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ABSTRACT

Objective: The present meta-analysis aims to assess whether individuals with anorexia nervosa (AN) demonstrate elevated
autistic traits, to explore potential associations between autistic traits and eating disorder symptoms; as well as to estimate
the prevalence of a positive screen for autism spectrum disorder (ASD) assessed via Autism Diagnostic Observation Schedule
(ADOS), in AN.

Method: A systematic literature search was conducted in PsycINFO, MEDLINE, and Web of Science in August 2023 and later
updated in April 2024 to identify relevant studies. Twenty-two studies with 1172 AN patients and 2747 healthy controls (HCs)
met the inclusion criteria.

Results: There was a significant difference between AN and HC groups in autistic traits (g=0.88, CI=0.65-1.12), and a signifi-
cant but modest correlation was found between autistic traits and severity of eating disorder symptoms (r=0.28, CI=0.11-0.44).
Proportion meta-analysis indicated that 29% (CI=0.19-0.38) of children and adults scored above the cut-off for ASD.
Discussion: The current findings suggest that AN frequently overlaps with both autistic traits and autistic symptomatology.
Therefore, it is essential to evaluate autism and autistic traits in individuals with AN to tailor individualized treatment plans.

1 | Introduction prevalence of AN was reported to have risen from 2.2% to 3.6%

(Mustelin et al. 2016), with a lifetime prevalence of 0.1% to 3.6%

Anorexia nervosa (AN), as defined by the American Psychiatric
Association, is a severe eating disorder (ED) characterized by
low body weight, restricted caloric intake, an obsessive fear
of weight gain, and disturbances in body shape perception
(APA 2013). With the diagnostic criteria revised for the Fifth
Edition of the Diagnostic and Statistical Manual, the lifetime

in females and 0% to 0.3% in males (Galmiche et al. 2019). AN
stands to be a significant concern within psychiatry, bearing
high morbidity along with functional impairments and high
relapse rates (Eddy et al. 2017), as well as the highest mortal-
ity in EDs (Arcelus et al. 2011; van Eeden, van Hoeken, and
Hoek 2021; van Hoeken and Hoek 2020). AN predominantly
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Summary

The present meta-analysis reveals a significant asso-
ciation between anorexia nervosa and autistic traits,
suggesting a potential link between these conditions.

Individuals with anorexia nervosa exhibit higher lev-
els of autistic traits compared with the general pop-
ulation, and there is an overrepresentation of autism
spectrum disorder (ASD) among those with anorexia
nervosa.

There is a mild yet notable correlation between autis-
tic traits and symptom severity of eating disorders.

These findings highlight the importance of consid-
ering the intersection between neurodevelopmental
conditions and eating disorders, offering insights that
could inform more tailored and effective interventions
for those affected.

affects females rather than males and typically emerges during
adolescence, although recent literature indicates a decrease in
the age at which diagnosis is made (Puckett et al. 2021; van
Eeden, van Hoeken, and Hoek 2021).

In contrast, autism spectrum disorder (ASD) is a neurodevelop-
mental condition characterized by cognitive, social, and behav-
ioral challenges that typically emerge during early childhood.
Diagnosis requires the presence of symptoms such as impaired
social communication, restricted interests, repetitive behaviors,
and sensory abnormalities during the course of neurodevelop-
ment, sometimes as early as infancy (APA 2013). The estimated
ASD prevalence was 27.6 per 1000, corresponding to one in 36
children, with prevalence among boys being 3.8 times as high
as among girls in a recent surveillance study by the Centers for
Disease Control and Prevention (Maenner 2023). Key features
of ASD include challenges in social interaction and communi-
cation, repetitive behaviors, and narrow interests or activities
(APA 2013). Additionally, certain eating behaviors like food se-
lectivity with resultant weight gain and obesity or significant
weight loss and nutritional deficiencies are commonly associ-
ated symptoms (Baraskewich et al. 2021; Chistol et al. 2018).

In a recent study in the United States, eating difficulties and atyp-
ical eating behaviors have been documented in up to 70.4% of
children with neurodevelopmental disorders who were referred
to a child and adolescent psychiatry clinic, contrasting with 4.8%
of children in the general population who were recruited as a
standardization sample from various sites in the United States
(Mayes and Zickgraf 2019). However, ASD encompasses a diverse
diagnostic group, spanning individuals across a wide spectrum
of functioning and intellectual abilities. Individuals on the au-
tism spectrum can exhibit extremes across the weight spectrum
as well (Li et al. 2020), showing variability from underweight
(Kahathuduwa et al. 2022) to overweight (Thom et al. 2022),
highlighting the broad range of eating disparities within this
population. Conversely, there is an overrepresentation of autistic
traits (Westwood et al. 2016) and autistic symptoms in individuals
with AN (Westwood et al. 2018) with a longitudinal study includ-
ing 51 adolescent-onset anorexia patients and matched controls,
spanning 18years, reporting 27.4% of individuals with AN to have

comorbid ASD (Anckarsiter et al. 2012). Huke et al. (2013) report
a relatively similar rate of 22.9% of comorbid ASD in individuals
with EDs.

Although presently, AN and ASD are distinct diagnostic cate-
gories, the correlation between autism and anorexia may stem
from a shared genetic susceptibility that interacts with environ-
mental influences, contributing to both disordered eating and
autistic symptoms. An underlying genetic vulnerability linking
the two disorders was initially suggested by Gillberg (1983)
based on clinical observations in which he noted that the fe-
male cousins of his male patients with ASD were diagnosed
with AN. Following this paper, an uncontrolled case study was
conducted, concluding that 4 out of 51 adolescents with AN
displayed the core diagnostic features of ASD (Gillberg and
Réstam 1992), which also incidentally laid the foundations of
an 18-year-long longitudinal study (Nielsen et al. 2015).

Over the past decade, research has increasingly highlighted
the heightened occurrence of comorbid autistic symptoms
among individuals with AN (Huke et al. 2013; Westwood and
Tchanturia 2017). Moreover, specific parallels have been ob-
served in terms of neuropsychological profiles, such as executive
functions and central coherence (Oldershaw et al. 2011) alongside
challenges in attention-switching, perspective-taking, and the-
ory of mind tasks (Courty et al. 2013; Fuglset 2019). In addition
to this, affected socioemotional domains such as difficulties in
emotion recognition, empathic abilities, and emotional intro-
spection (Hambrook et al. 2008; Kerr-Gaffney, Harrison, and
Tchanturia 2020; Kerr-Gaffney et al. 2020; Saure et al. 2022) are
postulated to ultimately result in pronounced rigidity in social
interactions to facilitate sameness and reduce unpredictability,
influenced by underlying genetic factors and triggered by the neu-
rodevelopmental environment (Westwood and Tchanturia 2017;
Zhou, McAdam, and Donnelly 2018). Thus, disordered eating pat-
terns might stem from sensory sensitivities, emotional struggles,
autistic cognitive patterns, a need for control and predictability, or
acombination of these elements (Brede et al. 2020). Consequently,
autism and AN may be more intricately linked than initially as-
sumed through the multifaceted interplay of cognitive, social,
and emotional functioning, which could impact the initiation and
persistence of restricted eating behaviors.

In light of this emerging literature on autistic symptomatology
in AN, the objectives of this meta-analysis were: (1) to investi-
gate whether individuals with AN exhibit higher levels of self-
reported autistic traits compared with healthy controls (HCs);
(2) to explore the correlation between autistic traits and symp-
toms related to EDs; (3) to assess the prevalence and probability
of ASD in individuals with AN; and (4) to identify how other
factors such as gender, age, and body mass index (BMI) impact
autistic symptomatology in AN.

2 | Methods
2.1 | Study Selection
The “preferred reporting items for systematic reviews and meta-

analyses” (PRISMA) (Liberati et al. 2009; Page et al. 2021)
and meta-analysis of observational studies in epidemiology
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(MOOSE) (Stroup et al. 2000) guidelines were followed for this
meta-analysis. The literature search was conducted in August
2023 and updated in April 2024 to include relevant studies from
1980 onwards. This year was chosen to encompass study papers
around the time of Gillberg's seminal 1983 paper titled “Are au-
tism and anorexia related,” which catalyzed discussions on the
presentation of autism and autistic traits in females with an-
orexia. Following keywords AN (“anorexia” OR AN) and ASD
(ASD OR “Autis*”) were used to identify articles in PsycINFO,
MEDLINE, and Web of Science databases in all available lan-
guages. Abstracts written in English that met the eligibility
criteria were reviewed for suitability. The reference lists of in-
cluded studies were assessed to identify additional research not
initially found in the electronic database search.

Initially, duplicate articles were eliminated. Researchers (I.L.K.
and N.D.) independently conducted the screening process and
performed data extraction. Discrepancies were resolved through
discussion regarding the inclusion or exclusion of certain manu-
scripts. If a consensus could not be reached, the article in ques-
tion was referred to the supervising author (EB).

For the present systematic review and meta-analysis, studies that
were (1) published in English; (2) examining autistic traits in indi-
viduals with AN utilizing the Autism-Spectrum Quotient (AQ); or
exploring the AN-ASD comorbidity using gold standard diagnos-
tic measures (Autism Diagnostic Observation Schedule [ADOS]
and Autism Diagnostic Observation Schedule, second edition
[ADOS-2]); (3) in either a cross-sectional or longitudinal design;
(4) including individuals with AN of all age groups; (5) regardless
of disease onset or recovery state, were included. Scientific articles
regarding comorbidities with other pathologies or evaluating the
efficacy of specific treatments were thus excluded. Articles em-
ploying alternative measures of autistic traits were also excluded
in order to reduce heterogeneity, particularly considering the lim-
ited number of studies utilizing these measures. Studies that as-
sessed the same population were not included; among them, one
representative article with the highest sample size was included.

3 | Measures
3.1 | Autistic Traits Measures
3.1.1 | AQ

A valid and reliable tool to assess autistic traits, the AQ com-
prises 50 items, each rated on a 4-point Likert scale spanning
from 1 to 4 (ranging from “strongly agree” to “strongly dis-
agree”). It is structured into five subscales: attention to detail,
attention switching, imagination, communication, and social
skills. Higher scores in each individual subscale point to higher
“atypicality” on that subscale, such as remarkable attention to
detail, difficulties in attention switching, communication, so-
cial skills, and poor imagination. (Baron-Cohen et al. 2001).

31.2 | AQ-10

The AQ-10 is a brief questionnaire designed for either a self-
report for adults or parents for adolescents to assess autistic

traits. Both versions feature identical items and share a com-
mon clinical cut-off, as such, the data from both versions can be
pooled and analyzed collectively (Allison, Auyeung, and Baron-
Cohen 2012). Both the AQ and its abbreviated version, AQ-10,
are reliable measures of autistic traits for adolescents and adults,
selected to potentially expand the inclusion of studies across a
broader age range without introducing heterogeneity through
the use of diverse autistic trait measures.

3.1.3 | ADOS and ADOS-2

ADOS-2 (Hus and Lord 2014) and its predecessor ADOS (Lord
et al. 1989, 2000) are semi-structured interviews comprising
various questions and activities centered on observing com-
munication and behavior in autistic individuals. Both have
standardized severity scores for modules tailored to evaluate
children, adolescents, and adults and offer metrics to gauge
the severity of ASD symptoms with a sensitivity and specific-
ity exceeding 80%. Although ADOS and ADOS-2 are consid-
ered the “gold standard” of autism diagnosis, autism remains
a clinical diagnosis. In the present study, studies conducted
with ADOS and ADOS-2 to screen for autism in the presence
of AN were included in the estimation of the prevalence and
likelihood of ASD in AN. Autism remains primarily diag-
nosed through clinical assessment. However, studies that uti-
lize a semi-structured gold-standard tool, rather than relying
solely on DSM-5 criteria or clinical judgment, were included to
reduce potential bias in autism diagnosis across diverse clin-
ical settings.

3.2 | Clinical Measures for ED Symptoms
3.2.1 | The EDs Evaluation Questionnaire (EDE-Q)

EDE-Q is a self-report questionnaire comprising 33 items,
adapted from the EDE, which is widely regarded as the gold stan-
dard for assessing EDs (Fairburn, Cooper, and O'Connor 2008;
Fairburn and Cooper 1993). The higher global scores indicate
greater severity of these ED symptoms.

3.2.2 | The Eating Attitude Test 26 (EAT-26)

The EAT-26 questionnaire and its child counterpart ChEAT-26
comprise 26 items intended to assess attitudes and behaviors
linked with EDs. Responses are recorded on a 5-point Likert
scale, ranging from “always” to “never,” to gauge overall levels
of ED psychopathology. Total scores can range from 0 to 78, with
higher scores indicating a more significant degree of eating pa-
thology (Garner et al. 1982; Maloney et al. 1989).

3.2.3 | The ED Inventory (EDI)

EDI is a self-report questionnaire designed to evaluate physical,
psychological, and behavioral characteristics typically observed
in individuals with EDs. Comprising 91 questions, higher scores
on the inventory indicate greater severity of pathology. In cases
where a total score was not reported The ED Risk Composite

68

International Journal of Eating Disorders, 2025



(EDRC) which comprises the Drive for Thinness, Bulimia, and
Body Dissatisfaction subscales, was used (Nyman-Carlsson and
Garner 2016).

3.2.4 | The Swedish Eating Assessment for ASDs
(SWEAA)

Developed and validated to specifically evaluate eating behav-
iors commonly observed in ASD individuals, SWEAA has been
utilized to demonstrate distinctions in eating behaviors, such as
difficulties with eating regarding social mealtime environments
between ASD adolescents and young adults with normal cogni-
tive abilities and individuals without ASD (Karlsson, Rastam,
and Wentz 2013).

3.3 | Statistical Analyses

Data including effect size measures and demographic and clini-
cal information were extracted from included articles by one of
the reviewers (I.L.K. and N.D.) and subsequently cross-checked
by the other. In the case of a study (Iwasaki et al. 2013), reporting
data for subtypes of AN (restricting and binging-purging), data
regarding each subtype were considered independent studies,
and the HC count was halved for each entry. In another study
(Postorino et al. 2017), two different AQ total scores measured by
different AQ scales developed for children (AN=7, HC=7) and
adults and adolescents (AN =23, HC=28) were reported. Only
the effect size of AQ adult/adolescent version was extracted due
to the low sample size for the children's version. Two studies as-
sessed individuals with AN at multiple time points using AQ10
(Halls et al. 2023; Leppanen et al. 2022). For these studies, the
measurements at the T1 point were extracted to ensure the high-
est possible sample size in the meta-analysis. A meta-analysis for
the relevant data was conducted only if effect size measures were
available for at least five studies. In other cases, only a qualitative
review was conducted.

Mean difference and correlational meta-analyses were per-
formed with “.metafor” package using the langtest.jp de-
veloped by (Mizumoto 2015), an R-based web application,
to account for differences in effect sizes of autistic traits as
measured by AQ and to assess the relationship between au-
tistic traits and ED symptoms as measured by a variety of
validated scales, respectively. Considering that AQ10 is a
brief assessment instrument, varying performance in cap-
turing autistic traits compared to the AQ is a possibility. A
recent study indicates that AQ10 has lower retest reliability
and performs worse than AQ in an online setting, particularly
in the general population (Cheung et al. 2023). Therefore, we
opted to conduct two separate analyses regarding the AQ: one
combining AQ10 and AQ, and another using AQ alone. The
proportional meta-analysis was performed using JAMOVI
2.4.12 with the MAJOR module (The Jamovi Project 2024) to
estimate the rate of AN patients scoring above the cut-off in
ADOS across multiple studies. A LogOR meta-analysis was
planned, which involves applying the natural logarithm of the
odds ratio from studies reporting both patients and controls
scoring above the ADOS cutoff to estimate the odds ratio for
a positive ASD screen. However, due to the limited number of

studies available (n = 3), the analysis was not feasible. A quali-
tative review of these findings was conducted instead. A meta-
regression was conducted to examine whether moderators of
age, gender, and BMI explained heterogeneity in autistic trait
effect sizes among studies with “.metafor” package R version
4.2.0 with the guide provided by (Harrer et al. 2021).

A random-effects model (DerSimonian-Laird estimate) was used
and effect sizes (Hedges' g) were weighted using the inverse vari-
ance method. Homogeneity of the distribution of weighted effect
sizes was tested with the Q and I? tests (I? values <50% indicate
low, I?>50% indicate moderate, and I>>75% indicate large het-
erogeneity; reflecting higher variability in effect sizes across the
included studies). Publication bias was assessed by both the vi-
sual inspection of funnel plots and Egger's test, which is based on
the premise that studies with significant findings in studies with
small sample sizes are more likely to be reported, while large-scale
studies are more likely to be published regardless of significance.

4 | Results

Thirty-four articles were reviewed in full, and 12 studies were ex-
cluded from the current meta-analysis (see Figure 1 for the study
selection process), As a result, the present meta-analysis included
22 studies with 1172 patients and 2747 controls (Table 1). The low-
est percentage of females reported in any study was 87%, while the
majority of studies included were overwhelmingly female, with 19
studies reporting a female participant rate of 100%. Although only
three studies provided data on participants’ race and ethnicity, the
majority of those reported were Caucasian/White European, rang-
ing from 83% to 96.9%. This finding aligns with the fact that, apart
from two studies conducted in Japan, all other studies included in
the meta-analysis were conducted in European countries.

4.1 | Autistic Traits in AN

Among the studies included, 12 featured AQ total scores, involv-
ing 450 patients and 2437 controls, while an additional 4 stud-
ies reported AQ10 scores. In combination, a total of 16 studies,
encompassing 817 patients and 2706 controls, were included
in the pooled mean difference meta-analysis for autistic traits.
Additionally, 8 studies examined AQ subscales.

411 | AQandAQ10

There was a significant difference between AN and HC groups
in pooled AQ total and AQ10 scores (g=0.88, CI=0.65-1.12,
k=17); (Figure 2; Table 2). The pooled AQ scores were signifi-
cantly larger in the AN group compared with the HC group
(p<0.001). There was significant heterogeneity in the distribu-
tion of effect sizes for pooled AQ scores (I?=81.12%). There was
no evidence of publication bias (p=0.18) (Table 2; Figure S1).

4.1.2 | AQ Total

There was a significant difference between AN and HC groups
in AQ total scores (g=0.90, CI=0.60-1.20, k=13; Figure 3;
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FIGURE1 | Flow diagram of the search process.

Table 2) with AQ total scores being significantly higher in the
AN group compared with the HC group. There was significant
heterogeneity in the distribution of effect sizes for AQ total
scores (I?=81.7%). There was no evidence of publication bias
(p=0.17) (Table 2; Figure S2).

4.1.3 | AQ Attention to Detail Subscale Scores

There was a significant difference between AN and HC groups
in AQ attention to detail subscale, with scores being higher in the
AN group compared with the HC group, however, the effect size
was small (g=0.28, CI=0.13-0.42, k=9; Figure 4; Table 2). The
distribution of effect sizes for AQ attention to detail subscale was

Records after duplicates removed
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ho]
- : :
o
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- Studies included Studies included Studies included | | qualitative synthesis for
in mean-difference in the correlation in proportion prevalence of ASD in
meta-analysis meta-analysis meta-analysis AN and TD populations
u (n=16) (n=7) (n=28) (n=3)

found to be fairly homogenous (Q-test p=0.723). There was no
evidence of publication bias (p=0.99) (Table 2; Figure S3).

41.4 | AQ Attention Switching Subscale Scores

There was a significant difference between AN and HC groups
in pooled AQ attention switching subscale scores (g=0.52,
CI=0.28-0.78, k=9; Figure 5; Table 2) with a moderate effect
size indicating greater difficulties in attention switching for the
AN group. There was significant moderate heterogeneity in the
distribution of effect sizes for AQ attention switching subscale
(I>=51.54%). There was no evidence of publication bias (p=0.27)
(Table 2; Figure S4).
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4.1.5 | AQImagination Subscale Scores

Nosignificant difference between AN and HC groups in AQ imag-
ination subscale scores were found (g=0.26, CI=-0.05-0.57,
k=9; Figure 6; Table 2). There was significant heterogeneity in
the distribution of effect sizes for pooled AQ scores (I?=71.1%).
The inspection of the funnel plot and Egger's test (p=0.001) pro-
vided evidence of publication bias (Table 2; Figure S5). After the
trim and fill analysis, the estimated effect size remained the same.

4.1.6 | AQ Communication Subscale Scores

There was a significant difference between AN and HC groups
in AQ communication subscale scores (g=0.48, CI=0.22-0.74,
k=9; Figure 7; Table 2) with the scores being higher in the
AN group compared to the HC group, indicating difficulties
in communication for the AN group. There was significant
heterogeneity in the distribution of effect sizes for pooled AQ
scores (I>=58.72%). There was no evidence of publication bias
(p=0.36) (Table 2; Figure S6).

Study Standardized Mean
Author(s) and Year Difference [95% CI]
Baron-Cohen 2013 i 1.03[ 0.78, 1.28]
Bjornsdotter 2018 [ ] 0.72[ 0.15,1.29]
Calderoni 2015 ——f 0.87 [ 0.29,1.45]
Courty 2013 —_— 0.99[ 0.23,1.74]
Halls 2023 —— 0.59 [ 0.22,0.97]
Hambrook 2008 e e 1.27[ 0.72,1.83]
Huke 2014 —a— 0.64[ 0.14,1.14)
Inoue 2021 - 0.27 [ 0.04,0.49]
Iwasaki 2013 i 0.50 [ 0.01,1.00]
Iwasaki 2013.1 —e— 0.50 [ -0.03 , 1.04]
Jermakow and Brzezicka 2016 ] 1.24[ 0.51,1.97]
Karjalainen 2019 - 1.00[ 0.48,1.51]
Kerr Gaffney 2021 i 0.46[ 0.15,0.76 ]
Lang 2015 . 1.15[ 0.84,1.45)
Postorino 2017 ] 0.47 [-0.09, 1.03]
Saure 2022 e 244 1.87,3.01]
Tchanturia 2013 —8—i 1.23[ 0.86,1.60]
RE Model - 0.88[ 0.65,1.12]
(Random Effects Model)
r T T T 1
-1.00 0.00 1.00 2.00 3.00 4.00

Observed Outcome

FIGURE 2 |
studies comparing pooled AQ10 and AQ total scores for AN and HC
groups (positive effect indicating greater autistic traits in the AN group).

Forest plot of standardized mean differences from

Study Standardized Mean
Author(s) and Year Difference [95% Cl]
Baron-Cohen 2013 il 1.03[ 0.78,1.28]
Bjornsdotter 2018 —— 0.72[ 0.15,1.29]
Calderoni 2015 ———i 0.87[ 0.29,1.45]
Courty 2013 e — 0.99[ 0.23,1.74]
Hambrook 2008 ——y 1.27[ 0.72,1.83]
Huke 2014 —— 0.64[ 0.14,1.14]
Inoue 2021 il 0.27 [ 0.04,0.49]
Iwasaki 2013 - om 0.50[ 0.01,1.00]
Iwasaki 2013.1 [ —— 0.50 [-0.03, 1.04 ]
Jermakow and Brzezicka 2016 [ —— 1.24[ 0.51,1.97]
Karjalainen 2019 bt 1.00[ 0.48,1.51]
Postorino 2017 —— 0.47 [-0.09,1.03]
Saure 2022 i 2.44[ 1.87,3.01]
RE Model - 0.90[ 0.60,1.20]
(Random Effects Model)
I T T T 1
-1.00 0.00 1.00 2.00 3.00 4.00

Observed Outcome

FIGURE 3 |
studies comparing AQ total scores for AN and HC groups (positive

Forest plot of standardized mean differences from

effect indicating greater autistic traits in the AN group).

Study Standardized Mean
Author(s) and Year Difference [95% Cl]
Calderoni 2015 —————if 0.26 [-0.30, 0.81 ]
Courty 2013 —_—y 0.47 [-0.25,1.20]
Hambrook 2008 e 0.45[-0.07, 0.96 ]
Huke 2014 —_ -0.12[-0.61,0.37]
Inoue 2021 —— 0.27 [ 0.05,0.50]
Iwasaki 2013 ————— 0.52[ 0.02,1.02]
Iwasaki 2013.1 L 0.41[-0.12,0.95]
Jermakow and Brzezicka 2016 ~ ——m——+—-— —-0.05[-0.73,0.63]
Postorino 2017 ————— ey 0.26 [-0.30, 0.81]
RE Model - 0.28[ 0.13,0.42]
(Random Effects Model)
f T T T 1
-1.00 -0.50 0.00 050 1.00 1.50

Observed Outcome

FIGURE4 |
comparing AQ Attention to detail subscale scores for AN and HC groups

Forest plot of standardized mean differences from studies

(positive effect indicating greater attention to detail in the AN group).

TABLE 2 | Effectsizes for AQ and AQ subscales between AN and HC.
Test k AN HC g 95% CI zZ p Q-testp P Bias
AQ total/AQ 10 pooled 17 817 2706 0.88 0.65-1.12 7.32 <0.0001* <0.0001 81.12 0.18
AQ total score 13 450 2437 0.90 0.60-1.20 5.85 <0.0001*  <0.0001* 81.70 0.17
AQ attention to detail 9 281 733 0.28 0.13-0.42 3.66 0.0003* 0.723 0 0.99
AQ attention switching 9 281 733 0.53 0.28-0.78 4.34 <0.0001 0.0406 51.54 0.27
AQ imagination 9 281 733 0.26 —0.05-0.57 1.66 0.967 <0.0001 71.1 0.01*
AQ communication 9 281 733 0.48 0.22-0.74 3.65 0.0003* 0.0247 58.72 0.36
AQ social skills 9 281 733 0.70 0.43-0.97 5.15 <0.0001* 0.0045* 59.65 0.03*

Note: p values indicates the statistically significant values.
Abbreviations: AQ = Autism-Spectrum Quotient, AN =anorexia nervosa, Bias =p value for the Egger's test, g=Hedge's g, HC =healthy controls, k=number of studies.

*p<0.05.
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Study Standardized Mean

Study Standardized Mean

Author(s) and Year Difference [95% Cl] Author(s) and Year Difference [95% ClI]
Calderoni 2015 ——— 0.52[-0.04,1.08] Calderoni 2015 ————y 0.92[ 0.33,1.50]
Courty 2013 —_— 1.29( 0.50,2.07] Courty 2013 —_— 0.53[-0.20,1.25 ]
Hambrook 2008 —— 1.08[ 0.54,1.63] Hambrook 2008 —— 1.13[ 0.58,1.67]
Huke 2014 —— 0.94[ 0.42,1.45] Huke 2014 ety 0.37[-0.12,0.86 ]
Inoue 2021 —— 0.36[ 0.14,0.59] Inoue 2021 —— 0.36[ 0.13,0.58]
Ilwasaki 2013 ——— 0.26 [-0.24,0.75] Iwasaki 2013 ——— 0.04 [-0.45,0.53]
Iwasaki 2013.1 e 0.12[-0.41,0.65] Iwasaki 2013.1 e 0.28[-0.25,0.81]
Jermakow and Brzezicka 2016 ~ ———s——— 0.27 [-0.42,0.95] Jermakow and Brzezicka 2016 —_—————— 1.07[ 0.35,1.78]
Postorino 2017 —————y 0.35[-0.21,0.90] Postorino 2017 —— 0.01 [-0.55, 0.56 ]
RE Model - 0.53[ 0.29,0.78] RE Model - 0.48[ 0.22,0.74]
(Random Effects Model) (Random Effects Model)
I T T T T 1 r T T T T 1
-0.50 0.50 1.50 2.50 -1.00 0.00 0.50 1.00 1.50 2.00

Observed Outcome

FIGURE 5 | Forest plot of standardized mean differences from
studies comparing AQ attention switching subscale scores for AN and
HC groups (positive effect indicating greater difficulties in attention
switching in the AN group).

Study Standardized Mean
Author(s) and Year Difference [95% Cl]

Calderoni 2015 —e— -0.06 [ -0.61, 0.50]
Courty 2013 —_—y 0.06 [-0.66, 0.77]
Hambrook 2008 ——y 076 0.23, 1.28]
Huke 2014 H—e— 0.38[-0.12, 0.87]
Inoue 2021 —— -0.32[-0.55, -0.10]
Iwasaki 2013 —a— 0.37[-0.12, 0.87]
Iwasaki 2013.1 ——i 0.11[-0.41, 0.64]
Jermakow and Brzezicka 2016 —_— 1.32[ 0.59, 2.06]
Postorino 2017 ——y 0.12[-0.43, 0.67]
RE Model - 0.26 [-0.05, 0.57]
(Random Effects Model)
T T T T T T 1
-1.00 0.00 1.00 2.00

Observed Outcome

FIGURE 6 | Forest plot
from studies comparing AQ imagination subscale scores for AN and HC

of standardized mean differences

groups (positive effect indicating poor imagination in the AN group).

4.1.7 | AQ Social Skills Subscale Scores

There was a significant difference between AN and HC groups in
pooled AQ social skills subscale scores (g=0.70, CI=0.43-0.97,
k=09; Figure 8; Table 2). The AQ Social Skills scores were sig-
nificantly higher in the AN group compared with the HC group,
indicating poorer social skills for the AN group. There was sig-
nificant heterogeneity in the distribution of effect sizes for pooled
AQ scores (I =59.65%). There was evidence for funnel plot asym-
metry (Egger's p=0.03) (Table 2). However, the inspection of the
funnel plot suggested that this was due to heterogeneity rather
than publication bias (Figure S7).

Observed Outcome

FIGURE 7 | Forest plot of standardized mean differences from
studies comparing AQ communication subscale scores for AN and HC
groups (positive effect indicating poorer communication skills in the
AN group).

Study Standardized Mean
Author(s) and Year Difference [95% ClI]
Calderoni 2015 —_—————— 1.08( 0.48,1.67]
Courty 2013 ——e 0.52[-0.21,1.25]
Hambrook 2008 —_— 1.25[ 0.70,1.81]
Huke 2014 —_—— 1.13[ 0.60,1.66 ]
Inoue 2021 — 0.26[ 0.04,0.48]
Iwasaki 2013 e o 0.31[-0.18,0.81]
Iwasaki 2013.1 Feoooe 0.52 [ -0.02, 1.06 ]
Jermakow and Brzezicka 2016 —_———————— 0.85[ 0.14,1.55]
Postorino 2017 ———— 0.71[ 0.14,1.28]
RE Model e 0.70[ 0.43,0.97]
(Random Effects Model)
f T T T 1

-0.50 0.00 0.50 1.00 1.50 2.00
Observed Outcome
FIGURE 8 | Forest plot
from studies comparing AQ social skills subscale scores for AN and HC
groups (positive effect indicating poorer social skills in the AN group).

of standardized mean differences

4.2 | Autistic Traits and ED Symptomatology

Seven studies with a total of 335 AN patients also reported AQ
and ED symptom correlations (measured by EDE-Q Global, EAT-
26 Total, ChEAT-26 Total, EDI-Total, EDI-3 EDRC, and SWEAA
scores) and were included in the correlation meta-analysis.

In correlational meta-analyses of studies investigating AQ and
ED symptoms (k=8), a weak correlation was found (r=0.28,
CI=0.11-0.44, Z=3.08, p=0.0021; Figure 9) for 335 patients
with AN; although significant heterogeneity Qp=0.014 I =60.2
was observed. There was evidence for funnel plot asymmetry
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Study

Author(s) and Year r [95% CI]

Calderoni,2015 I —— ! 0.37[-0.03, 0.67]
Huke,2013 —_——— 0.27 [-0.09, 0.57 ]
Inoue,2021 —— -0.04[-0.24,0.17]
Ilwasaki,2016 —e 0.49[ 0.19,0.71]
Ilwasaki,2016.1 L 0.36 [ -0.03, 0.66 |
Karjalainen,2019 ———— 0.58[ 0.31,0.76]
Pruccolli,2021 0.17[-0.26, 0.55]
Tchanturia,2013 ——— 0.12[-0.13,0.35]
RE Model i 0.28[ 0.11,0.44]
(Random Effects Model)
T T T T 1
-0.40 0.00 0.40 0.80

Correlation Coefficient

FIGURE9 | Forest plot for correlation meta-analysis for autistic traits as measured by AQ and AQ10 and eating disorder symptoms in AN group.

Study Author(s) and Year Proportion [95%Cl]

Bentz 2017 —— 0.18[0.09, 0.27]
Hobson 2020 —— 0.34[0.25, 0.44]
Kerr Gaffney 2021 —— 0.22[0.14, 0.30]
Leppanen 2022 —— 0.46 [ 0.34, 0.58]
Postorino 2017 .—-—4 0.13[-0.01, 0.27]
Pruccolli 2021 E e 0.22[0.05, 0.39]
Westwood 2017 —. 0.23[0.13, 0.34]
Westwood 2018 . —_— 0.53[0.37, 0.68]
RE Model — 0.29[0.19,0.38]
(Random Effects Model) l : | : : |
-0.2 0 0.2 0.4 0.6 0.8

FIGURE 10 | Forest plot for ratio meta-analysis for the proportion of individuals with AN scoring above the ADOS for a possible ASD diagnosis.

(Egger's p=0.0049). However, the inspection of the funnel plot
suggested that this was due to heterogeneity rather than publi-
cation bias (Figure S8).

of children and adults with AN met the diagnostic criteria for
ASD. However, Qp<0.001 and I>=81; 77% indicate high hetero-
geneity in the included studies. Inspection of a funnel plot did not
suggest evidence of publication bias (Figure S9).

4.3 | ASD Comorbidity in AN

4.3.2 | Qualitative Review of Studies Comparing
Prevalence of ASD Symptomatology in AN and TD
Populations

4.3.1 | Proportion Meta-Analysis

A proportion meta-analysis using the JAMOVI version 2.4.12
with the MAJOR module was conducted on eight studies re-
porting estimated prevalence rates of ASD screened with valid
and reliable gold-standard diagnostic tools ADOS and ADOS-2
in children and adults with AN (n=488). The effect size of 0.29
(CI=0.19-0.38, Z=6.06, p<0.001; Figure 10) indicates that 29%

Studies utilizing ADOS with both AN and TD samples were ini-
tially planned to be included in a separate LogOR meta-analysis.
However, due to the small number of studies available (n=23),
we were able to conduct a qualitative review of these studies but
not a meta-analysis.
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TABLE 3 | Meta-regression with moderators of female percentage, age, and BMI. F(3,9)=0.089, p=0.965, I>=78.49, Qp <0.001.

95% CI
Estimate SE t P LL UL
Female percentage —0.003 0.108 —0.029 0.979 —0.249 0.243
Age 0.024 0.050 0.481 0.642 —0.089 0.137
BMI 0.041 0.132 0.310 0.763 —0.258 0.340

Postorino et al. 2017 report 30 participants with AN, with 27
scoring below the ASD threshold and 10% (n=3) exceeding the
conventional ADOS-2 cutoff. However, despite one participant
scoring in the diagnostic range for autism and two others being
within the autism spectrum range, the authors report that de-
tailed clinical interviews did not support an ASD diagnosis for
any of these individuals. Another study reports 21% of individu-
als with their first episode of anorexia (n=41) and 16% of those
in recovery (n=28) scored above the ASD cutoff, resulting in ap-
proximately 18.8% of the combined anorexia sample exceeding the
threshold. No HCs scored above this cutoff in this study (Bentz
et al. 2017). In contrast, 26.6% of the AN group (n=64) and 15.2%
of the recovered anorexia group (n=46) surpassed the ADOS-2
threshold, (translating to 21.8% of the combined sample), while
3.0% of the TD group (n=67) also screened positive for ASD (Kerr-
Gaffney et al. 2021). Additionally, only 56.1% of individuals with
ASD (n=41) in this study scored above the ADOS threshold. As a
summary, all three available studies showed that a much higher
proportion of individuals with AN, compared with HCs, scored
above the ADOS threshold of ASD.

4.4 | Meta-Regression Analyses

Meta-regressions, using R version 4.2.0 with the .metafor package,
were conducted to investigate influences on combined AQ total
and AQI0. Variables of female percentage, age of sample, and BMI
were regressed in the same model to account for the variation in
the observed effect sizes of autistic trait measures. Among the in-
cluded variables, none were found to be significant predictors for
autistic traits. There was considerable heterogeneity for studies
included in the meta-regression, Qp<0.001, [>=78.49%. A sum-
mary of the meta-regression results can be found in Table 3.

An additional meta-regression model was conducted that in-
cluded the restrictive subtype as a percentage to examine its ef-
fect on autistic traits alongside BMI and age. Despite this model
not yielding significant results, detailed information can be
found in the Table S1.

5 | Discussion

The present meta-analysis investigated the representation of
autism and autistic traits in AN from multiple perspectives.
Autistic traits measured by AQ were significantly higher in AN
compared with HCs. In addition, this difference was notable
in four of the five AQ subscales. Autistic traits and ED symp-
toms were found to be significantly but modestly correlated.

Furthermore, a significant portion of patients with AN scored
above the cut-off in ADOS, and the odds of screening positive
for ASD were found to be significantly higher in AN compared
with HCs.

The first objective of this meta-analysis was to assess the prev-
alence of autistic traits in individuals with AN through AQ or
AQ-10. Our findings indicate a notable difference in AQ scores
between individuals with AN and HCs, with those diagnosed
with AN scoring significantly higher. This contrast was similarly
highlighted in a prior meta-analysis that specifically focused on
the AQ and AQ-10, aligning with the outcomes of our study, al-
though the reported effect sizes were larger for both total scores
and five subdomains of AQ (Westwood et al. 2016). In addition to
the higher prevalence of autistic symptoms in EDs compared with
HCs, specific subdomains within autistic symptomatology also
appear to be implicit. Our study reveals a significant, albeit small,
difference between individuals with AN and HCs in the attention
to detail subdomain. This finding aligns with a limited number of
empirical studies indicating weak central coherence, which con-
trasts with higher attention to detail in individuals with AN. One
such study observed that participants with AN performed more
effectively in tasks requiring local processing but demonstrated
poorer performance in tasks necessitating global processing com-
pared with the control group (Lopez et al. 2008). In support of this
notion, a meta-analysis reported that individuals with recovered
AN displayed superior local processing skills but poorer global
processing skills compared with HCs (Lang et al. 2014). The per-
sistence of weak central coherence in a subgroup of recovered AN
patients suggests that it may serve as a neurocognitive endopheno-
type independent of the disorder's status. This implies that weak
central coherence might not be a causal factor in the development
of AN but rather a risk factor indicating or increasing the like-
lihood of its development (Zhou, McAdam, and Donnelly 2018).

Our study observed a significant difference in attention
switching between individuals with AN and the control
group, with a moderate effect size. Attention switching, de-
fined as the ability to shift focus from one task to another, is
a crucial skill implicated in both the core symptoms of ASD
and anorexia. The rigid way of thinking and restrictive eat-
ing behavior toward food and weight, a core diagnostic fea-
ture of AN, may be explained by difficulties in set-shifting
(Oldershaw et al. 2011; Zucker et al. 2007) Although evidence
regarding set-shifting in AN in children and adolescents is
inconclusive (Lang et al. 2014), difficulties are consistently
reported in adults with AN even after weight restoration
(Keegan, Tchanturia, and Wade 2021; Roberts et al. 2007).
Furthermore, one study reports that unaffected twin sisters
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of individuals with AN demonstrated poorer set-shifting abil-
ities compared with healthy participants as well, suggesting
a potential hereditary cognitive trait preceding AN rather
than set-shifting difficulties resulting from AN (Holliday
et al. 2005). Interestingly, the rigidity and inflexibility ob-
served in AN due to set-shifting deficits align with behavioral
phenotypes typical of ASD, such as repetitive and restrictive
behaviors endophenotype (Westwood and Tchanturia 2017;
Zhou, McAdam, and Donnelly 2018; Zucker et al. 2007).

Although no distinction was noted in the imagination sub-
domain of the AQ compared to previous meta-analyses, both
the communication and social skills subdomains exhibited
significantly higher scores in individuals with AN compared
with the control group, with moderate effect sizes. The items in
the imagination subscale of AQ encapsulate both “social imag-
ination” preceding theory of mind skills and “mental visual-
ization.” Reports suggest that women with anorexia may have
more vivid visual representations (Hijne, Ben Chamach, and
Dingemans 2021), and thus, the lack of difference in this sub-
scale between groups may potentially be the result of the clus-
tering of two different forms of “imagination.” Theory of mind,
a key component of social cognition skills that lays the foun-
dation for both communication and social skills, is believed
to be disrupted in AN, including difficulties in empathizing
with others, similar to those in ASD (Bora and Kdse 2016;
Oldershaw et al. 2010). While social skills and communication
are not direct measures or outcomes of theory of mind, the
ability to cognitively or empathically relate to others is closely
linked with both perceived social adaptability and communi-
cation skills (Ma et al. 2023). The social cognition difficulties
observed in females with AN appear to be more pronounced
during the acute phase of starvation and may exacerbate exist-
ing comorbidities. Although individuals who have recovered
from AN were reported to have difficulties in empathizing
with others compared to controls, acutely anorectic patients
displayed greater difficulties compared to recovered AN pa-
tients (Oldershaw et al. 2010). Also of note, studies report that
the presence of high autistic symptoms in both acute and re-
covered AN conditions appear to be associated with reduced
social attention (Kerr-Gaffney et al. 2021) and lower empathy
(Kerr-Gaffney, Harrison, and Tchanturia 2020), similar to
ASD, although the latter is reported to be more pronounced in
ASD compared with AN (Leppanen et al. 2018).

ED symptoms and autistic traits, measured by a variety of val-
idated self-report measures, were found to be significantly
but moderately correlated in our correlational meta-analysis.
However, the studies included displayed considerable hetero-
geneity. The relationship between autistic symptoms and ED
symptoms is complex, as autistic traits are varied even within
subtypes of AN. Notably, it has been reported that individuals
with the AN-Restrictive subtype tend to exhibit higher rates
of autistic symptoms compared with those with AN-Binging/
Purging subtype (Schroder et al. 2022), a distinction that was
not explored in our study. Although there are indications that
autistic symptoms are associated with the severity of ED psycho-
pathology in individuals with AN, resulting in more frequent
and prolonged inpatient stays and poorer treatment outcomes
(Nazar et al. 2018; Nielsen et al. 2015; Stewart et al. 2017; Wentz
et al. 2009), as well as heightened ED symptoms in nonclinical

populations (Christensen et al. 2019). One recent network meta-
analysis reports that this observed correlation between ED
symptoms and autistic traits could be mediated by social anxi-
ety. They state that both central and bridge nodes identified were
broadly under the social and interpersonal items in autistic and
ED measures used, indicating social and communicative defi-
cits contribute to the association of ASD and AN (Kerr-Gaffney
et al. 2020).

Our meta-regression analysis incorporating age, gender, and
BMI indicated that none of these variables were predictive of
autistic traits. As far back as 70years ago, long-term starva-
tion has been linked to harmful effects on cognitive and social
functioning (Kalm and Semba 2005). Although such unethical
practices are abandoned today, novel scientific research also
shows that cognitive and social challenges, such as emotional
responses to faces and structural brain changes linked to star-
vation, which overlap with those seen in ASD, sometimes im-
prove following weight restoration (Brodrick et al. 2021; Dinkler
et al. 2019; Leslie et al. 2020; Nuyttens et al. 2024). Notably,
(Fornaro et al. 2020) observed that individuals with severe AN,
which is primarily designated in the DSM-5 based on the BMI
scores, exhibited more pronounced autistic traits compared to
those with nonsevere AN. In addition, (Karjalainen et al. 2019)
a notable reduction in autistic traits was documented during
a l-year follow-up. However, most studies report that autis-
tic traits persist even after weight restoration (Kerr-Gaffney,
Harrison, and Tchanturia 2020; Kerr-Gaffney et al. 2020, 2021;
Nazar et al. 2018; Tchanturia et al. 2019). This is also supported
by studies using retrospective reports predating the onset of
starvation, which examined individuals who have recovered
from AN and continue to reveal elevated levels of autistic traits
in people with EDs (Vagni et al. 2016). Despite the apparent dis-
parities in the literature, our results are in line with the extant
literature regarding that fluctuations in BMI scores have min-
imal effect on autistic symptoms observed in individuals with
AN, without a clear link with weight restoration (Nuyttens
et al. 2024). Since only two studies provided information on
both acute and recovery states in anorexia and BMI, conduct-
ing a moderator analysis was not possible in our study. Further
research is needed to clarify the relationship between BMI, as
measured in acute versus recovery states to potentially serve
as a proxy for starvation, and autistic traits while controlling
for other potential confounders to accurately assess the impact
of starvation on autistic symptomatology. Furthermore, the
impact of illness duration, which could not be assessed in our
study due to the reciprocal relationship where longer illness
duration may prolong starvation and increase autistic traits,
and vice versa, should be investigated through prospective lon-
gitudinal studies. These studies should measure autistic traits,
BMI, and other starvation predictors at multiple time points to
provide a comprehensive understanding.

In our meta-analysis, it was revealed that 29% of individuals
with AN meet the diagnostic criteria for ASD as determined
by gold-standard semi-structured clinical observations. These
figures align with the extant literature, as a recent systematic
review estimates 20%-30% of patients with AN meet the diag-
nostic criteria of ASD (Westwood and Tchanturia 2017). Another
systematic review examining the prevalence of ASD in ED pop-
ulations revealed an average rate of 22.9% (Huke et al. 2013).
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However, it is important to note that psychiatric disorders
often co-occur with one another. In addition to ASD, condi-
tions such as obsessive-compulsive disorder, social anxiety,
and depression are also overrepresented in patients with an-
orexia. While conservative estimates suggest that lifetime OCD
occurs in approximately 15% of patients with anorexia, cross-
sectional studies have reported comorbidity rates as high as 40%
(Mandelli et al. 2020). Rates as high as 88.2% for social anxiety
(Swinbourne and Touyz 2007) and 80% for depression (Godart
et al. 2015) were reported in AN, with a majority of studies es-
timating that nearly half of all patients experience depressive
symptoms (Hambleton et al. 2022). Therefore, the overrepre-
sentation of autistic symptoms should be interpreted with this
context in mind.

In three studies using ADOS with both AN and TD groups, 10%—
21.1% of participants with AN were found to exceed the ADOS
cutoffs. In contrast, only 0%-3% of HCs had scored above the
ADOS threshold. However, clinical interviews in one study did
not confirm an ASD diagnosis for those who scored above the
cutoff, indicating that a positive ADOS screen does not always
equate to a clinical diagnosis of ASD (Postorino et al. 2017). It was
also quite notable that only 56.1% of individuals with ASD scored
above the ADOS threshold in one study (Kerr-Gaffney et al. 2021),
further highlighting the distinction between screening and a clin-
ical diagnosis of ASD. These findings underscore the importance
of using ADOS assessments in both acute and recovery phases
of AN, as well as in comparison groups, to obtain more accurate
estimates of autistic symptomatology. This approach would allow
analyses that assess the likelihood of a positive ASD screen in AN
samples compared with typically developing samples. Further
studies are needed to estimate the magnitude of the increased risk
of ASD in AN in comparison to HCs.

There is a noticeable overrepresentation of females in an-
orexia diagnoses, contrasting with a similar trend of over-
representation of males in ASD diagnoses. However, recent
evidence suggests that ASD may affect more females than
previously believed, indicating that diagnostic criteria and re-
search practices may have contributed to an exaggerated gen-
der gap (Chellew, Barbaro, and Freeman 2022; Hull, Petrides,
and Mandy 2020; Lai et al. 2015). Indeed, the comparative
study by Oldershaw et al. (2011) poses a significant question
in its title: Is anorexia nervosa a version of autism spectrum
disorder? The answer to this query could potentially alleviate
the disparity between gender patterns in these two disorders,
namely the male predominance and female predominance in
ASD and AN, respectively.

ASD can manifest differently in females compared with males,
potentially leading to under-diagnosis or mislabeling as other
impairments (Ferri, Abel, and Brodkin 2018). For instance,
females with ASD have been observed to exhibit better social
skills than their male counterparts (Head, McGillivray, and
Stokes 2014), and they may outperform males on tests measur-
ing certain executive functioning subdomains (Bolte et al. 2011;
Kiep and Spek 2017), which is of particular importance given
that executive functioning deficits are reported to be more
strongly associated with core autistic symptoms in females than
in males (Torske et al. 2023). Given this potential difference in
cognitive profile, restricted interests displayed by females may

align more subtly with gender stereotypes, with their restricted
interests manifesting with a focus on activities or behaviors tra-
ditionally labeled as “feminine,” such as an increased focus on
body parts and appearance, obsession with dietary regulations,
or fixation on resembling an idol (Brede et al. 2020). Given the
profoundly significant association between ASD and AN, it is
vital to identify autistic symptoms in patients presenting with
AN, as there are reports indicating a less favorable response to
treatment (Tchanturia et al. 2019) or less improvement in over-
all functioning compared to individuals with AN alone (Nazar
et al. 2018).

6 | Strengths and Limitations

Despite being comprehensive and incorporating various meta-
analyses and literature reviews, our study has several limitations.
First, relying on self or parent reports for the AQ may not accu-
rately capture autistic symptomatology, particularly in females
who often exhibit different symptoms compared with males and
may engage in masking behaviors. Second, a subgroup analysis
comparing recovered versus acute anorexia patients and restric-
tive versus binging-purging anorexia was not feasible as only two
studies differentiated between recovered and acute anorexia pa-
tients, and among seven studies reporting on anorexia subtypes,
only one provided mean and standard deviation values for these
subgroups. As such, the observed discrepancies could be affected
by starvation or variations in cognitive profiles associated with
autistic traits across different subtypes.

Third, the variation in measures used for assessing eating symp-
tomatology across studies in correlation meta-analysis introduces
significant heterogeneity and publication bias. Fourth, although
the inclusion of studies incorporating only gold-standard mea-
sures for autism diagnoses was an important strength, this re-
sulted in a limited selection of studies, particularly impacting the
LogOR meta-analysis. Conducting ADOS assessments on both
HCs and patients with anorexia was necessary for the LogOR
meta-analysis, and studies performing ADOS on healthy samples
are sparse. Nevertheless, we posit that these findings could stim-
ulate future research to incorporate ADOS assessments on HCs,
where feasible, to enhance the robustness of future meta-analyses
when a larger body of studies becomes available for updates. For
future research, the authors recommend using the full AQ for its
detailed subscales, which facilitate nuanced analysis. However, if
the study design is constrained, the AQ-10 remains a valid mea-
sure of autistic traits. Additionally, incorporating the ADOS with
typically developing individuals could establish baseline autistic
symptomatology and aid in autism screening. Thus, including the
ADOS for both autism and comparison groups, if feasible, would
significantly enhance the study.

Finally, other potential confounders such as IQ, illness duration,
and age at onset could not be included in the meta-regression
analysis due to their infrequent reporting in the included studies,
and autistic symptoms or traits associated with overall function-
ing were not explored in this research but should be explored
in further research. In addition, the reporting of demographic
characteristics was inadequate in most of the included studies,
with many also failing to provide details on race and ethnicity.
Among the studies that reported race and ethnicity, the majority
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of participants were identified as Caucasian, which may limit the
generalizability of the results.

7 | Conclusions

AN often coincides with both autistic traits as a transdiagnostic
concept and core ASD symptoms, with individuals displaying
AN and comorbid autistic traits typically experiencing poorer
illness outcomes (Boltri and Sapuppo 2021). Consequently, it
would be favorable to assess autism and autistic traits in individ-
uals with AN to prioritize targeted interventions and customize
treatments for individuals with AN who also present with co-
morbid autism or exhibit high autistic traits.

Author Contributions

Ipek Inal-Kaleli: data curation, formal analysis, writing — original
draft, writing - review and editing. Nurhak Dogan: data curation,
formal analysis, writing - review and editing. Sezen Kose: conceptu-
alization, methodology, project administration, supervision, writing —
review and editing. Emre Bora: conceptualization, data curation,
formal analysis, methodology, project administration, supervision,
validation, writing - review and editing.

Acknowledgments

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Allison, C., B. Auyeung, and S. Baron-Cohen. 2012. “Toward Brief ‘Red
Flags’ for Autism Screening: The Short Autism Spectrum Quotient and
the Short Quantitative Checklist for Autism in Toddlers in 1,000 Cases
and 3,000 Controls [Corrected].” Journal of the American Academy of
Child and Adolescent Psychiatry 51, no. 2: 202-212.e7. https://doi.org/
10.1016/j.jaac.2011.11.003.

Anckarsidter, H., B. Hofvander, E. Billstedt, et al. 2012. “The
Sociocommunicative Deficit Subgroup in Anorexia Nervosa: Autism
Spectrum Disorders and Neurocognition in a Community-Based,
Longitudinal Study.” Psychological Medicine 42, no. 9: 1957-1967.
https://doi.org/10.1017/S0033291711002881.

APA. 2013. Diagnostic and Statistical Manual of Mental Disorders.
DSM-5 ed. Washington, DC: American Psychiatric Association.

Arcelus, J., A. J. Mitchell, J. Wales, and S. Nielsen. 2011. “Mortality
Rates in Patients With Anorexia Nervosa and Other Eating Disorders:
A Meta-Analysis of 36 Studies.” Archives of General Psychiatry 68, no. 7:
724-731. https://doi.org/10.1001/archgenpsychiatry.2011.74.

Baraskewich, J., K. M.von Ranson, A. McCrimmon, and C. A. McMorris.
2021. “Feeding and Eating Problems in Children and Adolescents
With Autism: A Scoping Review.” Autism: The International Journal
of Research and Practice 25, no. 6: 1505-1519. https://doi.org/10.1177/
1362361321995631.

Baron-Cohen, S., S. Wheelwright, R. Skinner, J. Martin, and E. Clubley.
2001. “The Autism-Spectrum Quotient (AQ): Evidence From Asperger
Syndrome/High-Functioning Autism, Males and Females, Scientists
and Mathematicians.” Journal of Autism and Developmental Disorders
31, no. 1: 5-17. https://doi.org/10.1023/A:1005653411471.

Baron-Cohen, S., T. Jaffa, S. Davies, B. Auyeung, C. Allison, and S.
Wheelwright. 2013. “Do Girls With Anorexia Nervosa Have Elevated
Autistic Traits?” Molecular Autism 4, no. 1: 24. https://doi.org/10.1186/
2040-2392-4-24.

Bentz, M., J. R. M. Jepsen, T. Pedersen, et al. 2017. “Impairment of Social
Function in Young Females With Recent-Onset Anorexia Nervosa
and Recovered Individuals.” Journal of Adolescent Health: Official
Publication of the Society for Adolescent Medicine 60, no. 1: 23-32.
https://doi.org/10.1016/j.jadohealth.2016.08.011.

Bolte, S., E. Duketis, F. Poustka, and M. Holtmann. 2011. “Sex
Differences in Cognitive Domains and Their Clinical Correlates
in Higher-Functioning Autism Spectrum Disorders.” Autism: The
International Journal of Research and Practice 15, no. 4: 497-511.
https://doi.org/10.1177/1362361310391116.

Bjornsdotter, M., M. Davidovic, L. Karjalainen, G. Starck, H. Olausson,
and E. Wentz. 2018. “Grey Matter Correlates of Autistic Traits in Women
With Anorexia Nervosa.” Journal of Psychiatry & Neuroscience: JPN 43,
no. 2: 79-86. https://doi.org/10.1503/jpn.170072.

Boltri, M., and W. Sapuppo. 2021. “Anorexia Nervosa and Autism
Spectrum Disorder: A Systematic Review.” Psychiatry Research 306:
114271. https://doi.org/10.1016/j.psychres.2021.114271.

Bora, E., and S. Kose. 2016. “Meta-Analysis of Theory of Mind in Anorexia
Nervosa and Bulimia Nervosa: A Specific impairment of Cognitive
Perspective Taking in Anorexia Nervosa?” International Journal of Eating
Disorders 49, no. 8: 739-740. https://doi.org/10.1002/eat.22572.

Brede, J., C. Babb, C. Jones, et al. 2020. ““For Me, the Anorexia Is Just a
Symptom, and the Cause Is the Autism”: Investigating Restrictive Eating
Disorders in Autistic Women.” Journal of Autism and Developmental
Disorders 50, no. 12: 4280-4296. https://doi.org/10.1007/s10803-020-
04479-3.

Brodrick, B. B., A. L. Adler-Neal, J. M. Palka, V. Mishra, S. Aslan, and
C.J. McAdams. 2021. “Structural Brain Differences in Recovering and
Weight-Recovered Adult Outpatient Women With Anorexia Nervosa.”
Journal of Eating Disorders 9, no. 1: 108. https://doi.org/10.1186/s4033
7-021-00466-w.

Calderoni, S., P. Fantozzi, G. Balboni, et al. 2015. “The Impact of
Internalizing Symptoms on Autistic Traits in Adolescents With
Restrictive Anorexia Nervosa.” Neuropsychiatric Disease and Treatment
11: 75-85. https://doi.org/10.2147/NDT.S73235.

Chellew, T., J. Barbaro, and N. C. Freeman. 2022. “The Early Childhood
Signs of Autism in Females: A Systematic Review.” Review Journal of
Autism and Developmental Disorders 11: 249-264. https://doi.org/10.
1007/s40489-022-00337-3.

Cheung, T. C. K., T. B. Reza, C. F. Pereira, S. Mukhi, and M. Niemeier.
2023. “Limited Reliability and Validity of the Autism Spectrum
Quotient Short Form (AQ-10) to Screen Autistic Traits in Undergraduate
Students.” Journal of Autism and Developmental Disorders 53, no. 7:
2919-2920. https://doi.org/10.1007/s10803-022-05889-1.

Chistol, L. T., L. G. Bandini, A. Must, S. Phillips, S. A. Cermak, and
C. Curtin. 2018. “Sensory Sensitivity and Food Selectivity in Children
With Autism Spectrum Disorder.” Journal of Autism and Developmental
Disorders 48, no. 2: 583-591. https://doi.org/10.1007/s10803-017-3340-9.

Christensen, S. S., M. Bentz, L. Clemmensen, K. Strandberg-Larsen, and
E. M. Olsen. 2019. “Disordered Eating Behaviours and Autistic Traits—
Are There Any Associations in Nonclinical Populations? A Systematic
Review.” European Eating Disorders Review 27, no. 1: 8-23. https://doi.
org/10.1002/erv.2627.

87


https://doi.org/10.1016/j.jaac.2011.11.003
https://doi.org/10.1016/j.jaac.2011.11.003
https://doi.org/10.1017/S0033291711002881
https://doi.org/10.1001/archgenpsychiatry.2011.74
https://doi.org/10.1177/1362361321995631
https://doi.org/10.1177/1362361321995631
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1186/2040-2392-4-24
https://doi.org/10.1186/2040-2392-4-24
https://doi.org/10.1016/j.jadohealth.2016.08.011
https://doi.org/10.1177/1362361310391116
https://doi.org/10.1503/jpn.170072
https://doi.org/10.1016/j.psychres.2021.114271
https://doi.org/10.1002/eat.22572
https://doi.org/10.1007/s10803-020-04479-3
https://doi.org/10.1007/s10803-020-04479-3
https://doi.org/10.1186/s40337-021-00466-w
https://doi.org/10.1186/s40337-021-00466-w
https://doi.org/10.2147/NDT.S73235
https://doi.org/10.1007/s40489-022-00337-3
https://doi.org/10.1007/s40489-022-00337-3
https://doi.org/10.1007/s10803-022-05889-1
https://doi.org/10.1007/s10803-017-3340-9
https://doi.org/10.1002/erv.2627
https://doi.org/10.1002/erv.2627

Courty, A., A. S. Maria, C. Lalanne, et al. 2013. “Levels of Autistic
Traits in Anorexia Nervosa: A Comparative Psychometric Study.” BMC
Psychiatry 13: 222. https://doi.org/10.1186/1471-244X-13-222.

Dinkler, L., S. Rydberg Dobrescu, M. Rastam, et al. 2019. “Visual
Scanning During Emotion Recognition in Long-Term Recovered
Anorexia Nervosa: An Eye-Tracking Study.” International Journal of
Eating Disorders 52, no. 6: 691-700. https://doi.org/10.1002/eat.23066.

Eddy, K. T., N. Tabri, J. J. Thomas, et al. 2017. “Recovery From Anorexia
Nervosa and Bulimia Nervosa at 22-Year Follow-Up.” Journal of Clinical
Psychiatry 78, no. 2: 184-189. https://doi.org/10.4088/JCP.15m10393.

Fairburn, C. G., Z. Cooper, and M. OConnor. 2008. “Eating disorder ex-
amination (16.0D).” In Cognitive behavior therapy and eating disorders,
edited by C. G. Fairburn, New York, NY: Guilford Press.

Fairburn, C. G., and Z. Cooper. 1993. “The Eating Disorder
Examination.” In Binge Eating: Nature, Assessment, and Treatment,
12th ed., 317-360. New York, NY: Guilford Press.

Ferri, S. L., T. Abel, and E. S. Brodkin. 2018. “Sex Differences in Autism
Spectrum Disorder: A Review.” Current Psychiatry Reports 20, no. 2: 9.
https://doi.org/10.1007/s11920-018-0874-2.

Fornaro, M., T. Sassi, S. Novello, et al. 2020. “Prominent Autistic
Traits and Subthreshold Bipolar/Mixed Features of Depression in
Severe Anorexia Nervosa.” Revista Brasileira De Psiquiatria (Sao
Paulo, Bragzil: 1999) 42, no. 2: 153-161. https://doi.org/10.1590/
1516-4446-2019-0500.

Fuglset, T. S. 2019. “Set-Shifting, Central Coherence and Decision-
Making in Individuals Recovered From Anorexia Nervosa: A Systematic
Review.” Journal of Eating Disorders 7, no. 1: 22. https://doi.org/10.1186/
s40337-019-0251-5.

Galmiche, M., P. Déchelotte, G. Lambert, and M. P. Tavolacci. 2019.
“Prevalence of Eating Disorders Over the 2000-2018 Period: A
Systematic Literature Review.” American Journal of Clinical Nutrition
109, no. 5: 1402-1413. https://doi.org/10.1093/ajcn/nqy342.

Garner, D. M., M. P. Olmsted, Y. Bohr, and P. E. Garfinkel. 1982. “The
Eating Attitudes Test: Psychometric Features and Clinical Correlates.”
Psychological Medicine 12, no. 4: 871-878. https://doi.org/10.1017/s0033
291700049163.

Gillberg, C. 1983. “Are Autism and Anorexia Nervosa Related?” British
Journal of Psychiatry: The Journal of Mental Science 142: 428. https://doi.
org/10.1192/bjp.142.4.428b.

Gillberg, C., and M. Rastam. 1992. “Do Some Cases of Anorexia Nervosa
Reflect Underlying Autistic-Like Conditions?” Behavioural Neurology 5,
no. 1: 27-32. https://doi.org/10.1155/1992/259318.

Godart, N., L. Radon, F. Curt, et al. 2015. “Mood Disorders in Eating
Disorder Patients: Prevalence and Chronology of ONSET.” Journal of
Affective Disorders 185: 115-122. https://doi.org/10.1016/j.jad.2015.
06.039.

Halls, D., R. Batchelor, V. Holetic, J. Leppanen, S. Williams, and K.
Tchanturia. 2023. “Longitudinal Exploration of Biopsychosocial Profiles
in Individuals With Anorexia Nervosa.” Journal of Psychiatric Research
167: 16-22. https://doi.org/10.1016/j.jpsychires.2023.09.001.

Hambleton, A., G. Pepin, A. Le, D. Maloney, S. Touyz, and S. Maguire.
2022. “Psychiatric and Medical Comorbidities of Eating Disorders:
Findings From a Rapid Review of the Literature.” Journal of Eating
Disorders 10: 132. https://doi.org/10.1186/s40337-022-00654-2.

Hambrook, D., K. Tchanturia, U. Schmidt, T. Russell, and J. Treasure.
2008. “Empathy, Systemizing, and Autistic Traits in Anorexia Nervosa:
A Pilot Study.” British Journal of Clinical Psychology 47, no. Pt 3: 335-
339. https://doi.org/10.1348/014466507X272475.

Harrer, M., P. Cuijpers, T. Furukawa, and D. Ebert. 2021. Doing Meta-
Analysis With R: A Hands-On Guide. New York, NY: Chapman & Hall/
CRC Press.

Head, A. M., J. A. McGillivray, and M. A. Stokes. 2014. “Gender
Differences in Emotionality and Sociability in Children With Autism
Spectrum Disorders.” Molecular Autism 5: 19. https://doi.org/10.1186/
2040-2392-5-19.

Hijne, K., S. Ben Chamach, and A. E. Dingemans. 2021. “Imagine Food,
Weight and Shape: Mental Imagery in Women With Eating Disorders
Compared With Healthy Controls.” Behavioural and Cognitive
Psychotherapy 49, no. 3: 328-339. https://doi.org/10.1017/S135246582
000065X.

Hobson, H., H. Westwood, J. Conway, et al. 2020. “Alexithymia and
Autism Diagnostic Assessments: Evidence From Twins at Genetic Risk of
Autism and Adults With Anorexia Nervosa.” Research in Autism Spectrum
Disorders 73: 101531. https://doi.org/10.1016/j.rasd.2020.101531.

Holliday, J., K. Tchanturia, S. Landau, D. Collier, and J. Treasure. 2005.
“Is Impaired Set-Shifting an Endophenotype of Anorexia Nervosa?”
American Journal of Psychiatry 162, no. 12: 2269-2275. https://doi.org/
10.1176/appi.ajp.162.12.2269.

Huke, V., J. Turk, S. Saeidi, A. Kent, and J. F. Morgan. 2013. “Autism
Spectrum Disorders in Eating Disorder Populations: A Systematic
Review.” European Eating Disorders Review: The Journal of the Eating
Disorders Association 21, no. 5: 345-351. https://doi.org/10.1002/erv.2244.

Huke, V.,J. Turk, S. Saeidi, A. Kent, and J. F. Morgan. 2014. “The Clinical
Implications of High Levels of Autism Spectrum Disorder Features in
Anorexia Nervosa: A Pilot Study.” European Eating Disorders Review:
The Journal of the Eating Disorders Association 22, no. 2: 116-121.
https://doi.org/10.1002/erv.2269.

Hull, L., K. V. Petrides, and W. Mandy. 2020. “The Female Autism
Phenotype and Camouflaging: A Narrative Review.” Review Journal of
Autism and Developmental Disorders 7, no. 4: 306-317. https://doi.org/
10.1007/s40489-020-00197-9.

Hus, V., and C. Lord. 2014. “The Autism Diagnostic Observation
Schedule, Module 4: Revised Algorithm and Standardized Severity
Scores.” Journal of Autism and Developmental Disorders 44, no. 8: 1996—
2012. https://doi.org/10.1007/s10803-014-2080-3.

Inoue, T.,R. Otani, T. Iguchi, et al. 2021. “Prevalence of Autism Spectrum
Disorder and Autistic Traits in Children With Anorexia Nervosa and
Avoidant/Restrictive Food Intake Disorder.” BioPsychoSocial Medicine
15: 9. https://doi.org/10.1186/s13030-021-00212-3.

Iwasaki, A., M. Hashizume, M. Odawara, et al. 2013. “Autistic
Tendencies in Women With Eating Disorders.” Journal of the Medical
Society of Toho University 60: 249-257.

Jermakow, N., and A. Brzezicka. 2016. “How Autistic Are Anorectic
Females? Similarities and Differences Between Anorexia Nervosa
and Autism Spectrum Disorders.” Clinical Neuropsychiatry: Journal
of Treatment Evaluation 13, no. 4-5: 53-58.

Kahathuduwa, C. N., C. S. Dhanasekara, S. Wakefield, N. Moustaid-
Moussa, and A. Mastergeorge. 2022. “Autism Spectrum Disorder Is
Associated With an Increased Risk of Development of Underweight in
Children and Adolescents: A Systematic Review and Meta-Analysis.”
Research in Autism Spectrum Disorders 94: 101969. https://doi.org/10.
1016/j.rasd.2022.101969.

Kalm, L. M., and R. D. Semba. 2005. “They Starved so That Others Be
Better Fed: Remembering Ancel Keys and the Minnesota Experiment.”
Journal of Nutrition 135, no. 6: 1347-1352. https://doi.org/10.1093/jn/
135.6.1347.

Karjalainen, L., M. Rastam, G. Paulson-Karlsson, and E. Wentz. 2019.
“Do Autism Spectrum Disorder and Anorexia Nervosa Have Some
Eating Disturbances in Common?” European Child & Adolescent
Psychiatry 28, no. 1: 69-78. https://doi.org/10.1007/s00787-018-1188-y.

Karlsson, L., M. Rastam, and E. Wentz. 2013. “The SWedish Eating
Assessment for Autism Spectrum Disorders (SWEAA)-Validation of a
Self-Report Questionnaire Targeting Eating Disturbances Within the

88

International Journal of Eating Disorders, 2025


https://doi.org/10.1186/1471-244X-13-222
https://doi.org/10.1002/eat.23066
https://doi.org/10.4088/JCP.15m10393
https://doi.org/10.1007/s11920-018-0874-2
https://doi.org/10.1590/1516-4446-2019-0500
https://doi.org/10.1590/1516-4446-2019-0500
https://doi.org/10.1186/s40337-019-0251-5
https://doi.org/10.1186/s40337-019-0251-5
https://doi.org/10.1093/ajcn/nqy342
https://doi.org/10.1017/s0033291700049163
https://doi.org/10.1017/s0033291700049163
https://doi.org/10.1192/bjp.142.4.428b
https://doi.org/10.1192/bjp.142.4.428b
https://doi.org/10.1155/1992/259318
https://doi.org/10.1016/j.jad.2015.06.039
https://doi.org/10.1016/j.jad.2015.06.039
https://doi.org/10.1016/j.jpsychires.2023.09.001
https://doi.org/10.1186/s40337-022-00654-2
https://doi.org/10.1348/014466507X272475
https://doi.org/10.1186/2040-2392-5-19
https://doi.org/10.1186/2040-2392-5-19
https://doi.org/10.1017/S135246582000065X
https://doi.org/10.1017/S135246582000065X
https://doi.org/10.1016/j.rasd.2020.101531
https://doi.org/10.1176/appi.ajp.162.12.2269
https://doi.org/10.1176/appi.ajp.162.12.2269
https://doi.org/10.1002/erv.2244
https://doi.org/10.1002/erv.2269
https://doi.org/10.1007/s40489-020-00197-9
https://doi.org/10.1007/s40489-020-00197-9
https://doi.org/10.1007/s10803-014-2080-3
https://doi.org/10.1186/s13030-021-00212-3
https://doi.org/10.1016/j.rasd.2022.101969
https://doi.org/10.1016/j.rasd.2022.101969
https://doi.org/10.1093/jn/135.6.1347
https://doi.org/10.1093/jn/135.6.1347
https://doi.org/10.1007/s00787-018-1188-y

Autism Spectrum.” Research in Developmental Disabilities 34, no. 7:
2224-2233. https://doi.org/10.1016/j.ridd.2013.03.035.

Keegan, E., K. Tchanturia, and T. D. Wade. 2021. “Central Coherence and
Set-Shifting Between Nonunderweight Eating Disorders and Anorexia
Nervosa: A Systematic Review and Meta-Analysis.” International Journal
of Eating Disorders 54, no. 3: 229-243. https://doi.org/10.1002/eat.23430.

Kerr-Gaffney, J., D. Halls, A. Harrison, and K. Tchanturia. 2020.
“Exploring Relationships Between Autism Spectrum Disorder
Symptoms and Eating Disorder Symptoms in Adults With Anorexia
Nervosa: A Network Approach.” Frontiers in Psychiatry 11: 401. https://
doi.org/10.3389/fpsyt.2020.00401.

Kerr-Gaffney, J., A. Harrison, and K. Tchanturia. 2020. “Autism
Spectrum Disorder Traits Are Associated With Empathic Abilities in
Adults With Anorexia Nervosa.” Journal of Affective Disorders 266: 273-
281. https://doi.org/10.1016/j.jad.2020.01.169.

Kerr-Gaffney, J., H. Hayward, E. J. H. Jones, D. Halls, D. Murphy,
and K. Tchanturia. 2021. “Autism Symptoms in Anorexia Nervosa: A
Comparative Study With Females With Autism Spectrum Disorder.”
Molecular Autism 12, no. 1: 47. https://doi.org/10.1186/s13229-021-
00455-5.

Kerr-Gaffney, J., L. Mason, E. Jones, et al. 2020. “Emotion Recognition
Abilities in Adults With Anorexia Nervosa Are Associated With Autistic
Traits.” Journal of Clinical Medicine 9, no. 4: 1057. https://doi.org/10.
3390/jcm9041057.

Kerr-Gaffney, J., L. Mason, E. Jones, et al. 2021. “Autistic Traits Mediate
Reductions in Social Attention in Adults With Anorexia Nervosa.”
Journal of Autism and Developmental Disorders 51, no. 6: 2077-2090.
https://doi.org/10.1007/s10803-020-04686-y.

Kiep, M., and A. A. Spek. 2017. “Executive Functioning in Men and
Women With an Autism Spectrum Disorder.” Autism Research: Official
Journal of the International Society for Autism Research 10, no. 5: 940—
948. https://doi.org/10.1002/aur.1721.

Lai, M.-C., M. V. Lombardo, B. Auyeung, B. Chakrabarti, and S. Baron-
Cohen. 2015. “Sex/Gender Differences and Autism: Setting the Scene
for Future Research.” Journal of the American Academy of Child and
Adolescent Psychiatry 54, no. 1: 11-24. https://doi.org/10.1016/j.jaac.
2014.10.003.

Lang, K., C. Lopez, D. Stahl, K. Tchanturia, and J. Treasure. 2014.
“Central Coherence in Eating Disorders: An Updated Systematic
Review and Meta-Analysis.” World Journal of Biological Psychiatry 15:
586-598. https://doi.org/10.3109/15622975.2014.909606.

Lang, K., D. Stahl, J. Espie, J. Treasure, and K. Tchanturia. 2014. “Set
Shifting in Children and Adolescents With Anorexia Nervosa: An
Exploratory Systematic Review and Meta-Analysis.” International
Journal of Eating Disorders 47, no. 4: 394-399. https://doi.org/10.1002/
eat.22235.

Lang, K., M. M. Dapelo, M. Khondoker, et al. 2015. “Exploring Emotion
Recognition in Adults and Adolescents With Anorexia Nervosa Using
a Body Motion Paradigm.” European Eating Disorders Review: The
Journal of the Eating Disorders Association 23, no. 4: 262-268. https://
doi.org/10.1002/erv.2358.

Leppanen, J., F. Sedgewick, D. Halls, and K. Tchanturia. 2022. “Autism
and Anorexia Nervosa: Longitudinal Prediction of Eating Disorder
Outcomes.” Frontiers in Psychiatry 13: 985867. https://doi.org/10.3389/
fpsyt.2022.985867.

Leppanen, J., F. Sedgewick, J. Treasure, and K. Tchanturia. 2018.
“Differences in the Theory of Mind Profiles of Patients With Anorexia
Nervosa and Individuals on the Autism Spectrum: A Meta-Analytic
Review.” Neuroscience and Biobehavioral Reviews 90: 146-163. https://
doi.org/10.1016/j.neubiorev.2018.04.009.

Leslie, M., D. Halls, J. Leppanen, et al. 2020. “Neural Correlates of
Theory of Mind Are Preserved in Young Women With Anorexia

Nervosa.” Frontiers in Psychology 11: 568073. https://doi.org/10.3389/
fpsyg.2020.568073.

Li, Y.-J., X.-N. Xie, X. Lei, Y.-M. Li, and X. Lei. 2020. “Global Prevalence
of Obesity, Overweight and Underweight in Children, Adolescents and
Adults With Autism Spectrum Disorder, Attention-Deficit Hyperactivity
Disorder: A Systematic Review and Meta-Analysis.” Obesity Reviews: An
Official Journal of the International Association for the Study of Obesity
21, no. 12: €13123. https://doi.org/10.1111/0br.13123.

Liberati, A., D. G. Altman, J. Tetzlaff, et al. 2009. “The PRISMA
Statement for Reporting Systematic Reviews and Meta-Analyses of
Studies That Evaluate Health Care Interventions: Explanation and
Elaboration.” Journal of Clinical Epidemiology 62, no. 10: el-e34.
https://doi.org/10.1016/j.jclinepi.2009.06.006.

Lopez, C., K. Tchanturia, D. Stahl, R. Booth, J. Holliday, and J. Treasure.
2008. “An Examination of the Concept of Central Coherence in Women
With Anorexia Nervosa.” International Journal of Eating Disorders 41,
no. 2: 143-152. https://doi.org/10.1002/eat.20478.

Lord, C., S. Risi, L. Lambrecht, et al. 2000. “The Autism Diagnostic
Observation Schedule-Generic: A Standard Measure of Social and
Communication Deficits Associated With the Spectrum of Autism.”
Journal of Autism and Developmental Disorders 30, no. 3: 205-223.

Lord, C., M. Rutter, S. Goode, et al. 1989. “Austism Diagnostic
Observation Schedule: A Standardized Observation of Communicative
and Social Behavior.” Journal of Autism and Developmental Disorders
19, no. 2: 185-212. https://doi.org/10.1007/BF02211841.

Ma, W.,J. Mao, Y. Xie, S. Li, and M. Wang. 2023. “Examining the Effects
of Theory of Mind and Social Skills Training on Social Competence in
Adolescents With Autism.” Behavioral Science 13, no. 10: 860. https://
doi.org/10.3390/bs13100860.

Maenner, M. J. 2023. “Prevalence and Characteristics of Autism
Spectrum Disorder Among Children Aged 8Years—Autism and
Developmental Disabilities Monitoring Network, 11 Sites, United States,
2020.” Morbidity and Mortality Weekly Report. Surveillance Summaries
72:1-14. https://doi.org/10.15585/mmwr.ss7202al.

Maloney, M. J., J. McGuire, S. R. Daniels, and B. Specker. 1989. “Dieting
Behavior and Eating Attitudes in Children.” Pediatrics 84, no. 3:
482-489.

Mandelli, L., S. Draghetti, U. Albert, D. De Ronchi, and A.-R. Atti.
2020. “Rates of Comorbid Obsessive-Compulsive Disorder in Eating
Disorders: A Meta-Analysis of the Literature.” Journal of Affective
Disorders 277: 927-939. https://doi.org/10.1016/j.jad.2020.09.003.

Mayes, S. D., and H. Zickgraf. 2019. “Atypical Eating Behaviors in
Children and Adolescents With Autism, ADHD, Other Disorders, and
Typical Development.” Research in Autism Spectrum Disorders 64: 76—
83. https://doi.org/10.1016/j.rasd.2019.04.002.

Mizumoto, A. 2015. “Langtest (Version 1.0).” Computer Software.
http://langtest.jp.

Mustelin, L., Y. Silén, A. Raevuori, H. W. Hoek, J. Kaprio, and A. Keski-
Rahkonen. 2016. “The DSM-5 Diagnostic Criteria for Anorexia Nervosa
May Change Its Population Prevalence and Prognostic Value.” Journal
of Psychiatric Research 77: 85-91. https://doi.org/10.1016/j.jpsychires.
2016.03.003.

Nazar, B. P, V. Peynenburg, C. Rhind, et al. 2018. “An Examination of
the Clinical Outcomes of Adolescents and Young Adults With Broad
Autism Spectrum Traits and Autism Spectrum Disorder and Anorexia
Nervosa: A Multi Centre Study.” International Journal of Eating
Disorders 51, no. 2: 174-179. https://doi.org/10.1002/eat.22823.

Nielsen, S., H. Anckarsiter, C. Gillberg, C. Gillberg, M. Réstam, and
E. Wentz. 2015. “Effects of Autism Spectrum Disorders on Outcome
in Teenage-Onset Anorexia Nervosa Evaluated by the Morgan-Russell
Outcome Assessment Schedule: A Controlled Community-Based Study.”
Molecular Autism 6, no. 1: 14. https://doi.org/10.1186/s13229-015-0013-4.

89


https://doi.org/10.1016/j.ridd.2013.03.035
https://doi.org/10.1002/eat.23430
https://doi.org/10.3389/fpsyt.2020.00401
https://doi.org/10.3389/fpsyt.2020.00401
https://doi.org/10.1016/j.jad.2020.01.169
https://doi.org/10.1186/s13229-021-00455-5
https://doi.org/10.1186/s13229-021-00455-5
https://doi.org/10.3390/jcm9041057
https://doi.org/10.3390/jcm9041057
https://doi.org/10.1007/s10803-020-04686-y
https://doi.org/10.1002/aur.1721
https://doi.org/10.1016/j.jaac.2014.10.003
https://doi.org/10.1016/j.jaac.2014.10.003
https://doi.org/10.3109/15622975.2014.909606
https://doi.org/10.1002/eat.22235
https://doi.org/10.1002/eat.22235
https://doi.org/10.1002/erv.2358
https://doi.org/10.1002/erv.2358
https://doi.org/10.3389/fpsyt.2022.985867
https://doi.org/10.3389/fpsyt.2022.985867
https://doi.org/10.1016/j.neubiorev.2018.04.009
https://doi.org/10.1016/j.neubiorev.2018.04.009
https://doi.org/10.3389/fpsyg.2020.568073
https://doi.org/10.3389/fpsyg.2020.568073
https://doi.org/10.1111/obr.13123
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1002/eat.20478
https://doi.org/10.1007/BF02211841
https://doi.org/10.3390/bs13100860
https://doi.org/10.3390/bs13100860
https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.1016/j.jad.2020.09.003
https://doi.org/10.1016/j.rasd.2019.04.002
http://langtest.jp
https://doi.org/10.1016/j.jpsychires.2016.03.003
https://doi.org/10.1016/j.jpsychires.2016.03.003
https://doi.org/10.1002/eat.22823
https://doi.org/10.1186/s13229-015-0013-4

Nuyttens, M., A. Simons, I. Antrop, and I. Glazemakers. 2024. “A
Longitudinal Study of Autism Spectrum Disorder Characteristics in
Adolescents With Restrictive Type Anorexia Nervosa During and After
Underweight.” European Eating Disorders Review: The Journal of the
Eating Disorders Association 32, no. 2: 310-321. https://doi.org/10.1002/
erv.3042.

Nyman-Carlsson, E., and D. Garner. 2016. “Eating Disorder Inventory.”
Encyclopaedia of Feeding and Eating Disorders: 1-6. https://doi.org/10.
1007/978-981-287-087-2_192-1.

Oldershaw, A., D. Hambrook, K. Tchanturia, J. Treasure, and U.
Schmidt. 2010. “Emotional Theory of Mind and Emotional Awareness
in Recovered Anorexia Nervosa Patients.” Psychosomatic Medicine 72,
no. 1: 73-79. https://doi.org/10.1097/PSY.0b013e3181c6c7ca.

Oldershaw, A., J. Treasure, D. Hambrook, K. Tchanturia, and U.
Schmidt. 2011. “Is Anorexia Nervosa a Version of Autism Spectrum
Disorders?” European Eating Disorders Review: The Journal of the
Eating Disorders Association 19, no. 6: 462-474. https://doi.org/10.1002/
erv.1069.

Page, M. I, J. E. McKenzie, P. M. Bossuyt, et al. 2021. “The PRISMA
2020 Statement: An Updated Guideline for Reporting Systematic
Reviews.” BMJ 372: n71. https://doi.org/10.1136/bmj.n71.

Postorino, V., L. Scahill, L. De Peppo, et al. 2017. “Investigation of Autism
Spectrum Disorder and Autistic Traits in an Adolescent Sample With
Anorexia Nervosa.” Journal of Autism and Developmental Disorders 47,
no. 4: 1051-1061. https://doi.org/10.1007/s10803-016-3023-y.

Pruccoli, J., A. Solari, L. Terenzi, et al. 2021. “Autism Spectrum Disorder
And Anorexia Nervosa: An Italian Prospective Study.” Italian Journal
of Pediatrics 47, no. 1: 59. https://doi.org/10.1186/s13052-021-01006-7.

Puckett, L., D. Grayeb, V. Khatri, K. Cass, and P. Mehler. 2021. “A
Comprehensive Review of Complications and New Findings Associated
With Anorexia Nervosa.” Journal of Clinical Medicine 10, no. 12: 2555.
https://doi.org/10.3390/jcm10122555.

Roberts, M. E., K. Tchanturia, D. Stahl, L. Southgate, and J. Treasure.
2007. “A Systematic Review and Meta-Analysis of Set-Shifting Ability in
Eating Disorders.” Psychological Medicine 37, no. 8: 1075-1084. https://doi.
0rg/10.1017/S0033291707009877.

Saure, E., A. Raevuori, M. Laasonen, and T. Lepisto-Paisley. 2022.
“Emotion Recognition, Alexithymia, Empathy, and Emotion Regulation
in Women With Anorexia Nervosa.” Eating and Weight Disorders—
Studies on Anorexia, Bulimia and Obesity 27, no. 8: 3587-3597. https://
doi.org/10.1007/s40519-022-01496-2.

Schrdder, S. S., U. N. Danner, A. A. Spek, and A. A. van Elburg. 2022.
“Problematic Eating Behaviours of Autistic Women—A Scoping
Review.” European Eating Disorders Review 30, no. 5: 510-537. https://
doi.org/10.1002/erv.2932.

Stewart, C. S., F. S. McEwen, A. Konstantellou, I. Eisler, and M.
Simic. 2017. “Impact of ASD Traits on Treatment Outcomes of Eating
Disorders in Girls.” European Eating Disorders Review: The Journal of
the Eating Disorders Association 25, no. 2: 123-128. https://doi.org/10.
1002/erv.2497.

Stroup, D. F., J. A. Berlin, S. C. Morton, et al. 2000. “Meta-Analysis
of Observational Studies in Epidemiology: A Proposal for Reporting.
Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
Group.” JAMA 283, no. 15: 2008-2012. https://doi.org/10.1001/jama.
283.15.2008.

Swinbourne, J. M., and S. W. Touyz. 2007. “The Co-Morbidity of
Eating Disorders and Anxiety Disorders: A Review.” European Eating
Disorders Review: The Journal of the Eating Disorders Association 15, no.
4:253-274. https://doi.org/10.1002/erv.784.

Tchanturia, K., J. Adamson, J. Leppanen, and H. Westwood. 2019.
“Characteristics of Autism Spectrum Disorder in Anorexia Nervosa:
A Naturalistic Study in an Inpatient Treatment Programme.” Autism:

The International Journal of Research and Practice 23, no. 1: 123-130.
https://doi.org/10.1177/1362361317722431.

Tchanturia, K., E. Smith, F. Weineck, et al. 2013. “Exploring Autistic
Traits in Anorexia: A Clinical Study.” Molecular Autism 4, no. 1: 44.
https://doi.org/10.1186/2040-2392-4-44.

The Jamovi Project. 2024. “Jamovi Project (Version 2.4.12).” Computer
Software. https://www.jamovi.org.

Thom, R. P., M. L. Palumbo, C. J. Keary, J. M. Hooker, C. J. McDougle,
and C. T. Ravichandran. 2022. “Prevalence and Factors Associated With
Overweight, Obesity, and Hypertension in a Large Clinical Sample of
Adults With Autism Spectrum Disorder.” Scientific Reports 12, no. 1:
9737. https://doi.org/10.1038/541598-022-13365-0.

Torske, T., T. Nerland, D. S. Quintana, et al. 2023. “Sex as a Moderator
Between Parent Ratings of Executive Dysfunction and Social Difficulties
in Children and Adolescents With Autism Spectrum Disorder.” Journal
of Autism and Developmental Disorders 53, no. 10: 3847-3859. https://
doi.org/10.1007/s10803-022-05629-5.

Vagni, D., D. Moscone, S. Travaglione, and A. Cotugno. 2016. “Using
the Ritvo Autism Asperger Diagnostic Scale-Revised (RAADS-R)
Disentangle the Heterogeneity of Autistic Traits in an Italian Eating
Disorder Population.” Research in Autism Spectrum Disorders 32: 143—
155. https://doi.org/10.1016/j.rasd.2016.10.002.

van Eeden, A. E., D. van Hoeken, and H. W. Hoek. 2021. “Incidence,
Prevalence and Mortality of Anorexia Nervosa and Bulimia Nervosa.”
Current Opinion in Psychiatry 34, no. 6: 515-524. https://doi.org/10.
1097/YC0.0000000000000739.

van Hoeken, D., and H. W. Hoek. 2020. “Review of the Burden of Eating
Disorders: Mortality, Disability, Costs, Quality of Life, and Family
Burden.” Current Opinion in Psychiatry 33, no. 6: 521-527. https://doi.
0rg/10.1097/YC0O.0000000000000641.

Wentz, E., I. C. Gillberg, H. Anckarsiter, C. Gillberg, and M. Rastam.
2009. “Adolescent-Onset Anorexia Nervosa: 18-Year Outcome.” British
Journal of Psychiatry: The Journal of Mental Science 194, no. 2: 168-174.
https://doi.org/10.1192/bjp.bp.107.048686.

Westwood, H., I. Eisler, W. Mandy, J. Leppanen, J. Treasure, and K.
Tchanturia. 2016. “Using the Autism-Spectrum Quotient to Measure
Autistic Traits in Anorexia Nervosa: A Systematic Review and Meta-
Analysis.” Journal of Autism and Developmental Disorders 46: 964-977.
https://doi.org/10.1007/s10803-015-2641-0.

Westwood, H., W. Mandy, M. Simic, and K. Tchanturia. 2018. “Assessing
ASD in Adolescent Females With Anorexia Nervosa Using Clinical and
Developmental Measures: A Preliminary Investigation.” Journal of
Abnormal Child Psychology 46, no. 1: 183-192. https://doi.org/10.1007/
$10802-017-0301-x.

Westwood, H., and K. Tchanturia. 2017. “Autism Spectrum Disorder in
Anorexia Nervosa: An Updated Literature Review.” Current Psychiatry
Reports 19, no. 7: 41. https://doi.org/10.1007/s11920-017-0791-9.

Zhou, Z.C.,D.B.McAdam, and D. R. Donnelly. 2018. “Endophenotypes:
A Conceptual Link Between Anorexia Nervosa and Autism Spectrum
Disorder.” Research in Developmental Disabilities 82: 153-165. https://
doi.org/10.1016/j.ridd.2017.11.008.

Zucker, N. L., M. Losh, C. M. Bulik, K. S. LaBar, J. Piven, and K. A.
Pelphrey. 2007. “Anorexia Nervosa and Autism Spectrum Disorders:
Guided Investigation of Social Cognitive Endophenotypes.”
Psychological Bulletin 133, no. 6: 976-1006. https://doi.org/10.1037/
0033-2909.133.6.976.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

90

International Journal of Eating Disorders, 2025


https://doi.org/10.1002/erv.3042
https://doi.org/10.1002/erv.3042
https://doi.org/10.1007/978-981-287-087-2_192-1
https://doi.org/10.1007/978-981-287-087-2_192-1
https://doi.org/10.1097/PSY.0b013e3181c6c7ca
https://doi.org/10.1002/erv.1069
https://doi.org/10.1002/erv.1069
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10803-016-3023-y
https://doi.org/10.1186/s13052-021-01006-7
https://doi.org/10.3390/jcm10122555
https://doi.org/10.1017/S0033291707009877
https://doi.org/10.1017/S0033291707009877
https://doi.org/10.1007/s40519-022-01496-2
https://doi.org/10.1007/s40519-022-01496-2
https://doi.org/10.1002/erv.2932
https://doi.org/10.1002/erv.2932
https://doi.org/10.1002/erv.2497
https://doi.org/10.1002/erv.2497
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1002/erv.784
https://doi.org/10.1177/1362361317722431
https://doi.org/10.1186/2040-2392-4-44
https://www.jamovi.org
https://doi.org/10.1038/s41598-022-13365-0
https://doi.org/10.1007/s10803-022-05629-5
https://doi.org/10.1007/s10803-022-05629-5
https://doi.org/10.1016/j.rasd.2016.10.002
https://doi.org/10.1097/YCO.0000000000000739
https://doi.org/10.1097/YCO.0000000000000739
https://doi.org/10.1097/YCO.0000000000000641
https://doi.org/10.1097/YCO.0000000000000641
https://doi.org/10.1192/bjp.bp.107.048686
https://doi.org/10.1007/s10803-015-2641-0
https://doi.org/10.1007/s10802-017-0301-x
https://doi.org/10.1007/s10802-017-0301-x
https://doi.org/10.1007/s11920-017-0791-9
https://doi.org/10.1016/j.ridd.2017.11.008
https://doi.org/10.1016/j.ridd.2017.11.008
https://doi.org/10.1037/0033-2909.133.6.976
https://doi.org/10.1037/0033-2909.133.6.976

	Investigating the Presence of Autistic Traits and Prevalence of Autism Spectrum Disorder Symptoms in Anorexia Nervosa: A Systematic Review and Meta-Analysis
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Selection

	3   |   Measures
	3.1   |   Autistic Traits Measures
	3.1.1   |   AQ
	3.1.2   |   AQ-10
	3.1.3   |   ADOS and ADOS-2

	3.2   |   Clinical Measures for ED Symptoms
	3.2.1   |   The EDs Evaluation Questionnaire (EDE-Q)
	3.2.2   |   The Eating Attitude Test 26 (EAT-26)
	3.2.3   |   The ED Inventory (EDI)
	3.2.4   |   The Swedish Eating Assessment for ASDs (SWEAA)

	3.3   |   Statistical Analyses

	4   |   Results
	4.1   |   Autistic Traits in AN
	4.1.1   |   AQ and AQ10
	4.1.2   |   AQ Total
	4.1.3   |   AQ Attention to Detail Subscale Scores
	4.1.4   |   AQ Attention Switching Subscale Scores
	4.1.5   |   AQ Imagination Subscale Scores
	4.1.6   |   AQ Communication Subscale Scores
	4.1.7   |   AQ Social Skills Subscale Scores

	4.2   |   Autistic Traits and ED Symptomatology
	4.3   |   ASD Comorbidity in AN
	4.3.1   |   Proportion Meta-Analysis
	4.3.2   |   Qualitative Review of Studies Comparing Prevalence of ASD Symptomatology in AN and TD Populations

	4.4   |   Meta-Regression Analyses

	5   |   Discussion
	6   |   Strengths and Limitations
	7   |   Conclusions
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


