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Preface

At the beginning of the third decade of the twenty-first century, the two major psy-
chiatric classifications—DSM-5 [1] and Chapter VI of ICD-11 [2]—include in the
field of feeding or eating disorders (FEDs) six main diagnostic categories (anorexia
nervosa, bulimia nervosa, binge eating disorder, avoidant-restrictive food intake dis-
order, pica, rumination-regurgitation disorder) and two residual categories (other
specified feeding or eating disorders, and feeding or eating disorders, unspecified).

In this group (FEDs), both taxonomies gather abnormal and harmful eating
behaviors that are not explained by other pathological conditions, are not typical of
a specific developmental stage, and do not depend on religious or cultural rules.

The 37 chapters of this book describe several hidden and lesser-known disor-
dered eating behaviors that pose the clinicians with problems of recognition and
assessment and require specific interventions for treatment and prevention. The
authors attempted to offer a synthesis of knowledge useful to physicians, nutrition-
ists, psychiatrists, and psychologists.

Abnormalities in eating and weight control behaviors can occur in the course of
many medical and psychiatric conditions. In some cases, they meet the diagnostic
criteria given for the six major FEDs, but in other cases, they do not. Always, how-
ever, they affect the course and outcome of associated diseases and disorders and
contribute to impairment of personal and family quality of life. Twenty-five chap-
ters address these issues:

— addictive disorders (Chap. 6)

— post-traumatic disorders (Chap. 7)

— psychotropic drug-induced disordered eating behaviors (Chap. 8)
— disordered eating behaviors in other psychiatric disorders (Chap. 9)
— drunkorexia (Chap. 11)

— post-bariatric disordered eating behaviors (Chap. 12)

— achalasia (Chap. 18)

— cancer (Chap. 19)

— celiac disease (Chap. 20)

— craniopharyngioma (Chap. 21)

— cyclic vomiting syndrome (Chap. 22)

— cystic fibrosis (Chap. 23)

— type 2 diabetes (Chap. 24)
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type 1 diabetes (Chap. 25)

food allergies (Chap. 26)

Hirschsprung’s disease (Chap. 27)
hypermobility spectrum disorders. Ehlers—Danlos syndrome (Chap. 28)
Kleine-Levin syndrome (Chap. 29)
Klinefelter syndrome (Chap. 30)
Parkinson’s disease (Chap. 31)

polycystic ovary syndrome (Chap. 32)
Prader-Willi syndrome (Chap. 33)

Turner syndrome (Chap. 34)

non-HIV lipodystrophy (Chap. 35)
androgen insensitivity syndrome (Chap. 37)

Age of life, sex at birth, gender identity, sexual desire orientation, physical activ-

ity, and sports are closely related to body image, body weight control, and eating
behavior [3]. Here is a list of chapters that address these issues:

muscle dysmorphia (Chap. 1)

infants and toddlers (Chap. 2)

males (Chap. 3)

midlife and old age (Chap. 4)

sexual and gender minorities (Chap. 5)

avoidant/restrictive food intake disorder in adults (Chap. 10)
adipositas athletica (Chap. 36)

anorexia athletica (Chap. 36)

Finally, some chapters are devoted to disorders that generally receive less atten-

tion than anorexia nervosa, bulimia nervosa, and binge eating disorder, and to symp-
tomatic pictures that DSM-5 and ICD-11 classify as other specified feeding or
eating disorders:

night-eating syndrome and nocturnal sleep-related eating disorder (Chap. 13)
orthorexia nervosa (Chap. 14)

pica (Chap. 15)

purging disorder (Chap. 16)

rumination disorder (Chap. 17)

chewing and spitting (Chap. 36)

eating disorders by proxy (Chap. 36)

emetophobia (Chap. 36)

picky eating (Chap. 36)

This volume is not intended to expand the number of FEDs.
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DSM-5 and ICD-11 list an increasing number of psychiatric diagnostic catego-
ries and treat them as morbid entities separated by natural, time-stable boundaries.
For years now, the critique of current psychiatric classifications and diagnostic crys-
tallizations has led toward a transdiagnostic view, more focused on the evolution of
pathological phenomena observed during the same individual’s lifetime. It is a posi-
tion proposed to both researchers and clinicians to redefine the concepts of diagno-
sis and comorbidity in psychopathology.

Moreover, longitudinal epidemiological studies suggest that the major psychiat-
ric syndromes, including FEDs, appear in 75% of cases at a young age (before
24 years) and, over time, in the same individual, different symptoms tend to associ-
ate, transform, replace each other (fluid comorbidity) [4-8].

Some supporters of the transdiagnostic paradigm take their cue from the medical
model of clinical staging [9]. It consists of following the clinical manifestations
along the axes of the progression of symptoms (worsening, persistence, recurrence,
partial, or total remission) and of the extension of the pathology with other psychic
and somatic manifestations, which are associated or succeed each other, with new
symptoms, complications, and consequences.

The purpose of this volume is to widen the angle of view on disturbed eating
behaviors.
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Muscle Dysmorphia and Disordered
Eating Behavior

Stuart B. Murray and Rachel F. Rodgers

1.1 Introduction

Muscle dysmorphia (MD) is a relatively recently identified psychiatric phenotype
which encapsulates the pathological pursuit of muscularity and a pervasive belief
that one is of insufficient muscularity [1]. Crucially, the belief around insufficient
muscularity is not related to one’s actual degree of muscularity, and MD has often
observed in those with a range of physiological dimensions, even those with osten-
sibly large muscularity, suggesting a degree of body image distortion in
MD. Behaviorally, the hallmark feature of MD relates to (i) excessive working out
and muscle-building endeavors and (ii) muscularity-oriented disordered eating—
pathological eating patterns which aim to optimize muscular development. Extreme
anxiety is often reported if either gym-related or dietary regimens are disrupted, and
case reports have reported men resigning from professional jobs that interfere with
rigorous workout or dietary regimens, continuing intensive muscle-building regi-
mens despite serious injury, and not attending important social events (e.g., best
friend’s wedding) if the food available did not support dietary ideals [2]. Importantly,
MD is also associated with elicit androgenic anabolic steroid use [3] and elevated
rates of suicidality [4].

S. B. Murray
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1.2 Characteristics

Phenomenologically, MD was originally conceptualized as a reverse form of
anorexia nervosa [5], owing to its similarity with anorexia nervosa, including rigid
dietary and exercise-related practices in pursuit of opposing extremes of body ide-
als, body image distortion, high diagnostic crossover, and similar psychological
profiles [2, 3]. However, MD was reconceptualized as a body dysmorphic disorder
phenotype and re-termed muscle dysmorphia, in 1997, owing to the centrality of
muscularity concerns. Specifically, it was thought that since muscularity cannot be
developed without muscle-building exercises, exercise must therefore be the pri-
mary pathogen and eating practices were peripheral, meaning therefore that MD
could not be considered an eating disorder phenotype. However, an abundance of
research has now illustrated the centrality of disordered eating practices in MD [3,
6-8]. Notwithstanding, MD is currently conceptualized as a body dysmorphic dis-
order subtype in DSM-5 [9], a classification that has been supported through recent
meta-analytic work [10].

1.3  Epidemiology and Prevalence

In the last few years, the number of studies examining the rates and prevalence of
MD symptoms has multiplied. Due to substantial methodological limitations, previ-
ous estimates had ranged extremely widely, from 1% to over 50% [11]. Recent
studies have reported more conservative rates with clear gender differences, with
estimates of 5% (7.0% of men and 3.4% of women) of a mixed gender sample of
Italian students [12] and 7% of male students from Buenos Aires [13]. In another
study of US entry-level military personnel, MD was reported by 12.7% of males and
4.2% of females [14]. Large-scale population studies on MD are currently lacking,
and additional epidemiological investigations are warranted.

1.4 Correlates

Perhaps the most robust correlate of muscle dysmorphia is eating psychopathology,
as confirmed through meta-analysis [15]. In addition to this, robust associations
have been found with obsessive-compulsive symptomatology [2].

Given the central role of body image concerns in muscle dysmorphia, it has been
conceptualized within the growing emphasis on extreme muscularity as an impor-
tant dimension of appearance ideals for men and growing pressures on men to pur-
sue the lean-and-muscular ideal. Consistent with this, biopsychosociocultural
theories have been used with some success to frame investigations of the correlates
of muscle dysmorphia [16]. In this way, muscle dysmorphia has been found to be
associated with sociocultural dimensions including the internalization of the lean-
and-muscular ideal, as well as media and interpersonal appearance pressures and
influences and appearance comparison [16—19]. Psychological dimensions such as
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low self-esteem, perfectionism, and negative affect have also been found to be asso-
ciated with muscle dysmorphia symptoms [16]. Evidence for the role of body
weight or pubertal development, frequently considered biological dimensions, has
been more mixed. Nevertheless, overall a number of psychological and sociocul-
tural dimensions have been supported as important correlates.

More recently, these theoretical frameworks have been expanded to include gen-
dered aspects of muscle dysmorphia, building on the centrality of muscularity in
masculinity. Such integrated approaches highlight, for example, the role of self-
objectification, a construct initially developed to describe the process through which
female bodies were reduced to objects in contemporary culture and the male gaze,
but expanded to account for the increasing importance placed upon male appear-
ance ideals. Among men, self-objectification, that is, the adoption of an external
objectifying perspective, has been found to be associated with muscle dysmorphia
[20]. Interestingly, and consistent with muscularity as a core element of masculinity,
among women, muscle dysmorphia has been found to be associated with several
dimensions of gender role stress, while these relationships were less evident among
men [18].

1.5 Treatment

At present, the evidence base relating to the treatment of muscle dysmorphia
remains sparse. Owing to the challenges around its diagnostic conceptualization,
frequent misdiagnosis, and the notion that symptomatology is often socially
endorsed and ego-syntonic, few controlled treatment studies exist. To date, the only
treatment study of MD is a case study of one male adolescent patient, who was
treated with a modified form of family-based treatment [21]. This treatment, as in
family-based treatment for restrictive eating disorders [22], involved the central
leveraging of parental support in directly intervening into the adolescent’s behav-
ioral symptom profile. In this case, however, parents were charged with the task of
ensuring the adolescent did not compulsively screen the protein content of foods he
consumed or compulsively engage in muscle-building exercise practices [23]. In
concert with this clinical treatment study, prevention studies have successfully
aimed to disrupt muscularity-oriented body dissatisfaction [24], and while this out
not to be conflated with MD, these efforts may nevertheless form a critical compo-
nent in the efforts to ameliorate MD psychopathology.

1.6 Conclusion

MD is a devastating illness which renders broad impairments to quality of life and
functioning and has been linked to elevated suicidality. With this increasing aware-
ness of the dangers associated with MD, alongside a steadily increasing prevalence,
focused efforts must now go toward the development of evidence-based treatment
approaches.
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Eating Disorders in Infants and Toddlers 2

Antonia Parmeggiani and Jacopo Pruccoli

2.1 Introduction

Parents frequently refer to medical attention reporting that their children eat poorly.
Commonly this trouble does not represent a severe problem; however, in a small
percentage of cases, children may present significant feeding difficulties.
Paediatricians and child neuropsychiatrists should be informed about these disor-
ders in order to support parents by offering appropriate guidance and treatments.

In this chapter, the authors will consider feeding disorders (FD) and eating disor-
ders (ED) in infants and toddlers and describe their main features and variables.
They will also describe the characteristics of ED in a neurodevelopmental disorder,
namely, autism spectrum disorder [1].

2.2  Nutrition, Eating Behaviour and
Feeding Difficulties/Disorders

Eating behaviour, together with sleep, represents an important function of regula-
tion in infancy. The development of adequate feeding and eating functions relies on
the proper integration of a range of physical and psychological competencies.
Feeding represents a critical source of interaction between caregivers and their child
in the first years of life, particularly for children with neuropsychiatric disabilities
[2]. FD in infancy result from impairments in developmental milestones needed to
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achieve proper eating skills [3]. FD might be the result of a lack of balance among
parents’ feeding style, organic causes, and child behaviour. FD present themselves
on a clinical spectrum from mild to severe and are characterized by food refusal,
lower amount of food intake or a more significant food selectivity than that appro-
priate for the age. FD have a prevalence among children in western countries around
20-30%, including cases misperceived by parents [4], and they represent a risk fac-
tor for severe long-lasting physical and psychosocial morbidity. Recurrence of
severe FD/ED during lifetime is around 1-5% [5].

Problems of feeding in children encompass a broad range of conditions. Notably,
paediatric patients display malnourishment more quickly than adults, causing nega-
tive effects of prolonged malnutrition on their growth and development. Physicians
should consider that a FD in infancy could lead up to an ED in adolescence and in
adulthood.

Nowadays, in developed countries, nutrient deficiencies may be a consequence
of inflammatory bowel diseases, chronic diarrhoea, cystic fibrosis, congenital heart
defects, prematurity, intestinal failure, liver diseases, chylothorax, cancer, poor
wound healing, metabolic dysfunction, food allergies, gastroesophageal reflux dis-
ease, esophagitis, macroglossia, etc. [5, 6]. But they may also be a consequence of
an inappropriate dietary intake in children without a balanced support of mineral/
vitamins [7]. Feeding problems or dysphagia is seen in up to 25% of all children in
developed countries. Prematurely born children present an increased prevalence of
swallowing disorders, developmental disorders and cerebral palsy [8—10].

Literature reports a number of medical definitions for feeding difficulties, such
as neophobia (food rejection), picky eating (fussy children) and avoidant/restrictive
food intake disorder (ARFID), a newly introduced diagnosis in the DSM-5 [11].

An exhaustive medical approach to patients reporting FD should include a
detailed anamnesis, physical and neurological examinations, dietary assessment
and appropriate exams regarding possible organic failure. Dysphagia or swallowing
in children with premature birth, cerebral palsy or metabolic diseases should always
be considered. Once organic disorders have been ruled out, physicians should con-
sider non-organic aetiologies: incorrect feeding behaviours as selective intake, fear
of feeding, low food intake or even food refusal may be present. Behavioural prob-
lems may coexist. Clinicians should investigate early depressive mood or psychoso-
cial deprivation, including maternal depression. Physicians should examine the
interaction between child and caregivers during mealtimes, postpartum depression
of the mother, selective food intake in parents and mood disorders. Whenever a
patient is diagnosed with a FD, physicians should provide a thorough assessment by
a multidisciplinary team, including paediatricians, child neuropsychiatrists, nutri-
tionists, psychologists and speech pathologists.

2.3 Classification of FD and ED in Infants and Toddlers

Classifications of FD in infancy have formerly established a rigorous dichotomy
between organic and nonorganic failure to thrive [12] by separating medically diag-
nosable causes from infant and maternal psychopathology. Later studies have raised
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concerns regarding this distinction as being misleading and rarely possible in
practice [13, 14].

In 1994, the DSM-IV presented “Feeding Disorder of Infancy and Early
Childhood” as a new diagnostic category, not modified in the DSM-IV-TR [15].
This disorder was defined by persistent failure to eat adequately, with significant
failure to gain weight or significant loss of weight over at least 1 month. This
disturbance was not caused either by an associated gastrointestinal or other medi-
cal condition or accounted another mental disorder or lack of available food. The
onset was before the age of 6 [16]. In 2002, Chatoor expanded this diagnostic
entity and identified six subgroups of “Feeding Behaviour Disorders” in the first
3 years of life [17]. This new classification was adopted by the Diagnostic
Classification of Mental Health and Developmental Disorders of Infancy and
Early Childhood (DC:0-3) [18], recently updated to a new version (DC:0-5). In
DC:0-5, eating disorders are distinguished according to observed pathologic eat-
ing behaviours, rather than to hypothetic aetiologies, and eating disorders of
infancy/early childhood are classified as overeating disorder, undereating disorder
and atypical eating disorder (hoarding, pica and rumination) [19]. The target of
this classification system is to evidence developmental differences in psycho-
pathological descriptions and to separate pathological conditions from transient,
age-related behaviours [20].

In 2013, the DSM-5 presented “Feeding and Eating Disorders” in one chapter,
providing diagnostic criteria for pica, rumination disorder, ARFID, anorexia ner-
vosa, bulimia nervosa, binge-eating disorder, other specified feeding or eating dis-
order and unspecified feeding or eating disorder [11]. In infancy and in childhood,
these eight categories of FD/ED may all occur. In fact, cases in individuals younger
than 13 years of age are reported in literature [21]. With regard to FD in infancy, the
main innovation brought by DSM-5 consists in replacing the former DSM-IV-TR
“Feeding Disorder of Infancy and Early Childhood” with ARFID as an entirely new
diagnosis. The diagnosis of ARFID has no age restriction. Consistent with the
DSMS-5, the latest version of the International Classification of Diseases and Related
Health Problems (ICD 11) includes ARFID as a new diagnosis, replacing the former
ICD 10 “Feeding disorder of infancy and childhood” [22]. ARFID being a relatively
newly defined diagnostic category, further research should provide deeper knowl-
edge about the disorder and potential subtypes [21].

2.3.1 ARFID

The main diagnostic feature of ARFID is avoidant or restrictive eating behaviour,
with persistent difficulty in meeting nutritional needs. Patients with ARFID mani-
fest a series of clinical features as a result of their eating behaviour disturbance.
Notably, ARFID is associated with significant weight loss, or infants may show
failure to achieve weight or height as expected from their developmental trajectory.
Clinical and laboratory assessments may reveal significant nutritional deficiencies
causing anaemia, hypothermia, bradycardia and low bone mineral density [23].
Patients frequently develop dependence on enteral feeding or oral nutritional
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supplements, involving hospitalization. The DSM-5 criteria require that ARFID
should not be explained with lack of available food or associated cultural practices.
Different from anorexia nervosa, a diagnosis of ARFID requires physicians to rule
out a significant disturbance in body weight or shape perception. Lastly, no medical
or psychiatric condition should provide a better explanation of the eating distur-
bance [11, 22, 24].

Literature does not report data on population-based incidence and prevalence
rates for ARFID in infants and toddlers. A review conducted in 19 paediatric gastro-
enterology clinics in the United States found 33 patients out of 2231 (1.5%) meeting
diagnostic criteria for ARFID [25]. Further studies investigated prevalence of
ARFID among clinical settings specific for ED. The introduction of ARFID as a
new diagnosis dramatically reduced the former number of eating disorders not oth-
erwise specified (EDNOS) as classified in DSM-IV [16]. A review of 177 patients
treated for ED in Switzerland revealed that 22.5% subjects met DSM-5 criteria for
ARFID:; in line with other studies, all of these patients would have previously been
diagnosed with EDNOS [26]. Literature consistently reports that patients diagnosed
with ARFID are younger and male and present greater psychiatric and medical
comorbidity compared to another ED [27, 28, 29]. Many studies report higher rates
of generalized anxiety, obsessive-compulsive, autism and learning disorders [28,
30]. Congenital malformations, very low birth weight, cerebral palsy and diseases
of the gastrointestinal tract may also be associated with a picture similar to
ARFID. Consequences of any underlying medical or psychiatric condition may
have triggered food aversion. Moreover, DSM-5 criteria neither presuppose nor
exclude any aetiology previously and assume that ARFID may occur concurrently
with medical or comorbid psychiatric diagnoses, if the feeding or disturbance
implies clinical attention beyond that expected for the co-occurring illness [11, 25].
For this reason, to distinguish between medical conditions and ARFID is frequently
challenging [31].

When food refusal dominates the clinical picture, a relevant differential diagno-
sis should be made between ARFID and pervasive refusal syndrome (PRS).
Pervasive refusal syndrome is a rare, potentially life-threatening condition, charac-
terized by the following: partial or complete refusal in eating, mobilization, speech
and/or personal care; active resistance to help; social/school withdrawal; and clini-
cal conditions requiring hospitalization, in the absence of co-occurring organic or
psychiatric conditions. Pervasiveness of symptoms in different domains and rejec-
tion of any offer of help may distinguish this condition from ARFID [32].

2.3.2 Autism Spectrum Disorders and FD

Infants with autism spectrum disorders (ASD) experience a variety of developmen-
tal, cognitive, medical and behavioural problems. Among these difficulties, FD
implicate significant social and biological distress. Ledford and Gast [33] presented
the first literature review of FD in ASD, describing rates of prevalence of problem-
atic feeding behaviours from 46% to 89%. The latest meta-analysis on this topic has
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been published by Sharp, Berry and colleagues [34]. Findings from their study show
that children with ASD are five times more likely to manifest FD than their peers
without ASD. Recently, possible links between ASD symptomatology and the clini-
cal picture of eating and feeding disorders have been documented in literature.
Autistic traits in infancy have been reported by parents of patients with anorexia
nervosa (AN). This evidence may suggest that autistic features, documented in
patients with AN, pre-exist to the occurrence of eating disorder symptomatol-
ogy [35].

FD in children with ASD may include deficient motor skills (handling, chewing
and swallowing), abnormal sensory processing, gastrointestinal disorders, behav-
ioural problems (obsessive-compulsive or repetitive behaviours, imitation impair-
ment and limited interests), maladaptive mealtime behaviours and food selectivity
[1, 36]. FD as selective or scarce feeding may represent a warning early sign sug-
gesting an ASD and are frequently associated with delay or stagnation of develop-
ment [37]. Earliest alterations may be evident since the 6th month of life [38]. Food
selectivity represents the most predominant feeding problem in ASD, affecting
approximately 70% of patients; texture, taste, smell and temperature of foods may
be involved. Carbohydrates, snack foods and processed foods are usually preferred
over vegetables and fruit [39]. Abnormalities in sensory integration, as well as
social and familial factors, could play a role in determining feeding difficulties; no
definite causal relationship between feeding disorders and ASD, however, has been
demonstrated so far [40]. Feeding difficulties among children with ASD have been
positively related to parent-reported autism core symptoms, behavioural disorders,
sleep difficulties and parental stress [41].

Clinical monitoring of FD among infants with ASD has prominently focused on
growth impairment. Yet, literature reports no significant disparity between children
with and without ASD concerning height, weight and BMI. Energy intake, as con-
sumption of carbohydrates and fats, is not usually impaired, despite feeding diffi-
culties. Exhaustive nutritional analysis, however, reveals significant distinctive
deficits, e.g. lower calcium and protein intake, and suggests susceptibility to multi-
ple long-term complications. Deficits of vitamins A, B12 and D have been docu-
mented as well. Thus, relying only on classic anthropometric measurements in
children with ASD may reveal regular health status and cover underlying specific
nutritional deficits [35].

Recent studies attest to a growing interest in dietary manipulation (e.g. gluten-
free casein-free diet, GFCF) for children with ASD. Elimination diets, based on the
removal of complex carbohydrates and processed foods, have been documented as
well. These interventions have been reported to contribute to dietary insufficiencies
and nutritional deficits in children with ASD [42].

Based on this evidence, clinicians should regularly assess nutritional conditions
of patients with ASD. Feeding difficulties should be systematically investigated and
considered together with the analysis of anthropometric parameters and nutritional
deficits or excesses. Furthermore, physicians should inform parents about the
potential risks involved in putting children with ASD on an elimination diet or diet
modifications [43].
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2.3.3 Treatment

FD/ED in infancy show heterogeneous clinical pictures, which encompass medical,
behavioural and psychological factors and thus entail individualized and multidisci-
plinary treatment programmes. Since unaddressed FD frequently persist into ado-
lescence and adulthood, causing multiple complications, early referral for diagnosis
and treatment is mandatory.

Currently, literature confirms behavioural therapy as the main empirically sup-
ported treatment for FD in paediatrics. Comparative studies have revealed its mark-
edly greater efficacy in improving oral intake, when compared to other
non-behavioural interventions [44—46]. Non-behavioural treatments include sen-
sory integration [47], oral-motor exercises and nutritional manipulation [48].
Literature concerning such interventions currently lacks empirical support [49]. A
few recent studies have investigated the efficacy of pharmacologic interventions on
FD in infancy; low-dose olanzapine [50], cyproheptadine [51] and D-cycloserine
[52] have shown promising results. Nonetheless, research on this topic remains lim-
ited, and pharmacotherapies continue to be considered as adjunct treatments to
behavioural interventions [50].

Concerning ARFID as a specific condition, the recent Canadian guidelines for
the treatment of eating disorders indicate that day treatment may provide weight
restoration. Cognitive behavioural therapy and atypical antipsychotics represent
promising treatments, requiring further research [53]. Concerning PRS, literature
lack official guidelines for treatment; a recent report has described the case of a
patient successfully treated with cognitive behavioural strategies like prompting,
fading, modelling and task analysis [54].

In conclusion, at present, behavioural interventions represent the mainstay of
treatment for FD in infancy. Considering the high prevalence of these conditions
among paediatric population, additional studies are needed to provide stronger
empirical evidence for existing interventions.

2.3.4 Conclusion and Take-Home Message

Feeding represents a complex regulation system. It is one of the most important inter-
actions between a caregiver and a child, which can be affected by many variables.
Clinicians should never underestimate feeding difficulties in childhood. They should
always carefully consider the medical, dietary and psychosocial history of their young
patients to determine any underlying causes for feeding disorders and should utilize
anthropometric measurements. Early diagnosis is crucial because FD in infancy may
lead up to ED in adolescence and in adulthood and may represent a warning early sign
suggesting ASD. Management of a child with FD requires collaborative care of a
multi-professional team. Early referral for diagnosis and treatment is mandatory. At
present, behavioural therapy is the main supported treatment for FD in childhood.
Although recent studies have investigated the efficacy of some drugs, additional stud-
ies are needed to provide further evidence for existing treatments.



2

Eating Disorders in Infants and Toddlers 1

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Parmeggiani A. Gastrointestinal disorders and autism. In: Patel VB, Preedy VR, Martin CR,
editors. Comprehensive guide to autism. Diet and nutrition in autism spectrum disorders.
London: Springer; 2014. p. 2035-46.

. Martini MG, Barona-Martinez M, Micali N. Eating disorders mothers and their children: a

systematic review of the literature. Arch Womens Ment Health. 2020 Aug;23(4):449-67.

. Kabasakal E, Ozcebe H, Arslan UE. Eating disorders and needs of disabled children at primary

school. Child Care Health Dev. 2020;46(5):637-43.

. Kerzner B, Milano K, MacLean W, Berall G, Stuart S, Chatoor I. A practical approach to clas-

sifying and managing feeding difficulties. Pediatrics. 2015;135(2):344-53.

. Organic RA. Nonorganic feeding disorders. Ann Nutr Metab. 2015;66(5):16-22.
. Academy Quality Management Committee and Scope of Practice Subcommittee of Quality

Management Committee. Revised 2012 standards of practice in nutrition care and standards of
professional performance for registered dietitians. J Acad Nutr Diet. 2013;113(6):529-45.

. Goh L, How C, Ng K. Failure to thrive in babies and toddlers. Singapore Med

J.2015;57(06):287-91.

. Rommel N, van Wijk M, Boets B, Hebbard G, Haslam R, Davidson G, Omari T. Development of

pharyngo-esophageal physiology during swallowing in the preterm infant. Neurogastroenterol
Motil. 2011;23(10):e401-8.

. Schieve LA, Tian LH, Rankin K, Kogan MD, Yeargin-Allsopp M, Visser S, Rosenberg

D. Population impact of preterm birth and low birth weight on developmental disabilities in
US children. Ann Epidemiol. 2016;26(4):267-74.

Oskoui M, Coutinho F, Dykeman J, Jetté N, Pringsheim T. An update on the prevalence of cere-
bral palsy: a systematic review and meta-analysis. Dev Med Child Neurol. 2013;55(6):509-19.
Erratum in: Dev Med Child Neurol. 2016;58(3):316.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders: diag-
nostic and statistical manual of mental disorders. 5th ed. Arlington, VA: American Psychiatric
Association; 2013.

Wittenberg J. Feeding disorders in infancy: classification and treatment considerations. Can J
Psychiatry. 1990;35(6):529-33.

Reilly S, Skuse D, Wolke D, Stevenson J. Oral-motor dysfunction in children who fail to
thrive: organic or non-organic? Dev Med Child Neurol. 2007;41(2):115-22.

Manikam R, Perman J. Pediatric feeding disorders. J Clin Gastroenterol. 2000;30(1):34-46.
American Psychiatric Association, & American Psychiatric Association. Diagnostic and sta-
tistical manual of mental disorders: DSM-IV-TR. Washington, DC: American Psychiatric
Association; 2000.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th
ed. Washington, DC: American Psychiatric Association; 1994.

Chatoor I. Feeding disorders in infants and toddlers: diagnosis and treatment. Child Adolesc
Psychiatr Clin N Am. 2002;11(2):163-83.

. Chatoor I. Diagnosis and treatment of feeding disorders in infants, toddlers, and young chil-

dren. Washington, DC: Zero to Three; 2009.

DC: 0-5 Zero to Three (2016). DC:0-5. Diagnostic classification of mental health and develop-
mental disorders of infancy and early childhood. Washington, DC, Zero to Three (tr. it.: Zero
to Three (2018). DC:0-5. Classificazione diagnostica della salute mentale e dei disturbi di
sviluppo nell’infanzia Roma, Giovanni Fioriti).

Zeanah CH, Carter AS, Cohen J, Egger H, Gleason MM, Keren M, Lieberman A, Mulrooney
K, Oser C. Diagnostic classification of mental health and developmental disorders of infancy
and early childhood DC:0-5: selective reviews from a new nosology for early childhood psy-
chopathology. Infant Ment Health J. 2016;37(5):471-5.

Bryant-Waugh R. Feeding and eating disorders in children. Psychiatr Clin North Am.
2019:42(1):157-67.



A. Parmeggiani and J. Pruccoli

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Claudino A, Pike K, Hay P, Keeley J, Evans S, Rebello T, et al. The classification of feeding
and eating disorders in the ICD-11: results of a field study comparing proposed ICD-11 guide-
lines with existing ICD-10 guidelines. BMC Med. 2019;17(1)

Hudson LD, Chapman S. Paediatric medical care for children and young people with eating
disorders: achievements and where to next. Clin Child Psychol Psychiatry. 2020;25(3):716-20.
Zimmerman J, Fisher M. Avoidant/restrictive food intake disorder (ARFID). Curr Probl
Pediatr Adolesc Health Care. 2017;47(4):95-103.

Eddy K, Thomas J, Hastings E, Edkins K, Lamont E, Nevins C, et al. Prevalence of DSM-5
avoidant/restrictive food intake disorder in a pediatric gastroenterology healthcare network. Int
J Eat Disord. 2014;48(5):464-70.

Kurz S, van Dyck Z, Dremmel D, Munsch S, Hilbert A. Early-onset restrictive eating distur-
bances in primary school boys and girls. Eur Child Adolesc Psychiatry. 2014;24(7):779-85.
Zanna V, Criscuolo M, Mereu A, Cinelli G, Marchetto C, Pasqualetti P, Tozzi AE, Castiglioni
MC, Chianello I, Vicari S. Restrictive eating disorders in children and adolescents: a compari-
son between clinical and psychopathological profiles. Eat Weight Disord. 2020;

Nicely T, Lane-Loney S, Masciulli E, Hollenbeak C, Ornstein R. Prevalence and characteris-
tics of avoidant/restrictive food intake disorder in a cohort of young patients in day treatment
for eating disorders. J Eat Disord. 2014;2(1):21.

Norris M, Robinson A, Obeid N, Harrison M, Spettigue W, Henderson K. Exploring avoid-
ant/restrictive food intake disorder in eating disordered patients: a descriptive study. Int J Eat
Disord. 2013;47(5):495-9.

Fisher M, Rosen D, Ornstein R, Mammel K, Katzman D, Rome E, et al. Characteristics of
avoidant/restrictive food intake disorder in children and adolescents: a “new disorder” in
DSM-5. J Adolesc Health. 2014;55(1):49-52.

. Hartdorff C, Kneepkens C, Stok-Akerboom A, van Dijk-Lokkart E, Engels M, Kindermann

A. Clinical tube weaning supported by hunger provocation in fully-tube-fed children. J Pediatr
Gastroenterol Nutr. 2015;60(4):538—43.

Otasowie J, Paraiso A, Bates G. Pervasive refusal syndrome: systematic review of case reports.
Eur Child Adolesc Psychiatry. 2020;27:1-13.

Ledford J, Gast D. Feeding problems in children with autism spectrum disorders. Focus
Autism Other Dev Disabil. 2006;21(3):153-66.

Sharp W, Berry R, McCracken C, Nuhu N, Marvel E, Saulnier C, et al. Feeding problems and
nutrient intake in children with autism spectrum disorders: a meta-analysis and comprehensive
review of the literature. J Autism Dev Disord. 2013;43(9):2159-73.

Jacopo Pruccoli, Altea Solari, Letizia Terenzi, Elisabetta Malaspina, Marida Angotti, Veronica
Pignataro, Paola Gualandi, Leonardo Sacrato, Duccio Maria Cordelli, Emilio Franzoni,
Antonia Parmeggiani. PREPRINT (Version 1) available at Research Square. https:/doi.
org/10.21203/rs.3.rs-122221/v1.

Mari-Bauset S, Zazpe I, Mari-Sanchis A, Llopis-Gonzalez A, Sudrez-Varela M. Anthropometric
measurements and nutritional assessment in autism spectrum disorders: a systematic review.
Res Autism Spectr Disord. 2015;9:130-43.

Parmeggiani A, Corinaldesi A, Posar A. Early features of autism spectrum disorder: a cross-
sectional study. Ital J Pediatr. 2019;45(1):144-51.

Emond A, Emmett P, Steer C, Golding J. Feeding symptoms, dietary patterns, and growth in
young children with autism spectrum disorders. Pediatrics. 2010;126(2):e337-42.

Schmitt L, Heiss C, Campbell EA. Comparison of nutrient intake and eating behaviors of boys
with and without autism. Top Clini Nutr. 2008;23(1):23-31.

Schreck K, Williams K. Food preferences and factors influencing food selectivity for children
with autism spectrum disorders. Res Dev Disabil. 2006;27(4):353-63.

Allen S, Smith I, Duku E, Vaillancourt T, Szatmari P, Bryson S, et al. Behavioral pediatrics
feeding assessment scale in young children with autism spectrum disorder: psychometrics and
associations with child and parent variables. J Pediatr Psychol. 2015;40(6):581-90.

Cannell J. Autism and vitamin D. Med Hypotheses. 2008;70(4):750-9.


https://doi.org/10.21203/rs.3.rs-122221/v1
https://doi.org/10.21203/rs.3.rs-122221/v1

Eating Disorders in Infants and Toddlers 13

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Dovey T, Kumari V, Blissett J. Eating behaviour, behavioural problems and sensory profiles of
children with avoidant/restrictive food intake disorder (ARFID), autistic spectrum disorders or
picky eating: Same or different? Eur Psychiatry. 2019;61:56-62.

Benoit S, Davis J, Davidson T. Learned and cognitive controls of food intake. Brain Res.
2010;1350:71-6.

Addison L, Piazza C, Patel M, Bachmeyer M, Rivas K, Milnes S, et al. A comparison of sen-
sory integrative and behavioral therapies as treatment for pediatric feeding disorders. J Appl
Behav Anal. 2012;45(3):455-71.

Peterson C, Becker C, Treasure J, Shafran R, Bryant-Waugh R. The three-legged stool of
evidence-based practice in eating disorder treatment: research, clinical, and patient perspec-
tives. BMC Med. 2016;14(1)

Arvedson J, Clark H, Lazarus C, Schooling T, Frymark T. The effects of oral-motor exer-
cises on swallowing in children: an evidence-based systematic review. Dev Med Child Neurol.
2010;52(11):1000-13.

Edwards C, Walk A, Thompson S, Mullen S, Holscher H, Khan N. Disordered eating attitudes
and behavioral and neuroelectric indices of cognitive flexibility in individuals with overweight
and obesity. Nutrients. 2018;10(12):1902.

Morris N, Knight R, Bruni T, Sayers L, Drayton A. Feeding disorders. Child Adolesc Psychiatr
Clin N Am. 2017;26(3):571-86.

Brewerton T, D’ Agostino M. Adjunctive use of olanzapine in the treatment of avoidant restric-
tive food intake disorder in children and adolescents in an eating disorders program. J Child
Adolesc Psychopharmacol. 2017;27(10):920-2.

Sant’Anna A, Hammes P, Porporino M, Martel C, Zygmuntowicz C, Ramsay M. Use of cypro-
heptadine in young children with feeding difficulties and poor growth in a pediatric feeding
program. J Pediatr Gastroenterol Nutr. 2014;59(5):674-8.

Sharp W, Volkert V, Scahill L, McCracken C, McElhanon B. A systematic review and meta-
analysis of intensive multidisciplinary intervention for pediatric feeding disorders: how stan-
dard is the standard of care? J Pediatr. 2017;181:116—124.e4.

Couturier J, Isserlin L, Norris M, et al. Canadian practice guidelines for the treatment of chil-
dren and adolescents with eating disorders. J Eat Disord. 2020;8:4. Published 2020 Feb 1.
https://doi.org/10.1186/s40337-020-0277-8.

Perrone A, Aruta SF, Crucitti G, et al. Pervasive refusal syndrome or anorexia nervosa: a
case report with a successful behavioural treatment. Eat Weight Disord. 2020; https://doi.
org/10.1007/s40519-020-00991-8.


https://doi.org/10.1186/s40337-020-0277-8
https://doi.org/10.1007/s40519-020-00991-8
https://doi.org/10.1007/s40519-020-00991-8

Check for
updates

Eating Disorders in Males 3

Giovanni Gravina, Malvina Gualandi, and Emilia Manzato

Eating disorders (EDs) are considered female gender-bound disorders since males
appear to be affected by the disease to a lesser extent than females.

Specifically, anorexia nervosa (AN) has been long estimated to be an exclusively
female condition, and the diagnostic criteria were tailored on female clinical pic-
tures, considering male AN as a “niche phenomenon.”

DSM-5 in 2013 [1] introduced more inclusive and gender-neutral diagnostic cri-
teria especially for AN. In fact, the criterion of amenorrhea (absence of at least three
consecutive menstrual cycles) was removed.

Even the evaluation of body mass index was more elastic and evaluated in the
context of the nutritional history; therefore, many ED male patients previously
included in eating disorders not otherwise specified have been correctly diagnosed
and inserted into AN.

Some authors report that 15% AN, 10% bulimia nervosa (BN), and 40% binge-
eating disorder (BED) cases involved males. The lifetime prevalence in men is esti-
mated 0.3% for AN, 0.5% for BN, and 2% for BED [2, 3].
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In recent research studies, men represent approximately 10% of the individuals
treated for EDs [4], but the percentage of men with EDs may be much higher and
underdiagnosed although in recent decades the attention toward EDs in males has
grown considerably [5, 6].

Detection of EDs in men is hampered by many factors: the lack of awareness in
the family, the scarce training of general practitioners, and the lack of neutrality of
diagnostic tools, calibrated on the females.

Furthermore, men may be less likely to seek treatment due to the stereotype that
the EDs only affect women [7, 8].

The risk factors, the pathogenesis, and the core symptoms of EDs are quite simi-
lar between men and women, even if some significant gender-related differences
can be highlighted [9]. These differences mainly concern body image and media
pressures, weight history, trauma and sexual abuse, psychiatric comorbidities, and
sexual orientation.

In the last decades, the masculine body ideal has changed, due to media exposure
to unattainable body images [10] with particular attention to muscle and sculpted
body [11, 12] away from the real body, favoring a growing dissatisfaction of the
body in males, especially in adolescents. Body dissatisfaction is a relevant risk fac-
tor for the ED development in males as well [13, 14].

Furthermore, some research studies suggest that male adolescents can have
higher levels of body dissatisfaction than girls [15]. Male ED patients frequently
reported overweight or obesity in childhood orinadolescence [ 16—18]. Compensatory
compulsory exercise is used more by men than women, to obtain a muscular body—
with a focus particularly on the trunk and shoulders—instead of losing weight as
happens in females.

Dieting and compensatory behaviors are the typical symptoms of AN and BN in
men, as in females, but physical hyperactivity is more present in males, while laxa-
tive and diuretic use as well as self-induced vomiting may be lower than in
females [19].

It is important to note that male adolescents have a slower and later pubertal
development than females; therefore, occurrence of AN-related malnutrition in ado-
lescence may cause in male gender irreversible complications such as short stature
or inadequate peak bone mass.

Psychiatric comorbidity for AN and BN in males has the same high rates of anxi-
ety, depression, and personality disorders than in females, except for more elevated
rates of substance abuse in males with BN and BED [20].

Finally, with regard to the sexual orientation, some studies highlighted a much
higher prevalence for EDs among gay and bisexual men than in heterosexual men
[21], but other studies suggest that being a gay is not, in itself, predictive of ED
development in males [22].

“Minority stress theory” posits that stigmatization and social exclusion of sexual
and gender minority are ongoing chronic stressors contributing to dysregulation of
multiple organ systems in the body and ultimately causing the higher rates of
chronic diseases as eating disorders [23].



3 Eating Disorders in Males 17

3.1 Genetic and Epigenetic Factors in Male
Anorexia Nervosa

AN is a psychiatric disease prevalently diagnosed in females [24], and the female
sex remains the most important risk factor for the development of the disease.

Etiopathogenesis of AN is still unclear, and the reasons for female gender prefer-
ence are not fully clarified. Nevertheless, in the pathogenetic process of AN, genetic
and epigenetic factors play an important role in both genders.

3.2  What Do Genetics and Epigenetics Mean?

Genetics studies genes, their heritance, and their variability in normal and patho-
logical phenotypes.

Epigenetics studies how environmental influences—prenatal or during a per-
son’s life—can modify the phenotype, without altering the genotype. Epigenetic
action (for instance, through methylation of DNA) modifies the expression of the
genes turning it “on or off,” i.e., allowing or deleting its activity.

The combined action of genetics and epigenetics—the interaction of genes and
the environment (“nature and nurture”)—results in the unique individual phenotype.

The history of modern psychiatric genetics is relatively recent, beginning in the
1980s [25].

Studies on genetics aspects of AN begin later than other psychiatric diseases and
are difficult due to the low prevalence of AN, specifically in males, a limiting factor
for data reliability.

Genetic liability to AN does not follow a Mendelian scheme so that inheritance
patterns are much more complex.

An exhaustive review of studies concerning heritability of EDs reports a lifetime
prevalence of 3%—12% of AN or subthreshold EDs in first-degree relatives of probands
that is much higher than relatives of controls (0%—4%). In detail, relatives of probands
with AN were 11.3 times more likely to have AN than relatives of controls [26].

Once familial aggregation was well established, a body of research was directed
to distinguish the true genetic influence from environmental familiar factors through
twin studies. The heritability estimate for AN, obtained from twin studies, ranged
from 0.48 to 0.74, meaning that up to 74% of phenotypic variation could be
explained by additive genetic factors [27]. Genetic factors were confirmed as more
relevant in “strictly defined anorexia” in comparison with “AN defined through
broader criteria” in a research by Dellava [28].

Male patients were too few to give valid information on heritability in a study by
Bulik [29].

On the contrary, Strober reported that first-degree female relatives of males with
AN full syndrome had an extremely high relative risk, up to 20, to have the disease,
demonstrating that the influence of familial-genetic factors on AN is sex-
independent [30].
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In addition, Raevuori et al. found a strong familial clustering of AN, affective
and anxiety disorders, and symptoms of muscle dysmorphia among men in Finnish
twin cohorts from the general population [31].

Baker et al. reported that genetic factors showed a stronger contribution in males,
whereas shared environment factors contributed more in females than in males to
the liability to EDs.

Unique environmental factors appeared to equally contribute in both sexes [32].

Klump adoption study was the first adoption study aiming to differentiate the
role of genetics from shared environmental factors in the occurrence of AN in
siblings.

Female pairs of biological and adopted siblings were studied through a total
score investigating eating behaviors symptoms and not categorical diagnosis. Levels
of disordered eating were similar in biological and adoptive siblings (8—29%). The
correlation of symptoms between the pairs of biological siblings was present and
significant, while no correlation was observed between pairs of adopted sibling.
These results indicate the main role of genetic influence, responsible of 59-82% of
the variance, while the influence of a shared environment appeared negligible. Even
if the study is carried on female sample, Klump affirms that genetic and environ-
mental architecture appears to be similar across the sex and the spectrum of the
disease [33].

The preliminary research of genetic factors of AN initially addressed family
members, co-twins, and siblings of probands developing an indirect study on inheri-
tance. Subsequently, many studies were oriented to find a direct relation between
inheritance of AN and gene variations.

A review on this argument by Manzato et al. reported that the research was ini-
tially directed—according to an “a priori hypothesis”—to find variations in candi-
date genes! or to find polymorphic variants of many genes controlling energy
homeostasis and eating behaviors such as neurotransmitter systems (reward
system) [34].

Identification of a particular candidate gene association or polymorphic variants
did not result in a conclusive response. In fact, most results have not been subse-
quently confirmed by larger samples nor by subsequent genome-wide association
studies [35].

In recent decades, modern technology applied to genetic studies allowed to
investigate the entire genome by performing genome-wide association studies
(GWASSs), and this technology was used in many psychiatric diseases, including
also AN [36].

Boraska et al. in 2014 reported the global meta-analysis results of single nucleo-
tide polymorphisms (SNPs) in case-control analysis in AN. Although SNPs were
involved in AN in multiple chromosomes and positions, the authors concluded that,
even though GWASSs appear to be the right way versus a better comprehension of

!'Candidate gene is a predefined gene of interest that may be associated with a phenotype or disease
of specific most often selected on the basis of a biological hypothesis.
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the biological basis of AN, it is mandatory to study larger samples to get reliable and
repeatable results [37].

Duncan et al. in 2017 identified a genome-wide significant locus on chromosome
12, in a region associated with type I diabetes and autoimmune disorders as well as
insulin metabolism. Positive genetic correlations were found also between AN, neu-
roticism, and schizophrenia, while significant negative genetic correlations were
observed between AN and body mass index, insulin, glucose, and lipid pheno-
type [38].

Watson et al. recently reported the genome-wide association study of a large
sample (16,992 cases) of AN and controls (55,525), combining data from the “AN
Genetics Initiative” (ANGI) and the “Eating Disorders Working Group of the
Psychiatric Genomics Consortium” (PGC-ED).

In his study, a promising significant genetic correlation was found not only with
psychiatric disorders but also with physical activity and metabolic (including glyce-
mic), lipid, and anthropometric traits. In light of these findings, the authors suggest
a “rethinking” of AN as a “metabo-psychiatric” disorder [39]. The “genome-wide
association studies” appear—different from the previous studies—to give more reli-
able responses about the associations of genetic variants with AN.

It is important, however, to point out that AN, as well as many other psychiatric
diseases, cannot be considered a strictly genetic condition since the expression of
genes possibly involved in its etiopathogenesis may or may not be activated. The
phenotype of the disease probably represents the result of a dynamic interaction
between genotype and multiple environmental factors possibly linked through an
epigenetic mechanism according to a recurrent model of many psychiatric dis-
eases [40].

Different from genome sequence, epigenetic mechanisms are dynamic and can
vary depending on tissue types, age, and stage of development. Epigenetic mecha-
nisms are also subject to a wide range of confounders by multiple environmental
stimuli including medication, stress, and tobacco use.

Hubel in his recent review concludes that “The field of epigenetics in EDs
remains ‘in its infancy’” and strongly recommends to take into account all environ-
mental variables [41].

Two main environmental factors could act through an epigenetic mechanism:
prenatal exposure to androgens and pubertal dysmorphic hormonal cascade.

Going back to the reasons of the sexually dysmorphic prevalence of AN, we have
seen that genetics in men has the same or even higher relevance as in women. What
is responsible for a sexual dichotomy?

Among environmental factors, the exposure to maternal and fetal testosterone
appears to have a critical role by determining a permanent and irreversible morpho-
functional organization of the brain and fatty tissue sex oriented.

This complex morpho-functional organization—activation of reward circuits
and attitude toward food and regulating energy metabolism and body weight—
results in a habitus oriented to anorexia and metabolic anabolism, so that high
prenatal exposure to androgens is associated with a reduced incidence of EDs
[42, 43].
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A research by Culbert on same sex twin males and females and opposite sex
twins highlighted how the effects of prenatal testosterone on eating attitudes
become evident during puberty and may play a role in sex-differentiated risk for
EDs after mid-puberty. Androgens are protective in a female twin of an opposite
sex pair, instead males with a female twin are at a higher risk AN than females.
This suggests a possible link between intrauterine female hormone exposure and
increased ED risk in men. Twin model represents a proxy for differential exposure
to androgens since direct measures of overall prenatal testosterone exposure in
humans do not currently exist [44]. The only indirect measure of prenatal andro-
gen effects—since the 13th week of pregnancy—is a lower ratio of index finger/
ring finger/length. 2D:4D lower ratios are associated with lower levels of body
dissatisfaction, drive for thinness, dietary restraint, and binge eating in young
adult males [45].

Klump speculates that, in females, the relatively low testosterone level before
birth allows their brains to respond to estrogen during puberty, when hormones
activate the gene contributors to the greater predisposition to EDs.

Furthermore, Klump observes that a combination of psychosocial risk and hor-
monal activation could account for puberty’s effect in females differently for males
where puberty does not activate the genetic risk and psychosocial pressure is gener-
ally less strong. Heritability of EDs was 50% in males and constant through the differ-
ent stages of development (pre-puberty, puberty, and adulthood), while, in females,
genetics was activated only at puberty [46]. It is also possible that an environment
promoting thinness contributes to the overexpression of genes related to weight and
appetite in vulnerable subjects [27]. Many other sex-neutral environmental confound-
ers—such as stress, diet, microbiota, drugs, disease, etc.—complicate epigenetic
research, and sample sizes should be as large as those required for GWAS (if not
larger) for discovering meaningful and replicable epigenetic risk factors in “epig-
enome-wide association studies” (EGWASSs). Future research should also explore epi-
genetic mechanisms other than DNA methylation, including—but not limited
to—histone modification, chromatin remodeling, and microRNA studies.

Genetics and epigenetics will represent a major field of research on EDs, specifi-
cally on AN since GWASs and EGWASs are nowadays recognized as the better
tools for understanding the whole etiopathogenetic process of AN.

In conclusion, we quote the sentence of Zerwas and Bulik, who affirm that
“Almost all risk and protective factors, both genetic and environmental, are proba-
bilistic, rather than deterministic” [47].
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