstood and potentially be harmful to
some patients, particularly individuals who are neurodivergent. Therefore, this domain would need to be
neuro-affirming.

While asking the patient questions about these symptoms, the RDN should observe the patient’s ability to
process and respond to questions or statements.

The RDN should discuss social connection, the patient’s willingness and ability to engage in everyday social
activities (after-school activities, friend gatherings, church, family gatherings, etc.), and the frequency of
“meltdown/shutdown” experiences in clients with autism spectrum disorders.

All components in this domain should consider the involvement of environmental factors like trauma. By
considering non-nutrition contributors, the effect of the patient’s nutritional status on cognitive and
neuropsychiatric symptoms and changes may be more accurately determined.

Vital Signs

The RDN should inform the patient of each component and explain how and why it will be performed. The
patient should provide consent before any vital sign tests are conducted.

The RDN should assess the patient’s comfort level and reassure them of their autonomy and safety.

Blood pressure cuffs should be sized appropriately to accommodate individuals of all sizes and prevent
potential traumatization.

The RDN may ask the patient to perform some of these tests independently if the patient prefers to do so.
RDNSs who prefer not to perform these components or choose not to touch their patients (radial pulse and

blood pressure) can ask the patient to have their medical provider perform them and share the results with
the RDN.

Bone Loss and Injury, Body Fat,
and Muscle Stores

The RDN should only conduct discussions with patients in this domain if relevant to ED recovery.

Discussions should honor the patient’s experience, autonomy, and safety, and each topic should be
approached with consent and at a pace that meets the person where they can engage in the conversation.

Body fat discussions can be re-traumatizing for some individuals with EDs. The clinical relevance of
discussions on body fat and muscle should outweigh the patient’s distress.

Assessment results should be considered in the context of family frame size and body type.
When weight restoration and nutrition rehabilitation are necessary, body fat and muscle changes should be
discussed before changes occur to help the patient understand what to expect during the nutritional

rehabilitation process.

Because the topics of body fat and body muscle are sensitive topics for individuals with EDs, discussions
should be case-dependent and primarily used when the loss of body muscle and fat is a concern.

Discussion may be more relevant than observation (with specific exceptions such as orbital fat stores)

The RDN could provide body fat and body muscle information as a component of exposure therapy, but must
be mindful not to reinforce ED cognitions.

Due to anti-fat bias, conversations regarding fat stores may be more sensitive than discussions on muscle or
bone health.

The RDN should limit feedback on the patient’s body appearance but provide general education about the
importance of adequate body stores.
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Table 6. Cont.

Domain

Feedback *

Hydration Status

The RDN should screen for body dysmorphia before inquiring about swelling in the abdomen and ankles.

Because “water loading” is common before a patient is weighed, the RDN should ask the patient to use the
restroom before the weigh-in.

Skin, Hands, and Nails

Due to skin and nail quality variations among individuals of various races and ethnicities, the RDN should
not make assumptions about a patient’s “normal” skin and nail quality. The RDN should initiate a thoughtful
discussion of nail and skin changes to assure cultural competence.

The RDN should be clear and thoughtful before observing components in this domain so that the patient feels
safe and autonomous. The RDN should also discuss the context for the assessment and ask for explicit
permission to observe the patient’s skin or hands before the evaluation.

Hair, Eyelashes, Eyebrows, and
Eyes

To assess TGNC patients, the RDN should be educated on the principles of gender-affirming care and the
potential physical changes associated with gender transition.

For patients who have difficulty making eye contact (neurodiversity or trauma), the RDN should not require
the patient to make eye contact during an eye assessment.

Intraoral, Extraoral, and Neck

The RDN must be highly skilled and keenly aware of the possible adverse emotional response to this type of
assessment because intraoral and extraoral areas are potentially personal and private areas of the body,
especially in patients with a trauma history.

Skin color can impact mucous membrane and gingiva color; therefore, to ensure cultural competence, the
RDN should not make assumptions about a patient’s “normal” mucous membrane and gingiva color but
should ask them what is “normal” for them.

Abdomen (Gastrointestinal)

The RDN should include open-ended questions that permit discussions of race-specific or family-specific
gastrointestinal conditions or predispositions.

The RDN should listen sensitively to patients’ concerns about their abdominal or gastrointestinal issues, even
if the problem is not physiologically based.

The RDN should be aware that functional gastrointestinal issues are common in patients with EDs, and some
patients with functional gastrointestinal disorders may have a history of sexual trauma.

ED—eating disorder, RDN—registered dietitian nutritionist, TGNC—transgender and gender non-conforming,
* Feedback was extracted and paraphrased (not verbatim).

Each panelist was emailed a feedback form and could revise their ratings and re-

sponses by requesting a new survey link. Two panelists (9%) requested a new survey link
and revised their responses.

3.3. Round Two

The statements that did not achieve a consensus on clinical relevance in Round One,
body mass index (BMI) and “measuring weight when weight restoration is not a treat-
ment goal” did not achieve consensus in Round Two (Table 7). The responses (N = 18)
for these components remained low, with a frequency rating of <55.6%. The two newly
recommended components, “assessing capillary refill rate” and “measuring grip strength”,
achieved consensus, with frequency ratings of 88.9% and 100.0%, respectively. No addi-
tional additions, omissions, or revisions were suggested. Several new comments for a
trauma-informed, culturally sensitive approach were offered, while various comments
from Round One were re-stated in Round Two (Table 6).
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Table 7. Round Two domains’ and components’ clinical relevance, consensus determination.

Clinical Relevance

Domains and Components of Examination Group Mean (N = Star.lda.rd Freq.u ency (%) Consensus
18) Deviation Rating 3 to 5
Domain 1 Anthropometrics
Components A1, A5 Anthropometrics
A1l BMI 2.78 1.57 55.5 no
A5 Measuring weight when weight restoration is not a goal 2.83 1.04 55.6 no
Domain 3 Vital Signs
Component V6 Vital Signs
V6 New Component:
Assessing capillary refill rate 3.67 114 88.9 yes
Domain 4 Bone Loss and Injury, Body Fat, and
Muscle Stores
Component B6 Vital Signs
56 New Component: 3.50 0.99 100.0 yes

Measuring grip strength

BMI—body mass index.

As in Round One, the panelists were emailed personalized feedback forms and offered
the opportunity to revise their responses. No panelists requested a new survey link for
response revision.

At the end of Round Two, all nine assessment domains (100.0%) and 46 of the
48 (95.8%) final components achieved clinical relevance consensus with no ascendant
response change in Round Two for the two remaining components, indicating no need for
a third survey round. The research team evaluated the results and closed the study.

3.4. Domain 1—Anthropometrics

All panelists determined that Domain 1 was clinically relevant in an ED-NFPE (100%,
n =22). The panelists endorsed measuring height and growth trajectory using growth charts
in children and adolescents and using BMI when plotting it against their growth curve,
considering pubertal stage, family heritage, family eating patterns, and other medical and
psychological considerations. Clarification was provided in Round Two that measurements
in this domain and others could either be performed by the RDN or obtained by another
clinician, shared with the RDN, and discussed with the patient in the nutrition assessment.
The panelists proposed assessing medical conditions or medications that could affect
weight and nutrient needs for all patients.

Panelist Feedback

In the open-ended statement where panelists could provide practice techniques pro-
moting a trauma-informed, culturally specific assessment, multiple panelists recommended
asking the patient for permission before weighing them, assessing their fears about being
weighed, and discussing with the patient whether they (the patient) should be informed of
their weight or if blind weighing (where the patient does not know the number) should
be performed. When exact numbers may be triggering, the panelists recommended that
the RDN use phrasing like “up, down, the same”, “moving in the right direction”, or
“on target”. The panelists also suggested that the RDN convey to the patient that weight
is only one component of the overall assessment and not the sole determinant of their

health. Individuals, especially those with larger bodies and those who may have a history

93



Nutrients 2025, 17, 1449

of weight-related emotional stress, weight bias, and weight shaming or bullying, should be
permitted to provide consent for any discussion about weight, shape, size, weight history,
and body image.

3.5. Domain 2—General Survey, Cognition, and Neuropsychiatric Symptoms

Domain 2 and its three components were unanimously rated as clinically relevant
(100%, n = 22). The panelists recommended having access to other clinicians to provide
additional details for the general survey, cognition, and neuropsychiatric symptom assess-
ment. Some panelists suggested that other qualified professionals conduct this domain and
that the results be shared with the RDN. The panelists indicated that in addition to asking
the patient if they are taking medication regularly and as prescribed, they should ask if
they have been prescribed any medication that they may not be taking as prescribed, as
this might impact neuropsychiatric symptoms.

Panelist Feedback

The panelists stated that neuropsychiatric symptoms could lead to feelings of being
misunderstood and potentially be harmful to some patients, particularly individuals who
are neurodivergent. Therefore, this domain would need to be neuro-affirming. Additionally,
the panelists suggested that the RDN should observe the patient’s ability to process and re-
spond to questions or statements while asking the patient questions about these symptoms.
To be accurately assessed, multiple panelists believed that all components in this domain
should consider the involvement of environmental factors like trauma. By considering
non-nutrition contributors, the effect of the patient’s nutritional status on cognitive and
neuropsychiatric symptoms and changes may be more accurately determined.

3.6. Domain 3—Vital Signs

Vital signs achieved consensus (n = 22), with a 100% frequency rating. Four of the
five components were unanimously rated as clinically relevant and achieved a consensus
(100%, n = 22). Assessing capillary refill rate was added to the Round Two survey based on
the panelist recommendations and additional literature review, and consensus (88.9%) was
reached for clinical relevance. In addition to obtaining vital signs in a nutrition examination,
several panelists recommended acquiring baseline, historical, or “normal” values from
other treatment providers.

Panelist Feedback

The panelists suggested that the patient be informed of each component, how and
why it will be performed, and that consent be provided before conducting any vital sign
tests. The panelists stressed the importance of assessing the patient’s comfort level and
giving reassurance about their autonomy and safety. According to the panelist feedback,
blood pressure cuffs should be sized appropriately to accommodate individuals of all sizes
and prevent potential traumatization. If preferred, the panelists proposed that the RDN
may ask the patient to perform some of these tests independently or have them performed
by a medical clinician and shared with the RDN. The panelists mentioned that RDNs
who choose not to touch their patients can also ask a medical provider to measure blood
pressure and heart rate.

3.7. Domain 4—DBone Loss and Injury, Body Fat, and Muscle Stores

This domain achieved consensus among all panelists (100%, n = 21). All five compo-
nents achieved consensus, with frequency ratings between 77.3% and 100%. One panelist
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recommended an additional component, measuring grip strength. This component was
added to Round Two and achieved consensus, with a frequency rating of 100% (n = 18).

The panelists recommended that the RDN observe and discuss any concerning changes
during each session (e.g., muscle wasting, facial fat loss, etc.), not solely during the exami-
nation. The panelists affirmed that grip strength is an easily measured, non-invasive tool to
assess malnutrition and can demonstrate muscle loss without emphasizing weight, shape,
or body fat.

Panelist Feedback

The panelists recommended only conducting discussions with patients in this domain
if relevant to ED recovery. According to the panelists, discussions should honor patients’
experience, autonomy, and safety, approaching each topic with consent and at a pace that
meets the person where they can engage in the conversation. Body fat discussions can be
re-traumatizing for some individuals with EDs. The clinical relevance of discussions on
body fat and muscle should outweigh a patient’s distress. The panelists suggested that
the RDN limits feedback on the patient’s body appearance but provides general education

about the importance of adequate body stores.

3.8. Domain 5—Hydration Status

Hydration status achieved consensus (n = 21), with a 95.2% frequency rating. The
discussion and observation of signs and symptoms of dehydration, overhydration, and
abdominal and peripheral edema achieved unanimous consensus (n = 22), with a 100%
frequency rating. There was some concern about the panelists” inexperience in performing
edema assessments and when providing telehealth; therefore, the panelists suggested that
a medical provider perform the edema assessment. To assess objectivity, the panelists
recommended screening for body dysmorphia before inquiring about edema.

Panelist Feedback

The panelists recommended screening for body dysmorphia before inquiring about
swelling in the abdomen and ankles. Because “water loading” is common before a patient
is weighed, the panelists suggested asking the patient to use the bathroom to urinate just
before being weighed.

3.9. Domain 6—Skin, Hands, and Nails

This domain and its four components achieved unanimous consensus (100%,
n = 22). Several panelists stated that RDNs could make clinically relevant observations
in this domain, but may need additional training to detect signs and symptoms specific
to EDs.

Panelist Feedback

Due to skin and nail quality variations among individuals of various races and ethnic-
ities, the panelists suggested that the RDN should not make assumptions about a patient’s
“normal” skin and nail quality. According to the panelists, the RDN should initiate a
thoughtful discussion of nail and skin changes to ensure cultural competence. To be
trauma-informed, the panelists stated that the RDN should be very clear and thoughtful
before observing these components so that the patient feels safe and autonomous. The
RDN should also discuss the context for the assessment and ask for explicit permission to
observe the patient’s skin or hands before the evaluation.
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3.10. Domain 7—Hair, Eyelashes, Eyebrows, and Eyes

This domain achieved consensus, with a 95.5% frequency rating. The six components
achieved clinical relevance consensus, with frequency ratings between 86.4% and 100%.
In addition to the RDN’s assessment, the panelists suggested that the patient’s perception
of hair changes (including eyelashes and eyebrows) may also be clinically relevant. The
panelists recommended that the RDN ask the patient if they take medications that might
impact eye health.

Panelist Feedback

To assess transgender and gender non-conforming (TGNC) patients, the panelists
recommended that the RDN be educated on the principles of gender-affirming care and
the potential physical changes associated with gender transition. According to the pan-
elist recommendations, for patients who have difficulty making eye contact (neurodiver-
sity or trauma), the RDN should not require the patient to make eye contact during an
eye assessment.

3.11. Domain 8—Intraoral, Extraoral, and Neck

The intraoral, extraoral, and neck domain and its six components achieved consensus,
with frequency ratings between 86.4% and 100%. The panelists agreed that several critical
micronutrient deficiencies are easily visible on the tongue and gingiva and suggested
assessing chewing and swallowing issues.

The panelists were more comfortable assessing extraoral versus intraoral changes and
more willing to discuss them without observing them. Several panelists stated that medical
and dental providers should perform these assessments and share the results with the RDN.
RDNSs should, however, observe the parotid glands.

Panelist Feedback

The panelists stated that intraoral and extraoral areas are potentially personal and
private areas of the body, especially in patients with a trauma history. Therefore, the
RDN must be highly skilled and keenly aware of a possible adverse emotional response
to this type of assessment. Skin color can impact mucous membrane and gingiva color;
therefore, according to the panelists, the RDN should not make assumptions about a
patient’s “normal” mucous membrane and gingiva color. The RDN should also ask the
patient questions to ensure cultural competence.

3.12. Domain 9—Abdomen (Gastrointestinal)

This domain achieved unanimous consensus (100%, n = 22). The three components
within this domain also achieved consensus (86.4-100%). Several panelists stated they
would feel comfortable discussing abdominal and gastrointestinal symptoms, but would
not observe the abdomen. They would refer the patient to a medical provider and request
that they share the results.

Panelist Feedback

The panelists recommended including open-ended questions that permit discussions
of race-specific or familial-specific gastrointestinal conditions or predispositions. They also
suggested listening sensitively to patients” concerns about their abdominal or gastrointesti-
nal issues, even if the problem is not physiologically based. According to the panelists,
RDNs should be aware that functional gastrointestinal issues are common in patients with
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EDs, and some patients with functional gastrointestinal disorders may have a history of
sexual trauma.

4. Discussion

Individuals with EDs can experience unique, often life-threatening nutrition-related
complications [16,20,21,39,57]. The early detection of these complications and a swift
nutrition care plan implemented by an RDN are essential components of treatment [27].
Because the traditional NFPE may not thoroughly capture ED-specific nutrition-related
complications, an ED-NFPE tool designed to detect these findings could improve the
overall nutrition assessment and help to inform treatment [99].

The results of two similar studies indicate the need for disease-specific and population-
specific NFPE tools for new and experienced RDNs in various specialties [159,160].
A modified Delphi study was conducted in 2022 by Pike et al. to establish a consensus on
the components of the traditional NFPE that would be clinically relevant for detecting the
nutrition-related conditions seen explicitly in athletes [159]. In 2023, a modified Delphi
study was conducted by Bathgate et al. to examine the need for a modified pediatric NFPE
tool specific for infants and children with bronchopulmonary dysplasia (BPD) [160].

In this study, 22 RDN panelists in Round One and 18 in Round Two found the
nine ED-NFPE examination domains and 46 of 48 domain components to be clinically
relevant for incorporation into an ED-NFPE. Primary ED-NFPE techniques of discussion
and observation (with explicit patient permission) were proposed in the place of inspection,
palpation, percussion, and auscultation, the traditional NFPE techniques. By conducting a
less “invasive” examination, the RDN can assess nutrition-related complications adeptly
while ensuring patient autonomy and safety and respecting religious and cultural rules
and preferences. The results indicated that the expert panelists predominantly supported
these examination techniques.

A unique feature of this study was the qualitative panelist feedback provided for
trauma-informed, culturally sensitive practice techniques. The RDN panelists recognized
potential trauma and its impact on an individual’s treatment experience. They provided
qualitative responses to minimize the risk of inadvertent re-traumatization and optimize
treatment adherence and outcomes [9,110,116].

The panelists also provided numerous suggestions for providing a culturally sensitive
NFPE, including maintaining a weight-inclusive treatment approach, assessing a patient’s
comfort level around weight and body image, and conveying that weight is not the sole
determinant of health (state vs. weight) [161].

Although the NFPE is an assessment tool used by RDNs in various clinical settings and
performed on numerous patient populations, a common theme in the panelists’ comments
was a lack of comfort in performing some examination techniques in several domains. Some
panelists stated they would feel comfortable discussing but not observing (i.e., abdominal
and intraoral) specific symptoms and observing but not discussing (body fat and muscle)
others. They would prefer that a medical provider perform some examination components
and share the results with the RDN. The panelists also felt that they needed more training
to perform some examination components. Lastly, the panelists who performed telehealth
expressed limitations regarding what examination components they could perform.

4.1. Strengths and Limitations

Although the selection of domains and components for the ED-NFPE was based
on an extensive literature search, a limitation of this study is that the researchers may
have unintentionally introduced bias in statement wording and the choice of ED-specific
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domains and examination techniques. RDN panelists unfamiliar or uncomfortable with
the domains and components may have introduced bias into their survey responses,
and their answers may have been influenced by their personal or professional bias [125].
Although all panelists had wide-ranging experience in ED care, it was unclear if they
had extensive experience in trauma-informed care or exhibited cultural, racial, or other
forms of diversity, possibly introducing bias into their responses. Detailed narratives
preceded survey statements. However, the panelists may not have completely understood
the statements, and an opportunity for statement clarification was only made available in
the following round (Round Two) [65].

Another limitation was that consensus cutoffs included neutral ratings. “Neither
agree nor disagree” responses may not have indicated that the panelists supported the
statement. Lastly, while panelist group size varies between 10 and 100 in most published
Delphi studies, a limitation of this study is the panelist group size of 22 [123].

A significant strength of this study is that consensus was achieved in all nine domains
and 46 of the final 48 components. Another strength and core objective of the study is the
extensive qualitative feedback that the panelists provided in all domains. The retention rate
was high, with 22 panelists in Round One and 18 panelists in Round Two (81.8% retention).

4.2. Implications of Findings

A thorough trauma-informed, culturally sensitive ED-NFPE tool will close the gap in
ED patient care by enabling RDNs to skillfully conduct detailed, comprehensive nutrition
assessments of individuals in this population. An ED-NFPE could be utilized at the
onset and throughout treatment to evaluate changes in nutritional status during the re-
nourishment and recovery process. RDNs could use this tool at the individual outpatient
level of care through to the acute inpatient treatment level.

RDN s in various clinical and non-clinical settings and those with limited ED expertise
could use an ED-NFPE tool as a resource to help identify potential ED-related nutritional
findings, provide appropriate treatment referrals, and improve patient care.

Several factors, including a lack of experience or knowledge of the NFPE, time con-
straints, and a lack of confidence, autonomy, and training, may limit RDNs” use of the
NFPE [162,163]. Formal NFPE training for general practice RDNs, RDNs in ED care, and
students enrolled in accredited dietetics programs could provide ample knowledge and
hands-on experience to remove potential barriers to conducting comprehensive disease-
specific or population-specific nutrition examinations, such as an ED-NFPE [164].

5. Conclusions

In-depth ED-specific assessments and multidisciplinary treatment are vital to reduce
or eliminate ED behaviors and minimize, eliminate, or reverse potential nutrition-based
medical complications [3]. The RDN is a crucial treatment team member at every level of
care [3,27]. To provide optimal ED nutrition care, evidence-based standards and guidelines
must be developed for RDNs. The results of this study show that a trauma-informed,
culturally competent ED-NFPE tool can not only improve the nutrition assessment of
individuals with EDs, but can potentially improve the overall patient experience.

Future studies can build on this study’s results to develop and validate ED-NFPE
tool components and evidence-based guidelines for their use, explore the tool’s impact on
patient outcomes, and obtain patient feedback on the examination experience. The further
development and validation of an ED-NFPE tool and professional NFPE training for RDNs
will help to direct nutrition interventions and improve patient outcomes.
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Abstract: Background/Objectives: Studying non-pathological determinants of body im-
age (BI) among adult women is essential to provide a holistic understanding of the factors
that shape Bl and thus to promote positive mental health, support tailored interventions,
address societal impacts, and ultimately facilitate women’s healthier relationships with
their bodies. The data available on this particular topic are sparse. The importance of BI
for well-being prompted the authors to study its relationships with sociodemographic
(age, education level, professional, marital, material status), morphological (body mass
index—BMI) and behavioural (habitual physical activity) variables. Methods: A cross-
sectional study of a cohort of 740 volunteer women was conducted with the one-time
measurement of the dependent variables—individual components of Bl—using the stan-
dard Body Esteem Scale (BES) questionnaire. Results: The BMI was a factor differentiating
all domains of the BES. Among the analysed sociodemographic variables, intergroup
comparisons showed significant effects of education and material status in the following
BES domains: sexual attractiveness and weight concern. The physical condition domain
showed differences between the categories of professional and material status. The level of
physical activity differentiated respondents in the domains of weight concern and physical
condition. Conclusions: Adult women are generally critical about their bodies. A factor
that adversely affects the BES is an excessive BMI. Sociodemographic factors influence BI
to a lesser degree. Physical activity shows a correlation with the BES domain of physical
condition, particularly among young women.

Keywords: body image; physical activity; self-esteem

1. Introduction

Body image (BI) is a multidimensional construct encompassing an individual’s per-
ceptions of and attitudes towards their own body, including its physical appearance and
functional aspects [1,2]. In simpler terms, it refers to “the picture we have in our minds of
the size, shape, and form of our bodies” [3]. Body image can change over time, influenced
by various factors, such as individual, biological, social, cultural, and historical elements,
which exert differing levels of impact at different periods. The diversity of influences on
BI has led to the development of various conceptualisations of the term. However, the
synthesis of these approaches suggests that Bl’s multidimensional nature encompasses
perceptual, affective, and behavioural dimensions [4,5].

Nutrients 2025, 17, 424 107 https://doi.org/10.3390 /nu17030424



Nutrients 2025, 17, 424

Body image also encompasses attitudes and interactions with others. A common
stereotype links physical attractiveness with positive personal traits, a perception not lim-
ited to Western culture but prevalent worldwide [6]. Researchers adopting a sociocultural
approach suggest that cultural values shape the perception of others according to prevailing
standards of attractiveness and associated expectations. This perception of others, in turn,
influences how individuals view themselves [7].

Body image can take on either a positive or negative nature. Positive Bl involves an
individual valuing their uniqueness, showing affection for their body, and respecting it [8,9].
Such individuals also accept aspects of their appearance that do not conform to socially im-
posed standards [10-12]. Body acceptance is strongly linked to overall self-esteem [13-15].
From an interpersonal perspective, empirical studies indicate that individuals with positive
BI tend to associate with people who accept their bodies and exhibit a positive attitude
towards them [16]. Conversely, negative Bl is associated with psychological distress [17].
Its documented consequences extend beyond a diminished perception of physical attrac-
tiveness [18] to include low overall self-esteem [19], symptoms of depression [20], sexual
dysfunction [21], and eating disorders [19,22,23]. It is understood that the development of
negative Bl results from the interplay between individual personality traits and sociocul-
tural influences [17,24].

In modern times, the media exerts significant pressure in terms of shaping BI, of-
ten promoting slender figures. This can create challenges for individuals who perceive
themselves as differing from these ideals [25-30]. As Bl is a key element of self-identity,
feelings about one’s body can profoundly influence how individuals perceive themselves
and their capabilities [31]. It has a notable impact on self-esteem, quality of life, and overall
well-being [32-34].

The literature review highlights a predominant focus among researchers on the nega-
tive aspects of BI, often linked to various diseases, disorders, or adverse social conditions.
In contrast, the positive dimensions of BI and its associations with non-pathological fac-
tors are explored less frequently, despite their significant relevance to women’s mental,
emotional, and physical well-being. Women with positive Bl are more likely to experience
higher self-esteem, reduced anxiety, and greater overall life satisfaction. Additionally,
positive BI fosters resilience against societal pressures, unrealistic beauty standards, and
age-related physical changes, enabling women to embrace their individuality and feel
confident across different areas of life [8,10-14]. Given the importance of Bl and its complex
relationships with well-being, general functioning, and quality of life, it is vital to examine
Bl in relation to sociodemographic (e.g., age, education level, professional, marital, and ma-
terial status), morphological (e.g., body mass index—BMI), and behavioural (e.g., physical
activity) variables.

2. Materials and Methods
2.1. Design

This was a cross-sectional study, categorising participants according to their habitual
physical activity, body mass index (BMI), age, educational level, and professional, marital,
and material status. The cohort consisted of 740 volunteer women. Dependent variables—
individual components of BI, namely sexual attractiveness, weight concern, and physical
condition—were assessed through one-time measurement using the standardised Body
Esteem Scale (BES) questionnaire (Figure 1).
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Figure 1. Flowchart depicting the consecutive stages of the procedure.

2.2. Participants

A total of 1012 women were recruited for the study, and 740 completed questionnaires
(73%) meeting the completeness criteria were collected. Participants were recruited from
the Silesian Voivodship in Southern Poland. The study employed a convenience sampling
method: trained recruiters provided information to individuals within their networks—
family, friends, student groups, colleagues, and members of fitness or sports clubs—and
requested their email addresses. Links to the research questionnaires were subsequently
sent to these addresses. This approach ensured voluntary and anonymous participation.
Due to the planned sample size, the only established selection criteria were gender and
age. The authors were solely interested in women’s BI. The lower age limit of 18 years
was set in compliance with legal requirements for adulthood, while the upper limit of
59 years was chosen as it precedes the WHO-defined threshold for old age (60 years). Other
variables, such as eating disorders, menstrual cycle phases, comorbid conditions, etc., were
not considered, as they were not related to the stated aim of the study. It was assumed that,
given the large sample size, their impact would be significantly limited. Basic demographic
data are summarised in Table 1. All procedures were conducted in accordance with the
Declaration of Helsinki as revised in 2013.

Table 1. Demographic characteristics in the total group of participants.

Characteristic Mean =+ Std. Dev. (Min—-Max)
Age (years) 27.73 £ 8.66 (19-59)
Body height (m) 1.67 £+ 6.45 (150-197)
Body mass (kg) 62.69 + 10.58 (42-128)
Body mass index (kg/m?) 22.31 + 3.38 (16.18-41.86)
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2.3. Method

This study utilised a questionnaire comprising a demographic section and standard-
ised scales. In the demographic section, participants provided their age, height, and weight,
which were used to calculate their BMI. Additional sociodemographic data were collected,
including the education level (basic professional, high school, university), professional
status (student, employed, unemployed), marital status (single, in a relationship), and
self-assessed material status (low, average, high). These factors were treated as indepen-
dent variables.

The questionnaire section included the Body Esteem Scale (BES) [35] to assess BI-
related self-esteem (the dependent variable) and the Subjective Experience of Work Load
(SEWL) [36,37] to evaluate physical activity (PA) levels. The BES consists of 35 items
representing various body parts and functions. Participants rate their feelings towards each
item on a scale of 1 to 5, where 1 indicates “definitely negative”, 2 “moderately negative”,
3 “neutral”, 4 “moderately positive”, and 5 “definitely positive”. The items are grouped
into three domains: sexual attractiveness, weight concern, and physical condition. The
score for each domain is calculated as the average of the ratings for its respective items,
with higher scores indicating better self-esteem.

The SEWL comprises 16 items divided into three parts, including one focused on
work-related items, one addressing sports, and the last addressing leisure-time PA. Points
are allocated based on the physical effort associated with these activities. The remaining
closed-ended statements pertain to the frequency of PA and the perception of physical
exertion. The responses are scored, and calculation algorithms are applied to determine the
“amount” of PA across three domains: work-related, sports, and leisure time. The combined
score of these three domains represents the overall habitual PA. The SEWL outcomes were
also treated as independent variables.

2.4. Statistical Analysis

In certain analyses, the respondents were divided into the following age groups: 18-29,
30-39, 40-49, and 50-59 years. Physical activity was also categorised: women who engaged
in regular PA at least once a week, for a minimum of 1.5 h, over at least one year were
classified as active; those who did not meet these criteria were classified as inactive. Body
mass index categories included underweight, normal weight, overweight, and obese.

Descriptive statistics (numbers, percentages, and medians/mean values) were calcu-
lated for all variables. The internal consistency of the questionnaires was assessed using
Cronbach’s alpha coefficients.

Relationships between the BES domains and other quantitative variables were exam-
ined using Pearson’s correlation coefficients. For univariate analyses, non-parametric tests
were applied, including the Mann-Whitney test and Kruskal-Wallis ANOVA with a post
hoc analysis. Multivariate analyses were conducted using backward stepwise regression.
The critical p-value threshold was set at 0.05.

3. Results
3.1. Internal Consistency

The results obtained for the individual domains of the BES demonstrated strong inter-
nal consistency, with Cronbach’s alpha coefficients as follows: sexual attractiveness—0.83,
weight concern—0.91, and physical condition—0.91. Similarly, the SEWL questionnaire
exhibited excellent internal consistency, with a Cronbach’s alpha of 0.92.
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3.2. Body Mass Index

Negative, weak-to-moderate correlations were observed between BMI and all indi-
vidual BES domains. These trends were most pronounced in the 18-29 and 30-39 age
groups. The strongest correlation was identified between weight concern and BMI (Table 2,
Figure 2).

The performed categorisation of BMI returned a total of 51 (6.89%; mean 17.89 & 0.48)
underweight, 572 (77.30%; mean 21.48 £ 1.65) normal, 91 (12.30%; mean 26.99 + 1.45)
overweight, and 26 (3.51%; mean 34.33 £ 5.55) obese women (Kruskal-Wallis ANOVA and
all post hoc comparisons p < 0.001).

The analysis of the BMI differences (Kruskal-Wallis ANOVA) showed that BMI was a
factor differentiating BES in all domains: sexual attractiveness (p < 0.01), weight concern
(p < 0.0001), and physical condition (p < 0.0001). Post hoc comparisons showed a number
of differences (Table 3, Figure 2).

Table 2. Correlations between Body Esteem Scale domains and body mass index. Age groups (years)
are also considered.

Age Group
Total
Variable 18-29 30-39 40-49 50-59
r p r p r p r p r p
SA —-002 ns 034 * —005 ns —-012 ns 012 *
WC —042 ** 054 ** 030 * —026 ns  —042
PC —-0.14 ** —-037 ** 050 ** —-033 =ns —024 ¥

SA—sexual attractiveness; WC—weight concern; PC—physical condition; r—Pearson’s correlation coefficient;
ns—non-significant; * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 3. Body Esteem Scale and body mass index categories. Age groups (years) are also considered.

Age Group
Total
Variable BMI 18-29 30-39 40-49 50-59
Me p Me p Me p Me p Me p
a:u 3.85 3.54 4.62 3.69 3.85
SA b: N 3.92 4.08 3.62 3.85 3.92
c: OV 3.92 3.85 3.58 3.58 3.77 a—d *
d: OB 3.69 ns 3.27 b—d ** 3.73 ns 2.69 ns 3.62 b—d **
a-b* a-b*
a:U 4.00 a—c ** 3.60 4.30 3.40 4.00 a—c ***
WC b: N 3.50 a—d *** 3.40 a—d * 3.60 3.50 3.50 a—d ***
c: OV 2.50 b—c *** 2.90 b—* 2.85 3.60 2.80 b—c ***
d: OB 2.20 b-d * 2.00 b—d *** 3.05 ns 2.30 ns 2.30 b—d ***
a:u 3.67 4.50 4.33 4.22 3.78
PC b: N 3.89 4.00 4.00 3.78 3.89 a—d ***
c OV 3.50 3.44 3.39 3.89 3.56 b—c **
d: OB 3.06 ns 2.83 b-d* 3.50 ns 2.83 ns 3.17 b—d ***

BMI—body mass index; U—underweight; N—normal; OV—overweight; OB—obese; SA—sexual attractive-

ness; WC—weight concern; PC—physical condition; Me—median; ns—non-significant; * p < 0.05; ** p < 0.01;
*** p < 0.001 (post hoc for Kruskal-Wallis ANOVA).
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Figure 2. Results obtained in the Body Esteem Scale domains (mean and 95% confidence interval
(whiskers)) for individual body mass index (BMI) categories in the total group of respondents.

3.3. Sociodemographic Variables

Intergroup comparisons of the analysed sociodemographic variables revealed that
education and material status significantly influenced the sexual attractiveness domain of
the BES. Differences in the weight concern domain were observed only between the 18-29
and 30-39 age groups. Meanwhile, the physical condition domain showed differences
between categories of professional status as well as material status (Table 4).

Table 4. Body Esteem Scale domains and sociodemographic variables.

SA WC PC
Variable Category 1 (%)
Me p Me p Me p
a: basic
Education Level professional 62 (8.38 3.4 a-b *** 3.30 ns 3.89 ns
(n = 740) b: high school 220 (29.73) 3.92 a—c *** 3.50 3.67
C: university 458 (61.89) 3.92 3.40 3.78
Professional Status d: student 345 (46.62) 3.85 3.40 3.67
(r = 740) e: working 296 (40.00) 3.85 ns 3.50 ns 3.89 d—e*
B f: not working 99 (13.38) 3.77 3.40 3.88
Marital Status g: single 174 (26.52) 3.77 ns 3.30 ns 3.78 ns
(n = 656) h: in relationship 482 (73.48) 3.92 3.40 3.67
. i: low 160 (27.54) 3.96 3.50 3.89
Ma;i“_aggi‘;‘ms i: average 223(3838) 377 ij* 340 ns 367  jk*
- k: high 198 (34.08) 3.92 3.60 3.89
1: 18-29 551 (74.46) 3.92 3.50 3.78
Age (years) m: 30-39 106 (14.32) 3.85 3.10 3.67
(n =740) n: 40-49 50 (6.76) 3.62 3.40 3.67
o: 50-59 33 (4.46) 3.69 ns 3.50 a-b* 3.78 ns

SA—sexual attractiveness; WC—weight concern; PC—physical condition; Me—median; ns—non-significant;
*p <0.05 ** p < 0.01; *** p < 0.001 (marital status—Mann-Whitney test, other variables—post hoc for Kruskal—-
Wallis ANOVA).
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3.4. Physical Activity

The correlations between the individual BES domains and the SEWL questionnaire
outcomes were weak to moderate, positive, and occasionally significant (Table 5). These
correlations were particularly evident in the overall participant group, the 18-29 age
category, and within the physical condition domain of the BES.

Table 5. Body Esteem Scale and physical activity (SEWL total score). Age groups (years) are
also considered.

Age Group
Variable 18-29 30-39 40-49 50-59

r p r p r p r p r p
SA 0.13 * 0.02 ns 0.16 ns 0.35 * 0.13 **
WC 0.12 * 0.09 ns 0.20 ns 0.16 ns 0.13 *
PC 0.43 i 0.32 * 0.34 * 0.32 ns 0.40 ok

SA—sexual attractiveness; WC—weight concern; PC—physical condition; r—Pearson’s correlation coefficient;
ns—non-significant; * p < 0.05; ** p < 0.01; *** p < 0.001.

Total

The SEWL-score-based categorisation of PA identified 538 active women (72.70%;
mean score 9.22 4 1.80) and 202 inactive women (27.30%; mean score 7.99 £ 1.92) (Mann—
Whitney test, p < 0.001). Comparing the participants based on the defined activity criterion
revealed differences in the weight concern and physical condition domains of the BES.
These differences were evident in the total participant group and within the 30-39 age
subgroup. In the 18-29 age subgroup, differences were observed solely in the physical
condition domain (Table 6, Figure 3).
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Figure 3. Results obtained in the Body Esteem Scale domains (mean and 95% confidence interval
(whiskers)) for individual physical activity categories in the total group of respondents.
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Table 6. Body Esteem Scale and Subjective Experience of Work Load scale categories. Age groups
(years) are also considered.

Age Group
. . Total
Variable Activity  18-29 30-39 4049 50-59
Me p Me p Me p Me p Me p
on A 38 377 362 __ 365 __ 38
A 392 400 3.62 3.69 3.92
A 350 3.10 3.40 3.50 3.50
wC 1A 340 ™ 300 © 390 ™ 340 ™ 330
A 389 3.89 3.67 3.89 3.89
PC A 333 333 7 367 M 333 DS 333 7

A—active women; [A—inactive women; SA—sexual attractiveness; WC—weight concern; PC—physical condition;
Me—median; ns—non-significant; * p < 0.05; ** p < 0.01; *** p < 0.001 (Mann-Whitney test).

3.5. Regression Analysis

The backward stepwise regression analysis identified several significant predictors of
the BES score. Body mass index emerged as a significant predictor across all BES domains:
sexual attractiveness (3 = —0.14; p < 0.001), weight concern (3 = —0.44; p < 0.0001), and
physical condition ( = —0.30; p < 0.0001). As reflected by the regression [3-coefficient, BMI
was consistently negatively associated with the scores in all three domains. Conversely, all
other identified predictors exhibited positive correlations with the BES scores. Professional
status was a significant predictor in the weight concern (3 = 0.11; p < 0.05) and physical
condition (3 = 0.13; p < 0.001) domains. Education level was found to be significant in
the sexual attractiveness domain ( = 0.12; p < 0.01). Additionally, within the physical
condition domain, material status (3 = 0.09; p < 0.05) and PA (3 = 0.26; p < 0.0001) were
identified as significant predictors (Figure 4).
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Figure 4. Summary of the identified significant predictors of the outcomes in the individual Body
Esteem Scale domains: sexual attractiveness (SA), weight concern (WC), and physical condition (PC).
Presented are 3-coefficients of backward stepwise regression. Non-significant factors were omitted.
BMI—body mass index.

4. Discussion

The analysis of the results highlights a rather critical self-assessment of BI within
the participant group. The medians (Table 3) and means (Figure 2) ranged between
intermediate and moderately positive. On one hand, this suggests a realistic approach to
the self-evaluation of BI; on the other, it may reflect a perceived gap between one’s current
state and personal expectations. This phenomenon is characteristic of highly developed
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socioeconomic environments, where physical appearance is highly valued, and the female
ideal demands continuous effort towards maintaining and improving one’s body [38-40].

No significant differences in sexual attractiveness were observed between active and
inactive women (Table 6). This phenomenon may be explained by historical and social
factors, particularly concerning traditional gender roles [41]. For men, the functional aspects
of the body, such as physical fitness and activity, have historically played a far greater role in
determining attractiveness [42]. Researchers interpret this as reflecting men’s long-standing
role as protectors, where physical fitness and activity were essential in ensuring safety.
Consequently, an active and fit man was perceived as a more desirable partner, and, even
today, these traits remain key motivators for male PA [43,44]. Historically, women’s roles
in most cultures were markedly different. Indicators of sexual attractiveness were, and still
often are, linked to body regions perceived as crucial for reproduction, such as the breasts,
abdomen, pelvic area, and face [45,46]. Features like the waist-to-hip ratio and breast
size are particularly significant in determining reproductive attractiveness in women [47].
Unfortunately, anthropometric data related to these factors were not collected in this study.
However, it can be speculated that women with an underweight or normal BMI may have
had more favourable proportions in these areas, as a higher BMI is often associated with
abdominal obesity [48]. This interpretation, of course, applies only to one specific aspect of
sexual attractiveness. The significant differences in sexual attractiveness observed between
the BMI categories lend further support to this argument (Table 3, Figure 2).

An intriguing finding is the absence of a statistically significant correlation between
age and sexual attractiveness (p > 0.05). Previous studies suggest that attributes linked
to fertility, such as body shape, facial features, and voice pitch, significantly influence a
woman’s perceived attractiveness [49]. While the medians for sexual attractiveness were
marginally higher in age groups I and II compared to groups III and IV, the hypothesis that
age negatively impacts sexual attractiveness was not supported by this study. This aligns
with the notion that physical attractiveness and sexual attractiveness, the latter being more
biologically rooted, are distinct constructs [50]. This perspective is somewhat consistent
with the observation that critical Bl evaluations peak during the perimenopausal period
but remain relatively stable during the pre- and postmenopausal stages [51]. Such patterns
may reflect both the increased lifespan of modern humans—extending all individual
life stages—and the growing influence of non-biological factors, such as evolving social
and moral norms. Sexual activity, no longer solely tied to procreation, has become a
recognised element of contemporary quality of life [52]. This is further supported by the
observed effects of education and material status on sexual attractiveness (Table 3 and
regression analysis).

In contemporary society, weight concern has become a significant component of BI.
Self-perception is shaped by numerous factors, including emotional, social, cultural, and
interpersonal influences. Increasingly, the media play a pivotal role in this process by
promoting the ideal of the “perfect body” [53]. A slim figure is often associated with
success, health, and sexual attractiveness [54]. From a public health perspective, this trend
has both positive and negative implications. On the positive side, weight concern may
contribute to mitigating the global obesity epidemic to some extent [55]. However, among
young women and girls with a healthy BM], it can also lead to risky behaviours, such as
excessively restrictive diets, overly intense exercise routines, or even the use of weight loss
drugs [56]. The prevailing “cult of thinness” is evident across all three domains of the BES
(Figure 2). While the decline in BES mean values varies with increasing BMI, this trend is
particularly pronounced in the weight concern domain.
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When considering PA, differences in weight concern between active and inactive
women were observed only in the second age group, i.e., women in their thirties. It appears
that, during this stage of life, women regard PA as the most effective method of weight
control. Comparisons of the weight concern scores across the categories of education level,
professional status, marital status, and material status revealed no significant differences.
Notably, among the three BES domains analysed, weight concern was the most critically
assessed, reflecting, in many cases, an excessive focus on body weight. This may be
a consequence of the previously mentioned “cult of thinness”. Research suggests that
women are generally more self-critical of their body weight than men [57]. However, this
observation does not hold true across all ethnic groups and cultural settings [58,59]. The
regression analysis identified professional status as a partial predictor of weight concern.
This finding may be linked to the professional roles and societal expectations of women
in Western cultures, although further research is needed to explore this relationship in
greater depth.

The results indicate that the physical condition of underweight and normal-weight
women is nearly equivalent. However, as the BMI increases, the physical condition declines
sharply, reaffirming the well-established fact that excess body weight negatively impacts
functional capabilities. When considering PA, differences between active and inactive
women were evident across the entire group of respondents. However, when age was
factored in, the impact of activity on physical condition was more pronounced in younger
women. This suggests that the importance placed on physical condition diminishes with
age. Nevertheless, given the ongoing dynamics of social and cultural changes, this issue
may require further attention. Previous studies highlight that PA is a positive factor in
shaping and enhancing BI [60].

The physical condition domain of the BES revealed significant differences between
students and working women. This may be explained by the temporary pressures that
young women face during their studies, which can restrict their ability to maintain an active
lifestyle, thereby negatively impacting their physical condition. A notable difference was
also observed between women reporting an average and high material status. However,
the relationship between material status and BI remains ambiguous in the context of other
studies. Some reports suggest that individuals with lower financial status tend to be
dissatisfied with their body shape [61], while others argue that dissatisfaction with Bl is
more prevalent among those with higher socioeconomic status [62]. This discrepancy is
likely influenced by cultural variations.

The data presented offer a deeper understanding of the role of various non-
pathological factors in shaping women’s self-perception of their bodies. From a broader
perspective, this knowledge is essential in developing targeted health promotion strategies
that encourage positive Bl and, in turn, enhance public mental health outcomes. The
findings also highlight the need to expand future research to explore the intricate interplay
between pathological and non-pathological influences on BI. Investigating more specific
populations could provide valuable insights. For example, women with conditions that af-
fect body image, or adolescents, who are particularly susceptible to social pressures during
their formative years, often face lasting mental health implications. By focusing on these
groups, researchers can gain a more nuanced understanding of the complex interrelations
among societal, psychological, and biological factors, thereby paving the way for tailored
interventions that address diverse and specific needs.

The limitations of the study include reduced generalisability, as local social, economic,
cultural, and religious factors, typical of a Central European population with a culture
similar to that of Western Europe—predominantly Christian and politically leaning towards
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conservatism and centre-right ideologies—may have influenced BI and should be taken
into account. Additionally, the number of respondents across the different age, BMI,
and PA categories was largely uneven, which may have affected the statistical analysis.
However, our primary objective was to gather a large cohort of participants, and all
categorisations were performed retrospectively, making them of secondary importance
compared to the main goal. Due to this same reason, such variables as eating disorders,
menstrual cycle phases, comorbid conditions, etc., were not considered as selection criteria
when categorising the variables. According to the authors, these important issues should
be the subject of separate research using appropriate tools for that purpose. However, it
was assumed that Bl remains relatively stable in cases of chronic psychological disorders
and that the Body Esteem Scale demonstrates a certain resilience to temporary changes in
body image associated, for example, with menstrual cycle phases.

Readers should also note the use of subjective measurement tools. Nevertheless, the
typical limitations associated with subjectivity were mitigated through the implementation
of an anonymous approach and the use of standardised questionnaires specifically designed
to address the challenges of subjective self-assessment. It is also important to note the
limitations of the cross-sectional design, which does not allow for the formulation of
cause-and-effect relationships.

5. Conclusions

Adult women tend to be highly critical of their bodies. An excessive BMI appears to be
a key factor negatively associated with all three domains of the BES. Sexual attractiveness
is linked to the level of education but shows no significant relationship with age or PA
levels. Professional status is moderately related to BI and self-esteem in the domain of
physical condition, while PA shows a correlation with physical condition, particularly
among young women.
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Abstract: Background: Anorexia nervosa is a serious eating disorder that mainly affects
children and adolescents. Most patients present with extreme body dissatisfaction and an
obsessive focus on body weight and food. Anorexia nervosa is a complex and multifactorial
condition characterised by biological, psychological, and social factors. However, studies
that have explored the cumulative risk that predisposes to anorexia nervosa are limited.
This study aims to explore the potential risk factors for a severe form of the disease in pa-
tients affected by anorexia nervosa and to identify whether they may interact and reinforce
each other, contributing to the severity of the disorder. Methods: For this study, we enrolled
children and adolescents under 18 years of age hospitalised at IRCCS Bambino Gest Pedi-
atric Hospital, Rome, Italy, for anorexia nervosa from 1 December 2022 to 31 August 2024,
identifying and analysing potential risk factors. Elevated shape and weight concerns were
found in all patients. Psychiatric and neurodevelopment comorbidities were identified in
76 patients (51.35%), life stress events in 69 (46.62%), and a family history of eating and
weight control behaviours in 39 (26.35%). Out of the sample size, 20.27% of patients did
not live in a traditionally structured family. This study used the Kiddie-SADS-Present and
Lifetime Version interview, the Coddington Life Events Scales, and the Trauma Symptom
Checklist for Children questionnaires. Results: Patients with an extreme or severe index
of anorexia nervosa are more likely to have multiple predisposing factors. In detail, four
predisposing factors were found in 18.6% of patients with an extreme severity index, in
15.5% of those with a severe score, and in 10.3 and 10.6% of those with a moderate and
mild score, respectively. Conclusions: Cumulative potential risk factors are more likely to
be found in cases of severe course disease and patients hospitalised for anorexia. Prompt
identification of predisposing factors and an effective plan of action are required to avoid a
severe course disorder.

Keywords: anorexia nervosa; adolescents; body image; cumulative potential risk factors
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1. Introduction

Eating disorders in children and adolescents encompass a range of behavioural condi-
tions marked by profound and persistent disruptions in eating habits, along with distressing
thoughts and emotions. After the COVID-19 pandemic, the number of minors affected
by anorexia nervosa, who limit food intake and/or engage in excessive physical activity
even when the individual is already underweight, dramatically increased [1-3]. This is a
potentially life-threatening condition that affects the quality of life of children and adoles-
cents, as well as their families, and has one of the highest mortality rates among psychiatric
disorders [4]. Anorexia nervosa is more common in females than in males. The prevalence
in the general population is approximately 12 times greater in females than males (1.42%
in females and 0.12% in males) [4]. Most eating disorders involve extreme body dissatis-
faction and an obsessive focus on body weight and food, resulting in dangerous dietary
routines that negatively affect nutritional intake, causing adverse effects on the growth and
development of children and adolescents [4].

The principal cause of anorexia nervosa has not been found yet. The aetiology of
anorexia nervosa includes both genetic and environmental contributions as potential pre-
disposing factors. So, eating disorders, particularly anorexia nervosa, may be defined
as complex and multifactorial conditions characterised by a combination of biological,
psychological, and social factors [4-12]. Support for genetic involvement is based on aggre-
gates in families and twin studies [6,8,13]. An influence vulnerability not only to anorexia
nervosa but also to psychiatric disorders commonly comorbid in patients or relatives has
been observed. These include anxiety disorders, obsessive—compulsive disorder, major
depression, and substance use disorders, as well as bulimia nervosa [14]. As for environ-
mental contributions, well-established potential risk factors for anorexia nervosa include
sociocultural pressures for thinness, elevated shape and weight concerns, dietary restraint,
exercise, and family history of eating and weight control behaviour [15-17].

Childhood abuse is associated with psychiatric problems and may contribute to onset
of anorexia nervosa [12].

Patients with anorexia nervosa who are not medically stable should first be hospi-
talised as they are at risk of mortality stemming from both the physical and psychiatric
complications. To help inform the decision regarding inpatient hospitalisation, clinicians
can use the severity index for anorexia nervosa in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-
5-TR) [18]. According to this document, the severity index is based upon the patient’s body
mass index (BMI) and is divided as follows:

Mild-BMI 17 to 18.49 kg/m?;
Moderate-BMI 16 to 16.99 kg/m?;
Severe-BMI 15 to 15.99 kg/m?;
Extreme-BMI < 15 kg/m?.

As previously demonstrated, high acute hospitalisation cost is associated with anorexia

nervosa in paediatric patients. Three key factors, namely, comorbidities, enteral feeding,
and guarding, correlate to a prolonged hospital stay and cost [19].

A prompt identification of predisposing potential risk factors and prompt diagnosis
is fundamental to start an early intervention, to prevent medical complications due to
prolonged anorexia nervosa, and to reintroduce the child/adolescent to social life.

The aim of this study is to explore potential risk factors that may predispose patients
to hospitalisation from both psychological and medical perspectives. The main objective of
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our analysis is to identify whether there is a correlation between the presence of cumulative
potential risk factors and the severity of anorexia nervosa.

2. Material and Methods

For the purpose of this study, we designed a cross-sectional study, including chil-
dren and adolescents aged younger than 18 years, admitted with a diagnosis of anorexia
nervosa to IRCCS Bambino Gesu Children’s Hospital, Rome, Italy, which is a reference
third level centre for pediatric eating disorders in Italy. The study period ranged from
1 December 2022 to 31 August 2024. According to the DSM-5-TR, the diagnosis of anorexia
nervosa requires each of the following:

- Restriction of energy intake that leads to a low body weight, given the patient’s age,
sex, developmental trajectory, and physical health;

- Intense fear of gaining weight or becoming fat, or persistent behaviour that prevents
weight gain, despite being underweight;

- Distorted perception of body weight and shape, undue influence of weight and shape
on self-worth, or denial of the medical seriousness of one’s low body weight [18].

Patients were excluded if they did not meet the inclusion criteria. As for the enrolled
patients, the severity index has been calculated and the predisposing potential risk factors
have been noted, including familiarity, life stress events, psychiatric comorbidities. Ac-
cording to the BMI, the severity index was calculated for every patient and the sample size
divided into 4 groups.

Potential risk factors were identified by the psychologist during interviews with the
parents, following the Coddington Life Events Scales (CLES) questionnaire—both the child
(CLES—C) and the adolescent (CLES-A) versions—and previous studies [4,20].

Information was entered into a database specifically created for data collection. The
various potential risk factors we identified, which will be further discussed in the final
analysis, pertain to psychosocial potential risk factors, family structure information, the
presence of psychiatric disorders in the family, and, with regard to anorexic patients, all
psychological potential risk factors related to weight and body image, along with psychi-
atric comorbidities. Psychosocial potential risk factors, for example, include abuse and
mistreatment, bullying, witnessing violence, moving house, substance abuse within the
family, parental separation, domestic accidents, and school-related conflicts. Experiencing
the death of a relative or a friend also represents a potential risk factor. Regarding family
structure, we consider whether the patient lives with both parents, with one parent, or if the
parents are divorced. With respect to the presence of past or current psychiatric disorders
in the family, we observe severe intellectual disability, language disorders, schizophrenia,
mood disorders, anxiety disorders, obsessive-compulsive disorder, and conduct and im-
pulse control disorders. The presence of eating disorders is also noted. Finally, concerning
the psychiatric comorbidities associated with anorexia, we highlight, in particular, intellec-
tual disabilities, pragmatic communication disorder, mood disorders, anxiety disorders,
obsessive—compulsive disorder, trauma-related disorders, and impulse control disorders.

The psychological tests used were the Kiddie-SADS-Present and Lifetime Version (K-
SADS-PL) and the Trauma Symptom Checklist for Children (TSCC) [21,22]. The K-SADS-PL
is one of the most valuable tools currently available for diagnosing psychiatric disorders
through a semi-structured interview with a child or adolescent in collaboration with their
parents. Interview Supplement 5 provides structured questions to assess the presence of
eating disorders by exploring specific behaviours, thoughts regarding eating and weight,
body image. The supplement provides information from both the child and parents on
the duration and intensity of symptoms and helps to identify the potential risk of medical
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complications. The Trauma Symptom Checklist for Children (TSCC) is a psychological
assessment tool designed to evaluate the presence and severity of psychological symptoms
related to traumatic experiences in children and adolescents. TSCC is widely used in
clinical and research settings to identify emotional and behavioural disturbances resulting
from trauma, such as abuse, violence, or natural disasters. It is a self-report questionnaire
typically administered to children and adolescents aged 8 to 16. It provides a quantitative
assessment of post-traumatic symptoms and is composed of 54 items that cover six distinct
symptom domains, including anxiety, depression, anger, post-traumatic stress, dissociation,
and sexual concerns [22].

The diagnostic process for anorexia nervosa, according to the criteria of the DSM-5-TR,
focused on the three main diagnostic criteria, with a specific emphasis on the issues related
to body image distortion through the K-SADS-PL supplement [18,23].

Statistical Data Analysis

For the statistical analysis, we used SPSS Statistics (version 26.0). All tests were
conducted at a significance level of « = 0.05. To explore the relationships between BMI and
the number of potential risk factors, we performed a Kruskal-Wallis test and Spearman’s
Rank Correlation, as appropriate.

3. Results

According to the inclusion criteria, 165 patients were admitted to Bambino Gesu
Children’s Hospital for eating disorders. Out of them, 17 were excluded because they did
not meet the diagnostic criteria for anorexia nervosa. As for the remaining 149, 148 were
affected by anorexia nervosa and 1 by atypical anorexia nervosa.

General data are presented in Table 1.

Table 1. Demographic data of enrolled patients. Continuous data are expressed in number (%) and

median (IQR).
Demographic Data Findings
Female 142 (95.9)
Age, years 15.0 (13.6-16.0)
Length of Hospitalisation, days 18 (11-28.7)

Potential predisposing factors were evaluated for any patient, finding elevated shape
and weight concerns in all of them and a family history of eating and weight control
behaviours in 39 (26.35%).

Psychiatric and neurodevelopment comorbidities were identified in 76 (51.35%) and
life stress events in 69 (46.62%) patients. Out of the sample size, 20.27% of patients did not
live in a traditional structured family. Table 2 summarises the results.

In our sample size, one potential predisposing factor was found in 29.72% (44), two in
32.43% (48), three in 22.29 (33), and four in 15.54% (23).

According to the severity index, we divided patients into four groups, namely: Group
A (Mild-BMI 17 to 18.49 kg/m?), made up of 29 patients (19.59%); Group B (Moderate-BMI
16 to 16.99 kg/m?), made up of 20 (13.51%); Group C (Severe-BMI 15 to 15.99 kg/m?),
including 26 (17.56%); and Group D (Extreme-BMI < 15 kg/m?), composed of 73 (49.32%).

Patients affected by an extreme or severe index were more likely to have more than
one potential predisposing factor. Four potential predisposing factors were found in 18.6%
of patients with an extreme severity index, 15.5% of those with a severe score, and in 10.3
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and 10.6% of those with a moderate and mild score, respectively. Figure 1 summarises

the results.

Table 2. Potential predisposing factors to anorexia.

Potential Predisposing Factors

Number of Patients

Shape and weight concerns

148 (100%)

A family history of eating and weight control
behaviours

39 (26.35%) classified as follows:
1 severe intellectual disability
1 language disorder
2 schizophrenia spectrum disorders
2 bipolar disorders
14 depressive disorders

3 anxiety disorders

1 obsessive—compulsive disorder
6 anorexia nervosa

1 unspecified disruptive, impulse-control, and conduct disorder
2 substance-related and addictive disorders
1 bulimia
1 neurocognitive disorder

Psychiatric and neurodevelopment
comorbidities

76 (51.35%) classified as follows:
2 severe intellectual disability disorders
1 asocial (pragmatic) communication disorder
4 bipolar disorders
28 depressive disorders
27 anxiety disorders
3 obsessive-compulsive disorders
7 trauma- and stressor-related disorders
4 unspecified disruptive, impulse-control, and conduct disorders

Life stress events

69 (46.62%) classified as follows:
8 childhood maltreatment or abuse
19 bullying
6 exposure to violence
11 experiencing relative/friend death
3 experiencing relative illness
1 substance abuse
1 moving house
2 separation from parents
2 teacher—student conflicts
1 domestic accident

Family structure

118 living with both parents
28 living with divorced parents
2 single-parent family

Psychological tests were consistent with self-esteem, body dissatisfaction, and emo-

tional dysregulation.

We conducted a Kruskal-Wallis test to compare the groups based on disease severity

(mild, moderate, severe, and extreme) with respect to the number of potential risk factors,

but the results did not reach statistical significance (p = 0.810).

We conducted a Spearman’s rank correlation analysis to assess the relationship be-

tween BMI and the number of potential risk factors. The analysis revealed a weak negative

correlation (rho = —0.034) which was not statistically significant (p = 0.340).
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Figure 1. Number of potential risk factors according to disease course in patients.

4. Discussion

Potential risk factors, either psychological, social, and biological, were searched and
identified in paediatric patients hospitalised for anorexia nervosa. When these factors
co-occur or accumulate, the impact seems to become of concern, potentially intensifying the
effect. In our study, the coexistence of four or more potential risk factors seems to correlate
to a more serious form of eating disorder. In fact, the percentage of patients with four
potential risk factors was almost double in the extreme subgroup than in mild and moderate
ones. Nevertheless, comparing groups based on disease severity (mild, moderate, severe,
and extreme) with respect to the number of potential risk factors, no statistical significance
was reached. This may suggest that while an accumulation of potential risk factors is
observed in more severe cases descriptively, this pattern does not achieve statistical support
in the current sample size, likely due to the designed model of the study. In fact, given
the retrospective nature of the study, we did not calculate the simple size, which actually
corresponds to all eligible patients hospitalised during the study period. Patients with a
lower BMI corresponding to a severe or extreme case were more likely to be hospitalised.
Mild or moderate cases are generally treated as outpatients, receiving reduced assistance in
terms of exams, interviews, and psychological support.

Furthermore, we decided not to involve outpatient subjects because we preferred to
have a CLES questionnaire performed in the same context (hospital) and by the same opera-
tors. In fact, although the interviews allow for greater flexibility of assessment, they are also
influenced by the clinical judgment and the professional experience of the psychologist.

All the patients participating in this study presented with shape and weight concerns.
According to self-esteem theory, one of the primary psychological vulnerabilities for the
development of anorexia nervosa is low self-esteem [24]. Research suggests that low self-
esteem is linked to body dissatisfaction rather than to an actual overweight condition, thus
becoming a strong predictor of dysfunctional eating behaviours. This potential risk factor is
exacerbated by significant concerns about physical appearance and body weight, which act
as key mediators for the onset of an eating disorder. Therefore, low self-esteem is one of the
primary potential psychological risk factors to consider when addressing eating disorders.
Eating disorders, especially anorexia nervosa, are frequently associated with difficulties
in emotional regulation. This is supported by emotional regulations and interpersonal
theories; individuals with eating disorders often use food control as a dysfunctional coping

126



Nutrients 2025, 17,21

strategy for managing stress and interpersonal conflicts. Consequently, restrictive eating
may be employed as a means to avoid confronting distressing emotional experiences, both
intrapersonal and interpersonal, in an effort to regain a sense of control [24].

In the sample size, more than half of the patients were diagnosed with psychiatric
and neurodevelopment comorbidities. Individuals with eating disorders frequently exhibit
anxiety, depression, or personality traits related to perfectionism and impulsivity [25]. In
anorexia nervosa, anxiety and perfectionism can intensify concerns about weight and body
image, predisposing individuals to the disorder and serving as maintenance factors. The
literature suggests that individuals diagnosed with anorexia nervosa may exhibit deficits
in cognitive processes such as attention, working memory, and problem-solving. These
impairments can negatively impact self-regulation abilities, increasing the likelihood of
dysfunctional eating behaviours. According to the executive function theory, individ-
uals with anorexia nervosa may struggle to assess the long-term consequences of their
actions, thereby reinforcing restrictive eating patterns and supporting dysfunctional eating
behaviours as control and coping strategies [24].

A life stress event was found in almost half of the patients, confirming that it is a
potential risk factor for anorexia nervosa. Several studies emphasise the significant role of
childhood trauma as a potential risk factor for developing eating disorders, particularly
anorexia nervosa [26-30]. Various forms of abuse, neglect, and severe family dysfunction
significantly increase the likelihood of developing eating disorders. The accumulation
of traumatic experiences in a person’s life exponentially raises the risk of such disorders.
Furthermore, childhood trauma not only serves as a potential risk factor but also as a
maintenance factor. Adverse experiences in childhood can alter the neurobiological stress
response, compromising the hypothalamic-pituitary—-adrenal axis and leading to emotional
dysregulation [28]. This, in turn, can reinforce the use of food control as a dysfunctional
coping strategy for stress, even into adulthood [27,29-31].

Among potential social risk factors, family structure and organisation should be
investigated. Dysfunctional family dynamics can be a significant potential risk factor
for the development of anorexia nervosa. For example, high parental expectations, poor
communication, dysfunctional relationships such as intrafamily conflict, and mental health
disorders within the family may all contribute to the onset of an eating disorder [32].
Specifically, insecure attachment or dysfunctional mother—child interactions, particularly
during feeding, as well as emotional neglect, are all identified as significant potential risk
factors for the development of anorexia nervosa in offspring [33].

Patients affected by an extreme or severe index were more likely to have more potential
predisposing factors.

Our study supports the hypothesis of cumulative potential risk factors in the devel-
opment and maintenance of anorexia nervosa acting in an additive manner [34]. Each
potential risk factor, such as low self-esteem, emotional dysregulation, and childhood
trauma, may individually contribute to the vulnerability to the disorder. However, when
these factors co-occur or accumulate, the impact seems to become more significant, poten-
tially intensifying the effect. In detail, the coexistence of four or more potential risk factors
seems to correlate with a more serious form of eating disorder. The percentage of patients
with four potential risk factors was almost double in the extreme subgroup compared to
mild and moderate ones. Multiple interacting potential risk factors may overwhelm an indi-
vidual’s psychological resilience and coping mechanisms, thereby increasing the likelihood
of engaging in dysfunctional eating behaviours. For example, an individual with a history
of trauma, combined with low self-esteem and difficulties in emotional regulation, may be
at higher risk compared to someone exposed to a single factor. Moreover, these cumulative
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potential risks may not only precipitate the onset of anorexia nervosa but also play a critical
role in the chronicity of the disorder as they reinforce maladaptive coping strategies, such
as restrictive eating, to manage underlying emotional or psychological distress.

This perspective is supported by evidence from the literature indicating that multiple
adverse experiences, particularly those occurring during formative years, can significantly
elevate the risk of developing eating disorders. The interplay between these factors suggests a
more complex aetiological pathway whereby cumulative stressors and vulnerabilities disrupt
key psychological processes, contributing to the difficulty in achieving long-term recovery.

Understanding the potential risk factors and their potential contribution to the onset
of anorexia nervosa may be useful for identifying at-risk groups and providing screening
and prevention programs, as well as effective interventions. Despite the available body
of literature testing environmental, genetic, and family potential risk factors, due to the
contrasting results, no convincing evidence supports a specific potential risk factor [25,35,36].
In the literature, eating disorders seem to be associated with multiple potential risk factors [25].
The value of the present study is that we speculate that the co-occurrence of more potential
risk factors rather than a specific potential risk factor is the key to interpreting the severity
of presentation. Moreover, it provides a methodological direction for future studies such as
large-scale collaborative studies and data sharing to validate preliminary evidence. Better
knowledge of the processes and factors that lead to anorexia is useful to define prevention
strategies and implement targeted early interventions.

Moreover, our work is part of a broader landscape of research on potential risk factors,
from a cumulative perspective, for anorexia nervosa. Several studies broaden this perspec-
tive by highlighting the weight of emotional dysregulation and family dynamics, the impact
of social and cultural norms, and core potential risk factors of anorexia such as low BMI and
body dissatisfaction [37,38]. The literature emphasises the need for integrated approaches
to understand the interactions between biological, psychological, and social factors.

A potential limitation of this study is our not having examined a causal link between the
variables analysed. Moreover, we did not investigate the role of the media and social media in
the onset and course of the disease. In fact, a problematic use of social media and the internet
can serve as potential risk factors by promoting unrealistic aesthetic ideals that foster body
dissatisfaction and a desire for thinness. Social media platforms may amplify social comparison,
exposing individuals to idealised body images that reinforce concerns about weight and body
shape [25,39]. Furthermore, the use of weight control and dieting applications can contribute to
the maintenance of restrictive eating behaviours. Experiences of cyberbullying should also be
considered as potential risk factors in the online environment [39,40].

5. Conclusions

The co-presence of multiple potential risk factors may correlate to the severity of
anorexia nervosa, both from a medical and a psychological point of view.

In detail, the presence of four or more potential risk factors is associated with a more
severe form of anorexia nervosa, even if no statistical significance could be identified, likely
due to the study design. The preliminary results may be of relevance for clinical practice
in order to guide prevention strategies, intercepting patients at risk of hospitalisation and
severe course disease early. Further studies, including large-scale collaborative studies and
data sharing, should be planned to validate our preliminary evidence.
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Abstract: Introduction: Anorexia nervosa (AN) is a psychiatric disorder with a high mortality rate
and significant prevalence in the paediatric population. Preliminary reports during the COVID-19
pandemic suggested an increased incidence of AN among children and adolescents. The objective of
this study was to analyse new cases of AN before, during, and after the pandemic, with a particular
focus on the physical manifestations of the disease. Methods: This single-centre, retrospective study
included new AN cases from the hospital database of a regional paediatric hospital (a reference
centre for AN) between 2013 and 2023. Data analysed included the duration of the disease, body
mass index (BMI), weight loss, length of hospitalisation, laboratory markers (leukopenia, anaemia,
hypoproteinaemia, hyperferritinaemia, hypophosphataemia, dyslipidaemia, and hypothyroxinaemia)
and clinical features of malnutrition (such as amenorrhea bradycardia, pericardial effusion, and
cortical /subcortical atrophy). Results: This study was conducted in a Polish regional hospital. We
analysed 228 hospitalized female patients aged 10 to 18 years diagnosed with AN, focusing on clinical
characteristics, biochemical markers, and the impact of the COVID-19 pandemic. The COVID-19
pandemic was shown to have a significant impact, with longer hospitalisations observed during
and after the pandemic and a lower BMI on admission post-pandemic compared to pre-pandemic.
In addition, nutritional treatment became more prevalent over time while biochemical markers
such as anaemia, hypothyroidism, hypophosphataemia, and dyslipidaemia were statistically more
common post-pandemic. Conclusions: This study demonstrates a significant impact of the COVID-19
pandemic on the clinical course and hospitalisation patterns of paediatric patients with AN. These
findings suggest that the pandemic may have exacerbated disease severity and altered treatment
approaches, emphasizing the need for enhanced clinical management and follow-up strategies for
AN in the paediatric population during such health crises.

Keywords: anorexia nervosa; eating disorder; adolescents; COVID-19; SARS-CoV-2; coronavirus

1. Introduction

Anorexia nervosa (AN) is an eating disorder characterized by progressive weight loss,
intense fear of gaining weight, and distorted perception of body weight and shape [1].
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The prevalence of AN differs significantly between countries, Europe and North America
reporting a significantly higher prevalence than Asia and South America [2,3]. In Europe,
the prevalence of AN is estimated to be 1-4% of women [4,5]. Mortality in patients with
AN is significantly higher than in the general population [6]. According to a meta-analysis
of global eating disorder mortality rates conducted by Arcelus et al., the standardized
mortality ratio (SMR) was 5.9 (95% CI 4.2-8.3), indicating an approximately six-fold greater
risk [7]. A recent study revealed that, after 5 years of follow-up, the SMR of patients with
anorexia nervosa and severe nutritional problems was 15.9 [8]. The course of relapsing-
remitting disease is observed among most patients [9,10]. AN occurs among children,
adolescents, and adults, and a gradual decrease in the age of the first onset of the disease
has been observed [11,12]. AN symptoms include limiting of energy consumption in
relation to needs, resulting in a markedly reduced body weight considering age and
sex, developmental trajectory and physical well-being [13]. In DSM-5, the severity of
anorexia nervosa is classified into four stages according to the individual’s BMI: extreme
(BMI < 15kg/ m?), severe (BMI 15-15.99 kg/ m?), moderate (BMI 16-16.99 kg/ m?) and
mild (BMI > 17 kg/m?) [6]. Furthermore, the DSM-5 classification distinguishes a subtype
of anorexia nervosa, atypical anorexia nervosa, which is diagnosed when all criteria for
anorexia nervosa are met, except that, despite significant weight loss, the individual’s
weight is within or above the normal range. Bozzola et al. in 2024 summerised the
most important risk factors and comorbidities such as persistent functional abdominal
discomfort or autoimmune/autoinflammatory disorders. Furthermore, evidence indicates
the influence of genetic predisposition, along with brain structure and pathways, on the
development of anorexia nervosa. Finally, the gastrointestinal microbiota has also been
identified as a potential risk factor for the development of anorexia nervosa due to intricate
direct and indirect interactions between the gut and the brain [14].

The first reports suggesting that the COVID-19 pandemic contributed to a significant
increase in cases of anorexia nervosa in the pediatric age group were published in July
2020 [15]. The authors suggested that the circumstances created by the pandemic caused an
increase in both morbidity and severity of AN [16]. Since then, it has been well established
that the COVID-19 pandemic affected both patients with pre-existing eating disorders,
causing an increase in severity and incidence of the symptoms [17,18] differences in the
disease characteristics [19,20] as well as a worsening of general well-being [21]. Further-
more, an increased comorbidity of psychiatric disorders was observed among individuals
with AN. Most of the authors concentrated on the mental health of AN patients in the
context of a pandemic. However, some studies analyzed the pediatric population in terms
of increased occurrence of new cases of AN and physical determinants of health in patients
with AN who required hospital treatment.

Unlike most European countries, Poland was not badly affected by the first wave of
pandemic regarding COVID-19 morbidity and mortality due to the early introduction of
lockdown [22,23]. However, the emotional impact of severe restrictions was high [24-26].
The second and third pandemic waves brought a rapid and tragic increase in COVID-
19 mortality [22]. Furthermore, the Polish mental health system, including child and
adolescent psychiatry services, is believed to have been inefficient for years [27-30]. In
the time of the COVID-19 pandemic, access to psychiatric and psychological services in
Poland, as in other European countries, was limited [27,30,31], yet an increased incidence
of mental health services was observed [27,30,32]. Although it is known that the COVID-
19 pandemic influenced body image, self-esteem, and predisposition to eating disorders
among Polish women [33] the influence of the pandemic on the incidence of AN in children
and adolescents in Poland has not yet been studied.

The objective of this study was to investigate the trend of morbidity in AN before,
during and after the COVID-19 pandemic and to assess the severity of malnutrition and
the presence of other biomarkers of malnutrition in AN in these groups.
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2. Materials and Methods
2.1. Study Design

The study was a retrospective analysis conducted at St. Louis Children’s Hospital,
ul. Strzelecka 2, 31-503 Krakow, Poland, using data extracted from medical records of
228 patients hospitalised over a 10-year period between 2013-2023 that were included
in the study. The inclusion criteria were a newly made diagnosis of anorexia nervosa
(coded F50.00 in the ICD-10 classification) in a patient treated in an inpatient service and
of female sex. The exclusion criteria were other causes of malnutrition (i.e., comorbid
gastrointestinal disorder) and male sex. During the study group selection process, 17 male
patients with an AN diagnosis (corresponding to 6.9% of all AN cases) and were excluded
from further analysis. Anorexia nervosa affects only a very small percentage of adolescent
males, and the clinical presentation of eating disorders in males may differ from that in
females, often involving less restrictive methods of weight control and a focus on muscle
gain rather than weight loss [34]. In our study, we included only female cases to increase
the homogeneity of the study population, as the number of male cases was too small
for comparative analysis and would only lead to biased results. The mean age of the
participants was 13.9 & 1.6. The duration of the disease, the body mass index (BMI)
on admission, the extent of weight loss, the length of hospitalisation, and laboratory
biomarkers of malnutrition (leucopenia, anaemia, hypoproteinaemia, hyperferritinaemia,
hypophosphataemia, dyslipidaemia, and hypothyroxinaemia) as well as clinical ones
(bradycardia, pericardial effusion, and cortical/subcortical atrophy) were analysed. The
study population was divided into three study groups: before, during, and after the SARS-
CoV-2 pandemic (pre-COVID, peri-COVID, and post-COVID, respectively). The epidemic
state in Poland, introduced by the Ministry of Health and lasting from 20 March 2020 to
15 May 2022, was taken as the duration of the pandemic.

2.2. Statistical Analysis

Statistical analyses were performed using IBM SPSS. Quantitative data were shown
as mean and standard deviation (SD) or median (interquartile range), depending on the
distribution (normal or different from normal in the Shapiro-Wilk test). Qualitative data
were presented as the number of patients in a category and the percentage of the respective
group, with the exclusion of patients with a lack of data. A one-way ANOVA was selected
to compare the means of normally distributed continuous variables across the three groups
of patients admitted before, during, and after the COVID-19 pandemic. The Kruskal-
Wallis Test was employed for non-normally distributed continuous data, providing a
non-parametric alternative to ANOVA. Pearson’s Chi-Square Test was used for categorical
variables, such as patient categories or demographic factors, to test for associations or
differences in proportions across the groups. A paired t-test was used for comparing the
means of dependent populations, such as on admission and at discharge, within the same
group of patients, provided the data were normally distributed. Wilcoxon Signed Rank
Test served as a non-parametric alternative to the paired t-test. A p-value less than 0.05 was
considered statistically significant. Data integrity was ensured through a rigorous cleaning
and validation process. All datasets were reviewed for accuracy, with duplicate records
and incomplete entries excluded to prevent bias. All steps of data handling and analysis
were documented for reproducibility, and statistical assumptions were checked to ensure
valid results.

2.3. Ethical Considerations

The study was approved by the Ethics Committee of the Regional Board of Physicians
with the approval number of OIL/KBL/15/2024 (6 May 2024). Patient confidentiality was
maintained by data pseudonymization. Each patient was assigned a unique, randomly
generated identification number to replace any personally identifiable information. Direct
identifiers, such as names, personal ID numbers, and contact information, were removed
from the dataset. Once the data needed for the analysis were collected, the information
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linking patient identifiers to their original identifiers was stored in an encrypted database,
accessible only to the principal investigator for data verification. This process ensured
compliance with relevant ethical and regulatory standards.

3. Results
3.1. General Characteristics

The study included 228 hospitalised female patients diagnosed with anorexia nervosa,
with an age range of 10 to 18 years. In Figure 1 we present a distribution of cases over time.
Most of those included in the study exhibited a severe form of the disease, as defined by the
BMI criteria outlined in the fifth edition of the Diagnostic and Statistical Manual of Mental
Health (DSM-5) (Figure 2). BMI values increased slightly during hospitalisation, with
a mean difference between BMI at discharge and admission of 0.457 £ 0.813 (p < 0.001).
There was a negative correlation between BMI and ferritin levels and patients with a lower
BMI at admission and a higher ferritin exhibited a longer hospitalisation period (r = —0.437
and r = 0.333, respectively, p < 0.001). The duration of the disease showed a positive
correlation with the duration of amenorrhoea (r = 0.318, p < 0.001). Among biochemical
indicators of the severity of malnutrition, hyperferritinaemia and hypothyroidism were the
most commonly observed (Table 1). Younger age was associated with a higher prevalence
of hypophosphataemia (r = —0.366, p < 0.001).

COVID-19 pandemy | 20 March 15 May
in Poland | 2020 2022

900 000
COVID-19 cases
750 000
600 000
450 000

300 000

150,000

8
AN patients

Closed schools

11 Mar. - 29 May 27 Jan. - 20 Feb.
2020 2022

15 Oct. - 29 May
2020 2021

Figure 1. Number of cases of anorexia nervosa on the timeline juxtaposed with COVID-19 morbidity.
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Table 1. General characteristics of the study groups. WBC, white blood cells; PLT, platelets. Bold—
statistically significant difference between groups. Data are presented as mean £ SD or median

(interquartile range).

Variable All Patients Pre-COVID Peri-COVID Post-COVID p
(n =228) (n=113) (n=71) (n =44)

Age (years) 139+ 1.6 14 (2) 14 (2) 14 (2) 0.531
Hospitalisation (days) 5(8) 4(5) 6 (6.5) 9 (13.25) <0.001
Nutritional treatment 30.7% 17.7% 35.2% 56.8% <0.001

Height (cm) 160 (10) 159 (12) 161 (10) 161 (9.8) 0.121

Weight at admission (kg) 359+64 362+73 359+54 354 +£55 0.766
BMI at admission (kg/m?) 140+ 17 144+19 141+14 137+ 1.6 0.047
Weight at discharge (kg) 36.6 £5.7 36.1 £ 6.6 36.7 £49 37.7+£49 0.324
BMI at discharge (kg/m?) 145+ 14 145+ 1.6 144 +12 145+ 1.1 0.822
Amenorrhoea (months) 4(5) 6(9) 3(5) 4(2.25) 0.018
Duration of the disease (months) 7 (8) 6(8) 7 (8) 6.5 (7.75) 0.816
Weight loss during the disease (kg) 11 (8) 11 (8) 11 (8.5) 10 (7.1) 0.701
WBC (x103/uL) 522 +1.72 5.45 + 1.65 513+ 2.1 475+ 1.1 0.013
PLT (x10%/uL) 2255+ 54.6 225.1 +54.5 223.8 +57.3 229.3 +51.5 0.918
Ferritin (ug/L) 122.3 (108.7) 110.5 (85.3) 133.4 (115.2) 122 (103.9) 0.295
Leukopenia, 1 (%) 28.8% 21.6% 38% 31.8% 0.051
Anaemia, 1 (%) 14.2% 9% 14.1% 27.3% 0.013
Hypoproteinaemia, 1 (%) 5.5% 5.7% 8.6% 0% 0.145
Hyperferritinaemia, 1 (%) 71.1% 71.4% 68.8% 74.4% 0.817
Hypothyroidism, 1 (%) 80.6% 71.3% 89.4% 86% 0.011
Pericardial fluid, 7 (%) 27% 32.8% 26% 18.9% 0.319
Bradycardia, 1 (%) 38.5% 42.3% 38.2% 29.3% 0.244
Cortical-subcortical atrophy, 1 (%) 26.1% 35.4% 19.3% 19.4% 0.082
Hypophosphataemia, 1 (%) 15% 4.3% 26.1% 20.9% <0.001
Dyslipidaemia, 7 (%) 43.3% 31.6% 42.4% 61% 0.015
*
T
BMI (kg/m2) - Discharge
Admission
16 =
o
12
8
4
0
Severity of Mild Moderate Severe

Anorexia Nervosa

Figure 2. Quantitative division of the study population into disease severity categories based on
DMS-V criteria based on BMI values and change in BMI during hospitalisation in each category.
*

p <0.05.

3.2. Trends Across the COVID Timeline

The analysis included a population divided into three study groups: pre-COVID, peri-
COVID, and post-COVID. The groups were homogeneous with respect to age, duration
of the disease, reported weight loss during the course of the disease, and BMI achieved at
discharge. During and after the pandemic, it was found that the duration of hospitalisation
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was longer than that observed prior to the pandemic (p < 0.001, Figure 3). In the cohort
studied before the advent of the pandemic, the duration of amenorrhoea was significantly
longer than in the peri-COVID group (p = 0.015). The BMI values on admission were
comparable during and after the pandemic, although they were lower after the pandemic
compared to before (p = 0.042).

CovID Statistical Hospitalization
stage significance
0 4 8 12 16 20 24
days
Pre-COVID
Peri-COVID *
Post-COVID
Amenorrhea
0 4 8 12 16 20 24
months
Pre-COVID
* |:
Peri-COVID
Post-COVID

Figure 3. Duration of hospitalisation in days and duration of amenorrhoea in months reported on
the day of admission. * Statistically significant difference between variables (p < 0.05).

However, the prevalence of anaemia, decreased thyroid hormone levels, hypophos-
phataemia, and dyslipidaemia was higher among patients after COVID than in the pre-
COVID group. Patients during the pandemic exhibited a transition period of change, as
indicated by the aforementioned characteristics. Only with regard to nutritional therapy
and the incidence of hypophosphataemia were there discernible statistical differences when
comparing these patients with pre-pandemic patients. The percentage of patients who
received nutritional treatment gradually increased from the pre-pandemic period to the
post-pandemic period (Figure 4). Leukocyte, platelet, and ferritin levels were found to be
comparable between the study groups. However, the prevalence of anaemia, decreased thy-
roid hormone levels, hypophosphataemia, and dyslipidaemia was higher among patients
after COVID than in the pre-COVID group. Patients during the pandemic exhibited a transi-
tion period of change, as indicated by the aforementioned characteristics. Only with regards
to nutritional therapy and the incidence of hypophosphataemia were there discernible
statistical differences when comparing these patients with pre-pandemic patients.

Data on hospitalisations on an annual basis reveal a notable increase in 2021, followed
by a precipitous decline in the following year. In 2023, the upward trajectory observed
during the previous decade was resumed. Annual trends in AN hospitalisations are
presented in Figure 5. The age distribution of hospitalised patients has remained relatively
stable over time (Figure 6).
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CovID
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Post-COVID

Pre-COVID
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Post-COVID

Pre-COVID
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Pre-COVID

Peri-COVID

Post-COVID

Pre-COVID

Peri-COVID

Post-COVID
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!
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Nutritional treatment
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26.1%

20.9%

Hypothyroidism
71.3%
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31.3%
43.5%
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Figure 4. Selected characteristics that demonstrate the major differences between the study groups.
* Statistically significant difference between variables (p < 0.05).
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Figure 5. Annual number of AN hospitalisations from 2013 to 2023.
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Figure 6. Annual average age of AN patients hospitalised between 2013-2023.

4. Discussion

In our study, we observed a rapid increase in hospitalizations due to anorexia nervosa
during the COVID-19 pandemic with an increase in hospitalization duration, nutritional
treatment requirement, and duration of amenorrhea. This result is consistent with reports
from pediatric centers in other countries. Haripersad et al. [15] and Hansen were the first
to alarm the medical community about the increase in new hospitalisations due to AN
during the first lockdown; however, due to the time when they were published, their
reports were lacking more in-depth analysis. Lin et al. [35] established a significant increase
in hospital admissions due to AN accompanied by an extension of hospitalisation. Otto
et al. [36] reported the same trend, which observed a double incidence in AN during
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COVID-19 compared to before COVID-19 years. Matthews et al. [37] suggested that the
odds of hospitalization for patients with AN were eight times higher during the pandemic
than in previous years. Agostino et al. [38] established that not only the incidence of
AN increased with pandemic, but also patients diagnosed with AN before pandemic
were characterized with fewer markers of disease severity than patients diagnosed during
pandemic. Similarly, Vyver et al. [39] demonstrated that AN morbidity doubled during the
COVID-19 period. Girardi et al. [40], Hurtado et al. [41], Rafferty at al. [42], Silber et al. [43],
Hyam et al. [44], Wong et al. [45] and Giraldo et al. [46] documented an increased AN-
related admission rate in their respective countries. Schlapfer et al. showed that an increase
in admissions due to AN was associated with a prolonged admission time and nutritional
interventions. Goldberg et al. [47] concluded that the increase in admissions was not
accompanied by an increase in the severity of the disease. In 2023 Schlissel et al. presented
a review in which they observed during COVID-19 pandemia increased incidence of AN
and AAN among adolescents. They concluded that overall the pandemic has exacerbated
symptoms specific to eating disorders, hence straining an already overextended healthcare
system [18]. Increases were also observed in other non-Western nations, including Pakistan
and Singapore, but in these cases, investigators did not distinguish between forms of eating
disorders [48,49]. To date, there have been no Polish data on trends in new admissions
and the severity of AN in light of the pandemic. However, our findings confirm general
trends throughout the world [15,18,20,36-44,47,50-52]. To our knowledge, this is also
the first study to analyze post-pandemic trends in the incidence of AN. In our sample,
we observed that the trend of increased morbidity from AN continues in the years after
COVID-19. Hurtado et al. analyzed peripandemic and postpandemic years together and
their observations are consistent with ours [41], however, this trend should be carefully
researched in the near future. Interestingly, Herpetz-Dahlman et al. indicated that after
pandemic admission rates due to AN remained high among children with a decrease
among adolescents [53]. The trend should be carefully studied in the future.

Anorexia nervosa is a psychiatric condition with a significant impact on the biological
mechanisms of the human body [54]. In our peri-pandemic and post-pandemic cohorts,
we report a higher frequency of anemia, hypothyroidism, hypophosphatemia, and dys-
lipidemia compared to the pre-pandemic cohort. These parameters offer a more precise
reflection of patients’ somatic state, thereby providing a more nuanced understanding
of their physical condition that extends beyond the limitations of a BMI-based approach
to disease severity assessment [55]. One way of gaining a deeper insight is to monitor
the negative effects of malnutrition on the functioning of the endocrine system, causing
disorders of the hypothalamic-pituitary-adrenal, gonadal or thyroid axis that can mostly
be interpreted as response reaction to systemic illness which may also simultaneously
serve as adaptive mechanisms. For instance, it appears that the reduced levels of thy-
roid hormones in individuals with anorexia nervosa have an adaptive role in response to
malnutrition to slow down metabolism and thus reduce the body’s energy expenditure
(resting energy expenditure) [56]. It is often accompanied by increases in serum ACTH
and cortisol levels (maintaining euglycemia) and decreases in serum gonadotropin and
sex hormone concentrations (reducing energy expenditure), as observed in malnourished
patients. Hypothyroidism, together with hypoinsulinemia, increased endogenous choles-
terol synthesis and elevated cortisol levels, may contribute to dyslipidaemia. Additionally,
severe malnutrition and metabolic disorders can result in anaemia, which is primarily
caused by bone marrow hypoplasia. It can thus be inferred that the elevated prevalence
of the aforementioned disorders observed in the peri- and/or post-COVID-19 patient
population indicates a more severe somatic presentation of the AN than was observed
in the pre-pandemic period, despite only slight differences in BMI between those groups.
Few researchers have investigated the influence of pandemic on malnutrition biomarkers
in patients with AN. Stra [57] face et al. observed that hospitalized patients had leukocy-
topenia, neutropenia, hypovitaminosis, and hormonal disturbances; however, the authors
only illustrated the COVID-19 cohort without comparing it with the prepandemic cohort.
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Hurtado et al. included sex hormones and vitamin B12 levels in the analysis, but no
differences were observed between the two analyzed groups analyzed [41]. Goldberg
et al. reported a higher incidence of leucopenia among patients hospitalised during the
pandemic, but did not confirm the differences in terms of hypophosphatemia and thyroid
hormones levels [47]. Both pre-COVID-19 and post-COVID-19 AN patients were similar in
laboratory malnutrition parameters according to Girardi et al. [40]. However, none of the
authors reported differences in BMI between the groups. These findings raise a question
about methods to estimate the severity of the disease in AN.

The disease severity criteria commonly used in DSM-5, which are based on patient BMI
values, are increasingly being criticized for their lack of real-world applicability in terms
of translating into the somatic or psychological state of patients [58,59]. In relation to this,
efforts are being made to identify a new, more clinically useful indicator of disease severity.
From a psychopathological point of view, methods that assess the severity of the cardinal
characteristics of AN, such as the drive for thinness and overestimation of weight and shape,
are being used, which are gaining increasing support in the scientific literature [60,61].
However, similar to the assessment of BMI, these methods do not provide a reliable
reflection of the biological manifestations of the disease such as endocrine or electrolyte
disturbances, which also directly influence therapeutic decisions. This is particularly
relevant given the considerable prevalence of systemic complications in this population,
including anemia, hyponatraemia and hypokalaemia, or elevated liver enzymes, which
cannot be directly attributed only to the degree of undernutrition [62]. However, new
reports are periodically published on potential new indicators of disease severity. One such
example is a report which suggests that the evaluation of a patient’s body weight history
in relation to their body weight upon admission is associated with nutritional biomarkers
and can be a useful method for classifying the severity of disease [63].

There are various interpretations of the reasons behind the increase in admissions
due to new AN during the pandemic. Sociocultural factors are of great importance in
body image and are known to be essential determinants of the development of anorexia
nervosa [64-66] In fact, stress of any kind should be considered as a precipitating factor
for the onset of AN [65]. Our study specifically identifies social isolation related to the
COVID-19 pandemic as another important factor in the development and aggravation
of AN. During the COVID-19 pandemic, educational institutions were closed and most
extracurricular activities for children and adolescents that usually take place outside the
family and in group settings were canceled. Teens experienced an extended period of
physical isolation from their peers, teachers, extended family, and community connections.
Social distancing and school closures exacerbate mental health issues of children and
adolescents, who are already more susceptible to such problems than adults [67]. In
addition, quarantine experiences were often associated with decreased psychological well-
being and the emergence of psychological symptoms and emotional disorders, including
sadness, anxiety, sleeplessness, and post-traumatic symptoms [68]. It should be mentioned
that Graell et al. reported that people with a history of eating disorders have been among
the most severely affected [69]. Moreover, 41% of adolescents receiving therapeutic care
exhibited a resurgence of eating disorder symptoms following the lockdown, especially
among those with diminished self-directedness and fewer effective coping mechanisms [70].
Furthermore, lock-down and isolation due to COVID-19 pandemic increased the use of
internet and social-media, which are already known to affect loneliness [71,72]. Women,
in particular, rely on social networks, which can negatively influence their perceptions of
body image [57,58]. However, the long-lasting consequences of social restraint for newly
diagnosed and relapsing patients with AN are unknown. Moreover, the concept of control
has been considered a crucial factor in the development of AN. It has been established that
people with AN tend to control their caloric intake in response to the inability to control the
uncertain aspects of life [73,74]. It is difficult to imagine something more uncontrolled than
the rapidly developing worldwide pandemic and the sense of instability can be considered
a precipitating factor in many of the new cases of AN. Jarvers et al. documented that loss
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of personal control and alexithymia contributed to the symptomatology of AN during the
pandemic [75].

Furthermore, the fact that medical institutions provided care predominantly by tele-
health methods seems to be an important factor. Telehealth, being an effective tool that helps
provide better care to patients, has several limitations, especially in terms of surveillance
of patients with mental health conditions [76]. Therefore, AN diagnoses may have been
delayed, resulting in a more severe clinical picture. Patients with already diagnosed AN
reported dissatisfaction with telehealth services [77] and a decrease in treatment adherence
was observed [78], which might suggest that in this particular group direct communication
with physicians and therapists could be crucial [79]. Additionally, children and adolescents
were home schooled during lockdowns. Teachers and school psychologists could not serve
as whistleblowers in the context of individual weight loss. Furthermore, the crucial role of
family structure in the pathophysiology of AN is undisputable [80,81]. During lockdowns,
all family members were closed in a limited space, which could have increased the impact
of the family and increased the outbreak of the disease. There are various interpretations of
the reasons for the increase in AN cases observed during the pandemic. Most interpreta-
tions take into account psychosocial factors. It should be mentioned that direct biological
mechanisms that lead to an increase in susceptibility to AN cannot be excluded on the basis
of current scientific data. However, if such trends of AN related to post-COVID morbidity
are maintained, especially in light of the continuously unstable epidemiological situation,
such mechanisms must be searched for.

According to the latest report of the World Health Organization, Polish children have
one of the lowest rates of mental well-being and one of the highest rates of attempted
suicide in Europe [82]. Our results further demonstrate such a defect in the Polish healthcare
system in the context of pediatric mental health and AN, which has only been aggravated
by the COVID-19 pandemic. On the other hand, such pandemic-related unpreparedness
was not uncommon [15,36,39-42,50-52,79,83,84], which could argue for the intersection
between biological and psychological mechanisms related to SARS-CoV-2 infection [85].
Thus, our results also imply the global need for dedicated health policies, which could be
easily implemented into virtual (e.g., telehealth) clinical practice in the time of possible
future pandemics, military conflicts or climate-related migration and disasters. These
strategies should be established for a better and earlier diagnosis of AN, among other
psychiatric disorders, to prevent hospitalization. The multilevel prevention system to
support youth mental well-being should be introduced across different health promotion
settings, including the implementation of feasible lifestyle recommendations combined
with practical interventions. Special attention should be paid to up-to-date sleep and
nutritional recommendations. The latest research suggests causative links between sleep
duration, screen time and mental health [86]. And the bidirectional relationship between
diet quality and mental health in children and adolescents has also been highlighted [87,88].

The main strength of our study is its comprehensive approach and especially the
analysis of the biological aspects of AN in the context of a pandemic. Furthermore, we
included the post-pandemic perspective in the analysis. However, several limitations of
our study must be acknowledged. This is a single-center retrospective study that may
contribute to some selection bias. However, in the region, St. Louis Children’s Hospital
is the only service that provides pediatric and psychiatric services, and the vast majority
of cases of AN are hospitalized at this facility. Only patients who required hospitalization
were included in the study; What can limit conclusions about the trend of morbidity to
more serious cases, the overall increase in cases of AN remains unknown. We also limited
our analysis to only female patients. This decision was motivated by the fact that the
characteristics of AN are more homogeneous among women. Despite limitations, the
study offers a novel approach in analyzing trends among AN patients in the context of
a pandemic. Further research is needed to fill the gaps in knowledge on interpretations
of trends in the post-pandemic context. Our study also advocates for well-planned and
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AN-dedicated countermeasures in the event of future pandemics [89], which are believed
to be inevitable [90], and the social restrictions associated with them.

5. Conclusions

The study provides an insight into the trajectory of AN in the context of the COVID-19
pandemic, and, as previously documented by other researchers, it highlights a notable
increase in the number of AN cases during the SARS-CoV-2 pandemic. However, an
extremely important finding seems to be that the pandemic not only increased the incidence
(or manifestation) of AN, but also worsened its clinical presentation, as evidenced by
longer hospital stays, an increased need for nutritional interventions, and higher rates of
anaemia, hypothyroidism, hypophosphataemia, and dyslipidaemia after the pandemic.
The observed changes in these parameters, which may be regarded as malnutrition-related
biomarkers, suggest that the disease severity in the peri-pandemic period is greater despite
the presence of subtle differences in BMI values. Given the reported trends, it is crucial to
consider the potential long-term effects of the pandemic on mental health, particularly in
vulnerable populations such as adolescents. The study underscores the need for enhanced
awareness, early intervention, and targeted support strategies to mitigate the impact of
future pandemics on eating disorders like AN.
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Abstract: Background/Objectives: Positive body image is linked to improved mental and physical
well-being, healthier lifestyles, and fewer unhealthy weight control behaviors. Cultural factors also
play a role in influencing body appreciation. This study investigated the associations between body
appreciation, body weight, lifestyle factors, and subjective health among bachelor’s students in
Lithuania and Poland. Methods: A cross-sectional online survey was conducted with 1290 students
from universities in both countries. The Body Appreciation Scale-2 (BAS-2) measured body apprecia-
tion, while participants provided self-reported data on their dietary habits, physical activity, sleep,
health perceptions, and body weight and height. Linear regression models explored associations
between BAS-2 scores, actual and perceived body weight, lifestyle habits, and subjective health.
Results: Gender and country-based differences in body appreciation were observed. Lithuanian
female students reported a higher median BAS score of 33 compared to 32 among Polish female
students (p = 0.02), despite having a higher median BMI (22.3 kg/m? vs. 21.1 kg/m?, p = 0.001).
Positive body appreciation was linked to healthier dietary behaviors, such as higher consumption of
fruits, vegetables, fish, and regular breakfasts. Additionally, greater physical activity and sufficient
sleep were associated with higher body appreciation, while higher intake of sweets, sugary drinks,
and fast food correlated with lower BAS-2 scores. Both BMI and perceived weight were negatively
associated with body appreciation, particularly among females. Conclusions: Body appreciation is
closely linked to body weight, healthier lifestyle, and positive health perceptions, suggesting that
promoting healthier habits may improve body appreciation.

Keywords: students; body appreciation; body weight; nutrition habits; physical activity; subjective
health

1. Introduction

Body appreciation is the recognition and acceptance of one’s body, regardless of its
size, shape, or appearance. It means maintaining a positive attitude toward the body,
focusing on its functionality and uniqueness rather than just its physical appearance or
how it fits society’s beauty standards. Researchers have become increasingly interested
in studying body appreciation to explore its associations with lifestyle, health perception,
and overall well-being. The Body Appreciation Scale-2 (BAS-2), developed by Tylka and
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Wood-Barcalow, is a validated tool used to assess positive attitudes toward one’s body [1].
The study has demonstrated strong internal consistency (x = 0.97), test-retest reliability
(r =0.90), and construct validity (convergent, incremental, and discriminant) for the BAS-
2 [1]. The scale has also been shown to be invariant across genders and was considered a
reliable and valid tool for measuring the body appreciation of students [2].

Young adulthood, particularly in a university setting, is a critical period for identity
formation, including self-image and health habits, which are often shaped by social, cultural,
and academic environments [3]. University students face unique pressures related to
academic performance, social integration, and, in recent years, the increased influence
of social media on appearance ideals, which can significantly impact body appreciation
and lifestyle behaviors. Additionally, university environments are structured to facilitate
recruitment for large-scale surveys, as students are typically accessible through institutional
channels, enabling the analysis of a relatively diverse sample across demographic groups.
University students often come from varied backgrounds, including different regions,
family structures, and socioeconomic statuses, offering a good possibility to analyze diverse
populations [3].

Previous studies have demonstrated that higher BAS scores are associated with health-
ier behaviors. Instead of engaging in extreme dieting or harmful weight loss practices,
individuals with high body appreciation were more likely to adopt a balanced and sus-
tainable diet, along with moderate physical activity, respecting the body’s needs [1,4-6].
Research also shows that students with greater body appreciation are engaged in healthier
behaviors, such as regular physical activity and healthier eating patterns. On the contrary,
those with lower body appreciation scores often display poorer dietary choices and are
more prone to sedentary lifestyles [2,5,7].

Gender differences in body appreciation have been well-documented. Studies have
shown that women generally report lower BAS scores compared to men, largely due to
societal emphasis on thinness for women and muscularity for men [8,9]. Body dissatis-
faction among young women strongly predicts disordered eating, depressive symptoms,
and unhealthy weight control practices. Conversely, men’s body image concerns focus
more on muscularity and strength [10]. A study by Wawrzyniak et al. found that body
dissatisfaction was more frequently reported among female adolescents and increased with
age for both genders [11]. The literature describes the high prevalence of body weight
dissatisfaction among female adolescents as “normative discontent” [12]. Furthermore,
men are more likely to underestimate their body weight compared to women, even though
a larger proportion of men are classified as overweight [13,14].

Social media’s influence on body appreciation has received considerable attention.
Social platforms often promote narrow beauty ideals, leading to body dissatisfaction, partic-
ularly among women who engage in social comparisons. Studies have shown that increased
use of social media intensifies body image concerns and negatively affects body apprecia-
tion, especially in cultures that highly value thinness and physical appearance [15,16].

Cultural differences play a significant role in body appreciation. While some studies
indicate that body image concerns exist worldwide, the level of body appreciation can
vary based on cultural and regional norms [6,17]. For instance, a study conducted across
several European countries found that Polish students reported higher levels of body
dissatisfaction compared to their peers in Lithuania. This discrepancy reflects differing
societal norms regarding beauty and body size [18].

This study aims to examine the associations between body appreciation, body weight,
and lifestyle factors among bachelor students in Lithuania and Poland. Although these
two neighboring countries share some similarities, they also exhibit differences in dietary
habits and societal norms, which may influence perceptions of body image
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2. Materials and Methods
2.1. Study Design and Sample

The online cross-sectional study was conducted among bachelor students at the largest
Universities of Applied Sciences in Lithuania, located in Vilnius, Kaunas, Klaipéda, and
Siauliai. Additionally, it included major Polish universities such as the Warsaw University
of Life Sciences, Warsaw University of Technology, University of Gdarnsk, and Poznari
University of Economics. The survey at the Lithuanian universities took place during the
second semester of the 2021-2022 academic year. The study in Poland was conducted from
February to December 2022.

The data collection process involved sending emails to all students in the randomly
selected faculties, providing information about the survey, and inviting them to participate.
The online survey was open for three weeks, and additional reminders were sent during the
first and second weeks to encourage completion. Participation in the study was voluntary
and anonymous, ensuring that respondents felt comfortable providing their answers.

A self-administered questionnaire was completed by 1290 students: 709 students
(216 males and 493 females) from Lithuanian universities, and 581 (121 males and 460 females)
from Polish universities.

The study protocol received ethical approval from the Bioethics Centre at the Lithua-
nian University of Health Sciences (protocols BEC-GVM(M)-80, BEC-GM(M)-119) and
the Ethics Committee for Research with Human Participation at the Institute of Human
Nutrition Sciences of the Warsaw University of Life Sciences (Resolutions No. 3/2022 from
28 January 2022). Additionally, permission to conduct the study was obtained from the
administration of the participating universities, ensuring compliance with institutional
regulations and policies.

2.2. Measurements

A standardized questionnaire developed for this study was used in both countries.
Students were asked about the frequency of consumption of selected foods, their physi-
cal activity levels, harmful behaviors, self-reported weight and height, attitudes toward
weight gain, healthy eating, health perception, and body appreciation. A food frequency
questionnaire was employed to assess the students’ dietary habits. Respondents were
asked to indicate the frequency of eating breakfast and consuming 19 various food items,
such as meat and meat products, poultry, fish/seafood, milk and dairy products, bread,
cereal products, fresh vegetables, fruits, nuts/seeds, confectionery, sweets, soft drinks,
energy drinks, fast foods, and snacks. Response options included the following categories:
(1) ‘never’, (2) ‘1-4 times a month’, (3) ‘several times a week’, (4) “daily’, and (5) ‘several
times a day’. Based on the reported frequency of food consumption, respondents were
categorized into two groups: (1) ‘At least several times a week’ (‘several times per day’,
‘daily” and ‘several times a week’) and (2) “1-4 times a month or never’.

Physical activity was assessed by asking two questions: (1) ‘How much time do you
spend sitting on a typical weekday (e.g., sitting at a desk, watching television, reading)?’
and (2) ‘In your leisure time, how often do you engage in physical exercise for at least
30 min that makes you at least mildly short of breath or perspire?’ The possible answers
were: ‘every day’, ‘4-6 times a week’, '2-3 times a week’, ‘once a week’, ‘once a month’,
and ‘never’ coded from 1 to 7. Based on their responses, participants were categorized into
two groups: (1) those physically active at least four times a week and (2) those physically
active less often. Additionally, participants were asked to report their average daily sleep
duration in hours.

Participants were also asked to report their actual weight (in kilograms) and height
(in centimeters). Body mass index (BMI) was calculated by dividing weight (in kg) by the
square of height (in meters). BMI values were categorized according to the WHO criteria:
underweight (BMI < 18.5 kg/m?), normal weight (BMI 18.5-24.9 kg/m?), overweight
(BMI 25-29.9 kg/m?), and obesity (BMI > 30 kg/m?) [19]. Additionally, students were
asked, “Would you be concerned if you gained weight?’, with possible five answers from
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(1) ‘never’ to (5) ‘very often. The question ‘How important is it for you to eat healthy?” had
five responses from (1) ‘very important” to (5) ‘not at all’. Regarding health perception,
students were questioned to what extent they keep an eye on their health. Response options
included: ‘not at all’, ‘not much’, ‘to some extent’, and ‘“very much’. Respondents were
categorized as those who kept an eye on health answering ‘to some extent’ and ‘very
much’ and the rest. Additionally, participants were asked about their health: "How would
you assess your present health status?’, with the following answer categories: (1) ‘good’,
(2) ‘reasonably good’, (3) ‘average, (4) ‘rather poor’, and (5) ‘poor’. Those who chose an-
swers ‘good’ and ‘reasonably good’ were grouped as having a positive health assessment.

The Body Appreciation Scale-2 (BAS-2) was used to assess students’ body apprecia-
tion [1]. This scale includes 10 items, each rated on a five-point Likert scale ranging from
1 (never) to 5 (always). In the current study, Cronbach’s alpha coefficient was « = 0.962
for the Lithuanian version and 0.945 for the Polish version, indicating a strong internal
consistency of the questionnaire. The overall score was determined by adding all responses,
with a minimum sum of 10 and a maximum of 50. Higher scores reflect a more positive
perception of body image.

2.3. Statistical Analysis

The categorical variables were presented as percentages and were compared using
the Pearson chi-square test and z-test with Bonferroni correction for multiple comparisons.
The continuous variables were presented as median and interquartile range, as all analyzed
variables did not meet the criteria for normal distribution (Kolmogorov—Smirnov test).
The Mann-Whitney test was used to compare the distributions of continuous variables
between countries. The associations of BAS scores with BMI and perceived weight were
analyzed using Spearman correlation analysis by country and gender. Multivariable linear
regression analysis was used to associate the BAS scores with lifestyle factors, health
perception, and other variables. Our data satisfied the assumptions of linear regression:
(1) the response variable (BAS) was continuous, while the explanatory variables were either
continuous or binary (gender and country); (2) the relationship between the outcome and
the explanatory variables was linear; (3) the residuals were normally distributed; and
(4) there was no multicollinearity among the explanatory variables. Initially, separate
models were calculated for each variable, adjusting for gender, age, country, and BML
Subsequently, variables that were uncorrelated and contributed to an increase in R square
were included in the final model.

Data analysis was conducted using the IBM SPSS Statistics software package, version
29.0 (IBM Corp.: Armonk, NY, USA, released 2022). p-values < 0.05 were considered
as significant.

3. Results

The main characteristics of the study population are presented in Table 1. The median
age for men was 19 years in Lithuania and 20 years in Poland (p = 0.01), while for women,
it was 20 years in both countries (p = 0.359).

Body appreciation levels were comparable for males in both Lithuania and Poland,
with median BAS scores of 34 and 35, respectively. In contrast, Lithuanian female students
had a higher median BAS score of 33, compared to 32 for Polish female students (p = 0.02).
While the median BMI for males was similar in both countries, Lithuanian female stu-
dents had a higher median BMI of 22.3 kg/m?, compared to 21.1 kg/m? for their Polish
counterparts (p = 0.001).

Polish students reported spending more time sitting than Lithuanian students, 8 h
per day and 6 h, respectively. Additionally, Polish students consumed more fruits and
vegetables than Lithuanians. They also had a higher frequency of breakfast consump-
tion. Lithuanian students ate fish, legumes, nuts, and seeds more frequently than their
Polish counterparts. Concerns about weight gain were more common among Polish stu-
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dents, whereas Lithuanian students tended to rate their health more positively than their
Polish peers.

Table 1. The characteristics of students in Lithuania and Poland.

o Male Students Female Students
Characteristics Lithuania Poland p-Value Lithuania Poland p-Value
Age (years), median (IR) 19 (2) 20 (3) 0.01 20 (4) 20 (3) 0.359
Body Appreciation Scale (scores), median (IR) 34 (10.8) 35 (13.5) 0.809 33 (12.5) 32 (14) 0.020
Body mass index, (kg/m2), median (IR) 23.3 (4.6) 23.5 (4.1) 0.834 22.3 (4.8) 21.1 (4.1) 0.001
Sitting time (hours), median (IR) 6 (4) 8(4) 0.001 6 (4) 8(4) 0.001
Sleep duration (hours) 7 (1) 7 (2) 0.001 7 (2) 7(2) 0.294
Vegetable portions a day, median (IR) 1(1) 2(2) <0.001 1(1) 2(2) <0.001
Fruit portions a day, median (IR) 1(1) 1(2) 0.001 1(1) 2(1) <0.001
Breakfast (days a week), median (IR) 54) 7 (3) 0.025 5(4) 7 (3) <0.001
Consumption of food products at least several times a week (% of participants)
Fish 43.1 14.9 <0.001 36.7 7.8 <0.001
Porridge/Cereals 62.5 479 0.010 58.6 62.6 0.208
Legumes 454 22.3 <0.001 42.0 33.0 <0.004
Nuts and seeds 65.3 322 <0.001 56.6 39.8 <0.001
Sweets (chocolate, candies) 60.2 56.2 0.476 56.6 65.0 0.008
Sugary drinks (soda) 53.2 52.1 0.836 35.1 40.7 0.077
Fast food 41.7 25.6 0.003 21.9 13.7 0.001
Snacks (chips, roasted peanuts, etc.) 514 421 0.103 31.2 27.6 0.220
Perceptions and Behavior (% of participants)
Believe it is important to eat healthy 46.8 51.2 0.430 62.1 61.1 0.755
Worry about weight gain 7.4 154 <0.001 40.6 73.7 <0.001
Take care of health 77.8 65.3 0.013 86.4 62.8 <0.001
Evaluate health as good 81.5 62.0 <0.001 779 67.8 <0.001

IR—interquartile range; p-Value from Mann-Whitney or Pearson chi-square tests.

Most students in both countries were classified as having a normal weight (Figure 1).
A higher proportion of males in Lithuania and Poland were categorized as overweight,
while a smaller proportion were classified as underweight when compared to females.
The distribution of males across body weight status categories was quite similar in both
countries. In contrast, Polish female students showed a slightly higher prevalence of
underweight (15.7%) and a lower prevalence of overweight (10.9%) compared to Lithuanian
females, who had rates of 10.5% for underweight and 18.7% for overweight.

p<0.001

80— p<0.001
P, 69.8 wm=  Underweight
0 /.
63.0 64.7 — = Normal weight
60 - ] Overweight
== Obesity
40
% 25.5%
20.7*
18.7 |
20 15.7
10.5 10.9
Lt 63 I—l 6.1 5.07 60 37
g [] [ I [] |

Males LT Females LT Males PL Females PL

Figure 1. Distribution of male and female students by body weight status in Lithuania and
Poland. * p < 0.05 compared to females in Lithuania or Poland (x? test with Bonferroni corrections);
LT—Lithuania, PL—Poland.
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%

A larger percentage of Lithuanian males described themselves as ‘just right’ compared
to Polish males, while more Polish males perceived themselves as ‘too fat’ (Figure 2).
Among females, weight perceptions were more consistent between the two countries.
Additionally, more females in both countries considered themselves “too thin” compared to
their male counterparts. In Lithuania, a higher proportion of females than males perceived
themselves as ‘too fat’, while in Poland, more females than males considered themselves
‘just right’.

p=<0.001
80 N :
p<0.001 = T0o0 thin

‘ ‘ mm Just right

60 5£ 8 oo 57.8 * Too fat
413 :
40 36.4
34,5 % 33.0
30.1
223
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0
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Figure 2. Distribution of male and female students by body weight perception in Lithuania and
Poland. * p < 0.05 compared to males in Lithuania or Poland (x? test with Bonferroni corrections);
LT—Lithuania, PL—Poland.

The Spearman correlation analysis indicated a significant negative association between

BAS scores and BMI among female students in both Lithuania and Poland (Table 2).
For male students, this negative association was statistically significant only in Poland.

Additionally, perceived weight demonstrated a negative correlation with body appreciation
for both genders in Poland and females in Lithuania, suggesting that students who perceive
themselves as overweight tend to have lower BAS scores.

Table 2. Spearman correlation coefficients between body appreciation scale and BMI as well as
perceived weight.

Lithuania Poland Total
Variable Sex
r p-Value r p-Value r p-Value
BMI M —0.008 0.912 —0.284 0.002 —0.120 0.028
F —0.276 <0.001 —0.186 <0.001 —0.209 <0.001
Perceived M —0.133 0.051 —0.387 <0.001 —0.232 <0.001
weight F —0.386 <0.001 —0.362 <0.001 —0.372 <0.001

r—correlation coefficient; M—males; F—females.

The results of the multivariable linear regression analysis, which calculated separate
models for each variable, adjusting for gender, age, country, and BMI, indicated that
body appreciation is associated with lifestyle, health perceptions, and other analyzed
factors. (Table 3). A higher intake of vegetables and fruits, along with regular breakfast
consumption, was positively associated with BAS scores. Additionally, higher frequencies
of consuming fish, porridge, legumes, and nuts were linked to better body appreciation. On
the contrary, a high intake of sweets, sugary drinks, fast food, and unhealthy snacks was
related to lower BAS scores, suggesting that limiting less nutritious foods might contribute
to a more positive body image. Students who considered healthy eating important had
higher BAS scores compared to those with the opposite view.

153



Nutrients 2024, 16, 3939

Table 3. Associations of body appreciation scale with lifestyle factors, health, and other variables
(multivariable linear regression analysis *).

Variable Lithuania Poland Total
B CI p-Value B CI p-Value [§] CI p-Value
Breakfast frequency 0.63 0.40; 0.86 <0.001 1.03 0.69; 1.38 <0.001 0.76 0.57; 0.96 <0.001
Vegetable daily portions 0.75 0.16; 1.34 0.013 0.61 0.25;0.97 0.001 0.62 0.32;0.92 <0.001
Fruit daily portions 0.73 0.13; 1.33 0.017 0.57 0.00; 1.13 0.049 0.64 0.24; 1.05 0.002
Fish consumption 1.65 0.86;2.43 <0.001 1.711 0.46; 2.96 0.007 1.66 0.98;2.33 <0.001
Porridge consumption 1.55 0.93;2.17 <0.001 1.17 0.39; 1.96 0.003 1.32 0.84; 1.81 <0.001
Legumes consumption 1.68 0.97;2.39 <0.001 1.11 0.17;2.05 0.020 1.41 0.84;1.98 <0.001
Nuts consumption 2.50 1.97;3.03 <0.001 1.70 0.84; 2.56 <0.001 2.16 1.69;2.62 <0.001
Sweets consumption —1.83 —249;-1.18 <0.001 —0.41 —1.33;0.51 0.381 —130 —1.84;-0.76 <0.001
Sugary drinks consumption —158 —2.21;-0.96 <0.001 0.25 —0.47,0.97 0.495 —0.68 —1.16; —0.21 0.005
Fast food consumption —-193 —-291;,-0.95 <0.001 —0.28 —1.76;1.21 0.713 —-136 —2.19; —0.53 0.001
Snacks consumption —-1.22 —2.05; —0.39 0.004 —0.40 1.50; 0.69 0.468 —-0.89 —1.56; —0.22 0.009
Sitting hours —0.38 —0.57;,-0.18 <0.001 —0.28 —0.56; 0.01 0.057 —-0.34 —0.50; —0.17 <0.001
Exercises during leisure time —-1.72 —-2.07; -1.38 <0.001 —-052 —-0.97; —-0.07 0.023 —1.18 —1.46; —0.89 <0.001
Sleep hours 1.65 1.18;2.12 <0.001 1.34 0.70; 1.98 <0.001 1.49 1.11;1.87 <0.001
Health perception —1.70 —243;-0.97 <0.001 —443 —5.30; —3.56 <0.001 —2.87 —3.43; -2.30 <0.001
Taking care of health 3.34 2.48;4.20 <0.001 3.67 2.76;4.58 <0.001 3.52 2.90;4.14 <0.001
Worrying about weight gain —2.67 —3.18;-2.16 <0.001 —-3.27 —3.80; —2.74 <0.001 2.97 2.60; 3.34 <0.001
Importance of eating healthily = —2.92  —3.58; —2.27 <0.001 —2.59 —3.35; -1.83 <0.001 —2.75 —3.24; -2.26 <0.001

* Separate models were calculated for each variable, adjusting for gender, age, and BMI, as well as the country in
models where combined data were used. f—unstandardized regression coefficient; Cl—confidence interval.

Students who engaged more frequently in leisure-time physical activity reported
higher body appreciation, while longer hours of sitting negatively affected BAS scores.
Adequate sleep also played a significant role, as it was associated with better body appreci-
ation, underscoring the importance of rest in promoting a positive body image.

Health perception was also associated with BAS. Students who rated their health more
positively or took care of their health had higher BAS scores. However, those worried
about potential weight gain tended to have lower BAS scores.

It is important to note that more statistically significant associations were observed

among Lithuanian students compared to Polish students. In Poland, BAS scores were not
statistically significantly related to the consumption of sweets, sugary drinks, fast food,
snacks, or hours spent sitting, although trends were similar to those in Lithuania.
Multivariable linear regression analysis was conducted, including all uncorrelated
variables that contributed to an increase in the R-squared value (Table 4). The results
indicated that body appreciation was negatively correlated with several factors: BMI, the
frequency of sweets consumption, a decrease in exercise frequency, a declining perception
of health, concerns about weight gain, and being a Polish student. Conversely, body
appreciation was positively associated with increased consumption of fish and nuts, longer
sleep hours, and age. Additionally, males had higher BAS scores compared with females.
Overall, this model accounted for 36.2% of the variations in BAS scores among students.

Table 4. Associations of body appreciation scale with analyzed variables (multivariable linear
regression analysis).

Variable Unstandardized Coefficients CI p-Value Standardized Coefficients
BMI —0.22 —0.33; —0.11 <0.001 —0.10
Fish consumption 0.90 0.30; 1.50 0.003 0.08
Nuts consumption 1.36 0.93;1.79 <0.001 0.16
Sweets consumption —0.65 —1.12; —0.18 0.006 —0.06
Exercises during leisure time —0.60 —0.85; —0.34 <0.001 —0.11
Sleep hours 0.92 0.59; 1.25 <0.001 0.13
Health perception —2.08 —2.58; —1.58 <0.001 —0.19
Worrying about weight gain —2.67 —3.00; —2.33 <0.001 —0.42
Age 0.23 0.13;0.32 <0.001 0.11
Gender (males vs. females) 1.56 0.56; 2.56 0.002 0.08
Country (Poland vs. Lithuania) —3.40 —4.31; —2.50 <0.001 -0.19

R square 0.362; CI—confidence interval.
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4. Discussion

This study examined body appreciation, BMI, lifestyle, and other factors among uni-
versity students in Lithuania and Poland. Notable differences in the analyzed characteristics
were observed between genders and countries. The results revealed strong associations
between body appreciation and both actual and perceived body weight, as well as lifestyle
choices, and subjective health.

Consistent with earlier studies, the dietary habits of Lithuanian and Polish students
do not align with recommended dietary guidelines. A significant number of students
consume insufficient amounts of vegetables, fruits, fish, legumes, and nuts, while frequently
eating sweets, sugary drinks, fast food, and snacks. Other research has also shown that
university students tend to have high-calorie diets that are rich in sugar and fat but low
in essential nutrients, including fruits, vegetables, and fish [13,20-22]. Meal skipping,
particularly breakfast, is common and has been linked to unhealthy patterns such as weight
gain [20,22,23].

In our study, Lithuanian students reported consuming fish, legumes, nuts, and seeds
more frequently than their Polish counterparts. Previous studies conducted in Poland,
Germany, and Slovakia have also indicated differences in diet quality between these
countries, highlighting that Polish students tend to consume a less healthy diet [18,24].
The highest level of knowledge about food and nutrition was observed among students
from Poland. However, this knowledge did not correlate with a healthier diet [24]. Polish
adolescents aged 13 to 19 who were dissatisfied with their body weight were less likely
to meet dietary recommendations [11]. Many respondents expressed a willingness to
engage in various activities aimed at increasing exercise, changing eating habits, or seeking
assistance from professionals, such as personal trainers, to achieve their desired body shape.
Conversely, concerns about gaining weight and losing attractiveness were commonly
mentioned as factors influencing their perceptions of personal appearance [25].

It is important to note that dietary habits among Lithuanian students have improved
from 2000 to 2017, with females exhibiting healthier eating patterns than males [13]. More-
over, Polish females also showed healthier food choices compared to males [11,26,27].
Other studies confirm that males are more likely to consume poorer diets, characterized by
fast food and snacks, compared to females [13,28-30].

Our data indicate that the majority of students in both countries were of normal
weight. Overweight was more prevalent among males, while underweight was more
common in females. Polish females demonstrated slightly higher rates of underweight
and lower rates of overweight compared to their Lithuanian counterparts. The COVID-
19 pandemic contributed to weight gain among students, with some of these changes
persisting even after the pandemic [31,32]. Overweight and obesity are increasing globally,
affecting young people, including students, and influencing body image [33-35]. Students
with higher BMI are more likely to experience body dissatisfaction and engage in unhealthy
behaviors [31,36].

In our study, Polish females reported significantly lower BAS scores compared to
Lithuanian females. This difference occurred despite Polish females having a lower preva-
lence of overweight. Additionally, Polish female students expressed more concern about
weight gain than Lithuanian students. In terms of male perceptions, Polish students were
more likely to believe they were overweight compared to Lithuanian male students, even
though the prevalence of overweight and obesity was similar among males in both coun-
tries. These findings underscore the complex influence of cultural and gender-specific
factors on body image perceptions in Lithuania and Poland [4,37].

Research data have shown that females are generally more dissatisfied with their
weight and appearance and are more likely to engage in weight control practices com-
pared to males [10,38]. In contrast, males often focus on muscularity, frequently viewing
themselves as underweight or insufficiently muscular [39,40]. Social media has intensified
body image concerns by promoting an ideal of thinness for women and muscularity for
men, which contributes to body dissatisfaction and unhealthy behaviors [1,41,42]. Social
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platforms amplify these pressures through likes and comparisons, fostering disordered
eating, especially in cultures that idealize thinness [43—46].

Our data align with previous studies showing that a higher BMI is associated with
lower body appreciation, except for Lithuanian male students. Other studies also found
that individuals with a higher BMI generally reported lower BAS scores, indicating greater
body dissatisfaction [25,47]. This association was particularly pronounced among females
for whom societal pressures and the promotion of thinness as the ideal body type by the
media intensify body image concerns [10]. Males experience less pressure regarding body
size and BMI compared to females [8]. This difference may explain why Lithuanian male
students did not demonstrate a significant association between BMI and body appreciation.

In our study, BAS scores were negatively correlated with perceived weight in both
countries and across genders. Other authors demonstrated that people who see themselves
as overweight, regardless of their actual weight, tend to experience lower levels of body
appreciation and higher levels of psychological distress [34]. Additionally, individuals
with greater body dissatisfaction are more likely to engage in harmful weight control
practices, such as restrictive dieting and excessive exercise, which can have negative effects
on both their physical and mental well-being [20,46,48]. Research indicates that students
feel pressure regarding their body appearance in fitness centers [47]. Thus, the increase in
obesity prevalence among students, linked to physical inactivity and poor dietary habits,
may heighten the risk of body dissatisfaction, particularly in societies where thinness is
idealized [13,33].

Our data indicated that body appreciation is linked to the dietary habits of students.
Higher consumption of vegetables, fruits, fish, porridge, legumes, nuts, and regular break-
fast was associated with higher BAS scores. This is consistent with findings, which show
that healthier diets are related to a positive body image [49,50]. Conversely, the intake of
sweets, sugary drinks, fast food, and snacks of Lithuanian students was associated with
lower BAS scores. Earlier studies have also shown that poor diets are related to negative
body image and poor mental health [50,51].

The current study found a positive association between physical activity and body
appreciation, which supports previous findings indicating that regular exercise enhances
body image and self-esteem [7]. In contrast, sitting time was associated with lower body
appreciation among Lithuanian students, reflecting research that shows inactivity nega-
tively affects body image and overall health [52,53]. The increasing prevalence of sedentary
behavior, driven by longer screen time, is a global concern.

High levels of weight importance during adolescence were found to be predictive
of persistent dieting and disordered eating during young adulthood for both males and
females [54].

Health perceptions demonstrated a strong association with body appreciation. Our
findings indicated that students who rated their health positively or were more health-
conscious reported higher BAS scores. This aligns with previous research suggesting a
relationship between body image perception and better health outcomes [50].

This study has several limitations that should be acknowledged. Firstly, the cross-
sectional design limits the ability to establish causal relationships between body apprecia-
tion and lifestyle factors such as diet, physical activity, and health perceptions. Secondly,
the study relied on self-reported data for weight and height, which may introduce bias due
to participants underreporting or overreporting these anthropometric measures, as well as
their dietary habits and body weight perceptions. Social desirability bias may also affect
responses, especially regarding body image and health behaviors. Additionally, the sample
consisted only of bachelor students from various universities in Lithuania and Poland,
which may limit the generalizability of the findings to larger populations or students in
other countries. The lack of data on socioeconomic status and mental health, both of
which could influence body appreciation and lifestyle behaviors, is another limitation that
needs to be considered in future research. Lastly, the analysis did not include detailed
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measurements of social media use, which is known to significantly impact body image and
should be explored further.

Despite these limitations, the study has several significant strengths. It examines a
large and diverse sample from two countries, which allows for meaningful cross-cultural
comparisons. This provides valuable insights into how regional and cultural differences
may affect body appreciation and related lifestyle factors. The study employs the validated
Body Appreciation Scale-2, ensuring accurate and consistent measurement of body image
across different genders and cultures. Additionally, by including various health-related
behaviors such as diet, physical activity, and sleep, along with subjective health assessments,
the study offers a comprehensive overview of factors connected to body appreciation.

Future research should include longitudinal studies to explore the causal relationships
between body appreciation and health behaviors over time. Expanding the sample to
include students from different regions or countries could enhance the generalizability of
the findings. Additionally, examining the roles of mental health, socioeconomic status, and
the influence of social media on body appreciation would provide more comprehensive
insights. Interventions aimed at promoting a positive body image, particularly among
female students, could be developed to encourage healthier lifestyle choices and improve
overall well-being.

5. Conclusions

This study emphasizes the strong links between body appreciation, lifestyle factors,
such as diet and physical activity, and health perceptions among university students in
Lithuania and Poland. Female students, especially in Poland, reported lower levels of
body appreciation despite having lower rates of overweight. This suggests that cultural
and gender-specific pressures may influence body image. Higher body appreciation was
associated with healthier eating habits, increased physical activity, better sleep quality, and
positive health perceptions. Conversely, sedentary behavior and a higher intake of sweets
and fast food were linked to lower body appreciation. Promoting healthier lifestyle habits
may support improved body appreciation among students.
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Abstract: Introduction. Anorexia nervosa severely impacts the physical body and mental
body (i.e., body image). In this retrospective study, we investigated the relationship
between the perceived body image and body composition in women with anorexia nervosa.
Specifically, we aimed to verify what components (i.e., weight, body composition, and
micronutrients) may predict a higher number of symptoms of negative body image in this
clinical condition. Methods. Weight status and body composition, including the expressions
of vitamins, and body image concerns were measured in a sample of 112 women with
anorexia nervosa (age in years M = 26.78; SD = 12; range = 14-67). Results. According
to the regression analysis, a higher skeletal muscle mass and a higher concentration of
vitamin B6 seemed to predict a higher number of symptoms of negative body image in
our sample. Conclusions. This study pointed out muscle mass and the concentration of
vitamin B6 as involved in the psychological expression of body image concerns in anorexia
nervosa, especially at the beginning of the disease. Thus, we may suggest including and
monitoring these parameters in routine care for anorexia nervosa.

Keywords: anorexia nervosa; body image; physical body; body composition; vitamins

1. Introduction

Negative body image is a core symptom of anorexia nervosa [1]. Affected individuals
may show significant perceptual distortions in estimating physical body sizes (i.e., they
tend to estimate their size as larger than is objectively true) and high levels of dissatisfac-
tion toward bodily size, shape, and appearance [2-4]. The major expression of the disease
symptoms is on the physical body: thinness and low weight (even if some people with
anorexia nervosa may not look very thin) [5], blue fingers, thin and fragile hair, yellowing
and dry skin, and downy hair covering the body [6,7]. Also, individuals with anorexia
nervosa report high levels of weakness and tiredness; they feel dizziness or fainting [5].
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Swelling of the arms and legs and stress fractures or reduced bone mass can be observed [8].
Some of these signs and symptoms mirror micronutrient deficiency, such as vitamin defi-
ciency. In the context of eating disorders, vitamin D deficiency, together with an inadequate
calcium intake, is highly associated with fractures, osteoporosis, and reduced bone mass [9].
Water-soluble vitamins like vitamin B complex and vitamin C are more prone to wash
out from the body during stressful conditions, like starvation and low food intake [10].
Vitamins as micronutrients play a vital functional role in maintaining high levels of health
and peak physical performance [11]. They enable those complex reactions necessary to
use the potential energy in macronutrients to fuel the biological processes inherent in
physical training and recovery [11,12]. Thus, in the case of reduced levels of vitamins, the
physical body may be perceived as less strong and less capable, which is precisely the
experience of individuals with anorexia nervosa. The lower level of strength mirrors what
is observed in the clinical assessment of body composition in terms of reduction of fat
mass, fat-free mass, and bone mass [13], and reduced efficiency of energy processes and
proteolysis [14], as suggested by lower values of the phase angle (i.e., computed according
to the resistance and reactance values obtained through bioelectric impedance analysis and
directly correlated with body cell mass and cellular nutritional status). A lower phase angle
reflects the impact of undernutrition, as observed in malnourished or cachectic patients [15].
Notably, phase angle values have been found to increase during nutritional recovery, along
with improved body composition and fluid compartment changes [15,16]. Nevertheless,
high inter-individual variability is observed in this parameter because of the role played by
other factors, including individual levels of physical activity, the presence of vomiting and
use of laxatives, the characteristics of the metabolism in starvation, and, possibly, on the
stage of recovery.

In this retrospective study, we aimed to investigate the relationship between perceived
body image and body composition (even at the level of micronutrients) in women with
anorexia nervosa. Specifically, to recognize a sort of body-related biomarker of negative
body image in anorexia nervosa, we verified what components (i.e., weight, body compo-
sition, and micronutrients) may predict a higher number of symptoms of negative body
image in our sample.

2. Methods
2.1. Participants

This study was approved by the Ethics Committee of the involved institution (Reference
number: 2022_09_27_10). All participants were volunteers who gave informed written consent.
For individuals with ages lower than 18 years, parents signed the written consent. The Italian
National Sanitary System covered all hospital charges, and participants were not remunerated.

In this retrospective observational study, only in-patients consecutively recruited at their
admission to the hospital between February 2021 and March 2024 were included. Participants
were evaluated according to routine procedures on a day-hospital basis. Individuals were
included in this study if they satisfied the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (American Psychiatric Association, 2013) criteria for anorexia nervosa, which are as
follows: (i) restriction of food intake leading to weight loss or a failure to gain weight resulting
in a “significantly low body weight” of what would be expected for someone’s age, sex, and
height; (ii) fear of becoming fat or gaining weight; and (iii) a distorted view of themselves and
their condition. Both “restricting type” and “binge eating/purging type” (American Psychiatric
Association, 2013) were included in this study. Moreover, participants were included if they had
not previously been treated, and none declared that they took prescribed or self-administered
micronutrient supplements. Participants were excluded if other pathologies not related to
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anorexia nervosa were recorded (e.g., neurodegenerative diseases such as brain injury and
stroke). Notably, individuals in their first recovery and those in their second or more recovery
were included as the chronic nature of the disease [17], since affected individuals frequently
undertake more than one treatment. A clinical assessment of the eating style through the
traditional Eating Disorder Inventory™-3 (EDI-3) [18], which focuses on the symptomatology
associated with eating disorders, and the Binge Eating Scale [19] to assess the presence of binge
eating behavior. We administered the Symptom Checklist-90 [20], which allows the evaluation
of self-reported severity of psychopathological symptoms, and the Italian version [21] of the
Psychological General Well-Being Index (PGWBI) [22], which measures the self-reported level
of anxiety, depressed mood, positive well-being, self-control, general health, and vitality.

2.2. Body Image

Our participants with anorexia nervosa filled out the Body Uneasiness Test [23], which
assesses body image characteristics. This self-rating scale explores various areas of body-
related psychopathology, which are dissatisfaction regarding the body and its weight; avoiding
and compulsive control behavior; experience of separation and foreignness regarding the
body; and specific worries for certain body parts, characteristics, or functions. The main global
dimension of the Global Severity Index (i.e., GSI) is read as a marker of body image concerns,
with a higher score indicating greater body uneasiness. This questionnaire has been validated
in individuals with a body mass index lower than 25, showing a good internal consistency
(Cronbach’s alpha coefficients range between 0.69 and 0.90 > 0.7) [23].

2.3. Weight Status and Body Composition

Because of the clinical standard routine, individuals” weight and height were measured
under standardized conditions in the morning, after a fasting period of 12 h, in light
clothes without shoes. Body mass index (BMI) was calculated as body weight divided
by squared height (kg/m?). Body weight (kg) and body height (meters) were measured
with precision to the nearest 0.1 kg and 0.5 cm, respectively. A mechanical column scale
(Scale-Tronix, Wheaton, IL) and a stadiometer (Scale-Tronix, Wheaton, IL, USA) were used
for these measurements. Moreover, we performed a body composition analysis with a
single-frequency bioelectrical impedance analysis (BIA 101, Akern®, Pisa, Italy).

After a 12 h fasting period, blood samples were collected through an indwelling
cannula inserted at the cubital vein. Tubes were kept on ice and protected from light
immediately after sampling. To determine the level of concentration of vitamin C, vitamin
A, and vitamin E, plasma was separated with centrifugation at 3000x g for 10 min at
4 °C and stored at —80 °C until analysis. For vitamins Bl and B6, whole blood was
stored at —80 °C until analysis. All vitamins were determined using high-performance
liquid chromatography (HPLC) with commercially available kits from Chromsystems
(Chromsystems Instruments and Chemicals GmbH, Gréfelfing, Germany), according to
the manufacturer’s instructions. The inter- and intra-assay coefficients of variations were
<4.2% and <2.3% for vitamin C, <3.5% and <4.9% for vitamin A, <3.2% and <4.1% for
vitamin E, <5.9% and <4.5% for vitamin B1, and <5.2% and <4.0% for vitamin B6.

2.4. Statistical Analysis

Data were initially analyzed using descriptive statistics, including means, standard
deviations, frequencies, and percentages. Scores about the psychological questionnaires
were computed according to the seminal articles.

We performed preliminary analyses to describe our sample of participants with
anorexia nervosa in terms of clinical parameters. First, we considered the value of body
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mass index. We split the sample into two groups: participants with a score below the
threshold of 18 (i.e., underweight) and those over this threshold (i.e., normal weight).
Through an independent sample t-test, we verified any difference between the two groups
in the score of the Global Severity Index. We followed the same rationale about the different
parameters from the bioelectrical impedance analysis. However, to our knowledge, there is
no specific threshold for these parameters in the literature about anorexia nervosa. Thus,
we split the sample into two groups, assessing if each individual’s score was below or
over the within-sample median. Through an independent sample t-test, we verified any
difference between the two groups in the score of the Global Severity Index. Concerning
vitamins, we verified how many participants reported a concentration within, below, or
over the normal range. The reference levels of vitamins were obtained from the datasheets
of the kits used for their analysis. Thus, according to the one-way analysis of variance,
we verified any difference between the three groups at the score of the main index of the
Global Severity Index.

Successively, we verified any relationship between the role of age, age at the onset,
and disease length, and the parameters relative to the body image and the physical body.

Finally, we used a linear regression analysis approach to investigate whether and what
body image concerns (the outcome, the Global Severity Index) may be associated with weight
status and body composition (the predictive factors). Indeed, this statistical model is used to
quantify the strength of the relationship between the outcome and the explanatory variables.
First, the correlation and directionality of the data were investigated in a preliminary analysis
to formulate the statistical model using Pearson’s correlation coefficient (Pearson’s r). Those
variables significantly associated (p-value 0.05) with the score relative to the main outcome were
further investigated with a multiple linear regression model. Goodness-of-fit was reported as R?;
the significance of the model was evaluated according to the F-value and p-value. The relative
contribution of factors included in the statistical model was verified with the independent
variable. Finally, for each predictive factor included in the model, the variance inflation factor
(VIF) was reported as a measure of multicollinearity.

3. Results
3.1. Participants

Data relative to 112 women with anorexia nervosa were collected (age in years
M =26.78; SD = 12; range = 14-67; age in years at the symptoms onset M = 18.02; SD = 6.36;
range = 10-51; disease length in years M = 8.77; SD = 10.35; range: 1-47). Overall, the major-
ity of the sample (92.85% N = 104) satisfied the criteria for the restrictive type, while 7.14%
(n=8) of the sample was categorized as a binge /purging type. The majority (N = 63; 56.25%)
of our sample was in early adulthood (18 years old to mid-30s), while 19.64% (N = 22) were
adolescents (age < 18 years old). Moreover, 22.32% (N = 25) was in adulthood (mid-30s to
mid-60s), and only 1.78% (N = 2) was in late adulthood (mid-60s). In Table 1, the results
relative to the psychopathological assessment of our participants are reported.

164



Nutrients 2024, 16, 3902

Table 1. Mean, standard deviation, and range relative to the scores at the questionnaires on eating
behavior (Binge Eating Scale and Eating Disorders Inventory-3), symptoms of psychopathology
(Symptom Checklist-90), and overall psychological well-being (Psychological General Well-Being
Index) in our sample of participants affected by anorexia nervosa.

Mean Standard Deviation Min Max
Binge Eating Scale
Score 31.27 10.12 10 102

Eating Disorder Inventory™-3

Drive for thinness 22.10 8.27 0 28
Bulimia 6.21 7.32 0 32
Body dissatisfaction 29.04 8.61 2 40
Eating disorder risk 57.35 18.20 11 96
Low self-esteem 16.04 5.98 1 24
Personal alienation 1531 6.44 2 28
Interpersonal insecurity 12.79 6.52 0 26
Interpersonal alienation 12.19 5.68 1 28
Interoceptive deficits 22.58 16.87 0 171
Emotional dysregulation 10.93 7.13 0 37
Perfectionism 11.38 5.42 11 24
Asceticism 14.54 6.44 1 28
Maturity fears 17.59 7.78 0 32
Ineffectiveness 31.36 11.81 5 52
Interpersonal problems 24.98 11.19 3 51
Affective problems 32.04 14.52 0 63
Overcontrol 25.92 10.06 2 51
General psychological maladjustment 131.89 43.58 26 237
Symptom Checklist-90
Somatization 1.94 1.02 0 6.17
Obsession-compulsion 2.28 0.84 0 3.90
Interpersonal sensitivity 2.23 0.93 0.11 3.89
Depression 2.29 1 0 6.85
Anxiety 2.29 0.99 0.1 7.20
Hostility 1.28 0.97 0 3.67
Phobic anxiety 1.34 0.90 0 3.43
Paranoid ideation 1.9 0.83 0 3.67
Psychoticism 1.42 0.66 0 3.4
Total score 2.27 2.86 0.13 31.19

Psychological General Well-Being Index

Anxiety 8.31 5.57 0 24
Depression 5.6 427 0 14
Positive well-being 4.63 3.38 4 15
Self-control 6.22 3.23 0 14
General healthy 7.20 3.09 0 14
Vitality 7.02 4.27 0 19

Total score 38.98 18.14 4 92

3.2. Body Image

The results of the Body Uneasiness Test [23], which measures body image, are reported
in Table 2.

165



Nutrients 2024, 16, 3902

Table 2. Mean, standard deviation, and range relative to the scores at the questionnaire relative to
body image (Body Uneasiness Test [23]) in our sample of women affected by anorexia nervosa.

Mean Standard Deviation Min Max
Global Score Index 3.22 1.11 0.5 6.09
Weight phobia 3.64 1.19 0.25 5
Body image concerns 3.59 1.15 0.78 5
Avoidance 2.57 1.51 0 12.83
Compulsive self-monitoring 3.08 1.39 0 5
Depersonalization 2.88 1.36 0.2 6.4
Positive symptom total 22.14 9.8 1 37
Positive Symptom Distress Index 3.23 0.84 1.36 5.67

3.3. Weight Status and Body Composition

Table 3 reports the results for the parameters used to describe the physical body.

We did not find any difference in the score at the Global Severity Index between
participants with a score below the threshold of 18 in body mass index (i.e., underweight;
N =98, M = 3.16; SD = 1.17) and those over the threshold (i.e., normal weight; N = 14;
M =3.61; SD = 0.79) [t(110) = 1.41; p = 0.15]. When the following rationale was used about
the parameters relative to the bioelectrical impedance analysis, we observed a significant
difference in the Global Severity Index when the sample was split according to the phase
angle, body cell mass, fat mass, body cell mass index, skeletal muscle mass, and fat-free
mass index, as reported in Table 4.

Table 3. Mean, standard deviation, and range relative to the scores describing the physical body in
our sample of women with anorexia nervosa.

Mean Standard Deviation Min Max
Body Mass Index 15.01 2.41 9.74 20.89
Body Impedance Analysis
Phase angle (°) 3.88 1.11 1.03 6.06
Fat-free mass (%) 34.04 4.86 15.30 454
Body cell mass (%) 14.77 4.37 1.4 28
Fat mass (%) 13.33 7.52 4.8 29.7
Extracellular water (%) 56.17 8.6 38.4 86.7
Muscle mass (%) 47.54 7.67 18.5 68.8
Body cell mass index 5.55 1.52 0.7 9.4
Hydration (%) 73.78 4.36 62.7 90
Skeletal muscle mass (kg) 17.38 2.5 8.1 24.1
Fat-free mass index 12.85 1.35 9.20 16.1
Vitamins
Vitamin C (mg/L) 12.03 5.96 0.20 30.80
Vitamin A (mg/L) 0.51 0.21 0.11 1.15
Vitamin E (mg/L) 15.8 5.49 2.84 37.4
Vitamin B1 (ug/L) 57.61 18.7 23.8 129
Vitamin B6 (ug/L) 31.24 17.42 6.4 109.58

166



Nutrients 2024, 16, 3902

Table 4. For each parameter of the bioelectrical impedance analysis, sample size, mean, and standard
deviation relative to the Global Severity Index from the psychological questionnaire were reported
when the sample was split into two groups according to the within-sample threshold. In bold,
significant results (p < 0.05).

Within-Sample Below the Over the ..
Threshold Threshold Threshold Statistical Results
n=6l n=>51
Phase angle (°) 4,035 M=3 M =348 €(110) . :;’5'
SD=1.18 SD =0.94 p==
n =60 n=52
Fat-free mass (%) 345 M =307 M =339 ¢(110) 5 112'55'
SD =1.10 SD =1.09 p=5
n=>59 n=>53 .
Body cell mass (%) 14.7 M =294 M =353 t(11_02)5[i,19,
SD=1.13 SD =0.99 p=5
n =60 n=>52
Fat mass (%) 109 M =3.01 M = 3.46 ¢(110) . 3518'
SD=1.1 SD =1.07 p=0
n==64 n =48
Extracel(l(l)/ﬂ)ar water 543 M =335 M = 3.04 t(119_) (;11548,
o SD = 0.99 SD =1.23 p=5
n=63 n =49
Muscle mass (%) 48 M =306 M =342 ¢(110) 5 (}é”'
SD=12 SD = 0.93 p=5
n=>61 n=>51 .
B"dyirfglelxmass 5.75 M=292 M =357 “1190-0%223'
SD=1.16 SD =0.93 p=0
n=>57 n=>55
Hydration (%) 73.2 M =323 M =311 ¢(110) 0 592'99'
SD=1.01 SD=1.19 p=>0
n=>57 n=>55
Sk‘;f;:i I&“;‘ﬂe 17.7 M =293 M =352 ““9)0‘0%2 %
& SD=1.11 SD=1.02 p=0
n=61 n=>51 .
Fat'if;edeexmass 12.85 M =293 M =357 ““90-03;@
SD=1.16 SD = 0.92 p==0

According to the results reported in Table 5, we did not find any significant differences
in the score at the Global Severity Index when our sample was split into three groups
according to the expression of the vitamins (i.e., within, below, or over the normal range).
The only exception was the results relative to vitamin C: participants with a concentration
below the normal range reported a significantly lower score at the Global Severity Index
than those within the normal range.

3.4. The Role of Age, Age at the Onset, and Disease Length

As shown in Table 6, more negative symptoms in almost all the components measured
by the questionnaire relative to body image were significantly related to lower demographic
age, age at the onset, and disease length. The only exception was the Positive Symptom
Distress Index (PSDI) (i.e., the mean intensity of all disliked body parts), which was
not significantly related to the demographic parameters. As observed in Table 7, older
participants reported significantly a lower fat mass and a lower skeletal muscle mass,
as well as lower concentrations of vitamin B6 but higher levels of extracellular water.
A longer disease length was associated with lower fat mass, lower skeletal muscle mass,
and lower expressions of vitamin B6. As shown in Table 8, when we considered the
physical parameters of body mass index and body impedance analysis, we observed a
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significant relationship between multiple scores relative to the body image concerns. The
sign of the coefficient was positive, meaning that a more muscular body (as suggested by
higher scores for body mass index, phase angle, fat-free mass, body cell mass, fat mass,
muscle mass, body cell mass index, skeletal muscle mass, and fat-free mass index) was
significantly related with a more negative body image (as suggested by higher scores at
the psychological questionnaire). The only exceptions were represented by the parameters
relative to the parameters of extracellular water and hydration, about which we observed
a negative sign of correlation. About vitamins, we observed a less pronounced pattern.
The most consistent result emerged about vitamin B6: a higher expression of this vitamin
was significantly associated with a higher Global Severity Index of negative body image.
Moreover, it was related to higher expressions of avoidance-related behaviors and a higher
score at the positive symptom total (PST) relative to body uneasiness. Finally, higher
expressions of vitamin C were related to higher positive symptom total (PST) of body
uneasiness, and lower expressions of vitamin E were related to more severe body image
concerns (BIC).

Table 5. Sample size, mean, standard deviation, and range (minimum and maximum) relative to the
Global Severity Index from the psychological questionnaires are reported for the sample when it was
divided into three groups about the level of concentration of the vitamins (i.e., within, below or over
the normal range). In bold, significant results (p < 0.05).

Range
N Mean Standard Deviation Min Max Statistical Results
Vitamin C
Within the normal range 68 3.35 1.11 0.14 0.68 6.09
F(2,111) =3.54; p = 0.032
Below the normal range 13 2.48 121 0.34 0.5 4.62 normal vs. below p = 0.02; other
Over the normal range 31 327 0.95 0.17 0.94 45 comparison = 0.08
Vitamin A
Within the normal range 72 3.35 1.11 0.13 0.68 6.09
Below the normal range 18 2.95 1.17 0.28 0.5 4.85 F(2,111)=1.44;p=0.23
Over the normal range 22 3.02 1.01 0.22 1.09 4.5
Vitamin E
Within the normal range 90 3.25 1.07 0.11 0.5 4.85
Below the normal range 1 2.12 2.12 2.12 F(2,111)=0.58;p = 0.55
Over the normal range 21 3.14 1.28 0.28 0.68 6.09
Vitamin B1
Within the normal range 102 3.22 1.12 0.11 0.5 6.09
Below the normal range 2 3.58 0.19 0.14 3.44 3.71 F(2,111)=0.12;p=0.88
Over the normal range 8 3.14 1.12 0.39 1.09 412
Vitamin B6
Within the normal range 59 3.07 1.15 0.15 0.5 4.85
Below the normal range 1 2.82 - - 2.82 2.82 F(2,111)=1.36;p=0.26
Over the normal range 52 3.41 1.05 0.15 0.85 6.09
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Table 6. Pairwise correlation matrix among the scores reported at the questionnaire relative to body

image (columns) and the parameters of demographical age, age at the onset, and disease length. In
bold, p < 0.05; in bold and italic, p < 0.001.

Age

Age at the Onset

—0.158

Disease Lenght

—0.067

Table 7. Pairwise correlation matrix among the scores reported at the parameters relative to the

physical body (columns) and the parameters of demographical age, age at the onset, and disease

length. In bold, p < 0.05; in bold and italic, p < 0.001.
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Vitamin B6 —0.246 —0.158 —0.188
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Table 8. Pairwise correlation matrix among the scores reported at questionnaire relative to body

image (columns) and the parameters describing the physical body (i.e., body mass index and the

parameters relative to body impedance analysis) and its micronutrients (i.e., vitamins). In bold,

p < 0.05; in bold and italic, p < 0.001.
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3.5. Regression Analysis

The Global Severity Index was included in the model as the main outcome. We
introduced the parameters of body mass index (VIF = 4.32), phase angle (VIF = 5.632),
extracellular water (VIF =7.99), hydration (VIF = 6.07), skeletal muscle mass (VIF = 1.64), fat-
free mass index (VIF = 4.56), and B6 (VIF = 1.02) as predictors since they were significantly
related to the main outcome (Table 6). Notably, other parameters relative to bioelectrical
impedance analysis emerged as significantly correlated to the main outcome. However,
they showed a very high multicollinearity. Then, we selected those parameters that may be
globally descriptive in the case of anorexia nervosa [14,15,24]. The model was significant
[R2 =0.237; F(7,95) = 3.903; p = 0.001]. Skeletal muscle mass [B = 0.145; p = 0.008] and B6
[B =0.01; p = 0.026] were significant; no other parameters were significant [p > 0.17]. Thus,
higher levels of skeletal muscle mass and higher concentrations of vitamin B6 significantly
predicted a higher level of body image concerns in our sample.

4. Discussion

Anorexia nervosa severely impacts both the physical and mental body. In this retro-
spective study, we aimed to identify any specific component of the physical body (even
in the micronutrients) affecting the mental body. According to our results, two physical
body-related components were significantly related to a negative body image: the skeletal
muscle mass and the concentration of vitamin B6.

It is well known that in anorexia nervosa, we generally observe a loss of body fat.
Interestingly, skeletal muscle mass is also often reduced [25], with negative side effects
on the levels of vitamin D, bone mineral density, bodily strength, metabolic function, and
physical performance [26]. Overall, individuals with anorexia nervosa have smaller muscle
size and reduced energy expenditure when compared with healthy controls. Additionally,
some studies reported that the recovery from this clinical disease was not enough to restore
muscle mass. It should be observed that a muscular body, especially in women, is far from
the ideal mental body in anorexia nervosa, while it is more characteristic of orthorexia [27],
which is an eating disorder in which people express an obsessive focus on healthy eating,
and bigorexia [28,29], which is a body dysmorphic disorder in which individuals express
the desire to have less fat mass and the obsession with increasing muscle mass. Interestingly,
our results suggest that a lower skeletal muscle mass is associated with older age and longer
disease length, in line with the evidence that this parameter generally does not restore in
the long term. Moreover, younger women at the beginning of anorexic symptoms could
still have a muscular body, which may, in turn, increase the negative body image. Thus, our
evidence that a higher skeletal muscle mass predicts more negative body image concerns is
not surprising.

The novelty of this research is the result relative to the micronutrient component
of vitamin B6. Our results suggested that it may play a role in body image in anorexia
nervosa. We observed that a higher concentration of vitamin B6 was significantly related
to higher negative body image. Vitamin B6 is water soluble and can be obtained from
different foods and supplements. In the healthy population, its deficiency is not very
common [30,31]; instead, its lower expression generally occurs in eating disorders, in-
cluding anorexia nervosa, due to insufficient dietary intake, malabsorption, and use of
certain medications [32,33]. Malnourished, elderly, and anorexic individuals are at higher
risk of developing vitamin B6 deficiency [32,34], with several side effects such as anemia,
peripheral neuropathy, seborrheic dermatitis, glossitis, cheilosis, depression, celiac disease,
and seizures [35,36]. Our data seems to support this evidence since, in our sample of
participants with anorexia nervosa, lower concentrations of vitamin B6 were significantly
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associated with older age and longer disease length. However, how do we conceive the
relationship between the concentration of vitamin B6 and a negative body image? To our
knowledge, this relationship was not explored in the literature. B vitamins directly impact
bodily energy levels, brain function, and cell metabolism. Thus, when their expression
is within the normal range, people perceive the physical body as healthy and energized.
However, in individuals with anorexia nervosa, an energized body may be miscategorized
as a fat body and mislabeled as the experience of “feeling fat” [37], enhancing negative
thoughts, emotions, and feelings (i.e., body image). On the other hand, the decreasing
levels of B vitamins, which may result in perceiving the physical body as less strong, may
decrease the expressions of body image concerns. Because of the lack of evidence in the
literature, our hypothesis about the predictive role of the expression of vitamin B6 on body
image concerns is speculative, and we cannot further establish the mechanism underlying
this association. We need future investigation to confirm our hypothesis. For example,
experimental studies exploring the physiological and psychological effects of vitamin B6
supplementation in individuals with anorexia nervosa could further clarify the role of this
micronutrient in body image concerns.

We underlined some limitations of this study. Our sample consisted only of female par-
ticipants, since there is a higher incidence of anorexia nervosa in women than in men [38].
Moreover, it is well-established that bodily perceptions and body images are different
between genders [39-41]. Consequently, the evidence from this research should not be gen-
eralized to males. Moreover, it was a monocentric-based study, limiting the generalizability
of our findings. It should be noted that the sample’s age ranged from 14 to 67 years old,
meaning that different phases of life (from adolescence to elderly) were included in the
sample. In future cross-sectional studies, the age of the participants at the time of the
experimental observation should be used as an inclusion/exclusion criterion. We furnished
a clinical description of the global psychological functioning of our sample as well as the
characteristics of the eating disorder and the expression of psychopathological symptoms.
However, because of the sample size, we did not include any of this information in the
statistical model (otherwise, the statistical power would be dramatically decreased). Thus,
in the case of larger samples, we may suggest verifying the role of demographical infor-
mation and disease-related characteristics (including the level of severity) on the main
outcome. Finally, we used a self-report measurement that is highly used in clinical and
research contexts to assess the mental body. However, body perceptions, especially about
physical dimensions, could be measured using behavioral instruments, which should be
included in future research.

5. Conclusions

Our evidence may suggest the level of muscle mass and the concentration of vitamin
B6 as key components in experiencing a negative body image in anorexia nervosa, especially
at the beginning of the disease. Notably, the role of muscle mass has some evidence in the
literature, while the role of vitamin B6 in this context represents a novel and intriguing
result. Because of this observation, future research is needed to support this novel evidence.
Nevertheless, we strongly suggest the monitoring of these components in the routine care
for anorexia nervosa, especially before and after multidisciplinary treatments.
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Abstract: Background/Objectives: The discrepancy between the current perceived body image (BI)
and beauty ideals leads to dissatisfaction, which is believed to be common among adolescents. This
study aimed to investigate the stability in BI perceptions and dissatisfaction during early adolescence.
Another aim was to highlight differences in dissatisfaction according to Body Mass Index (BMI) and
inconsistencies in weight status perception. Methods: Two hundred and nine participants (mean
age at first survey: 11.33 £ 0.38 years) were enrolled in this longitudinal study with three years of
follow-up. Data on size and BI perceptions were collected through individual interviews. Stature and
weight were directly measured. Results: Findings indicated significant changes over three years in
anthropometric traits but not in weight status prevalence or BI perception and dissatisfaction, except
for the ideal figure in males and weight control in females. The results also indicated a significant
difference in Bl perception and dissatisfaction by BMI categories. Self-reported body measurements
were found to be unreliable with a weak-to-moderate agreement between self-perceived and actual
weight status. Conclusions: Bl perception appears quite stable across the three years considered.
Dissatisfaction is similar in both genders, although a tendency toward different gender aesthetic
ideals is already appreciable in early adolescence. We suggest that the lower frequency of normal-
weight adolescents compared with peers in previous studies is attributable to the effects of the recent
pandemic. Given the growing dissatisfaction with increasing BMI and misinterpretations of weight
status, school actions to promote a healthy lifestyle and positive BI should be undertaken.

Keywords: perceived body image; perceived weight status; body dissatisfaction; body mass index;
adolescents

1. Introduction

Body image (BI) perception corresponds to a subjective image of the body, which may
disregard its actual appearance. Indeed, it is a composite construct that includes feelings,
evaluations, and attitudes related to the body [1,2]. This perception is also influenced by
feedback from other people [3]. When there are negative cognitions and feelings toward
body image, we speak of body image dissatisfaction [4].

The importance of BI perception is so great that it can affect the individual’s physical
and mental health status. Judging one’s appearance depends heavily on the ideal body
image in society [4], which associates the ideal of beauty with thinness in the Western
world [5,6]. Bl dissatisfaction, defined as individuals” detrimental and subjective mental
representation of body appearance, is widespread among adolescents [7]. At the develop-
mental stage of adolescence, when major mental, physical, and social changes occur, the
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perception of Bl is generally exacerbated with a tendency to develop concerns about it. At
this stage, adolescents are particularly susceptible to the comments and opinions of peers
and adults about their bodies. They also tend to abandon family as a reference to focus
on friends and peers, such that the perceptions and evaluations of these reference groups
condition their self-concept and self-esteem [8]. Dissatisfaction with BI, due to discrepan-
cies between reality, perception of one’s body, and desired ideal, is often determined in
adolescents, deeply affecting their self-esteem [9].

Adolescent self-esteem is conditioned by the perception of Bl and the judgment given
by peers according to fixed canons that, following sexual dimorphism, impose thin and
toned bodies for females and muscular and strong bodies for males [5,6]. Unlike in some
non-Western countries [10], what happens in Western countries is that these body ideals
end up increasing the risk of psychological and physical illnesses often accompanied by
eating disorders. An eating disorder is a severe mental health condition that can develop
from a poor Bl and can have physical health consequences with possible cardiovascular,
endocrine, gastrointestinal, and fertility complications. These eating disorders include
anorexia, bulimia, and binge eating disorder [11].

During the pubertal transition, adolescents increase in stature and weight and change
their body structure and composition [12,13]. In this period of pubertal development,
differences between males and females increase in physical appearance and psychological
profile, with various health implications [14]. Along with sexual dimorphism, there is
growing awareness among adolescents of gender differences that are reflected in physical
appearance. It is mainly girls who manifest problems regarding their BI and body weight,
so much so that more than 70% of female adolescents wish to change their body weight or
shape [15]. The onset of puberty can result, especially in girls, in a series of transformations
that drive them away from the ideal of thinness, exposing them to teasing from peers [16].
These aspects have great relevance as body dissatisfaction in adolescence is believed to
be a significant risk factor leading to eating disorders [17,18]. Epidemiological studies
conducted in Italy have shown that a high percentage of adolescents are at risk for eating
disorders [19] with increased underweight or overweight status [20].

Studies in the literature assessing changes in body dissatisfaction during adolescence
have led to inconsistent results, which is probably because of the different developmental
ages and contexts analyzed [21,22]. Cross-sectional studies cannot answer the questions,
which are still open, concerning the possible changes in BI perception and dissatisfaction
from early adolescence when growth and development occur.

Therefore, using a longitudinal design, our main purpose was to examine possible
changes in body perception and dissatisfaction in girls and boys across middle school years.
We hypothesized that girls are characterized by greater and increasing body dissatisfaction
with age than boys because they wish to comply with an ideal of thinness.

Another purpose was to explore body dissatisfaction by BMI over three years and
any inconsistencies in participants’” perceptions of their weight status. In this regard, we
hypothesized that dissatisfaction is greater in unhealthy weight categories and that there is
a proper perception of weight status.

2. Materials and Methods
2.1. Participants and Procedures

This longitudinal study is part of more extensive ongoing research on the physical
and mental health of children and early adolescents in northern Italy [23-27].

The Bioethics Committee of the University of Bologna approved the study procedures
(approval code no. 2.18).

Before this longitudinal study was undertaken, we determined the minimum sample
size required to test the primary study hypothesis by the G*Power statistical program
(version 3.1.9.6; Universitat Kiel, Kiel, Germany) by ANOVA for repeated measures (3 mea-
surements) in 2 groups (males and females) for 95% power, medium effect size, and 0.05
significance level, resulting in 44 participants.
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To this end, we invited all students from a middle school in Ferrara (Emilia-Romagna
region, Northern Italy) to participate. The school (chosen on a convenience basis) coop-
erated by sending an informational letter to all students” families and requesting written,
signed parental consent. Twenty students without signed consent from their parents were
excluded from the surveys. The final sample included 209 schoolchildren (121 boys and
88 girls) who had signed consent and agreed to participate. Anonymity and confidentiality
were assured to all participants, who had the right to withdraw from the study at any time.

The longitudinal data of each schoolchild completing grades 6-8 were collected at a
1-year interval from November 2020 to November 2023. The mean age in the first survey
for participants was 11.33, with a standard deviation (SD) of 0.38.

Due to careful monitoring, no missing values were found in the body image perception
questions or anthropometric measurements collected.

2.2. Anthropometric Survey

A simple proxy for body composition in these early adolescents was obtained through
Body Mass Index (BMI), that is, the weight-to-stature ratio (kg/m?). Through this index,
the students” weight status can be assessed according to Cole cutoffs [28,29] as underweight
(UW), normal weight (NW), overweight (OW), or obese (O). To this end, the same operator
directly measured stature to the nearest 0.1 cm with an anthropometer (Magnimeter,
Raven Equipment Ltd., Dunmow, Essex, UK) and weight to the nearest 0.5 kg with a
mechanical scale (SECA, Basel, Switzerland) on participants dressed in light clothing,
following standardized anthropometric methods [30-32].

2.3. Size and Body Image Perception

Before the anthropometric survey, students’ face-to-face interviews were conducted
within a separate setting allowing for greater privacy and concentration.

After some basic socio-demographic questions, we tested the participants regarding
awareness of body size by asking the following: “How tall are you?”, “How much do
you weigh?” (for these first two questions, given the age of the participants, the answer
“I don’t know” was also scheduled), “Which weight status do you think best represents
you?” (choice: underweight, normal weight, overweight/obese). We tested participants for
possible dissatisfaction and weight interventions by asking the following: “Do you control
your weight?” (choice: never, sometimes, often, always), “Have you tried to lose weight
in the last year?” (choice: never, sometimes, often, always) and “If yes, please indicate in
what manner” (choice: reducing food, increasing physical activity).

Moreover, to assess body image perception and dissatisfaction, we employed the scale
of Childress et al. [33] consisting of eight drawings of female or male figures obtained
by child adaptation of an adult figure scale [34]. These eight silhouettes of equal stature
were sorted separately by gender in an incremental manner from a skinny figure (silhou-
ette 1) to an obese one (silhouette 8). On this scale, participants had to mark which figure
best represented their actual body image and which represented their ideal figure. This
evaluation was repeated longitudinally in all surveying years. BI dissatisfaction (Feel
minus Ideal Discrepancy, FID) was assessed by subtracting the selected ideal figure from
the actual feel figure [35,36]. Dissatisfaction increases as the absolute value of the score
rises: positive values indicate that the dimensions perceived as real are greater than ideal
ones; negative values indicate that the dimensions perceived as real are smaller than ideal
ones. No dissatisfaction exists when the figure perceived as real equals the ideal figure
(FID score = 0).

Aware of the difference between the terms sex and gender [37], we use the former
when related only to biological characteristics and the latter in all other cases (e.g., when
related to cultural, psychological, or behavioral characteristics or when these factors are
variously intertwined with biological factors).
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2.4. Statistical Analysis

We calculated absolute and relative frequencies for each qualitative variable (ques-
tionnaire responses and weight status categories) and means and SD for each quantitative
variable (anthropometric and Bl perception traits) separately by gender. The normality of
quantitative variables was assessed through the Kolmogorov-Smirnov test.

The chi-squared test was used to detect whether the observed frequencies differed
from the expected ones in comparisons by gender and time. To test the effect of sex on
normally distributed quantitative variables at times TO, T1, and T2, we used ANOVA
for repeated measurements. A nonparametric Friedman rank-sum test was applied to
variables not normally distributed, such as variables related to BI perception. In addition,
in these cases, we performed a gender comparison separately at times TO, T1, and T2 with
the Wilcoxon test.

A paired samples t-test was applied to compare measured anthropometric traits with
the ones reported by participants.

The main effects of perceived BI variables with the different BMI categories were
analyzed by the Kruskal-Wallis one-way analysis of variance with rank ANOVA.

To assess participants” ability to place themselves in the correct weight status category,
we calculated Cohen’s kappa coefficient, a measure of agreement for qualitative variables.

All the analyses were conducted using Statistica for Windows, Version 11.0 (StatSoft
Srl, Tulsa, OK, USA), and R software version 4.4.1 for Windows.

p values less than 0.05 were assumed to be statistically significant.

3. Results
3.1. Changes in Anthropometric Traits, Weight Status, BI Perception

Table 1 shows the anthropometric characteristics of participants, measured directly
by us and self-reported by participants during the three years (Time 0, 1, 2), and statistical
comparisons.

The ANOVA for repeated measures shows a significant effect of time and a significant
interaction of time and sex on five traits (stature and weight, BMI; stature and weight,
self-reported). Specifically, concerning interaction, it appears that participants increased
in dimensions over the three years, but the male sex showed greater increases than the
female sex, especially in stature. Even time had a statistically significant effect on BMI, as
calculated from self-reported data. The main effect of sex on traits was not significant.

The comparison between direct and self-reported measurements revealed the low
reliability of the reported values (pairwise t-test): the self-reported weight was signifi-
cantly lower than that measured in boys in all three surveys (T0 p < 0.0001; T1 p = 0.0014;
T2 p = 0.0124) and in girls at TO (p = 0.0002) and T1 (p = 0.0009); self-reported stature was
significantly higher than that measured only in girls at T2 (p = 0.0155).

The second part of Table 1 shows the prevalence of weight status in the sample in
three years. Normal-weight participants were prevalent in both sexes in all three surveys.
In boys, there was a tendency for an increase in underweight and overweight from T0 to T2
and a concomitant decrease in obesity. Conversely, in girls, underweight tended to decrease
from TO to T1/T2 while obesity tended to increase. However, chi-square comparisons
show that changes from time TO to T2 did not achieve statistical significance in males or
females. In comparisons between the two sexes for the prevalence of different weight status
categories, no significant differences were found at TO, T1, and T2 (p > 0.05).

Table 2 shows the BI perception variables and answers to questions submitted to
participants.

The perception of BI did not differ among time T0, T1, and T2 except for the ideal figure
in males (tending to a more robust ideal figure in T2). In separate gender comparisons
at each time, there was a significant difference concerning feel figures (T0: W = 4229,
p-value = 0.009; T1: W = 4340, p-value = 0.03; T2: W = 4227, p-value = 0.008) and ideal
ones (TO: W = 3165.5, p-value < 0.0001; T1: W = 3617.5, p-value < 0.0001; T2: W = 2959.5,
p-value < 0.0001). In particular, girls perceived themselves as thinner than their male peers
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and liked slimmer body figures more than boys. This trend was reflected in the FD scores
showing the highest dissatisfaction in the females even without reaching the statistical

significance level (p > 0.05).

Table 1. Anthropometric characteristics and comparisons by sex with ANOVA for repeated measures
(total n = 209; males n = 121; females n = 88) and with chi-square for weight status frequencies over time.

Boys Girls ANOVA
Sex *
TO T1 T2 TO T1 T2 Sex Measures
. Measures
Variables
Mean Mean Mean Mean Mean Mean F F F
(SD) (SD) (SD) (SD) (SD) (SD) (p) (p) (p)
Stature (cm) 150.25 156.99 164.00 151.31 156.08 158.17 3.04 1209.63 142.87
(8.48) (9.09) (9.05) (7.07) (6.31) (5.95) (0.08) (<0.0001) (<0.0001)
Weight (kg) 45.48 50.97 56.58 45.58 50.56 53.47 0.54 491.77 16.14
& & (11.49) (12.28) (13.21) (9.49) (10.05) (10.16) (0.46) (<0.0001) (<0.0001)
BMI (k /mz) 19.94 20.53 20.89 19.82 20.72 21.34 0.12 69.68 3.83
& (3.78) (3.92) (3.89) (3.37) (3.72) (3.65) (0.73) (<0.0001) (0.02)
Stature (cm) 150.08 1 155.95 163.75 151.01 2 155.88 159.08 1.62 216.33 18.49
self-reported (11.22) (11.96) (12.04) (8.09) (6.11) (6.36) (0.20) (<0.0001) (<0.0001)
Weight (kg) 43171 49.45 55.44 43.262 48.27 52.62 1.70 229.59 6.98
self-reported (10.22) (11.93) (12.77) (7.91) (8.95) (8.95) (0.19) (<0.0001) (0.001)
Boys Girls
TO T1 T2 Chi-square TO T1 T2
N (%) N (%) N (%) p-value p-value N (%) N (%) N (%)
Weight status >0.05 >0.05
Uw 8 (6.6) 9(7.4) 10 (8.3) 5(5.7) 2(2.3) 2(2.3)
NW 76 (62.8)  73(603) 72 (59.5) 55 (62.5) 60 (68.2) 56 (63.6)
ow 25(20.7)  29(24.0) 31 (25.6) 24 (27.3) 21 (23.9) 24 (27.3)
0 12 (9.9) 10 (8.3) 8 (6.6) 4(4.5) 5(5.7) 6 (6.8)
Note: The “I don’t know” response to the self-reported dimensions resulted in a reduction of the sample as
follows: ! n = 113 in Stature, n = 109 in Weight; 2 n = 83 in Stature, n= 81 in Weight.
Table 2. BI perception and dissatisfaction by gender and weight control.
Friedman .
Boys Rank-Sum Test Girls
BI Variables TO T1 T2 To T1 T2
Mean (SD) Mean (SD) Mean (SD) p-Value p-Value Mean (SD) Mean (SD) Mean (SD)
Feel Figure 4.55 (1.30) 4.59 (1.33) 4.77 (1.26) 0.099 0.17 4.09 (1.21) 4.16 (1.28) 4.31 (1.24)
Ideal Figure 3.90 (0.89) 3.89 (0.94) 4.13 (0.68) 0.0008 0.15 3.28 (0.79) 3.42(0.83) 3.45 (0.86)
FID (score) 0.65 (1.25) 0.69 (1.31) 0.64 (1.22) 0.73 0.47 0.81 (1.19) 0.74 (1.20) 0.85 (1.15)
Boys Chi-square Girls
TO T1 T2 TO T1 T2
Questions N (%) N (%) N (%) p-value p-value N (%) N (%) N (%)
Which weight status do you think best represents you? >0.05 >0.05
UW 10 (8.3) 13 (10.7) 13 (10.7) 7 (8.0) 7 (8.0) 5(5.7)
-NW 80 (66.1) 78 (64.5) 81 (66.9) 60 (68.2) 60 (68.2) 58 (65.9)
-OW/O 31 (25.6) 30 (24.8) 27 (22.3) 21 (23.9) 21 (23.9) 25 (28.4)
Do you control your weight? >0.05 <0.001
-never 36 (29.8) 33 (27.3) 47 (38.8) 26 (29.5) 34 (38.6) 44 (50.0)
-sometimes 68 (56.2) 69 (57.0) 57 (47.1) 56 (63.6) 41 (46.6) 25 (28.4)
-often 13 (10.7) 12 (9.9) 15 (12.4) 5 (5.7) 8(9.1) 14 (15.9)
-always 4(3.3) 7 (5.8) 2(17) 1(L.1) 5 (5.7) 5(5.7)
Have you tried to lose weight in the last year? >0.05 >0.05
-never 74 (61.2) 73 (60.3) 80 (66.1) 55 (62.5) 50 (56.8) 43 (48.9)
-sometimes 36 (29.8) 34 (28.1) 28 (23.1) 26 (29.5) 25 (28.4) 34 (38.6)
-often 7 (5.8) 8 (6.6) 12 (9.9) 5 (5.7) 11 (12.5) 11 (12.5)
-always 4(3.3) 6 (5.0) 1(0.8) 2(2.3) 2(2.3) 0(0)
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The perception of weight status did not show significant changes in the three surveys
or comparisons between genders in each survey (p > 0.05).

Considering the answer to the question about participant weight control, most boys and
girls in sixth and seventh grades said they had tried to control their weight “sometimes”.

Fifty percent of eighth-grade girls answered “never”. However, more than 20% of
girls of the same age said they did it often or always. Notably, this percentage had doubled
or tripled from previous classes. Thus, significant changes were observed in females over
the three years compared to males. Gender comparison was found to have significant
differences only in T2 (p < 0.05).

Through the other question, no significant change was observed over the three years
regarding weight loss attempts in the two genders. We found that girls tried to lose weight
more than boys, but the differences between the genders were close to statistical significance
only at T2 (0.10 < p > 0.05). Among participants who reported trying to lose weight, most of
them took action by both reducing food and increasing physical activity (Males: 40.4% in TO,
45.8% in T1, and 43.9% in T2; Females: 36.4% in TO, 39.4% in T1, and 42.2% in T2); a part of
them merely reduced food (Males: 8.5% in TO0, 18.7% in T1, and 22% in T2; Females: 27.3% in
T0, 30.3% in T1, and 28.9% in T2) and another increased physical activity (Males: 29.8% in T0,
22.9% in T1, and 24.4% in T2; Females: 27.3% in T0, 39.4% in T1, and 17.8% in T2).

3.2. BI Perception and Weight Status

Table 3 compares the relevant Bl perception variables in TO, T1, and T2 according
to the BMI category in boys and girls. All the BI variables were significantly different
among weight status categories except for the ideal figure in males (in TO, T1, and T2)
and females (in TO and T1). The mean feel figure and, to a lesser extent, the ideal figure
tended to increase with BMI in both genders over the three times considered. The same
trend was observed for the FID. Negative FID values characterized underweight male
participants (only in T1 for underweight females), indicating their propensity toward more
robust ideal figures than those with whom they identified (feel figures). In contrast, the
overweight/obese participants showed positive FID values, demonstrating their leaner
ideals compared to the feel figures that characterized them.

Finally, we calculated Cohen’s kappa coefficient to assess the agreement between the
current weight status assessed by BMI (through direct anthropometric measurements) and
the perceived weight status of the participant (through the answer to the question: Which
weight status do you think best represents you?) (Table 4).

Table 3. Bl perceptions by BMI categories in boys and girls.

BMI Categories
BI Variables
TO T1 T2
Bove uw NW O,\ZZ,? ,\[/IJL\L NwW %;no uw NW %ﬁf
Y Mean (SD) Mean (SD) (SD) (SD) Mean (SD) (SD) Mean (SD) Mean (SD) (SD)
FeelFigure  275(089) 416099 (0% a1y A2ae G600 33009 429090 )
o H p H p H p
Kruskal-Wallis 54.81 <0.0001 41.45 <0.0001 47.45 <0.0001
ldealFigure  375(104) 382076 2 oy 3009 FOL 30074 41106) 7
. H p H p H p
Kruskal-Wallis 291 0.23 041 0.81 2.48 0.29
—1.00 1.65 —0.78 1.72 —0.60 1.62
FID (score) (1.50) 0.34 (0.90) 118) 057) 032 (0.93) (130) 0.70) 0.28 (0.88) (1.23)
. H p H p H p
Kruskal-Wallis 42.00 <0.0001 4435 <0.0001 45.61 <0.0001
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Table 3. Cont.

BMI Categories
BI Variables
TO T1 T2
Girls Megav(\;D) Meplz\ilq‘?]SD) %‘;’? 531 Meclz\rlzv(VSD) %‘{’? MecngXSD) Me;rIlV(VSD) %‘{’?
(SD) (SD) (SD) (SD)
. 5.04 2.00 5.35 5.30
Feel Figure 3.60 (1.82) 3.65 (0.82) (1.23) (0.00) 3.72 (1.01) (0.98) 3.00 (1.41) 3.82(0.90) (1.21)
2 . H 14 H 14 H 14
Kruskal-Wallis 22.76 <0.0001 37.46 <0.0001 27.35 <0.0001
. 3.21 2.50 3.54 3.73
Ideal Figure 3.60 (134)  3.29 (0.66) ©092) ©71) 3.40 (0.79) 050) 250 (0.71)  3.34(0.75) 098)
v H p H p H p
Kruskal=Wallis 0.31 0.86 326 0.20 6.94 0.03
1.82 —0.50 1.81 1.57
FID (score) 0.00 (1.58)  0.36 (0.73) 125 070 0.32 (0.79) 133 050 (2.12)  0.48 (0.83) @30
2 . H 14 H 4 H p
Kruskal-Wallis 32.03 <0.0001 3141 <0.0001 18.57 0.0001
Table 4. Consistency between current weight status and self-perceived weight status.
Self-Perceived Weight Status
Current Weight Status
TO T1 T2
Boys Uw NW OW/0O uw NW OW/0O uw NW OW/0O
UW 3 3 2 5 4 1 5 4 1
NW 7 62 7 7 57 8 7 61 4
OW/0O 0 15 22 1 17 21 1 16 22
Kappa 0.439 0.405 0.476
Girls Uw NW OW/0 uw NW OW/0 uUw NW OW/0O
UwW 2 1 2 1 1 0 1 1 1
NW 5 46 4 5 50 6 4 47 5
OW/0O 0 13 15 1 9 15 0 10 19
Kappa 0.424 0.454 0.508

Based on Cohen’s kappa, agreement strength appeared weak-moderate in both gen-
ders and for all repetitions [38,39]. The coefficient trend over the three years indicates a
gradually increasing awareness of one’s weight status as age increases, particularly in girls.
It is also evident that there was a tendency for underweight participants of both genders to
overestimate their weight status and underestimate it in overweight/obese participants.

4. Discussion

The adolescent stage constitutes, on the one hand, a period of intense growth and
remarkable morpho-metric changes with the appearance of secondary sexual characters
and, on the other hand, a sensitive period for mental health because of the need to adapt to
a new appearance of one’s body [40]. This is compounded by the beauty ideals imposed
especially by the Western world, also due to social media, that exalt muscular development
in males and an ectomorphic, thin body in females [5,6]. When adolescents perceive
that their bodies differ from these ideals, dissatisfaction with their body image is often
determined. In particular, psychological factors and pressures from peers, family, and
the media to conform to these socially prescribed body ideals contribute to the onset and
persistence of body dissatisfaction, explaining the associations between Bl and weight
status [41].

This longitudinal study examined anthropometric and body image perception changes in
early adolescents over three years to assess any trends over time and any gender differences.
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As expected, significant changes were observed in most anthropometric traits and
indices with repeated measurements over time, as well as sex and the interaction between
these two factors. Regarding weight status, we found no significant differences in cate-
gory frequencies over the three years, nor were there any significant differences between
sexes. Participants also had a clear awareness of their size (stature and weight): the re-
liability of the reported values most likely depends on whether participants remember
the measures routinely taken by the family doctor. Moreover, slightly lower self-reported
values were probably due to measurements taken previously in growing subjects during
medical checkups.

Comparing the weight status of the examined sample with data from the recent
literature for Italian adolescents, we found a lower percentage of normal-weight boys and,
especially, girls compared to data collected longitudinally in the Emilia-Romagna region
five or more years earlier ([23]: 11 years of age: 68.8% in males and 82.4% in females;
12 years of age: 76.2% in males and 85.7% in females; 13 years of age: 77.8% in males and
82.9% in females) and the national average data referred to the 11 and 13 years of age and
collected cross-sectionally two years earlier ([42]: 11 years of age: 71.6% in males and 80.3%
in females; 13 years of age: 73.1% in males and 83.1% in females). Also noteworthy is
that there was twice the frequency of underweight in the male subsample examined and
similar frequencies in the female subsample compared with national data ([42]: 11 years
of age: 3.3% in males and 4.3% in females; 13 years of age: 1.9% in males and 2.5% in
females); in the regional study [23], underweight was present with very low frequencies in
11- and 12-year-old girls (11 years of age: 1.5%; 12 years: 1.5%) while no underweight was
found among boys and 13-year-old girls. The overweight/obese participants of our sample
also showed remarkable differences with generally higher frequencies, particularly in girls
(>10%), compared with regional data ([23]: 11 years of age: 31.3% in males and 16.2% in
females; 12 years of age: 23.8% in males and 12.8% in females; 13 years of age: 22.2% in
males and 17.1% in females) and national data ([42]: 11 years of age: 25.1% in males and
15.4% in females; 13 years of age: 25.0% in males and 14.4% in females). In summary, the
extreme categories (underweight, overweight/obese) generally show higher frequencies
than other Italian samples previously examined. A possible explanation for this pattern,
in addition to the observed worldwide trend in the prevalence of obesity and overweight
in children and adolescents [43], is that the sample we examined was adversely affected
by the COVID-19 outbreak and the virus containment measures, foremost of which was
the lockdown with the interruption of school activities in attendance, sports, and social
activities. This situation is recognized in the literature as being generally responsible for
the rise in BMI [44-46] due to the intake of unhealthy foods, lifestyle changes, and poor
engagement in physical activities [47]. The negative influences of lockdown on eating
behaviors have been shown in the Italian population [47] and other populations around the
world [48,49]. While this hypothesis is acceptable to justify the origin of the phenomenon,
it is interesting to note that the higher category of weight status (examined longitudinally)
remained constant over time also in the post-COVID period (the state of emergency ended
on 31 March 2022) [50], as comparisons in later surveys of our study show. In this regard, we
cannot rule out the possibility that the bad habits acquired during the COVID isolation have
persisted. Moreover, in contrast to the increased prevalence of overweight/obese described
in several populations as an effect of the pandemic, we also found an increased prevalence
of underweight in the examined sample of adolescents. This trend, probably attributable to
the negative impact of the restrictions on mental health and possibly inadequate nutrition,
was also found in other recent European studies on Polish adolescents aged 11-15 years [51]
and German primary school children [52].

In this situation, observing any trends in the perception of Bl may be particularly
interesting. Among the quantitative variables related to BI perception, feel figures and FID
in both genders and the ideal figures in females, on the other hand, remained stable over
time. Meanwhile, the ideal figures varied significantly over time in boys: the progressive
preference for a more robust body ideal is due to the likely misconception that the selected
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ideal figures correspond to greater muscularity [41,53]. The ideal figures chosen by girls
were significantly thinner than in boys at all ages, and there was a tendency for a higher
FID score in girls than in boys. This trend corresponds to what has been reported in
the literature for adults regarding the greater BI dissatisfaction of women, the thinner BI
ideal in females, and the more muscular Bl ideal in males [54-57]. In particular, under
the influence of Western media, the ideal male body is generally presented as muscular,
athletic, and lean [5,56] and the female body thin, tall, and ectomorphic [5,56,58]. The
longitudinal study allows us to appreciate how these trends are nuanced during early
adolescence and evolve slowly over the period under consideration. Although the degree of
BI dissatisfaction (FID) was higher in girls than in boys approaching +1 (the dissatisfaction
threshold according to Mendo-Lazaro, 17 [59]), this did not reach statistical significance
in the gender comparisons in the likeness of what was found in a cross-sectional study
of a sample of Italian children aged 5 to 12 years examined in 2022-2023 [25]. In early
adolescents, as observed in preadolescents [59], dissatisfaction with Bl is similar in both
genders, and the typical gender-differentiated pattern evidenced at later ages is not clearly
visible [5] also if we can already distinguish the predominant ideal gender aesthetics.

According to the answers provided to the questions presented to the participants, in
addition to a decline in weight control over the three years (significantly in females), the
results show that most participants never attempted to lose weight, keeping this trend
stable over the three years, consistent with their young age. Among those who made
attempt to reduce body weight, the most common method was simultaneous diet control
and exercise, followed by food reduction alone and, ultimately, by increased physical
activity alone.

As previously reported, an analysis of the perceived vs. ideal figure shows that
both genders prefer a leaner body. This trend is even more evident when considering the
sample divided into weight status categories: FID increases with BMI. In particular, moving
from underweight to overweight, boys’ dissatisfaction scores rose to a greater extent but
decreased with age (T0: +2.65; T1: +2.50; T2: +2.22) compared to those of girls (TO: +1.82;
T1: +2.31; T2: +1.07). This analysis also reveals negative scores across the three surveys in
underweight males who were found to be dissatisfied with their status and with a desire
for more robustness. In contrast, scores varied slightly between complete satisfaction and
mild dissatisfaction at the three times in underweight girls. In this regard, it should be
pointed out that overweight/obese adolescents are often the object of teasing by their
peers [60]. According to recent research conducted in Italy [61], these individuals showed
not only the highest ratings of verbal victimization related directly to body shape but they
were frequently subjected to being physically attacked and barred from playing sports and
participating in group activities. Social relationships are generally more problematic and
worse as weight status (actual or self-rated) increases.

This study demonstrates the need to use directly measured anthropometric measures
because self-referred ones are not adequately reliable (especially weight). Moreover, the
consistency between the weight status perceived and the actual one established by BMI
was low: we observed a weak-moderate agreement between current weight status and
self-perceived weight status, which means that the reliable data in the examined sample
varied from 15% to 63% [39]. These interrater reliability levels can be considered low in
terms of the possible need for health care. In particular, the health risks of some participants
in the extreme weight categories should be emphasized: a few underweight boys and girls
perceived themselves to be overweight/obese, and a few overweight/obese boys and girls
perceived themselves to be underweight. These misperceptions can result, if left untreated,
in BI or eating disorders [59]. Moreover, about half of the overweight/obese participants
perceived their weight status as normal during the three surveys: underestimating one’s
weight status results in the continuation of any obesogenic behaviors, with the consequent
risk of increasing overweight/obesity status [56,62]. School and local health services policy
should safeguard adolescents” physical and mental health by involving families in an
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integrated effort aimed at a healthy lifestyle. This will also be effective against various
chronic health and social problems, including peer bullying victimization.

Our study had various strengths. The most relevant of these strengths concerns the
study’s longitudinal design: we examined the same sample of early adolescents over three
years. The second strength concerns the direct detection of anthropometric traits involved
in the BMI calculation by the same expert operator. The third point concerns the face-
to-face interaction between the adolescent and the operator in detecting the participants’
BI perception and awareness of body size. This allowed participants to focus on the
questions without fear of being judged by peers. As for the study’s weaknesses, we did not
examine the participants’ eating and living habits or the families” socioeconomic conditions,
although these may affect their nutritional status [63], nor did we assess their ethnic
origins [64]. Moreover, a comparison with other studies is difficult because of the small
number of research with a longitudinal design in early adolescents during and after COVID
periods and because of the use of different possible methods of BI assessment (different
silhouette scales, questionnaires). Finally, the standardized silhouette scale of Childress
etal. (1993) [33] that we applied did not allow for the assessment of ideal muscularity in
males. To the best of our knowledge, however, there are currently no scales for assessing
muscularity in early adolescents, unlike adults [57,65].

We expect that further research can provide a longer perspective on longitudinal vari-
ability in weight status and BI perception in cohorts of adolescents who have experienced
the effects of lockdown from COVID-19 in different parts of the world. Research would
also be desirable to arrive at silhouette scales that distinguish between muscularity and
fatness for a better interpretation of adolescent BI.

5. Conclusions

Our study demonstrates the stability of early adolescents’ BI perception: only the
body ideal changes over time in boys toward greater robustness. In females, a tendency
toward greater dissatisfaction and a preference for leaner body ideals are already present
at this young age. However, while conforming to gender ideals, preadolescent males and
females show similar levels of BI dissatisfaction, although this has been shown to increase
with BML

Concerning the weight status of the examined sample, we found an increase in the
prevalence of both overweight/obesity and underweight compared with previous studies.
These weight patterns can be attributed to lingering consequences of psychological and
living conditions established during restrictions by the COVID-19 pandemic. The self-
perception of weight status is not entirely satisfactory, showing a tendency to overestimation
in underweight adolescents and underestimation in overweight/obese adolescents.

We expect that, especially in the school setting, actions will be taken to promote a
healthy lifestyle and BI. In particular, it would be necessary to implement educational
efforts at the school level to equip students, teachers, and parents with valuable tools such
as guidelines for healthy living (from nutrition to physical activity) to control unhealthy
weight status, negative Bl, and their consequences. At the same time, early detection of Bl
perception issues should be encouraged as it can be critical in identifying at-risk adolescents.
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Abstract: The aim of this study was to examine men’s body image confidence, social reflectivity,
body image perceptions and external information sources influence regarding body assessments.
Data were collected via a cross-sectional survey and found that men have a low motivation toward
physical health behaviour changes such as food, alcohol and exercise evaluation, and have generally
positive views of their bodies overall. Relationship status, rather than age, defined behavioural and
attitudinal differences within the men studied here. Men in this study were largely uninfluenced by
celebrities or fashion in developing their own body image perceptions; single males were more likely
to turn to friends, the female population generally and societal norms when evaluating themselves.
Males in relationships however, weighted their partner’s opinion as the greatest influence, followed
by their involvement in sport. This study offers an insight into the role of body confidence in male
perspectives of the self, which is important for its intrinsic connection to motivations for health
behaviours such as body weight management. This has implications for increasing the effectiveness
of health-related product and service messaging, and public health messages regarding body weight
management for men.

Keywords: self-esteem; male body image; health behaviours

1. Introduction

Self-identity, the way in which one defines oneself, relative to others, has long been
examined from the perspective of women. As traditional notions of gender in self-image
blur, men have begun to receive attention from researchers concerned with consumption
behaviour as an extension of the self [1,2]. Much of this focus has, however, centred on
products embraced by male consumers in a subversion of traditionally female categories
of consumption (such as fashion and cosmetics). Where gaps still lie is in understanding
men’s perceptions of themselves, and how notions of self-identity might motivate men
toward image management behaviours, including physical health-related behavioural
change. There is evidence that men’s body image satisfaction is influenced strongly by
spouses and similar familial relationships, however. This study addresses those gaps by
examining the impact of relationship status on men’s body image perceptions and body
confidence, as well as the impact of personal, social and external influence sources in body
maintenance behaviours.

Now that physical health behaviours are increasingly recognised as identity related,
research that examines the relationship between body image, identity and lifestyle is useful
in that it focuses on the notion that positive self-perception is fundamentally linked to an
individual’s satisfaction with their own body image [3-5]. Where prior research has linked
negative self-perceptions of women to motivations for physical change, little work has
examined men’s perceptions of their bodies in relation to self-perception, or motivations
for men to engage in physical health-change behaviours. This study examines the notion
of male body image satisfaction, the extent to which one is happy with one’s body;, as it
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relates to motivation toward identity management behaviours, such as body modification
through diet and exercise.

1.1. Self Esteem and Body Satisfaction

Satisfaction with one’s body is said to be driven by several social factors, including
media, society, friends and family, with individuals utilising social comparison theory to
compare their body to that of those around them [6]. Regarding health, there is conflicting
evidence surrounding the role of body image associations and lifestyles of healthy or
unhealthy behaviour. For example, some studies find that positive self-esteem and body
image beliefs generally encourage more positive fitness and health-related behaviours
(in college age students of both sexes) [7]. Others find that a high body dissatisfaction
(in adult women) is associated with stronger fitness and health motivations toward ap-
pearance and weight [8]. Some recent research suggests that body dissatisfaction (in
adolescents of both sexes) is associated with negative body management behaviour, in-
cluding unhealthy weight loss strategies, lower physical activity, dysfunctional exercise,
and increased computer usage [9]. While prior research has examined women, children
and teenagers/adolescents in respect of their body image and self-esteem, little work has
examined the adult male (beyond contrasting them to women). Further, there are gaps in
understanding differences in body image perceptions and self-esteem between adult male
subjects.

1.2. Male Body Image and Weight

Where perceptions of body image relate to health management actions, prior research
confirms that weight evaluation plays a critical part in the relationship between body image
and physical activity [9]. Gillison et al. [10] found that negative body weight perceptions
endorsed extrinsic motivations for physical activity (e.g., exercise for weight loss), thus
negatively predicting self-determined motivations for exercise behaviour. However, eval-
uation of physical activity is often absent from research that examines body image [9].
Those studies that do examine physical activity alongside body image report inconsistences
between samples. For example, some studies show that participation in physical activity
by adolescent girls is not associated with body image satisfaction [11]. Others claim that
exercise helps to improve body image in adolescents of all sexes [12].

One explanation for many of the difference observed when examining the impact
of physical activity on body image is that body image satisfaction in these contexts is
driven by a self-evaluation of body weight, which then raises questions as to the relative
accuracy of self-assessments of the body and the resultant satisfaction with the self, between
individuals. Regarding males, recent studies in developed countries show that boys and
men are more likely to underestimate their body weight [9,13] than women are. However,
a larger proportion of men than women are seen as overweight (based on BMI) [13]. Those
who overestimate body weight are deemed more likely to engage in weight management
behaviours (such as reducing intake of dairy, fats, and oils), yet, male adolescents, who are
more likely to underestimate their weight than females, are also more likely to consume
higher volumes of foods associated with weight gain [9].

1.3. Lifestyle and Male Health Behaviours

The psychological quality of life cannot be separated from physical quality regarding
body image [14], thus recent research calls for further study of the relationship between
individual lifestyle factors and body image [13]. There is a growing body of research
that examines body image and lifestyle influences in childhood and adolescent body
maintenance motivation, yet gaps remain for work that focuses on adults [15]. Further,
the exact links between body image and many individual lifestyle factors (beyond age)
are still to be determined. Of those studies that have focused on adult lifestyles, many
have considered body image as a female concern, adding to the misunderstanding of
outcomes of male body image perceptions that tends to dominate such work [16]. It is
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accepted, however, that body image is a multifactorial construct that is affected by a group
of psychological, physiological and social factors, each with different levels of influence on
health behaviours at different lifestyle stages [13].

1.4. Relationships and Body Image Satisfaction

Self-reporting happiness studies indicate that those with strong connections to oth-
ers are happier than those without. In addition, particular interpersonal relationships,
such as a romantic attachment, account for the greatest difference in satisfaction with the
self [17,18]. If the singular lifestyle factor of relationship status is then examined further,
it has been found that relationship status relates strongly to health-related quality of life
perceptions, with those in relationships less worried about their health overall. Further,
men in relationships appear to be the least worried of all groups, with single men and
women more likely to be occupied with food control as a health mechanism related to body
image perceptions [3].

Some research suggests that men in romantic relationships are said to be happier
overall than women in these partnerships, with males more likely to benefit from the
emotional support and gratification provided by a partner than vice versa [17]. When the
influence of these interpersonal relationships on body image satisfaction is considered, it
appears that peer reflexivity impacts the body weight assessments (and subsequent body
satisfaction) of women but not of men [19], suggesting a difference in the role of social
forces on male assessments of their own body. Indeed, other research suggests that women
are more likely than their male counterparts to correctly evaluate their own weight in
relation to the general population [20] and that married men are more likely to be ‘happily”’
obese than their never married or previously married counterparts [21], i.e., acknowledging
being overweight but not feeling negative or motivated toward change, regarding this.
Thus, following calls for further study of adults, men and individual lifestyle factors, this
study examines relationship status in adult males, as related to body image satisfaction, by
proposing the following:

H1. That males in relationships have more positive body esteem than do single males;
and

H2. That males in relationships are likely to have more positive body appearance perceptions than
do single males.

Social identity theory notes that self-evaluative or self-conceptual outcomes rely
heavily on social context, irrespective of the cognitive categorisation of attributes (in
terms of the recognition of normative beliefs or behaviours) [22]. Where body image
dissatisfaction in women occurs, it is often in relation to comparison to a standard of social
beauty perceived to be above that of the consumer’s own [23,24]. Further, females tend
to be influenced more by outside factors, such as the media and society more generally,
leading to an assessment of body image related to one’s ‘value’ in the social world [4,24]. In
contrast, male body image satisfaction, when influenced by others, is said to be evaluated
based on the opinions of close friends (in the case of young men) and spouses or family
members (in the case of older males) [25].

One could propose that males in relationships are more likely to assess their body
image based on the opinions of those closest to them, and less likely to self-categorise based
on external sources of body image perceptions. Adding further emphasis to the proposed
body satisfaction of men in relationships are findings such as those which state that, after
the end of a relationship, males are likely to revise any weight gain and maintain this weight
loss (where any female weight loss in the same instance tends to be short-lived) [21]. These
findings suggest that, irrespective of actual weight or appearance, men in relationships
are generally happy with their body, when compared to women, and, when single, are
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prompted to revise their body assessment (evidenced by the weight loss seen in newly
separated males in the Sobal et al. [15] study). Thus:

H3. That males in relationships are more likely to emphasise personal over social body image
perception antecedents than are single males;

and

H4. That males in relationships are less likely to be impacted by external influence sources than are
single males.

2. Materials and Methods
2.1. Survey and Scale Items

The research utilised a quantitative approach and an online survey (hosted via
Qualtrics) to collect data. This study used a market research company (Research First) to
access respondents, from a total database of 1 million adult contacts. Male, NZ members of
the research panel were e-mailed the link to the survey by Research First and asked to com-
plete qualifying questions on their age and sexual orientation. Respondents were recruited
in a quota format in four banded age groups (18-24 years; 25-34 years; 35-44 years and
45-65 years). Respondents in this study were limited to heterosexual males, to allow for
between-participant comparison, in relation to questions regarding sexual attractiveness
and the influence of women, and of romantic partners, on body image perceptions, thus
reducing the potential for multiple moderating variable influences. It is reasonable to
propose that body image perceptions and goals may differ between sexual orientations,
hence the decision to limit the focus of this study to a single sexual orientation. Survey
questions examined self-perceptions of the participant’s bodies, the influence of others on
these perceptions and overall evaluations of personal physical appearance in relation to
the body. Participants were also asked a series of behavioural health-related questions,
examining participants’ purposeful moderation of food, alcohol, fat, snacks/treats and
increased exercise or participation in sport.

The scales employed were drawn or developed from existing studies of body and
appearance perceptions [24-26]. Personal body image views, as per H1, were examined
using a version of Rosenberg’s [25] self-esteem scale, modified to the body context (“myself”
in the original scale replaced with “my body”). The reliability of this scale has been tested
since its inception, with some psychologists criticising its one-dimensional nature [27]. In
this study, the scale yielded a Cronbach’s alpha of 0.595, which is not ideal. Some prior
studies have yielded an alpha coefficient of 0.86 using the scale, indicating good internal
reliability; however, these studies have largely been undertaken with small samples (less
than one hundred participants) [28]. Nevertheless, the Rosenberg scale has been accepted
as an appropriate measure of self-esteem over the past 55 years.

To counter the low alpha of the Rosenberg self-esteem scale, and to examine H2, a
shortened version of Netemeyer et al.’s [26] vanity scale was employed, with the ‘Physical-
Concern” and ‘Physical-View” item sets used as a single scale to measure appearance
perceptions. The Physical-Concern item set comprises five reflexive, self-determined
appearance perceptions (e.g., ‘the way I look is extremely important to me’) and the
Physical-View item set comprises six response-oriented appearance perceptions (e.g., “my
looks are very appealing to others”). In this study, the shortened Netemeyer et al.’s [26]
scale yielded a Cronbach’s alpha of 0.914.

The last two scales employed were developed for this study from McNeill and Fir-
man’s [25] qualitative study of ideal body image factors for men. The first of the scales
developed for this study, examining H3, consisted of twelve items that examined significant
male body image perception factors, including muscularity; leanness; masculinity; age;
fitness goals; sexual attractiveness; body satisfaction; friend opinions; family opinions;
health; lifestyle; stomach fat; and sporting ability (Cronbach’s alpha: 0.891). The second
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scale developed for this study, concerned with H4, examined external and internal influ-
ence factors on men’s personal body image perceptions, with ten items, including celebrity
influence; family; friends; women (generally); romantic partners; society; fashion; age;
health; and sport (Cronbach’s alpha: 0.889).

Participants were asked to rate survey items on a seven-point Likert scales as fol-
lows: 1 = strongly agree/extremely important; 2 = agree/important; 3 = somewhat
agree/somewhat important; 4 = neither agree or disagree/neither important nor unim-
portant; 5 = somewhat disagree/somewhat unimportant; 6 = disagree/unimportant; and
7 = strongly disagree/not important at all. As the data were collected, responses were
checked for completion time and central tendency, with concerning responses excluded.
The survey contained two attention check questions, as well as some reverse items, which
allowed for further data checking.

2.2. Sample

A total of 355 complete responses were collected. Respondent ages were roughly
equally split between four age bands (18-24; 25-34; 35-44; 45-65 years) and with the
ethnicity of participants representing proportionally the major ethnic groups of New
Zealand (53.1% Caucasian). A total of 69.9% of respondents had a secondary school-
level qualification or higher. A total of 31.3% of respondents participated in exercise at
least weekly, 48.9% monthly or less and 19.8% did not exercise at all. A total of 67.8% of
respondents were in a romantic relationship and 32.2% were single. Regarding relationship
status and age, 18-24-year-old participants were the least likely to be in a relationship
(48% of this group), while approximately one-third of each of the other three age groups of
participants were in relationships.

2.3. Analysis

Survey responses were exported to IBM Statistical Package for Social Sciences (SPSS)
29 for analysis. To validate the measures, a factor analysis was run on the scales. All scales
had Kaiser-Meyer—Olkin (KMO) values of above the threshold of 0.6 and the Eigenvalues
indicated there was one dominant factor in all scales. The principal factor analyses further
confirmed that all values loaded onto one component, and as such, the scales can be seen
to be reliable. Results were obtained by comparing means and via ANOVA.

3. Results
3.1. Male Health-Related Behaviours

Of the age bands represented, participation in sport was relatively equally represented
across all age bands, with no indication that one age group had a significantly greater
or lesser participation overall. When age was examined as an initial predictor of body
image attitudes (per scale), no significant differences in mean responses between age
groups were found. Regarding health-related behaviours, participants did not exhibit a
strong motivation toward health behavioural changes, with reductions in food and alcohol
or increases in sport and exercise relatively moderate across the group (Table 1). The
only significant difference in health-related behaviour was seen in relation to increasing
sport participation, where single males were less likely to attempt to increase their sports
participation than were those in relationships.

Table 1. Health-related behaviour.

Do You Have a Partner or Significant Other
Yes (n = 240) No (n = 355) Total (n = 355)
Mean SD Mean SD Mean SD

On the Scale Below, Indicate How Regularly You
Engage in the Following Activities?

Watch the amount of fat I consume 3.65 1.583 3.64 1.585 3.65 1.581
Reduce my alcohol intake 3.24 1.736 3.22 1.964 3.23 1.810
Moderate my food intake 3.52 1.360 3.55 1.416 3.53 1.376

Cut back on snacks and treats 3.47 1.477 3.50 1.495 3.48 1.481

192



Nutrients 2024, 16, 1916

Table 1. Cont.

Do You Have a Partner or Significant Other
Yes (n = 240) No (n = 355) Total (n = 355)
Mean SD Mean SD Mean SD

Increase my exercise 3.39 1.374 3.52 1.489 3.43 1.411
* Attempt to increase my participation in sport 3.77 1.698 444 1.846 3.99 1.773

* Significant at 0.05, 1 = always; 7 = never.

On the Scale Below, Indicate How Regularly You
Engage in the Following Activities?

3.2. Men’s Body Assessments and Self-Esteem

All the men in this study were generally positive about their own body but remained
neutral in response to statements indicating extreme negativity, rather than disagreeing
outright with statements such as “I am inclined to think that I am a failure in relation to
my body” or “I feel I do not have much to be proud of in relation to my body”. However,
where significant differences in the group means were seen, males in relationships were
more positive than single males overall, with an emphasis on affirmative comparison of
their body to others and satisfaction with their body generally (refer to Table 2). This

supports HI.

Table 2. Men’s body esteem.

Do You Have a Partner or Significant Other

To What Extent Do You Agree with the Following

Statements about Your Body? Yes (n = 240) No (n =115) Total (n =355)  p-Value
Mean SD Mean SD Mean SD
On the whole, I am satisfied with my body 3.34 1.325 3.86 1.567 3.51 1.427 0.001 *
At times, I think my body is no good at all 4.02 1.574 3.87 1.565 3.97 1.570 0.410
I feel that my body has a number of good attributes 2.87 1.010 3.10 1.068 2.94 1.033 0.051
I am able to do things as well as most other people 2.75 1.103 3.02 1.256 2.84 1.160 0.042 *
I feel I do not have much to be proud of in relation to my body 4.29 1.477 4.14 1.388 4.24 1.449 0.354
I certainly feel useless at times 4.49 1.664 4.07 1.599 4.35 1.653  0.024*
I feel that I am at least on an equal plane with others 3.23 1.136 3.52 1.180 3.32 1.157 0.026 *
I wish I could have more respect for my body 3.73 1.513 3.61 1.336 3.69 1.457 0.451
I am inclined to feel that I am a failure in relation to my body 4.65 1.598 4.17 1.574 4.50 1.604 0.009 *
I take a positive attitude towards my body 3.16 1.171 3.39 1.219 3.23 1.190 0.084

* significant at 0.05, 1 = strongly agree; 7 = strongly disagree.

3.3. Male Body Confidence

All the men in this study were moderately confident about their own body and
remained neutral in response to statements indicating extreme body confidence, rather
than disagreeing outright (such as “people are envious of my good looks” and “I have
the type of body that people want to look at”). Where significant differences were seen
between groups, males in relationships again exhibited greater confidence than did single
males, rating their looks and sexual attractiveness higher. This supports H2. Single males,
however, were more likely to see a need for a continued effort in looking their best and
an awareness of how others might perceive their appearance, indicating the potential for
greater reflexivity in their assessments of self (refer Table 3).
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Table 3. Appearance perceptions.

Do You Have a Partner or Significant Other

To What Extent Do You Agree with the Following

Yes (n = 240) No (n =115) Total (n =355)  p-Value
Statements about Yourself?
Mean SD Mean SD Mean SD
The way I look is extremely important to me 3.37 1.437 3.16 1.328 3.30 1.405 0.187
I am very concerned about my appearance 3.59 1.441 3.32 1.386 3.50 1.427 0.101
* I would feel embarrassed if I was around people and did not 3.97 1510 350 1471 380 1511 0.006*
look my best
* Looking my best is worth the effort 3.43 1.327 3.12 1.278 3.33 1.318  0.037*
It is important that I always look good 3.68 1.372 3.53 1.410 3.63 1.384 0.331
People notice how attractive I am 3.99 1.366 4.07 1.497 4.02 1.408 0.626
* My looks are very appealing to others 3.93 1.295 434 1.450 4.06 1.359  0.008 *
* People are envious of my good looks 4.40 1.488 4.77 1.358 4.52 1456  0.022*
*Iam a very good looking individual 3.89 1.360 4.40 1.407 4.05 1.394  0.001*
* My body is sexually appealing 3.98 1.466 443 1.475 413 1482  0.008 *
* I have the type of body that people want to look at 4.29 1.413 4.63 1.416 4.40 1421  0.031*
* significant at 0.05, 1 = strongly agree; 7 = strongly disagree.
3.4. Male Body Perceptions—Influences
Both single males and those in a relationship indicated their health as the most influ-
ential factor on how they thought about their body, and celebrities and fashion as least
important in influencing their body image. Where differences between the groups were
significant, single males were more likely to be influenced by their friends, by women and
by society generally, than were males in relationships. Males who were part of a couple
tended to be influenced more by their partner, and by their enjoyment of sports, than did
single males (refer Table 4). These findings give support to H3 and H4.
Table 4. Importance of influential factors on male body image.
Do You Have a Partner or Significant Other
o oot v e olling i nng SNy Non o9 T =39 vl
Mean SD Mean SD Mean SD
Celebrities 5.25 1.542 5.04 1.613 518 1.566 0.255
Family 3.63 1.522 3.55 1.540 3.60 1.527 0.639
* Friends 3.70 1.487 3.17 1.213 3.52 1.425 0.001 *
* Women 3.55 1.497 3.09 1.472 3.40 1503  0.006 *
* Your partner/loved one 2.54 1.206 3.25 1.611 2.77 1.389  0.000 *
* Society, generally 3.86 1.482 3.45 1.384 3.73 1.462 0.014 *
Fashions 4.45 1.560 4.22 1.497 4.38 1.542 0.176
Age 3.73 1.500 3.50 1.360 3.66 1.458 0.174
Health 2.80 1.367 2.84 1.225 2.81 1.321 0.772
* Sport 3.62 1.523 4.06 1.693 3.76 1.591 0.015*

* significant at 0.05, 1 = extremely important; 7 = not important at all.

3.5. Physical Appearance Factors—Key Indicators

Single males weighted most motivating factors as more important than did their
non-single counterparts, and where this difference was significant, single males in the
study were more likely to emphasise socially reflective factors, such as being lean, what
friends think of their appearance and having a visibly flat stomach, than were males in
relationships (refer to Table 5). This supports H3 and H4. Men in relationships in this study
emphasised the importance of being healthy, having a good lifestyle balance and being
able to participate in sports when compared to single participants, but the difference was
not significant. Both groups indicated health, lifestyle and body satisfaction as the most
important factors in motivating their overall body image perceptions.
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Table 5. Key indicators of desired physical appearance.

Do You Have a Partner or Significant Other

How Important Is the Following to You? Yes (n = 240) No (n =115) Total (n =355)  p-Value
Mean SD Mean SD Mean SD
Being muscular 3.76 1.344 3.70 1.364 3.74 1.349 0.725
* Being lean 3.40 1.247 3.00 1.068 3.27 1.206 0.003 *
Being seen as very masculine 3.93 1.427 3.82 1.302 3.90 1.387 0.462
Looking better than other males in my age group 3.95 1.447 3.77 1.465 3.89 1.454 0.252
Reaching my personal fitness goals 3.31 1.390 3.28 1.335 3.30 1.370 0.826
Attracting a partner/being attractive to a partner 3.03 1.229 2.90 1.370 2.99 1.276 0.389
Feeling satisfied with my body 2.78 1.065 2.65 983 2.74 1.040 0.282
* What my friends think of my physical appearance 3.85 1.419 3.50 1.280 3.73 1.383  0.025*
What my family thinks of my physical appearance 3.82 1.444 3.77 1.366 3.81 1.418 0.711
Being healthy, rather than just looking good 2.49 1.153 2.54 985 2.50 1.101 0.680
Having a good lifestyle balance 2.47 1.035 2.57 1.101 2.50 1.056 0.390
* Being in the right physical shape for the sports I enjoy 3.05 1.345 3.36 1.488 3.15 1.398 0.056 *
* Having a flat stomach 3.36 1.273 3.06 1.223 3.26 1.263 0.038 *

* Significant at 0.05, 1 = extremely important; 7 = not important at all.

4. Discussion

For health-related products and services and public health messages regarding body
weight management to be effective, research that explores differentiating factors within
specific gender groups is required. The aim of this study was to examine how men’s
body image confidence and perceptions, along with their social reflectivity, influenced
their personal body assessments. The association between physical health and body image
perceptions has been established in prior research, particularly among adult populations.
Further, prior research confirms the intrinsic connections between body image, self-esteem
and motivations for health behaviours such as body weight management [3]. Those who
are more preoccupied with their body not fitting a perceived ideal are more likely to be
motivated towards change regarding physical exercise or dieting [3]. However, the benefits
of this association are reliant on critically accurate body assessments—essentially, that those
who need to modify their lifestyle or health behaviours recognise the need for change in
their own body [9]. The differences apparent in how individuals evaluate their body, and
how this motivates body-related health behaviours such as diet and exercise, highlight
a need for research that examines specific demographic and sociographic groups. While
previous research has examined women, children and teenagers/adolescents in respect
of their body image and self-esteem, little work has examined the adult male (beyond
contrasting them to women). Further, there are gaps in understanding differences in body
image perceptions and self-esteem between adult male subjects. This study contributes to
our understanding of the heterosexual adult male and their body image evaluations and
motivations toward body health-related behaviour.

The prior literature has indicated a relationship between body image positivity and
motivation toward exercise in adolescents, but studies of adults indicate that body sat-
isfaction and health-promoting lifestyles are not strongly related [13]. This study finds
that adult males are generally very positive about their bodies, with satisfaction overall in
how their body compares to others. This was particularly evident amongst adult males in
romantic relationships, who rated themselves as better looking and more sexually attractive
than did single men. In the literature concerning adolescent perceptions of the body, body
image concerns are not said to promote healthy behaviours; rather, lower body esteem
promotes unhealthy behaviour regarding nutrition and exercise avoidance. In contrast,
the single males in this study, who exhibited lower body confidence than those males in
relationships, were more motivated toward a continued effort in looking their best (based
on an awareness of how others might perceive their physical appearance). In this study,
age was not a significant predictor of body image perceptions or health behaviours.
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Low body dissatisfaction is known to have a significant impact on lifestyle behaviours,
particularly those related to fitness and health motivations [3] However, while female per-
ceptions of their body and related body image concerns have long been a subject of research
interest, consideration of males has largely been limited to contrast between them and
women, regarding women’s proposed body negativity and unhealthy behaviour [9]. The
male participants of this study, despite representing four separate age cohorts from early
adulthood to 65 years, did not indicate significant motivations toward health-directed body
management behaviours, including monitoring their fat and alcohol intake, moderating
food intake for health or increasing their exercise. This is a useful finding, as it illustrates a
widespread issue in male health campaigning—the lack of strong motivation for change
across all ages when considering easy-to-implement physical health actions. The current
research suggests that social reflexivity may be a better motivator for behaviour change
amongst these men, with key external influences for both single men and men in relation-
ships identified. Further, having a positive body image may be linked to more sustainable,
long-term health-promoting behaviours rather than drastic, short-term changes such as
dieting or extreme exercise programs. Limitations of this study include the single country
sample (New Zealand) and the cross-sectional nature of the data collection. A study that
includes physical health data by participant, collected over a period, would add weight to
our understanding of the research questions proposed here. Further, where relationships
have been the focus of this study, it is recommended that future research extends further
than heterosexual males. Other recommendations for future research would include the
examination of other lifestyle factors, to better understand the relative weight of influence
of the single/relationship construct. The poor reliability of the Rosenberg self-esteem scale
indicates the need for further exploration of this construct, potentially via the development
of a new scale, in future research.

5. Conclusions

Public health promotion messages and health-related products and services targeting
men are often focused on the issue of body weight management. This study indicates
the lack of a common set of drivers toward body maintenance and weight management
across all males, but it does indicate different foci for males in relationships compared to
those who are single. Age was not found to be a significant influence for male views of
the body; rather, body image satisfaction tended to be influenced by other aspects of life
satisfaction, as indicated by relationship status. This is an important and useful finding
for those developing health/weight messages targeting men in New Zealand. Health
promotion that is effective for each of the two cohorts examined here should activate key
motivators of body image satisfaction in any messaging, such as the view of friends (for
single males) and partners (for those in relationships), rather than focusing on personal
health management drivers, including negative assessments of the self.
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