Restrictive eating disorders

Aetiological, epidemiological and
neurodevelopmental aspects

Lisa Dinkler

Gillberg Neuropsychiatry Centre
Institute of Neuroscience and Physiology
Sahlgrenska Academy

University of Gothenburg

UNIVERSITY OF
Gothenburg, Sweden, 2020 GOTHENBURG



Cover illustration © Pep Boatella for Spectrum News

Restrictive eating disorders

Aetiological, epidemiological and neurodevelopmental aspects
© 2020 Lisa Dinkler

lisa.dinkler@gu.se

ISBN 978-91-8009-078-0 (PRINT)
ISBN 978-91-8009-079-7 (PDF)
http://hdl.handle.net/2077/66196

#
Printed in Boras, Sweden 2020 ({{I/;/
Stema Specialtryck AB B









ABSTRACT

Restrictive Eating Disorders (EDs), including Avoidant/Restrictive Food Intake Dis-
order (ARFID) and Anorexia Nervosa (AN), are characterised by severely restricted
food intake, commonly leading to substantial weight loss and significantly low
weight, and the need for nutritional supplementation. The overarching aim of this
thesis was to elucidate specific aetiological, epidemiological, and neurodevelopmen-
tal aspects of ARFID and AN, including the genetic aetiology of AN, the link between
AN and autism spectrum disorder (ASD), the prevalence of ARFID, and the comor-
bidity of ARFID with neurodevelopmental disorders (NDDs).

Studies I and II were based on the Child and Adolescent Twin Study in Sweden,
making use of parent- and/or child-reported survey data and clinical diagnoses from
the Swedish National Patient Register. Using twin modelling, Study I examined
whether adolescent-onset EDs (excluding ARFID) can be viewed actiologically as the
extreme manifestation of continuous variation in ED traits in the population (e.g.,
drive for thinness). Genetic factors influencing continuous variation of ED traits were
less associated with AN than with other EDs, suggesting that EDs other than AN are
on an aetiological continuum with ED traits, while AN is more genetically demar-
cated. Considering the previously observed overrepresentation of autistic traits in
individuals with AN, Study II prospectively examined whether autistic traits in AN
are already present in childhood. Individuals later diagnosed with AN did not show
elevated autistic traits at age 9. At age 18, autistic traits were elevated in girls with
acute AN, but not in girls with a history of AN. Potential elevations of autistic traits
in childhood might have been concealed by coping strategies and the different/less
overt female ASD phenotype. Using a novel experimental design, Study III
examined the ability and strategy to recognise facial emotional expressions—often
impaired in ASD—in women recovered from AN who were part of the 30-year
follow-up in a Swedish case-control study. Women recovered from AN without ASD
did not have deficits in emotion recognition, suggesting that impairments might be
limited to the acute AN phase and/or the ASD subgroup. Studies IV and V were
based on a parent-reported screening tool for ARFID developed by our group, applied
in a sub-cohort of 4-7-year-old children from the Japan Environment and Children's
Study. Study IV aimed to estimate the prevalence of ARFID and found a point
prevalence of ~1%. ARFID was equally common in boys and girls. Using ICD-11
diagnostic criteria resulted in a higher prevalence than using DSM-5 criteria. Taking
advantage of additional parent-reported data, Study V found that children with
ARFID had an elevated risk of a broadly atypical/delayed neurodevelopment and a 3-
4 times increased likelihood of being diagnosed with NDDs.



In summary, this thesis showed that AN might have a different aetiology than other
adolescent-onset EDs, and that prospective studies are important to help disentangle
the relationship between AN and ASD. Contrary to AN, ARFID is associated with
increased risk for a range of neurodevelopmental problems/NDDs. Future studies
should investigate whether ARFID in young children might be more strongly associ-
ated with NDDs than with later-onset EDs.
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SAMMANFATTNING PA SVENSKA

Undvikande/restriktiv atstorning (pa engelska: Avoidant/Restrictive Food Intake Dis-
order; ARFID) och Anorexia Nervosa (AN) ar dtstérningar som kdnnetecknas av ett
kraftigt begransat matintag. Detta begridnsade matintag leder ofta till en markant vikt-
nedgéang och lag kroppsvikt, avstannad tillvixt samt ett behov av niringstillskott. In-
divider med AN begrénsar sitt matintag pa grund av en intensiv radsla for att g upp
i vikt eller bli tjock, medan det selektiva dtandet hos individer med ARFID styrs av
ett starkt ointresse for mat, ridslor i samband med matintag pa grund av tidigare ne-
gativa upplevelser (t.ex. kvdvning, magvark), och/eller en stark motvilja mot matens
utseende, lukt, smak eller konsistens. Syftet med foreliggande avhandling ar att belysa
specifika aspekter av AN och ARFID, ndmligen genetiska faktorers inverkan pé &t-
storningar (delstudie I), sambandet mellan AN och autismspektrumstdrning (delstudie
II-111), forekomst av ARFID (delstudie 1V), och samsjuklighet av ARFID med ut-
vecklingsrelaterade avvikelser sasom autism och ADHD (delstudie V).

Delstudierna I och II baserades pa kohortstudien Child and Adolescent Twin Study
in Sweden (CATSS), dir data fran fordldra- och/eller sjdlvrapporterade frageformulér
och kliniska diagnoser fran det svenska patientregistret samlats in. I delstudie I under-
sOktes med hjélp av tvillingmodellering huruvida genetiska faktorer som paverkar
dtstorningar som debuterar i tonaren (t.ex. AN, Bulimia Nervosa och ospecificerad
dtstorning, men icke ARFID) ocksa péaverkar &tstort tinkande och beteende (t.ex.
kroppsmissndje, bantning) i befolkningen. Genetiska faktorer som paverkar den kon-
tinuerliga fordelningen av dtstort tinkande och beteende var mindre associerade med
AN &n med de andra dtstorningar, vilket antyder att AN dr mer genetiskt avgransat
fran atstort tinkande och beteende i befolkningen 4n de andra dtstdrningarna.

Med tanke pa tidigare rapporterad overrepresentation av autistiska drag hos individer
med AN, undersoktes i en longitudinell kohortstudie (delstudie II), om autistiska
drag hos individer med AN kan observeras redan i barndomen. Individer som senare
diagnostiserades med AN rapporterades inte ha forhdjda autistiska drag vid 9 ars al-
der. Vid 18 ars alder fanns forhéjda autistiska drag hos flickor med pagaende AN,
men inte hos flickor med tidigare AN. Eventuellt 6kad forekomst av autistiska drag
vid 9 ars alder kan ha dolts av strategier for att hantera sociala situationer hos individer
med autism (kamouflering av svarigheter), och genom att autismsymtomatologin ma-
nifesteras annorlunda och dr mindre uppenbar hos flickor med autism &n hos pojkar
med autism. Med hjilp av en ny experimentell design undersoktes i delstudie III
formagan att kénna igen kédnsloméssiga ansiktsuttryck (vilken ofta dr avvikande hos



individer med autism) hos kvinnor som tillfrisknat frain AN. Kvinnorna ingick i en
30-ars uppfoljning i en svensk fall-kontrollstudie. Kvinnor som efter tillfrisknande
fran AN inte uppvisade autistiska drag, hade inga svarigheter att kénna igen kénslo-
uttryck, vilket tyder pa att potentiella brister i kénsloigenkénning &r begrinsade till
fasen av pagdende AN och/eller till undergruppen med autism.

Delstudierna IV och V baserades pa ett fordldrarapporterat screeningverktyg for
ARFID som utvecklats av var forskargrupp. Screeningverktyget anvindes i en kohort
av 4-7-ariga barn fodda i prefekturen Kochi i Japan, vilken &r en del av studien Japan
Environment and Children’s Study (JECS). Delstudie IV syftade till att uppskatta
forekomsten av ARFID i den allménna barnpopulationen och visade en punktpreva-
lens p& ~1%. ARFID var lika vanligt hos pojkar och flickor. Tillimpning av ICD-11
diagnostiska kriterier resulterade i en hogre forekomst av ARFID é&n tillimpning av
DSM-5-kriterier. Genom anvindning av ytterligare fordldrarapporterade data visade
delstudie V att barn med ARFID hade en forh6jd risk for manga symptom som tyder
pé en atypisk eller fordrdjd neuroutveckling”, och en 3-4 génger 6kad risk for att
diagnostiseras med en eller fler utvecklingsrelaterade funktionsavvikelser.

Sammanfattningsvis har denna avhandling visat att AN kan ha en annan bakgrund dn
andra tstdrningar som debuterar i tonaren, och att det ar viktigt att genomfora pro-
spektiva studier avseende AN och autism for att forklara hur de paverkar varandra.
Till skillnad frdn AN verkar ARFID vara associerad med 6kad risk for ett brett spekt-
rum av utvecklingsrelaterade funktionsavvikelser. Framtida studier bér underséka om
ARFID hos smé barn kan vara starkare kopplad till utvecklingsrelaterade funktions-
avvikelser dn vad som ar fallet med &tstérningar som oftast debuterar i tonaren, sdisom
AN.
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1 INTRODUCTION

Eating disorders (EDs) are characterised by a persistent disturbance of eating or
eating-related behaviour, which results in dysregulated food consumption and signif-
icantly impairs physical health and/or psychosocial functioning.! EDs are described
and categorised in the Diagnostic and Statistical Manual of Mental Disorders, 5%
Edition (DSM-5)! and the International Statistical Classification of Diseases and
Related Health Problems, 10™ Revision (ICD-10).> While ICD is used to assign diag-
noses in clinical practice worldwide, DSM is the prevailing system in the research of
mental disorders. With the publication of DSM-5 in 2013, the classification systems
differed in important ways regarding the definition of EDs, which complicates com-
parability in research. In 2022, a new version of ICD will officially come into effect
(ICD-11),3 which will be consistent with DSM-5 in terms of ED diagnoses. While this
thesis investigates and discusses DSM-5 ED diagnoses, the register-based studies in
this thesis also include ICD-10 ED diagnoses.

EDs can broadly be differentiated into restrictive EDs and binge-spectrum EDs. Re-
strictive EDs are characterized by the restriction of food/energy intake, leading to
substantial weight loss, significantly low weight, nutritional deficiency, and/or de-
pendence on nutritional supplements or enteral feeding. This thesis focuses on the
restrictive EDs Anorexia Nervosa (AN) and Avoidant/Restrictive Food Intake Disor-
der (ARFID). While underweight is a diagnostic criterion for AN, individuals with
ARFID can be within or above the normal weight range. Importantly, the motivations
underlying weight loss differ between AN and ARFID: while it is intentional in AN,
it is not necessarily deliberate but rather a by-product in ARFID, where factors such
as lack of interest in eating, sensory sensitivity to food qualities, and fear of aversive
consequences of eating motivate the restriction of food intake. Another DSM-5 ED
within the restrictive spectrum is Atypical AN, where almost all criteria for AN are
met, but despite significant weight loss, the individual is of normal weight or over-
weight. Atypical AN is a subtype of the diagnosis Other Specified Feeding or Eating
Disorder (OSFED) and not a separate diagnosis in its own right. It is not considered
further in this thesis.

Binge-spectrum EDs, on the other hand, are characterised by recurrent episodes of
binge eating and compensatory behaviours to prevent weight gain such as purging
(i.e., self-induced vomiting or misuse of laxatives, diuretics, and other medications),
fasting, or excessive exercise. Binge-spectrum EDs include Bulimia Nervosa (BN)
and Binge-Eating Disorder (BED), and their corresponding “subthreshold” types in
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the residual OSFED category. Binge-spectrum EDs are not associated with under-
weight or weight loss, but occur in individuals with normal weight, overweight and
obesity.! Diagnostic crossover within the ED spectrum is common, especially from
AN to BN, but less so from BN to AN.4°

1.1 Anorexia Nervosa (AN)

AN is characterised by (1) a persistent restriction of food intake leading to under-
weight, (2) an intense fear of gaining weight or becoming fat, and (3) a disturbed
perception of one’s own body or disproportionate influence of body weight and
shape on self-evaluation (Diagnostic criteria in Box 1.1).! DSM-5 provides a severity
grading based on the body mass index (BMI, in kg/m?): extreme (BMI<15), severe
(BMI 15-15.99), moderate (BMI 16-16.99), and mild (BMI>17). In children, BMI-
for-age percentiles (e.g., <5" percentile) and growth trajectories should be considered
to determine significantly low weight.

Malnutrition and very low weight in patients with AN are associated with a range of
medical complications, which sometimes can be life-threatening:”® individuals with
AN often require hospitalisation for medical stabilisation and weight restoration.” AN
has one of the highest mortality rates among psychiatric disorders with a standard-
ised mortality ratio of 5.2-6.2,7!%!! although the rate might be overestimated due to
the disproportional inclusion of severe inpatient cases with index treatment in adult-
hood in many follow-up studies.!""'* Epidemiological studies and studies including
patients with index treatment in adolescence find lower rates.!>"'” Circa 20% of deaths
are due to suicide.!®

DSM-5 differentiates two subtypes: the restricting type (AN-R) and the binge-eat-
ing/purging type (AN-BP). Individuals with AN-R primarily use fasting and exces-
sive exercise to achieve and maintain their low weight, while individuals with AN-
BP regularly engage in binge-eating behaviour and/or compensatory behaviours such
as self-induced vomiting or abuse of laxatives, diuretics, or enemas. Crossover be-
tween the two subtypes is very common, that is, approximately half of all patients
with AN-R shift to AN-BP within 7 years, and the same applies vice versa.’

The onset of AN is typically in mid-puberty,'*?° while onset before the age of 8 years
and after the age of 30 years is rare.?! The lifetime prevalence of AN ranges from
<1-4%, depending on sex and the diagnostic system used. In addition, AN seems to
be less common in Africa and Latin America than in other global regions, although
research data from these regions are still scarce.?>?* It is common to differentiate
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between narrowly defined AN, corresponding to DSM-IV/ICD-10 AN (<85% of ex-
pected body weight and amenorrhea required), and broadly defined AN, comprising
DSM-IV AN, ICD-10 atypical AN (amenorrhea not required), and DSM-5 AN
(weight criterion relaxed, amenorrhea not required). The lifetime prevalence of nar-
rowly defined AN in females is 0.4-2.2%,2*% while that of broadly defined AN is
1.4-4.2% 2425273031 In males, the lifetime prevalence is 0.0-0.3% for narrowly and
broadly defined AN.%6-3

Box 1.1 DSM-5 diagnostic criteria for AN (without remission and severity specifiers).!

Anorexia Nervosa

A. Restriction of energy intake relative to requirements, leading to a significantly low
body weight in the context of age, sex, developmental trajectory, and physical
health. Significantly low weight is defined as a weight that is less than minimally
normal or, for children and adolescents, less than that minimally expected.

B. Intense fear of gaining weight or of becoming fat, or persistent behaviour that inter-
feres with weight gain, even though at a significantly low weight.

C. Disturbance in the way in which one’s body weight or shape is experienced, undue
influence of body weight or shape on self-evaluation, or persistent lack of recogni-
tion of the seriousness of the current low body weight.

Specify whether:

(F50.01) Restricting type: During the last 3 months, the individual has not engaged
in recurrent episodes of binge eating or purging behaviour (i.e., self-induced
vomiting or the misuse of laxatives, diuretics, or enemas). This subtype describes
presentations in which weight loss is accomplished primarily through dieting,
fasting, and/or excessive exercise.

(F50.02) Binge-eating/purging type: During the last 3 months, the individual has
engaged in recurrent episodes of binge eating or purging behaviour (i.e., self-
induced vomiting or the misuse of laxatives, diuretics, or enemas).

The overwhelming part of the existing literature on AN is based on females, as, histor-
ically, men with AN were considered so rare and atypical that they were systemati-
cally excluded. Recently, it has been increasingly recognised that men, although in
the minority, make up a substantial part of individuals with AN.32-3° In general, there
seem to be more similarities than differences between men and women with AN.3¢
Men’s body image concerns are however typically characterised by drive for muscu-
larity rather than drive for thinness, and accordingly, men show higher levels of over-
exercising and lower levels of laxative abuse (for a review see 3°).

AN is characterised by a striking ego-syntonic nature; that is, affected individuals
value their illness and lack insight into the seriousness of their condition, leading to
areluctance towards treatment,’” despite the detrimental effects of the condition.*® For

1 INTRODUCTION 3



instance, individuals with AN report that losing weight gives an inner sense of
strength, the strict adherence to schedules and rules provides a sense of structure and
stability, and the fixation on food and weight helps avoid negative emotions.?” The
ego-syntonic nature of AN might partly explain why AN is often described as a
notoriously difficult to treat disorder®-*® with high rates of drop-out from treatment
(20-60%)* and low recovery rates.*® A large proportion of individuals with AN
(23-50%) do not seek/receive treatment.'>2%2° Within 10 years, 31%-47% of individ-
uals with AN are reported to recover fully, and additional 32% recover partially (i.e.,
on some symptom domains).**#¢ Circa 20-30% will develop a chronic, sometimes
lifelong, course of illness, including the development of other EDs. 5434748

1.2 Avoidant/Restrictive Food Intake Disorder (ARFID)

ARFID is characterised by an extreme avoidance or restriction of food intake resulting
in a persistent failure to meet nutritional and/or energy needs with one or more of
the following sequelae: (1) significant weight loss (in children insufficient weight gain
or faltering growth), (2) significant nutritional deficiency, (3) dependence on enteral
feeding or oral nutritional supplementation, or (4) marked interference with psycho-
social functioning (Box 1.2)." ARFID has been added as an age-neutral diagnosis to
the DSM-5 in 2013, replacing and extending the DSM-1V diagnosis Feeding disorder
of infancy or early childhood, which had limited clinical utility for several reasons,
for instance, by restricting the age of onset to below six years. The ARFID diagnosis
is also included in the ICD-11.3

Contrary to what is observed in AN, individuals with ARFID lack body weight and
shape concerns or drive for thinness.* Instead, the food avoidance or restriction in
ARFID is often based on (1) a sensitivity to sensory qualities of foods, (2) a lack of
interest in food/eating (e.g., because of low appetite), and/or (3) a fear of aversive
consequence to food intake (e.g., choking, vomiting, stomach pain, and other gastro-
intestinal symptoms).' These three factors are commonly described as the drivers or
presentations of food avoidance/restriction in ARFID. The drivers are not exhaus-
tive and not mutually exclusive, that is, other not yet well-known causal processes
might underlie restrictive eating in ARFID, and several drivers can co-exist and be
equally or differently dominant.’**! These distinct yet overlapping causal pathways
have led to ARFID being a very heterogeneous disorder—an umbrella diagnosis.
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Box 1.2 DSM-5 diagnostic criteria for ARFID (without remission specifier).!

Avoidant/Restrictive Food Intake Disorder

A. An eating or feeding disturbance (e.g., apparent lack of interest in eating or food;
avoidance based on the sensory characteristics of food; concern about aversive
consequences of eating) as manifested by persistent failure to meet appropriate
nutritional and/or energy needs associated with one (or more) of the following:

Al. Significant weight loss (or failure to achieve expected weight gain or faltering
growth in children).

A2. Significant nutritional deficiency.

A3. Dependence on enteral feeding or oral nutritional supplements.

A4. Marked interference with psychosocial functioning.

B. The disturbance is not better explained by lack of available food or by an associated
culturally sanctioned practice.

C. The eating disturbance does not occur exclusively during the course of anorexia
nervosa or bulimia nervosa, and there is no evidence of a disturbance in the way in
which one’s body weight or shape is experienced.

D. The eating disturbance is not attributable to a concurrent medical condition or not
better explained by another mental disorder. When the eating disturbance occurs in
the context of another condition or disorder, the severity of the eating disturbance
exceeds that routinely associated with the condition or disorder and warrants
additional clinical attention.

Unlike AN, where a low-calorie diet is adopted in order to control/lose weight, chil-
dren with ARFID can have a high-calorie diet that sustains normal weight (or even
leads to overweight), but that is so limited in variety that these children are nutrition-
ally compromised.> However, in many clinical studies, children with ARFID on av-
erage presented with circa 85% of healthy body weight, although they were heavier
than AN patients.>"33-3 The true ratio of underweight, normal weight, and overweight
in ARFID is not known. It is furthermore important to differentiate ARFID from
“normal” picky eating. Picky eating at some point in early childhood is very com-
mon in typically developing children and seen to some degree as part of normative
development.’>? Persistent picky eating occurs much less frequently;®®¢! further-
more, an ARFID diagnosis requires failure to meet nutritional and/or energy needs,
which is an uncommon consequence of “normal” picky eating.

Similar to AN, ARFID is associated with a high rate of medical conditions as a con-
sequence of starvation and malnutrition, and patients often require hospitalisation due
to medical instability.>%> Especially common in ARFID are gastrointestinal prob-
lems, some of which pre-date and likely contribute to the development of ARFID.®*
65 Although the DSM-5 ARFID criteria stipulate that the eating disturbance should
not be “attributable to a concurrent medical condition” (Box 1.2), ARFID can very
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well be triggered by medical conditions such as food allergies, gastroesophageal
reflux, gastroenteritis, and other gastrointestinal problems. In such cases, patients de-
velop a fear of aversive consequences of eating, such as pain or vomiting (conditioned
food aversion).5%-68

Since ARFID is a fairly new diagnosis, research on its prevalence in the general pop-
ulation is still very limited and partly hampered by the lack of validated screening
tools. The rate of males is higher in patients with ARFID than in patients with AN
and BN,**3>% and an epidemiological study suggests that in the general population
the male-female ratio might be 1:1.7° As ARFID was defined as an age-neutral diag-
nosis in the DSM-5, its onset can be at any age, however it is most common in child-
hood.! The age of onset might also differ by the predominant driver such that fear-
based food avoidance on average has a later onset than food avoidance based on lack
of interest in eating.'

Research on the short- and long-term prognosis of ARFID is still scarce and largely
based on retrospective chart reviews that compare patients retrospectively identified
with ARFID to patients with AN. These studies indicate similar’’"’> or better®>’>7
outcome for individuals with ARFID at follow-up. A prospective study following 113
children with infantile anorexia (which corresponds to the ARFID presentation lack
of interest in eating) from age 2 years onwards, found that 63% still showed moderate
to severe malnutrition at age 11.7

1.3 Are Eating Disorders (EDs) on an aetiological continuum with
ED traits?

EDs are not easily ascertained with questionnaires and their prevalence is relatively
low, especially that of AN. To circumvent the necessity of a reliable (clinical) diag-
nosis and to increase statistical power, ED researchers often study ED traits instead.
ED traits comprise ED-related cognitions and behaviours such as overvaluation of
weight and shape, body dissatisfaction, fear of weight gain, perceived pressure for
thinness, internalisation of the thin-ideal, irregular eating, restrictive eating, binge-
eating, purging, and excessive exercise. These ED traits are continuously distributed
in the population’® and it is assumed—but not known—that diagnosed EDs are the
extreme manifestation of these continuously distributed traits. If this assumption is
incorrect, ED traits and diagnosed EDs might have a different aetiology, and studying
ED traits might not be as useful as previously believed for expanding the knowledge
on EDs.”’
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Whether psychopathology is best conceptualised into discrete or dimensional con-
structs has been a longstanding debate.”® Traditionally, psychiatric disorders have
been considered as discrete entities that are qualitatively different from typical behav-
iour, that is, there is a clear distinction between affected and unaffected individuals
(i.e., they vary in kind). This is reflected by the prevailing nosological systems DSM
and ICD. In the alternative dimensional model, psychiatric disorders are conceptual-
ised as the extreme manifestation of continuously distributed traits in the population,
without a clear demarcation between affected and unaffected individuals (i.e., they
vary in degree).

Which is the best model for psychiatric disorders can, for instance, be investigated at
the phenotypic level (i.e., studying symptoms) or at the aetiological level (i.e., study-
ing the relative contribution of genetic and environmental factors). At the phenotypic
level, taxometric and factor mixture models—examining whether symptom data are
of categorical or dimensional structure, or both”*—have provided mixed results for
EDs.3187 At the aetiological level, studies investigating shared genetic risk across dis-
orders and their trait variation have shown that a broad range of psychiatric and neu-
rodevelopmental disorders are on an aetiological continuum, that is, genetically, there
is no clear distinction between affected and unaffected individuals.®® Disorders on an
aetiological continuum include, for instance, Autism Spectrum Disorder (ASD),%-%!
Attention-Deficit/Hyperactivity Disorder (ADHD),*>** depression,”*® and anxiety
disorders,”” while a potential aetiological continuum (i.e., shared genetic risk across
disorders and trait variation) has not yet been examined in EDs.

AN has a twin-based heritability® of 48%—74%°%, and genome-wide association stud-
ies (GWAS) of AN have demonstrated that—in line with other psychiatric disorders®*-
101__thousands of common genetic variants with small, but cumulative and likely
interacting effects contribute to the risk for AN.!>!93 This polygenic architecture sug-
gests a continuously distributed genetic vulnerability to AN and potentially supports
an aetiological continuum in EDs. That ED traits also are heritable!™*1% does not
directly imply that they are influenced by the same genetic variants as diagnosed EDs
(varying only in number), which would be expected under a continuous model. Rather
it is possible that different genetic variants contribute to diagnosed EDs and ED traits.
In Study I, we therefore examined the aetiological continuum hypothesis for EDs,
that is, whether EDs can be viewed as the extreme manifestation of continuous genetic
variation in ED traits in the population (scenario A), rather than as genetically distinct
entities (scenario B). Figure 1 illustrates the two potential scenarios.

* Heritability is the proportion of individual differences in a trait that is explained by genetic variation be-
tween individuals.
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Figure 1.1 The aetiological continuum hypothesis in Study 1. Scenario A: EDs as the extreme manifestation
of continuous genetic variation in ED traits in the population, Scenario B: EDs as genetically distinct
entities. G1 and G2 represent different sets of genetic factors. BED: Binge-Eating Disorder, BN: Bulimia
Nervosa, OSFED: Other Specified Feeding or Eating Disorder.

1.4 Neurodevelopmental Disorders (NDDs)

NDDs comprise conditions characterised by developmental deficits and onset in early
life, such as intellectual disability, ASD, ADHD, specific learning disorder (e.g., dys-
lexia), developmental coordination disorder, and tic disorders.! Multiple comorbid
diagnoses of NDDs are very common,'%1% which is one of the reasons Gillberg
coined the acronym ESSENCE (Early Symptomatic Syndromes Eliciting Neurode-
velopmental Clinical Examinations) in 2010. ESSENCE comprises a broad range of
early neurodevelopmental symptoms that might indicate the presence of (multiple)
NDDs, and advocates for a holistic approach to the clinical examination of children
presenting with such symptoms.'% The NDDs mainly discussed in this thesis are ASD
and ADHD.

ASD is characterised by (1) pervasive deficits in social communication and social
interaction, and (2) restricted and repetitive behaviours, interests or activities, as well
as abnormalities in sensory processing (including both hyper- and hyposensitivity to
sensory stimuli).! ASD has a prevalence of about 1-2.5% in children and adults of the
general population and is more commonly diagnosed in males.!®"!!* A recent meta-
analysis concluded that the male-female ratio in ASD is approximately 3:1, while it
is slightly less skewed in autistic individuals with intellectual disability than in autistic
individuals with normal-range intelligence.''>!1®

ADHD is characterised by symptoms of inattention and/or hyperactivity-impulsivity,
which severely interfere with functioning and development.! It affects about 3.4%—
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7.2% of children and adolescents,''”'"* and about 2.5% of adults.!?*'?! Like ASD,
ADHD is more common in males, with a male-female ratio of roughly 2:1."1%12? Three
subtypes are differentiated: predominantly inattentive type, predominantly hyperac-
tive/impulsive type, and combined type.! While the inattentive type is more common
in females with ADHD, males with ADHD are more likely to meet criteria for the
combined type.'?

1.5 The relationship between AN and NDDs

In relation to AN, ASD is certainly the most studied and most robustly associated
NDD (see chapter 1.6). Research on the relationship of ADHD with AN is rare and
further hampered by small samples and samples of mixed EDs;!?%!2
have investigated ADHD and restrictive eating instead.'?* Data on the association be-
tween ADHD and restrictive eating/AN are inconsistent;'?* however, it does seem that
ADHD is less common in AN-R than in AN-BP,'?*!128 which is partly supported by
the negative genetic correlation of AN-R with ADHD that was reported in the recent
AN GWAS (while the genetic correlation of AN-BP with ADHD was close to
zero).!9 Furthermore, the association between restrictive eating and the hyperactivity
symptoms of ADHD seems to be stronger in males,'?-!3! which might be explained
by higher rates of hyperactivity in males.'?* In contrast to restrictive eating/AN, there
is moderate to strong evidence for an association of ADHD with binge-spectrum
EDs,'?*125 including prospective studies showing that ADHD in childhood predicts
later BN symptoms and diagnosis.'3>!3* The association between ADHD and binge-
spectrum EDs might mainly be driven by impulsivity, which is shared between them
(binge-eating and purging are considered impulsive behaviours).!** Studies on the
comorbidity of AN with other NDDs are scarce and mainly consist of case reports,
for instance, for Tourette syndrome'34-13 and intellectual disability (although mainly
in relation to genetic syndromes);'3’-13 in fact, AN might be rather associated with
higher than average 1Q.!*° This thesis focuses on the link between AN and ASD.

many studies

139

1.6 Disentangling the link between AN and Autism Spectrum
Disorder (ASD)

It has been suggested as early as in 1983 that AN and ASD might be related conditions
with a shared vulnerability, manifesting as AN in girls and as ASD in boys.!*! The
research body on AN, ASD, and the possible link between them has grown consider-
ably since then. We now know that more girls than previously thought have ASD!!3
and the same applies to boys with AN, although both are still often overlooked.''>!4>
144 The issue of a potential shared vulnerability underlying ASD and AN has rarely
been investigated and will be discussed in chapter 7.
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AN and ASD co-occur more frequently than expected by chance; however, estimates
for the prevalence of ASD in individuals with AN vary widely (4-53%).'* A number
of studies have furthermore found increased autistic traits in AN, for instance, as
measured with the Autism-Spectrum Quotient'#¢ (for a review see '*7). AN and ASD
have some striking phenotypic similarities: individuals with AN are often perceived
as socially withdrawn and rigid, and they exhibit obsessive, ritualistic behaviours—
all distinctive features of ASD as well.'*® There is also vast evidence that individuals
with AN show neurocognitive and social-emotional difficulties typically associated
with ASD (A4SD-related traits), for instance, cognitive inflexibility,'**!° reduced
global processing,'”!"!3 social anxiety,'**!> alexithymia,'*®!5” and emotion recogni-

tion 158,159,b

Such neurocognitive and social-emotional difficulties have been proposed to contrib-
ute to the development and maintenance of AN within the Cognitive-interpersonal
model of anorexia nervosa.'®* In line with this, a recent meta-analysis found that cog-
nitive inflexibility, reduced global processing, and impaired emotion recognition were
associated with longer illness duration in AN.!%3 High autistic traits and ASD diagno-
sis itself have furthermore been associated with a more severe illness trajectory in
AN, including increased risk for involuntary treatment,'®* less improvement of cog-
nitive symptoms after treatment,'®>!% and poorer long-term outcome in terms of over-
all functioning.'¢7-168 It therefore seems important to identify the subgroup with ASD
in individuals with AN.

AN and ASD are, however, difficult to disentangle. It is uncertain to what extent neu-
rocognitive and social-emotional difficulties in AN indeed reflect an underlying ASD
condition, or whether they are epiphenomena (i.e., by-products) of AN, which only
superficially resemble autistic symptoms. Starvation in the acute phase of AN has
profound effects on brain functioning,'®*!7" and might provoke or exacerbate certain
symptoms such as social withdrawal and obsessive-ritualistic behaviour around food
and eating,'® which mimic problems experienced in ASD. Assessing ASD during the
acute phase of AN is therefore highly problematic. Alternatively, it is possible that

b Cognitive inflexibility: the ability to move back and forth (“shift”) between different tasks, operations, or
mental sets; commonly referred to as set-shifting. Global processing: the global integration of details as a
gestalt (i.e., seeing the bigger picture) as opposed to local processing (i.e., attention to detail); commonly
referred to as central coherence. Alexithymia: the inability to describe and/or recognise one's own emotions.
Theory of mind (sometimes also referred to as cognitive empathy) as part of social-emotional functioning
is commonly considered to be impaired in both ASD'*® and AN.'® Recently, it has however been strongly
questioned whether the claim of impaired theory of mind in ASD is valid at all.'! Therefore, potential
theory of mind impairment in ASD remains an open question and is not discussed here as a trait shared by
ASD and AN.
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neurocognitive and social-emotional difficulties in AN are predisposing traits present
before AN onset, but that they are different from autistic traits in nature and severity.

1.6.1 Are autistic traits in AN already present in childhood?

Importantly, autistic symptoms need to have been present in early childhood in order
to diagnose ASD,' and it is therefore crucial to consider the early developmental his-
tory when assessing ASD in adolescents or adults. Many studies describing the co-
occurrence of AN and ASD/autistic traits are limited by their cross-sectional nature
(i.e., autistic traits were assessed only during the acute state of AN while early devel-
opmental history was not considered'*>!47), and might therefore have overestimated
the prevalence of ASD in AN. Some studies tried to overcome this limitation by ex-
amining early autistic traits retrospectively, using validated parent-report measures
for ASD. Indeed, they report a much lower number of individuals with AN meeting
clinical cut-off for ASD (4-10%)'3¢!71173 than the cross-sectional studies that did not
take into account childhood autistic traits (10-52.5%).!74-176

Several retrospective studies that focused on social difficulties in AN have further-
more found that these difficulties existed premorbidly, including fewer social activi-
ties, no or few close friends, and less social support from others.!36177-182 These
findings indicate that social difficulties in AN are not limited to the acute phase of
illness. However, the majority of these studies did not differentiate between individ-
uals with and without likely ASD; it is therefore unknown whether premorbid social
difficulties were confined to the potential subgroup with ASD. One of the studies
found that premorbid social difficulties extended beyond the subgroup with likely
ASD.13¢

As retrospective reports are prone to recall bias, 8% it is generally preferable to col-
lect data prospectively, that is, to assess autistic traits at a young age and then follow
these children over time, in order to see whether they develop AN or not. However,
no such prospective studies are available. It is therefore unclear whether the observed
overrepresentation of autistic traits in AN is present from early childhood, or whether
it is mainly linked to the acute phase of AN. Study II addresses the lack of prospective
studies and investigates whether individuals who later develop AN show elevated
autistic traits in childhood (measured at age 9).
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1.6.2 Is emotion recognition impaired in AN or only in the ASD subgroup?

The ability to correctly recognize facial emotional expressions of other people (Facial
Emotion Recognition; FER) is critical for successful social communication and rela-
tionships,'# and often discussed as one of the socio-emotional difficulties that AN
and ASD might have in common. Here, we focus only on FER of basic emotions such
as happiness, anger, sadness, fear, surprise, and disgust.'"”” FER deficits are a robust
finding in ASD,!>® while studies in acute AN provide inconsistent results: some re-
ported impaired FER in AN compared to healthy control groups (although often only
for a subset of the tested emotions),'®¥!°2 while others did not find differences'?*-1?®
(for a review of studies until 2014 see '*°). The only meta-analysis on basic FER in
AN reported an overall small effect size, but included only five studies.'>® Importantly,
only two previous studies controlled for comorbid ASD by excluding individuals with
both AN and ASD,!*>!°¢ which might have contributed to the inconsistent results. It
is therefore uncertain whether potential FER deficits in AN are limited to the subgroup
with ASD.

Findings of FER deficits in acute AN might furthermore be confounded by impair-
ments in brain functioning due to malnutrition, and therefore limited to the acute
phase. If FER deficits are present in individuals recovered from AN, they could either
be a consequence of starvation (i.e., scarring effect) or pre-dating AN onset. This am-
biguity can potentially be disentangled by differentiating individuals recovered from
AN with and without ASD: if FER deficits are present in recovered individuals with
ASD, but not in those without ASD, this would be indicative of a trait pre-dating AN
onset in a subgroup rather than scarring effects. At the time Study III was designed,
no study had examined FER of basic emotions in individuals recovered from AN.

Inconsistent findings regarding FER in AN might also have resulted from the use of
high-intensity emotional expressions in almost all previous studies. Basic emotional
expressions of high intensity might be too easy to recognise, therefore producing
ceiling effects (i.e., the scores of both the AN group and the control group are so close
to the maximum scores that the groups cannot be discriminated). It is possible that
group differences can only be detected using subtle and/or blended emotional
expressions, which are frequently encountered in everyday life and more difficult to
identify. Three studies on FER in AN included lower-intensity/blended emotional
expressions,*2197:200 of which two studies found FER deficits in acute AN.!92:200

Our understanding of the mechanisms underlying FER deficits is limited. Differences
in face viewing might potentially be important, for instance, in terms of attention to
the eyes versus the mouth, or hyperscanning behaviour (i.e., increased fixations of
shorter duration than “normal”).?’! These mechanisms have rarely been investigated
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in EDs.""*?% In summary, it is uncertain whether FER ability is impaired in AN, and
if so, whether deficits persist after recovery and/or pre-date AN onset. It is also un-
known, which mechanisms contribute to possible FER deficits. The design of Study
IIT addresses the described issues that have potentially produced inconsistent results,
and examines FER deficits and underlying mechanisms in individuals recovered from
AN with and without ASD, using different intensities of emotional expressions.

1.7 Prevalence of ARFID and comorbidity with NDDs

Little is known about how common ARFID is in the general population. Point preva-
lence estimates range from 0.3-15.5%,70202-204 clearly indicating that the prevalence
depends heavily on how ARFID is measured, while it might also differ between age
groups. The prevalence of ARFID in children under 7 years is unknown. A related
problem is the lack of validated screening tools for ARFID. Two self-reported screen-
ing tools have been developed specifically to measure ARFID symptoms; one for
adolescents (Eating Disorders in Y outh-Questionnaire, EDY-Q)?* and one for adults
(Nine Item ARFID Screen, NIAS).?% Both screening tools have not yet been validated
against clinical ARFID diagnoses. There is no parent-reported screening tool that has
been developed specifically for ARFID and validated against clinical diagnoses.

The only study that used a parental questionnaire clearly stands out in the reported
ARFID prevalence, which was 15.5% in 5-10-year-old Portuguese children.?” The
high prevalence might partly be explained by the fact that the study did not evaluate
any exclusion criteria as specified in the DSM-5. Furthermore, the authors note that
cultural differences could have played a role such that the concern about their child’s
eating and weight is generally high in Portuguese parents. This circumstance together
with a yes/no response format might have resulted in the high endorsement of ARFID
symptoms (assessed with only five items), while a quantifying scale such as the one
used in the EDY-Q might have been better able to differentiate, for example, between
severe and less severe selective eating.

A better understanding of the prevalence of ARFID is essential to assess the impact
of this disorder on the population and to allocate health care resources. Most of our
current knowledge of ARFID is based on (small) clinical samples, which are subject
to selection bias for different reasons. First, not all children with ARFID receive treat-
ment. Second, children with ARFID are encountered in paediatric as well as psychi-
atric clinics. To which clinic or treatment setting (e.g., inpatient vs. outpatient) a child
is referred might depend on age, specific ARFID presentation, severity of malnutri-
tion, and comorbid medical conditions. Studying ARFID in samples representative of
the general population is therefore urgently needed to, for instance, determine the
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“true” distribution of the underlying drivers of food avoidance and the “true” male-
female ratio, which seems to be more skewed in clinical samples>3->>% than in non-
clinical samples.” In Study IV, we therefore describe the development of a new
parent-reported screening tool for ARFID and its application in a large birth cohort of
Japanese children aged 4-7 years, in order to estimate the prevalence of ARFID.

While research on the neurodevelopmental comorbidity of ARFID is still very lim-
ited, it seems that ARFID might have a broader (i.e., more types of NDDs) and pos-
sibly stronger comorbidity with NDDs than AN.>® The few studies investigating the
occurrence of NDDs in children with ARFID report an ASD prevalence of 3—13%,
and an ADHD prevalence of 4-39%.51-53203-210 General developmental delay and
intellectual disability also seem to be overrepresented in patients with ARFID.!33:2!1
From the literature on picky eating we know that strong food selectivity is considered
a problem in 46-89% of children with ASD,?!2 and that inadequate nutrient intake is
common in these children.?'32!* Selective eating has also been found to be more
frequent than usual in children with ADHD, intellectual disability, and Tourette syn-
drome,?'>2!7 although some studies have indicated that this was largely associated
with comorbid ASD.?'32!% Nevertheless, previous research indicates that ARFID
might be linked to a wider range of NDDs. The stronger association between ARFID
and NDDs than between AN and NDDs might also be a reason for the higher propor-
tion of males in ARFID as compared to AN, as there is an overall male preponderance
in NDDs.

Knowledge on the comorbidity of ARFID with NDDs is so far exclusively based on
clinical samples, however, the rate of NDDs might be associated with ARFID presen-
tation, ARFID severity, and treatment-seeking, and therefore be potentially biased in
clinical samples. Furthermore, as single NDDs are not very common in the population
(ca. 1-6%'%), they might be difficult to study in small clinical groups, even if proba-
bly present at an increased rate. Studying the comorbidity of ARFID with NDDs
might improve our knowledge of underlying mechanisms and treatment targets. As
with prevalence, doing so in the general population might be more representative of
the entire group of individuals with ARFID. Study V therefore examines the presence
of a variety of neurodevelopmental symptoms and NDDs in children with and without
ARFID from the Japanese birth cohort.
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2 AIMS

The overarching aim of this thesis was to elucidate certain actiological, epidemiolog-
ical, and neurodevelopmental aspects of the restrictive eating disorders AN and
ARFID, including the genetic actiology of AN, the link between AN and ASD, the
prevalence of ARFID, and the association between ARFID and NDDs.

The thesis comprises five studies with the following specific aims:

1L

III.

Iv.

To investigate in a nationwide twin sample whether EDs can be viewed aeti-
ologically as the extreme manifestation of continuous variation in ED traits
(such as drive for thinness or body dissatisfaction), rather than being distinct
entities.

To examine the previously observed overrepresentation of autistic traits in
individuals with AN prospectively, by investigating whether there is an ele-
vation of autistic traits at age 9 in individuals who later develop AN.

To investigate potential deficits in facial emotion recognition ability and
visual scanning behaviour as a possible underlying mechanism in women
long-term recovered from adolescent-onset AN, with and without ASD.

To develop a parent-reported screening instrument for ARFID in children,
and to estimate the prevalence of ARFID in a large birth cohort of Japanese
children aged 4 to 7 years, using this newly developed instrument.

To examine neurodevelopmental symptoms and NDDs in 4-7-year-old chil-
dren with ARFID screened from a large Japanese general population sample.
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3 MATERIALS AND METHODS

3.1 Study populations

3.1.1 Child and Adolescent Twin Study in Sweden (CATSS cohort)

The Child and Adolescent Twin Study in Sweden (CATSS) is an ongoing nationwide
longitudinal study aiming to include all twins born in Sweden since 15 July 1992.22°
The twins are identified through the Swedish Twin Registry at Karolinska Institutet.
In connection with the twins® 9™ birthday (the first three years of the study also in-
cluded 12-year-old twins), their parents are invited to participate in a telephone inter-
view about the somatic and mental health of the twins (CATSS-9, response rate 70%).
Zygosity is either ascertained using a panel of 48 single nucleotide polymorphisms,
or an algorithm of five questions regarding twin similarity. Independently of their
participation in CATSS-9, the twins and their parents are invited to complete (follow-
up) questionnaires when the twins reach ages 15, 18 and 24 (CATSS-15, CATSS-18,
CATSS-24). The CATSS data are collected continuously by Karolinska Institutet in
Stockholm.

Study I included twins born between 1992 and 1999 who had responded to CATSS-
18 (response rate: 59%). Data were extracted in November 2018. The final sample
consisted of 1,481 female twin pairs (Table 3.1). Study II includes twins born bet-
ween 1992 and 1999 whose parents had responded to CATSS-9 and CATSS-18
(response rate: 47% of baseline). Data were extracted in May 2019. The final sample
consisted of 5,987 individuals (52.4% female).

3.1.2 Gothenburg Study on Anorexia Nervosa (AN cohort)

Study III is based on the Gothenburg Study on Anorexia Nervosa, a prospective
population- and community-based case-control study ongoing since the mid-1980s.
A screening of the total 1970-birth cohort in Gothenburg in 1985 resulted in a popula-
tion-based group of former or current AN cases. This group was pooled together with
a group of AN cases born in the adjacent years, who were referred to the research
team by school health nurses and doctors. The total examined AN group consisted of
51 cases (48 females, 3 males) who all met or had met criteria for AN. A comparison
group, consisting of 51 healthy age-, gender- and school-matched individuals, was
selected by the school nurses. Both groups have been examined five times over a
period of 30 years (on average at 16, 21, 24, 32, and 44 years of age).44168.221-223

16 3 MATERIALS AND METHODS



Data for the 30-year follow-up were collected from May 2015 through November
2016. Thirty-three participants in the AN group and 37 participants in the comparison
group completed a computerised FER task. In the AN group we excluded individuals
with current ED (n=6) or history of severe traumatic brain injury (n=1). In the com-
parison group we excluded men (n=3, as the three men in the AN group did not par-
ticipate in the 30-year follow-up), and individuals with current psychiatric disorders
(n=3). The final sample consisted of 26 women recovered from AN and 31 healthy
comparison women (COMP). Women who had been assigned a diagnosis of ASD in
at least three of the four previous examinations were classified as recovered from AN
with stable ASD (recAN+ASD, n=6). The remaining 20 women were classified as
recovered from AN without ASD (recAN—ASD).

3.1.3 Japan Environment and Children's Study (JECS cohort)

Studies IV and V included a sub-sample of the Japan Environment and Children's
Study (JECS). The JECS is an ongoing nationwide birth cohort study following
approximately 100,000 children from pregnancy/birth until the age of 13 and aiming
to elucidate environmental factors that affect children's health and development.??4223
JECS includes 15 Regional Centres that recruited pregnant women via the collaborat-
ing local health care providers and local government offices where women registered
their pregnancy. The Regional Centres were requested to cover more than 50% of
pregnancies in the defined area of study. In collaboration with the Kochi Regional
Centre at Kochi Medical School we collected additional data in a sub-cohort including
6,633 children born in Kochi prefecture between July 2011 and December 2014
(Kochi cohort). The EEBQ was sent out to all parents in the Kochi cohort in December
2018. Responses were collected up until 315 October 2019. The response rate was
56.5% (n=3,746).
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3.2 Measures by cohort

3.2.1 Measures in the CATSS cohort (Studies | & Il)

3.2.1.1 ED & ASD diagnoses

Registered diagnoses of ED and ASD: The Swedish National Patient Register (NPR)
contains diagnoses from psychiatric inpatient care since 1973 and from specialised
outpatient care since 2001.22¢ NPR diagnoses are based on ICD-8 (1973-1986), ICD-
9 (1987-1996) and ICD-10 (since 1997). CATSS is continuously linked to the NPR.
In Studies I and 11, diagnoses in the NPR up until 31%* December 2016 were included.
The follow-up age for each individual therefore depended on their birth year (birth
years: 1992—-1999; ages at the end of follow-up: 17-24 years). For Study I, we
retrieved diagnoses of the following EDs: AN (F50.0), Atypical AN (F50.1), BN
(F50.2), Atypical BN (F50.3), and unspecified ED/Eating Disorder Not Otherwise
Specified (EDNOS, F50.9). For Study II we retrieved diagnoses of AN (F50.0) and
atypical AN (F50.1), as well as Autistic Disorder (299.00), Childhood autism (F84.0),
Atypical autism (F84.1), Asperger’s syndrome (F84.5), Other pervasive developmen-
tal disorders (F84.8), and Unspecified pervasive developmental disorder (F84.9;
Table 3.2). NPR diagnoses show high validity for a range of mental disorders, includ-
ing ASD,??¢-238 while the validity of ED diagnoses has not been formally examined.

Parent-reported treatment for AN/BN: In CATSS-18, parents were asked in sepa-
rate questions if their twin had been treated for AN or BN. If they responded “Yes,
earlier” or “Yes, now”, the twin was considered having/having had a diagnosis of
AN/BN.

Self-reported purging behaviour: In CATSS-18, twins were asked if they engaged
in purging behaviour (i.e., if they had ever used vomiting, laxatives, diuretics, or
enemas to lose or control their weight). If twins responded “Yes, repeatedly over at
least three months” or “Yes, repeatedly over the last three months” they were consid-
ered as having/having had an ED, as individuals with recurrent purging behaviour
over a period of three months would meet criteria for DSM-5 OSFED, and possibly
even for AN-BP or BN.

ED diagnoses were considered from a lifetime perspective (i.e., having had an ED at
some point until the point of measurement). In Study I, we differentiated EDs into
AN (including NPR diagnoses of AN and atypical AN, and parent-reported treatment
for AN) and other EDs (OEDs, including NPR diagnoses of BN, atypical BN, and
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EDNOS, as well as parent-reported treatment for BN and self-reported purging
behaviour; Table 3.2). In Study II, OEDs were not considered, and lifetime AN was
furthermore differentiated into acute AN and history of AN at the time parents re-
sponded to CATSS-18 (i.e., during the assessment of autistic traits at age 18). Indi-
viduals were identified with acute AN (1) if parents reported current treatment (as
opposed to earlier treatment), (2) if they had received an AN diagnosis in the NPR
within 6 months before or after their parents’ response to CATSS-18, and/or (3) if
they had a BMI below 17 during CATSS-18.

3.2.1.2 ED traits

Eating Disorder Inventory-2 (EDI-2): In CATSS-18, twins filled in the three symp-
tom subscales of the EDI-2,7 a self-report questionnaire screening for ED pathology.
The subscale Drive for Thinness (7 items) measures excessive concern with dieting,
preoccupation with weight, and fear of weight gain. The subscale Bulimia (7 items)
measures the tendency to engage in binge eating and to think about purging. The sub-
scale Body Dissatisfaction (9 items) measures dissatisfaction with one’s overall body
shape and the size of specific parts of the body. Items are rated on a 6-point scale from
never to always. A total EDI-2 score was computed as the mean of all items on the
three subscales. The EDI-2 discriminates reliably between individuals with EDs and
healthy controls cross-culturally, but less well between different EDs. It can therefore
be used for screening, but not as a diagnostic instrument.”%22%-23!1

Table 3.2 Overview of measurements in the studies based on the Child and Adolescent Twin Study in
Sweden (CATSS)

Disorder/traits Study I Study 11
AN F50.0, F50.1, F50.0, F50.1,

parent-reported treatment for AN parent-reported treatment for AN
OED F50.2, F50.3, F50.9, -

parent-reported treatment for BN,
self-reported purging behaviour

Any ED Any of the above o

ED traits EDI-2 score (self-report) o

ASD diagnoses - 299.00, F84.0, F84.1, F84.5, F84.8,
F84.9

Autistic traits o A-TAC ASD score (parent-report)

A-TAC: Autism-Tics, ADHD, and other Comorbidities inventory; EDI-2: Eating Disorder Inventory-2, OED: EDs other
than AN.
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3.2.1.3 Autistic traits

Autism-Tics, AD/HD, and other Comorbidities inventory (A-TAC): The A-TAC
is a fully structured parental telephone interview developed in Sweden for large-scale
epidemiological research. It is designed to screen for neurodevelopmental and other
psychiatric disorders in childhood based on symptom criteria and well-known clinical
features.?*? In the CATSS-9, the ASD module in the A-TAC consists of 17 items—
rated with “No” (0), “Yes, to some extent” (0.5), or “Yes” (1)—which together yield
an ASD score. The A-TAC has shown high validity for clinical ASD diagnoses in
cross-sectional®*>233 and longitudinal studies.?**?35 In CATSS-18, the ASD module
includes only 12 of the 17 items. To make the ASD scores comparable across ages,
we used the same 12 items to compute the ASD score at age 9. The area under the
curve for those 12 items at age 9 was .92 (95% confidence interval [CI] .89-.94) in a
community sample.?*3 The ASD score was split into two subscales that align with the
DSM-5 criteria: social communication problems (8 items) and restricted/repetitive
interests and behaviours (4 items).

3.2.2 Measures in the AN cohort (Study Ill)
3.2.2.1 Facial emotion recognition task

Participants performed a FER task that was built and conducted with the software
Tobii Studio 3.4.0.2*° On an eye tracking screen, participants were presented with a
set of faces showing emotional expressions (fear, anger, and happiness) at varying
intensity, or neutral expressions on a black background (Figure 3.1). Full emotional
(100% intensity) and neutral expressions (0% intensity) of eight different people (i.e.,
identities) were taken from the NimStim Set of Facial Expressions,?*” and morphed
expressions were created at 80%, 60%, and 40% intensity using the software Morph
Age (http://creaceed.com/morphage).

The total test set consisted of 104 stimuli pictures (targets). These had to be matched
to four prototypical (i.e., high-intensity) facial expressions representing fear, anger,
happiness and neutral. The participants were instructed to as quickly and accurately
as possible select one of the four prototypical images that best described the emotion
of the target by pressing the number of the matching image on a button box. The
images remained on the screen until a response was given. Accuracy and response
time were measured, and eye gaze during the task was recorded.
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0% 40% 60 % 80% 100 %

“Which person on
the right feels the
same as the person
(a) on the left?”

Neutral

Target

=

(b) Full image (C)

Figure 3.1. The facial emotion recognition (FER) task in Study III. (a) Example for the morphing of a fear
expression: 0% (neutral), 40%, 60%, 80%, and 100% (full emotion). (b) Example image from the FER task
with areas of interest. The target on the left (anger at 40% intensity) had to be matched to one of the four
images on the right, portraying the fully expressed emotions fear, anger and happiness, as well as a neutral
expression. The correct response in this example is image number 3 (anger). (c) Experimental setup. Par-
ticipants are sitting 64 cm from the eye tracking screen with a button box in their hand to indicate their
response. The figure is reprinted with modifications from Paper II1.

3.2.2.2 Clinical examination for EDs

Eating disorders were assessed using the Mini International Neuropsychiatric Inter-
view (M.LN.L 6.0, Swedish Version),>*® the Structured Clinical Interview for DSM-
IV-TR Axis I Disorders—eating disorders module,?** and a DSM-5 criteria checklist
for feeding and eating disorders.! Recovery from AN was defined as having been free
from all criterion symptoms of AN, BN, or BED for at least six months.

3.2.2.3 ASD diagnoses

Individuals were not examined for ASD in the current follow-up, though ASD was
assessed at each of the previous follow-ups by trained clinicians, blinded to any
previously given diagnosis. In the current follow-up, individuals were therefore
considered having ASD if they had been assigned a diagnosis of ASD by our group
in at least three of the four previous examinations.
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3.2.3 Measures in the JECS cohort (Studies IV & V)

In the Kochi cohort, data were collected cross-sectionally with the Early Eating
Behaviour Questionnaire (EEBQ). At this point, the children in the Kochi cohort were
4 to 7 years old. While Study IV was based solely on the EEBQ, Study V also used
data from the JECS main study, where data were collected longitudinally (i.e., each
child was assessed when it was 6 months old, 12 months old, etc.). All data used in
Studies IV and V were collected via parent-reported questionnaires.

3.2.3.1 ARFID

Development of the EEBQ: To remedy the lack of parent-reported screening tools
for ARFID we started developing such a tool in 2017. The EEBQ is an epidemiolog-
ical tool with the purpose of screening for ARFID while also providing a comprehen-
sive picture of a broader range of eating problems in young children. The EEBQ
consists of 68 items in three sections (see Supplement 1 in Paper IV) and two main
instruments to screen for ARFID: (1) the child part (first 25 items) of the Behavioural
Paediatric Feeding Assessment Scale (BPFAS),?%24! and (2) a set of ten items assess-
ing the DSM-5 diagnostic criteria for ARFID.

(1) The BPFAS is a parent-rated questionnaire measuring children's problem behav-
iours related to mealtimes and nutritional intake. BPFAS items are rated on 5-point
frequency scale (never to always) yielding the BPFAS Frequency Score, and on a
problem scale (“Is this a problem for you?” no/yes) yielding the BPFAS Problem
Score. Although a British study identified cut-off values for both BPFAS scores to
discriminate between 2- to 7-year-old children with ARFID and a normative popula-
tion, the BPFAS was not specifically developed for ARFID.?#?

(2) The diagnostic items map closely on to the DSM-5 diagnostic criteria for ARFID
(see Box 1.2 and Table 2 in Paper V). Children were identified with current/previous
DSM-5 ARFID when they met criterion A, plus at least one of the criteria Al, A2,
and A3, as well as criteria C and D. Criterion B was not assessed. If criterion A
together with one of the criteria A1, A2, and A3 were currently met, the child was
identified with current ARFID. If A or A1/A2/A3 (or both) were previously met, the
child was identified with previous ARFID. For DSM-5 ARFID, criterion A4 was not
considered, as the DSM-5 requires physical impairment (“persistent failure to meet
nutritional and/or energy needs”) for an ARFID diagnosis. We also identified children
with current/previous ARFID according to the ICD-11 criteria, where ARFID is also
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diagnosed when the avoidance/restriction of food intake is “only” leading to psycho-
social impairment, but not to physical impairment (i.e., if only criterion A4 is met, but
not any of the criteria Al, A2, or A3).

Further, the EEBQ contains one question each to screen for the three drivers of food
avoidance in ARFID (Lack of interest in eating: Q3, Fear of aversive consequences
of eating: Q53, Sensory sensitivity to characteristics of food: Q54). The items were
rated on a 5-point Likert scale from never (1) to always (5). A driver was considered
to be present if it was rated with at least sometimes (3).

3.2.3.2 Neurodevelopment

Data from the EEBQ

NDD diagnoses: Parents were asked to indicate whether their child had received a
diagnosis of ASD, ADHD, developmental coordination disorder, intellectual disabil-
ity, specific learning disorder (e.g., dyslexia), tic disorder/Tourette Syndrome, oppo-
sitional defiant disorder, or conduct disorder.

Data from the JECS main study

Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Exami-
nations Questionnaire (ESSENCE-Q): The ESSENCE-Q screens for a broad range
of early neurodevelopmental symptoms that might indicate the presence of NDDs
and therefore suggest that clinical examination is needed.?® It is intended for use in
both clinical practice and epidemiological research and shows good validity when
used for screening by health professionals in Japanese public health settings.?**%3 The
ESSENCE-Q consists of 11 short questions on whether there is any concern in the
different developmental areas, which are rated with “Yes”, “Maybe/a little” or “No”.
In the JECS, the answer format was changed to “Yes” or “No” (modified ESSENCE-
Q). Data were available at child age 2.5 years.

Ages and Stages Questionnaire-3 (ASQ-3), Japanese Version: The ASQ-3 is a
parent-rated screening tool assessing developmental delay in five skill domains:
communication, gross motor, fine motor, problem-solving and personal-social.>*
Each domain consists of six questions on whether a certain activity can be done by
the child. Data were available at ages 6, 12, 18, 24, 30, and 36 months. Children
potentially at risk for developmental delay are identified with age- and domain-
dependent cut-off values (“monitoring cut-off” at 1 standard deviation below the mean
and a “referral cut-off” at 2 standard deviations below the mean).?*’ In Study V only
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the referral cut-off was used. A score below the referral cut-off value of a domain is
labelled as “failing the domain”.

3.3 Analytical and statistical methods by study

Data analyses were performed in Stata,*® R,>* and SPSS.2* The statistical signifi-
cance level was set to p<.05 in all studies.

3.3.1 Study |

3.3.1.1 Quantitative genetic twin modelling

Quantitative genetic modelling aims to investigate the aetiology of phenotypes in
terms of the proportions of genetic and environmental factors explaining the individ-
ual variation in a phenotype. The term phenotype refers to observable traits of indi-
viduals (e.g., symptoms). Quantitative genetic twin modelling takes advantage of the
genetic and environmental factors shared by twins (for an extensive description of the
twin design see 2°123%). Monozygotic (MZ) twins share all of their segregating alleles®,
while dizygotic (DZ) twins on average share 50%. Furthermore, if twins grow up in
the same home environment at the same age, they share influences such as parental
education, certain parenting behaviours, and the amount of conflict in the household;
these influences are therefore called the shared environment. Shared environmental
influences make twins more similar to each other, and these influences should have
the same effect regardless of zygosity (equal environments assumption). Other envi-
ronmental factors might not be shared between twins (e.g., having different peers,
teachers, hobbies, and diseases) and in that case make them less similar to each other
(non-shared environment).

The twin model is based on comparing the resemblance of MZ twins for a certain
phenotype with the resemblance of DZ twins for the same phenotype. The resem-
blance is expressed in correlations. The variance of the phenotype is decomposed into
the following genetic and environmental effects: Additive genetic effects (4, also:
heritability h?), indicated when MZ correlations are higher than DZ correlations; non-
additive genetic effects (D), indicated when MZ correlations are more than twice as

¢ An allele is one of the variants a gene can take. Humans share circa 99.9% of their DNA. The 0.1% of the
DNA that are not shared cause individual differences and are called segregating alleles. The assumption
that MZ twins share 100% of their segregating alleles is not always true. Certain mutations (called de novo
mutations) can arise after the fertilised maternal egg has split and lead to genetic differences between MZ
twins.
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high as DZ correlations; shared environmental effects (C), indicated when DZ cor-
relations are more than half as high as MZ correlations; and non-shared environ-
mental effects (£), indicated by differences within MZ pairs (i.e., a MZ correlation
smaller than 1). £ also includes measurement error. The simplest and most common
twin models are ACE and ADE models. As C and D confound each other, the twin
model can only contain either or.

3.3.1.2 Extremes analyses of EDI-2 score

We used three different analytical methods to investigate whether genetic and envi-
ronmental factors that contribute to EDs also influence the variation in ED traits in
the population (Figure 3.2). The first two methods are extremes analyses. They relate
to only one phenotype (ED traits measured by the EDI-2 score), and examined
whether the aetiology of the EDI-2 score was consistent across the entire sample and
among those showing extreme EDI-2 scores. We identified different groups of ex-
treme scorers (probands) using percentile-based cut-offs (i.e., scoring within the
upper 1%, 31, 51 and 10" percentile of the EDI-2).

Liability threshold modelling is based on dichotomous data, but assumes an under-
lying continuous distribution of liability to the categorical construct (i.e., being a
proband or not). Using liability threshold models, we estimated the proportions with
which genetic and environmental factors explained the variation in the liability to
being a proband (Figure 3.2). We did this for each of the different groups of probands
(i.e., the upper 1%, 37, 5™ and 10™ percentile of the EDI-2 score).

DeFries-Fulker extremes analysis assesses consistency in the aetiology of a trait
across different severity levels (here the upper 1%, 3™, 5% and 10" percentile of the
EDI-2 score) by modelling an individual’s expected score as a function of their co-
twin’s proband status.?*?%5 DeFries-Fulker analysis returns an estimate for group
heritability (h%;) that indicates the degree to which the genetic influences on extreme
scores for a trait also influence the continuous variation in this trait (Figure 3.2).
While the classical procedure is regression-based, we used a model fitting implemen-
tation of the procedure.?*

3.3.1.3 Joint categorical-continuous models of ED diagnoses and EDI-2 score

The third method we used—joint categorical-continuous modelling—relates to two
different phenotypes, here the EDI-2 score and AN/OED diagnoses. It estimates the
degree to which genetic and environmental factors that contribute to the EDI-2 score
also contribute to ED diagnoses, and therefore provides the most direct evidence for
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the continuum hypothesis. The joint categorical-continuous model combines a liabil-
ity threshold model (here for AN/OED diagnoses) with a model for a continuous
variable (here for EDI-2 score). Apart from estimating the degree of genetic and
environmental influences on EDI-2 score and AN/OED diagnoses, the model esti-
mates the genetic, shared environmental, and non-shared environmental correlations
between EDI-2 score and AN/OED diagnoses (Figure 3.2). The genetic correlation
(ro) indicates the degree to which genetic influences on the EDI-2 score are shared
with those on AN/OED diagnoses. A genetic correlation of 1.0 (0.0) implies that all
(none) of the additive genetic influence on EDI-2 score and AN/OED diagnoses is
shared between them. Using the genetic correlation and the heritability of each trait,
we can calculate the bivariate heritability; that is, the degree to which the overlapping
genetic factors on EDI-2 score and AN/OED diagnoses explain the phenotypic corre-
lation between them.

In all three analytical methods we fitted ACE (instead of ADE) models, as the DZ
twin correlation for EDI-2 score was larger than half of the MZ twin correlation.

Evidence for continuum hypothesis provided by method

Liability threshold DeFries Fulker Joint categorical-
modeling extremes analysis continuous modeling
10% 10%
EDI-2 score & AN (70 cases)
5% 5%
EDI-2 score & OED (99 cases)
3% 3%
1% 1%
N\ /7 /B /N
) /\ / /A Risk
/ \ / \
/ \ / \ / / \ factors
/EDI 2\ EDI 2 \ ‘ EDI- 2 / AN/
score ' score score OED
hz

g

Figure 3.2 lllustration of the three different analytical methods used in Study I. A: additive genetic effects,
C: shared environmental effects, E: non-shared environmental effects, EDI-2: Eating Disorder Inventory-
2, OED: EDs other than AN, hzg = group heritability, r, = genetic correlation, 10%, 5%, 3%, 1% = different
groups of extreme scorers based on scoring in the upper 10", 5", 3 or I* percentile of the EDI-2.
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3.3.2 Study Il

The ASD subscale scores (social communication problems and restricted/repetitive
behaviour and interests) were compared between individuals with AN and individuals
without AN, separately for boys and girls, at ages 9 and 18. Assuming that there is an
increased prevalence of ASD in AN, we expected to see some elevation of childhood
autistic traits in individuals with later AN. Next, we compared the ASD score at age
18 between individuals with a history of AN and individuals with acute AN. This
analysis could only be done for girls, as the number of boys with AN was too low for
meaningful interpretations. As a statistical method, we applied generalised estimating
equations (GEE) with a robust sandwich estimator, to account for the dependency
between twins of a pair (i.e., each pair is treated as a cluster).?>® The GEE models were
run using a negative binomial distribution with log link function, since the ASD score
was extremely skewed and log-transformation failed. The models therefore yielded
incidence rate ratios (IRR) as parameter estimates. In the case of a binary predictor
variable (AN vs. no AN), the IRR can be interpreted as the ratio of the ASD score in
individuals with AN to the ASD score in the individuals without AN.

3.3.3 Study Ill

Expressions at 100% intensity and neutral expressions were not used in the data anal-
ysis, therefore the FER task yielded data for 72 trials per participant. Trials with
extremely short or extremely long response times were considered invalid and dis-
carded. For the eye gaze analyses, we also discarded trials where the participant was
looking at the screen for less than 90% of the trial time. Areas of interest (AOIs) were
created for the target (whole face, eye region, mouth region; Figure 3.1). For each
trial, we computed the fixation duration and the number of fixations on these AOIs.
We conducted analyses for four outcome variables: 1. accuracy, 2. eye-to-mouth
viewing ratio, 3. average fixation duration, and 4. fixation count (3. and 4. are
measures for hyperscanning). The computation of and statistical method for each out-
come variable is presented in Table 3.3.

Predictor variables were the between-factor group, and the within-factors emotion
intensity (40%, 60%, 80%) and type of emotion (fear, anger, happiness). Since the
recAN-+ASD group was very small (n=6), we only conducted exploratory analyses
for this group (comparing it to recAN—ASD), while the main analysis consisted of
comparing recAN—ASD with COMP. For each outcome, we first ran the full model,
including group, emotion intensity, and type of emotion, their 2-way and 3-way
interactions, and response time as a covariate. Statistically non-significant predictors
were then removed successively until only significant predictors were left in the
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model (except for group, which was kept in the final model even if non-significant).
All statistical models were adjusted for repeated measurements within participants,
by modelling each participant as a cluster using cluster-robust standard errors (robust
sandwich estimator).

Table 3.3 Computation of and statistical method for each outcome variable in Study 111

Outcome Computed as Type of data Statistical Distribution, link
model function
Accuracy - Binary GEE Binomial, logit
(correct/incorrect) link
Eye-to-mouth FD on eye AOI/ Proportion [0, 1] Fractional
viewing ratio (FD on eye AOI + logistic
FD on mouth AOT) regression
per trial
Average fixation — Total FD/number of  Continuous in GEE Gaussian, identity
duration fixations (per trial) milliseconds, link
approx. normal
Fixation count Number of fixations Count GEE Negative binomial,
per trial log link

All models were computed with cluster-robust standard errors to account for repeated measurements within participants.
AOI: Area of interest, FD: Fixation duration; GEE: Generalised estimating equations.

3.3.4 Study IV

Descriptive statistics were used to report the prevalence estimates of ARFID. Point
prevalence was determined as the proportion of children with current ARFID. Life-
time prevalence was determined as the proportion of children with current and/or
previous ARFID. The prevalence of ARFID was furthermore estimated based on the
cut-off values that have been proposed for the two BPFAS scores.?*? To measure the
diagnostic accuracy of the BPFAS scores, we conducted receiver operating charac-
teristic (ROC) analyses against ARFID “diagnosis™ as defined by the DSM-5 diag-
nostic criteria assessed with the EEBQ.

3.3.5 Study V

Descriptive statistics were used to report characteristics of children with ARFID and
children without ARFID. To measure the relative association between ARFID status
and the binary outcomes we estimated relative risks (RRs) using log-poisson models
with a robust variance estimator.?” In cohort studies, RRs are a good alternative to
odds ratios (ORs) to measure relative association, as ORs are often misinterpreted
while RRs are more intuitive.>>” When the outcome is rare, ORs and RRs are very
similar, but the more common the outcome, the more they diverge.?’
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3.4 Ethical considerations

All procedures contributing to this work comply with the ethical standards of the
relevant national and institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. Written, verbal, or digital informed
consent was obtained from all participants. All studies were approved by ethical re-
view boards:

Studies I & II: Regional Ethical Review Board in Stockholm (02-289,
03-672,2010/597-31/1, 2010/322-31/2,2010/1410-31/1,
2016/2135-31)

Study III: Regional Ethical Review Board in Gothenburg (398-14)

Studies IV & V: Kochi Medical School (ERB-102925 and ERB-104083)
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4 RESULTS

4.1 Study I: Are EDs on an aetiological continuum with ED traits?

Across all analytical methods, AE models showed the best fit, which means shared
environmental factors did not have a significant? influence on EDI-2 score and ED
diagnoses. The group heritability estimates in the DeFries-Fulker extremes analyses
(h%;) ranged from 0.59 to 0.65. They were significant and consistent over the different
extreme groups (i.e., upper 1, 3, 5% and 10™ percentile of the EDI-2 score; Figure
4.1). The group heritability estimates were also similar to the heritability of EDI-2
score in the full sample (4°=0.65, Figure 4.2). Together, this indicates genetic conti-
nuity between severe ED traits and milder manifestations. In the liability threshold
models, the heritability estimates of EDI-2 score were consistent over the different
extreme groups (4°=0.64-0.70; Figure 4.1), further indicating consistent aetiology
for different severity levels of ED traits. The liability threshold analysis could not be
conducted for the 1 percentile due to low power.

10% 5% 3% 1% 10% 5% 3%

DeFries-Fulker extremes analyses Liability threshold models

Figure 4.1 Variance component estimates in the DeFries-Fulker extremes analyses and the liability thresh-
old models of the Eating Disorder Inventory-2 (EDI-2) score (Study 1). 10%, 5%, 3%, and 1% on the x-
axis relate to the percentile-based extreme groups. The numbers on the bars indicate the point estimate of
the additive genetic effects. Error bars visualise the 95% confidence interval for the additive genetic effects.
A: additive genetic effects (in the DeFries-Fulker extremes analyses, A corresponds to the group heritabil-
ity, h’,, while in the Liability threshold models, A corresponds to the heritability, h’), E: non-shared envi-
ronmental effects. The figure is reprinted with modifications from Paper I.

d Throughout chapter 4, the term “significant™ specifically and consistently denotes statistical significance.
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AN was identified in 70 individuals (2.4%) and OEDs were identified in 99 individu-
als (3.3%). The joint categorical-continuous models revealed similar heritability esti-
mates for EDI-2 score (h’=0.65), AN (h*=0.63), and OEDs (4°=0.67; Figure 4.2).
EDI-2 score and AN had a lower phenotypic correlation (7p;=0.39) than EDI-2 score
and OEDs (rp;=0.52). Similarly, the genetic correlation was lower for EDI-2 score
and AN (7,=0.26) than for EDI-2 score and OEDs (,=0.52; Figure 4.2). The bivariate
heritability of EDI-2 score and AN was 0.43, that is, genetic factors accounted for
43% of the phenotypic correlation between EDI-2 score and AN. The bivariate her-
itability of EDI-2 score and OEDs was 0.66. The non-shared environmental correla-
tions were similar for AN and EDI-2 score (7z=0.60), and for OEDs and EDI-2 score
(r==0.52).
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Figure 4.2 Variance components, correlations, and bivariate estimates from the joint categorical-
continuous models (Study I). Orange bars depict the genetic and non-shared environmental correlations.
The numbers on the bars indicate the point estimate of the additive genetic effects/the correlation. Error
bars visualise the 95% confidence interval for the additive genetic effects/the correlations. A: additive
genetic effects (corresponds to heritability, h’), E: non-shared environmental effects, EDI-2: Eating Dis-
order Inventory-2, OEDs: EDs other than AN, rp,: phenotypic correlation. The figure is reprinted with
modifications from Paper .
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4.2 Study II: Childhood autistic traits in individuals with AN

Ongoing or previous AN was identified in 76 girls (2.4%) and 20 boys (0.7%). ASD
scores were compared between individuals with and without AN before the first diag-
nosis of AN (age 9) and after the first diagnosis of AN (age 18). At age 9, social com-
munication problems and restricted/repetitive behaviour and interests were not signif-
icantly increased in girls and boys with later AN, as indicated by the confidence
intervals that included the baseline of 1 (Figure 4.3).
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0.14 (0.47)
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0.18 (0.45)
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Figure 4.3 Comparison of scores on the ASD module of the Autism—Tics, AD/HD, and other Comorbidities
inventory (A-TAC) between children with and without AN at age 9 and age 18 (Study II). Mean values (M)
and standard deviations (SD) are presented on the right, incidence rate ratios (IRRs) and 95% confidence
intervals (CI) are presented on the left. Mean values differing significantly from each other are printed in
bold. SOC: social communication problems, RRBI: restricted/repetitive behaviour and interests. The figure
is reprinted with modifications from Paper I1.
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At age 18, both social communication problems and restricted/repetitive behaviour
and interests were significantly increased in girls with AN compared to girls without
AN (Figure 4.3). This elevation was, however, confined to restricted/repetitive be-
haviour and interests in the subgroup of girls with acute AN, while girls with a history
of AN had the same level of social communication problems and restricted/repetitive
behaviour and interests as girls who never had AN (Figure 4.4). In boys with AN,
restricted/repetitive behaviour and interests, but not social communication problems,
were significantly increased at age 18. A subgroup analysis could not be conducted
due to few boys with AN (n=20).

SOC score in girls at age 9 and age 18 RRBI score in girls at age 9 and age 18
No AN History of AN Acute AN No AN History of AN Acute AN
(n=3,059) (n=22) (n=24) (n=3,059) (n=22) (n=24)
45 1 45

40 0 IRR (95% CI)

5.50 (2.49, 12.14)

IRR (95% CI)
2.10 (0.77, 5.73)

35

35

3.0

25

SOC score

2.0

RRBI score

Age 9 Age 18 Age 9 Age 18 Age 9 Age 18 Age 9 Age 18 Age 9 Age 18 Age 9 Age 18

Figure 4.4 Within-individual change in ASD subscale scores from age 9 to age 18 by group. Each coloured
line corresponds to one individual (Study II). The thicker black line is the group average. Incidence ratio
ratios (IRRs) are given for the comparison of mean scores between individuals with a history of AN and
individuals with acute AN at age 18. SOC: social communication problems, RRBI: restricted/repetitive
behaviour and interests. The figure is reprinted with modifications from Paper II.

4.3 Study lll: Facial emotion recognition in AN with or without ASD

Accuracy: The average accuracy for targets at 60% and 80% intensity was >90%,
indicating ceiling effects, while the average accuracy was 47% for targets at 40% in-
tensity. There was no significant main effect of group, nor were there any significant
interaction effects of group with emotion intensity or type of emotion. This means that
recAN—ASD did not differ significantly in accuracy from the COMP group. In the
exploratory analysis (recAN—-ASD vs. recAN+ASD), we found a significant interac-
tion effect of group with emotion intensity, meaning that the group difference de-
pended on the level of emotion intensity. Post-hoc comparisons revealed that the
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recAN+ASD group was significantly better than the recAN—ASD group at recognis-
ing emotions at 40% intensity (60% accuracy [95% CI 46—75%] vs. 41% accuracy
[95% CI 32-49%]; Figure 4.5). The recAN+ASD group took on average 0.8s longer
than the recAN—ASD group to complete correct trials at 40% intensity.
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Figure 4.5 Distribution of accuracy by type of emotion, emotion intensity, and group (Study III). On the
left of each column, each dot represents the percentage of accuracy of one participant averaged over eight
trials (i.e., 8 identities). On the right of each column, diamonds and error bars present the group mean and
the 95% confidence interval of the group mean. The figure illustrates that healthy comparison women
(COMP) and women recovered from AN without ASD (recAN-ASD) performed very similarly. It also illus-
trates a main effect of emotion intensity (40% < 60% < 80%) and a main effect of type of emotion (fear <
anger = happiness). recAN+ASD: women recovered from AN with ASD. The figure is reprinted with mod-
ifications from Paper II1.
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Visual scanning behaviour (eye-to-mouth viewing ratio, average fixation duration,
fixation count): In both the main analysis (recAN—ASD vs. COMP) and the explora-
tory analysis (recAN—ASD vs. recAN+ASD) there were no significant main effects
of group nor significant interaction effects including group for any of the three out-
come variables. Figure 4.6 shows the eye-to-mouth viewing ratio by type of emotion
and group. Eye-to-mouth viewing ratio did not predict accuracy.
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Figure 4.6 Distribution of eye-to-mouth viewing ratio by type of emotion and group (Study III). An eye-to-
mouth viewing ratio of 0.5 means that equal time was spent looking at the eye region and looking at the
mouth region of the target. Each dot represents the eye-to-mouth viewing ratio of one participant averaged
over 24 trials (3 intensities x § identities). Diamonds and error bars present the group mean and the 95%
confidence interval of the group mean. COMP: healthy comparison women, recAN+*ASD.: women recov-
ered from AN with/without ASD. The figure is reprinted with modifications from Paper II1.

4.4 Study IV: Prevalence of ARFID in 4-7-year-old children

Figure 4.7 summarises the most important results of Study I'V. The point prevalence
of ARFID according to DSM-5 criteria was 0.7% (n=27). Girls and boys were equally
affected. When ICD-11 criteria were applied (i.e., allowing for the A4 criterion to be
critical for the diagnosis), the point prevalence almost doubled (1.3%). However, the
ICD-11 point prevalence varied from 0.9-1.6%, based on the applied threshold for
the A4 criterion (see Table 3 in Paper IV). With the strictest threshold, DSM-5 and
ICD-11 prevalence were very similar (0.7% and 0.9%), however, we decided that a
moderate threshold would be most appropriate (see Supplement 2 in Paper IV). Both
sensory sensitivity to food characteristics and lack of interest in eating were drivers
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of food avoidance in more than half of all children with ARFID. Roughly a third of
children with ARFID had more than one driver.

Age: 4-7 years
N=3,728

ICD-11 Lifetime: 2.6%
Drivers of food

DSM-5 Lifetime: 1.8% avoidance
9 = C)7I Sensory: 59.8%
- int: ) Interest: 53.1%
ICD-11 Point: 1.3% Fonr o Ao
DSM-5 Point: 0.7% no driver: 16.5%

1 driver: 47.4%
2 drivers: 30.9%
3 drivers:  5.2%

Figure 4.7 Summary of results regarding the prevalence of ARFID in Study IV. ICD-11 Life/DSM-5 Life:
lifetime prevalence of ARFID according to the ICD-11/DSM-5 criteria, the lifetime prevalence includes
children with current and/or previous ARFID; ICD-11/DSM-5 Point: point prevalence of ARFID accord-
ing to the ICD-11/DSM-5 criteria, the point prevalence includes children with current ARFID; Sensory:
sensory sensitivity to food characteristics, Interest: lack of interest in eating, Fear: fear of aversive conse-
quences of eating.

We conducted ROC analyses for both BPFAS scores, to measure their diagnostic
accuracy in classifying children with or without ARFID. Children identified with
current and/or previous ARFID according to the DSM-5 diagnostic criteria assessed
with the EEBQ were considered “true” cases (1.8%, see Figure 4.7). The area under
the curve was 0.80 for the BPFAS Frequency Score and 0.78 for BPFAS Problem
Score, indicating a 78—-80% probability that a randomly selected child with ARFID
will have higher BPFAS scores than a randomly selected child without ARFID. When
applying the previously proposed cut-off values to the BPFAS scores, the prevalence
of ARFID was 5.2% according to the BPFAS Frequency Score and 11.7% according
to the BPFAS Problem Score. While both scores had a high specificity (95%/89%:;
i.e., proportion of correctly identified children without ARFID [true negatives]), their
sensitivity was low (39%/53%; i.e., proportion of correctly identified children with
ARFID [true cases]). Figure 4.8 illustrates that the BPFAS scores and the DSM-5
diagnostic criteria assessed with the EEBQ largely identified different groups of
children with ARFID. For instance, using the BPFAS Frequency Score, only 39% of
the true cases were detected (sensitivity) and only 13% of the children identified with
the BPFAS Frequency Score were true cases (positive predictive value).
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Figure 4.8 Overlap of the groups of children with ARFID identified by the Behavioural Paediatric Feeding
Assessment Scale (BPFAS) scores and the DSM-5 diagnostic criteria assessed with the Early Eating
Behaviour Questionnaire (EEBQ) in Study 1V. Percentages in the dark grey boxes indicate prevalence.
DSM-5 Life: includes children with current and/or previous ARFID according to the DSM-5 criteria, PPV:
positive predictive value.

Based on the experience of evaluating the EEBQ in this cohort and the above present-
ed data, we have converted the 68-item EEBQ into a short screening instrument: the
ARFID-Brief Screener (ARFID-BS, see Supplement 4 in Paper IV). The ARFID-BS
consists of the EEBQ items assessing the DSM-5/ICD-11 diagnostic criteria and the
drivers of food avoidance (although with small changes to their wording and/or
response formats). The modifications are described in detail in supplementary Table
6 of Paper IV.

4.5 Study V: Comorbidity of ARFID with NDDs

The neurodevelopmental comorbidity of ARFID was investigated in the group of chil-
dren with current and/or previous ARFID according to the DSM-5 criteria (n=67,
1.8%; compare Figure 4.7, DSM-5 Lifetime). Of these, 27 children currently had
ARFID and 40 children previously had ARFID. Overall, children with ARFID had a
higher risk of neurodevelopmental problems and NDDs. Figure 4.9 shows the relative
risks for (1) NDD diagnoses reported in the EEBQ (at age 47 years), (2) neurodevel-
opmental problems indicated in the modified ESSENCE-Q (at age 2.5 years), and (3)
developmental delay demonstrated by failing an ASQ-3 domain at least twice out of
the six biannual measurements (up to age 3 years).
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Figure 4.9 Relative risk of neurodevelopmental problems and NDDs in children with ARFID compared to
children without ARFID (Study V). Error bars present 95% confidence intervals (CIs). The arrows at the
ClIs of Developmental Coordination Disorder (DCD) and intellectual disability indicate that the Cls extend
beyond the plotted scale; the upper CI limit is 29.3 for both Cls. ASQ-3: Ages and Stages Questionnaire-
3, ESSENCE-Q: Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations-

Questionnaire.
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The prevalence of any NDD was 13.4% in the ARFID group and 3.6% in children
without ARFID (RR=3.7; Figure 4.9). The risk of ASD and ADHD was 3-4 times
higher in children with ARFID, although their absolute prevalence was lower than
expected (ASD: 6%, ADHD: 4.5%). The prevalence of ASD and ADHD in the whole
sample was 1.8% and 1.3%, respectively. On the modified ESSENCE-Q, every neuro-
developmental problem—except mood—was 2—6 times more common in children
with ARFID. Abnormal sensory reactions to stimuli such as touch, sound, light, smell,
or taste showed the highest risk increase (Figure 4.9). In the ARFID group, 38% had
four or more neurodevelopmental problems on the ESSENCE-Q, as opposed to 13%
in the group without ARFID. On the ASQ-3, children with ARFID had a 2-5 times
higher risk of failing a domain at least twice. The highest risk increase was found for
the Communication domain and the Personal-Social domain. Sensory sensitivity to
food characteristics and lack of interest in eating as drivers of food avoidance were
more common in children with ARFID and NDDs than in children with ARFID with-
out NDDs; for instance, 77.8% of children with NDDs presented with sensory sensi-
tivity, but only 51.7% of children without NDDs presented with sensory sensitivity
(Figure 4.10).

Relative Risk
(95% CI)
Lack of interest 75% 1.6 (1.1-2.3)
in food/eating no NDDs P
Sensory sensitivity to NDDs
Cy t —_— L 1.5(1.0-2.3)
food characteristics no NDDs :
i NDDs
Fear of aversive 1.4 (0.4-5.6)

consequences no NDDs

10 20 30 40 50 60 70 80 0 100
%

Figure 4.10 Frequency of the three drivers of food avoidance in children with ARFID, depending on
comorbid NDDs as reported by parents in the Early Eating Behaviour Questionnaire (EEBQ) in Study V.
ARFID with NDDs: n=9 (of these: n=8 with >1 driver), ARFID without NDDs: n=58 (of these: n=47 with
>1 driver).
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5 DISCUSSION

5.1 Discussion of main findings

5.1.1 Study |

Study I examined whether adolescent-onset EDs can be viewed aetiologically as the
extreme manifestation of continuous variation in ED traits. The aetiology of ED traits
(i.e., the extent of genetic and environmental influences) measured with the EDI-2
was consistent across different levels of severity in the extremes analyses. When ex-
amining the genetic correlation between ED traits and ED diagnoses in joint categor-
ical-continuous models, we found a moderate genetic correlation of OEDs and ED
traits, while there was a lower genetic correlation between AN and ED traits. This
suggests that OEDs can, at an actiological level, be conceptualised as the extreme
manifestation of continuously distributed traits (scenario A in Figure 5.1), which
is in line with other psychiatric and neurodevelopmental disorders.®®°’ This finding is
also in agreement with previous evidence for a dimensional nature of ED pathology
from phenotypic studies using taxometric and mixture modelling approaches,*%¢ and
it concurs with recent endeavours of a dimensional classification of EDs within the
Hierarchical Taxonomy of Psychopathology (HiTOP).2%

That AN seems to be more genetically demarcated from ED traits (scenario B in
Figure 5.1) than OEDs, is an intriguing finding, which confirms previous reports that
the heritability of AN decreased with the broadening of diagnostic criteria, while this
was not the case for BN.??% Interestingly, the most recent GWAS of AN found that
AN shares genetic variation with metabolic traits (e.g., higher levels of high-density
lipoprotein cholesterol, lower levels of leptin and insulin resistance), which is not
accounted for by common genetic variants associated with BMI.!*? This poses the
question whether AN might be not only a psychiatric, but also a metabolic
disorder'>—a notion that is further supported by the recent finding that individuals
who go on to develop AN in adolescence have significantly lower BMIs throughout
childhood (2—-12 years), which suggests that premorbid metabolic factors could be
involved in the aetiology of AN.2%° The EDI-2 and dimensional measures of ED traits
in general may not capture this metabolic component, which might have led to the
low genetic correlation between AN and ED traits. Another potential explanation for
the genetic discontinuity between AN and ED traits could be that the psychological
and behavioural dimensions measured with the EDI-2 do not optimally reflect the
psychological and behavioural AN phenotype. It is, however, unclear what would
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characterise more suitable dimensions of AN. In summary, our results indicate that
the risk for AN might be less continuously distributed than the risk for (most) other
psychiatric disorders. Future studies should examine this potential difference further
by using different measures of ED traits.

A - OEDs B - AN

Affected Ger_1etic
risk

N

Unaffected

No Mild  Moderate BN No  Mild Moderate | AN
ED ED  ED BED ED ED ED :
traits  traits traits OSFED traits  traits traits

Figure 5.1 Result for the aetiological continuum hypothesis in Study I. Scenario A: Other Eating Disorders
(OEDs) as the extreme manifestation of continuous genetic variation in ED traits in the population,
Scenario B: AN as a genetically distinct entity. G1 and G2 represent different sets of genetic factors. BED:
Binge-Eating Disorder, BN: Bulimia Nervosa, OSFED: Other Specified Feeding or Eating Disorder.

Another interesting result was that the non-shared environmental correlations be-
tween ED diagnoses and ED traits were higher than what is usually observed in
other disorders.”” This might (partly) be explained by the idealisation of thinness (thin-
ideal) in Westernised cultures, which is an important environmental risk factor for
EDs, but less relevant for other disorders. Indeed, there is evidence that increased
media exposure to the thin-ideal, perceived pressure to be thin, and thinness expecta-
tions (e.g., expecting life improvements when being thin) are risk factors for both ED
traits as well as EDs.2%!

5.1.2 Study Il

Study II examined prospectively whether there is an elevation of autistic traits at age
9 in individuals who later develop AN. The finding that children later diagnosed with
AN did not show elevated autistic traits at age 9, compared to children without AN,
was surprising at first sight, as it seems to contradict previous findings of an overrepre-
sentation of ASD in AN.!36:172.173.262 That the elevation of autistic traits at age 18 was
confined to the subgroup with acute AN, but not visible in girls with a history of AN,
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furthermore supports the notion that symptoms of the acute AN phase might only
mimic autistic traits. For example, parents might have been referring to their chil-
dren’s strict routines around eating and exercise when rating their children’s restricted
and repetitive behaviour and interests.

There are however several other possible explanations for these findings. For exam-
ple, successful camouflaging behaviour of children with ASD (especially girls) might
underlie the result that autistic traits were not elevated in children who later developed
AN. Camouflaging describes coping strategies by cognitively able individuals with
ASD—in particular autistic females—in order to socially fit in, by either hiding
behaviours associated with ASD or purposely performing behaviours deemed to be
neurotypical 2824 Such behaviours can be observed in children as young as 5 to 11
years,?6%266 and might be especially common in the group with later AN, as individu-
als with AN are often characterised by high academic achievement?$7-2%® and above
average cognitive ability.'*® Camouflaging can be very demanding and might—
together with other problems in adolescence such as the emergence of AN—Iead to a
depletion of mental resources,?3264
them more noticeable. Especially during acute AN, when brain functioning is affected
by starvation, the ability to camouflage might be impaired, leading to an exacerbation
of the previously subtle autistic traits. After weight recovery, the ability to camouflage
could be restored, however. This might also explain the result that at age 18, autistic
traits were only elevated in girls with acute AN, while girls with a history of AN had
the same low level of autistic traits as girls who never had AN.

which in turn exacerbates autistic traits and makes

A second but related explanation for our findings is that girls with ASD show a some-
what different phenotype and their autistic traits are often more subtle and more dif-
ficult to detect with the existing assessment instruments that were developed based on
the male ASD phenotype.?6%26%270 This commonly leads to many females with ASD
not being diagnosed until they seek health care for other mental health problems such
as AN in adolescence or adulthood.'* Previous studies also show that, as opposed to
boys, autistic social traits in girls only become more overt in adolescence, when
social contexts become more complex and demanding.?’! In summary, the somewhat
different and less overt female ASD phenotype, and coping strategies in individuals
with ASD may explain the finding that autistic traits were not elevated in children
who would later go on to develop AN. Alternatively, the described overlap between
ASD and AN may be less strong than previously thought. It remains unclear whether
autistic traits in AN are an epiphenomenon of the acute AN phase or if they represent
“true” ASD.
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5.1.3 Study Il

Study III tested potential deficits in FER ability, and visual scanning behaviour as a
possible underlying mechanism, in women long-term recovered from adolescent-
onset AN with and without ASD. The finding that women recovered from AN without
ASD did not show impairments in FER ability compared to healthy controls is in line
with recent results from the only other study investigating basic FER in recovered
AN.?" Like us, Kerr-Gaffney and colleagues found that differences in FER ability
depended on the degree of autistic traits rather than AN status. Furthermore, to our
knowledge, all available studies that controlled for comorbid ASD found that basic
FER ability was not impaired in acute AN without ASD either,!°%*”? or only very
minimally (i.e., for only one of five emotions: disgust).!”> Moreover, the preserved
FER ability in AN without ASD seems to extend to complex emotions.?’* Overall,
our and other’s results indicate that deficits in FER ability are likely not an inherent
characteristic in AN, neither as a trait, nor as a state. Instead, deficits in FER might
be limited to the subgroup with ASD. Differences in the number of individuals with
comorbid ASD between previously studied samples might have contributed to incon-
sistent results regarding FER in AN.

Contrary to our expectations, and to Kerr-Gaffney et al.’s results,?’> women recovered
from AN with ASD were better, instead of worse, at identifying emotions, however,
this only applied for low-intensity emotional expressions and in comparison to
women recovered from AN without ASD, while no differences were found for higher-
intensity emotional expressions or in comparison to healthy controls. One explanation
for this finding might be that women recovered from AN with ASD took on average
almost one second longer to respond in trials where they correctly identified low-
intensity expressions than women recovered from AN without ASD. As the group of
women recovered from AN with ASD was very small (n=6), these analyses were only
exploratory and we refrain from interpreting the results further.

We found ceiling effects for emotional expressions at 80% and also at 60% intensity,
while average accuracy was approximately 50% for expressions at 40% intensity. This
was in line with a previous study of FER in AN using blends of basic emotions at
different intensities'> and suggests that tasks employing only high-intensity basic
emotions in earlier studies might not have been sensitive enough to detect potential
group differences; a caveat that has previously been brought forward.?” The use of
lower-intensity emotional expressions might resolve the problem of ceiling effects
in basic emotion recognition experiments.

No significant group differences emerged for visual scanning behaviour (attention to
the eyes vs. the mouth, hyperscanning) during the FER task, which furthermore was
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not related to task performance. These results are difficult to interpret, as research on
visual scanning behaviour as a potential underlying mechanism of FER deficits is still
scarce and furthermore limited to acute AN. One study found hyperscanning behav-
iour in individuals with acute AN, albeit this was not related to FER task perfor-
mance.'** A second study reported that eye avoidance was associated with poorer FER
task performance within a group of individuals with acute AN, however, they did not
differ from healthy controls in their average attention to the eyes.”” No study apart
from the current one has examined visual scanning behaviour during FER in individ-
uals recovered from AN, but a recent study that compared saccadic eye movements
unrelated to emotion recognition in individuals with acute and recovered AN sug-
gested that differences in saccadic eye movements might be limited to the acute state
of AN.2"#

5.1.4 Study IV

Study IV applied a newly developed screening tool for ARFID in a large birth cohort
of Japanese children aged 4—7 years, and thus extends the very small body of literature
on the prevalence of ARFID in the general population (especially in children under 7
years). Using the parent-reported screening tool, we found a point prevalence of 0.7%
for DSM-5 ARFID in 4-7-year-old Japanese children. In general, it is difficult to com-
pare to existing prevalence estimates due to the different measurements used. Our
estimate is similar to that of a previous study in older Taiwanese children (0.3%),2%
but lower than estimates reported from Germany and Switzerland (3.2-5.5%).702%2
When using the ICD-11 criteria, the point prevalence was 1.3%, showing that the
psychosocial impairment criterion being critical for diagnosis by itself in ICD-11
leads to a higher ARFID prevalence. Furthermore, the ICD-11 prevalence was very
sensitive to the threshold applied to measure “marked interference with psychosocial
functioning”. It needs to be more clearly defined how this criterion should best be
evaluated.

In the general population of Japanese children, the male-female ratio of ARFID was
1:1. Sensory sensitivity to food characteristics and lack of interest in eating were more
common as drivers of food avoidance than was fear of aversive consequences of eat-
ing. These findings are in line with a previous study in the general child population,”
but in contrast to studies from child and adolescent ED services (age ca. 8—17 years):
in these settings, the proportion of males is 21-29%,%3-3%% and fear-based avoidance
is the most common driver of food avoidance.?’>?’® In younger samples receiving
intensive multidisciplinary treatment for chronic food refusal and tube dependence,
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boys are equally as affected as girls, or even slightly overrepresented.®?!! These dif-
ferences depending on the treatment setting underscore the value of studying non-
selected groups.

The male-female ratio in ARFID is in striking contrast to that in AN. One reason for
this might be that the drivers of food avoidance in ARFID are less gender-specific
than body image concerns and drive for thinness in females with AN.?77278 The dom-
inance of sensory sensitivity as a driver of food avoidance furthermore suggests a
link between ARFID and the neurodevelopmental spectrum, where abnormal sen-
sory processing is common.?’*?% That more than a third of children showed evidence
of more than one driver of food avoidance confirms the previous proposition that the
drivers are not mutually exclusive.”® A significant proportion (17%) did not show
evidence for any of the three drivers, which could either indicate the existence of other
potential (yet unknown) reasons for food avoidance, or reflect the relatively crude
measurement of the drivers, which were only evaluated with one question each. In-
deed, in a clinical study using somewhat more detailed questions to assess the three
drivers of food avoidance, all children with ARFID presented with at least one driver,
and almost two thirds of children with ARFID presented with more than one driver,!
as opposed to slightly more than one third in our sample.

The agreement of the newly developed screening tool for ARFID with the BPFAS
was poor: only a small proportion of children identified through the DSM-5 diagnostic
criteria were also identified by applying the proposed cut-off values to the BPFAS
scores, and vice versa. As the ARFID screening tool has not yet been validated against
clinical diagnoses and the BPFAS has not been used in Japan before, these results are
difficult to interpret.

5.1.5 Study V

Study V examined neurodevelopmental symptoms and NDDs in 4-7-year-old chil-
dren with ARFID screened from a large Japanese general population sample. Children
with ARFID had a three times higher risk of having NDDs (including ASD, ADHD,
developmental coordination disorder, and intellectual disability), although the abso-
lute prevalence of these NDDs might have been underestimated both in the ARFID
group (13.4%) and in children without ARFID (3.6%). This is likely a consequence
of the young age of the children (especially for assessing ADHD) and the way NDDs
were measured (parent-report of diagnoses). The number of neurodevelopmental
problems reported on the modified ESSENCE-Q might also be indicative of the pres-
ence of NDDs. The proportion of children having three or more (7.7%)/four or more
problems (13.3%) on the ESSENCE-Q corresponded approximately to the population
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prevalence of NDDs of around 10%.'% The corresponding estimates in the ARFID
group were 38% (three or more problems) and 20% (four or more problems), which
might be closer to the true prevalence of NDDs in ARFID. However, the diagnostic
validity of these cut-off values is unclear, as their positive and negative predictive
values for clinical NDD diagnoses are unknown. Still, the 2—6 times increased prev-
alence of a broad range of neurodevelopmental problems on the ESSENCE-Q and the
ASQ-3 in the ARFID group indicates a more generally atypical/delayed neurode-
velopment in children with ARFID, with problems in the domains of sensory pro-
cessing and communication being most distinct.

The prevalence of ASD in the total sample (1.8%) was lower than a recently reported
estimate for the Japanese child population (3.2%).!% Therefore—although the preva-
lence of ASD in children with ARFID (6%) was in the range of previously reported
estimates (3—13%)°!-33208.209__the “true” prevalence of ASD in ARFID is likely higher
than 6%. ADHD was only reported for 1.3% of the whole sample, compared to an
expected 5%, if the children had been somewhat older.!" Previous studies have
reported an ADHD prevalence of 4-39% in children with ARFID,>!-33208-210 which
corresponds to a 1-7 times increase in risk when comparing to the expected popula-
tion prevalence of 5%.''7"" The risk estimate in this sample (3.5) lies in the middle
of this range.

Interestingly, all drivers of food avoidance (sensory sensitivity to food characteristics,
low interest in eating, fear of aversive consequences of eating) were more common in
children with ARFID and NDDs (although this was only significant for sensory sen-
sitivity and lack of interest in eating). This suggests that children with NDDs might
have a higher overall number of drivers underlying their ARFID, and might there-
fore be more prone to develop ARFID. Indeed, there is evidence of a link between
NDDs and at least two of the three known drivers of food avoidance in ARFID. First,
abnormal sensory processing is a well-known marker of ASD?* and also associated
with other NDDs over and above ASD.?!¢281:282 This abnormality might underlie the
sensory sensitivity presentation of ARFID in children with NDDs. Indeed, sensitivity
to taste and smell have been shown to be a mediator of selective eating in children
with NDDs.2!¢ Second, in children with ADHD, impulsivity and hyperactivity might
make it difficult to remain seated at meals and to keep focus on eating, resulting in the
low interest in eating presentation of ARFID.?®3 Furthermore, it has been observed
that the initiation of stimulant medication for ADHD (e.g., lisdexamfetamine)—
known for its appetite suppressing side effects?®*—Ied to increased food avoidance
and significant weight loss or stunted weight and height in children with a history of
selective/avoidant eating.?®
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5.2 Implications for research and clinical practice

The finding that OEDs aetiologically can be viewed as the extreme manifestation of
continuously distributed ED traits (Study I) has important implications for genomic
research in EDs that is lagging behind other psychiatric disorders; in fact, data collec-
tion for GWAS on binge-spectrum EDs has only just begun.?®¢ Molecular genetic
studies might benefit from including continuous ED traits in the general population
(as a complement to diagnoses), in order to quickly increase sample size and reach
the necessary statistical power for identifying common genetic variants. This could
help accelerate genetic findings for EDs significantly and has already been done for
ADHD traits and depressive symptoms.®>9%:287288 [ general, our findings suggest that
insights from studying ED traits can translate to OEDs but not necessarily to AN.

Study II showed that the parent-reported screening assessment was not able to detect
elevated autistic traits in young children with later AN, if such elevations were pre-
sent. Instruments that are better tailored to capture the qualitative differences in the
ASD phenotype of (young) girls, especially the cognitively able ones, are needed for
future research; one such instrument could be the Autism Spectrum Screening Ques-
tionnaire-Revised Extended Version (ASSQ-REV).?® Our findings also confirmed
previous concerns about the assessment of ASD in the acute phase of AN, as certain
symptoms associated with AN might only mimic ASD. Here, it is crucial to collect
information on autistic traits in the early development. More prospective studies using
different measurements to assess autistic traits in childhood before the development
of AN are needed to clarify whether autistic traits in AN represent an underlying ASD
condition.

Women recovered from AN without ASD did not seem to have deficits in recognising
basic emotions from facial expressions (Study III), and other research suggested that
such deficits might not either be present during the acute state of AN, nor for complex
emotions.!*®?7? This implies that treatment strategies focusing on improving the re-
cognition of other’s emotions (see e.g.,2%%) might be dispensable in AN without ASD.
The same implications might not apply to AN with comorbid ASD. Although our re-
sults were inconclusive for this group, previous research strongly suggests that indi-
viduals with ASD have difficulties in recognizing other people’s facial emotional
expressions.!32% Therefore, treatments targeting these deficits might potentially be
useful in individuals having both AN and ASD. We also showed that task sensitivity
was improved when low-intensity emotional expressions were used. This should be
considered by future research studying FER ability.
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The prevalence of ARFID is still largely unknown. The prevalence rates reported in
Study IV give an approximate estimate of children that might need access to health
care for ARFID. This study also for the first time reports an estimate for the prevalence
of ARFID based on the ICD-11 criteria. Future research needs to validate the newly
developed screening tool against clinical diagnoses of ARFID. Furthermore, it needs
to be clarified how the psychosocial impairment criterion should best be evaluated in
research as well as in clinical practice. Study V showed that—due to the relatively
low prevalence of the conditions—even larger population samples (n>4,000) as well
as older children need to be studied in order to examine the overlap of ARFID with
NDDs and the possible interaction of NDDs with drivers of food avoidance. The
results also suggest that clinicians treating children with ARFID should be aware of
a possibly atypical/delayed neurodevelopment, and ADHD and ASD in particular. If
underlying NDDs are present, treatment should be adjusted accordingly.

5.3 Methodological considerations

5.3.1 Generalisability

AN, ARFID, and ASD all have a relatively low prevalence of 1-2% in the population.
This leads to issues with small sample sizes in the subgroups with the respective dis-
order, even if “large” samples of several thousand individuals are studied. This is fur-
thermore aggravated by the inversely skewed sex ratios in AN and ASD (i.e., more
females with AN, more males with ASD). Small sample sizes lead to high uncertainty
in estimates (see e.g., Study V) and weaken generalisability. Because of the small
number of males with AN/EDs, males were excluded in Studies I and III, which are
therefore limited in that the conclusions only apply to females. In Study III, the num-
ber of women recovered from AN with ASD was so small that it prevented us from
drawing firm conclusions for this group regarding potential deficits in FER.

Another question to be considered in connection with Studies I and II is whether
results from twin samples generalise to the non-twin general population. A Swedish
total population study suggested that multiple births are associated with a higher risk
of AN (but not of BN or EDNOS), which was unexpected and cannot easily be
explained.”' However, the aim of Studies I and II was not to estimate the prevalence
of EDs—which could potentially have been overestimated in this case—but to inves-
tigate genetic and environmental influences on EDs and the link between AN and
ASD. Population-based studies of ASD show that twins can be considered representa-
tive of the general population.?*>?%* We therefore believe that the results of Studies I
and II can be generalized to the non-twin population.
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All studies except Study III were based on epidemiological surveys in a twin cohort
and a birth cohort, which are characterised by high attrition rates in line with other
cohort studies on child development.?®*?% It is known for both the CATSS and the
JECS that non-responding parents and their children on average have more mental
and physical health problems.??%?% For instance, in the CATSS, parents of children
with NDDs, identified by NPR diagnoses, were less likely to participate in the base-
line assessment at age 9.2 While this might introduce bias in the form of underesti-
mation when studying absolute prevalence rates (Study IV), the impact is less clear
in association studies (Studies I, II, & V). It is, however, likely that having fewer
individuals with the disorders of interest in the studied sample decreases variation,
which in turn might attenuate (and therefore underestimate) the associations of inter-
est. On the other hand, parents of children with some disorders may be more likely to
participate in research studies to contribute to furthering knowledge about these dis-
orders. It is not entirely clear whether this is the case for EDs. Our attrition analyses
from baseline to follow-up assessment in Studies I and II showed that the prevalence
of twins’ NPR-registered ED diagnoses was roughly comparable between responders
and non-responders, especially when the twins themselves were the responders (Study
D). In contrast, the prevalence of NPR-registered ASD diagnoses in children of parents
who responded at follow-up was lower than in children of parents who did not respond
at follow-up (especially for boys, Study II). In Study II, we were furthermore able to
examine the association of parent-reported autistic traits at age 9 with NPR-registered
diagnoses of AN in children whose parents did not respond in the follow-up at age
18. In line with our main results, we did not find evidence of such association, which
provides support that attrition from baseline to follow-up has not biased our results.

It can be questioned, whether we can translate the results from the Japanese cohort
in Studies IV and V to European/North-American populations. For example, the prev-
alence of ASD has traditionally*’ and currently'®® been estimated to be somewhat
higher in Japan than in Europe and North America. It is therefore conceivable that
also the prevalence of ARFID might be somewhat higher in Japan than in other coun-
tries, assuming that ASD and ARFID are related to some degree. Furthermore, it is
possible that there are cultural differences in how concerned parents are about their
child’s eating in general, which possibly has influenced how parents responded to the
EEBQ-items screening for ARFID. Cross-cultural comparison studies are needed to
examine potential cultural differences; with this in mind we have started to use the
ARFID-BS in Swedish children. Nevertheless, the items screening for ARFID pertain
very closely to the DSM-5/ICD-11 criteria, which are also used in Japan, and there-
fore should measure the same underlying disorder.
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Lastly, Study III included a community-based sample with a history of AN, with an
average illness length of 3.7 years (compare e.g.,>*®). The results might therefore not
generalise to individuals with longer illness duration. The only directly comparable
study produced similar results in women recovered from AN with an average illness
length of 5.4 years.?”

5.3.2 Measurement error and misclassifications

Misclassification might have happened when identifying individuals with EDs. In the
register-based studies, EDs might have been underreported in the NPR, since not
all individuals with EDs seek treatment'>2%° and not all health care units treating ED
patients report to the NPR.22® Although the NPR shows high validity for a range of
mental disorders, including ASD,?*%-228 it has not yet been formally validated for EDs.
We tried to identify additional cases not captured by the NPR through other measures
such as parent-reported treatment for an ED and self-reported purging behaviour re-
curring over at least three months, a behaviour that would fulfil criteria for DSM-5
OSFED, and—in combination with other symptoms—ypossibly even for AN-BP or
BN. The proportion of additionally identified cases was circa 45% in both Study I and
Study II, indicating a significant underreporting of EDs in the NPR. Prevalence esti-
mates can be difficult to compare between studies due to differences in the applied
diagnostic criteria and methods of ascertainment, as well as in age range and country
studied. The prevalence rates of EDs resulting from combining the methods described
above (2.4% AN, 3.3% EDs other than AN) were within the expected range for girls
in the general population,?%3%" while the prevalence of AN in boys (0.7%) was
slightly higher than expected.?*** The majority of boys with AN (75%) were identified
through parent-report of treatment for AN, and it is difficult to imagine that parents
potentially would falsely report treatment for AN that has not occurred. In summary,
the ED prevalence rates in Study I and Study II suggest that a significant underesti-
mation of EDs is unlikely.

Furthermore, we were not able to differentiate AN-R from AN-BP as neither the
NPR nor the CATSS contain this subtype information. In Study I, this prevented us
from investigating whether, from an aetiological perspective, AN-BP would be closer
associated with AN-R than with OEDs. Since AN-BP includes binge eating behaviour
in addition to restrictive eating, it has been questioned whether AN-BP really is a
restrictive ED or if it should rather be classified as a binge-spectrum ED,?' and some
studies have excluded AN-BP when investigating restrictive EDs.3¢3%2 If AN-BP in-
deed was part of the binge-eating spectrum, we would have overestimated the genetic
correlation of AN with ED traits in Study I (since AN-BP was classified as AN), and
therefore underestimated the difference in the genetic correlations of AN with ED
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traits and OEDs with ED traits. However, it has also been questioned how useful the
differentiation between AN-R and AN-BP is at all,>?® since crossover between the
subtypes is extremely common: in fact, by 7—12 years of follow-up, only 12—-19% of
circa 100 women with AN never had an episode of regular binge-purge behaviour,
while circa 51% were restrictive for the majority of the time.>*** Furthermore, no
significant differences in the genetic correlations with metabolic traits emerged be-
tween AN-R and AN-BP in the recent AN GWAS.!? It therefore seems likely that
the differentiation based on underweight (i.e., AN vs. OEDs) is (here) more relevant
than the differentiation based on the presence or absence of binge eating. Generally,
the distinction between restrictive EDs and binge-spectrum EDs is not trivial, as EDs
might indeed lie on a spectrum from restriction/control to loss of control (compare
e.g.,’%), where disorders in the middle of the spectrum (e.g., AN-BP) are character-
ised by both restrictive eating as well as binge eating.

In both Studies I and II, it is possible that false negative classification has occurred
due to the relatively young age of a large part of the sample when NPR diagnoses
were extracted (age range: 17-24 years), especially for BN, which on average has a
later age of onset than AN.'%?° Misclassification might furthermore have occurred
when differentiating acute AN from previous AN in Study II (due to the relatively
crude measures used), and when classifying the presence of self-reported regular
purging behaviour as OEDs in Study I, as purging behaviour could indeed have been
part of AN-BP, although it is more likely to occur in BN. The results from Studies I
and II need to be replicated in older individuals with longer follow-up time of poten-
tial ED diagnoses. Using the Swedish register for the quality assurance of specialised
ED treatment*% could be of assistance in achieving a more fine-grained classification
of ED diagnoses.

In Study II1, the use of isolated and static facial expressions of emotions—which are
rarely encountered in real life—may have limited the ecological validity of the FER
test. It is possible that using video sequences showing dynamic facial emotional ex-
pressions and including other nonverbal cues (e.g., sounds) provide more ecologically
valid results (see e.g.,’?).
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The main caveat of Studies IV and V is that the set of items screening for ARFID has
not yet been validated against clinical diagnoses, although such efforts are underway.
In fact, the data collection with the EEBQ in the Japanese cohort provided useful
information for improving the screening items, based on which we developed the
ARFID-BS. The changes are documented item-by-item in supplementary Table 6 of
Paper IV. For example, the measure of previous ARFID, used to determine the life-
time prevalence of ARFID, was based on the assumption that the ARFID criteria were
met simultaneously at some point, although we did not have information on the onset
and duration of symptoms. This procedure might be justified by the young age of the
children and the fact that restrictive eating in childhood often persists over some
years.®13% Furthermore, the resulting lifetime prevalence of ARFID was not unrea-
sonably higher than the point prevalence. In the ARFID-BS, we ask parents to indicate
at which age each criterion was present, that is, when the respective problem started
and when it ceased (see Supplement 4 of Paper IV). On the other hand, the set of
screening items used in Studies IV and V likely has high construct validity, as the
items are closely mapped onto the DSM-5 ARFID criteria. A similar procedure has
been used when developing the A-TAC, where the items measuring ASD and ADHD
almost verbatim reflect the DSM-IV diagnostic criteria.?*>?** The A-TAC has proved
to have high criterion validity for diagnoses of ASD and ADHD.?*>2% In Study V, it
is likely that we have underestimated the absolute prevalence of NDDs in both chil-
dren with ARFID and the total cohort, due to the way NDD diagnoses were assessed
(by parent-report) and due to young age of the children, especially for diagnoses of
ADHD (see also discussion in chapter 5.1.5).
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6 CONCLUSIONS

The studies included in this thesis have found that:

L EDs other than AN might best be viewed actiologically as the extreme man-
ifestation of continuous variation in ED traits and may therefore be added
to the range of psychiatric disorders that can be defined dimensionally. AN
might be more genetically demarcated from ED traits.

II. Individuals who later went on to develop AN did not show elevated autistic
traits in childhood; however, potential elevations might have been concealed
by coping strategies of individuals with ASD and the different/less overt
female ASD phenotype, resulting in parental underreporting. It remains un-
clear, whether autistic traits in AN are present from childhood and therefore
represent an underlying ASD condition in some cases.

1. Facial emotion recognition was not impaired in women recovered from AN
without ASD. Deficits in basic emotion recognition ability should therefore
probably not be considered an underlying trait in AN. Instead such deficits
might be limited to the acute phase of AN and/or the subgroup with ASD.

IVv. ARFID was equally common in boys and girls with a point prevalence of
circa 1%. Several drivers of food avoidance are likely to co-exist in ARFID,
with sensory sensitivity to food characteristics and lack of interest in eating
perhaps being the dominant drivers. Use of ICD-11 diagnostic criteria result-
ed in a higher prevalence than use of DSM-5 criteria.

V. Children with ARFID had a three to four times increased likelihood of being
diagnosed with NDDs (especially ASD and ADHD) and they showed a gen-
erally more atypical/delayed neurodevelopment, with abnormal sensory pro-
cessing and communication problems being most prominent.

AN and ARFID both are characterised by restrictive eating and both show associa-
tions with the spectrum of NDDs (Figure 6.1). Individuals with AN and comorbid
ASD might have more severe illness trajectories and it is therefore important to iden-
tify this subgroup. However, ASD and ASD-related traits in AN are difficult to disen-
tangle, as this thesis also has shown in line with previous studies. In large prospective
epidemiological studies such as ours it might be challenging to find evidence of child-
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hood autistic traits in individuals with AN, which would indicate an underlying ASD
condition, although this could potentially be achieved with more fine-grained instru-
ments. Furthermore, fewer ASD-related traits might be inherent in AN than previ-
ously believed and in fact be limited to the subgroup with “underlying” ASD (such as
seemed to be the case for emotion recognition deficits in this thesis). AN is a hetero-
geneous group, potentially with three subgroups: (1) a subgroup with “true” ASD,
possibly around 10%;3% these individuals show autistic symptoms long before the
onset of AN (e.g., ritualistic behaviour and tendency to social oddities), (2) a subgroup
with ASD-related personality traits (e.g., obsessive-compulsive, social difficulties)
that might increase risk for AN, and (3) a subgroup unrelated to ASD with better out-
come compared to the other groups (i.e., AN is limited to adolescence, and with
positive outcome when promptly treated). The delineation of these potential sub-
groups remains however difficult. It is very important that future research considers
the potential subgroup with ASD when studying ASD-related traits in AN and fur-
thermore considers childhood autistic traits when assessing ASD in AN. While AN
might be more specifically related to ASD, Study V’s findings suggested that ARFID
might be associated more generally with broader neurodevelopmental problems. Both
ASD and ADHD show some association with the drivers underlying food avoidance
in ARFID, and children with NDDs might have a higher number of drivers of food
avoidance contributing to their ARFID condition than children without NDDs.

Restrictive Eating

Figure 6.1 Hypothetical overlap of restrictive EDs and NDDs. Patterned areas illustrate the intersections
investigated in this thesis. ASD in ARFID: previous studies 3-13%,”°" Study V 6%, but potentially higher;
NDDs other than ASD in ARFID: previous studies up to 39%,”"%3 Study V 20-38% (based on having 3-4
neurodevelopmental problems in the modified ESSENCE-Q),; ASD in AN: ~10%,°” NDDs other than ASD
in AN: little evidence for overrepresentation; Restrictive eating in ASD: ~50% (up to 89%),°'? Restrictive
eating in NDDs: not known,; ARFID & AN: no empirical evidence of overlap, as represented by the question
mark. The size of each area is only approximately proportionate, assuming a prevalence of ca. 1-2% for
each AN, ARFID, and ASD, and ca. 10% for NDDs, while the prevalence of restrictive eating is unknown.
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7 FUTURE PERSPECTIVES

Future studies should focus on the type and extent of overlap between AN and ASD
by examining, for instance, if they share genetic influence. Both conditions are
comorbid and aggregate in families,'*!?*? suggesting a potential underlying common
genetic vulnerability. A register-based study of the Danish population found that hav-
ing a family member with ASD increased the risk for developing AN, and vice versa,
having a family member with AN increased the risk for developing ASD. However,
the risks of developing AN/ASD were similarly increased by having a family member
with depression or any psychiatric disorder, suggesting that the genetic relationship
between AN and ASD is non-specific.2®? To which degree AN and ASD are genet-
ically correlated has not yet been investigated in twin studies. Molecular genetic stud-
ies still have low power to estimate the genetic correlation between AN and ASD.
Interestingly, the most recent AN GWAS reported a larger genetic correlation of ASD
with AN-R than with AN-BP, although both were statistically non-significant.'??
These correlations were based on common variants only, while twin correlations cap-
ture multiple sources of genetic covariation and will therefore likely be higher. That
ASD might be more closely associated with AN-R than with AN-BP is conceivable,
as AN-BP is characterised by impulsivity and loss of control (in addition to restrictive
eating)—traits not characteristic of ASD. Nevertheless, as discussed in chapter 5.3.2,
the differentiation between AN-R and AN-BP is not straightforward. Understanding
their possible shared genetic influence can be useful for understanding the comorbid-
ity of ASD and AN and its underlying causes.

It is an important question whether early-onset ARFID potentially could develop into
other EDs—especially AN—Ilater, since, for example, picky eating has been found to
increase risk for later AN.3!%3!! The motivations for food avoidance are very different
in AN and ARFID, and it is indeed not entirely clear, why these motivations would
change at some point during development. So far, only two studies have examined
this question. Both of them conducted retrospective chart reviews and had a small
sample size; none of them provided evidence for a progression from ARFID to AN.
In the first study, 19 patients treated for ARFID before age 13 were followed up in
adulthood (age range 19—41 years): five still had ARFID and none had migrated to
another ED diagnosis.”” In the second study, 27 women identified with ARFID in late
adolescence or adulthood (age range 15-40 years) did not show signs of body image
concerns, binge eating, or purging behaviour at follow-up after on average 7 years.”
Recently, Becker et al.’'? reported that they regularly encounter cases with clear
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ARFID in their clinical practice, who also present with “traditional” ED psychopa-
thology (i.e., body checking, dieting to lose weight, binge eating), developed in the
wake of ARFID. The authors suggest that ARFID and traditional EDs (AN, BN, BED,
& OSFED) may not be completely separate disorders (as suggested in DSM-5), but
may have connected underlying mechanisms. For example, extreme disgust responses
due to sensory sensitivity in individuals with ARFID might generalise to disgust
responses to their body shape during puberty. Furthermore, weight loss (often occur-
ring in ARFID) in itself is a risk factor for traditional ED psychopathology, as is
weight-related teasing that individuals with ARFID might encounter when losing or
gaining weight.>'? Considering the association of both AN and ARFID with ASD, it
is possible, that in some individuals the pathway from ASD to developing AN goes
via ARFID. Hence, investigating the association of ARFID with AN and other tradi-
tional EDs is an important task for the future. Especially prospective studies monitor-
ing children with ARFID for the development of traditional ED psychopathology
might be able to shed light on this issue.

Screening tools for ARFID need to be further developed in order to assess the preva-
lence and impact of the disorder, and to identify children at risk for ARFID who
should be clinically examined and/or followed up closely. The ARFID screener that
was developed for this thesis still has uncertain diagnostic validity, which needs to be
tested using clinically ascertained cases. Comprehensive validation studies of the
ARFID screener are currently being conducted in several Swedish birth cohorts and
clinical samples.
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