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Abstract

Purpose Understanding how early adaptive schemas, cognitive flexibility, and emotional regulation influence eating disorder
(ED) symptoms, and whether this differs across diagnostic subtypes is critical to optimising treatment. The current study
investigated the relationship between these variables and ED symptomology in individuals self-reporting an ED diagnosis
and healthy controls.

Methods A dataset of 1576 online survey responses yielded subsamples for anorexia nervosa (n=155), bulimia nervosa
(n=155), binge eating disorder (n =33), other specified feeding or eating disorder (n =93), and healthy participants (n=505).
The hierarchical linear regression analysis included Eating Disorder Examination Questionnaire 6.0 Global Score as the
dependent variable; Young Positive Schema Questionnaire, Emotional Regulation Questionnaire, and Cognitive Flexibility
Inventory subscale scores as the independent variables; and demographic measures as the covariates.

Results The number of significant predictors varied considerably by ED sub-group. Amongst the anorexia nervosa, bulimia
nervosa, and healthy subsamples, the adaptive schema Self-Compassion and Realistic Expectations was associated with
lower ED symptom severity. In comparison, age and body mass index were the strongest predictors for binge eating disorder,
whilst the Expressive Suppression (a subscale of the Emotional Regulation Questionnaire) was the strongest predictor for
other specified feeding or eating disorders.

Conclusion Early adaptive schemas, cognitive flexibility, and emotional regulation vary across ED subtype, suggesting the
need for tailored treatment that disrupts the self-reinforcing cycle of ED psychopathology. Future research investigating how
early adaptive schemas may predict or be associated with treatment response across diagnostic subtypes is needed.

Level of evidence: Level 1V, evidence obtained from multiple time-series with or without the intervention, such as case
studies.
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Introduction

Background

Eating disorders (EDs) comprise both clinically defined
and related syndromes characterised by maladaptive eating
behaviours, altered body image-related perceptions, and
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other diagnostic criteria, there is growing evidence to sug-
gest early maladaptive schemas are a key transdiagnostic risk
and maintenance factor across EDs [3].

Schema therapy and early maladaptive schemas

Accordingly, there is interest in using schema therapy to
identify and challenge early maladaptive schemas related to
body-image perfectionism for the treatment of EDs [4, 5].
Young [6] defines early maladaptive schemas as themes or
patterns consisting of emotions, cognitions, memories, and
bodily sensations that distort one’s view of oneself and one’s
relationship with others. These patterns are often rigid and
pervasive during one’s lifetime, comparable to personality
disorder features [7]. Early maladaptive schemas develop
when early caregivers do not adequately meet a child’s
core emotional needs [6]. This often includes trauma and
mistreatment [8], but can also include overprotection from
parents [9]. Other contributing factors to early maladaptive
schemas include a child’s temperament, culture, and envi-
ronment [6]. The specific unmet needs are associated with
the type of early maladaptive schemas that may develop
[10] which, in turn, is linked with the development of an
ED [11]. When an early maladaptive schema is triggered,
an individual uses a range of coping mechanisms to reduce
the associated emotional pain. For the ED populations, such
coping mechanisms include constant self-criticism and hold-
ing one’s body image to a high standard at the expense of
one’s mental well-being [12].

Early adaptive schemas

In contrast to early maladaptive schemas, early adaptive
schemas have been theorised to develop when a child’s core
emotional needs are met adequately early in life by primary
caregivers [13, 14]. Early maladaptive schemas may influ-
ence the development and maintenance of EDs with the
number, and content of early maladaptive schemas shown
to be associated with disordered eating behaviours and
their severity [11, 15]. Crucially, schema therapy treatment
includes not just confronting the rigid early maladaptive
schemas, but also helping to increase the strengths of early
adaptive schemas. These include a broad range of adaptive
capacities including that of being compassionate towards
and accepting of oneself. Consistent with this, schema
therapy treatment has produced positive responses even in
severe ED presentations [4, 5]. However, additional research
is required to investigate the link between early adaptive
schemas and ED symptoms, and whether this varies across
ED subtypes as this may inform treatment approach.

In one recent study investigating the relationship between
early adaptive schemas and the Eating Disorder Examina-
tion Questionnaire 6.0 (EDE-Q) subscales [15], healthy
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boundaries, emotional openness, and spontaneity, social
belonging, and self-care were identified as ‘protective’
against ED symptoms, whilst increased optimism predicted
greater ED pathology. Providing an invaluable preliminary
investigation, the studied sample (N =388) was clinically
heterogenous (50% reported current ED diagnosis). How-
ever, part (semi-partial) correlations were not reported,
and correlations between predictors in the model were high
(r>0.7). Thus, there is a need to (1) explore the associa-
tions between early adaptive schemas and ED symptoms
across (self-reported) clinical ED subtypes, and (2) apply
more stringent multicollinearity thresholds; as regression
coefficients and standard errors estimates can be biased even
at conventionally acceptable thresholds (i.e. variance infla-
tion factor=35 or Pearson correlation coefficient=0.7; [16,
17]. Moreover, the regression models in this study accounted
for limited (16-31%) variance in ED symptoms, warranting
further investigation of new models incorporating relevant
variables to more accurately approximate variability in ED
symptoms.

Emotion regulation

Emotion regulation is defined by Gross [18] as the process
which individuals regulate and express their emotions. The
two broadest categories of emotion regulation are cognitive
reappraisal and expressive suppression. Cognitive appraisal
is the process of modifying the meaning of a situation to
change the emotional impact, whilst expressive suppression
involves inhibiting emotion-expressive behaviour [18, 19].
Individuals with EDs experience higher levels of emotional
intensity, have less awareness of their emotions, and use
less adaptive emotion regulation strategies compared with
healthy populations [20-22], and clinical populations with
other non-ED mental health diagnoses [23]. Furthermore,
greater emotion dysregulation in individuals with EDs is
also associated with more severe clinical features, such as
repetitive negative thinking, dysfunctional metacognitions,
and greater ED symptomatology [21, 24].

There is some evidence to indicate emotional dysregula-
tion profiles vary by ED subtype. For instance, Mallorqui-
Bagué et al. [22] found that individuals with BN, BED, and
OSFED exhibit poorer emotional regulation than those with
AN. Using an ecological momentary assessment to measure
daily emotion dynamics, Williams-Kerver et al. [24] found
individuals with AN and BN experienced more intense nega-
tive affect than those with BED, whilst, the BN and BED
groups showed greater daily emotional fluctuation compared
to the AN group. Furthermore, they identified that individu-
als with BN demonstrated a better ability to differentiate
emotions, whilst the AN group had the lowest ability to do
so. However, two recent meta-analyses indicate emotion
regulation difficulties, particularly awareness, acceptance,
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rumination and reappraisal, are comparable across the
spectrum of EDs, and that their role in EDs may be more
nuanced and require a consideration of mediating and mod-
erating variables [25, 26].

Emerging evidence suggests the relationship between
early maladaptive schemas and disordered eating may be
mediated through emotion dysregulation [27]. For example,
in a sample of young Lebanese adults, Gerges and colleagues
showed that only one schema domain, namely Disconnection
and Rejection (consisting of the negative schemas: Defec-
tiveness, Emotional Deprivation, Emotional Inhibition,
Social Isolation, Negative Pessimism and Mistrust/Abuse),
had a direct effect on disordered eating behaviour, whilst
the other four schema domains (i.e. the impaired autonomy/
performance, impaired limits, other-directedness, and over
vigilance/inhibition schema) had a significant effect only
when mediated through emotional dysregulation.

Cognitive flexibility

Cognitive flexibility is the ability to modify thinking strate-
gies and behaviour in response to changing environmental
stimuli. Dennis and Vander Wal [28] emphasise two distinct
aspects of cognitive flexibility that contribute to adaptive
thinking as measured by the two subscales of the Cognitive
Flexibility Inventory. The first is the tendency to perceive
problems as controllable (i.e. Control) and the second is
the ability to generate multiple alternative explanations and
solutions to difficult situations (i.e. Alternatives). Across ED
subtypes there is evidence for impaired cognitive flexibility
compared to their healthy counterparts [29, 30], being less
able to efficiently switch between tasks. There is limited and
conflicting evidence that cognitive inflexibility more pro-
nounced in certain subtypes, with evidence for greater diffi-
culties in AN [31], and BED [32]. Of note, there is evidence
that cognitive flexibility may constitute an endophenotype
of AN, with no significant difference in cognitive flexibility
between individuals in the acute phase of AN and those in
the recovered stage [30, 33].

Aim and hypotheses

Taken together, this evidence highlights the converging
(and seemingly inter-related) influence that early adaptive
schemas, emotion regulation, and cognitive flexibility has
in EDs. However, the degree to which these factors predict
ED symptom severity and whether this varies between ED
subtypes has yet to be determined. As such, the aim of the
current study was to investigate the variability in ED symp-
tomology accounted for by early adaptive schemas, cog-
nitive flexibility, and emotional regulation, in individuals
whom self-reported a current clinical diagnosis of AN, BN,
BED or OSFED. Understanding whether the contributions

of these factors differ across diagnostic subtypes may have
implications for how schema therapy is utilised. The current
study adhered to a nine-factor structure of the Young Posi-
tive Schema Questionnaire as this was previously validated
with the current sample [1].

As per the pre-registered protocol (see “Protocol Regis-
tration”), it was predicted the inclusion of the early adaptive
schemas would account for the most significant proportion
of variance in ED symptoms. Specifically, congruent with
previous findings [15], we predicted the early adaptive sche-
ma’s Self-Compassion and Realistic Expectations, Healthy
Self-Control, Emotional Openness and Spontaneity, and
Social Belonging would each independently predict lower
eating disorder symptomatology across ED subtypes (i.e. act
as protective factors).

Methods
Protocol registration

The analysis and reporting protocol for this manuscript was
registered on the Open Science Framework (OSF; https://
doi.org/https://doi.org/10.17605/0SF.I0/7SDUZ). Post hoc
changes to the statistical analyses include: (1) inclusion of
all predictor variables in the hierarchical linear regression
model regardless of whether they were significantly corre-
lated with the criterion, (2) univariate outliers were removed
on a variable-by-variable basis, and (3) the Shapiro-Wilk
test was used instead of Kolmogorov—Smirnov test for the
normality of residuals assessment.

Participants

Instruments
Demographic measures

Age, weight, and height were reported by manual entry,
whilst education, nationality, and sex were selected from
a list (manual entry required for ‘other’). Body-mass-index
(BMI) values were calculated using reported weight and
height values.

Diagnosis

Participants self-reported if they had a current mental health
diagnosis and/or ED diagnosis from a health professional
(type not specified) and to indicate the specific diagnosis
(i.e. AN, BN, BED, or OSFED).
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Questionnaire measures

Young Positive Schema Questionnaire: early adaptive sche-
mas were measured using a reduced item (48-items) and
factor structure (9 factors) version of the Young Positive
Schema Questionnaire [13, 34]. The original 56-item ques-
tionnaire has strong reliability (a¢=0.72-0.89) and validity
in psychiatric samples [35]. The reliability and validity of
the reduced item and factor version used here has previously
been shown with this sample [1], with internal consistency
matching previous reports (¢ =0.77 and 0.92).

Eating Disorder Examination Questionnaire 6.0 (EDE-
Q): The EDE-Q Global Score (average of subscales) was
used to measure ED symptomatology [36], with higher
scores indicating greater ED symptom severity. The EDE-Q
Global Score has good internal consistency (a=0.90; [37].

Emotional Regulation Questionnaire (ERQ): Cogni-
tive Reappraisal and Expressive Suppression scores were
determined by the ERQ [19]. Total scores are calculated by
adding relevant subscale items, with higher scores repre-
sentative of coping strategy use. The reliability of the two
subscales in ED samples has previously been established
(Cognitive Reappraisal: a«=0.87; Expressive Suppression:
a=0.80; [38].

Cognitive Flexibility Inventory (CFI): Cognitive flex-
ibility scores were measured using the CFI [28], with two
subscales, Alternatives and Control, calculated. The CFI
subscales have demonstrated good internal consistency
(Alternatives: a=0.91; Control: a=0.85[28].

Procedure

Individuals aged > 18 years were recruited through social
networking sites (e.g. Facebook) and online forums (e.g.
Reddit) via the distribution of a survey using the Qualtrics
platform between September 2020 and May 2021. Adver-
tisement of the survey was targeted at ED-related pages and
forums to increase the chance of capturing individuals with
ED symptoms. The survey was completed online, requiring
approximately 25 min. A detailed information sheet includ-
ing a description of the study and its aims was presented
on the first page of the electronic survey. Individuals were
informed that their data would be recorded anonymously and
participation in the research was voluntary, and they could
exit the survey at any time. Consent was obtained via par-
ticipants selecting a checkbox prior to beginning the survey.
After the survey, participants were provided with contact
details for support services, and they were also given the
opportunity to enter a draw to win one of four $50 AUD
Amazon vouchers which were drawn at the completion of
the project. The study was approved by the University of the
Sunshine Coast Ethics Committee (S201469).
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Statistical approach

The nature of missing data was evaluated using Little
MCAR’s test in Statistical Package for the Social Sciences
(SPSS), with missing values subsequently imputed using
the miceforest package [39]. Data formatting, scale coding,
univariate outlier detection, and descriptive analysis was
performed in Python using the Pandas [40], Numpy [41],
MatPlotLib, Seaborn [42], Pingouin [43], Statannotations
[44], and SciKit [45] packages, with multivariate outlier
detection conducted in R studio using previously published
code [46]. Univariate outliers were determined using the
median absolute deviation procedure (median +2.5 (median
absolute deviation * 1.4826); [47]), and multivariate outliers
were identified using the Mahalanobis Distance variant—
Minimum Covariance Distance (see [46]). Descriptive statis-
tics were tabulated for continuous and categorical variables.
Correlations were quantified using a Pearson’s correlation
coefficient and presented in the Supplementary Materials.

Inferential statistics (and associated assumption checks)
were conducted using the Pingouin [43], and HLR [48] pack-
ages in Python. HLR package outputs reported in text were
verified against Statistical Package for the Social Sciences
outputs to contribute to the package’s validation (see Supple-
mentary Materials for example analysis). Group differences
in continuous demographic variables were assessed with a
one-way Welch ANOVA to account for unequal variances
and sample sizes, with Games—Howell test post hoc com-
parisons (Games—Howell corrected p values).

The hierarchical linear regression analysis included
EDE-Q Global Score as the dependent (or criterion) vari-
able; Young Positive Schema Questionnaire, ERQ, and CFI
subscale scores as the independent (or predictor) variables;
and age, body mass index, and sex as the covariates. Each
of the covariates were entered in model one, cognitive flex-
ibility (Alternatives and Control subscales) and emotional
regulation (Cognitive Reappraisal and Expressive Suppres-
sion subscales) entered in model two, and the nine-factor
structure of the Young Positive Schema Questionnaire
(Emotional Fulfilment and Stable Attachment, Success,
Empathic Consideration, Optimism, Emotional Openness,
Self-Compassion and Realistic Expectations, Developed
Self, Social Belonging, and Healthy Self-Control) entered in
model three. P values (< 0.05, uncorrected) and confidence
intervals (95%) were reported, with confidence intervals
interpreted as per recent discussions (see [49, 50]); confi-
dence intervals represent the probability the range around
the point-estimate contains the ‘true’ population effect esti-
mate with repeated sampling (i.e. in the long run), not the
range of values with 95% probability (this interpretation is
reserved for Bayesian credible intervals).

Post hoc power analysis (see Supplementary Materials G)
was conducted using G-power (v.3.1) with significance level
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a=0.05 as recommended for the use in the clinic research
[51].

Results
Missing data, dataset splitting and outlier removal

Of the submitted responses (n=1576), 175 participants
(11.1%) had some missing data. At a questionnaire level,
0.8-5.6% of responses were missing across EDE-Q ques-
tions, 9.5% for ERQ questions, and 7.4% for CFI questions.
Missing values were imputed using Multiple Imputation
by Chained Equations (MICE; [52]), as there was greater
than 5% of participants missing data, which was not missing
completely at random (Little MCARs X2 [1762] =2084.73,
p<0.001).

After missing value imputation, the complete dataset
(n=1576) was split according to self-reported ED diagnosis
subtype, resulting in datasets for AN (n=174), BN (n=76),
BED (n=47), OSFED (n=108). Participants who reported
more than one ED diagnosis subtype (n=100) were not
included in the analysis. For participants who did not report
a current ED diagnosis (n=1063), a subsample reported a
previous ED diagnosis (n=190), and another reported a cur-
rent mental health diagnosis with no previous ED diagno-
sis (n=315). The remaining participants were deemed the
healthy control sample (n=558).

Across samples, univariate outliers for age and ques-
tionnaire scales were present; however, these values were
retained as they were within the range of plausible values.
Univariate outliers detected for BMI (being > 2.5 * median
absolute deviations above the median per sub-group) were
removed listwise from the AN (n=11), BN (n=4), BED
(n=3), OSFED (n=06), and healthy (n=31) samples. Simi-
larly, multivariate outliers across samples (AN [r=5], BN
[n=15], BED [r=11], OSFED [n=7], and healthy [n=15])
were removed listwise. Finally, participants who did not dis-
close their sex (AN [n=3], BN [n=2], OSFED [rn=2], and
healthy [n="7]) were removed listwise as sex was included
as a model covariate (i.e. not disclosed is uninterpretable).
This resulted in reduced final samples for AN (n=155),
BN (n=55), BED (n=33), OSFED (n=93), and healthy
(n=505).

Assumptions checks

Using a combination of statistical and visual checks, the
assumptions of homoscedasticity and normality of model
residuals were largely satisfied, with QQ-plots showing
minor deviations from normality in the tails only. Whilst not
all predictors were significantly correlated with the depend-
ent variable, all displayed a linear relationship, hence, all

predictors were retained in the model. Independence of
residuals was only met for the BN dataset, with positive
autocorrelation of residuals (Durbin—Watson < 1.5) pre-
sent in the AN, OSFED and healthy datasets, and negative
autocorrelation (Durbin—Watson > 2.5) in the BED dataset.
Whilst the data were not of a time-series, we suspected
autocorrelation could represent spatial autocorrelation due
to hierarchical structuring of the data (i.e. clustering). To
verify this, we shuffled the data (by row (i.e. subject)) and
recalculated the Durbin—Watson statistics. In each case,
the independence of residuals was met (see Supplementary
Materials), suggesting some spatial clustering in responses.
As the autocorrelation did not change the model and effect
estimates, we utilised the unshuffled data, noting the auto-
correlation as a limitation of the data collection process.

Across the AN, BN, OSFED, and healthy datasets, mul-
ticollinearity did exceed conventional thresholds set out in
the protocol [16, 17, 53], and therefore, all variables were
retained in the model. Severe multicollinearity was detected
in the BED dataset. Consequently, those scales with the
highest variance inflation factor values (i.e. Young Positive
Schema Questionnaire; Openness, Emotional Fulfilment and
Stable Attachment, Success, and Social Belonging) were
removed from the model.

Preliminary analysis
Descriptive statistics

A summary of sample demographics is provided in Table 1,
with group comparisons for continuous variables. The mean
and standard deviations for each Young Positive Schema
Questionnaire, ERQ, and CFI subscale are provided in the
supplementary materials (Table E1. Across subtypes, mean
age varied from 25 to 30 years old, with females accounting
for greater than 80% of participants (range=81.82-95.48%).
Post hoc comparisons (see supplementary materials
table E2-3) found the healthy sample was significantly older
than the AN, BN, and OSFED, but not BED sample. BMI
varied from 18.5 to 27, with the AN sample reporting the
lowest BMI (M =18.56, SD =2.69), which was significantly
lower than all other groups. In contrast, the BED sample
reported the highest BMI (M =27.03, SD=5.61), which
was a significantly greater than all other groups. We note
the elevated AN BMI is suggestive of a heterogenous sam-
ple including more mild-to-moderate cases and/or atypical
presentations.

Correlations
Pearson correlations between continuous descriptive statis-

tics and model variables are reported in the supplementary
material as a function of ED subtype (Tables B1-5).
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Table 1 Continuous and categorical descriptive statistics for each eating disorder subtype
Anorexia nervosa  Bulimia nervosa  Binge eating OSFED Healthy Comparisons

disorder

Mean (SD/range)
Age

BMI

Count

Sex
Male
Female

Education
< Grade 10
Grade 10
Grade 12
VET
Bachelor’s
Masters
Phd

Nationality
Australian
New Zealand

North Ameri-
can

South Ameri-
can

British
Chinese
Other
Canadian

25.79 (7.06/18-56) 25.56 (5.22/18-41) 30.55 (11.2/18-54) 25.54 (5.21/18-39) 29.59 (12.38/18-78) AN <healthy ***

18.56 (2.69/13.13— 23.4 (4.61/16.3—
34.16)

26.3)

7(4.51)
148 (95.48)

0 (0.0)

3 (1.94)
48 (30.97)
20 (12.9)
62 (40.0)
20 (12.9)

2(1.29)

11(7.1)
5(3.23)
87 (56.13)

1 (0.65)

19 (12.26)
1 (0.65)
23 (14.84)
8 (5.16)

Mental health diagnosis

Major depres-
sive disorder

Bipolar dis-
order

Social anxiety
disorder

Generalised
anxiety dis-
order

Panic disorder

Post-traumatic
stress disorder

Substance use
disorder

Obsessive

compulsive
disorder

74 (47.74)

15 (9.68)

19 (12.26)

79 (50.97)

16 (10.32)

40 (25.81)

11(7.1)

27 (17.42)

4(7.27)
51(92.73)

0(0.0)
1(1.82)
11 (20.0)
11 (20.0)
19 (34.55)
10 (18.18)
3 (5.45)

4 (7.27)
2 (3.64)
29 (52.73)

2 (3.64)
5(9.09)
0 (0.0)

12 (21.82)
1(1.82)

28 (50.91)

4(7.27)

8 (14.55)

25 (45.45)

3 (5.45)

10 (18.18)

6 (10.91)

6 (10.91)

38.78)

6 (18.18)
27 (81.82)

2 (6.06)
0 (0.0)

8 (24.24)
8 (24.24)
12 (36.36)
1 (3.03)
2 (6.06)

5(15.15)
1(3.03)
19 (57.58)

1 (3.03)
1(3.03)
0 (0.0)

4(12.12)
2 (6.06)

15 (45.45)

5(15.15)

8 (24.24)

15 (45.45)

5(15.15)

721.21)

3(9.09)

7(21.21)

39.01)

7(7.53)
86 (92.47)

0 (0.0)
7(7.53)
30 (32.26)
15 (16.13)
28 (30.11)
12 (12.9)
1(1.08)

11(11.83)
0(0.0)
54 (58.06)

2(2.15)

9 (9.68)
1(1.08)
11(11.83)
5(5.38)

35 (37.63)

14 (15.05)

16 (17.2)

43 (46.24)

7(7.53)

33 (35.48)

4(4.3)

15 (16.13)

27.03 (5.61/18.01- 23.54 (4.93/15.83— 23.51 (4.89/13.18—
38.87)

51(10.1)
454 (89.9)

1(0.2)
21 (4.16)
123 (24.36)
81 (16.04)
201 (39.8)
70 (13.86)
8 (1.58)

166 (32.87)
8 (1.58)
156 (30.89)

18 (3.56)

44 (8.71)
5(0.99)
98 (19.41)
10 (1.98)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

BN <healthy ***

OSFED < healthy
ksksk

AN < BED*#*

AN < BN##*

AN < healthy *#**

AN < OSFED ***

BN <BED *

Healthy <BED *

OSFED <BED *
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Table 1 (continued)

Anorexia nervosa  Bulimia nervosa  Binge eating OSFED Healthy Comparisons
disorder

Body dysmor- 37 (23.87) 12 (21.82) 5(15.15) 14 (15.05) 0 (0.00)
phic disorder

Borderline 18 (11.61) 7(12.73) 2 (6.06) 12 (12.9) 0(0.00)
personality
disorder

Attention-def- 22 (14.19) 10 (18.18) 7(21.21) 17 (18.28) 0 (0.00)
icit hyperac-
tivity disorder

Other 11(7.1) 3(5.45) 0(0.0) 12 (12.9) 0 (0.00)

p<0.05%, p<0.01%*, p<0.001 %+

OSFED other specific feeding or eating disorder, PhD Philosophy higher degree, SD standard deviation, VET vocational education training

Primary analysis

Here, we report the final model (step 3) output (see
Tables 2, 3, 4, 5, and 6 for full output).

Anorexia nervosa

The final model including early adaptive schemas
explained an additional 20% of the variance in EDE-Q
Global Score (Adj. R>=30.4%), F-change (9, 138)=5.410,
p <0.001. Of the predictors, only Self-Compassion and
Realistic Expectations accounted for a significant propor-
tion of variance (= —0.356, p <0.001), explaining 6.54%
of unique variance in EDE-Q Global Score. Specifically,
increased Self-Compassion and Realistic Expectations
were associated with decreased ED symptomology.

Bulimia nervosa

Model three accounted an additional 27% of the vari-
ance (Adj. R?>=67.5%) in EDE-Q Global Score, F-change
(9, 38)=5.526, p<0.001. Analysis of individual scales
showed success (p=0.265, p=0.049) was the only signifi-
cant positive predictor of Global Score, whilst Cognitive
Reappraisal (p=—0.226, p =0.044), Emotional Openness
(B=-0.248, p=0.046), and Self-Compassion and Realis-
tic Expectations (f =—0.600, p <0.001) were significant
negative predictors. Higher levels the Success schema was
associated with greater ED symptomology, whilst stronger
Cognitive Reappraisal, Emotional Openness, Self-Com-
passion and Realistic Expectations were associated with
decreased ED symptoms. Amongst these significant
predictors, Self-Compassion and Realistic Expectations
accounted for the most (11.23%) unique variance in Global

Score, followed by Cognitive Reappraisal (2.62%), Emo-
tional Openness (2.56%), and Success (2.48%).

Binge eating disorder

The addition of early adaptive schemas in model three did
not account for additional variance (Adj. R>=63.8%) in
EDE-Q Global Score, F-change (6, 19)=0.896, p=0.518.
Analysis of individual scales showed Alternatives (=0.411,
p=0.011) and BMI ($ =0.566, p=0.005) remained signifi-
cant positive predictors of Global Score, whilst Cognitive
Reappraisal (p=-0.493, p=0.014), and age (p=-0.523,
p=0.001) remained significant negative predictors. Spe-
cifically, higher values of BMI and Alternatives scores
were associated with greater ED symptomology, whilst
increased age and Cognitive Reappraisal predicted decreased
ED symptoms. Amongst these significant predictors, age
accounted for the most (15.49%) unique variance in global
score, followed by BMI (11.05%), Alternatives (9.01%), and
Cognitive Reappraisal (8.11%).

Other specified feeding or eating disorders

Model three accounted for an additional 19.8% of the vari-
ance in EDE-Q Global Score (Adj. R>=25.4%), F-change
(9,76)=2.719, p=0.008. Expressive Suppression (f=0.314
p=0.028) retained its significant positive association, how-
ever, the inclusion of early adaptive schemas led to BMI
(#=0.220, p=0.038) and Developed Self (f=0.243,
p=0.041) being significant positive predictors. Explicitly,
increased Expressive Suppression, Developed Self, and BMI
were associated with greater ED symptomology. Amongst
these significant predictors, Expressive Suppression (4.05)
and Healthy Self-control (4.05%) accounted for the most
unique variance, followed by BMI (3.63%), and Developed
Self (3.63%).

@ Springer
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Healthy

Model three accounted for an additional 12.6% of the vari-
ance in EDE-Q Global Score (Ad;. R*>=49.7%), F-change
(9, 488)=14.044, p <0.001. The addition of the early adap-
tive schemas decreased the significance level of Expressive
Suppression (f=0.151 p=0.001), Control (f=-0.100,
p=0.030), and Cognitive Reappraisal (f=0.090, p=0.031),
although they remained significant predictors, as did
age (f=-0.135, p<0.001), BMI (=0.201 p<0.001),
sex (#=0.090, p=0.006), and Alternatives (f=0.078,
p=0.034). Emotional Fulfilment and Stable Attachment
(#=-0.213, p<0.001), and Self-Compassion and Realis-
tic Expectations (f=-0.325, p <0.001) were the strongest
negative predictors, accounting for 1.84 and 3.95% of unique
variance in Global Score, respectively. Of the positive pre-
dictors, BMI (3.13%) accounted for the most unique vari-
ance, followed by Expressive Suppression (1.04%).

Discussion
Summary

Overall, these findings indicate the relationship between early
adaptive schemas, cognitive flexibility, emotional regulation,
and ED symptoms varies considerably across diagnostic sub-
types. In line with the hypotheses, the inclusion of early adap-
tive schemas accounted for the greatest proportion of variance
in ED symptoms in all samples, except for BED. In the case
of BED, the model including the CFI and ERQ subscales
accounted for the most variance. Contrary to predictions,
Healthy Self-Control, Emotional Openness and Spontaneity,
and Social Belonging did not independently predict decreased
ED symptoms across samples. However, Emotional Openness
and Spontaneity did significantly predict lower ED symptoms
in BN. Lastly, the hypothesised relationship between Self-
Compassion and Realistic Expectations and decreased ED
symptoms across diagnoses was partially supported, insofar
as it was the strongest predictor of decreased ED symptoms
in the AN, BN and healthy samples. In contrast, age and BMI
were the strongest predictors for BED, whilst Expressive Sup-
pression was the strongest predictor for OSFED.

Notably, the covariates of age, sex, and BMI displayed
ED subtype specific relationships. Age was only a significant
predictor of ED symptoms in the BED and healthy control
groups, and in both cases, increasing age was associated
with lower ED symptoms. Sex was only a significant pre-
dictor of ED symptoms in the healthy control group, such
that females had significantly greater ED symptoms. BMI
was a significant predictor of ED symptoms in the BED,
OSFED, and healthy control groups, which predicted greater
ED symptoms in all cases.

Strengths and limits

In assimilating these findings within the existing litera-
ture, several limitations must be considered. First, the self-
reported nature of the data is a key limitation, and hence,
pause is justified when considering the degree of bias inher-
ent in the data, and the overall reliability and validity of
the inferences drawn from it. Second, the sample sizes for
BN, BED, and OSFED were small compared to the AN and
healthy samples, which may contribute to imprecise param-
eter estimates. Further to this point, a significant number
(n=100) of survey respondents who reported multiple EDs
were not included in the analysis as concurrent ED diagno-
ses cannot occur. Third, the values reported suggest the sub-
groups somewhat departed from a homogenous grouping.
For instance, the healthy sample reported a mean EDE-Q
global score of 2.91, which, when compared to previous
validation studies in community samples (EDE-Q Global
Score =1.4-1.5; [54]), indicates this sample likely included
individuals with undiagnosed EDs. Relatedly, the AN sub-
groups BMI was elevated (M =18.56, SD =2.69), indicating
the sample included mild-to-moderate cases and/or atypical
presentations.

Considering the survey was primarily posted on ED-
related pages and forums, this is to be expected. Although
this may speak to the prevalence of subclinical ED symp-
toms and heterogeneity of presentations in the population,
it introduces a substantial confound, and therefore, we
exercised (and recommend) caution when interpreting the
results. Finally, the use of a 9-factor structure of the Young
Positive Schema Questionnaire was used (see [1]), compli-
cating direct comparisons to studies using the previously
validated 14-factor structure [13]. Further studies using pop-
ulations in Australia should test out the 14-factor structure
and test its robustness.

All observed whole and local effects had large effect sizes
according to Cohen [55] excluding local effects for OSFED
and the Healthy group (see Supplementary Materials G
for power analysis). The sample sizes used provided post
hoc statistical power values above 0.8 at significance level,
a=0.05 for almost all models except for OSFED. Therefore,
a limitation here was that the sample size for the investiga-
tion of OSFED was not large enough and should be con-
sidered in future studies. Another limitation was the use of
linear approximation even in cases where conditions for this
were violated. However, no non-linear terms were included
in the models in this study to reduce model complexity given
the limited sample sizes. The use of larger sample sizes in
future studies will open possibilities for considering non-
linear relationships between predictors and outcomes.

Despite these limitations, the current study provides an
informative investigation of the variability in ED sympto-
mology accounted for by early adaptive schemas, cognitive

@ Springer



54 Page 14 of 16

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity

(2024) 29:54

flexibility, and emotional regulation across ED subtypes.
Furthermore, this study provides a robust and transparent
application of the HLR package (with available code) in an
effort to promote open-access alternatives to conducting this
method of statistical analysis.

What is already known?

Early adaptive schemas [11], emotion dysregulation [24, 25],
and cognitive flexibility [30, 33] have each independently
been associated with ED symptom presentation and severity.
Emerging research has highlighted their inter-dependence
[27, 30, 56], however, limited research has evaluated which
factors account for the most variance in ED symptoms and
whether this differs across diagnostic subtypes. A recent
examination of early adaptive schemas and the Eating Dis-
order Examination Questionnaire 6.0 (EDE-Q) subscales
[15] found healthy boundaries, emotional openness, and
spontaneity, social belonging, and self-care were ‘protec-
tive’ against ED symptoms, whilst increased optimism pre-
dicted greater ED pathology. However, the studied sample
(N=388) was clinically heterogenous (50% reported current
ED diagnosis).

What does this study add?

The current findings support previous research indicating an
association between ED symptom severity and emotion reg-
ulation [21, 22], cognitive flexibility [33], and early adaptive
schemas [15]. Specifically, our findings are in accordance
with existing literature indicating BED, BN, and AN display
a similar emotional regulation profile [20, 22], whilst BED
displays a unique profile. For example, we found the ERQ
(specifically Cognitive Reappraisal) and CFI (specifically
Alternatives) accounted for a significant portion of variance
in BED symptom severity, whilst early adaptive schemas
showed no such association. It is worth noting that Svaldi
et al. [23] previously proposed that individuals with BED
might possess superior abilities to recognise and regulate
emotions compared to other ED subtypes. In addition, indi-
viduals with BED have been observed to use both positive
and negative metacognitive beliefs regarding binge eating
as a coping strategy to reduce worry and unpleasant emo-
tions [57]. In terms of cognitive flexibility, several previous
studies have not included BED in comparative analyses with
other ED types [29, 58]. However, in support of the present
finding, one study found that individuals with BED exhibited
poorer cognitive flexibility than those with AN [32].
Relatedly, our findings suggest that early adaptive sche-
mas may serve as maintenance factors for eating psychopa-
thology in AN and BN, but not in BED. This suggests the
potential for disorder-specific treatment strategies, individu-
als with AN and BN may benefit from attachment-based

@ Springer

therapies targeting core emotional needs. Consistent with
the ‘protective’ role of Healthy Boundaries reported by
Maher [15], Self-Compassion and Realistic Expectations
was associated with decreased ED symptom severity in AN,
BN, and healthy participants. This contributes to the robust
evidence base highlighting perfectionism (i.e. Unrelenting
Standards, the antithesis of Realistic Expectations) as a key
factor in maintaining ED pathology [3]. Notably, several
studies have found an association between perfectionism
and low self-compassion [59, 60], a particularly important
association in the context of EDs. Individuals with EDs who
fear self-compassion tend to have worse treatment outcomes
[61], which has been previously associated with two factors
[62]. First is a fear of losing personal standards, including
perceptions of weakness, fear of reduced motivation, and
concerns about being seen as failures. Second, is a fear of
emotional vulnerability and feeling unworthy of compassion.
This fear and self-compassion can be explained by the chal-
lenges faced by individuals with histories of trauma, abuse,
neglect, or unmet emotional needs in forming attachment
relationships. During therapy, efforts to encourage healthy
attachments can reactivate their attachment system, trig-
gering grief and unpleasant emotions they have learned to
avoid. The re-emergence of these difficult feelings can pose
a barrier to recovery.

In terms of treatment implications, schema therapy pre-
sents as a promising of option for anorexia nervosa (AN) and
bulimia nervosa (BN), as it can progressively challenge high
standards and self-criticism whilst promoting self-compas-
sion and realistic expectations. Although research supports
schema therapies effectiveness [5], its specific impact on
enhancing self-compassion across different ED presenta-
tions requires further investigation. For instance, cognitive
flexibility and emotion regulation appear to influence binge
eating disorder (BED) more than early adaptive schemas,
suggesting that therapies like metacognitive therapy [63],
and dialectical behavioural therapy [64], respectively. How-
ever, whilst there exists some emerging evidence compar-
ing these therapies to cognitive behaviour therapy [65], the
comparative effectiveness with respect schema therapy for
EDs remains a matter for future research.

Conclusion

The current study provides preliminary evidence that early
adaptive schemas, cognitive flexibility, and emotional regu-
lation are associated with ED symptoms in a subtype specific
manner. Future experimental research is needed to better
understand the relationship between these factors and EDs
symptoms, and the role they may have in guiding schema-
focussed therapies.
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