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Clinical evaluation of autistic symptoms in
women with anorexia nervosa
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Abstract

Background: Despite a suggested link between anorexia nervosa (AN) and autism spectrum disorder (ASD),
previous studies have used self-report or diagnostic criteria to assess for ASD in AN populations, rather than
direct observation of symptom characteristic of ASD. The aim of this study was to use a standardised, clinical
assessment of ASD, the Autism Diagnostic Observation Schedule, 2nd Edition (ADOS-2), to investigate the
presence of autistic symptoms in a cross-sectional sample of women with AN.

Methods: Sixty women were recruited from inpatient or day-patient specialist eating disorder services. Each
participant underwent the ADOS-2 assessment and completed a set of self-report questionnaires assessing
eating disorder pathology and other psychiatric symptoms. IQ was also assessed.

Results: Fourteen women (23.3%) scored above clinical cutoff for ASD on the ADOS-2. Only eight of these
women displayed repetitive or restrictive behaviours, while all 14 had difficulties with social affect. Elevated
ASD symptoms were associated with increased alexithymia and obsessive-compulsive symptoms, but not
specific eating disorder pathology.

Conclusions: ASD symptoms are over-represented in women with severe AN and appear to be associated
with other psychiatric symptoms, which warrant further investigation and consideration in treatment.
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Background
Anorexia nervosa (AN) is a severe eating disorder (ED)
characterised by low body weight, restriction of energy
intake relative to requirements and undue influence of
weight and shape on self-evaluation [1]. The disorder
tends to be diagnosed during adolescence [2, 3] and
affects significantly more females than males [4, 5]. In
contrast, autism spectrum disorder (ASD) is a develop-
mental disorder defined by difficulties with social inter-
action, communication and repetitive and restricted
behaviours (RRBs) [1]. ASD affects approximately 1% of
the population, 0.2% of whom are female [6]. It is con-
sidered a heterogenic, dimensional disorder with the
identification of subgroups, based on the presence of co-
occurring psychiatric, medical and/or genetic risk of con-
tinuing importance to research and clinical practice [7].

While both ASD and AN are rare disorders in the gen-
eral population, ASD appears to be over-represented
within ED populations, with a systematic review report-
ing a mean prevalence of 22.9% [8]. Much of the re-
search on ASD in AN has come from a Swedish cohort
who was assessed for ASD at regular intervals over a
16-year period [9]. In each of the four assessments, the
diagnostic tools used to assess ASD differed, yielding
differing rates of ASD diagnosis. This underlines the
difficulty of assessing for ASD in AN, particularly in
light of evolving diagnostic criteria and the presence of
a distinct female autism phenotype [10], which makes
accurately assessing the disorder in females challenging
[11]. There is also a possibility that the acute, starved
state associated with AN may exacerbate the presence
of symptoms characteristic of ASD [12]. This state ver-
sus trait argument [12] has led to calls for further re-
search to disentangle the complex relationship between
AN and ASD.
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One of the criticisms of research examining the pres-
ence of ASD in AN is the use of inconsistent screening
tools and varying diagnostic criteria [8, 13], instead of
‘gold-standard’ clinical assessment. More recently, stud-
ies in younger people, utilising parental-report methods
[14, 15], have reported the prevalence rate of ASD to be
substantially lower than in adult studies. While this is
consistent with the idea that AN may exacerbate the
presence of ASD symptoms, diagnostic tools which rely
on parental report rather than direct observations of
autistic behaviour may result in under-reporting of ASD,
particularly in a predominantly female sample, in which
ASD may not be recognised.
Females with ASD display less RRBs than their male

counterparts and may be able to mask their social diffi-
culties, leading to under-recognition or missed diagnoses
[16, 17]. The high likelihood that ASD will remain un-
detected in females [18] can cause stress and anxiety
and may lead to the high proportion of females with
ASD whom experience co-morbid mental health difficul-
ties [17, 19]. This applies not only to ASD but also to ele-
vated symptoms of autism, which extend throughout the
population [20]. Thus, the presence of ASD symptoms
may act as a risk factor for a range of emotional and be-
haviour issues [21], including eating problems. It stands to
reason that females with elevated ASD symptoms may be
vulnerable to the development of secondary mental health
problems and are thus likely to be over-represented in ED
populations. Alternatively, the gender bias in diagnosis
may result in females with ASD being mislabelled as hav-
ing an ED, particularly as features of AN such as extreme
rigidity in eating or obsession with exercise may mask the
presence of ASD [13, 22].
Despite ASD presenting differently in females, gender-

specific diagnostic tools and criteria are yet to be widely
implemented [23]. As such, the diagnosis of adults with
ASD relies on standardised assessment tools including
the Autism Diagnostic Observation Schedule, 2nd
Edition (ADOS-2; [24]) which is yet to be tested with
women with AN. In a small-scale feasibility study [13],
the ADOS-2 was used with a pre-selected sample of
women with AN who presented with social and flexibil-
ity difficulties. Of ten women assessed, half received an
ADOS-2 ASD classification. This study demonstrated
the feasibility of using the ADOS-2 with women with
AN. However, as the study used a small sample, pre-
selected for having a suspected ASD, the high prevalence
of observed autistic difficulties cannot be generalised to
the wider AN population.
The ADOS-2 has been criticised for not showing ad-

equate specificity and sensitivity to discriminate adults
with comorbidities and no previous diagnosis of ASD
[16, 25], leading to the use of alternative measures such
as the Ritvo Autism Asperger Diagnostic Scale, Revised

(RAADS-R; [26]), with people with EDs [27]. Using the
RAADS-R, 33% of participants were classified as hav-
ing elevated ASD traits. However, the RAADS-R relies
on self-report whereas the recommended diagnosis of
ASD in adults should incorporate both self-report and
observational measures [28]. While observational mea-
sures should not be used in isolation and may not be
necessary for a diagnosis of ASD to be given [29], the
ADOS-2 is nevertheless a widely used measure of ASD
symptoms. Studies utilising this tool in AN populations
will therefore provide a useful comparison to other
studies, such as those utilising self-report measures to
assess for ASD traits [30].
This challenge of diagnosing ASD in AN is exacer-

bated by the high level of comorbidities in EDs, which
may mediate the relationship between ASD and AN. Up
to 97% of individuals hospitalised for AN are thought
to have at least one psychiatric comorbidity [31], with
particularly high rates of depression [32] and anxiety
disorders including obsessive-compulsive disorder (OCD)
[33, 34]. The presence of such comorbidities along with
the possibility that starvation exacerbates ASD symp-
toms [35] confounds the ability to differentiate between
these disorders.

Aims
The primary aim of the current study was to examine
the presence of autistic symptoms, as measured via
direct observation using the ADOS-2, in women hospi-
talised for AN. In addition, the study aimed to explore
group differences in symptoms of eating pathology as
well as other psychiatric symptoms of depression, anxiety,
alexithymia and OCD between individuals with high, sub-
clinical and no symptoms of ASD.

Methods
Study design and participants
A cross-sectional design was used to assess the presence
of ASD symptoms within a subset of women receiving
either inpatient or day-patient treatment for AN. Partici-
pants were recruited from three specialist ED services
and had a primary diagnosis of AN according to the
Diagnostic and Statistical Manual of Mental Disorders,
5th edition eating disorder (DSM-5; [1]) made prior to
admission to the recruitment sites, although exact diag-
nostic procedures may have varied across tertiary ser-
vices. Inclusion criteria for the study were the following:
(a) aged between 18 and 55 years, (b) no diagnosed his-
tory of a neurological condition or acquired brain injury,
(c) English speaking, (d) female and (e) ability and will-
ingness to provide informed written consent to partici-
pate. A total of 60 women with an age range of 18 to 47
were recruited over 14 months. Fifty-one participants
were recruited from the same national ED service,
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constituting 68% of admissions to that service over the
recruitment period. The remaining participants were re-
cruited from another inpatient service (N = 6) or day
care (N = 3). The study was reviewed and approved by
the National Research Ethics Service (14/LO/2131)

Procedure
Each participant completed the ADOS-2, and clinical
information was obtained from patient records on
current body mass index (BMI) and illness duration,
defined as the number of years since the participant
was first diagnosed with AN. In addition, participants
were asked to complete a set of self-report question-
naires assessing for the presence of depression, anxiety,
alexithymia and obsessive compulsive symptoms. All
assessments were conducted by the first author, certi-
fied research-reliable in the administration and scoring
of the ADOS-2, and were video recorded as per proced-
ural recommendations [24].

Measures
Autism Diagnostic Observation Schedule, 2nd Edition
(ADOS-2; [24])
The ADOS-2 is the most widely used and best validated
direct observation of characteristics associated with ASD
[28]. It focuses on the domains of social interaction,
communication, play and imaginative use of materials
and takes approximately 40 min to administer. The
ADOS-2 has four modules, one of which is selected for
the participant, dependent upon their expressive lan-
guage ability. Module 4 is designed for use with verbally
fluent adolescents and adults and was used for all partici-
pants in the current study. The assessment is scored ac-
cording to a standardised system and diagnostic algorithm.
Scores from the ‘Stereotyped Behaviours and Restricted
Interests’ are not included in the diagnostic classification
as these are low-frequency behaviours which may not
present in a time-limed direct observation.
The Module 4 algorithm [36] has recently been revised

to increase comparability of Module 4 to other ADOS-2
modules and to map on to updated DSM-5 diagnostic
criteria. The new algorithm consists of two sub-scores:
Social Affect and RRBs. For the diagnostic cutoff, only
the Social Affect and the sum of the two subscales are
used. With respect to clinician ASD diagnosis, the revised
Module 4 algorithm demonstrated high sensitivity (90.5%)
and specificity (82.2%). The revised algorithm is superior
to the original in that it has greater sensitivity and better
reflects the current diagnostic criteria, particularly the
symptoms displayed by females and adults with ASD
(DSM-5) [37]. For the purposes of this study, each partici-
pant was scored using both the original and revised algo-
rithms for comparison with other published studies.

Eating Disorder Examination Questionnaire (EDE-Q; [38])
The EDE-Q is a standardised and well-validated self-
report measure of the severity of the characteristic psy-
chopathology of EDs. Respondents are asked to rate how
often they have engaged in certain eating disordered
behaviours or held eating disordered concerns over the
past 28 days. The scores result in a ‘global’ or total score
and four subscale scores: ‘eating concern’, ‘weight con-
cern’, ‘shape concern’ and ‘restraint’. The maximum glo-
bal score is 6, with higher scores indicating greater
severity. The optimal cutoff score to discriminate be-
tween females with the disorder and healthy controls is
2.5 [39]. In this study, Cronbach’s alpha was .83, indicating
good internal reliability.

Hospital Anxiety and Depression Scale (HADS; [40])
The HADS is a widely used 14-item self-rating instru-
ment for anxiety and depression in patients with both
physical and mental health problems. The maximum
possible score on either subscale (anxiety/depression) is
21 with a clinical cutoff of 10. For this study, Cronbach’s
alpha was .90.

The 20-item Toronto Alexithymia Scale (TAS-20; [41])
The TAS-20 is a validated measure of alexithymia (the
inability to label and describe emotions in the self ) with
good internal consistency and test-retest reliability. It is
a 20-item self-report measure with three subscales: dif-
ficulty describing feelings; difficulty identifying feelings
and externally orientated thinking. A clinical cutoff of
61 is indicative of high alexithymia [42]; Cronbach’s
alpha was .77 in this study, indicating acceptable in-
ternal reliability.

The Obsessive-Compulsive Inventory, Revised (OCI-R; [43])
The OCI-R is an 18-item self-report scale with a five-
point Likert scale format. It consists of six subscales:
checking, washing, obsessing, neutralising, ordering
and hoarding, yielding both a total and individual sub-
scale scores. The total score ranges from 0 to 72 with a
suggested cutoff of 21 for distinguishing patients with
OCD from non-anxious controls [43]. The OCI-R has
good to excellent internal reliability among both clinic-
ally anxious and non-anxious participants and good
test-retest reliability. For this study, Cronbach’s alpha
was .94.

Wechsler Abbreviated Scale of Intelligence—2nd Edition
(WASI-II; [44])
The WASI-II is an assessment of intelligence, suitable for
individuals aged 6–90 years old. It provides estimate of
verbal and perceptual reasoning as well as full-scale IQ.
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Statistical analysis
Presence of ASD symptoms was assessed by calculating the
percentage of participants who scored above the suggested
clinical cutoff on the original and revised diagnostic algo-
rithms of the ADOS-2. To explore clinical difficulties across
the range of autistic symptom severity, participants were
split into three groups: individuals who scored above clinical
cutoff on the ADOS-2, representing high levels of autistic
symptoms (HAS); individuals with sub-clinical autistic
symptoms (SCAS) and those who scored zero on the
ADOS-2 (NAS). The decision to split participants into these
groups, rather than to analyse ADOS-2 scores as a continu-
ous variable, reflected the non-normal distribution of
ADOS-2 scores. Specifically, this distribution showed a floor
effect of the ADOS-2 with a substantial proportion (N = 22)
of the sample scoring zero on its diagnostic algorithm.
Distribution of the clinical symptom scores was assessed

visually using Q-Q plots and statistically using the Shapiro-
Wilk test. As age, illness duration, full-scale IQ and the
scores on the EDE-Q were not normally distributed (p
< .05) across all ASD groups, Kruskal-Wallis tests were
used to analyse group differences in these scores. If signifi-
cant differences were indicated, post hoc analysis using
Mann-Whitney tests was used to determine where the dif-
ference was. To account for multiple comparisons (three
comparisons per dependent variable), the Bonferroni cor-
rection was applied so all effects are reported at a .0167
level of significance. Pearson’s r effect sizes are provided for
all significant group differences for non-parametric analysis.
One-way ANOVAs were used to explore group dif-

ferences in BMI, depression, anxiety, alexithymia and
obsessive-compulsive symptoms. For ANOVA analyses,
omega squared (ω2) effect size was calculated using the
following interpretation: small (.01), medium (.06) and
large (.14) [45]. If results of the ANOVAs were statistically
significant, Tukey’s post hoc tests were used to determine
where the differences were. As some participants did not
complete all questionnaires, i.e. out of choice or due to
missing items, the N for each measure is indicated in the
results section. All data were analysed using the statistical
package IBM SPSS version 22.00.

Results
A comparison of the sociodemographic and clinical char-
acteristics of the participant groups is displayed in Table 1.

Presence of elevated ASD symptoms
Of the 60 women assessed, 13 scored above clinical cutoff
for ASD on the ADOS-2 according to the original, stan-
dardised algorithm [46]. Applying the revised algorithm,
[36] 14 participants (23.3%) scored above cutoff. The
discrepancy between the original and revised algorithms
for this individual was due to a low score on the ‘Commu-
nication’ subscale on the original algorithm. Figure 1

shows the scoring profiles for the 14 participants who
scored above clinical cutoff on the revised algorithm.

Specific ADOS-2 profile of AN sample
Only eight women who scored above the clinical cutoff
for ASD presented with RRBs. The nature of these RRBs
are shown in Table 2. A comparison of the scores of our
AN sample with previously published Module 4 scores
are displayed in Table 3.

Relationship between ADOS-2 scores and clinical symptoms
Alexithymia
Tukey’s post hoc analysis revealed that the increase in
TAS-20 total scores from NAS to SCAS (3.08, 95% CI
(−4.7 to 10.86)) was not statistically significant, p = .610,
nor was the increase from SCAS to HAS (7.24, 95% CI
[−1.61 to 16.08], p = .129). However, there was a signifi-
cant increase in score from the NAS to the HAS group
(10.32, 95% CI [1.4 to 19.24], p = .020).
For the TAS-20 ‘difficulty describing feelings’ subscale,

the increase in scores from NAS to SCAS groups (1.81,
95% CI [−.71 to 4.33]) was not statistically significant
(p = .202), nor was the increase from SCAS to HAS groups
(2.4, 95% CI [−.46 to 5.26], p = .117). The difference in
score between the NAS and HAS groups (4.21, 95% CI
[1.32 to 7.09]) was statistically significant (p = .003).
On the ‘difficulty identifying feelings’ subscale, the in-

crease in scores from the NAS to SCAS group (1.96,
95% CI [−2.30 to 6.21]) was not significant (p = .514).
However, there were significant increases in scores be-
tween the SCAS and HAS groups (5, 95% CI [.17 to 9.83],
p = .041) and between the NAS and HAS groups (6.96,
95% CI [2.08 to 11.83], p = .003).

Obsessive-compulsive symptoms
Tukey’s post hoc analysis revealed that the only signifi-
cant increase in OCI-R scores was from the NAS to the
HAS groups (19.73, 95% CI [5.66 to 33.79], p = .004).

Discussion
This study is the first to examine the presence of observ-
able ASD symptoms in a cross-sectional sample of adult
women hospitalised for AN, using the ADOS-2. Of the 60
women assessed, 14 (23.3%) scored above clinical cutoff
on the revised algorithm, indicating the presence of clin-
ical symptoms associated with ASD. The finding is in line
with previous prevalence estimates in adults with EDs, in
particular from Huke et al.’s [8] systematic review, which
reported an estimated average prevalence rate of 22.9%.
However, the rate is higher than in studies with young
people, which have suggested only a slightly increased
prevalence of 4% [14, 15]. As these studies did not use ob-
servational measures of ASD symptoms, the results are
not directly comparable.
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Fig. 1 ADOS-2 scores for participants scoring above diagnostic cutoff (HAS group). Each bar represents the total algorithm score for each
participant, consisting of the total social affect and RRB subscale scores

Table 1 Sociodemographic and clinical comparison of HAS, SCAS and NAS groups

HAS
mean (SD)

SCAS
mean (SD)

NAS
mean (SD)

Test statistic p Effect size

Agea N = 14 N = 24 N = 22

26.5 23 22 H(2) = 1.12 .572

EDE-Qa N = 14 N = 24 N = 22

Global 4.65 4.56 3.83 H(2) = 4.13 .123

Eating concern 3.63 4.25 3.36 H(2) = 1.56 .450

Shape concern 5.5 5.5 4.44 H(2) = 2.85 .241

Weight concern 4.8 4.8 3.7 H(2) = 5.59 .061

Restraint 4.4 3.8 2.9 H(2) = 4.74 .093

ED duration (years) a N = 14 N = 24 N = 22

7.5 6.5 5 H(2) = 1.18 .555

BMI N = 14 N = 24 N = 21

15.51 (2.19) 15.8 (2.02) 14.41 (2.09) F(2,56) = 1.61 .209 ω2 = .02.

HADS depression N = 14 N = 24 N = 22

12.29 (5.01) 9.46 (4.83) 8.41 (4.27) F(2, 57) = 2.99 .058 ω2 = .06

HADS anxiety N = 14 N = 24 N = 22

15.79 (4.44) 14.42 (4.58) 11.91 (5.54) F(2,57) = 2.95 .06 ω2 = .06

TAS-20 N = 14 N = 23 N = 22

Total 69.5 (7.67) 62.26 (12.17) 59.18 (11.02) F(2,56) = 3.93 .025 ω2 = .09

Describing feelings 18.57 (2.71) 16.16 (3.12) 14.36 (4.19) F(2,56) = 6.18 .004 ω2 = .15

Identifying feelings 23 (4.80) 18 (6.67) 16.05 (5.69) F(2,56) = 6.01 .004 ω2 = .15

Externally oriented 24 (3.01) 24.91 (3.75) 25.77 (2.99) F(2,56) = 1.24 .298 ω2 = .01

OCI-R N = 12 N = 22 N = 21

41.92 (18.16) 33.41 (18.10) 22.19 (12.30) F(2,52) = 6.14 .004 ω2 = .16

WASI-II full-scale IQa N = 11 N = 22 N = 20

101 107.5 117 H(2) = 1.75 .417

Significant differences are set in italics
aMedians are displayed, analysed using the non-parametric Kruskal-Wallis test
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Using the revised diagnostic algorithm [36], all 14
women who scored above clinical cutoff displayed diffi-
culties with social affect, but notably, only eight dis-
played RRBs. While RRBs are not included in the
ADOS-2 diagnostic algorithm, they form part of the
diagnostic criteria for ASD [1]. This level of RRBs is
also lower than in adults with ASD without AN, re-
ported in one previously published study using the re-
vised algorithm [37]. The most common RRB displayed
in the HAS group was speech abnormalities associated
with ASD which includes unusual intonation, volume,
rhythm or rate. There was no evidence of sensory inter-
ests or hand mannerisms in any participant.
Females with ASD have been found to display less

RRBs than males [10], and RRBs are less common in
adults compared with younger individuals [47]. There-
fore, it may be that the women who scored above cutoff
represent the typical, under-recognised profile of ASD
often seen in high-functioning females without intellec-
tual disability [48], particularly as AN is characterised by
above average intelligence (for systematic review: [49]).
In addition, it could be that the ADOS-2 was not sensi-
tive enough to detect RRBs in females with AN. RRBs
are notoriously hard to measure using direct observa-
tion, which is why they are not included in the ADOS-2
diagnostic algorithm [24]. Therefore, they may have been
present in the participants in this study but were not
detected during assessment.
There is also a possibility that the RRBs displayed in

participants in this study are not manifestations of
ASD but are instead associated with other psychiatric

symptoms including depression or anxiety. This could
account for the flat intonation displayed by several
participants and explain why other stereotypies associ-
ated with ASD, including unusual sensory interests or
complex hand mannerisms, were not observed in any
participants. In fact, the observed difficulties with
social affect could also occur within the context of
anxiety and depressive symptoms and are thus not ne-
cessarily indicative of ASD. Delineating differential
diagnoses, overlapping symptoms and true comorbidi-
ties remains a key clinical challenge [22], not only in
the field of AN but also in the accurate diagnosis of
ASD in all clinical populations.
Despite these findings supporting the idea of an over-

lap between AN and ASD, the aetiology of these symp-
toms remains unclear. Observational measures such as
the ADOS-2 cannot determine the extent to which ASD
is truly over-represented in AN or whether the observed
symptoms, at least in some cases, represent epiphenom-
ena, secondary to the ED. In this study, elevated ASD
symptoms were not related to ED psychopathology, BMI
or illness duration. These findings appear to be contrary
to the suggestion of ASD symptoms arising from the
starved state of AN [12] as if this was the case, one
would predict a linear association between ASD symp-
toms and ED symptoms. However, other symptoms of
AN including lowest recorded BMI or the presence of
amenorrhea were not examined in this study, and future
research would benefit from examining the association
between ED severity and ASD more closely, using a lon-
gitudinal design.

Table 2 Frequency of repetitive and restricted behaviours recorded in the HAS group during the ADOS-2

RRB Frequency of behaviour in HAS group

Speech abnormalities associated with autism 7

Stereotyped/idiosyncratic use of words or phrases 3

Unusual sensory interest in play material/person 0

Excessive interest in or reference to unusual or highly specific topics or objects or repetitive behaviours 4

Hand and finger and other complex mannerisms 0

Table 3 Comparison of ADOS-2 scores with published scores from Pugliese et al. [37]

HAS Published ASD SCAS Published non-ASD

N 14 253 24 68

Original Comm. 2.92 (0.64) 3.85 (1.58)a 1.21 (1.02) 1.32 (1.34)a

Algorithm Social interaction 7.08 (1.85) 8.38 (2.63)a 2.33 (1.83) 3.09 (2.50)a

Mean (SD) Comm. + social interaction 10.0 (2.04) 11.23 (4.42) 3.54 (2.04) 5.34 (4.47)

Revised Social affect 9.93 (1.94) 9.96 (4.58) 3.46 (2.04) 4.69 (4.54)

Algorithm RRBs 1.07 (1.14) 2.76 (1.84) 0.37 (0.58) 1.24 (1.53)

Mean(SD) Social affect + RRBs 11.0 (2.42) N/R 3.83 (2.14) N/R

Individuals with AN who scored 0 on the ADOS-2 (NAS) have been excluded
N/R not reported
aFrom: Hus and Lord [36]
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This study also suggests that in AN, the presence of
elevated ASD symptoms is associated with the presence
of alexithymia and obsessive-compulsive symptoms.
While it is possible that symptoms such as these may
mediate the relationship between AN and ASD, causing
individuals to appear autistic as a secondary effect of
other symptoms, it is also possible that the presence of
ASD symptoms in females may indirectly cause add-
itional mental health problems for a range of reasons,
including the stress and anxiety caused by attempting to
mask social difficulties [22].
While disorders such as OCD are common in both

AN and ASD separately [31, 50], it may also be that the
presence of both AN and elevated ASD symptoms in-
creases the likelihood of other co-occurring psychiatric
symptoms. Individuals with both diagnosed ASD and
OCD score higher on the OCI-R than those with ASD
alone [51], and as these disorders are not mutually exclu-
sive, it may be that this pattern is the same in individuals
with AN. Additionally, both AN and ASD are associated
with increased alexithymia [52], with its presence con-
tributing to poorer treatment outcome in AN [53] and
therefore the association between ASD symptoms and
alexithymia in AN is worthy of consideration.
Psychiatric symptoms such as alexithymia may also

compound the social difficulties and isolation of individ-
uals with AN [54], thus causing them to score highly on
the ADOS-2, without having a ‘true’ ASD. While research
on the use of the ADOS-2 in complex psychiatric groups
is limited, overlap in symptoms between disorders may
lead to false-positive results using its current diagnostic al-
gorithm. A study using the ADOS and the Autism Diag-
nostic Interview, Revised (ADI-R; [55]), in children with
psychosis found that participants met criteria for ASD on
this measure despite not receiving a clinical diagnosis
from clinicians [56]. Standard diagnostic assessment
packages, such as the ADOS/ADI-R, may therefore have
limited use, particularly for clinically complex groups,
highlighting the need for robust clinical assessment.
The cross-sectional design of the current study and

the small number of participants who scored above clin-
ical cutoff for ASD limit analysis to the statistical associ-
ations between variables, preventing examination of
predictor variables or causal relationships to be made.
This is the main limitation of this study, and the under-
lying aetiology of ASD symptoms in AN remains incon-
clusive. In addition, the assessment of ASD was limited
to a single observation of symptoms. While the ADOS-2
is a highly specific and sensitive assessment tool, clinical
diagnosis of ASD is multi-model, utilising direct obser-
vation, self-report, developmental history and occupa-
tional information. Future longitudinal studies using
both the ADOS-2 and a standardised parental report
measure are needed to confirm the precise nature of the

relationship between ASD and AN. As all participants in
this study were recruited from inpatient or day-patient
services, they are likely to have more severe or complex
eating disorder pathology. Therefore, the findings may
not translate to other patient groups, such as individuals
receiving less intensive treatment. It is possible that this
specific patient group experience higher levels of comor-
bidity, and thus, future studies examining ASD symp-
toms across the spectrum of EDs are warranted.

Conclusions
This study is the first to use a gold-standard observational
assessment to examine the presence of ASD symptoms in
women with severe AN. 23.3% scored above the suggested
clinical cutoff on the ADOS-2, suggesting the presence of
elevated ASD symptoms. These symptoms appeared to be
associated with other psychiatric symptoms but not spe-
cific ED pathology. Autistic symptoms co-occur with a
range of mental health problems which warrant further
investigation and consideration in treatment.

Abbreviations
ADOS-2: Autism Diagnostic Observation Schedule, 2nd Edition; AN: Anorexia
nervosa; ASD: Autism spectrum disorder; BMI: Body mass index; DSM-5:
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition; ED: Eating
disorder; EDE-Q: Eating Disorder Examination Questionnaire; HADS: Hospital
Anxiety and Depression Scale; HAS: High autistic symptoms; IQ: Intelligence
quotient; NAS: No autistic symptoms; OCD: Obsessive-compulsive disorder;
OCI-R: Obsessive-Compulsive Inventory, Revised; RAADS-R: Ritvo Autism
Asperger Diagnostic Scale, Revised; RRBs: Repetitive and restricted behaviours;
SCAS: Sub-clinical autistic symptoms; TAS-20: Toronto Alexithymia Scale, 20-item
version; WASI-II: Wechsler Abbreviated Scale of Intelligence, 2nd Edition

Acknowledgements
The authors would like to thank the IoPPN/MRC Excellence Studentship, the
Psychiatry Research Trust and the Swiss Anorexia Foundation for their support.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
HW collected and analysed data and prepared the manuscript. WM helped
design the study, analyse the data and contributed to writing the
manuscript. KT conceived the study, organised recruitment and contributed
to writing the manuscript. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable

Ethics approval and consent to participate
The study was reviewed and approved by the National Research Ethics
Service (14/LO/2131), and each participant provided written, informed
consent to participate.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Westwood et al. Molecular Autism  (2017) 8:12 Page 7 of 9



Author details
1Psychological Medicine, Institute of Psychiatry, Psychology and
Neuroscience, King’s College London, London, UK. 2Research Department of
Clinical, Educational and Health Psychology, University College London, 103
Denmark Hill, London SE5 8AF, UK. 3Ilia State University, Tbilisi, Georgia.
4Psychological Medicine Clinical Academic Group, South London and
Maudsley NHS Foundation Trust National Eating Disorders Service, London,
UK.

Received: 17 November 2016 Accepted: 4 March 2017

References
1. APA. Diagnostic and statistical manual of mental disorders. 5th ed. Arlington:

American Psychiatric Publishing; 2013.
2. Favaro A, Caregaro L, Tenconi E, Bosello R, Santonastaso P. Time trends in

age at onset of anorexia nervosa and bulimia nervosa. J Clin Psychiatry.
2009;70:1715–21.

3. Micali N, Hagberg KW, Petersen I, Treasure JL. The incidence of eating
disorders in the UK in 2000–2009: findings from the General Practice
Research Database. BMJ Open. 2013;3.

4. Hoek HW. Incidence, prevalence and mortality of anorexia nervosa and
other eating disorders. Curr Opin Psychiatry. 2006;19:389–94.

5. Keski-Rahkonen A, Mustelin L. Epidemiology of eating disorders in Europe:
prevalence, incidence, comorbidity, course, consequences, and risk factors.
Curr Opin Psychiatry. 2016;29:340–5.

6. Brugha T, Cooper SA, McManus S, Purdon S, Smith J, Scott FJ, Spiers N,
Tyrer F. Estimating the prevalence of autism spectrum conditions in adults:
extending the 2007 adult psychiatric morbidity survey. The NHS Informaiton
Centre; 2012.

7. Ousley O, Cermak T. Autism spectrum disorder: defining dimensions and
subgroups. Curr Dev Disord Rep. 2014;1:20–8.

8. Huke V, Turk J, Saeidi S, Kent A, Morgan JF. Autism spectrum disorders
in eating disorder populations: a systematic review. Eur Eat Disord Rev.
2013;21:345–51.

9. Nielsen S, Anckarsater H, Gillberg C, Gillberg C, Rastam M, Wentz E. 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. Mol Autism. 2015;6:14.

10. Mandy W, Chilvers R, Chowdhury U, Salter G, Seigal A, Skuse D. Sex differences
in autism spectrum disorder: evidence from a large sample of children and
adolescents. J Autism Dev Disord. 2012;42:1304–13.

11. Lai MC, Lombardo MV, Auyeung B, Chakrabarti B, Baron-Cohen S. Sex/
gender differences and autism: setting the scene for future research.
J Am Acad Child Adolesc Psychiatry. 2015;54:11–24.

12. Hiller R, Pellicano E. Anorexia and autism—a cautionary note. Psychologist.
2013;26:1.

13. Mandy W, Tchanturia K. Do women with eating disorders who have social
and flexibility difficulties really have autism? A case series. Mol Autism.
2015;6.

14. Pooni J, Ninteman A, Bryant-Waugh R, Nicholls D, Mandy W. Investigating
autism spectrum disorder and autistic traits in early onset eating disorder.
Int J Eat Disord. 2012;45:583–91.

15. Rhind C, Bonfioli E, Hibbs R, Goddard E, Macdonald P, Gowers S, Schmidt U,
Tchanturia K, Micali N, Treasure J. An examination of autism spectrum traits in
adolescents with anorexia nervosa and their parents. Mol Autism. 2014;5:56.

16. Lai MC, Lombardo MV, Pasco G, Ruigrok AN, Wheelwright SJ, Sadek SA,
Chakrabarti B, Consortium MA, Baron-Cohen S. A behavioral comparison of
male and female adults with high functioning autism spectrum conditions.
PLoS One. 2011;6:e20835.

17. Bargiela S, Steward R, Mandy W. The experiences of late-diagnosed women
with autism spectrum conditions: an investigation of the female autism
phenotype. J Autism Dev Disord. 2016;46(10);3281-94.

18. Kirkovski M, Enticott PG, Fitzgerald PB. A review of the role of female gender
in autism spectrum disorders. J Autism Dev Disord. 2013;43:2584–603.

19. Yaull-Smith D. Girls on the spectrum. In Communication. National Autistic
Society; 2008.

20. Constantino JN, Todd RD. Autistic traits in the general population: a twin
study. Arch Gen Psychiatry. 2003;60:524–30.

21. Skuse DH, Mandy W, Steer C, Miller LL, Goodman R, Lawrence K, Emond A,
Golding J. Social communication competence and functional adaptation in

a general population of children: preliminary evidence for sex-by-verbal IQ
differential risk. J Am Acad Child Adolesc Psychiatry. 2009;48:128–37.

22. Lai M-C, Baron-Cohen S. Identifying the lost generation of adults with autism
spectrum conditions. Lancet Psychiatry. 2015;2:1013–27.

23. Beggiato A, Peyre H, Maruani A, Scheid I, Rastam M, Amsellem F, Gillberg CI,
Leboyer M, Bourgeron T, Gillberg C, Delorme R. Gender differences in
autism spectrum disorders: divergence among specific core symptoms.
Autism Res. 2016; doi:10.1002/aur.1715.

24. Lord C, Rutter M, DiLavore PC, Risi S, Gotham K, Bishop SI. Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2) Manual (Part 1) Modules 1–4.
Torrace: Western Psychological Services; 2012.

25. Bastiaansen JA, Meffert H, Hein S, Huizinga P, Ketelaars C, Pijenborg M,
Bartels A, Minderaa R, Keysers C, de Bildt A. Diagnosing autism spectrum
disorders in adults: the use of Autism Diagnostic Observation Schedule
(ADOS) module 4. J Autism Dev Disord. 2011;41:1256–66.

26. Ritvo RA, Ritvo ER, Guthrie D, Ritvo MJ, Hufnagel DH, McMahon W, Tonge B,
Mataix-Cols D, Jassi A, Attwood T, Eloff J. The Ritvo Autism Asperger
Diagnostic Scale-Revised (RAADS-R): a scale to assist the diagnosis of
autism spectrum disorder in adults: an international validation study.
J Autism Dev Disord. 2011;41:1076–89.

27. Vagni D, Moscone D, Travaglione S, Cotugno A. Using the Ritvo Autism
Asperger Diagnostic Scale-Revised (RAADS-R) disentangle the heterogeneity
of autistic traits in an Italian eating disorder population. Res Autism Spectrum
Disord. 2016;32:143–55.

28. NICE. Autism: recognition, referral, diagnosis and management of adults on the
autism spectrum. National Institute for Health and Clinical Excellence; 2012.

29. Gupta VB, Lauffer D. Should the diagnosis of autism be made only on the
basis of a standardized test? J Dev Behav Pediatr. 2012;33:259–60.

30. Westwood H, Eisler I, Mandy W, Leppanen J, Treasure J, Tchanturia K. Using
the autism-spectrum quotient to measure autistic traits in anorexia nervosa:
a systematic review and meta-analysis. J Autism Dev Disord. 2015.

31. Blinder BJ, Cumella EJ, Sanathara VA. Psychiatric comorbidities of female
inpatients with eating disorders. Psychosom Med. 2006;68:454–62.

32. Calugi S, El Ghoch M, Conti M, Dalle Grave R. Depression and treatment
outcome in anorexia nervosa. Psychiatry Res. 2014;218:195–200.

33. Godart NT, Flament MF, Perdereau F, Jeammet P. Comorbidity between eating
disorders and anxiety disorders: a review. Int J Eat Disord. 2002;32:253–70.

34. Cederlof M, Thornton LM, Baker J, Lichtenstein P, Larsson H, Ruck C, Bulik CM,
Mataix-Cols D. Etiological overlap between obsessive-compulsive disorder and
anorexia nervosa: a longitudinal cohort, multigenerational family and twin
study. World Psychiatry. 2015;14:333–8.

35. Keys A, Brožek J, Henschel A, Mickelsen O, Taylor HL: The biology of
human starvation.(2 vols). 1950

36. Hus V, Lord C. The autism diagnostic observation schedule, module 4:
revised algorithm and standardized severity scores. J Autism Dev Disord.
2014;44:1996–2012.

37. Pugliese CE, Kenworthy L, Bal VH, Wallace GL, Yerys BE, Maddox BB, White
SW, Popal H, Armour AC, Miller J, et al. Replication and comparison of the
newly proposed ADOS-2, module 4 algorithm in ASD without ID: a multi-
site study. J Autism Dev Disord. 2015;45:3919–31.

38. Fairburn CG, Beglin SJ. Assessment of eating disorders: interview or self-
report questionnaire. Int J Eating Disord. 1994;16:363–70.

39. Ro O, Reas DL, Stedal K. Eating Disorder Examination Questionnaire (EDE-Q)
in Norwegian adults: discrimination between female controls and eating
disorder patients. Eur Eat Disord Rev. 2015;23:408–12.

40. Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand. 1983;67:361–70.

41. Bagby RM, Parker JD, Taylor GJ. The twenty-item Toronto Alexithymia
Scale—I. Item selection and cross-validation of the factor structure.
J Psychosom Res. 1994;38:23–32.

42. Taylor GJ, Bagby RM, Parker JD: Disorders of affect regulation: alexithymia in
medical and psychiatric illness. Cambridge University Press; 1999.

43. Foa EB, Huppert JD, Leiberg S, Langner R, Kichic R, Hajcak G, Salkovskis PM.
The Obsessive-Compulsive Inventory: development and validation of a short
version. Psychol Assess. 2002;14:485–96.

44. Wechsler D. Wechsler Abbreviated Scale of Intelligence—Second Edition
(WASI-II). San Antonio: NCS Pearson; 2011.

45. Kirk RE. Practical significance: a concept whose time has come. Educ
Psychol Meas. 1996;56:746–59.

46. Lord C, Risi S, Lambrecht L, Cook EH, Leventhal BL, DiLavore PC, Pickles A,
Rutter M. The Autism Diagnostic Observation Schedule-Generic: a standard

Westwood et al. Molecular Autism  (2017) 8:12 Page 8 of 9

http://dx.doi.org/10.1002/aur.1715


measure of social and communication deficits associated with the spectrum
of autism. J Autism Dev Disord. 2000;30:205–23.

47. Esbensen AJ, Seltzer MM, Lam KS, Bodfish JW. Age-related differences in
restricted repetitive behaviors in autism spectrum disorders. J Autism
Dev Disord. 2009;39:57–66.

48. Halladay AK, Bishop S, Constantino JN, Daniels AM, Koenig K, Palmer K,
Messinger D, Pelphrey K, Sanders SJ, Singer AT, et al. Sex and gender
differences in autism spectrum disorder: summarizing evidence gaps
and identifying emerging areas of priority. Mol Autism. 2015;6:36.

49. Lopez C, Stahl D, Tchanturia K. Estimated intelligence quotient in anorexia
nervosa: a systematic review and meta-analysis of the literature. Ann Gen
Psychiatry. 2010;9:40.

50. Russell AJ, Murphy CM, Wilson E, Gillan N, Brown C, Robertson DM, Craig MC,
Deeley Q, Zinkstok J, Johnston K, et al. The mental health of individuals
referred for assessment of autism spectrum disorder in adulthood: a clinic
report. Autism. 2015.

51. Cadman T, Spain D, Johnston P, Russell A, Mataix-Cols D, Craig M, Deeley Q,
Robertson D, Murphy C, Gillan N, et al. Obsessive-compulsive disorder in adults
with high-functioning autism spectrum disorder: what does self-report with
the OCI-R tell us? Autism Res. 2015;8:477–85.

52. Milosavljevic B, Carter Leno V, Simonoff E, Baird G, Pickles A, Jones CR,
Erskine C, Charman T, Happe F. Alexithymia in adolescents with autism
spectrum disorder: its relationship to internalising difficulties, sensory
modulation and social cognition. J Autism Dev Disord. 2016;46:1354–67.

53. Pinna F, Sanna L, Carpiniello B. Alexithymia in eating disorders: therapeutic
implications. Psychol Res Behav Manag. 2015;8:1–15.

54. Courty A, Godart N, Lalanne C, Berthoz S. Alexithymia, a compounding
factor for eating and social avoidance symptoms in anorexia nervosa.
Compr Psychiatry. 2015;56:217–28.

55. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised
version of a diagnostic interview for caregivers of individuals with possible
pervasive developmental disorders. J Autism Dev Disord. 1994;24:659–85.

56. Reaven JA, Hepburn SL, Ross RG. Use of the ADOS and ADI-R in children
with psychosis: importance of clinical judgment. Clin Child Psychol Psychiatry.
2008;13:81–94.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Westwood et al. Molecular Autism  (2017) 8:12 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Aims

	Methods
	Study design and participants
	Procedure
	Measures
	Autism Diagnostic Observation Schedule, 2nd Edition (ADOS-2; [24])
	Eating Disorder Examination Questionnaire (EDE-Q; [38])
	Hospital Anxiety and Depression Scale (HADS; [40])
	The 20-item Toronto Alexithymia Scale (TAS-20; [41])
	The Obsessive-Compulsive Inventory, Revised (OCI-R; [43])
	Wechsler Abbreviated Scale of Intelligence—2nd Edition (WASI-II; [44])

	Statistical analysis

	Results
	Presence of elevated ASD symptoms
	Specific ADOS-2 profile of AN sample
	Relationship between ADOS-2 scores and clinical symptoms
	Alexithymia
	Obsessive-compulsive symptoms


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

