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Abstract
Eating disorders (EDs) pose significant challenges to mental and physical health, particularly among adolescents and young 
adults, with the COVID-19 pandemic exacerbating risk factors. Despite advancements in psychosocial and pharmacologi-
cal treatments, improvements remain limited. Early intervention in EDs, inspired by the model developed for psychosis, 
emphasizes the importance of timely identification and treatment initiation to improve prognosis. Challenges in identifying 
prodromal phases and measuring the duration of untreated illness highlight the complexity of early intervention efforts in 
EDs. Current research focuses on reducing the duration of untreated eating disorder (DUED) and understanding the cognitive 
and behavioral symptoms preceding ED onset. However, current early intervention programs for EDs showed mixed results, 
necessitating further investigation. We introduce here the chronopathogram, a tool that may aid in precisely investigating 
the role of development in EDs. A chronopathogram is a graphical representation of pathological events as they unfold over 
time. Understanding the neurodevelopmental aspects of EDs and utilizing tools like the chronopathogram can aid in tracking 
the unfolding of symptoms over time, facilitating early detection and intervention efforts. Overall, addressing the key factors 
influencing the onset and course of EDs is essential for effective early intervention in these conditions.
Level of evidence: Level V narrative review.

Keywords  Eating disorders · Anorexia nervosa · Bulimia nervosa · Early intervention · Neurodevelopment · Risk factors

Introduction

Eating disorders (EDs) are characterized by severe distur-
bances in eating behavior, often accompanied by distorted 
perceptions of weight and body shape, which can result 
in various psychiatric and somatic complications [1]. The 

current nosography recognizes anorexia nervosa (AN), 
bulimia nervosa (BN), and binge eating disorder (BED) as 
the primary EDs [2, 3]. The co-occurrence of mental and 
somatic disorders in individuals with EDs significantly 
affects their quality of life and survival. People with EDs, 
particularly AN, experience increased disability and higher 
mortality rates [4, 5].

EDs are common among adolescents and young adults, 
with a higher incidence in females than males. Estimates 
suggest that 8.4% of women and 2.2% of men experience 
eating disorders (EDs) in their lifetime, with rates ranging 
from 3.3% to 18.6% for women and 0.8–6.5% for men [6]. In 
early adulthood, up to 18% of young women and up to 2.4% 
of young men may have experienced an ED [7]. Notably, the 
COVID-19 pandemic has been linked to an increase in the 
incidence of EDs [8, 9].

Despite evidence for the efficacy of some psychosocial 
and pharmacological treatments for EDs [10–12], improve-
ments are often modest and time-limited [11, 13–15]. Cur-
rently, not more than 50% of those with an ED make a full 
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recovery after treatment [1]. Thus, new avenues for research 
are advocated in support of new treatments [16, 17] and 
early intervention [18].

Early intervention in eating disorders

Well before the advent of a dedicated early intervention 
model for psychosis (for a review [19]), professionals work-
ing on EDs had already championed the early identification 
and treatment of individuals at risk or suffering from such 
disorders [20–22]. The advocacy for early intervention in 
EDs grounded in some assumptions that became diffuse in 
mental health due to the early intervention model in psycho-
sis: (a) a common occurrence of a time lag between illness 
onset and treatment admission; (b) an adverse prognostic 
impact associated with prolonged untreated illness; (c) the 
anticipation of intervention timing to enhance prognosis and 
treatment [23].

Earlier investigations underscored the detrimental out-
come linked to a substantial delay between onset and initial 
treatment admission [23]. However, while the EDs domain 
lagged in producing studies focused on the initial episodes of 
AN or BN [24], confusion arose in outcome studies between 
the duration of untreated illness and the simple calculation 
of illness duration until case enrollment. A prolonged illness 
duration often reflects treatment non-response and insuffi-
cient illness insight, indicative of poor compliance with pre-
scribed therapy. The duration of untreated illness represents 
the specific consequence of lacking treatment and the poten-
tially toxic effects of the illness on the body, predisposing 
to a suboptimal treatment response when initiated [25]. The 
prognostic value of disease duration is unclear due to mixed 
data [26]. Duration of untreated illness in EDs shows an 
inverse relationship with the likelihood of remission, sug-
gesting that shortening the time to access the service may 
improve clinical outcomes [27]. However, so far, evidence 
has been derived from retrospective studies. Retrospectively 
gauging the duration of untreated illness in EDs, particu-
larly AN, proves challenging due to ego-syntonic symptom 
perception, patient concealment, and potential family collu-
sion, known as “family accommodation”, until the disorder 
reaches a critical stage [28]. Barriers to help-seeking in EDs 
mirror those in psychosis, encompassing stigma, shame, 
denial, underestimation of illness severity, low motivation 
to change, and negative attitudes toward change and help-
seeking itself [29, 30]. Moreover, initial positive effects 
linked to EDs—like AN as a mean of achieving a sense of 
egosyntonic psychological stability, security and control, 
the avoidance of negative emotions, and communication of 
feelings of distress to others—tend to make individuals less 
involved in the process of changing, fostering some degree 
of resistance to treatment [31–33]. Furthermore, during the 
weight loss phase, individuals often report an inner sense 

of strength, mastery, and skillfulness [32]. Additional hin-
drances include a lack of encouragement, unfamiliarity with 
available resources, and financial challenges in affording 
treatment. Conversely, emotional distress, evident mental 
health issues, and health concerns foster help-seeking behav-
iors [30]. Overall, in Europe, the median time between the 
onset of eating disorder symptoms and accessing a specialist 
unit for EDs is 2 years [34]. A longer delay, up to 5 years, 
has been reported in Australia [35]. The necessity for early 
intervention in eating disorders, thus, is grounded on strong 
clinical evidence.

Traditionally, early intervention programs for EDs 
focused on enhancing disorder recognition in general prac-
tice and relevant settings encountering patients with EDs 
[36, 37]. However, inspired by findings in psychosis [38, 
39], the field of early intervention in EDs is rapidly advanc-
ing. One focus of the current research is the reduction of the 
duration of untreated eating disorder (DUED), proved as 
a modifiable factor related to outcome [40]. However, the 
definition and measurement of DUED and its components 
vary considerably between studies, and it is often difficult 
to establish the onset of the symptoms.

Clinical staging is even more complex [25]. There is evi-
dence from longitudinal studies that some symptoms with 
onset in childhood, such as obsessive–compulsive, general-
ized anxiety, and social phobia, are associated with later 
development of an ED [41, 42]. Over-evaluation of weight/
shape in one’s self-worth and feelings of fatness and fear 
of weight gain often precede the onset of an ED [43, 44]. 
These cognitive symptoms dominate the early stage of ill-
ness, while behavioral symptoms (restrictive dieting, com-
pensatory conducts) tend to occur later [44, 45]. Neverthe-
less, it is undecided how much cognitive symptoms belong 
to the prodromal phase of the disorders or whether they are 
indicators of an already-onset illness. Moreover, so far, the 
theoretical conceptualization of a Clinical High risk for Eat-
ing Disorders (CHR–ED) has not translated into an etiologi-
cal or therapeutic model [18].

Early intervention programs for EDs are rare [46]. The 
two most tested ones are the Maudsley Family Based Treat-
ment (M-FBT), targeting patients with AN within the 
first 3 years of onset [47, 48], and the First Episode Rapid 
Early Intervention Service for Eating Disorders (FREED) 
program, designed for patients with an ED within the first 
3 years of onset [49, 50]. Results are mixed. For the M-FBT, 
remission rates up to 80% have been claimed, but recovery 
rates are low at follow-up [51]. The FREED lacks a control 
group to corroborate the positive findings observed in the 
enrolled patients.
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Risk factors for EDs

Effective early intervention for eating disorders requires 
identifying predictors, particularly risk factors that may pre-
cede the onset of the full syndrome. Since the seminal article 
of Jacobi et al. [52], the investigation of risk factors for EDs 
has proceeded along two lines: the identification of psycho-
social antecedents of the full or partial syndromes, and the 
investigation of a wide array of biological correlates, from 
supposedly fixed (genes and polymorphisms) to fluctuating 
until evanescence (gut microbiota) [53].

The role of inherited genetic risk in EDs seems sup-
ported by robust evidence from genome-wide association 
studies (GWAS) and twin studies [54–56]. However, sample 
sizes large enough to overcome the statistical limitations of 
genetic studies have been reached for AN only, and causal 
pathways between genes and biological mechanisms pur-
portedly involved in EDs have yet to be elucidated [54, 55].

A history of abuse, trauma, and childhood obesity has 
been repeatedly related to EDs [53]. The most convincing 
evidence links childhood sexual abuse with BN and appear-
ance-related teasing victimization with any eating disorder 
[14, 57, 58]. Nevertheless, many studies on the topic are 
cross-sectional or retrospective, and the direction of causal-
ity is far from being established, i.e., from trauma to the 
syndrome or from biological vulnerability to the trauma.

Comorbidities between EDs and other mental health dis-
orders influence the severity of ED symptoms [53]. There-
fore, comorbidity may serve as a staging marker, but its util-
ity as a predictor of CHR–ED status requires confirmation 
through longitudinal studies, whose evidence is limited. 
Although anxiety disorders may predict an increased risk 
of AN, a longitudinal association between specific anxiety 
disorders and the onset of full AN is not supported [59]. The 
study of anxious temperament as a risk factor might reveal 
an interesting field of research beyond categorical diagno-
sis [60, 61]. The association between obsessive–compul-
sive disorder (OCD) and EDs, particularly AN, has been 
recognized for decades. The two disorders are risk factors 
for each other, with a lifetime prevalence of 13.9% in ED 
subjects [62]. Childhood OCD symptoms are more prevalent 
in individuals who develop EDs in adolescence, and some 
longitudinal data indicate childhood OCD symptoms as a 
risk factor, especially if the obsessions already concern food 
[63]. Neuroimaging studies reveal common, though non-
specific, alterations in the anterior cingulate cortex in both 
disorders [64].

Limited evidence supports a bidirectional association 
between depressive symptoms and certain core ED symp-
toms (shape and weight dissatisfaction, overvaluation or 
preoccupation, dietary restraint, and binge eating) in ado-
lescents [65]. One large sample study (n = 6361) found that 
psychotic experiences at the age of 13 years were associated 

with greater odds of reporting any disordered eating behav-
iors and more severe symptoms [66]. This is a relevant find-
ing, given the known shared genetic vulnerability [54] and 
familial co-aggregation [67] of schizophrenia-spectrum psy-
chosis and EDs, especially AN, as well as some phenom-
enological overlaps between eating symptoms and positive 
psychotic symptoms [68]. The link between attention–deficit 
hyperactivity disorder (ADHD) and autism spectrum dis-
orders (ASD) with EDs remains, so far, suggestive but not 
established [69–71].

As for other more immediate precursors or correlates of 
ED symptoms, such as higher education attainment, use of 
appearance-focused social media, and body image-related 
factors, their role as predictors of a CHR–ED status is uncer-
tain [53].

Keys to early intervention in psychiatry

Mental disorders may be conceived as the results of a long-
term complex interaction of predisposing neurobiological 
vulnerabilities, including polygenic predisposition, and 
environmental risk factors. Of course, we can identify sev-
eral antecedents and concomitants of the onset of a mental 
disorder, conceived as precipitating factors. After the onset 
of a mental disorder, several events contribute to its course 
and may influence its short- and long-term outcome (Fig. 1).

Time, indeed, is key in early intervention. Symptoms 
have direct consequences, since they impact social–occupa-
tional and relational functioning [72]. The impact of ongo-
ing symptoms is as severe as long as they endure untreated. 
Moreover, many mental disorders begin in childhood and 
adolescence, and the disruption of primary social networks, 
such as schoolmates and sports friends, can hinder the social 
development of affected individuals. This disruption, cou-
pled with the social cognition disabilities common in many 
mental disorders, can impair their capacity to navigate social 
rules [73–75]. Ongoing symptoms of a mental disorder may 
also influence lifestyle and impair health habits, increasing 
the chance of disordered eating, sedentary lifestyle, and 
alcohol and substance use [76].

When overlooked or unaddressed, early school leav-
ing is an oft consequence of psychopathology, particularly 
when the disorder manifests early onset [77–80]. Academic 
underachievement frequently results in inadequate pro-
fessional qualifications, thereby complicating job search 
endeavors and heightening the risk of underemployment and 
unemployment [81, 82]. Diminished socialization leads to 
smaller social networks, consequently reducing social sup-
port, elevating the risk of social isolation, and diminishing 
the likelihood of forming meaningful bonds [83]. When 
unhealthy lifestyle habits have been established, especially 
when a substance use disorder coexists, there is increased 
risk of somatic complications [84, 85], and secondary 
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substance-related mental disorders may ensue. Avoiding 
the short- and long-term complications and sequelae of per-
sisting, untreated psychological symptoms is the primary 
mission of early intervention in psychiatry.

Prodromes: coordinates of a paradigm

Looking for the prodromes of an ED seems the best solu-
tion to avoid the worst consequences of untreated illness. 
After all, identifying a disorder at its very onset should allow 
early treatment, the main avenue to symptom remission and 
psychosocial recovery. Moreover, recognizing a disorder in 
its prodromal phase should facilitate the identification of 
etiologic factors and prevent its evolution toward chronicity 
and resistance to treatment. The definition of the prodromes 
of EDs is more easily attained within a staging approach. 
Indeed, the staging model enables clinicians to identify 
distinct disease phases and categorize patients based on 
established criteria. This approach can enhance treatment 
planning and the selection of targeted therapies, providing 
a framework for understanding longitudinal data on EDs in 
terms of relapse, recovery, and chronicity. So far, the main 
application of staging in EDs has been determining the lon-
gitudinal course of full syndromes, especially AN, focusing 
on criteria for remission and chronicity [86]. The creation 

of the harshly debated category of severe and enduring 
anorexia nervosa (SE–AN) is the main result of the staging 
approach in EDs [87, 88]. The definition of prodromes of 
EDs has remained theoretical or was based on the duration 
of the fully displayed syndrome [86, 89], and not on the 
symptoms profile in terms of severity, pervasiveness, and 
persistence, as in other fields of psychiatry [90]. Moreover, 
the identification of prodromes of EDs is challenging. The 
prodromal phase of an ED may be lengthy, and its detection 
is hampered by the non-specificity of most clinical manifes-
tations that precede the onset of a fully displayed syndrome.

The act of dieting emerges as a prominent precursor to 
the development of an ED [91], particularly when coupled 
with extreme weight control strategies [92]. Dieting often 
precedes weight or shape concerns and may precipitate 
binge eating [92]. Additional known antecedents of an ED, 
such as anxiety, depression, social phobia and psychotic-like 
experiences might represent a risk factor, because they favor 
dieting or cause lack of appetence, which sometimes evolves 
into a rigid scheme of restrictive eating [59, 93, 94]. In this 
perspective, dietary restraint routines might exert anxiety 
reduction effects in individuals with preexisting high levels 
of anxiety [95, 96]. In some cases, however, anxiety follows 
the onset of an ED [59, 93]. Some personality traits, such as 
perfectionism for AN and impulsivity for BN and BED, may 

Fig. 1   Medical model posits that symptoms of a mental disorder have 
a significant impact on psychosocial functioning and quality of life 
following its onset, further exacerbated by the negative consequences, 
sequelae, and complications of these symptoms. The graphic illus-
trates the main trajectories. The distal and proximate causes of eating 
disorders remain unknown; however, certain precipitating factors can 
often be identified and typically precede the onset of the full-blown 
syndrome. Early detection and treatment are critical. In the figure, the 
interval between the initial symptoms, linked to precipitating events, 

and the onset of the full-blown syndrome is depicted as a period of 
untreated illness. Once the syndrome develops, its symptoms lead to 
significant consequences affecting the individual's psychosocial adap-
tation and lifestyle. As the condition persists and progresses into sub-
acute and chronic phases, complications from the symptoms and their 
sequelae compound the disorder's impact, potentially reducing the 
effectiveness of treatment. At this stage, addressing the core symp-
toms alone may no longer suffice to restore psychosocial and personal 
adaptation
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be involved in the onset and maintenance of the condition 
[97–102]. However, robust evidence is lacking [100, 103]. 
Accumulating evidence pinpoints early feeding and sleeping 
difficulties in childhood as the most remote antecedents and 
precursors of EDs in adolescence and adulthood [92].

Organizing such intricate and diverse arrays of factors 
into a cohesive framework poses challenges unless concep-
tualized within a neurodevelopmental model, where each 
element is integrated into a sequential phase.

A neurodevelopmental perspective on mental 
disorders

In the offspring of parents with schizophrenia, longitudinal 
studies indicate that a subset of at-risk children exhibit early 
signs and markers of vulnerability, manifesting along devi-
ant developmental trajectories well before the onset of psy-
chosis since childhood premorbid stages [104]. Issues such 
as delayed motor development, language problems, deficits 
in general intelligence, sustained attention, executive func-
tioning, and challenges in social cognition and adaptation 
are observed, with their occurrence appearing to align with 
the maturation sequence of activity patterns [105, 106]. This 
sequence initiates at primary sensory and motor functions 
in childhood and progresses to multisensory integration and 
higher cognitive functions during adolescence [107]. Both 
genetics [108] and epigenetics [109] factors are thought to 
influence the displaying of these abnormal patterns of matu-
ration. A similar pattern, although less marked for severity 
and different for symptomatology has been robustly reported 
for offspring of parents with bipolar disorder [110, 111].

For EDs, there is no sequential maturation pattern as the 
one observed in schizophrenia spectrum disorders. This 
may depend on a lack of both retrospective and prospective 
longitudinal studies. Indeed, there is a dearth of longitu-
dinal studies regarding EDs, and the available ones do not 
meet optimal quality standards [103]. Most robust findings 
derive from longitudinal studies of at-risk children, i.e., 
children of mothers with eating disorders, in particular AN 
[112]. Although disentangling genetic (e.g., polygenic vul-
nerability), organic (e.g., maternal eating behavior during 
pregnancy), and environmental factors (e.g., early obstet-
ric complications and poor maternal feeding habits) in the 
transgenerational transmission of mental disorders, includ-
ing EDs, is challenging [113], studies have identified certain 
patterns. At-risk children exhibit slightly different somatic 
growth in childhood [114, 115], early cognitive difficulties 
in infancy (e.g., social understanding, visual-motor func-
tion, planning, and abstract reasoning) that improve during 
schooling [116, 117], and broad psychopathological symp-
toms that vary by gender and are not strictly related to eating 
[118, 119].

Current literature does not permit delineate nor exclude 
that EDs and their prodromes related to eating are preceded 
by neurodevelopmental antecedents representing the puta-
tive premorbid vulnerability on which EDs emerge [120]. 
At the same time, some conditions (cognitive rigidity, per-
fectionism and childhood feeding disorders associated with 
both under or overweight) may be considered quite robust 
precursors, although their causal role in subsequent EDs is 
far from being fully understood. Other possible precursors, 
such as affective symptoms and psychotic-like experiences, 
are too broad to be considered as somehow specific premor-
bid manifestations.

Chronopathogram: a tool to investigate 
the unfolding of symptoms across time in EDs

Expanding on previous research using validated medical his-
tory questionnaires on premorbid factors of EDs [121], we 
introduce a tool that may aid in precisely investigating the 
role of development in EDs. A chronopathogram is a graphi-
cal representation of pathological events as they unfold over 
time. It illustrates the temporal patterns of various aspects, 
such as symptoms or behaviors, related to a particular condi-
tion or disorder. The chronopathogram is used in neurology 
to represent the succession of crises in epilepsy. In psychia-
try, it has been used to describe the succession over time of 
the episodes of depression and mania in patients with bipolar 
disorder. It is often used to depict fluctuations and rhythms 
over time. However, it can aid in defining the deployment 
of pathology across the different phases of life, especially in 
neurodevelopmental terms.

We propose a version of the chronopathogram to be used 
to collect retrospectively and prospectively, depending on 
the design of the study, information about events and con-
ditions that have preceded the diagnosis of an ED. In its 
simplest form, the tool annotates events of interest from 
pregnancy to diagnosis or a specific time (Fig. 2).

A more detailed acquisition of data can be achieved 
through a semi-structured interview. In the appendix, an 
interview is documented. The interview is designed to 
systematically collect data necessary for constructing a 
chronopathogram, a graphical representation of pathological 
events preceding the onset of EDs. It is structured to capture 
detailed information from caregivers regarding the subject’s 
developmental history, health events, and environmen-
tal factors. The rationale for the questions stems from the 
neurodevelopmental model proposed in the article, which 
emphasizes the importance of identifying antecedents, cor-
relates, and triggers associated with ED onset. The interview 
is organized into thematic sections covering distinct life 
stages—pregnancy, infancy, childhood, and adolescence—
allowing chronological mapping of key events. It begins 
with maternal factors during pregnancy and labor, including 
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complications and exposures, as these may influence early 
vulnerability. Questions then progress to neonatal and early 
childhood health concerns, developmental milestones, and 
feeding behaviors, which align with known risk factors like 
picky eating or gastrointestinal problems. Finally, it explores 
psychosocial and behavioral issues during late childhood 
and adolescence, including anxiety, mood swings, and body 
image concerns, which are often precursors to EDs.

This structured approach ensures comprehensive data 
collection while respecting participant well-being, as car-
egivers can pause or seek clarification during the process. 
The chronopathogram synthesizes these findings, supporting 
retrospective and prospective analyses of ED trajectories.

Conclusions

There is a significant need for new research and develop-
ments in ED treatment. Despite their greater prevalence and 
substantial burden and costs [4], EDs remain poorly studied 
compared to psychosis, as highlighted in a recent bibliomet-
ric study [122]. EDs could benefit greatly from early detec-
tion and intervention, but identifying prodromes is complex. 
Adopting a longitudinal approach appears particularly prom-
ising for early detection, as it allows for the observation of 
evolving patterns over time. Moreover, emphasizing neu-
rodevelopmental perspectives proves valuable in discern-
ing the antecedents, correlates, precipitants, and risk factors 
associated with EDs. Gathering data longitudinally enhances 
this endeavor, with tools like the chronopathogram proving 
instrumental in retrospectively capturing information from 
chart records and prospectively monitoring individuals at 
high risk for developing EDs.

What is already known about this subject?

Timely identification and treatment of EDs can significantly 
improve prognosis. Although early intervention for EDs is 
still developing, it is clear that understanding risk factors is 
crucial due to challenges in identifying prodromal phases 
and measuring the duration of untreated illness.

What does this study add?

This expert narrative review presents a neurodevelopmental 
model that integrates known risk factors for EDs. The model 
is designed to help identify the antecedents, concomitants, 
and precipitants of EDs. The article also presents a new tool: 
the chronopathogram, a graphical representation of patho-
logical events, along with a semi-standardized interview 
designed to gather information about events that may have 
preceded, accompanied, or triggered an ED, which are then 
summarized in the chronopathogram.
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