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Chapter 1

Introduction to psychotic
disorders in adolescence

Runar Elle Smelror1,2, Lynn Mørch-Johnsen2,3 and Ingrid Agartz1,2,4
1Department of Psychiatric Research, Diakonhjemmet Hospital, Oslo, Norway; 2NORMENT,

Institute of Clinical Medicine, University of Oslo, Oslo, Norway; 3Department of Psychiatry &

Department of Clinical Research, Østfold Hospital, Grålum, Norway; 4Centre of Psychiatry

Research, Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden

Introduction

Psychotic disorders presenting in childhood or adolescence are often referred
to as early-onset psychosis (EOP). EOP does not denote a recognized diag-
nostic entity but is a research term describing the spectrum of psychotic dis-
orders that develop in children and adolescents before 18 years of age. The
term “early-onset” was introduced by Werry et al. (1991) embracing
childhood-onset (before 13 years of age) and adolescence-onset (from 13
through 17 years of age) psychotic disorders. Fig. 1.1 gives a hierarchical
overview of EOP based on diagnoses from the fifth version of the Diagnostic

FIGURE 1.1 Hierarchical overview of early-onset psychotic disorders (EOP) based on DSM-5

diagnoses.
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and Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric
Association, 2013).

In Table 1.1 we present diagnostic descriptions for the psychotic disorders
included under EOP based on diagnoses from the DSM-5 and the 11th revision
of the International Classification of Diseases (ICD-11) (World Health Orga-
nization, 2019).

Most studies of EOP have focused on schizophrenia, which is the most
prevalent disorder among youth with EOP (75% of cases in a recent French
study; Giannitelli et al., 2020). While the incidence of schizophrenia in
childhood is very rare (less than 0.04%; Driver et al., 2020), the occurrence
increases to about 0.6% during adolescence; Dalsgaard et al., 2020). Despite
the relatively low incidence compared to other mental disorders (e.g., anxiety
disorders have an incidence of about 6% before 18 years of age) (Dalsgaard
et al., 2020), schizophrenia is nevertheless ranked as the second main cause of
disease burden in late adolescence (Gore et al., 2011). See Chapter 2 for
detailed information about incidence and prevalence, including the importance
of sex differences.

Under the EOP umbrella, bipolar disorder with psychotic features is sorted
under affective psychotic disorders. The clinical picture is dominated by
intermittent periods of depressed or elevated mood (episodes of mania (bipolar
I disorder) or hypomania (bipolar II disorder)) (see Table 1.1 for diagnostic
descriptions). The incidence rate of bipolar disorder in childhood and
adolescence is 0.08%, and it is almost twice as high in girls as in boys
(Dalsgaard et al., 2020). Similar to schizophrenia the incidence of bipolar
disorder also increases with age (Jensen & Steinhausen, 2016). When psy-
chotic symptoms are considered part of a bipolar disorder, they are by defi-
nition related to affective episodes (mania or depression). Pavuluri and
colleagues reported that the prevalence of psychotic symptoms varied between
16% and 87.5% in youth with bipolar disorder (Pavuluri et al., 2004).

Clinical characteristics

The fundamental principle of psychosis involves a mental state of distorted
perception and thought, resulting in difficulties differentiating between actual
and misperceived events (i.e., reality distortion). Persons who experience
psychosis may hear voices or see things that are not there (hallucinations), or
present ideas and beliefs divergent with reality or the subculture they belong to
(delusions). Their family and friends may notice changes in the affected
person’s behavior, such as withdrawal from social activities, poor grooming,
unpredicted agitation, or acting in a peculiar and unusual way.

2 Adolescent Psychosis



TABLE 1.1 Diagnostic descriptions of psychotic disorders according to DSM-5 and ICD-11.

Diagnosis

DSM-5 diagnostic

description ICD-11 diagnostic description DSM-5 versus ICD-11

Non-affective

Schizophrenia Minimum two of the
following symptoms
present for at least
one month, in which one
must be a-c:
(a) delusions;
(b) hallucinations;
(c) disorganized speech;
(d) grossly disorganized
behavior; (e) negative
symptoms. The
disturbance causes
impaired functioning and
persists for minimum
6 months.

Minimum two of the following symptoms,
present for minimum one month, in which
at least two must be 1e4: (1) delusions; (2)
hallucinations; (3) disorganized thinking;
(4) experiences of influence, passivity, or
control; (5) negative symptoms; (6) grossly
disorganized behavior; (7) psychomotor
disturbances.

For diagnosis, DSM-5
requires a total duration
of 6 months and impaired
functioning. ICD-11
requires a total duration
of one month. The 4th
ICD symptom (i.e.,
bizarre delusions) is
excluded as a separate
criterion in DSM-5 and
included under
delusions.

Schizophreniform disorder Minimum two of the
symptoms of
schizophrenia, in which
one must be aec.
Duration of disturbance is
at least one month but
less than 6 months. No
criterion regarding
impaired functioning.

Not included in ICD-11.
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TABLE 1.1 Diagnostic descriptions of psychotic disorders according to DSM-5 and ICD-11.dcont’d

Diagnosis

DSM-5 diagnostic

description ICD-11 diagnostic description DSM-5 versus ICD-11

Schizoaffective disorder Meeting the symptom
criterion for
schizophrenia with
concurrent symptoms of a
major mood episode
during most of the total
duration of the
disturbance. During the
period of illness,
delusions or
hallucinations must be
present for minimum
two weeks in the absence
of a major mood episode.
No formal criterion about
impaired functioning.

Meeting the criteria for schizophrenia
concurrent with symptoms of a moderate/
severe mood episode. The onset of
psychotic and mood symptoms must be
simultaneous or occur within a few days
apart.

DSM-5 requires
concurrent psychosis and
mood symptoms most of
the total duration of
illness, while ICD-11
specifies that the
concurrent symptoms
must occur
simultaneously or within
a few days apart.

Delusional disorder Delusions for at least
one month without other
symptoms of
schizophrenia or
impaired functioning.

Delusions for at least three months without
other symptoms of schizophrenia.

DSM-5 formally requires
duration of one month
while ICD-11 requires
duration of three months.

Brief psychotic disorder (DSM-5), acute
and transient psychotic disorder (ICD-11)

Minimum one symptom
of schizophrenia from a

Minimum one symptom of schizophrenia,
except for negative symptoms, with rapid

ICD-11 requires rapid
symptom changes and a
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to c, except for negative
symptoms. Duration of
disturbance is at least
one day and less than
one month, with full
return to premorbid level
of functioning. No formal
criterion about impaired
functioning.

changes in the nature and intensity of
symptoms. Duration of disturbance is less
than three months.

duration of less than three
months, while DSM-5
does not formally require
rapid symptom changes
and duration of less than
one month.

Unspecified schizophrenia spectrum and
other psychotic disorder (DSM-5),
schizophrenia or other primary psychotic
disorder, unspecified (ICD-11)

Symptoms of
schizophrenia spectrum
and other psychotic
disorder that cause
significant distress or
impaired functioning
predominate but do not
meet the full criteria for
any of the disorders in the
schizophrenia spectrum
and other psychotic
disorder diagnostic class,
or without adequate
information to make a
specific diagnosis.

Symptoms of schizophrenia or other
primary psychotic disorders that cause
significant distress or impaired functioning
predominate but do not meet the full
criteria for any of the disorders in the
schizophrenia or other primary psychotic
disorders diagnostic class, or without
adequate information to make a specific
diagnosis.

Affective

Bipolar disorder type I with psychotic
features

Minimum one manic
episode that caused
impaired functioning and

Minimum one manic or mixed episode
that caused impaired functioning and was

ICD-11 requires either a
manic or mixed episode,
while only a manic
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TABLE 1.1 Diagnostic descriptions of psychotic disorders according to DSM-5 and ICD-11.dcont’d

Diagnosis

DSM-5 diagnostic

description ICD-11 diagnostic description DSM-5 versus ICD-11

was accompanied by
delusions and/or
hallucinations

accompanied by delusions and/or
hallucinations.

episode fulfills the criteria
in DSM-5.

Bipolar disorder type II with psychotic
features

Minimum one
hypomanic episode and
one depressive episode
that caused impaired
functioning and was
accompanied by
delusions and/or
hallucinations.

Minimum one hypomanic episode and one
depressive episode that caused impaired
functioning accompanied by delusions
and/or hallucinations.

Depressive disorder with psychotic
features

Minimum one depressive
episode that caused
impaired functioning and
was accompanied by
delusions and/or
hallucinations.

Minimum one depressive episode that
caused impaired functioning and was
accompanied by delusions and/or
hallucinations.

Note: The diagnostic descriptions presented in this table do not incorporate all the diagnostic criteria for the psychotic disorders. See DSM-5 and ICD-11 for full diagnostic
criteria.

Data from the American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (DSM-5); World Health Organization. (2019). International

classification of diseases, eleventh revision (ICD-11).
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Psychotic experiences

Population-based studies suggest that psychotic experiences often appear
along a dimensional gradient, ranging from subtle changes in perception and
thought in otherwise healthy individuals, to clear-cut hallucinations and de-
lusions with accompanying functional impairments as part of the spectrum of
psychotic disorders (Maijer et al., 2018, 2019).

Subclinical psychotic experiences appear more frequently at younger age
(Healy et al., 2019; Maijer et al., 2018; Schultze-Lutter et al., 2022) and can
complicate a diagnosis of a psychotic disorder in children and adolescents
(Schultze-Lutter et al., 2022). For instance, among children between 5 and 12
years of age, 28e65% reported seeing an “imaginary companion” or
hallucination-like phenomenon (Pearson et al., 2001). These experiences must
be considered within the normal range (Sikich, 2013) and are different from
psychotic experiences in at least two aspects: they are voluntary and associated
with positive emotions (Jardri et al., 2014). Therefore, a failure to consider the
normal developmental trajectories of perception and cognition in children and
adolescents when interpreting psychotic experiences may lead to over-
diagnosis of severe mental disorders. On the other hand, psychotic-like ex-
periences in community samples of children and adolescents have been
associated with increased risk of developing a psychotic or other mental dis-
orders (Healy et al., 2019). Even though hallucinatory experiences in children
and adolescents are often transient and self-limiting, they can cause severe
distress and dysfunction, and are associated with increased risk of suicidality
(Maijer et al., 2019). For more information regarding subclinical psychotic
symptoms, see Chapters 2 and 4.

Symptom domains

As with the diagnostic criteria, the clinical symptom descriptions of children
and adolescents with EOP largely follow the adult psychosis nomenclature
(see Table 1.2). Traditionally, the clinical symptoms of psychotic disorders
have been divided into two broad categories: positive symptoms, reflecting an
excess or a distortion of normal brain functions; and negative symptoms,
reflecting a reduction of normal brain functions and behavior. However, over
the years, factor-analytic studies of commonly used psychometric scales for
assessing psychotic and associated symptoms, such as the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987), have suggested that the
clinical features of psychotic disorders best can be described by at least four or
five domains (Wallwork et al., 2012). These domains include positive, nega-
tive, disorganized, depressive, and excited symptoms (Wallwork et al., 2012).
Both four-factor (McClellan et al., 2002; Petruzzelli et al., 2018; Thakur,
Jagadheesan, & Sinha, 2003; Ulloa et al., 2000), and five-factor models (Bunk
et al., 1999; Giannitelli et al., 2020; Rapado-Castro et al., 2010) have been

Introduction to psychotic disorders in adolescence Chapter | 1 7



TABLE 1.2 Description of psychotic and affective symptoms.

Positive symptoms

Hallucinations Sensory perceptions that appear in the
absence of any corresponding external
stimulus.

Delusions False beliefs that are maintained despite
conflicting evidence.

Negative symptoms

Avolition/apathy Reductions in self-initiated, goal-directed
activities due to lack of motivation.

Anhedonia Reduced experience of pleasure, either “in the
moment” (consummatory), or for future
anticipated activities (anticipatory).

Asociality Reduced engagement in social activities and
interactions.

Blunted affect Reduced expression of emotions through
facial expressions, intonation of speech, or
body gestures.

Alogia Poverty of speech. Communicates with few
words, with little elaboration and spontaneous
speech.

Disorganized symptoms

Disorganized speech Incoherent speech, loose associations, vague
or unrelated answers, idiosyncratic word
usage. Formal thought disorder: Disruption in
the flow of thought, manifests as disorganized
speech.

Disorganized or abnormal motor
behavior

Behaving or dressing in a peculiar or childlike
manner, unpredictable agitation, or abnormal
motor behavior (including catatonic features).
Catatonic features: Resistance to instructions
(negativism), bizarre rigid postures, lack of
verbal responses (mutism), motoric
immobility, stupor, excessive and purposeless
motor activity, stereotyped movements,
echoing of speech or movement.

Affective symptoms

Depressed mood Feeling sad, empty, or hopeless. Loss of
interest and pleasure. Can involve changes in
appetite and weight, sleep disturbances,
psychomotor agitation or retardation, loss of

8 Adolescent Psychosis



described when investigating adolescents with EOP. Discrepancies in the
different models could be due to the use of different rating scales, the diag-
nostic distribution in the different studies, or different stages of disease. In a
longitudinal study, Rapado-Castro et al. (2010) examined symptom domains,
assessed with the PANSS, at baseline, after 4 weeks, and after 6 months, in 99
adolescents with EOP. They found that the symptoms clustered into five do-
mains at the different time points. Moreover, they discovered that the clusters
of symptoms within each factor also varied with time, and that the symptoms
constituting the negative symptom domain were most consistent across
different time points. Another important feature of psychotic disorders is the
impaired cognitive functioning, such as reduced processing speed and
learning. In both adolescents and adults with psychotic disorders, impaired
cognitive functioning is more often reported to be associated with negative and
disorganized symptoms, and less with positive symptoms (de Gracia Domi-
nguez et al., 2009; Mørch-Johnsen et al., 2022) See Chapter 6 for cognitive
functioning in youth with EOP.

Positive symptoms

In a comprehensive review, Stentebjerg-Olesen and colleagues examined
clinical characteristics of 1506 patients (mean age <19 years) with mainly
early-onset schizophrenia-spectrum disorders (89%) across 28 individual
samples (Stentebjerg-Olesen et al., 2016). They found that hallucinations and
delusions were the most frequently reported symptoms, present in 70% and
78% of patients respectively (Stentebjerg-Olesen et al., 2016). Hallucinations
can arise from any sensory modality, such as hearing (auditory hallucinations),
seeing (visual hallucinations), touch (tactile hallucinations), tasting or smell-
ing (gustatory hallucinations). Hallucinations of hearing voices (auditory
verbal hallucinations) were the most frequently reported type of hallucination

TABLE 1.2 Description of psychotic and affective symptoms.dcont’d

energy, feelings of worthlessness or guilt,
difficulties concentrating or making choices,
suicidal ideation.

Elevated mood (hypomania or mania) Elevated or irritable mood. Increased energy
and activity. Can involve a decreased need for
sleep, pressure to keep talking, grandiosity,
racing thoughts, distractibility, psychomotor
agitation, involvement in activities with high-
risk of harmful consequences.

Data from the American Psychiatric Association. (2013). Diagnostic and statistical manual of mental

disorders (DSM-5); Galderisi, S., et al. (2021). EPA guidance on assessment of negative symptoms in

schizophrenia. European Psychiatry: The Journal of the Association of European Psychiatrists, 64(1),

e23.
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among individuals with EOP, found in 82% of patients, while visual, olfactory
and other hallucinations combined, were reported in 55% of patients
(Stentebjerg-Olesen et al., 2016).

Delusions are grouped based on their content. Delusions of persecution
(the person believes they are being followed, spied on, or conspired against)
and delusions of reference (the person believes that things in the environment
are special cues directed at them) were the most common in youth with EOP
(Stentebjerg-Olesen et al., 2016). Delusions can also be related to other
themes, such as having special powers or being famous (grandiose), or having
religious ideas not shared by others (religious). According to a review by
Pavuluri and colleagues, the most common psychotic feature in children with
early-onset bipolar disorder were mood congruent, most often grandiose, de-
lusions (Pavuluri et al., 2004).

The presentation of positive psychotic symptoms may vary with age and
cognitive developmental stage. For instance, delusions tend to be vaguer and
less complex or fixed at a younger age (Russell, 1994; Schultze-Lutter et al.,
2022), which can complicate the differential diagnosis of delusions from
overvalued ideas found in persons with obsessive-compulsive disorder (Bra-
koulias & Starcevic, 2011). It has been suggested that in children and ado-
lescents with EOP, multimodal hallucinations are more common than in adults
(Schultze-Lutter et al., 2022; Sikich, 2013). In the US National Institute of
Mental Health (NIMH) cohort including 117 children (mean age of 14 years)
with childhood-onset schizophrenia, David and colleagues found high rates of
multimodal hallucinations among the participants. A total of 95% reported
having auditory hallucinations (one modality); 80% reported also having vi-
sual hallucinations (two modalities); 61% reported an addition of somatic/
tactile hallucinations (three modalities); and 30% reported a further addition of
olfactory hallucinations (four modalities) (David et al., 2011).

Furthermore, commenting and imperative voices appear to be more com-
mon in children and adolescents with EOP than in adults, while conversing
voices are more common in adults (Schultze-Lutter et al., 2022; Sikich, 2013).

Negative symptoms

Patients with negative symptoms may show little interest in social activities,
express few emotions, and due to a lack of motivation have difficulties initi-
ating routine daily tasks. Negative symptoms can be primary, as part of the
disease process, or secondary to other clinical features, for instance positive
symptoms, medication side effects, or depression (Galderisi et al., 2021).
Distinguishing between primary and secondary negative symptoms can have
important clinical implications, as secondary negative symptoms can be
relieved by treating their underlying causes.

Five negative symptoms have been defined: blunted affect, alogia, aso-
ciality, anhedonia, and avolition/apathy (Kirkpatrick et al., 2006) (see

10 Adolescent Psychosis



Table 1.2 for description). Factor-analytic studies of negative symptom rating
scales or subscales performed in adults have shown that the negative symp-
toms most consistently cluster into two factors: an experimental factor
including anhedonia, avolition/apathy and asociality; and an expressive factor
(diminished expression) including blunted affect and alogia (Blanchard &
Cohen, 2006; Galderisi et al., 2021). This two-factor model of negative
symptoms was recently supported in adolescents with EOP (Mørch-Johnsen
et al., 2022). A current area of research is to investigate whether symptoms
included within these two factors have different clinical and biological cor-
relates, and if they require different treatment strategies.

The prevalence of negative symptoms in individuals with EOP varies from
38% to 50% (Downs et al., 2019; Karakuş et al., 2022; Stentebjerg-Olesen
et al., 2016). Negative symptoms are difficult to treat, tend to be stable over
the course of illness and are associated with a poorer prognosis (Dı́az-Caneja
et al., 2015; Fusar-Poli et al., 2015; Karakuş et al., 2022). Karakuş and col-
leagues found that 40% of patients with EOP (mean age 19 years) had
persistent negative symptoms, which were associated with several variables
related to a more severe illness, such as earlier age of onset, longer duration of
untreated psychosis, decreased functioning, and higher frequency of clozapine
use (Karakuş et al., 2022). The treatment effects of currently available phar-
macological medications on negative symptoms are limited; hence new
treatment developments are imperative (Fusar-Poli et al., 2015; Galderisi et al.,
2021). See Chapter 12 for information about factors influencing long-term
development and outcome.

Disorganized symptoms

Disorganized symptoms involve disorganized thinking (formal thought dis-
order), speech, and behavior. While delusions refer to a distortion of though
content, disorganized thinking involves a disruption in the coherent organi-
zation, flow and form of thoughts, observed as disorganized speech. Disor-
ganized thinking, such as illogical thinking, loose associations, incoherence,
and poverty of content of speech, is also present in children during their
normal language development. However, children with schizophrenia show
more of these features than age-matched healthy controls (Caplan et al., 2000).

Childhood language impairments have been shown to precede schizo-
phrenia in adults (Cannon et al., 2002; Fuller et al., 2002; Jones et al., 1994),
and in children and adolescents with a diagnosis of schizophrenia (Driver
et al., 2020). Language impairments have also been associated with an
increased risk of developing psychosis in adolescents with clinical high risk of
psychosis (Bearden et al., 2011).

Disorganized behavior can include behaving or dressing in a peculiar or
childlike manner. Patients may also present with unpredictable agitation or
abnormal motor behavior, including catatonia. Catatonic behavior is a

Introduction to psychotic disorders in adolescence Chapter | 1 11



psychomotor disturbance, summarized in the DSM-5 as a “marked decrease in
reactivity to the environment” (see Table 1.2 for included features). Catatonic
symptoms are an understudied phenomenon in adolescents with EOP (Waris
et al., 2014). Previous studies have shown that catatonia is present in in-
dividuals with EOP at different prevalence rates (10e30%) possibly reflecting
the investigated populations and the methodology used to characterize cata-
tonic symptoms (Green et al., 1992; Thakur, Jagadheesan, Dutta, et al., 2003;
Waris et al., 2014). In the aforementioned review by Stentebjerg-Olesen and
colleagues, disorganized thinking was present in 66% and bizarre behavior in
53% of patients with EOP (Stentebjerg-Olesen et al., 2016).

Affective symptoms

Elevated and depressed mood are the defining symptoms of affective disorders,
such as bipolar and major depressive disorders. Comorbid affective symptoms
in individuals with nonaffective EOP are relatively prevalent. Sanchez-Gistau
and colleagues found affective symptoms (depressive and mixed) in 64% of
their sample of young people with EOP (Sanchez-Gistau et al., 2015). In
another study, Calderon-Mediavilla and colleagues reported that 37% of their
sample of youth with EOP had comorbid clinical depression (Calderon-
Mediavilla et al., 2021). It is important to pay attention to mood symptoms
when assessing symptoms in individuals with EOP as they may have clinical
implications in terms of recommended treatment with antidepressant or mood
stabilizing medications. See Chapter 11 for information about treatment.

It can be difficult to distinguish depressive symptoms from negative
symptoms as they have overlapping features such as anhedonia, reduced goal-
directed behavior, and withdrawal from social interactions. Recent guidelines
on negative symptoms assessment in adults from the European Psychiatric
Association (Galderisi et al., 2021) recommend the use of the Calgary
Depression Rating Scale (Addington et al., 1993) for assessing depression in
patients with schizophrenia (Lako et al., 2012). Furthermore, the guidelines
point to features that may aid in the discrimination between negative symp-
toms and depression. For instance, the self-reported subjective feelings of
depressed mood, guilt, and hopelessness are more associated with depression,
while expressive negative symptoms, such as blunted affect, are more sug-
gestive of negative symptoms (Galderisi et al., 2021; Richter et al., 2019).

Suicidal behavior

Suicidal behavior is defined as a continuum from suicidal thoughts (ideation)
to plans and attempts (Nock et al., 2008). The simultaneous presence of
depressive and psychotic symptoms increases the risk of suicidal behavior
(Sanchez-Gistau et al., 2015). In an Irish study, adolescents with major
depressive disorder and psychotic symptoms had a 14-fold increased risk of
suicidal behavior compared to adolescents with depression without psychotic
symptoms (Kelleher et al., 2012). This finding is in line with a recent
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systematic review of suicidal behavior in adolescents (aged 10e19 years) with
EOP by Barbeito and colleagues. They found that the symptoms that were
most closely related to suicidal behavior were depression, distress with psy-
chotic symptoms, fewer negative symptoms at baseline, positive symptoms,
and anxiety disorders (Barbeito et al., 2021).

In a prospective cohort study of 1112 school-based adolescents (aged
13e16 years), Kelleher and colleagues investigated suicide attempts in rela-
tion to general psychopathology. Among the adolescents with psychopathol-
ogy and psychotic symptoms (n ¼ 47), 34% reported a suicide attempt after
12 months, compared to 13% of adolescents with psychopathology without
psychotic symptoms (n ¼ 146) (Kelleher et al., 2013). Furthermore, compared
to the total sample, the adolescents with psychopathology and psychotic
symptoms had a nearly 70-fold increased odds of suicide attempts, while no
significantly increased odds were found for the adolescents with psychopa-
thology without psychotic symptoms (Kelleher et al., 2013). These findings are
in keeping with the review by Barbeito and colleagues, reporting that ado-
lescents with EOP had a 12e72% increased risk of committing suicide across
studies (Barbeito et al., 2021).

Diagnostic interviews

Delayed or inaccurate diagnosis can result in longer duration of untreated
psychosis, inappropriate or harmful treatment, and unwanted long-term out-
comes (Matuschek et al., 2016). Clinician-generated diagnoses show poor
inter-rater reliability and validity compared to diagnoses assessed using
standardized diagnostic interviews (First, 2015; Jewell et al., 2004; Miller,
2001). A reason for this is the lack of structure as to what questions to ask or
how the obtained information is used to arrive at a diagnosis (Summerfeldt
et al., 2020). To improve diagnostic procedures, structured clinical interviews
designed to minimize the variability in diagnostic assessment, are standard
tools used in research and evidence-based clinical practice (Summerfeldt et al.,
2020). Moreover, the use of structured interviews has received high acceptance
among patients across settings (inpatient, outpatient, and research) and clini-
cians, which should encourage further use of standardized tools in diagnostic
assessment (Suppiger et al., 2009).

In the following, we describe three semi-structured diagnostic interviews
that are widely used in clinical and research settings for common psychiatric
disorders in children and adolescents, including psychosis. The Schedule for
Affective Disorders and Schizophrenia for School-Age Children-Present and
Lifetime version (K-SADS-PL) (Kaufman et al., 1997) was particularly
developed for children and adolescents, whereas the Structured Clinical
Interview for DSM (SCID) (Spitzer et al., 1992) and the Mini-International
Neuropsychiatric Interview (M.I.N.I.) (Sheehan et al., 1998) were developed
for adults.
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Schedule for affective disorders and schizophrenia for school-age
children-present and Lifetime version (K-SADS-PL)

The K-SADS-PL (Kaufman et al., 1997) has currently been revised in
accordance with changes in the DSM-5 (K-SADS-PL-5). The K-SADS-PL is
by many considered the “gold standard” among diagnostic interviews for
children and adolescents from 6 to 17 years of age. It assesses current and past
psychiatric episodes by combining dimensional and categorical approaches
(Kaufman et al., 1997). The interview provides separate child and parent
ratings for relevant symptoms and includes the Children’s Global Assessment
Scale (Shaffer et al., 1983) as a measure of global functioning. The K-SADS-
PL is comprised of a screen interview (including a thorough demographic
section) and five supplemental interviews, focusing on all relevant child and
adolescent disorders. It can take from one to three hours to complete each of
the K-SADS-PL interviews, depending on whether the child and parent are
interviewed separately or not. The duration of administration can vary
considerably between patients. Thus, it may be wise to aim at administration
time intervals of 30e60 minutes to ensure that the child has a positive expe-
rience throughout the session.

Structured clinical interview for DSM (SCID)

The SCID (Spitzer et al., 1992) is the most widely used structured diagnostic
interview for the assessment of DSM disorders in adults (First, 2015), and has
recently been updated according to the fifth edition of DSM (SCID-5) (First
et al., 2016). The SCID includes both current and lifetime diagnoses. It usually
takes approximately 60e90 minutes to complete, depending on the partici-
pant’s symptoms and psychiatric history. The SCID is developed for adults
from 18 years of age but can be used with adolescents from 16 years of age. A
child and adolescent version of the SCID for DSM-IV has been developed (the
Kid-SCID) (Roelofs et al., 2015). To our knowledge the Kid-SCID is not
commonly used in clinical settings or research and has not been revised ac-
cording to the DSM-5.

Mini-International Neuropsychiatric Interview (M.I.N.I.)

The MINI (Sheehan et al., 1998) is another widely used structured interview
for the assessment of common psychiatric disorders in adults. It was developed
to bridge the gap between detailed and time-consuming interviews such as the
K-SADS-PL and SCID, and the ultrashort screening tests designed for primary
care. The MINI takes about 15 minutes to administer and focuses on current
symptoms for the most common psychiatric diagnoses while excluding
questions about disability and general medical illness. It also comes in a more
comprehensive version (MINI-Plus) and a screening version (MINI-Screen),
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which takes about 45e60 and 5 minutes to administer, respectively (Sheehan
et al., 1998). A version for children and adolescents from 6 to 17 years of age
(MINI-KID) has also been developed, which takes about 30e45 minutes to
administer (Sheehan et al., 2010). Comparing the MINI-KID to the K-SADS-
PL, the developers found good to excellent concordance for most disorders,
and the MINI-KID was administered in one third of the time used to complete
the K-SADS-PL (Sheehan et al., 2010). In the initial study, the MINI-KID had
a high rate of false positive diagnoses for some disorders, including psychosis,
but the modules have been updated according to these findings.

Comorbidity

Psychiatric comorbidity

Comorbid syndromes are common in children and adolescents with EOP
(Karow et al., 2022). In one study, Ross and colleagues examined 82 children,
aged 4e15 years, with schizophrenia or schizoaffective disorder. All but one
of the children had at least one comorbid psychiatric illness. The most com-
mon comorbid conditions were attention deficit/hyperactivity disorder
(ADHD) (84%), oppositional defiant disorder (43%), depression (30%), and
separation anxiety disorder (25%) (Ross et al., 2006). These findings are in
accordance with the results from a previous study showing that ADHD,
oppositional defiant disorder and/or conduct disorder were present in two-
thirds of youth with schizophrenia spectrum and bipolar disorders (McClel-
lan & McCurry, 1999). Data from the Philadelphia Neurodevelopmental
Cohort (PNC; n ¼ 9498; youth aged 8e21 years) showed that the comorbidity
with ADHD was associated with more severe psychotic symptoms in youth
with psychosis, but not with greater cognitive impairment (Fox et al., 2021).
Interestingly, a Danish nationwide survey and register-based study of 423
adolescents from 13 to 17 years of age showed that food addiction symp-
tomatology was prevalent among adolescents with mental disorders, particu-
larly affective and psychotic disorders (Horsager et al., 2022). See Chapter 5
on delimitations between clinical syndromes.

Somatic comorbidity

Adults with schizophrenia have excess mortality of more than 10 years, largely
due to somatic comorbidity with disorders including diabetes type 2 and
cardiovascular diseases (Schwarz et al., 2021). In adolescents with EOP, lipids
and immune profiles have been found to be abnormal (Szabo et al., 2022;
Wedervang-Resell, Friis, Lonning, Smelror, Johannessen, Agartz, et al., 2020;
Wedervang-Resell, Friis, Lonning, Smelror, Johannessen, Roponen, 2020),
and carotid vessels have shown prearteriosclerotic signs (Bohman et al., 2020).
These findings were reported to occur independently from use of antipsychotic
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medication. Although these studies need more in-depth follow-up, it is plausible
that the abnormalities will develop into future cardiovascular morbidity and
adverse somatic health outcomes. There are no studies of cardiometabolic risk
prediction algorithms in individuals below 35 years of age with psychosis, and
most algorithms have not included antipsychotic medication (Perry et al., 2021).
Existing cardiometabolic prediction algorithms for adults tend to underestimate
risk in young individuals, and new tailored algorithms or recalibration of the
existing ones is warranted (Perry et al., 2020). In a large-scale Swedish co-
morbidity study, children aged 3e18 years with psychiatric disorders, were,
across conditions and age, at remarkably high risk for concurrent somatic illness
(Agnafors et al., 2019). At this young age, psychotic conditions were mainly
associated with asthma, bowel disorders and myalgia, although the number of
children with psychosis was low (Agnafors et al., 2019). The immune system’s
role in neurodevelopment and EOP is presented in Chapter 7.

The neurodevelopmental hypothesis of schizophrenia

The history of the neurodevelopmental hypothesis of schizophrenia has been
traced back to the ground-breaking work of Barbara Fish in 1957 (Jablensky
et al., 2017) on the fetal development and early predictors of schizophrenia
risk (Fish, 1957). The hypothesis was further developed in 1987 by Wein-
berger (1987) and by Murray et al. (1987). The neurodevelopmental hypoth-
esis postulates that the combined effects of genetic risk and an early brain
lesion acquired during pregnancy or at birth increase the risk of developing
schizophrenia (Jablensky et al., 2017). Although never proven, the neuro-
developmental model of schizophrenia has become broadly recognized in
contemporary schizophrenia research. As an interesting follow-up of the
neurodevelopmental hypothesis, recent studies have shown that placental
genes expressed during fetal life might affect early synapse development and
brain maturation during sensitive developmental windows with implications
for neural growth (Ursini et al., 2018, 2021). Ursini et al. (2018, 2021) found
that a higher placental genomic risk for schizophrenia and a history of early
life complications (particularly in males) was associated with altered early
brain growth and function. This could point to a neurodevelopmental path of
risk for schizophrenia.

Genetic and environmental influence

The biological mechanisms underlying psychotic disorders are not fully un-
derstood. In adults, genetic research supports that schizophrenia and bipolar
disorder lie on an extended neurodevelopmental continuum with neuro-
developmental disorders such as intellectual disability, autism spectrum dis-
order and ADHD (see Fig. 1.2) (Craddock & Owen, 2010; Forsyth & Asarnow,
2020; Morris-Rosendahl & Crocq, 2020). This hypothetical continuum model
might be as or even more relevant for the early-onset cases (Morris-Rosendahl
& Crocq, 2020).
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Compared to the typical age of onset of psychotic disorders in early
adulthood, studies of individuals with EOP report stronger genetic load with
more rare gene variants or highly penetrant variants (Asarnow & Forsyth,
2013; Hilker et al., 2017). As such, they represent biological phenotypes that
can be informative for the psychosis pathophysiology and highlight the
importance of studying individuals with EOP. Chapter 3 presents information
of genetic research in youth with EOP.

Genes are considered to play a large part in the origin of disorders such as
ADHD, autism spectrum disorder, and schizophrenia (Smoller et al., 2013;
Tamminga et al., 2013), likely in complex interactions with the environment
(Wahbeh & Avramopoulos, 2021). As an example, Stepniak and colleagues
investigated the effect of accumulated environmental risk factors (cannabis
use, neuro- or psychotrauma, urbanicity, migration, and one perinatal
complication) on the age at onset of schizophrenia in 750 men (mean age 31
years). They found that the age at onset was nearly a decade earlier in those
with four or more risk factors than in those with no environmental risk, and
that cannabis use was the most important factor (Stepniak et al., 2014).
Chapters 4 and 12 give information about substance abuse and EOP.

Another risk factor that has been studied in psychosis development is
exposure to infections. As an example, a Danish population-based cohort study
investigated the association between all treated infections since birth and the
subsequent risk of development of any treated mental disorder during child-
hood and adolescence. The risk of mental disorders after infections increased
in a doseeresponse association and with the temporal proximity of the last
infection (Köhler-Forsberg et al., 2019). This was shown in a wide range of
disorders including schizophrenia spectrum disorders. More information about
risk factors for psychosis development can be found in Chapter 4.

FIGURE 1.2 Hypothetical neurodevelopmental continuum across psychiatric syndromes.

Illustration of the hypothesized neurodevelopmental relationship between clinical syndromes with

gradients of neurodevelopmental and affective contributions to disturbance.Modified from Fig. 1 in

Craddock, N., & Owen, M. J. (2010). The Kraepelinian dichotomy - going, going . but still not

gone. British Journal of Psychiatry, 196(2), 92e95 and Fig. 1 in Morris-Rosendahl, D. J., & Crocq,

M. A. (2020). Neurodevelopmental disorders-the history and future of a diagnostic concept. Di-

alogues in Clinical Neuroscience, 22(1), 65e72.
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Clinical heterogeneity

The clinical presentation of psychotic disorders, including EOP, is heteroge-
neous, as is the longitudinal course and outcome. Patients fulfilling the criteria
for the same diagnosis may present with different symptoms and problems,
and their course of illness may differ greatly. Psychotic and affective symp-
toms are also shared across the diagnostic entities. The difficulty in deter-
mining the disease origins could be due both to phenotypic heterogeneity and
to high biological variability within the psychosis spectrum (Arango et al.,
2021). This encourages research into the phenomenology and potential bio-
logical underpinnings of psychotic and mood symptom domains across the
diagnostic spectrum of psychotic disorders. Different approaches have been
suggested to address the issues of clinical heterogeneity and biological vari-
ability. The “reverse phenotyping” or “genotype-first” is an approach where
genetic markers drive new phenotypic definitions, so that phenotypes are
distinguished by allele sharing, rather than the traditional descriptive diag-
nostic categories (Stessman et al., 2014). Another approach is the US NIMH
Research Domain Criteria (RDoC) (Insel et al., 2010). The RDoC was
launched to better capture the underlying mechanisms of dysfunction and
address the heterogeneity and comorbidity of mental disorders by investigating
behavioral domains rather than diagnostic categories (Insel et al., 2010).

Future directions

Developmental trajectories

It is important to conduct longitudinal follow-up studies in children and ad-
olescents with EOP as they are too limited today. National or international
population and health registries constitute great sources for outcome research,
as well as for health monitoring and planning, and these need to be further
developed. The understanding of developmental and disease trajectories, from
fetal life through the life course, can help outcome prediction and underlines
the need for continuity from adolescent to adult psychiatric care. Furthermore,
the overlap between affective and nonaffective psychotic disorders, and neu-
rodevelopmental disorders, need to be better understood. The same is true for
diagnostic categories which can be refined depending on age trajectories and
symptom overlap. Regarding pubertal and sexual development, more knowl-
edge is needed on how sex hormones and sexual maturity are related to psy-
chosis onset and development. Gender diversity is an important consideration,
and different genders might need separate studies and their own conceptual-
ized frameworks.
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Interdisciplinary studies

Interdisciplinary scientific collaborations and use of multimodal methodolo-
gies can hopefully inform on useful new phenotypes and find the missing link
between the biological causes and their clinical disease manifestations. The
combination of methods from computational psychiatry, clinical and de-
mographic registry data, and advanced neuroimaging, gene, and biomarker
discovery has several advantages: it can increase the potential for novel
knowledge about clinical characteristics, risk factors, and brain phenotypes
across the spectrum of psychosis and related neurodevelopmental disorders in
adolescents. Further, it can help stratifying among heterogeneous clinical
phenomenology to discover meaningful subtypes of disorders. One ambition is
to combine individual clinical cohorts into very large samples, since EOP
samples to date are comparatively size small.

Experimental approaches

It is now possible for scientists to experimentally test for biological mecha-
nisms, and not only statistical associations, which is a big step forward. Stem
cell model systems or patient-derived brain organoids can be used to test for
effects of for instance hypoxia, genes, and drug exposures on developing
neural cell systems. One hypothesis in schizophrenia is that patient-derived
neurons show fewer excitatory synapses or disrupted synaptogenesis, with
subsequent downregulation of neurotransmitter and synapse markers
(Courchesne et al., 2019). Indeed, reduced density of dendritic spines has been
a consistent finding in the postmortem brain in adults with schizophrenia
(Glausier & Lewis, 2013) and results from postmortem positron emission
tomography show lower synaptic vesicle density in several brain regions
(Radhakrishnan et al., 2021). The reduced synaptic density in postmortem
cortical brain tissue from patients with schizophrenia is suggestive of
increased synapse elimination (pruning). Using a reprogrammed in vitro stem
cell model of microglia-mediated synapse engulfment, Sellgren and colleagues
could show an increased synaptic elimination in patient-derived neural cul-
tures (Sellgren et al., 2019). Synaptic elimination is an important process for
cognitive development (synaptic specialization) in adolescence, and cognitive
health in this developmental phase is of great importance for the individual’s
future functioning. Excessive synaptic elimination during adolescence might
be reflected in the cortical brain abnormalities found in brain imaging studies
of schizophrenia and bipolar disorder, as described in Chapters 8e10.

Uncovering early life processes by focusing on placental genes and fetal life
function in the context of psychotic disorders might be one way forward.
Maternal immune activation can affect fetal processes, and maternal infections
and stress have shown to be risk factors for neurodevelopmental outcomes
including schizophrenia (Aguilar-Valles et al., 2020; Ganguli & Chavali, 2021).
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In a model study of individuals with autism spectrum disorder, Courchesne and
colleagues suggested that prenatal and early postnatal pathogenic processes
could lead to the clinical heterogeneity that characterizes autism spectrum
disorder. These processes could generate information for individual and group
level explanations (Courchesne et al., 2019). This hypothetical model could also
serve as a model for studying psychosis syndromes, considering their poly-
genicity, clinical heterogeneity, and susceptibility to environmental risk. It could
offer individualized scientific explanations and lead way toward clinically
purposeful treatment.

Another avenue toward discovery is the study of risk exposures in animal
models. Geneeenvironment interactions have been explored, but combinations
of environmental (prenatal) risk factors remain to be studied (Eyles, 2021).

Clinical and societal responsibility

How can society contribute to provide a more secure, better adjusted, and
predictable environment for young individuals with different degrees of
symptoms characteristic of psychosis? We envision even larger scientific leaps
in the future. Mental health of children and adolescents needs to be prioritized
and prevention strategies need to be developed and promoted with support in
the family, schools, and community. Mental health focus for young people
needs promotion and visibility, and services need financial resources. New
advancements should encourage implementation into the clinic, or promotion
among policy makers for improved mental health prevention strategies and
better treatments. Educational approaches are important, and schools and
clinics can develop programs for improving mental health among youth.
Clinical outcome is dynamic and can give reason for a positive and reassuring
attitude that is important to communicate to the adolescent and care team. To
convey optimism and encourage positive visibility are also important to reduce
the stigma associated with psychotic disorders in general, including youth with
EOP.

We know many of the societal risk factors that need addressing, such as
cannabis use, underprivileged home environment, poverty, and demographic
migration. With the increase in social media use, and “fake news” break-
throughs as we have witnessed the recent years, the importance of correct
media communication of research (the why and how), its effects and conse-
quences, cannot be overstated. Lastly, future research should go global and not
be limited to the Global North, or wealthier population strata.

Ethical considerations

Use of digital monitoring and detection, and the wealth of personal informa-
tion in particularly genetic studies give rise to ethical considerations regarding
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individuals with difficulty to understand and interpret information and with
impaired judgmental capacity.

The kind of studies summarized above could be informative at the indi-
vidual level, in accordance with “personalized” medicine, but the study
methods also bring new ethical challenges that need to be handled with care.
Ethical considerations are further discussed in Chapter 13.

Conclusion

EOP is an umbrella term used in research to describe nonaffective and af-
fective psychotic disorders with onset before 18 years of age. The clinical
diagnoses for youth follow the same diagnostic criteria as for adults, but
symptom manifestations can show other nuances, particularly in the younger
individuals. Only some of the diagnostic instruments are developed specif-
ically for children and adolescents. The comorbidity in individuals with EOP
is high and its long-term outcome warrants further investigation. The origins of
psychosis development are complex with both genetic and environmental
influences, and although interactions have not been firmly clarified, hypotheses
have been developed. Children and adolescents who develop EOP represent a
heightened biological vulnerability for psychosis that could uncover new
knowledge about the pathophysiology of psychosis development in general. To
include youth with EOP in scientific studies is advantageous considering the
short time between diagnosis and recruitment, the limited substance, alcohol,
or nicotine use, and the controlled pharmacological use compared to adult
patients. Most importantly, continued research into psychotic disorders in
children and adolescence is warranted to improve the treatment and care for
young people suffering from these disorders.
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& Döhnert, M. (2016). Implementing the K-SADS-PL as a standard diagnostic tool: Effects on

clinical diagnoses. Psychiatry Research, 236, 119e124. https://doi.org/10.1016/

j.psychres.2015.12.021

McClellan, J., & McCurry, C. (1999). Early onset psychotic disorders: Diagnostic stability and

clinical characteristics. European Child and Adolescent Psychiatry, 8(S1), S13eS19. https://

doi.org/10.1007/pl00010686

McClellan, J., McCurry, C., Speltz, M. L., & Jones, K. (2002). Symptom factors in early-onset

psychotic disorders. Journal of the American Academy of Child and Adolescent Psychiatry,

41(7), 791e798. https://doi.org/10.1097/00004583-200207000-00010

Miller, P. R. (2001). Inpatient diagnostic assessments: 2. Interrater reliability and outcomes of

structured vs. unstructured interviews. Psychiatry Research, 105(3), 265e271. https://doi.org/

10.1016/S0165-1781(01)00318-3

Mørch-Johnsen, L., Smelror, R. E., Andreou, D., Barth, C., Johannessen, C., Wedervang-

Resell, K., Wortinger, L. A., Dı́az, R., Victoria, G., Ueland, T., Andreassen, O. A.,

Myhre, A. M., Rund, B. R., Ulloa, R. E., & Agartz, I. (2022). Negative symptom domains are

associated with verbal learning in adolescents with early onset psychosis. Frontiers in Psy-

chiatry, 12. https://doi.org/10.3389/fpsyt.2021.825681

Morris-Rosendahl, D. J., & Crocq, M. A. (2020). Neurodevelopmental disorders-the history and

future of a diagnostic concept. Dialogues in Clinical Neuroscience, 22(1), 65e72. https://

doi.org/10.31887/DCNS.2020.22.1/macrocq

Murray, R. M., Lewis, S. W., & Lecturer, L. (1987). Is schizophrenia a neurodevelopmental dis-

order? British Medical Journal (Clinical Research Ed.), 295(6600), 681e682. https://doi.org/

10.1136/bmj.295.6600.681

Nock, M. K., Borges, G., Bromet, E. J., Cha, C. B., Kessler, R. C., & Lee, S. (2008). Suicide and

suicidal behavior. Epidemiologic Reviews, 30(1), 133e154. https://doi.org/10.1093/epirev/

mxn002

Pavuluri, M. N., Herbener, E. S., & Sweeney, J. A. (2004). Psychotic symptoms in pediatric bipolar

disorder. Journal of Affective Disorders, 80(1), 19e28. https://doi.org/10.1016/S0165-

0327(03)00053-3

Pearson, D., Burrow, A., FitzGerald, C., Green, K., Lee, G., & Wise, N. (2001). Auditory hallu-

cinations in normal child populations. Personality and Individual Differences, 31(3),

401e407. https://doi.org/10.1016/S0191-8869(00)00145-8

Perry, B. I., Osimo, E. F., Upthegrove, R., Mallikarjun, P. K., Yorke, J., Stochl, J., Perez, J.,

Zammit, S., Howes, O., Jones, P. B., & Khandaker, G. M. (2021). Development and external

validation of the psychosis metabolic risk calculator (PsyMetRiC): A cardiometabolic risk

prediction algorithm for young people with psychosis. The Lancet Psychiatry, 8(7), 589e598.

https://doi.org/10.1016/S2215-0366(21)00114-0

Perry, B. I., Upthegrove, R., Crawford, O., Jang, S., Lau, E., McGill, I., Carver, E., Jones, P. B., &

Khandaker, G. M. (2020). Cardiometabolic risk prediction algorithms for young people with

psychosis: A systematic review and exploratory analysis. Acta Psychiatrica Scandinavica,

142(3), 215e232. https://doi.org/10.1111/acps.13212

Petruzzelli, M. G., Margari, L., Bosco, A., Craig, F., Palumbi, R., & Margari, F. (2018). Early onset

first episode psychosis: Dimensional structure of symptoms, clinical subtypes and related

26 Adolescent Psychosis

https://doi.org/10.1093/schbul/sby119
https://doi.org/10.1016/j.psychres.2015.12.021
https://doi.org/10.1016/j.psychres.2015.12.021
https://doi.org/10.1007/pl00010686
https://doi.org/10.1007/pl00010686
https://doi.org/10.1097/00004583-200207000-00010
https://doi.org/10.1016/S0165-1781(01)00318-3
https://doi.org/10.1016/S0165-1781(01)00318-3
https://doi.org/10.3389/fpsyt.2021.825681
https://doi.org/10.31887/DCNS.2020.22.1/macrocq
https://doi.org/10.31887/DCNS.2020.22.1/macrocq
https://doi.org/10.1136/bmj.295.6600.681
https://doi.org/10.1136/bmj.295.6600.681
https://doi.org/10.1093/epirev/mxn002
https://doi.org/10.1093/epirev/mxn002
https://doi.org/10.1016/S0165-0327(03)00053-3
https://doi.org/10.1016/S0165-0327(03)00053-3
https://doi.org/10.1016/S0191-8869(00)00145-8
https://doi.org/10.1016/S2215-0366(21)00114-0
https://doi.org/10.1111/acps.13212


neurodevelopmental markers. European Child and Adolescent Psychiatry, 27(2), 171e179.

https://doi.org/10.1007/s00787-017-1026-7

Radhakrishnan, R., Skosnik, P. D., Ranganathan, M., Naganawa, M., Toyonaga, T., Finnema, S.,

Hillmer, A. T., Esterlis, I., Huang, Y., Nabulsi, N., Carson, R. E., & D’Souza, D. C. (2021).

In vivo evidence of lower synaptic vesicle density in schizophrenia. Molecular Psychiatry,

26(12), 7690e7698. https://doi.org/10.1038/s41380-021-01184-0

Rapado-Castro, M., Soutullo, C., Fraguas, D., Arango, C., Payá, B., Castro-Fornieles, J., González-
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Introduction

Psychiatric epidemiology has been defined as “the science of public mental
health” (Susser et al., 2006). The importance of the field is increasingly
acknowledged due to reports from the World Health Organization indicating
that mental disorders are among the leading causes of disease burden and
disability worldwide (Murray & Lopez, 1996; World Health Organization,
2001). Psychiatric epidemiology has played a critical role in advancing the
study of mental disorders. First, the field has promoted the development of
systematic classification systems of mental health symptoms and disorders.
Second, it has provided evidence for the high prevalence and persistence of
psychiatric phenomena in general nonhelp seeking community samples.
Lastly, it has elucidated the contribution of genetic and environmental
mechanisms underlying risk of mental health problems (Susser et al., 2006).

In this chapter, we discuss the epidemiology of psychosis in adolescence at
different levels, from the clinical disorder to the subclinical symptom level. A
major part of the available literature comes from studies of individuals with
early-onset schizophrenia (EOS) and early-onset psychosis (EOP). With re-
gard to psychosis, early-onset is defined as the onset of a psychotic disorder
before 18 years of age (Werry et al., 1991). There are no specific diagnostic
criteria for early-onset psychosis; therefore, most studies use the criteria for
schizophrenia and other psychotic disorders from the Diagnostic Statistical
Manual of Mental Disorders (DSM) (American Psychiatric Association, 2013)
or the International Classification of Diseases (ICD) (World Health Organi-
zation, 2019). EOP usually includes nonaffective and affective psychotic
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disorders, such as bipolar and depressive disorders with psychotic features.
However, there is substantial variation across studies in the age range of onset
and diagnostic criteria used. According to most definitions used in the liter-
ature, early-onset means an onset between 0 and 17 years of age, with very
early- or childhood-onset before age 13 years and adolescent-onset between 13
and 17 years (Bo & Haahr, 2015; Werry et al., 1991). Here, we will primarily
focus on youth aged 13e17 years old with EOS and EOP, even though some of
the studies may have included individuals with an onset before age 13 and
after age 17 years. In addition to the outcomes at the disorder level, we will
also discuss the occurrence of psychotic-like experiences (PLE) in adoles-
cence. PLE or subclinical psychotic symptoms are subtle hallucinations and
delusions that are relatively common in the general population (Kelleher &
Cannon, 2011). Unlike the attenuated psychosis syndrome, most PLE are
transient experiences that do not require mental health treatment. There is
substantial evidence, however, suggesting that they exist on a continuum with
psychotic disorder (Van Os et al., 2009).

We have divided this chapter into three main parts: First, we describe the
epidemiology of EOS and EOP based on general population studies. We
devote a separate paragraph to studies from the Global South, which are
grossly underrepresented. Other paragraphs cover a discussion of the literature
on affective psychosis including bipolar disorder, sex differences, and diag-
nostic stability. In the second part, we discuss the incidence and prevalence of
PLE in adolescence, and in the third part, we discuss different methodological
considerations and the availability of different data sources. Lastly, we provide
a summary and conclusions.

The incidence and prevalence of adolescent psychosis

Common terms to explain outcomes in the general population include inci-
dence and prevalence. Incidence reflects the number of new cases of a con-
dition in a specific population (population at risk) over a defined interval of
time, for example, 15 cases of schizophrenia per 100,000 persons per year.
Prevalence is defined as the number of cases of a condition that exist in a
defined population at a specific point in time (point prevalence) or during a
specific period (period prevalence). Various epidemiological study designs
may produce reliable incidence and prevalence estimates such as birth cohorts,
population-based registers or surveys, and first-contact incidence studies (i.e.,
studies in which all people seeking help for a specific condition in a specified
catchment areas are identified). These will be the main focus in this chapter.

In the general population, the adult lifetime prevalence of psychotic dis-
orders is estimated between 0.5% (Jablensky et al., 2000) and 3.06% (Perälä
et al., 2007). The number of new cases of psychotic disorders worldwide, as
reported in a recent meta-analysis, was estimated at 27 per 100,000 (0.027%)
(Jongsma et al., 2019). Studies show great heterogeneity, depending on where
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and how they were conducted, with higher rates of incidence reported in
population register studies compared to first-contact designs (Jongsma et al.,
2019). The number of epidemiological studies investigating adolescents with
EOP in the age range 13e17 years is limited. Earlier studies have shown that
the prevalence of EOS was approximately nine per 100,000 (0.009%) at 13
years (Remschmidt et al., 1994). Gillberg et al. (1986) used the wider diag-
nostic criteria of EOP based on DSMeIIIeR criteria (American Psychiatric
Association, 1987) and included schizophrenia, schizophreniform disorder,
affective psychosis, atypical, and substance-induced psychosis. They reported
the same number of cases at 13 years as Remschmidt et al. (1994), and an
increase in cases during adolescence, with a peak of 176 cases per 100,000
(0.18%) at 18 years. They found that the prevalence of EOP in adolescence
was about 10 times higher than in childhood, and about a quarter of the
prevalence in adults (Gillberg et al., 1986). These studies suggest that the real
prevalence of EOP is probably higher, since the former study only reported
EOS, excluding other psychotic disorders (Remschmidt et al., 1994), and the
latter study only included in-patients admitted to a psychiatric clinic,
excluding outpatients.

Despite the steep increase of these diagnoses during adolescence, Häfner
found that EOS represents less than 4% of all schizophrenia diagnoses (Häf-
ner, 1998). However, a more recent meta-analysis estimated the proportion of
EOS that developed before age 18 years to 8.2% which rose to 47.4% at age 25
(Solmi et al., 2022). When considering a broader category including both
schizophrenia-spectrum and other primary psychotic disorders (not secondary
to a medical condition, substance use or a mood disorder) based on ICD-11
criteria (Gaebel, 2012), the proportion of young people with an onset before
18 years was considerably higher, at 12.3% (Solmi et al., 2022). These data
indicate that about a 10th of cases with schizophrenia debuted during
adolescence, although incidence peaks slightly later, at age 20 years, with a
median age of onset of all cases at 25 years (Solmi et al., 2022). This age peak
is similar to what has been shown using earlier data (Häfner, 1998).

Population-based epidemiological studies

One of the largest population-based studies reporting on the prevalence of
adolescent psychosis is the Avon Longitudinal Study of Parents and Children
(ALSPAC), a British birth cohort study (Boyd et al., 2013). The presence of a
psychotic disorder was established based on the occurrence of definite psy-
chotic experiences at least once per month over the previous 6 months, that
caused severe distress and functional impairment. The psychotic symptoms
were assessed using the Psychosis-Like Symptoms Interview (Horwood et al.,
2008), a semistructured interview covering three main domains of positive
psychotic symptoms: hallucinations, delusions (e.g., persecutory beliefs) and
bizarre symptoms (e.g., beliefs about thought broadcasting). Based on data
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from the ALSPAC study, Zammit et al. (2013) reported that in a sample of
4724 participants aged 18 years, 1.7% had developed a psychotic disorder
between the ages of 12 and 18 years. Most of these adolescents (75%) reported
visual or auditory hallucinations as their most common symptom. Only 12.8%
of the adolescents with a psychotic disorder had previously sought profes-
sional help for their psychotic symptoms. Having experienced psychotic
symptoms at the age of 12 was predictive of a psychotic disorder at age 18
years (Zammit et al., 2013).

A population-based English study reported on hospitalization incidence of
children and adolescents. Incidence increased from around 0.02 per 100,000 in
children under 12 years, to about 2.6 per 100,000 in the age group of 13e17
years (Seminog et al., 2021). With increasing age, incidence rates increased,
with the majority (>90%) of individuals with EOS being 14 years and older.
Furthermore, Scottish data reporting on the prevalence of EOP suggests a 3-year
prevalence in the general population of 5.9 per 100,000 (Boeing et al., 2007).

A Canadian retrospective cohort study of 193,400 adolescents born be-
tween 1990 and 1998 found that 0.76% were diagnosed with a nonaffective
psychotic disorder between the ages of 13 and 19 years (Magee et al., 2022).
Incidence rates increased with higher age from 12 to 17 per 100,000, espe-
cially in males. The risk of having a psychotic disorder was elevated in low-
income families and neighborhoods, if a parent had health service contact for a
mental disorder, and in more recent birth cohorts. Unexpectedly, the risk was
reduced among children of immigrants compared to children of nonmigrants
(Magee et al., 2022). Another Canadian population-based study estimated the
incidence of EOS based on data from physician billings, hospitalizations,
pharmacies, and public health clinics from 2004 to 2006, and reported a cu-
mulative incidence of first-episode schizophrenia spectrum disorders of 25
cases per 100,000 at age 18 years (Anderson et al., 2012). Large increases in
incidence were found between 14 and 18 years. Since these estimates are much
higher than what has been found in other studies, the authors reason that many
cases may be missed in studies using clinical samples. They argue that
administrative databases may be more useful resources for studying the rarer
types of mental disorders such as EOS (Anderson et al., 2012).

In Italy, an epidemiologically based survey was conducted among the
general population, examining risk of psychosis in relation to age, sex,
immigration status, urbanicity, and socioeconomic deprivation. The study was
conducted between 2005 and 2007 within the framework of the Psychosis
Incident Cohort Outcome Study (PICOS) (Lasalvia et al., 2014) and comprised
of a total number of 3,077,555 person-years, that is, the total population in the
study catchment area multiplied by the number of years of recruitment. The
incidence rates for all psychotic disorders for adolescents aged 15e19 years,
was 11.9 per 100,000 person-years. For nonaffective psychosis, the incidence
was slightly lower, at 10.3, and for schizophrenia it was half, at 5.9 per person-
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years. For affective psychosis the incidence rate was 1.6 per 100,000 person
years, including 1.2 and 0.4 per 100,000 for bipolar disorder and major
depressive disorder with psychotic features, respectively. The incidence rates
of psychotic disorders peaked in the age span 20e29 years, with 30.3 per
100,000 person-years (Lasalvia et al., 2014).

The English naturalistic cohort study, known as the Social Epidemiology of
Psychoses in East Anglia (SEPEA) study (Kirkbride et al., 2017), with a total
of 2,021,663 person-years, reported even higher incidence rates of EOP. The
incidence was 45.8 per 100,000 in 16- and 17-year-olds, and 57.2 in 18- and
19-year-olds. Highest incidence rates were found for nonaffective psychosis
with approximately 35 per 100,000 in 16- and 17-year-olds and approximately
50 per 100,000 in 18- and 19-year-olds. Considerably fewer cases with af-
fective psychosis were reported, with less than 10 per 100,000 for both age
groups (Kirkbride et al., 2017). Similarly, in the Jerusalem Perinatal Study, a
population-based cohort derived from all births in Israel between 1964 and
1976, the incidence of schizophrenia-spectrum disorders was examined in
different age bands (Kleinhaus et al., 2011). Between the ages of 10e14 years
the incidence was 6.6 per 100,000. This rapidly increased to 53 per 100,000
between the ages of 15e19 years and reached a peak incidence of 62.5 per
100,000 between the ages of 20e24 (Kleinhaus et al., 2011).

In conclusion, population-based studies report substantial heterogeneity in
the incidence and prevalence of EOS and EOP which is at least partially
explained by the type of study design and sampling strategies. Studies
consistently indicate a significant increase of around 10 times more cases
during adolescence (age 12e18 years) compared to psychosis with earlier
onset (<12 years of age), and a peak of incidences in the early twenties.

Studies from the Global South

Only a few studies from the Global South report incidence data on EOP or
EOS. The Chilean First-Episode of Schizophrenia Program included in-
dividuals aged 10e64 years, reporting the incidence of nonaffective psychotic
disorders (González-Valderrama et al., 2020). They found a major increase
between the ages of 15 and 19 years, reaching rates of 57.6 per 100,000
person-years in boys and 29.5 per 100,000 person-years in girls (González-
Valderrama et al., 2020). An Iranian population based study including
33,264 children and adolescents aged 6e18 years showed that the likelihood
of being diagnosed with EOP increased with age: 0.1% between ages 6e9
years; 0.3% for ages 10e13 years; and 0.4% between the ages 15e18 years
(Alavi et al., 2021). The overall incidence of psychosis in the same sample
aged 6e18 years was 0.26% (Mohammadi et al., 2019). Adjorlolo and Anum
reviewed the literature on psychosis in Africa, including studies from South
Africa, Kenya, and Nigeria. They concluded that the prevalence rates of EOP
in these African countries were generally lower than in the Global North
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(Adjorlolo & Anum, 2021). However, they did not report any prevalence
numbers for EOP (as opposed to PLE, presented later in the chapter). More-
over, it should be mentioned that the African studies used often locally
developed clinical instruments and much more limited sample sizes (with the
smallest sample including 45 participants, and the largest 2963 participants)
compared to the large cohort studies from the Global North (e.g., PICOS,
SEPEA, and ALSPAC cohorts).

Affective psychotic disorders

Affective psychotic disorders are mood disorders, such as bipolar and major
depressive disorders, accompanied by psychotic features (e.g., hallucinations
and/or delusions).

Studies indicate that affective psychotic disorders are less prevalent than
nonaffective psychosis in adolescence. In the previously described Italian
epidemiological survey, the annual incidence rates among adolescents from 15
to 19 years were 1.6 per 100,000 person-years for affective and 10.3 for
nonaffective psychosis (Lasalvia et al., 2014). Similarly, among Danish youth
aged 15e24 years, the incidence of bipolar disorder was 4.6 per 100,000
person-years, which is about half of the incidence of acute and transient
psychotic disorders (9.0) and about a third of schizophrenia cases (16.4)
(Castagnini & Foldager, 2013). Söderlund et al. (2015) linked data from two
Swedish national registers (Statistics Sweden and The National Board of
Health and Welfare), comprising the birth years of 1955e76. Investigating the
incidence of schizophrenia, other nonaffective psychoses and bipolar disorder
in adults aged 18e30 years, they reported three times lower rates of affective
psychotic disorders compared with nonaffective psychosis (Söderlund et al.,
2015). The US National Comorbidity Survey Replication Adolescent Sup-
plement (NCS-A) survey included a sample of 10,123 adolescents aged 13e18
years, and found a prevalence of bipolar disorder (type I and II) of 2.9%
(Merikangas et al., 2010). The prevalence among the older adolescents (17 and
18 year-olds) was nearly twice as high as in the younger group (13 and 14
year-olds) (Defilippis & Wagner, 2013; Merikangas et al., 2010). Unfortu-
nately, no prevalence numbers were reported in these studies. Although less
steep, this increase resembles the increase found in EOS and EOP.

Van Meter and colleagues synthesized findings from 12 studies (6 from the
United States, five fromother countries in theGlobalNorth and one fromMexico),
including16,222youthbetween7and21yearsofage.Threeof the studies included
children under age 11 years and two of the studies included adolescents older than
18 years. The results indicated a prevalence for bipolar disorder of 1.8% in the total
sample,and2.7%in samplesover12yearsold (VanMeteret al.,2011).This reflects
increased prevalence rates with higher age in adolescence. A Dutch study on the
incidence of bipolar disorder in the general population corroborated this finding,
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showing a peak in incidence between 15 and 24 years of age, a similar age of onset
pattern as observed in nonaffective psychotic disorders (Kroon et al., 2013).

In sum, the incidence of nonaffective psychosis, including schizophrenia is
generally higher in adolescence compared with affective psychosis, including
bipolar disorder. Age seems to play a role in the incidence of nonaffective
psychosis with a significant increase of cases during the period of adolescence,
gradually increasing after the age of 12 years, with a steep increase around 18
years. Numbers peak shortly after age 20. Few studies have examined affective
disorders with and without psychotic features separately. During adolescence
and young adulthood, the incidence of bipolar disorder also increases with age,
a pattern that resembles that of schizophrenia, although the increase with age
tends to be less steep. The year of the study also seems to influence the
incidence rates. However, studies are inconclusive, with one study reporting an
increased incidence (Magee et al., 2022) and another a decreased incidence
during the period of data collection (Seminog et al., 2021), which span be-
tween 8 and 16 years. Because the vast majority of studies has been conducted
in the Global North, it is difficult to make meaningful comparisons across
countries and regions.

Sex differences

In psychiatry, sex and gender are often used interchangeably while they are
different concepts. Sex refers to a biological construct referring to the physical
differences between people who are male, female or intersex. Gender is a
predominantly social construct that reflects how a person identifies. Here, we
will use the term sex for consistency.

Whether there are sex differences in the incidence of adult psychotic dis-
orders is an ongoing debate. While it was initially assumed that men and
women were as likely to be diagnosed with psychotic disorders, more recent
studies suggest an elevated risk for men compared to women (Ochoa et al.,
2012; Riecher-Rössler et al., 2018). Epidemiological research on the sex
distribution of particularly individuals with EOP is scarce. Cohorts of help-
seeking individuals with first-episode psychosis generally report a prepon-
derance of boys and young men. In the well-known Australian Early Psychosis
Prevention and Intervention Center (EPPIC), approximately two-thirds of
young people who developed a psychotic disorder before age 17 years were
men, which was similar to individuals with an onset between 18 and 30 years
of age (Amminger et al., 2011).

In one of the most extensive birth cohort studies (1995e2016) on youth
mental health to date, Dalsgaard and colleagues estimated age- and sex-
specific incidence rates of being diagnosed with any mental disorder during
childhood and adolescence in Denmark. Including all youth from age 0e18
years, they found a higher incidence of EOS in girls (0.76%) than boys
(0.48%) (Dalsgaard et al., 2020). The incidence rate of EOS before age 12
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years was low for both sexes, after which it increased for girls more steeply
than for boys.

In a population-based administrative database of physician billings, hos-
pitalizations, pharmacies, and public health clinics in Montreal, Canada,
researchers found the opposite. The cumulative incidence of schizophrenia-
spectrum disorders at age 18 years was about three times higher in boys (25
per 100,000 per year) compared to girls (8 per 100,000 per year) (Anderson
et al., 2012). At age 25, the incidence for men was still more than twice as high
as for women. In an earlier study using the nationwide admission data from
Denmark, schizophrenia with onset in mid- and late-adolescence (age 15e17
years) was twice as common in boys than in girls (Thomsen, 1996). In a more
recent study, Okkels and colleagues explored changes in the diagnosed inci-
dence of schizophrenia with an onset before age 18 years based on data from
the Danish Psychiatric Central Research Register from 1971 to 2010. They
observed that the age-standardized incidence rate was higher for boys than
girls from 1971 to 1994 but a reversal occurred between 1994 and 2010 with a
higher incidence rate in girls compared to boys (Okkels et al., 2013). This is
consistent with the findings from the recent nationwide Danish cohort study
(Dalsgaard et al., 2020). It is unclear whether these reflect true changes in
incidence over time or whether they can be attributed to changes in case
ascertainment.

Based on English hospital admission and outpatient data, Seminog and
colleagues examined changes in the sex distribution of EOS during different
age periods. Their findings also suggested more cases in girls than in boys up
to the age of 13 years, although sample sizes for the youngest age groups
(8e13 years) were small (Seminog et al., 2021). From age 14 years, the
number of EOS cases were higher in boys compared to girls. When comparing
the years of data collection, there was a decrease in the incidence of EOS
between 2001 and 2016. However, the incidence only decreased in boys while
it increased in girls (Seminog et al., 2021). Of note, these findings are based on
hospital admission rates and therefore impacted by selection bias. An
increasing preponderance of boys in the incidence of EOS with age has also
been reported in other studies (Kleinhaus et al., 2011). In conclusion, although
the limited empirical evidence is inconsistent, most studies still suggest a
higher incidence of EOS and other nonaffective psychotic disorders in boys
compared to girls. Yet, the extent of the sex difference appears to vary by
diagnostic category (schizophrenia spectrum vs. broader category of EOP),
age at illness onset (early vs. mid-late adolescence), geographical context, type
of case ascertainment (first hospital admission vs. in- and outpatient), and time
period of data collection.

Importantly, there are several issues to consider when interpreting the
findings on sex differences. Some studies only reported hospital admission
data, which tend to include a disproportionate selection of boys with more
severe symptoms and externalizing problems (Häfner, 2019; Häfner et al.,
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1994; Talonen et al., 2017). Moreover, research has shown that the use of
different diagnostic criteria has a substantial impact on the incidence of psy-
chosis across sex. For instance, using a more restrictive definition as the
outcome such as narrowly defined schizophrenia leads to a higher number of
exclusions of women than men (Castle et al., 1993). This is in line with
previous systematic reviews and meta-analyses indicating that men are at
higher risk of nonaffective psychotic disorder than women are, while rates of
affective psychosis are generally similar across sexes (Aleman et al., 2003;
Jongsma et al., 2019; Kirkbride et al., 2017; McGrath et al., 2004).

Another issue is clinician bias in diagnosing psychotic disorders. In a well-
known experimental study, psychiatrists were instructed to assign diagnoses to
case vignettes that were identical except the pronoun (“he” vs. “she”). The
results indicated that vignettes with female pronouns were much less likely to
be assigned a diagnosis of schizophrenia than vignettes with male pronouns
(Høye et al., 2006). The clinical presentation of girls may also differ from
boys. Girls tend to exhibit more affective symptoms, while boys are more
likely to present with negative symptoms and social isolation (Brand et al.,
2022). Together, clinician bias and differences in clinical presentation may
contribute to the underestimation of girls with psychotic illness in research
studies, while clinically, they may lead to longer durations of untreated psy-
chosis, treatment delays and underdiagnosing of psychotic disorders in girls
compared to boys (Brand et al., 2022).

Diagnostic stability

Psychotic disorders in youth often cooccur with and evolve into other mental
conditions. In a longitudinal study in the US, McClellan and McCurry fol-
lowed 51 children and adolescents with EOP over 2 years. They found that the
diagnostic stability between the first clinical diagnosis and the research
diagnosis given about 2 years later at study entry was only 50% (McClellan &
McCurry, 1999). There was also substantial variation between diagnoses. The
authors found much lower diagnostic stability among youth diagnosed with a
psychotic disorder, not otherwise specified (NOS) (36%) than among those
diagnosed with schizophrenia (66%) or bipolar disorder (77%) (McClellan &
McCurry, 1999). Although the variation between these diagnoses might have
been expected, there might also have been a difference in stability if the
research diagnosis would have been given at the same time as the clinical
diagnosis. The diagnostic stability between the research diagnoses assessed
using standardized instruments at study entry and after one- and 2-year follow-
up was high (90% agreement). Among youth with schizophrenia-spectrum or
bipolar disorder, up to two-thirds of individuals had comorbid diagnoses of
attention deficit/hyperactivity disorder (ADHD), oppositional defiant disorder,
and/or conduct disorder, while about one-third had a comorbid substance
abuse disorder (McClellan & McCurry, 1999).
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Two Spanish studies reported comparable results regarding overall
diagnostic stability among youth aged 9e18 years with EOP. Diagnostic
agreement over the course of 2-year follow-up varied between 64% (Castro-
Fornieles et al., 2011) and 54% (Fraguas et al., 2008). It was high in
schizophrenia spectrum disorders (90% or more), moderate to high in bi-
polar disorder (71%e92%), and relatively low for people with an initial
diagnosis of schizoaffective disorder (50%), depressive disorder (38%), and
psychotic disorder NOS (12%). Youth with more negative symptoms and
lower general functioning at the initial clinical evaluation were more likely
to be diagnosed with schizophrenia at follow-up (Castro-Fornieles et al.,
2011; Fraguas et al., 2008).

A few studies have followed adolescents to adult life. In an influential
study, Hollis included 110 patients with EOP from the Maudsley Hospital in
London and followed 85% of the cohort more than 11 years after the first
contact with mental health services. Diagnostic stability was high for in-
dividuals diagnosed with schizophrenia (80%) and affective psychoses (83%),
while it was low for schizoaffective disorder (33%) (Hollis, 2000). High
diagnostic stability of schizophrenia and affective psychotic disorders was also
reported in a Swedish cohort of youth with a mean follow-up period of more
than 10 years (Jarbin & Von Knorring, 2003).

Altogether, the highest diagnostic agreement is found for schizophrenia
and bipolar disorder, both at the short and longer term. Other diagnoses
including psychotic disorder NOS and schizoaffective disorder are
more likely to evolve into other diagnoses over time, mainly schizophrenia,
while a major depressive disorder with psychotic features is more likely
to evolve into a bipolar disorder (Jarbin & Von Knorring, 2003; Schwartz
et al., 2000). Findings from several longitudinal studies suggest that
most diagnostic changes occur in the first year of follow-up, a finding
consistent with research on the evolution of adult-onset psychosis (Bromet
et al., 2005).

There may be various explanations for the diagnostic instability especially
in the beginning of the illness phase. Traditionally, most studies have labeled
diagnostic changes as evidence of misdiagnosis at the initial clinical evalua-
tion. Indeed, misdiagnosis could be a result of hesitancy by clinicians to assign
a stigmatizing label such as schizophrenia, especially at young age. Using
structured diagnostic instruments to ascertain diagnoses also appeared to
improve diagnostic stability (McClellan & McCurry, 1999). However, there is
also strong evidence indicating that the course of psychiatric symptoms and
clinical presentation may change over time while adolescents move through
different phases of social, behavioral and neural development (Ochoa et al.,
2012). Importantly, symptoms at an early age are less specific and show great
overlap with a number of developmental disorders, including autism spectrum
and ADHD (Siebald et al., 2016). Thus, applying the “adult criteria” to chil-
dren and adolescents with a suspected psychotic disorder can be problematic.
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Replication and reconsideration of diagnosis is therefore recommended after
several years of follow-up (Remschmidt & Theisen, 2005).

Incidence and prevalence of psychotic symptoms in
adolescence

Whereas psychotic disorders are relatively rare in adolescence, PLE are com-
mon phenomena. In a large representative Australian sample of 1998 adoles-
cents (age 14e17 years), the 12-month prevalence of PLE ranged from 3.3% to
14.0% depending on the type of experience (Hielscher et al., 2018), with
receiving special messages showing the lowest, and auditory hallucinations the
highest prevalence. Dolphin et al. (2015) reported lifetime prevalence estimates
between 10.4% and 13.7% in an Irish sample of 5910 adolescents, aged 12e19
years. The prevalence of auditory verbal hallucinations in a population-based
sample of 16e19 year-old Norwegian adolescents (n ¼ 9,646, 46.4% male)
was 10.6%, in which 5.3% of the adolescents that experienced hallucinations
indicated that they were troubled by the voices (Kompus et al., 2015). In the
ALSPAC cohort described earlier, 9.2% of adolescents were rated as having
either suspected (4.3%) or definite (4.9%) psychotic experiences (Zammit et al.,
2013). The majority (62.8%) reported only one experience, while 21.0% re-
ported two experiences, 8.8% reported three, and 7.4% reported four or more
different types of experiences (Sullivan et al., 2020; Thompson et al., 2020;
Zammit et al., 2013). Of these experiences, auditory and visual hallucinations
were the most common, while 1.7% reported persecutory delusions (Zammit
et al., 2013). The incidence of PLE peaked around 18 years of age (Sullivan
et al., 2020). Among 553 adolescents in Ghana, the lifetime prevalence esti-
mates of PLE were similarly around 10% using the answer category of “nearly
always” on the Community Assessment of Psychic Experiences questionnaire
(Konings et al., 2006), except for much higher percentages for two items related
to grandiose thinking (Adjorlolo & Anum, 2021). Estimates appear higher for
specific subgroups, such as adolescents seeking help for nonpsychotic psy-
chopathology (Brandizzi et al., 2014; Pontillo et al., 2018) and ethnic minorities
(Adriaanse et al., 2015; El Bouhaddani et al., 2019).

A systematic review summarizing 19 population studies reported a median
prevalence of psychotic symptoms of 17% in childhood (age 9e12) and 7.5%
among adolescents aged 13e18 years (Kelleher, Connor, et al., 2012).
Compared to an estimated median prevalence of 5% in adult studies (Van Os
et al., 2009), this suggests that prevalence declines with increasing age from
childhood to adulthood. Similarly, the attenuated psychosis syndrome occurs
more frequently in adolescent compared to adult samples (Schultze-Lutter
et al., 2014). In line with this, PLE in adolescence are often transitory and
not necessarily clinically significant. However, for a subgroup of adolescents,
the PLE do bear clinical significance. These adolescents often report multiple
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PLE or PLE with impact, or in combination with other risk factors, such as
low self-esteem, suicidal ideation, cannabis-use, and nonpsychotic psycho-
pathology such as depression and anxiety (Dolphin et al., 2015; Kelleher,
Connor, et al., 2012). While the prevalence of PLE tends to decline from
childhood to adolescence to adulthood, their clinical significance increases
with age as is evident from associations with other forms of psychopathology
as well as increased need for care (Kelleher, Connor, et al., 2012; Kelleher,
Keeley, et al., 2012).

Methodological considerations

Several lines of studies from different data sources shed light on the epide-
miology of EOP and psychotic symptoms in adolescence. Concerning EOP, a
number of studies have used administrative claims data, hospital admission or
nationwide psychiatric registry data including in- and outpatient services.
Nationwide registry data are almost exclusively available in Scandinavian
countries, and they provide an incredibly rich and important data source,
especially for a relatively rare condition like EOP. It requires a large back-
ground population to produce a sufficient number of cases to provide reliable
incidence and prevalence estimates. A limitation of registry data is that it is
difficult to verify the validity of the diagnoses and research is restricted to the
variables available in routine clinical data collection. This emphasizes the
importance of examining the validity of clinical information in registries by
comparing these data to variables retrieved from patient cohorts using sys-
tematic, validated research instruments.

Only a few prospective cohort studies have included consecutive cases of
EOP. The Spanish Child and Adolescent First-Episode Psychosis Study
(CAFEPS) is a longitudinal multicenter study that aims to evaluate a wide
range of clinical, genetic, and prognostic characteristics of young people aged
9e17 years who presents with first-episode psychosis (Castro-Fornieles et al.,
2007). The Norwegian Thematically Organized Psychosis Study for Youth
(Youth-TOP) and the Swedish Stockholm Child and Adolescent Psychosis
Study (SCAPS) are two other studies including consecutive cases of EOP and
healthy controls. They include adolescents with psychotic disorders and at
clinical high risk from 12 to 18 years with follow-up after 3 years. The studies
collect clinical and cognitive data, structural and functional brain scans, bio-
markers, and genetic data (Smelror, 2019). Given that EOP is relatively rare,
prospective studies take up a large amount of financial and logistical resources
to identify and follow a representative cohort of patients. The majority of
studies that include individuals with EOP collected data retrospectively using
chart review. It is important to have prospective data which can be obtained
from the national birth registries. Another common approach using data from
first-episode psychosis programs has been to retrospectively divide partici-
pants into early-onset or adult-onset psychosis based on structured instruments
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that systematically identify the age of illness onset, such as the Interview for
the Retrospective Assessment of the Onset of Schizophrenia (Häfner et al.,
1992). Given that these types of studies have not been set up to identify ad-
olescents with EOP, it is possible that this group experiences more health
barriers to care and is less likely to enter specialized psychosis services.

A major limitation of the overall body of epidemiological evidence is the
lack of representation. The vast majority of epidemiological studies on EOP
and psychotic symptoms in adolescence are from Europe, North America, and
Australia. Therefore, the generalizability of the study findings is limited to
these socio-geographical contexts. More research is needed from other con-
tinents, specifically South America, Asia, and Africa. Furthermore, the
inconsistency in the literature regarding nomenclature, use of diagnostic
criteria, sex differences in the incidence of psychosis throughout adolescence
and early adulthood warrant further investigation. The same is recommended
for bipolar disorder with and without psychotic symptoms, and the overlap
with other neurodevelopmental syndromes. Together, these future avenues
may deepen our understanding of the underlying social processes that may
play a role in the etiology of EOP.

Future directions

First, we propose some methodological considerations. Considering the
developmental stages of childhood and adolescence, and the differences in
presentation of psychosis compared to adult samples, validated tools specif-
ically targeting these developmental groups would be a considerable step
forward in identifying EOP. This will potentially increase the validity of the
clinical information and facilitate comparison between studies.

Using online, digital methods in these age groups might be specifically
useful, since adolescents are apt users of digital devices, and in Western
countries, many adolescents own or have access to mobile phones or com-
puters. These methods might increase the propensity to participate in studies,
since it may overcome the selection bias of participants due to their location,
and the inequality of help seeking for those who need mental health support.
Possibly, this may also be used in studies in the Global South, where
geographic distances to health care are often long and an obstacle to acces-
sibility. Psychiatric health care may also not be available, or not affordable
when available. There has been a recent increase in the use of virtual reality,
which might be used as a diagnostic tool, providing more ecologically valid
situations than questionnaires.

Second, for the existing cohorts and studies, stratification of age groups
will be a useful addition, considering the changes of incidence during different
developmental stages, such as adolescence. This is also of particular interest
for studies targeting sex differences, given that prevalence and incidence vary
across sexes and age groups. Reliable incidence estimates in large cohorts of
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youth that are followed longitudinally are indispensable for explaining sources
of incidence variation. This will be instrumental for service planning and for
the identification of appropriate targets for early intervention.

Third, the wealth of prospectively collected data that nation-wide
population-based data registries provide could be synthesized and coupled
with other registry data. Examples of population-based registries are multi-
generation registry, medical birth registry on pregnancy and births, patient
diagnosis registries, and registries for sociodemographic and academic data,
immigration, school performance, clinical records of patients and drug pre-
scription, and cause of death. The registry data can be made available to use
for approved scientific purposes, as in Scandinavia.

Lastly, based on the low generalizability of the presented data, and the
underrepresentation of studies in the Global South, future research could
explore cross-country and cross-cultural variation in the epidemiological
landscape of psychosis in adolescence. Using the same study methods in
different countries will increase comparison and generalizability, and let pu-
tative cross-cultural differences be addressed in a meaningful way.

Conclusions

The progressive increase in incidence of psychotic disorders between 13 and
18 years of age is remarkable. Nonaffective psychosis including schizophrenia
is more commonly diagnosed than affective (e.g., bipolar) disorders with
psychotic features. The diagnostic stability of schizophrenia and bipolar dis-
order is high. PLE are common in adolescence. Their prevalence declines from
childhood to adolescence and adulthood, while their clinical significance in-
creases with age. Overall, the epidemiology of EOP is characterized by sub-
stantial variation by sex, age, and geographical location, as well as by various
factors associated with research design and the nature of the data source.
Digital tools may offer new possibilities for data capture on a global scale.
With about a quarter of psychosis cases being adolescent onset, it is extremely
important to have reliable data on incidence, to adequately intervene and treat
these individuals still in development.

References

Adjorlolo, S., & Anum, A. (2021). Positive and negative psychosis risk symptoms among ado-

lescents in Ghana. International Journal of Adolescence and Youth, 26(1), 307e320. https://

doi.org/10.1080/02673843.2021.1933110

Adriaanse, M., Van Domburgh, L., Hoek, H. W., Susser, E., Doreleijers, T. A. H., & Veling, W.

(2015). Prevalence, impact and cultural context of psychotic experiences among ethnic minority

youth. Psychological Medicine, 45(3), 637e646. https://doi.org/10.1017/S0033291714001779

Alavi, S. S., Mohammadi, M. R., Hooshyari, Z., Kalhori, S. M., Salehi, M., Salmanian, M.,

Khaleghi, A., Zarafshan, H., Ahmadi, A., Kamali, K., & Ahmadi, N. (2021). Epidemiology of

44 Adolescent Psychosis

https://doi.org/10.1080/02673843.2021.1933110
https://doi.org/10.1080/02673843.2021.1933110
https://doi.org/10.1017/S0033291714001779


psychotic disorders based on demographic variables in iranian children and adolescents.

Iranian Journal of Psychiatry, 16(1), 1e12. https://doi.org/10.18502/ijps.v16i1.5372

Aleman, A., Kahn, R. S., & Selten, J. P. (2003). Sex differences in the risk of schizophrenia:

Evidence from meta-analysis. Archives of General Psychiatry, 60(6), 565e571. https://

doi.org/10.1001/archpsyc.60.6.565

American Psychiatric Association. (1987). DSM III-R diagnostic and statistical manual of mental

disorders (3rd ed.). American Psychiatric Association. Text Revision.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders

(5th ed.). American Psychiatric Association.

Amminger, G. P., Henry, L. P., Harrigan, S. M., Harris, M. G., Alvarez-Jimenez, M., Herrman, H.,

Jackson, H. J., & Mcgorry, P. D. (2011). Outcome in early-onset schizophrenia revisited:

Findings from the Early Psychosis Prevention and Intervention Centre long-term follow-up

study. Schizophrenia Research, 131(1e3), 112e119. https://doi.org/10.1016/j.schres.2011.

06.009

Anderson, K. K., Fuhrer, R., Abrahamowicz, M., & Malla, A. K. (2012). The incidence of first-

episode schizophrenia-spectrum psychosis in adolescents and young adults in Montreal: An

estimate from an administrative claims database. Canadian Journal of Psychiatry, 57(10),

626e633. https://doi.org/10.1177/070674371205701007

Boeing, L., Murray, V., Pelosi, A., McCabe, R., Blackwood, D., & Wrate, R. (2007). Adolescent-

onset psychosis: Prevalence, needs and service provision. British Journal of Psychiatry, 190,

18e26. https://doi.org/10.1192/bjp.190.1.18

Bo, S., & Haahr, U. H. (2015). Early-onset psychosis and child and adolescent schizophrenia.

Scandinavian Journal of Child and Adolescent Psychiatry and Psychology, 4(1), 1e3. https://

doi.org/10.21307/sjcapp-2016-001

El Bouhaddani, S., van Domburgh, L., Schaefer, B., Doreleijers, T. A. H., & Veling, W. (2019).

Psychotic experiences among ethnic majority and minority adolescents and the role of

discrimination and ethnic identity. Social Psychiatry and Psychiatric Epidemiology, 54(3),

343e353. https://doi.org/10.1007/s00127-019-01658-1 2013.12060768

Boyd, A., Golding, J., Macleod, J., Lawlor, D. A., Fraser, A., Henderson, J., Molloy, L., Ness, A.,

Ring, S., & Davey Smith, G. (2013). Cohort profile: The ‘children of the 90s’dthe index

offspring of the Avon Longitudinal Study of Parents and Children. International Journal of

Epidemiology, 42(1), 111e127. https://doi.org/10.1093/ije/dys064

Brand, B. A., de Boer, J. N., Dazzan, P., & Sommer, I. E. (2022). Towards better care for women

with schizophrenia-spectrum disorders. The Lancet Psychiatry, 9(4), 330e336. https://doi.org/

10.1016/S2215-0366(21)00383-7

Brandizzi, M., Schultze-Lutter, F., Masillo, A., Lanna, A., Curto, M., Lindau, J. F., Solfanelli, A.,
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Häfner, H., Maurer, K., Löffler, W., Fätkenheuer, B., Heiden, W. A. D., Riecher-Rössler, A.,
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Introduction

Psychosis is characterized by specific symptoms of abnormal thoughts and
perceptions, primarily delusions, and hallucinations. These psychotic symp-
toms are present across different psychiatric diagnoses, which are named
psychotic disorders. They typically include schizophrenia and bipolar disorder,
but psychotic symptoms are also common in other conditions such as severe
depression (Benard et al., 2020). A subtype of psychotic disorders develops
before the age of 18 years, termed early-onset psychosis (EOP) (Dı́az-Caneja
et al., 2015), while childhood-onset schizophrenia (COS) is defined by the
onset of schizophrenia before the age of 13 years (Fernandez et al., 2019). In
addition, psychotic symptoms can also be induced by medication (Jensen &
Abba-Aji, 2020) and substance use (Fiorentini et al., 2021), and appear in
neurological disorders (Chendo et al., 2022).

The German psychiatrist Emil Kraepelin was one of the first to describe
psychotic disorders. He proposed a dichotomy between dementia praecox
(later termed schizophrenia) and manic depressive disorder (later termed bi-
polar disorder) and described an increased frequency of dementia praecox
within families (Kraepelin, 1919). Later, a more converging understanding of
the disorders has been proposed, where affective and psychotic disorders
might be understood as conditions on an expanded psychiatric continuum with
partly overlapping clinical and etiological characteristics (Möller, 2003).
Psychotic disorders usually begin in adolescence or early adulthood, often
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preceded by prodromal symptoms such as social withdrawal and cognitive
decline (Fusar-Poli et al., 2012).

The lifetime risk for schizophrenia has been reported to 1% across gender,
time, and geography (Owen et al., 2016), and the lifetime risk for bipolar
disorder to 1.3% for men and 1.8% for women (Pedersen et al., 2014). COS on
the other hand is a very rare condition, with a prevalence less than one in
10,000 individuals (<0.01%) (Burd & Kerbeshian, 1987). A large twin study
found a lifetime prevalence of psychotic symptoms in 7.1% in young adults
(age range 18e38 years), indicating that the presence of psychotic symptoms
is more common than psychotic disorders fulfilling diagnostic criteria (Couvy-
Duchesne et al., 2018).

Genetic epidemiology

Twin studies have shown a high heritability for schizophrenia (approximately
80%) (Sullivan et al., 2003) and bipolar disorder (approximately 60%e70%)
(Edvardsen et al., 2008; Johansson et al., 2019). A high heritability (>80%) is
also suggested for COS comparing the concordance rates between mono-
zygotic and dizygotic twins, indicating that the genetic susceptibility might be
even stronger in this subgroup (Forsyth & Asarnow, 2020; Kallmann & Roth,
1956). While large-scale multicenter studies have been carried out for adults
with schizophrenia and bipolar disorder, comparable large sample sizes have
not been reachable for youth with early-onset schizophrenia due to its rarity.
However, there is evidence for a considerable overlap with the genetic etiology
for individuals with adult-onset schizophrenia as well as other neuro-
developmental disorders such as autism spectrum disorder and intellectual
disability (Forsyth & Asarnow, 2020).

Family studies

Family studies were initiated after the observation that severe mental disorders
seemed to aggregate within families. A large number of family studies have
been carried out for patients with schizophrenia and bipolar disorder, con-
firming familial accumulation of severe mental illness.

A Swedish population-based register study included more than nine million
individuals, of them 35,985 individuals diagnosed with schizophrenia and
40,487 individuals diagnosed with bipolar disorder. This study reported 9
times higher risk of schizophrenia and approximately 8 times higher risk of
bipolar disorder in full-siblings. Furthermore, the study reported an estimated
heritability of 64% for schizophrenia and 59% for bipolar disorder (Lichten-
stein et al., 2009).

A review of family studies of individuals with schizophrenia found an
almost 10 times higher risk for schizophrenia in first-degree relatives
compared to relatives of a matched control group, and it was suggested that the

52 Adolescent Psychosis



increased prevalence of schizophrenia in relatives was mainly due to genetic
factors rather than shared environment (Kendler & Diehl, 1993). The lifetime
risk for schizophrenia in parents of individuals with COS has been reported to
be considerably higher than the risk for schizophrenia in the general popula-
tion and the parents of individuals with COS had in average an earlier age at
onset (Asarnow et al., 2001).

In addition to an increased risk for schizophrenia observed in relatives to a
person with schizophrenia, an aggregation of other conditions and personality
traits has been observed. A familial predisposition for schizophrenia, schizo-
typal, and avoidant personality disorders in parents of individuals with COS has
been reported (Asarnow et al., 2001). Accordingly, parents of individuals with
adult-onset schizophrenia have shown a higher prevalence of schizotypal-,
schizoid-, avoidant-, and paranoid personality disorders, schizoaffective dis-
order and nonaffective psychosis (Kendler et al., 1993a,b). Shared familial li-
ability of other personality- and psychiatric disorders in individuals with
childhood- and adult-onset schizophrenia supports a shared genetic suscepti-
bility for these disorders.

Based on Swedish registry data, first-degree relatives of a person with
bipolar disorder have approximately 6e8 times higher risk of developing bi-
polar disorder compared to relatives without an affected family member.
Further, for second- and third-degree relatives the risk was reported to be
2.2e3.3 and 1.6 times higher, respectively (Song et al., 2015). A family study
of childhood-onset mood disorders including bipolar disorder reported a more
than two times higher prevalence of mood disorders in first-degree relatives
compared with first-degree relatives of adult-onset mood disorders (Neuman
et al., 1997). This might indicate a higher genetic susceptibility in early-onset
affective disorders.

An increased prevalence of other neurobiological abnormalities is also
reported in nonpsychotic family members of individuals with COS (Forsyth &
Asarnow, 2020). Among nonpsychotic relatives of patients with schizophrenia,
abnormal magnetic resonance imaging (MRI) findings, aberrant electric brain
activity and impaired cognitive functioning have been described to be more
prevalent compared with individuals without an affected relative (Allen et al.,
2009; Forsyth & Asarnow, 2020; Owens et al., 2016). The term endophenotype
is sometimes used to describe heritable neurobiological abnormalities, char-
acterized by a cosegregation (the tendency to be inherited together) with an
illness within a family and state independence (as a stable trait across time)
(Gottesman & Gould, 2003). An endophenotype is further characterized by a
higher prevalence within unaffected family members of a person with a psy-
chotic disorder compared to the general population. It has been suggested that
these phenotypes might be closer to underlying pathophysiological mecha-
nisms compared to the complex psychiatric phenotypes, thus representing
identifiable features deconstructed from the complex phenotype with more
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identifiable underlying genetics (Gottesman & Gould, 2003; Gottesman &
Shields, 1973).

Twin and adoption studies

The comparison of the presence of disease in monozygotic and dizygotic twin
pairs is a well-established design to explore the relative contribution of genetic
and environmental risk factors for a condition. A Nationwide Danish study
included 31,524 twin pairs with psychiatric register diagnoses and reported
that the concordance rate (i.e., the probability that both twins develop the same
disease) for schizophrenia is 33% in monozygotic twins and 7% in dizygotic
twins, and calculated the heritability estimate to 79% (Hilker et al., 2018). A
large meta-analysis including data from 12 twin studies estimated the herita-
bility for schizophrenia to be 81%, whereas the contribution from shared
environmental factors was estimated to 11% (Sullivan et al., 2003). For bipolar
spectrum disorders, the concordance rate has been reported to be 42% for
monozygotic twins and 11% for dizygotic twins (Edvardsen et al., 2008). A
study of twins with early-onset schizophrenia (age under 15 years) found a
concordance rate of 88% for monozygotic twins and 22% dizygotic twins, and
a high estimated heritability of 85%, indicating a substantial genetic suscep-
tibility for early-onset schizophrenia (Kallmann & Roth, 1956). Consistent
with this finding, a more recent Danish twin study found that younger age at
onset of schizophrenia was associated with a higher genetic vulnerability
(Hilker et al., 2017).

A recent Swedish National Adoption Study evaluated the contribution from
genetic and environmental factors to parent-offspring transmission of bipolar
disorder and cross-generational association with nonaffective psychotic dis-
orders (Kendler et al., 2020). Their findings suggest that genes are largely
responsible for transmission of bipolar disorder across generations, but evi-
dence for a modest effect of raring was also found. On the other hand, the
parenteoffspring transmission between bipolar disorder and nonaffective
psychotic disorders was found to be entirely genetic (Kendler et al., 2020).

Molecular genetics

Systematic research and systematization of hereditary traits date back to
Gregor Mendel (1822e84), who is known for his contribution to the science of
genetics. The relationship between a hereditary component (genotype) and the
clinical expression (phenotype) is described as having Mendelian inheritance
if it follows recognizable, predictable rules such as autosomal dominant,
autosomal recessive, sex-linked, or mitochondrial. Our genome consists of 46
chromosomes, of which 22 pairs of autosomes and one pair of sex chromo-
somes (X and Y). For an autosomal dominant inherited phenotype, it is suf-
ficient to have a genetic change in one of two gene copies, and offspring of an
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affected person will have 50% probability to inherit the genetic variant and
might develop the phenotype. In autosomal recessive inheritance, a disease-
causing variant must be present in both gene copies for a phenotype to
develop. People with a disease-causing variant in only one of two gene copies
will be healthy carriers. Dominant and recessive inheritance are also present
for the sex chromosomes, whereas the mitochondria are only inherited from
the mother. Most common disorders, including psychiatric disorders, however,
have multifactorial etiology where both multiple genes and the environment
confer risk to develop a condition.

The human chromosomes as carriers of hereditary traits were first identi-
fied in the late nineteenth century. The chromosomes are dynamic structures
that consist of deoxyribonucleic acid (DNA) and proteins which together are
called chromatin. Chromatin exists in a less condensed form (euchromatin)
when genes are transcribed (the process of reading DNA to RNA) and a more
condensed form when genes are not transcribed (heterochromatin). Complex
genetic and epigenetic mechanisms contribute to the regulation of gene
transcription.

The human genome was first sequenced in 2003 as part of the Human
Genome Project and consists of three billion nucleotide base pairs (Collins
et al., 2003; Lander et al., 2001). The number of genes has been debated,
but it is reported to be approximately 20,000 protein coding genes and
20,000 nonprotein coding genes (Willyard, 2018). The sequence of four
types of nucleotide base pairs, adenine (A), cytosine (C), guanine (G),
and thymine (T) forms the recipes for the proteins produced by the cells.
Only approximately 1% of the genome, the exome, encodes proteins (Ng,
Turner, et al., 2009). Part of the remaining DNA sequence is translated to
noncoding RNA transcripts. These noncoding transcripts might have regu-
latory functions on the chromatin structure and gene transcription with
implications for normal human physiology, as well as for the development
of disease (Qiu et al., 2021).

During the last decades, our knowledge of the genomic structure and
variance, and the relationship with disease has rapidly increased. There are
different kinds of genetic variation and the 1000 Genome Project (an initiative
working to provide an overview over different kinds of genetic variation across
populations) has identified that a typical human genome differs from a
reference genome at 4.1 million to five million sites (Auton et al., 2015).
The major part of the variation consists of common sequence variants called
single nucleotide polymorphisms (SNPs) with a frequency >1% and short
insertions or deletions (<50 base pairs). Single nucleotide variants (SNV)
with a frequency less than 1% and structural variants are also prevalent in a
typical genome (Auton et al., 2015). Structural variants can be of different
type and size and comprises translocations, inversions, and copy number
variants (CNV). CNVs such as deletions, duplications, and triplications might
be of different size, from submicroscopic to involve whole chromosomes
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(aneuploidy, such as monosomy/trisomy). CNVs might either be unique or
recurrent; the latter often arises as a result from unequal crossing over in
meiosis (nonallelic homologous recombination) due to segmental duplications
in the genome (Liu et al., 2012). Large databases for normal variation in the
DNA sequence are publicly available, such as Genome Aggregation Database
(GnomAD) (Karczewski et al., 2020).

Sequence variants, indels (insertions or deletions of nucleotides), structural
variants, and CNVs can either be inherited from a parent or have arisen de
novo. The number of de novo variants increases with parental age, and the
fathers’ age contributes to a larger increase in de novo variants compared with
the age of the mother (Jónsson et al., 2017). The annotation of the functional
and molecular consequence of a genetic variant might be challenging and
specific guidelines for interpretation of sequence variants and CNVs have been
established (Brandt et al., 2020; Richards et al., 2015).

In addition to quantitative and qualitative differences in DNA, molecular
mechanisms for gene regulation such as imprinting and epigenetic changes
contribute to differences in human health. Most genes are expressed regardless
of location on a maternally or paternally inherited chromosome. Imprinting
refers to a regulatory process of gene expression through DNA and/or chro-
matin modification (Franklin et al., 1996). Some genes are imprinted only if
they are inherited from the father or mother, and dysregulation of this process
is a known cause of different imprinting disorders, such as PradereWilli
syndrome (Cassidy & Schwartz, 1998; Eggermann et al., 2015). Epigenetics
refers to a process of DNA modifications such as methylation of nucleotides or
histone modifications, both affecting the expression of genes (Gayon, 2016).
Some epigenetic features are inherited through generations, while others are
not (Gayon, 2016), and it is evidence for environmental impact on the indi-
vidual epigenetic profile (Cavalli & Heard, 2019).

Methods

Specific technological methods are applied to detect different kinds of genetic
variation in clinical diagnostics and research. In the following section, com-
mon methods and the relevance and findings in patients with psychotic dis-
orders will be presented.

Linkage studies

Genetic linkage studies aim to detect the chromosomal location or gene
responsible for a disease or trait, by exploring the cosegregation of a pheno-
type and a chromosomal marker during meiosis. Genetic linkage analysis has
been a powerful tool used for mapping Mendelian traits, whereas other
methods have been more suitable for detecting variants of modest effects
associated with complex traits (Ott et al., 2015). For rare, monogenic
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disorders, the technology has successfully recognized several disease-causing
genes and chromosomal regions (Hall et al., 1990; Webb et al., 1998).

Linkage studies have been carried out both for individuals with bipolar
disorder and schizophrenia (Barnett & Smoller, 2009; Ng, Levinson, et al.,
2009), as well as in adolescents with early-onset schizophrenia (Gadelha et al.,
2012). The method is less powerful to detect genetic variants of small to
moderate effect sizes characterized by reduced penetrance, or variants asso-
ciated with polygenic phenotypes, such as psychotic disorders (Risch, 2000).
The interpretation of linkage analyses of suspected monogenic etiologies for
EOP might also be complicated by phenocopies (an apparently equal/similar
phenotype with another (multifactorial) etiology). Thus, the methodology has
not disentangled a large part of the genetic contribution for severe mental
disorders in general, nor in EOP.

Candidate gene studies

Association studies are designed to explore candidate genes for an association
with a disease or trait by comparing frequencies of a genetic variant and a
phenotype between relevant patients and matched healthy control subjects. A
large number of association studies of small to moderate size have been car-
ried out for individuals with psychotic disorders, initially exploring candidate
genes based on plausible hypotheses for etiology.

A meta-analysis of a large number of association studies have been per-
formed for adults with schizophrenia and bipolar disorder (Gatt et al., 2015).
The candidate studies were generally underpowered to detect small effect
sizes, and the results were generally not valid or reproducible.

Genome-wide association studies

Whereas association studies involve the examination of selected genes, the
technology of genome-wide association studies (GWAS) allows the exami-
nation of hundreds to millions of DNA polymorphisms across the genome.
GWAS is used in a large extent to identify correlations between SNPs and
common, complex disorders or traits (Hirschhorn & Daly, 2005). The large
number of SNPs in a GWAS analysis increases the risk of false positive
findings (type 1 error). Thus a stringent threshold for statistical genome-wide
significance level is essential (P < 5 � 10�8).

The hypothesis-free and hypothesis generating design has been beneficial
enabling the identification of novel disease-causing genes and achievement of
new insight into pathophysiological mechanisms (Tam et al., 2019). Because
of linkage disequilibrium, referring to the tendency of variants to be inherited
together, GWAS is able to capture a large part of the common variation in the
genome. The knowledge of linkage disequilibrium and haplotypes enables the
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calculation or imputation of additional common and rare variants (Kong et al.,
2008).

International collaborations, such as the Psychiatric Genomics Consortium
(PGC), has substantially increased the power and enabled the detection of
variants with small effect sizes (Ripke et al., 2020).

Novel polygenic analytical approaches

Polygenic risk score (PRS)

The understanding of the individual small contribution from single common
variants motivated the development of a statistical model for combining the
effect of many common variants into a polygenic risk score (PRS) which is
applied on GWAS data for individuals with schizophrenia and bipolar disorder
(Purcell et al., 2009). PRS for schizophrenia has shown to be able to distinguish
between a group of patients and a group of healthy controls in independent
samples (Pardiñas et al., 2018; Ripke et al., 2014), but the sensitivity and
specificity is not sufficient to be a useful clinical tool to assess individual risk for
schizophrenia (Murray et al., 2021; Purcell et al., 2009; Smeland &Andreassen,
2021). The calculation and comparison of PRS for different phenotypes has
enabled the exploration of genetic overlap between disorders and features.

Heritability estimations

It is estimated that 30%e50% of the genetic liability to schizophrenia is
accounted for by common variants using tools such as LD score regression or
MiXeR (Bulik-Sullivan et al., 2015; Frei et al., 2019; Ripke et al., 2014),
which estimate SNP-based heritability using GWAS summary statistics and
linkage disequilibrium data. Statistical power calculations for GWAS have
estimated that a sample of approximately 860,000 individuals is needed to
explain 50% of the SNP-heritability (Smeland, Frei, et al., 2020).

Enrichment analysis

As GWAS deliver large amounts of associations between individual SNPs and
a phenotype, the interpretation work is substantial. Gene set enrichment
analysis or functional enrichment analysis use statistical methods to identify
enrichment or depletion of groups of genes or protein families, which enables
the identification of functional biological pathways involved in the patho-
physiology of a disorder (Subramanian et al., 2005). This has been advanta-
geous in the psychosis research both by confirming suspected pathways, such
as the involvement of essential genes for synaptic function and neurotrans-
mission, and the identification of new pathways, such as the involvement of the
immune system (Ripke et al., 2014).
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Copy number variants

Giemsa-band standard karyotyping or light microscopic chromosome analysis
enables the detection of aneuploidy (abnormal number of chromosomes),
structural rearrangements such as translocations and large inversions and
CNVs larger than 3e10 megabases. Microarray-based genomic copy number
analyses have a higher resolution and enable the detection of submicroscopic
CNVs across the genome. The technology is frequently used in the clinical
diagnostics for neurodevelopmental disorders, as well as in research. Addi-
tional technologies are suitable to detect CNVs, such as multiplex ligation-
dependent probe amplification (MLPA) for detection of smaller duplications
and deletions in specific genes or chromosomal regions and whole genome
sequencing with CNV calling.

Whole exome/genome sequencing

Sequencing refers to a method determining the nucleotide order (A/C/G/T) in
the DNA and can be applied on a single variant, one or several genes, and the
whole exome or genome. Sequencing techniques enable the detection of both
common and rare variants. The time and cost for sequencing genes and genomes
have been cut down drastically over the last 10 years. This enables whole exome
and genome sequencing tools to be more frequently used both in clinical di-
agnostics and research. In diagnostics, the use of targeted gene panels or the use
of parental DNA samples in whole exome and genome sequencing analyses are
commonly used options to support the selection of relevant genes and inter-
pretation of the results. Recently, the Schizophrenia Exome Sequencing Meta-
Analysis (SCHEMA) consortium reported several rare variants associated with
schizophrenia identified by whole exome sequencing (Singh et al., 2020).

Pharmacogenetics and pharmacogenomics

Genetic variation might not only confer risk to develop a psychotic disorder,
but also explain variation in the metabolism of different kinds of medication.
The topic is extensive and relevant both for early- and adult-onset psychosis as
well as for other psychiatric disorders.

Pharmacogenetics refers to the effect of a genetic variant on variability in a
drug response. This is often reflected by variation in therapeutic response and
serum level of the medication and the extent of adverse side effects. Several
enzymes within the cytochrome (CYP) P450-system are important for the
metabolism of different kinds of medications. In psychiatry, variants in
CYP2C19 and CYP2D6 are the most relevant and the incidence of variants in
these genes varies worldwide (Kirchheiner et al., 2004; Koopmans et al.,
2021). For a more extensive discussion, see Chapter 11. Pharmacogenomics
denotes more broadly the variability in a drug response caused by the genome.
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The variability in a drug response is also influenced by nongenetic factors such
as age, sex, weight, diet, smoking, and comorbid disorders.

Genetic architecture of early-onset psychosis

Genetic studies have been carried out for adults with psychotic disorders such
as schizophrenia and bipolar disorder in large scale, and gained new insight
into the polygenic architecture of these conditions (Ripke et al., 2020; Stahl
et al., 2019). The rarity of early-onset schizophrenia has made similar large-
scale studies unachievable, but informative studies have been carried out for
this subgroup as well.

The genetic architecture of schizophrenia as well as EOP as a subgroup is
considered complex and highly polygenic. A common disease-common variant
hypothesis and a common disease-rare variant hypothesis have been suggested
(Sullivan et al., 2012). The first hypothesis refers to an additive effect of a
large number of common variants with individual low risk. The second hy-
pothesis refers to the presence of rare variants such as de novo SNVs and
CNVs with high penetrance. As for most common disorders, both hypotheses
are supported in the literature, as rare and highly penetrant variants have been
identified in a few percentage of patients (Cosemans et al., 2020; Lowther
et al., 2017).

Common variants

In the recent years, several large international multicenter GWAS have been
carried out, exploring common variants across the genome in patients and
healthy controls. A large GWAS from PGC in 2014 included 36,989 patients
with schizophrenia and 113,075 controls, and reported 108 genome-wide
significant loci with individual very low risk for disease (odds ratio <1.3)
(Ripke et al., 2014). SNP annotation of the 108 loci revealed that 75% were
located in protein-coding genes. Several of these were expressed in the brain
and 10 loci were nonsynonymous variants altering the amino-acid sequence
(Ripke et al., 2014). A more recent GWAS from the PGC schizophrenia
working group included an even larger sample of 69,369 patients with
schizophrenia and 236,642 controls (Ripke et al., 2020). They reported com-
mon variants at 270 genetic loci associated with schizophrenia. Identified
variants were enriched in genes expressed in the central nervous system
(CNS). Despite large sample sizes, identified SNPs in current GWAS only
explain a small fraction of the heritability.

The PGC bipolar disorder working group has published results from a large
GWAS including 20,352 patients and 31,358 controls, with a follow-up sample
consisting of 9,412 patients and 137,760 controls (Stahl et al., 2019). This
study identified 30 genome-wide significant loci, including genes that encode
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ion channels, transporters of neurotransmitters, as well as genes important for
synaptic functioning.

In a recent GWAS from the PGC bipolar disorder working group with
41,917 individuals with bipolar disorder and 371,549 controls, more than 64
genetic loci were associated with bipolar disorder (Mullins et al., 2020). Ge-
netic studies of early-onset bipolar disorder are sparse. A recent study inves-
tigated 35 loci previously associated with bipolar disorder or associated
characteristics, in a sample of 114 patients with adolescent bipolar disorder
and 101 healthy controls. The results revealed four significant loci implicated
in dopamine neurotransmission, inflammation, oxidative stress, and neuronal
development (Dimick et al., 2020). The findings indicate at least partly shared
genetic susceptibility and underlying pathophysiological mechanisms between
early- and adult-onset affective disorders.

As the largest GWAS samples include patients with large variability in age
at onset, it is possible to compare GWAS data between patients with the earliest
and latest age at onset. As a result, researchers have distinguished between
early- and late-onset age groups based on a multi-SNP risk score and revealed
specific loci associated with the earliest age at onset (Woolston et al., 2017).

Application of PRS from the PGC schizophrenia working group on patients
with COS and their healthy siblings revealed both a higher score in the patient
group compared to their siblings, but also a higher score compared with pa-
tients with adult-onset schizophrenia (Ahn et al., 2016). This indicates a more
salient genetic risk in individuals with early-onset compared with later-onset
disease (Ahn et al., 2016). Further, application of PRS from the PGC
schizophrenia working group on a large population-based sample of children
aged 7e9 years, revealed an association with both cognitive and social abil-
ities, emotional regulation, and behavior (Riglin et al., 2017).

Rare variants

Rare sequence variants have also been associated with the risk of COS
(Asarnow & Forsyth, 2013). Due to their rareness or even uniqueness, their
individual relevance for disease risk might be challenging to determine.

Exome analysis of 17 patients with sporadic (i.e., single affected case
compared to multiple cases within a family) COS and their parents found
enrichment of de novo variants in genes with lower tolerance for variation
(Ambalavanan et al., 2016). Patients with schizophrenia both with and without
intellectual disability have shown to carry a significant burden of rare,
damaging variants located in genes with low tolerability for loss of function
variants (Singh et al., 2017). Advanced paternal age (often defined as � 50
years) has been associated with an increased risk of schizophrenia in offspring
and an increased number of de novo variants has been a suggested explanation,
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but there is still no consensus regarding the mechanisms (Khachadourian et al.,
2021).

Exome-based analyses of patients with schizophrenia and controls have
revealed a higher burden of rare, disruptive variants in patients (Purcell et al.,
2014). Exome analysis of 12,332 unrelated Swedish individuals, including
4877 patients with schizophrenia, detected an increased prevalence of protein-
compromising ultrarare variants in patients, where annotation of the variants
revealed that they were concentrated in brain-expressed genes (Genovese
et al., 2016). A recent meta-analysis of whole exome sequencing data from
24,248 individuals with schizophrenia and 97,322 controls identified ultra-rare
variants in coding regions of 10 genes conferring high risk for schizophrenia
(odds ratios 3e50), and 32 genes at a False Discovery Rate of <5% (Singh
et al., 2020).

Recent studies have combined family-based linkage analysis with exome
sequencing, enabling the identification of rare variants. The application of this
method in patients with bipolar disorder has revealed rare missense variants in
three genes expressed in the brain (NRBF2, PCDH15 and ANK3) (Toma et al.,
2021). For the latter, also common variants have been identified in GWAS
(Ferreira et al., 2008).

The knowledge of the contribution from SNVs for early-onset schizo-
phrenia was recently reviewed and 31 SNVs were identified in the 36 studies
fulfilling the inclusion criteria (Fernandez et al., 2019). The SNVs were pri-
marily located in genes with relevance for brain development and function,
and they were located on 12 autosomes and the X chromosome.

Inherited or de novo SNVs have been identified in sequencing studies of
patients with COS, such as FXYD1, FXYD6-FXYD2, FXYD6, GPR153,
GTF2IRD1, ITGA6, LUZP4, OPHN1, PCDH19, RPS6KA3, RYR2, SEZ6,
TTBK1, UPF3B, and ATP1A3 (Fernandez et al., 2019). Several missens
variants (amino acid substitutions in the protein) have been reported in the
brain expressed ATPase Naþ/Kþ transporting Alpha-3 Polypeptide gene
(ATP1A3) in boys with COS (Fernandez et al., 2019). Some of the boys had
additional clinical features, such as autism spectrum disorder or psycho-
motor delay.

Copy number variants in psychotic disorders

Enrichment of both duplications and deletions, and CNVs covering a single or
multiple genes have been found in patients with schizophrenia (Szatkiewicz
et al., 2020). A large study of 21,094 patients with schizophrenia and 20,227
controls found enrichment of CNVs in patients with schizophrenia and
enrichment of CNVs including genes important for synaptic functioning and
neurobehavioral phenotypes in mice (Marshall et al., 2017). Eight loci were
genome-wide significant, including 1q21.1, 2p16.3 (NRXN1), 3q29, 7q11.2,
15q13.3, distal 16p11.2, proximal 16p11.2 and 22q11.2 (Marshall et al., 2017).
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A substantial minority of about 2.5% of patients with schizophrenia carry
large, deleterious, and recurrent CNVs, previously associated with schizo-
phrenia (Rees et al., 2014). A 22q11.2 deletion has been reported to be the
strongest molecular risk factor for schizophrenia and 41% of young adult
carriers of a 22q11.2 deletion (age 26e35 years) have been reported with a
schizophrenia spectrum disorder, of which 28% with schizophrenia more
strictly defined (Schneider et al., 2014).

Structural variant calling in whole genome sequencing data has been car-
ried out in a sample of 1162 patients with schizophrenia and 936 controls. This
study revealed an increased number of ultrarare structural (including CNVs)
variants affecting the boundaries of topologically associated domains (TADs)
in patients with schizophrenia, indicating a possible dysregulation of gene
expression (Halvorsen et al., 2020).

CNV burden and PRS for schizophrenia have been evaluated in a sample of
6353 patients with bipolar disorder, including 579 patients with schizoaffective
disorder, bipolar type. In this study, the CNV burdenwas only found to be higher
among the patients with schizoaffective disorder and did not differ between the
group of patients with bipolar disorder and controls (Charney et al., 2019).

The knowledge of the contribution from CNVs for the development of
early-onset schizophrenia was recently reviewed and 72 cytogenetic abnor-
malities including 66 CNVs, were identified in the 36 studies fulfilling the
inclusion criteria (Fernandez et al., 2019). The cytogenetic abnormalities
involved 16 autosomes and both sex chromosomes. Some of these had a higher
frequency and clinical significance, such as 2p16.3, 3q29, 15q13.3, and
22q11.21 deletions; and 2p25.3, 3p25.3, and 16p11.2 duplications. In a sample
of 126 patients with COS, 12% were found to carry at least one of 46 CNVs
previously associated with adult-onset schizophrenia or other neuro-
developmental disorders and 4% the recurrent 22q11.2 deletion, which is
considerably higher compared to individuals with adult-onset schizophrenia
(Ahn et al., 2014). Further, some of the identified CNVs detected in patients
with COS had previously only been reported in individuals with intellectual
disability or autism, illustrating the phenotypic variability associated with
several of these CNVs. Thus, a larger proportion of patients with COS carry a
more penetrant, detectable genetic risk factor compared with individuals with
later onset schizophrenia, some of them associated with other medical or
psychiatric comorbidities.

Imprinting disorders, epigenetics, and psychosis

The rare imprinting disorder PradereWilli syndrome is caused by loss of
expression of specific genes on the paternal copy of chromosome 15. The same
genes on the maternal copy of chromosome 15 are normally not expressed.
PradereWilli syndrome, and especially genetic subtypes where two copies of
the maternal chromosome 15 is present (maternal uniparental disomy 15), is
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associated with a high risk for psychotic episodes and affective psychotic
disorders (Aman et al., 2018; Boer et al., 2002).

Epigenetic factors have been a proposed contributing mechanism in the
relationship between childhood trauma and bipolar disorder (Aas et al., 2016)
and a potential contributing explanation for the gene � environment interac-
tion observed in schizophrenia (Wagh et al., 2021). A recent review exploring
epigenetic factors from postmortem brain tissue and peripheral tissue from
individuals with schizophrenia has proposed that these features represent
important mechanisms in the pathophysiology of schizophrenia and might
serve as biomarkers in precision medicine strategies in the future (Khavari &
Cairns, 2020).

Genetic overlap

Evidence from large GWAS for neurodevelopmental disorders such as
schizophrenia and bipolar disorder shows a considerable genetic overlap
(Smeland, Bahrami, et al., 2020). A strong genetic correlation has been
confirmed between patients with bipolar disorder type 1 and schizophrenia, as
well as between patients with bipolar disorder type 2 and major depression
(Lee et al., 2013). The proportions of shared gene variants between individuals
with schizophrenia, bipolar disorder, major depression, and autism spectrum
disorder are modeled in a recent review suggesting considerable overlap,
where most variants confer a risk for several psychiatric conditions, albeit with
different effect sizes (Smeland, Frei, et al., 2020). Further, common loci from
GWAS have shown overlap between schizophrenia and volumes of several
brain regions including hippocampus, putamen, and intracranial volume
(Smeland et al., 2018).

Several CNVs with high penetrance are associated with neuropsychiatric
disorders such as schizophrenia, autism spectrum disorder, and intellectual
disability (Kushima et al., 2018; Rees et al., 2016). A few CNVs previously
associated with schizophrenia have also been associated with the risk of bipolar
disorder (1q21.1 and 16p11.2 duplication and 3q29 deletion) (Green et al.,
2016), but there is evidence for a lesser contribution from large CNVs to the risk
of bipolar disorder compared with autism spectrum disorder and schizophrenia
(Green et al., 2016; Sullivan & Geschwind, 2019). Several CNVs associated
with different neuropsychiatric disorders might also be present in healthy
subjects in accordance with reduced penetrance and the presence of modulating
genetic and environmental factors (Rosenfeld & Patel, 2017).

A large study of CNVs implicated in intellectual disability revealed sig-
nificant enrichment in patients with schizophrenia compared with controls
(Rees et al., 2016). Further, individuals with COS have been shown to carry a
higher burden of CNVs associated with psychiatric and neurodevelopmental
phenotypes compared with healthy controls and patients with adult-onset
schizophrenia (Ahn et al., 2014; Walsh et al., 2008).
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There are now several lines of evidence suggesting overlapping genetic
influence between individuals with schizophrenia and individuals with
autism spectrum disorder. Genetic overlap of common variants has been
shown between individuals with COS and autism spectrum disorder (Ahn
et al., 2016). More than 90% of CNVs associated with COS have also been
reported in patients with an autism spectrum disorder (Fernandez et al.,
2019). This is also reflected in a high reported prevalence of comorbid
autism in individuals with COS (Rapoport et al., 2009). For individuals with
adult-onset schizophrenia and autism spectrum disorder, the overlap of
common variants is less evident compared with the genetic overlap of
common variants associated with schizophrenia, bipolar disorder, and major
depressive disorder (Lee et al., 2013).

To summarize, psychotic disorders are highly polygenic and accumulating
evidence supports the contribution of both common and rare variants for
disease risk. Youth with EOP show substantial genetic overlap with individuals
with adult-onset schizophrenia, and there is some support of a higher herita-
bility in general as well as a higher frequency of highly penetrant CNVs in
COS. Further, there is evidence for a genetic overlap represented by both
common and rare variants with other neurodevelopmental disorders including
autism. The identification of shared genetic etiology for complex phenotypes
might increase the understanding of unique and shared pathophysiological
mechanisms and inform nosology and treatment recommendations (Visscher
et al., 2017).

From genetic loci to disease mechanisms

Central hypotheses for pathophysiological mechanisms for schizophrenia
include dysregulation of neurotransmitters such as dopamine (Howes & Kapur,
2009), glutamate (Moghaddam & Javitt, 2012), GABA (Nakazawa et al.,
2012), and serotonin (Pourhamzeh et al., 2021). It has further been suggested
that a disturbance in the balance between inhibitory and excitatory stimuli and
involvement of several neurotransmitters and neural networks contribute to a
psychotic phenotype (Finucane et al., 2018; Lieberman & First, 2018). In
accordance with a neurodevelopmental model, there is evidence for genetic
and environmental impact on synaptic formation and connectivity (Ripke
et al., 2020; Weinberger, 1987).

The GWAS from the PGC schizophrenia working group, previously
referred to, found 270 genetic loci associated with schizophrenia (Ripke et al.,
2020). Several loci associated with schizophrenia are located within genes
relevant for neurotransmission such as the dopamine receptor 2 (DRD2), genes
encoding voltage-gated calcium channel subunits (CACNA1C, CACNB2, and
CACNA1I), genes encoding glutamate receptors (GRIA1, GRM3, and
GRIN2A), serine racemase (SRR), a ion transporter (CLCN3), and a putative
amino acid transporter (SLC38A7). Enrichment analyses have revealed an
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overrepresentation of genes expressed in the CNS (Finucane et al., 2018;
Ripke et al., 2020) including multiple neurotransmitter systems, specifically
within glutamatergic neurons and genes relevant for neurotransmission and
neuronal excitability (Devor et al., 2017). Ultra-rare variants conferring high
risk for schizophrenia identified in the recent meta-analysis of exome data
from the SCHEMA consortium also have greatest expression in neurons in the
CNS with diverse molecular functions related to the synapses (Singh et al.,
2020).

Evidence from genetic studies implicates the involvement of the immune
system in the pathogenesis of schizophrenia (Ripke et al., 2014), such as the
classical complement cascade and complement factor 4 (Sekar et al., 2016).
The immune system is central in the removing of pathogens, but also to
maintain a healthy neuronal development by the elimination of immature
synapses (pruning) (Stevens et al., 2007), further supporting a neuro-
developmental hypothesis. A role of genomic risk associated with placental
gene expression in interaction with prenatal complications has been suggested
to affect early neurodevelopment and risk for schizophrenia in males (Ursini
et al., 2018, 2021). This hypothesis has been contested and not confirmed by
others (Vassos & Murray, 2022), but several critical issues including different
level of details leave the two studies not directly comparable (Ursini &
Weinberger, 2022).

For bipolar disorder, GWAS support a role of ANK3 and CACNA1C, both
genes involved in ion channel functioning (Ferreira et al., 2008). ANK3 en-
codes AnkyrinG belonging to a group of membrane proteins called ankyrins,
where ANK3 is involved in different cellular processes and modulates sodium
channels (Bennett & Healy, 2009). AnkyrinG is supposed to have important
functions for neuronal signaling (Iqbal et al., 2013). CACNA1C encodes part of
a calcium channel involved in axon potential and gene expression in the brain
(Hofmann et al., 2014). Other genes relevant for calcium channels, synaptic
signaling and brain-expressed genes have been identified in recent large
GWAS (Mullins et al., 2020; Stahl et al., 2019).

For patients with EOP, the same large-scale GWAS exploring potential
pathways have not been carried out. The application of PRS for schizophrenia
and autism has, however, shown large overlap in common variants (Ahn et al.,
2016). The elevated frequency of rare de novo variants in genes relevant for
brain development and function (Fernandez et al., 2019) and the higher
prevalence of rare CNVs associated with several neurodevelopmental pheno-
types (Ahn et al., 2014), support a neurodevelopmental hypothesis for EOP.
Several variants have been described in the ATP1A3 gene in patients with COS
(Fernandez et al., 2019). The gene encodes alpha-3 catalytic subunit of the
Naþ/K(þ)-ATPase transmembrane ion pump and is exclusively expressed in
the brain (Rosewich et al., 2012). Rare disease-causing variants in ATP1A3 are
related to alternating hemiplegia of childhood (Heinzen et al., 2012), CAPOS
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syndrome (Demos et al., 2014) and dystonia (de Carvalho Aguiar et al., 2004),
illustrating the importance of the gene for normal brain function.

The biological consequences of the interplay between common and rare
gene variants, as well as environmental factors remain challenging to eluci-
date. The interpretation of genetic findings into plausible etiological and
pathophysiological mechanisms must be carried out with caution because of
the broad interpretation of the loci of interest based on GWAS results and
incomplete knowledge of the function and interaction of several genes and
proteins identified in both GWAS and whole exome/genome sequencing
studies (Smeland, Frei, et al., 2020). As identified individual common variants
only account for a small fraction of risk, it will be important to clarify the
combinatorial effect of multiple common and rare genetic risk variants and the
environmental impact on the liability to develop psychosis.

Clinical implications

The recent years have given us new insight into the complex etiology of
psychotic disorders. The translation of psychiatric genomics might have
several clinical implications and will also give rise to central ethical dilemmas
(Kong et al., 2017). The International consortium of psychiatric genetics
(ISPG) has recently published their view on ethical, legal, and social issues
regarding genetic testing in psychiatry to contribute to a wise integration of the
knowledge of genetic risk, maximizing the benefits and reducing potential
negative impact for patients (Lázaro-Muñoz et al., 2019). The consortium
encourages active participation from researchers in the field of psychiatric
genetics through their communication and terminology to reduce stigma and
increase the insight into neurodiversity.

The insight into underlying etiological mechanisms is expected to help the
development of new therapeutic options and contribute to classifications into
clinical relevant subgroups, which might inform personalized treatment
(Mullins et al., 2020; Smeland, Frei, et al., 2020).

In general, the insight into the genetic vulnerability for psychosis might
increase acceptance and reduce stigma and self-blame in the patients and their
family members, but in a tradition of genetic exceptionalism there is also
potential to increase stigma and hopelessness (Kong et al., 2017). Knowledge
of genetic risk might motivate an optimization of modifiable environmental
risk factors for persons with an elevated risk.

Based on current knowledge, a few percent of patients with schizophrenia,
including EOP, have a rare, highly penetrant genetic/chromosomal variant
which might be of importance for the relevant patients. It may help to increase
the awareness of relevant comorbidities, such as congenital heart disease,
hypocalcemia, immunodeficiency, and other neurodevelopmental disorders in
patients with a 22q11.2 deletion (Goldmuntz, 2020). Medical comorbidity and
the presence of monogenic causes of childhood- and early-onset schizophrenia
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have recently been reviewed. A significant minority (12.5%) were found to
have relevant and potentially treatable causes for their psychotic condition
demanding systematic medical evaluation of these patients (Giannitelli et al.,
2018). Among the reported conditions are different inborn errors of meta-
bolism, genetic syndromes, autoimmune and infectious encephalitis, endocrine
disorders, and other neurological disorders. Information regarding highly
penetrant variants might be relevant for genetic counseling regarding familial
risk. A consensus regarding the indication for genetic testing for highly
penetrant genetic variants in EOP is needed, and the presence of additional
neurodevelopmental features or intellectual disability will increase the diag-
nostic yield.

In recent years, there has been intense research focusing on the develop-
ment and refinement of more efficient polygenic risk algorithms with the aim
of translating genetic information into clinical tools. For example, one
application in psychiatry could be earlier and more precise identification of
individuals with clinical high-risk of developing psychosis. However, given the
low power of current psychiatric GWAS, current PRSs still explain too little
risk variance to yield a clinically meaningful prediction (Wray et al., 2021).
With the expected increase in genetic variance explained for psychiatric dis-
orders, due to larger GWAS in the coming decade (Smeland, Frei, et al., 2020),
this is likely to change with potential transformative effects on clinical
psychiatry.

Practices regarding pharmacogenetic testing vary between different in-
stitutions, but efforts are being made to establish consensus recommendations
(Caudle et al., 2020). Until recently, pharmacogenetic testing in psychiatry
was mainly carried out when the serum level of a medication, the therapeutic
effect, or extent of adverse side effects was unexpected for the prescribed dose.
Currently, this type of testing is being used in earlier phases of treatment, and
it is expected that it will increasingly be used to optimize treatment before start
in the coming years. More knowledge regarding the interplay between specific
pharmacogenetic variants and pharmacogenomics as well as nongenetic fac-
tors might enhance the usefulness of pharmacogenetic testing in clinical
psychiatry.

Conclusion

EOP is a genetic complex phenotype where both common low penetrant and
rare highly penetrant variants might contribute to disease risk in combination
with environmental factors. Most knowledge is based on individuals with
schizophrenia in general, reflecting the common form of adult-onset schizo-
phrenia. However, the knowledge about the genetic architecture of EOP is
increasing and confirms a substantial overlap with adult-onset psychotic dis-
orders, particularly schizophrenia, as well as with other neurodevelopmental
disorders such as autism spectrum disorder. The annotation of the variants
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associated with schizophrenia in general and EOP specifically indicates a
dysfunction in pathways such as synaptic neurotransmission, neuro-
development, and the immune system. Both polygenic risk for schizophrenia
and autism spectrum disorder and a higher burden of large CNVs in patients
with COS support a stronger contribution from genetic factors in this sub-
group. Thus, understanding more of the underlying genetic vulnerability for
this subgroup might be informative in our insight into the heterogeneous group
of psychotic disorders in general.

Increasing knowledge of the genetic architecture of youth with EOP will
have important clinical relevance to inform guidelines for the indication and
extension of genetic testing and counseling in this group. Awise integration of
the knowledge about the biological contribution to the susceptibility for psy-
chotic disorders might lessen stigmatization for patients and their family.
Confirmed genetic diagnoses achievable in a significant minority might offer
an explanation to the family, have relevance for family planning, and inform
on follow-up regarding comorbidities and treatment.
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Chapter 4

Early risk factors in early-onset
psychosis

Katherine H. Karlsgodt
Departments of Psychology and of Psychiatry and Biobehavioral Sciences, University of

California, Los Angeles, Los Angeles, CA, United States

Biological risk factors

Pre- and perinatal factors

There is a long history of research on how very early risk factors, occurring
during the pre- and perinatal periods may impact psychosis onset. Such factors
include obstetric complications, particularly fetal hypoxia (deprivation of
oxygen), low birth weight, disturbances during pregnancy, such as maternal
infection, stress, diabetes, and alterations in vitamin and nutrient levels. These
complications can have acute effects, but they may also interfere with neu-
rodevelopmental processes in a way that leaves the individual more vulnerable
to insults later on in development. As such, they have the potential to impart
changes present from birth and may in part explain the presence of early
neurocognitive and social deficits in many the children who later develop
schizophrenia spectrum disorders (Bearden et al., 2000; Rosso et al., 2000).
Moreover, these risk factors may interact with underlying genetic liability for
schizophrenia (Ursini et al., 2021; Van Erp et al., 2002), having more pro-
nounced effects on those at risk. Here, as exemplars, I will focus on three
factors: hypoxia, infection, and nutritional deprivation.

Hypoxia

Fetal hypoxia may occur due to many factors, including maternal health
complications, preeclampsia, compression of the umbilical cord, or interrup-
tion of blood supply to the uterus (Wood & Keller-Wood, 2019). The rates of
hypoxia in the general population have proven difficult to estimate and have
not been the subject of epidemiological studies. This is largely due to the
variety of mechanisms and types of hypoxias as well as different approaches to
measurement. However, when broadly defined, rates in healthy individuals
have been estimated to be 1%e15% (Giannopoulou et al., 2018; Mittal et al.,
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2008). In individuals with schizophrenia, the estimated rate is much higher, at
20%e30% (Buka et al., 1993; Cannon et al., 2000). Hypoxia has been
significantly associated with an increased risk of schizophrenia, showing the
strongest association of all the obstetric complications (Cannon, 1997; Cannon
et al., 2000). Important for our consideration of early-onset psychosis (EOP;
i.e., the onset of illness before age 18 years), this association may be either
specific to or stronger in earlier onset psychosis compared to adult-onset
psychosis (Rosso et al., 2000; Verdoux et al., 1997). Moreover, in youth at
clinical high risk (CHR) for psychosis, a history of obstetric complications,
including hypoxia, has been associated with more pronounced symptom
expression and an increased risk of conversion to a psychotic disorder (Mittal
et al., 2009). In support of the notion that these very early risk factors may
contribute to alterations in cognition and motor function in childhood, hypoxia
was associated with unusual movements among children who later developed
schizophrenia (Bearden et al., 2000). Finally, fetal hypoxia in patients with
schizophrenia has been associated with more severe neural changes in adult-
hood, such as decreased hippocampal volume (Van Erp et al., 2002), decreased
gray matter (Cannon et al., 2002), smaller intracranial volume (Wortinger
et al., 2020, 2021) and decreased brain volume (Wortinger et al., 2020).
Notably, these neural changes show an interaction with genetic liability (Van
Erp et al., 2002), indicating greater severity of neural effects in those with
underlying genetic risk. Moreover, 55% of schizophrenia candidate genes are
regulated by hypoxia or expressed in the vascular system (Schmidt-Kastner
et al., 2012), which supports the hypothesis that many of these risk factors
may not act in isolation but interactively with other risk factors.

Infections

There is also a longstanding body of work investigating the role of prenatal
infection in risk for schizophrenia (Buka et al., 2008). Early evidence for this
hypothesis came from mixed observations about differences in schizophrenia
risk based on the season of birth (Suvisaari et al., 2001, 2004) as well as
patterns of schizophrenia prevalence in relation to influenza epidemics
(Zimmer et al., 2021). These were followed by substantial research in longi-
tudinally followed birth cohorts, which have demonstrated that maternal
infection may be associated with an increased risk of schizophrenia in
adulthood for the offspring (Fineberg & Ellman, 2013). Animal models have
also supported the role of infection or immune activation as a risk factor for
psychosis, including work related to specific infections such as influenza
(Fatemi et al., 2002) as well as more generic inflammatory processes (Meyer,
2013). These findings have led to the idea that inflammation could be a
common pathway for a diverse array of early risk factors (Fineberg & Ellman,
2013). Further, as with hypoxia, it is likely that this risk factor does not act in
isolation but may interact with other factors such as genetic risk (Clarke et al.,
2006). In addition to prenatal infection, there is growing evidence that
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childhood infection is also a concern. In a meta-analysis, Khandaker and
colleagues focused on childhood infections of the central nervous system such
as meningitis or mumps and noted a twofold increase in risk for nonaffective
psychosis in adulthood among the exposed individuals (Khandaker et al.,
2012). Understanding the role of infection in the onset of mental illnesses such
as schizophrenia has gained new urgency with the widespread infections
associated with the COVID-19 global pandemic (Hoffman et al., 2021).
COVID-19 has infected over 200 million people worldwide, including preg-
nant women and children. There is no doubt that the mental health ramifica-
tions of this devastating event will be studied for decades.

Nutrients

There is some evidence showing that deficiencies in vitamins and nutrients
prenatally or in early life might serve as risk factors for the later development
of psychosis. Early data supporting this idea came from longitudinal studies
examining pregnant women who experienced extreme starvation events, such
as the Dutch Hunger Winter and the Chinese Famine, which were associated
with increases in schizophrenia in offspring (Brown & Susser, 2008). More
recently an interest in specific nutrients has emerged. In particular, choline,
folic acid, and vitamin D might have specific importance, and while data have
been mixed, in many studies they have been associated with either increased
risk for psychosis or related phenotypes (Freedman et al., 2021). It is likely
that these micronutrients impart risk on their own but also interact with other
risk factors such as genetic liability.

In general, many of the earliest risk factors have been hypothesized to
contribute to increased schizophrenia risk through a “two-hit” model (Mednick
et al., 1998), in which an early vulnerability (e.g., genetic liability) interacts
with a later environmental factor (as will be discussed in the remainder of the
chapter). Initially, the two-hit risk model was conceived of as genetic liability
in combination with another relatively early event, such as an obstetric
complication (Van Erp et al., 2002) or infection (Clarke et al., 2006). However,
it is now considered that events during adolescence, such as environmental
stressors or altered neurodevelopment, may also serve as second hits. This
highlights the importance of understanding the risk factors that occur during
adolescence. Furthermore, it also encourages us to remember that risk factors
we examine later in life exist in the context of a history of other early events.

Cannabis use

As described previously, one complication in understanding risk for psychosis
is the potential for interactions between different risk factors. However,
another complication is that different risk factors may have greater importance
at different time points in the lifespan. For example, epidemiological work has
implicated cannabis use with an increased risk for psychosis, and it may be
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that the developing adolescent brain has a heightened vulnerability to the
effects of cannabis. It also is possible that females are more vulnerable to these
effects than males (Wainberg et al., 2021). Cannabis use during adolescence in
vulnerable individuals has been associated with an increased risk for psychi-
atric disorders, for example, increased risk for psychosis spectrum disorders in
those with genetic risk factors (Wahbeh & Avramopoulos, 2021). These more
severe consequences may be due to the potential of cannabis to interfere with
the ongoing neurodevelopmental changes during the neuroplastic period of
adolescence. In turn, this may have long-term ramifications in terms of both
neural structure and function, and behavior.

Cannabis is a psychoactive drug that acts on the brain’s endocannabinoid
system. Tetrahydrocannabinol (THC) is the primary psychoactive component
of cannabis and has been associated with cannabinoid receptor type 1 (CB1)
and type 2 (CB2). The endocannabinoid system has a number of roles
important for development, including mediating synaptic plasticity, regulating
axonal guidance and migration, and modulating the balance of inhibition and
excitation (Long et al., 2012). The potential effects of THC on neuro-
development may explain findings that those who initiate use during adoles-
cence have more severe cognitive impairment (Brook et al., 2008). One
normally occurring developmental change in the endocannabinoid system is
that the density of prefrontal CB1 receptors, and their distribution among the
cortical layers, changes across the lifetime (Batalla et al., 2013). THC expo-
sure has been found to disrupt the normal patterns of prefrontal cortex
maturation and the synaptic pruning process that naturally occurs during this
period (Rubino et al., 2015). Accordingly, adolescent cannabis use is associ-
ated with structural alterations in the prefrontal cortex (Albaugh et al., 2021;
Batalla et al., 2013), as well as functional disruptions, for instance, during
working memory tasks (Padula et al., 2007). Therefore, it is critical to gain a
full understanding of not only the immediate impact of cannabis exposure on
the adolescent brain but also the impact it may have on the neuro-
developmental trajectory. Adolescence may represent a sensitive period for
adverse effects of cannabis use on the brain, particularly considering the
differential effects of use on the brain and behavior in adults versus adoles-
cents (Wahbeh & Avramopoulos, 2021).

There is evidence that cannabis use is associated with increased rates of
depression, anxiety, and psychosis (Chadwick et al., 2013). In part, this
evidence comes from bidirectional findings that rates of cannabis use in
patients from these populations are higher than expected (Koskinen et al.,
2010), and that risk for psychosis is heightened in individuals with high
levels of use (Moore et al., 2007). Many psychiatric disorders, including
psychosis, have their onset during late adolescence or early adulthood.
Therefore, a neural insult such as cannabis has the potential to impact the
developing brain in a way that makes disorders more likely to develop. Many
of the structures with heavy densities of CB1 receptors are also regions
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implicated in mood and psychotic spectrum disorders, such as the hippo-
campus, dorsolateral prefrontal cortex (DLPFC), and amygdala. Accord-
ingly, it appears that earlier use is particularly risky (Arseneault et al., 2002;
McGrath et al., 2010), as is the use of high potency (high THC) cannabis (Di
Forti et al., 2014). However, the degree to which cannabis use may serve as a
causal factor for psychosis is currently under debate, as findings have been
mixed (Auther et al., 2015).

Although there is increasing evidence for a relationship between THC and
psychosis and although cannabis interacts with neurodevelopmental processes,
the relationship between adolescent cannabis use and psychosis risk is not
straightforward. This is in part because there are over 700 strains of cannabis,
each containing different cannabinoid profiles with unique effects (Klumpers
& Thacker, 2019). For instance, THC has different effects than cannabidiol
(CBD), another common cannabinoid. While THC is an agonist at CB1 and
CB2 receptors, CBD may act as a dopamine antagonist, in a way that is
analogous to antipsychotics, and thus may potentially dampen or even prevent
psychotic symptoms from emerging (Seeman, 2016). This is likely why CBD
appears to not have the same psychosis-inducing or risk-heightening effects as
THC (Bhattacharyya et al., 2010; Leweke et al., 2012), although more research
is needed. However, at the same time as we gain more information about
different cannabinoid effects and strains, particularly in regions where
cannabis is sold legally, individuals have access to more options about the
relative proportions of cannabinoids in the cannabis they consume. This can
further serve to complicate research in this area. Furthermore, many studies
have focused on the development of full-blown psychiatric illnesses. However,
there is evidence that in addition to the risk of psychotic disorders, cannabis
use might put individuals at risk of experiencing disturbing and disruptive
subclinical psychotic experiences that are below the threshold for diagnosis.
This may in turn set the stage for a further decline in illness (Kuepper et al.,
2011). Thus, understanding the relationship of cannabis to all components of
the psychosis spectrum would be useful.

Finally, there is some evidence that, as with other risk factors and
consistent with a two or multi-hit conceptualization, adolescent cannabis use
may also interact with underlying genetic risk for psychosis (Estrada et al.,
2011). This evidence initially came from candidate genes that appeared to
impart vulnerability to the effects of cannabis, although more recent data on
this question is mixed (Vaessen et al., 2018). There is emerging evidence
indicating that the relationship is even more complicated and that there may be
an overlap in the genetic liability for cannabis use disorder and schizophrenia
(Johnson et al., 2021).

In general, the relationship between adolescent cannabis use and psychosis
risk is complex, and the variability of differential risk for different cannabis
strains, along with the potential interaction of cannabis use with environ-
mental, genetic, and other behavioral factors requires further research.
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Hormonal changes

One of the reasons why the understanding of risk factors associated with
psychosis during adolescence is so complex is that everything we measure
takes place against the background of profound physiological change,
including hormonal changes. Whether hormones play a role in the onset of
psychosis spectrum disorders, including schizophrenia, has long been an in-
terest due to the difference in incidence and timing of onset of schizophrenia
spectrum disorders in males and females (Dalsgaard et al., 2020; Trotman
et al., 2013). The onset of adolescence is often defined as beginning with
puberty, although what precisely defines pubertal onset is complex (Shirtcliff
et al., 2009). The earliest phase of the initiation of puberty is the secretion of
androgens from the adrenal gland, or adrenarche, which starts in childhood
(Vijayakumar, Op de Macks et al., 2018). Androgen levels continue to increase
across development and reach adult levels in the late teens or early 20s
(Havelock et al., 2004). This increase is associated with the development of
secondary sex characteristics (Vijayakumar, Op de Macks et al., 2018).
Gonadarche, which starts a few years later, is by some considered the true
beginning of puberty. Gonadarche is the activation of the hypothalamic-
pituitary-gonadal (HPG) axis (Vijayakumar, Op de Macks et al., 2018),
which stimulate ovaries and testes to produce estrogen and testosterone, ul-
timately leading to sexual maturity. The exact time period for the beginning of
“adolescence” is not entirely clear, with different groups believing it begins
relatively earlier or later. This discrepancy in part reflects the complexity of the
social, emotional, cognitive, and biological changes occurring, as well as
differences in societal expectations. At first glance, hormones may seem
appealing as a more “biologically based” measure of the timing of adoles-
cence. However, the issue is multifaceted as hormonal changes related to, but
do not perfectly mirror, physical development (Shirtcliff et al., 2009), and may
be quite different from social development. Moreover, hormonal measures
vary widely between individuals, and within and between pubertal stages
(Dorn, 2006). Thus, multimodal assessments, for example, combinations of
examination of physical changes with measurement of hormonal changes,
appear critical for an accurate measure of the timing of adolescence. However,
multimodal assessment is not common and thus the interpretation of existing
data on pubertal change both in healthy youth and those with psychosis can be
complicated.

In addition to impacting the body, hormonal changes during puberty and
across adolescence profoundly impact the brain (Vijayakumar, Op de Macks
et al., 2018). Effects of hormones can include both organizational effects,
which are structural changes, and activational effects, which are changes in
neural activity levels (Arnold, 2009). During typical adolescent neuro-
development, increases in sex hormones (Vijayakumar, Mills, & Flournoy,
2018), such as testosterone and estradiol (Peper & Dahl, 2013), contribute to a
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period of structural reorganization involving gray matter volume decrease,
consistent with cortical pruning, and increases in white matter volume and
integrity (Peper & Dahl, 2013; Peper et al., 2009; Vijayakumar, Mills, &
Flournoy, 2018), consistent with myelination. In addition, these hormonal
changes have been associated with improved cognitive functioning during
adolescence, and other factors relevant to psychosis, such as affective reac-
tivity and reward processing (Peper & Dahl, 2013; Vijayakumar et al., 2019).
Gonadal and stress hormones are closely intertwined, and in many cases
fluctuate together (Marceau et al., 2015). Accordingly, in addition to gonadal
hormones, stress hormones such as cortisol also increase basal levels during
puberty (Elmlinger et al., 2002), as does cortisol release in response to stress
(Gunnar et al., 2009). This is a domain in which the adolescent brain may be
especially vulnerable, as the neurological effects of stress and cortisol expo-
sure in adolescence seem to be more pervasive compared to adulthood
(Romeo, 2010). Furthermore, the susceptibility to stress hormones during
adolescence also has relevance to the importance of trauma as a risk factor
(discussed later in this Chapter).

There have also been findings of altered hormone levels in adult patients
with schizophrenia (Misiak et al., 2018; Trotman et al., 2013). One hypothesis
is that estrogen moderates the pruning of excitatory synapses and thus serves
as a neuroprotective factor (Gogos et al., 2015). Estrogen also has effects on
dendritic spine density (Gould et al., 1990), which may counter the decreased
spine density observed in patients with schizophrenia. In addition to potential
estrogenergic effects, there have been findings of reduced testosterone in
adults with schizophrenia (Owens et al., 2018). Given the overlap in timing
between the postpubertal period and the peak time of psychosis onset (age
15e25 years (Sham et al., 1994) it is also important to consider the potential
for age-specific impacts of hormonal changes in adolescence, both in terms of
risk and protective factors. For example, the activational effects of sex hor-
mones may render neural circuits more sensitive to environmental input
(Vijayakumar, Op de Macks et al., 2018). In addition, elevated dopaminergic
signaling during adolescence may be moderated by testosterone (Sato et al.,
2008), and potentially contributes to risk during this period. Accordingly, there
has been recent work investigating the potential for hormonally-based in-
terventions, but these have not yet been tested in adolescent patients (Owens
et al., 2018).

In addition to gonadal hormones, the observed relationships between
psychosis onset and relapse to stress have prompted investigations into the
function and development of the hypothalamic-pituitary-adrenal (HPA) axis,
which regulates numerous physiological processes, including stress (Holtzman
et al., 2013). For example, increased basal cortisol and blunted cortisol reac-
tivity have been found in individuals with psychotic disorders (Shah et al.,
2015). However, while the existing observations have prompted theoretical
links to be drawn between neuromaturation, hormonal changes, and psychosis
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onset (Galdos et al., 1993; Saugstad, 1989), there is little empirical data,
particularly as related to pubertal hormones. Further research across these
domains is therefore needed (Trotman et al., 2013).

Psychological risk factors

Clinical high-risk

In addition to the biological factors that can contribute to the risk for psychotic
disorders, there are early psychological factors that can be predictive of illness
onset (Mennigen & Bearden, 2020). Schizophrenia is known to have an
insidious onset, often showing a slow progression of change in affected in-
dividuals. In the beginning, generic changes may be observed, such as sleep
changes, anxiety, social withdrawal, or a decline in social and role functioning.
Later come more psychosis-like changes, that are more specific and resemble
psychotic symptoms, but at a milder level. This phase is often referred to as the
clinical high-risk state (CHR), and studies in this population started in earnest
in the early 1990s (Yung & McGorry, 1996). Alternatively, it has also been
referred to as ultrahigh risk (UHR) and at-risk mental state (ARMS). CHR
individuals are typically within the typical age range for onset of psychosis
and are classified based on a combination of symptoms and other factors. The
most common presentation in this group is subclinical (attenuated) levels of
psychotic symptoms. There can also be psychotic symptoms above clinical
threshold, but these are brief and occur too infrequently to qualify for a
psychotic disorder diagnosis. The least common presentation is individuals
with genetic risk accompanied by a gradual decline in functioning (Addington
et al., 2019). However, while the insidious onset of “prodromal” symptoms is
predictive of later onset of psychotic spectrum disorders, only approximately
25%e35% of individuals at CHR go on to develop a psychotic disorder
(Salazar De Pablo et al., 2021), with others either improving, remaining in a
subclinical state, or developing other mental disorders (Addington et al.,
2019). Therefore, it is of great interest to identify which factors might be most
predictive in those individuals who convert to a psychotic disorder. Knowing
this would enable earlier identification and treatment, which has been asso-
ciated with improved outcomes (McGorry et al., 2008). Given the variability in
clinical presentation, as well as differences in functional and clinical out-
comes, studying the CHR state with rigor requires large samples. To achieve
sufficient sample sizes, studies are frequently conducted by large-scale con-
sortiums, such as the North American Longitudinal Prodromal Study (NAPLS)
(Addington et al., 2007), the Psychosis Risk Outcomes Network (ProNET),
and the European Prediction of Psychosis Study (EPOS) (Klosterkötter et al.,
2005). Of these large studies in high-risk samples, there have been multiple
attempts to generate predictive risk models, or “risk calculators”. The first
model was generated based on data from NAPLS, finding that the most
important predictive factors were unusual thought content, suspiciousness/
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paranoia, the decline in social functioning, and verbal learning and memory
deficits, with the additional inclusion of exposure to stressful life events,
family history of psychosis, younger age at baseline, impaired processing
speed, and history of trauma (Cannon et al., 2016). This risk model was
externally validated in two separate samples: the Early Detection, Intervention,
and Prevention of Psychosis Program (EDIPPP) (Carrión et al., 2016) and the
Shanghai At Risk for Psychosis (SHARP) sample (Zhang et al., 2019), which
is very promising. One complexity regarding the CHR state is that it typically
occurs during the time of ongoing adolescent neurodevelopment. Thus, it is
important to work toward finding ways to dissociate typical developmental
change from change related to the onset of psychotic illness.

Early childhood adversity

Early childhood adversity, such as abuse, neglect, bullying, and related expe-
riences has been shown to significantly increase the risk for a number of
different poor health outcomes in both the short-term (McLaughlin et al., 2012)
and the long-term (McLaughlin et al., 2010). Recent findings have shown that
childhood adversity is associated with a substantially increased risk for psy-
chosis, with a population attributable risk of 33% (Varese et al., 2012). One
important aspect of this is childhood maltreatment, in which the severity and
frequency of childhood maltreatment are positively related to hallucinations and
delusions (Schenkel et al., 2005), consistent with a dose-response relationship
(Kelleher et al., 2013). DeRosse and colleagues found positive correlations
between childhood maltreatment and psychotic symptoms in adult patients with
schizophrenia and unaffected controls experiencing psychotic-like experiences
(Pamela DeRosse et al., 2014). The patients scored higher than the controls on
both childhood maltreatment and symptoms, but the strength of the relationship
between the factors was not significantly different between groups. It is thus
possible that childhood adversity may impart a biological or psychological
vulnerability to the development of psychotic symptoms (Janssen et al., 2004).
However, it is not known why some individuals develop full-blown psychosis
and others psychotic-like experiences. It may be a consequence of the severity
of the maltreatment, an additive effect of multiple traumas (Anglin et al., 2021),
or, it may be related to the presence of other risk factors, for instance, prenatal
environmental factors or underlying genetic vulnerability. Several possibilities
have been investigated and childhood adversity may impact some or multiple of
them in an interactive fashion. It is also important to consider that, in addition to
maltreatment, other aspects of childhood adversity, such as social disadvantage,
trauma, and stress have been associated with the emergence of psychotic
symptoms and disorders. Specifically implicated factors include immigrant
status (discussed later in this Chapter) (Kirkbride et al., 2017), low socioeco-
nomic status (Hur et al., 2015), and other traumatic events such as experiences
of child abuse (Read et al., 2005).
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Emotion regulation

Emotion regulation has been a focus in the developmental neuroscience
literature on childhood adversity. Prolonged childhood adversity has been
associated with premature onset of adult-like emotion regulation in preclinical
studies, with evidence still emerging in humans (Teicher et al., 2016). Neu-
roimaging studies of emotion regulation have focused primarily on the rela-
tionship between the amygdala, which plays a role in emotional responsivity,
and prefrontal cortical regions (ventromedial prefrontal cortex (VMPFC)),
DLPFC, and ventrolateral prefrontal cortex (VLPFC), which are believed to
regulate amygdalar responses. In typical development, fMRI studies have
shown that the amygdala-VMPFC connectivity changes with increasing age,
with the VMPFC showing increased activity during the emotional challenge
and the amygdala showing decreased activity and lower anxiety (Gee et al.,
2013; Silvers et al., 2017). Thus, it appears that the VMPFC putatively is
taking on a sort of “braking” or modulatory emotional response function and
that this change supports successful emotion regulation in adulthood (Teicher
et al., 2016). In young (preadolescent) children, the child’s brain is able to
show this effect, but only in the presence of their caregiver (Tottenham, 2015),
indicating that in this early stage, emotion regulation ability is intertwined
with caregiver relationships. In comparison, during the emotional challenge, in
children who have experienced trauma and neglect, particularly in the form of
chronic maternal deprivation, the brain shows more adult-like connectivity,
with increased VMPFC and decreased amygdala activity (Gee et al., 2013).
The degree to which changes in emotion regulation during the CHR phase
correlate with childhood adversity is not yet known. However, youth at CHR
also show a disruption in the VLPFC-amygdala circuit (Gee et al., 2012).
These individuals showed increased amygdala and decreased VLPFC activa-
tion with age, which is the opposite of the pattern found in controls. Further,
connectivity strength between these regions was weaker than in controls.
These findings show that while the disruptions in individuals with psychosis
may not be exactly the same as those seen in individuals who have only
experienced trauma, similar circuits may show vulnerability, and raises the
possibility that this may be a general rather than a specific risk factor.

Hypothalamic-pituitary-adrenal (HPA) axis

Another hypothesis regarding potential mechanisms of childhood adversity
and psychosis risk is based on the idea that childhood adversity is associated
with the heightened activity of the HPA axis, exposing the developing brain to
high levels of corticosteroids (Essex et al., 2011), and impacting circuitry
associated with emotion processing. Quite a bit of work has been done in this
area and collectively demonstrates that there are long-term effects on the brain
and the HPA axis from these early childhood experiences. For instance, even in
adulthood, patients with schizophrenia who had a history of childhood
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adversity showed increased hair cortisol concentrations (Xu et al., 2019) and
alterations of HPA responsivity to social stress (Lange et al., 2017), compared
to patients without a history of childhood adversity. Furthermore, in healthy
adults as well as those with schizophrenia, there have been findings that a
history of childhood adversity moderates the relationship between cortisol
reactivity and amygdala-DLPFC connectivity (Quidé et al., 2021). Addition-
ally, diathesis-stress models propose that underlying genetic liability along
with early life insults increase adolescent vulnerability to stress (Walker et al.,
2001). This highlights the importance of investigations of interactions between
diathesis factors and adolescent stressors on neurodevelopment or emergence
and progression of psychosis.

Dopamine

Finally, exposure to childhood and adolescent trauma has also been associated
with altered striatal dopamine function in healthy adults (Oswald et al., 2014).
This line of work is critical given the key role of dopamine in central hy-
potheses about the neural basis of psychosis. One proposal regarding how
stress, including childhood adversity, might impact the dopaminergic circuitry,
is that it might serve to sensitize the mesostriatal dopamine system (Howes &
Murray, 2014). Accordingly, positron-emission tomography (PET) studies
have shown that there is an interaction between dopamine release and child-
hood trauma in predicting positive symptoms of psychosis as induced by
dexamphetamine (Dahoun et al., 2019). Childhood adversity has been asso-
ciated with increased dopamine function in the striatum in adulthood in both
individuals at CHR and healthy subgroups (Howes & Murray, 2014). This
supports the notion of a risk factor that may increase risk but also interact with
other factors.

Social risk factors

Social stress

In addition to investigations of childhood adversity, or maltreatment, there is a
growing interest in the effects of social stress on psychosis severity and risk.
This is particularly important for adolescent risk, as adolescence may be a
period of particular sensitivity to social factors (Blakemore & Mills, 2014).
Peer relationships are deeply influential during this period, gradually taking a
more central role relative to family relationships (Furman, 2002). One reason
for the growing interest in social factors as risk factors is that many individuals
with psychotic disorders, or in the CHR state, experience social exclusion,
social isolation, bullying, and other negative social events. Given how
pervasive these experiences can be, and given that there is some potential for
intervention, for instance at the school level, there is an interest in under-
standing how they may moderate or exacerbate risk levels.
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One contributing factor may be that individuals who develop psychosis
also demonstrate poorer premorbid social functioning (Tarbox et al., 2013).
This decrease in social functioning can have substantial impacts on in-
dividuals’ abilities to develop social support networks. Social networks have
been demonstrated to be buffering factors for mental illness and improve
outcomes (Degnan et al., 2018). Furthermore, during adolescence, peer net-
works become more complex and complicated to navigate (Steinberg &
Morris, 2001), something that could be difficult for someone already experi-
encing social and cognitive difficulties. The resulting loneliness from this
combination of factors may itself be a stressor. For example, in youth at CHR,
impaired social functioning and, relatedly, decreased size and quality of social
networks have been associated with lower functioning and increased risk of
conversion to psychosis (Cornblatt et al., 2012; Robustelli et al., 2017). The
relationship of social factors to functional outcome is not limited to individuals
with a psychosis diagnosis or those in the CHR state. The presence of
psychotic-like experiences has also been shown to predict poor social func-
tioning and social competence in children and adolescents (P. DeRosse et al.,
2017) and has been associated with loneliness in adults (Leathem et al., 2021).
While some social risk factors such as decreased overall social support and
friendship networks may be insidious and long-term stressors, there are also
acute social stressors, such as bullying or peer victimization. Exposure to these
factors during the vulnerable adolescent period has been associated with an
increase in psychotic-like experiences in adulthood (Liu et al., 2021).
Furthermore, youth at CHR have reported elevated levels of both physical and
psychological bullying (in addition to emotional neglect, and physical, psy-
chological, and sexual abuse, as addressed above), which were associated with
worsening symptoms of depression and anxiety (Addington et al., 2013).
Social functioning may thus be an important area for intervention, and it may
be particularly critical during the adolescent period.

Immigrant, racial and ethnic minority status

Immigrant status has been long implicated as a risk factor for psychosis in the
epidemiological literature, going back to the early 1900s (Odegaard, 1932). It
was initially not clear what perpetrated the risk increase, for instance, whether
there was a difference in risk already prior to immigration, or a selection bias
in those who decided to immigrate. However, evidence has shown that the risk
for psychotic disorders is increased not only for first-generation immigrants
but also for their second-generation offspring (Bourque et al., 2011). Notably,
this effect is buffered by “ethnic density”, by living in a region more densely
populated with people from your home region (Van Der Ven & Selten, 2018)
or of your same ethnic group (Anglin et al., 2021).

Experiences of perceived discrimination have been associated with in-
creases in reported psychotic experiences (Pearce et al., 2019). Discrimination
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is a topic of growing importance in our society. There is a new appreciation for
racial and ethnic disparities in medical care, and accordingly, the American
Medical Association has recently acknowledged systemic racism and
discrimination as risk factors for public health. This is in part due to treatment
disparities that make minority patients less likely to get adequate health care,
including mental health treatment (van der Ven et al., 2020). It is likely also
due to the substantial stress associated with discrimination, which has been
associated with the risk for psychosis (Walker et al., 2001).

Immigrant status and perceived discrimination may have a special risk for
adolescents. This could be, in part, because of the sensitivity of adolescents to
social factors, or the sensitivity of the developing HPA stress system. In
support of this idea are findings that minority immigrants who immigrated
during childhood demonstrated a higher risk of developing psychosis
compared to adult immigrants, perhaps because of the presence of this sub-
stantial stressor (Harrell, 2000; Kirkbride et al., 2017) early in life as well as
due to the initiation of discriminatory experiences and resulting trauma during
this vulnerable period (Kirkbride et al., 2017). There may also be different
rates of other traumas or adversities in different neighborhoods or environ-
ments (Anglin et al., 2021), which can have an important impact on risk, as
discussed above.

In general, these findings support the hypothesis that the increased risk for
psychosis is due to factors that occur postmigration, such as increased stress,
lack of social support, and potentially discrimination experienced by those
immigrants who are in a minority group in their new country. It is important to
assess how the risk factors of immigration and discrimination interact with
others, in an additive or interactive pattern. This is something that we have a
responsibility to understand more deeply, and which is the subject of important
ongoing work.

Conclusions

In conclusion, the risk for psychosis is complex, fluctuates during multiple
time periods across the lifespan, and is still a topic of keen investigation. One
theme that has emerged repeatedly, even with risk factors initially thought to
have substantial independent effects such as genetics, is that almost all known
risk factors interact with, build on, or are accentuated by the presence of other
risk factors. Among patients with psychosis, having an earlier age of onset, as
is the case in adolescent-onset psychosis, has been associated with a number of
less optimal outcomes, including more hospitalizations (Immonen et al.,
2017), lower level of premorbid function (Stentebjerg-Olesen et al., 2016),
poorer cognitive function (Rajji et al., 2009), and poorer overall prognosis
(Lay et al., 2000). Thus, having psychosis in adolescence may carry special
risks. In addition to this, there are risk factors, such as cannabis use, hormones,
stress, and migration, which adolescents may be particularly vulnerable to, and
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which may impart special risk during this developmental period. Taken
together, this highlights the importance of fully understanding risk factors,
developmental trajectories, and onset patterns during this critical and unique
time period. As we learn more about the broader spectrum of risk factors it
would also be valuable to gain an understanding of the relative severity of risk
factors, and which might be more important to target. However, it is equally
important to consider that in addition to conferring heightened vulnerability
and risk, the dynamic neurodevelopmental, social, and cognitive changes
occurring during adolescence may have the potential to confer unique avenues
to resilience and special opportunities for developmental stage-specific
interventions.

Clinical implications

As described in this Chapter, adolescence is a period in which humans may
have special vulnerabilities that can increase the risk for psychotic disorders.
However, while the considerable physiological, neural, and environmental
changes experienced in adolescence may be associated with risk, they may
also offer opportunities for resilience. The importance of early intervention is
already well-established (Kane et al., 2016; Perkins et al., 2005). However, this
is often discussed in terms of disease course. Less often discussed is the fact
that those early in the illness are also likely to be younger, and the treatments
may potentially be leveraging some of the neuroplasticity presents during this
time. It is possible that, in many ways, adolescence is an optimal time for
intervention as it potentially provides the unique opportunity to alter the
developmental illness trajectory and substantially impact the outcome (Marı́n,
2016). In addition, it is important to consider that some risk factors discussed
in this review are more moveable than others. For example, education about
substance use in those at genetic risk, increasing support for those who
immigrate during childhood, promoting antibullying campaigns, developing
programs to help with social skills, and continuing to increase provider and
educator knowledge about the CHR state are all things that could broadly
improve outcomes.

Future directions

There has been a growing interest in schizophrenia as a developmental dis-
order, including psychosis during adolescence, which is reflected in a rapidly
growing literature. However, our understanding of risk and resilience during
adolescent psychosis faces a number of hurdles. First, there is the challenge of
dissociating disease process from developmental processes and disease-related
confounds such as medication, all of which require careful study design and
interpretation. Second, as we continue to gain a greater understanding of risk
factors, and treatments, it will be important to explore the potential for age-
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targeted neurodevelopmentally appropriate treatments. This work has begun in
preclinical models (Cabungcal et al., 2014; Du & Grace, 2013) but has not
been broadly extended to humans. Finally, I have discussed many factors,
which are either directly affected by genetics or act interactively with genetic
risk. As we continue to learn more about the genetics of mental illness, and as
individuals get access to more information about their own genetics, it will be
important to continue to think about how genetic risk factors intersect with
other risk and resilience factors. In sum, the field of adolescent psychosis is
rapidly growing, as is our understanding of how risk may change across the
lifespan, which hopefully will continue to help us learn how to mitigate the
effects of early psychosis.
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Immonen, J., Jääskeläinen, E., Korpela, H., & Miettunen, J. (2017). Age at onset and the outcomes

of schizophrenia: A systematic review and meta-analysis. Early Intervention in Psychiatry,

11(6), 453e460. https://doi.org/10.1111/eip.12412

Janssen, I., Krabbendam, L., Bak, M., Hanssen, M., Vollebergh, W., De Graaf, R., & Van Os, J.

(2004). Childhood abuse as a risk factor for psychotic experiences. Acta Psychiatrica Scan-

dinavica, 109(1), 38e45. https://doi.org/10.1046/j.0001-690X.2003.00217.x

Johnson, E. C., Hatoum, A. S., Deak, J. D., Polimanti, R., Murray, R. M., Edenberg, H. J.,

Gelernter, J., Di Forti, M., & Agrawal, A. (2021). The relationship between cannabis and

schizophrenia: A genetically informed perspective. Addiction, 116(11), 3227e3234. https://

doi.org/10.1111/add.15534

Kane, J. M., Robinson, D. G., Schooler, N. R., Mueser, K. T., Penn, D. L., Rosenheck, R. A.,

Addington, J., Brunette, M. F., Correll, C. U., Estroff, S. E., Marcy, P., Robinson, J., Meyer-

Kalos, P. S., Gottlieb, J. D., Glynn, S. M., Lynde, D. W., Pipes, R., Kurian, B. T., Miller, A. L.,

… Heinssen, R. K. (2016). Comprehensive versus usual community care for first-episode

psychosis: 2-Year outcomes from the NIMH RAISE early treatment program. American

Journal of Psychiatry, 173(4), 362e372. https://doi.org/10.1176/appi.ajp.2015.15050632

Kelleher, I., Keeley, H., Corcoran, P., Ramsay, H., Wasserman, C., Carli, V., Sarchiapone, M.,

Hoven, C., Wasserman, D., & Cannon, M. (2013). Childhood trauma and psychosis in a

prospective cohort study: Cause, effect, and directionality. American Journal of Psychiatry,

170(7), 734e741. https://doi.org/10.1176/appi.ajp.2012.12091169

Early risk factors in early-onset psychosis Chapter | 4 99

https://doi.org/10.1155/2015/615356
https://doi.org/10.1523/jneurosci.10-04-01286.1990
https://doi.org/10.1017/S0954579409000054
https://doi.org/10.1037/h0087722
https://doi.org/10.1055/s-2004-861550
https://doi.org/10.1055/s-2004-861550
https://doi.org/10.1016/j.clnesp.2021.04.019
https://doi.org/10.1016/j.neuroscience.2012.12.017
https://doi.org/10.1016/S0140-6736(13)62036-X
https://doi.org/10.1016/j.schres.2015.07.020
https://doi.org/10.1111/eip.12412
https://doi.org/10.1046/j.0001-690X.2003.00217.x
https://doi.org/10.1111/add.15534
https://doi.org/10.1111/add.15534
https://doi.org/10.1176/appi.ajp.2015.15050632
https://doi.org/10.1176/appi.ajp.2012.12091169


Khandaker, G. M., Zimbron, J., Dalman, C., Lewis, G., & Jones, P. B. (2012). Childhood infection

and adult schizophrenia: A meta-analysis of population-based studies. Schizophrenia

Research, 139(1e3), 161e168. https://doi.org/10.1016/j.schres.2012.05.023

Kirkbride, J. B., Hameed, Y., Ioannidis, K., Ankireddypalli, G., Crane, C. M., Nasir, M., Kabacs, N.,

Metastasio, A., Jenkins, O., Espandian, A., Spyridi, S., Ralevic, D., Siddabattuni, S.,

Walden, B., Adeoye, A., Perez, J., & Jones, P. B. (2017). Ethnic minority status, age-at-

immigration and psychosis risk in rural environments: Evidence from the SEPEA study.

Schizophrenia Bulletin, 43(6), 1251e1261. https://doi.org/10.1093/schbul/sbx010

Klosterkötter, J., Ruhrmann, S., Schultze-Lutter, F., Salokangas, R. K., Linszen, D.,

Birchwood, M., Juckel, G., Morrison, A., Vázquèz-Barquero, J. L., Hambrecht, M., &
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Introduction

Most instances of early-onset psychotic disorders (EOP; illness onset before
18 years of age (Werry et al., 1991) occur during adolescence after age
13 years (Dalsgaard et al., 2020). The majority of cases have some kind of
precursors/pre-psychosis “signals” that have either been overlooked or diag-
nosed under different other categories in early childhood. These range from
motor delay/late walker, developmental delay, speech-language disorder, and
learning disorder through autism spectrum disorder, attention-deficit/hyper-
activity disorder (ADHD), oppositional defiant disorder, and tic syndromes.
Underlying these types of problems are often aberrant/variant genes or a
combination of genes and pre-, peri-, and postnatal risk factors, such as in-
fections in utero, birth asphyxia, and/or extremes of prematurity. In other in-
stances, “premorbid” depression and anxiety disorders may have been
considered before emergence of psychotic symptoms lead to assessment and
diagnoses of schizophrenia or other adolescent-onset psychotic disorders. In
such cases of depression and anxiety also, there is often a history of neuro-
developmental problems of various kinds, deficits, and disorders that may or
may not have been recognized before the emergence of psychotic symptoms.

This chapter looks at the whole area of Early Symptomatic Syndromes
Eliciting Neurodevelopmental Clinical Examinations (ESSENCE) and sug-
gests implications for future directions in terms of early diagnosis, follow-up
and prevention measures.

Prenatal and young life predictors of early-onset psychosis

That genetic factors, complex and interactive, are of major importance when it
comes to accounting for the variance in adolescent-onset psychosis, is
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indisputable, but will not be further dealt with in any depth in this chapter. For
more information about the genetics of adolescent psychosis, please see
Chapter 3 in this book.

Mednick and Schulzinger (Mednick et al., 1987) from the Copenhagen
cohort and the Gothenburg studies in the 1980s, reported on the population-
based studies of the antecedents of adolescent-onset psychosis (Gillberg
et al., 1986, 1993). Ever since their seminal publications it has been well
established that pre- and perinatal risk factors are associated with adolescent
psychosis of various kinds (Coleman & Gillberg, 1996; Hultman et al., 1999;
Schlosser et al., 2012). However, there has been no agreement as to which
individual risk factors might be salient. Studies of school health records and
early life developmental milestones had also shown that in many cases of
adolescent-onset psychosis or schizophrenia there had been minor neuro-
developmental disorders or problems preceding the onset of the psychotic
symptoms in adolescence (Hellgren et al., 1987; Sørensen et al., 2010).

ESSENCE

Not only pre- and perinatal risk factors are important in the pathogenetic chain
of events in adolescent psychosis. Certain behavioral and developmental
syndromes that are symptomatic already in early childhood carry a relatively
high risk of later onset of psychosis (Gillberg, 2010, 1992; Huttunen &
Mednick, 2018; Mednick et al., 1987).

It has been known for centuries that intellectual disability or intellectual
developmental disorder tends to bring about major long-term adjustment
problems. In the more recent past, childhood autism or autism spectrum dis-
order has also come to be viewed as a, often severe, functional impairment
with effects lasting through adolescence into adulthood. However, it is still not
generally recognized that early-onset concentration difficulties, planning is-
sues, attention deficits, impulsiveness, and restlessness (nowadays often
diagnosed as ADHD) can lead to or predict social exclusion, academic failure,
and major additional psychiatric problems, including psychosis (Nourredine
et al., 2021). Other developmental difficulties among children, including (1)
language disorder, (2) developmental coordination disorder, (3) perception
disorders, (4) mild learning difficulties (which in our day and age should not
be taken lightly), (5) conduct disorders, (6) various tic- and obsessive-
compulsive related conditions, and (7) early-onset mood swings/dysregula-
tion (which may sometimes precede bipolar disorder), also greatly increase the
risk of significant mental health deterioration, including teenage emergence of
psychotic symptoms (Gillberg, 2010, 1995).

These neuropsychiatric or developmental problems virtually always occur
in groups of two or more. Nowadays, in many countries, they lead to early
consultations with nurses, pediatricians, psychologists, and speech and lan-
guage therapists (Hatakenaka et al., 2017; Sim et al., 2013). Usually, attention
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is directed at only one specific aspect of the full set of problems (e.g., language
disorder or autism).

ESSENCE as a concept

The problem with the umbrella terms typically used within the field, primarily
in the areas of “neuropsychiatry” and “neurodevelopment” is that they assume
ADHD, autism, Tourette syndrome, or intellectual developmental disorder, for
example, to be the primary diagnosis and that comorbidity is not the rule. Also,
it is not logical to label only certain psychiatric problems as neuropsychiatric;
all psychiatric problems originate in the brain and should therefore be
considered “neuro.” The term “neurodevelopmental” is also misleading in that
it implies that the problems only exist during development. The concept of
ESSENCE (Early Symptomatic Syndromes Eliciting Neurodevelopmental
Clinical Examinations) instead assumes that comorbidity might usually be
present. That symptoms of specific disorders might well be identical at the
beginning of the child’s life, and that it is not always possible to permanently
decide which diagnosis should apply (even though it is necessary to address
the issues as a real problem requiring an actual name). Furthermore, the
concept of ESSENCE assumes that one or the other (e.g., ADHD or autism)
could be more salient at different times during development (Gillberg, 2010,
2014, 2021). For example, it is not unusual for a child to initially, at the age of
2e3 years, having seemed to primarily suffer from autism, only to eventually
fit the criteria for ADHD much better at the age of 10 years (even if the autistic
symptoms linger, they are no longer as much of an impediment as the
symptoms that warrant an ADHD diagnosis), and then to present to adult
psychiatry after the age of 16 years with adolescent-onset psychosis (Hellgren
et al., 1994).

Underlying the various ESSENCE-disorders, there is a variety of factors,
including risk genes, pre- and perinatal risk factors, and, occasionally, syn-
dromes subsumed under the BPS acronym (BPS for Behavioral Phenotype
Syndromes), such as Down syndrome, fragile-X syndrome, 22q11 deletion
syndrome, neurofibromatosis, tuberous sclerosis, etc.

Prevalence of ESSENCE

The total rate of early, which is to say upon entering school or earlier, diag-
nosable ESSENCE (sometimes also referred to as child neuropsychiatric or
neurodevelopmental disorders/impairments/variations) is about 10% of the
population (probably around 13% of all boys and 7% of all girls) (see
Table 5.1). In many countries, about half of these children (probably 8% of all
boys but only 2% of all girls (Gillberg, 2021)) have already shown up before
age 10 years at some kind of healthcare clinic and been examined by a doctor,
psychologist, or speech and language therapist, often with a resulting diagnosis
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of language disorder, developmental delay, or autism. Quite often, the
conclusion at an early age is that there is some unspecified abnormality in the
child’s development, but there is no diagnosis given for it. In other cases,
parents might get some reassuring news e.g., at the autism clinic where they
are told “it’s not autism, so there isn’t anything for us to deal with” or be told
to “wait and see.” The remaining half will be detected as “problematic cases”

TABLE 5.1 Early symptomatic syndromes eliciting neurodevelopmental

clinical examinations (ESSENCE).

Syndrome

Prevalence

(%) References

Autism spectrum disorder (ASD) 1.0e1.5 Coleman and Gillberg (2012),
Fombonne et al. (2021),
Lundström et al. (2015)

Attention-deficit/hyperactivity
disorder (ADHD)

3.7e5.0 Faraone et al. (2003), Kadesjö
and Gillberg (2001)

Tourette’s disorder 1.1 Kadesjö and Gillberg (2000)

Intellectual developmental
disorder (IDD)

2.5 Gillberg and Soderstrom (2003)

Speech and language disorder 4.0 Miniscalco et al. (2006)

Developmental coordination
disorder (DCD)

4.9 Kadesjö and Gillberg (1999)

Reactive attachment disorder
(RAD) and disinhibited social
engagement disorder (DSED)

0.5e1.5 Sadiq et al. (2012)

Selective mutism 0.2e2.0 Kopp and Gillberg (1997)

Severe early-onset affective
disorders

? Biederman et al. (2003)

Pediatric acute-onset
neuropsychiatric syndrome
(PANS); pediatric autoimmune
neuropsychiatric disorders
associated with streptococcal
infection (PANDAS)

? Johnson et al. (2019)

Behavioral phenotype syndromes
(BPS)

2.0 Gillberg and O’Brien (2000)

Epilepsy with other ESSENCE 0.5 Aicardi (2009)

Total prevalence (overlap
accounted for)

w10.0 Gillberg (2010, 2021)
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before reaching teenage and then often given diagnoses such as ADHD,
depression, anxiety, or family relationship problems. Rarely if ever is the
family made aware from the outset that the child has a complex set of prob-
lems which, at least partially, meet criteria for several of the neuro-
developmental diagnoses indicated in the diagnostic manuals used in
healthcare services, such as the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) (American Psychiatric Association, 2013) or the Interna-
tional Classification of Diseases (ICD-11) (World Health Organization, 2018).
Then, when psychotic symptoms emerge at ages 13 years or above, they can be
perceived or construed as arising “out of the blue” without any prior warning
having been present. In many cases of adolescent psychosis this is the typical
background.

Attention-deficit/hyperactivity disorder

ADHD is the most common of all ESSENCE, affecting at least 5% of school-
age children worldwide (Gillberg, 2021). ADHD, sometimes, particularly in
boys, presents very early in life (in the first year) either with extremes of
hyperactivity (and usually, and often unexpectedly to parents and pro-
fessionals, with early-onset walking unsupported) or, the opposite, namely,
passivity and inattention (often combined with relatively late-onset of
walking). However, usually, ADHD is not suspected until later in the preschool
or early school years, and sometimes, especially in girls, not at all until other
mental health/psychiatric issues have emerged in middle school age or
adolescence.

In the children with early extremes of hyperactive and impulsive behaviors,
there is often a variety of other ESSENCE-suspected “signals” present, such as
mild autistic features, compulsive behaviors, tics, emotional dysregulation,
and oppositional-defiant attitudes. These children may be referred to a health
professional under age 3 years because of parental or child health visitor
concern. The autistic features, even when quite mild compared to the ex-
tremes, in terms of activity and emotional dysregulation, sometimes lead
clinicians to first assess and work-up the case for an autism spectrum disorder.

In the children where passivity and inattention dominate the picture in
early life (later often diagnosed as ADHD mainly inattentive subtype), there is
often early concern about hearing (“does not seem to listen”), motor milestone
delay, language problems and marked autistic features, leading to referral to
speech and language pathologists, child psychiatrists, or specialized clinics for
assessing autism.

It is not uncommon for children with ADHD under the age of 5 years to
meet criteria for at least one more ESSENCE syndrome. In early studies by
Kadesjö and colleagues (Kadesjö & Gillberg, 1998, 1999, 2000), 3-year-olds
with ADHD met criteria for oppositional defiant disorder in 60% of the cases.
Moreover, 7-year-olds in the general population with ADHD met criteria for at
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least one other ESSENCE disorder, usually speech-language disorder, devel-
opmental coordination disorder or oppositional defiant disorder, in 87% of the
cases. Recently published studies have found the combination of ADHD and
autism to be quite common also (Påhlman et al., 2021).

Autism spectrum disorder

While 50 years ago considered an extremely rare disorder affecting fewer than
0.05% of all individuals, autism is now known to affect at least 1% of the
general population of children starting school (Fombonne et al., 2021). In
recent years, the rate of registered diagnoses of autism has increased
dramatically, even to the extent that “over-diagnosis” has been discussed.
However, it seems clear that “typical” autism is no more common now than 20
years ago and that many children with problems under the ESSENCE umbrella
(not least those with the combination of ADHD and developmental coordi-
nation disorder) get autism diagnoses even when they only have a few autistic
symptoms (Arvidsson et al., 2018). There used to be clear distinctions between
different kinds of autism: autistic syndrome, Asperger’s syndrome, disinte-
grative disorder, Rett syndrome, and other autistic-like conditions. However, in
current diagnostic manuals, all of these conditions fall under the same um-
brella of “autism spectrum disorder.” This term is problematic in that autism,
like other clinical syndromes, is not one spectrum with one shared cause, and it
also cannot be considered a disorder of something that was once “normal” (on
the contrary, the condition is present from birth, or even earlier, and onward in
more than three-quarters of all cases). Today, the defining features of autism
are generally agreed to be early-onset severe abnormalities, in terms of mutual
social/communicative interaction and concurrent behavioral-perceptual dis-
orders, marked by stereotypical movements and speech, over- or underreaction
to sensory stimuli, along with general mental rigidity.

Most cases of classic autism can today be identified and diagnosed before
the age of 3 years, but what is (still) described (although not separately coded
in the diagnostic manuals) as Asperger’s syndrome, with formally good to
excellent expressive language skills, often goes (partially) unrecognized until
the first years of school, or in the case of females, well into adolescence or
later. In practice, typical autism symptoms are still often diagnosed as autism
when combined with some degree of general intellectual disability (below the
normal variation range of IQ) and Asperger’s syndrome when combined with
normal or high intelligence. Many argue for the utility of Asperger’s syn-
drome, constituting about half of all cases of autism (Gillberg, 2021), as a
separate diagnosis, due to its perception as less severe than autism and its
frequent association with relatively high general intellectual ability.

There are many possible first symptoms of autism: motor abnormalities,
abnormal perception (unexpected/strange reactions to sound, light, smell,
taste, touch, pain, cold, heat), inattention, low interest in initiating social
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interaction (including the absence of pointing), rigid demands for rituals and
strong opposition to changes, tantrums in response to any adversity, stereo-
typical movements (such as hand-waving or head-bobbing, finger-flickering),
delayed speech, sleep disorders, unstable mood, impulsiveness/hyperactivity
and a poor sense of what constitutes real danger. Many of these symptoms are
also typical of ADHD, which makes differential diagnosis difficult or even
impossible at an early age. Childhood autism is an almost perfect predictor of
adult autism (almost 100% of individuals diagnosed with classic autism before
the age of 10 also meet criteria after the age of 20), while more than two-thirds
of those with a diagnosis of Asperger’s syndrome meet diagnostic criteria for
autism spectrum disorder 10e20 years later (Helles et al., 2017). The
remainder have autistic symptoms without reaching thresholds for diagnosis.
Autism is almost always associated with other problems: intellectual devel-
opmental disorder, motor disorders (developmental coordination disorder,
tics), language disorder, ADHD, epilepsy, psychosis, and a range of other
neurological and medical conditions, including behavioral phenotype syn-
dromes. Autism is considerably more common in males, but the diagnosis also
tends to go undetected in females throughout pre-school (girls are generally
more “social” than boys, so the possibility of autism is rarely even raised),
creating the impression of an exceedingly skewed gender distribution. Girls
diagnosed with autism before entering school are often just as severely
impaired as boys with the same diagnosis, but the vast majority of girls with
typical autism are not detected and diagnosed until later in life.

The core symptoms of autism rarely change dramatically over time. Most
adults who met diagnostic criteria as children continue to struggle with social
interaction and rapid communication with other people. They tend to grow
obsessive and compulsive, particularly in stressful situations.

The results of prospective long-term follow-up studies of children with
autism (i.e., individuals that have been recognized and diagnosed before age
10 years) suggest that the development of psychosis in adolescence is rare
(only a few percent affected) (Billstedt et al., 2007; Gillberg et al., 2016;
Helles et al., 2017). However, the combined results of retrospective
community-based studies of adolescent psychosis and schizophrenia (Haller-
bäck et al., 2012; Hellgren et al., 1987) suggest that if autism remains undi-
agnosed in childhood there may well be a high rate of “psychotic breakdown”
after the childhood period.

Speech and language disorder

Most children who have delayed language development (i.e., who have no
more than a small number of expressive words, major language comprehen-
sion problems or severe dysarticulation) at age 2.5 years actually have some
kind of language disorder or another condition meeting criteria for an
ESSENCE-diagnosis (Miniscalco et al., 2018; Nygren et al., 2012). Screening
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for language delay at 2.5e3 years will identify about 4%e6% of the popu-
lation as having a language problem that requires diagnostic assessment and
intervention (Schachinger-Lorentzon et al., 2018).

Prospective longitudinal studies of children with early language delay
(recognized before age 3 years) have a very high rate of persistent ESSENCE-
problems in the early school years (ADHD, autism, intellectual disability,
dyslexia, and language problems) (Miniscalco et al., 2006) and it has been well
established in other studies that such early school-age problems are important
red flags for adolescent-onset psychosis (Hellgren et al., 1987; Petruzzelli
et al., 2018).

Developmental coordination disorder

Developmental coordination disorder is one of the most common syndromes
under the ESSENCE-umbrella, affecting at least one in 20 children at school-age.
However, of all the ESSENCE, it is still the least commonly recognized and
diagnosed syndrome. This is unfortunate because there are effective interventions
available that may well prevent the development of a lot of secondary problems,
including social exclusion, depression, anxiety, and maybe even psychosis
(Doering et al., 2019; Smits-Engelsman et al., 2018). One of the early “warning
signals” (albeit not in itself diagnostic) in developmental coordination disorder is
a delay in early motor development, such as walking unsupported. It has been
known for decades that motor milestone development has often been significantly
delayed in adolescent-onset schizophrenia (Filatova et al., 2017).

Intellectual developmental disorder and borderline intellectual
functioning

At least 2% of all young people will test under IQ 70 on a standardized IQ-test
after the age of 6 years, and, if there are associated adaptive functioning
deficits, a diagnosis of intellectual developmental disorder, is appropriate.
Another 10% have borderline intellectual functioning or learning disorder.
Borderline intellectual functioning is mentioned in the ICD-11 diagnostic
guidelines draft in individuals who fall one to two standard deviations (SD)
below the mean on standardized tests. It is not recognized as a diagnosable
disorder but as a condition requiring early intervention. Cognitive problems
severe enough to warrant a diagnosis of intellectual developmental disorder or
to fall under the category of borderline intellectual functioning should always
be acknowledged in individuals with any kind of mental health problem and
considered when laying out treatment, intervention, or education plans. This,
of course, also holds true for individuals with adolescent-onset psychosis, but
in clinical practice, this basic prerequisite for appropriately tailored person-
alized medicine is often overlooked. People with moderate to severe cognitive
problems have much higher rates of mental health problems than those with
mild or no such problems (Gillberg & Soderstrom, 2003).
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Tourette’s disorder and other tic syndromes

The combination of several motor tics and one or more vocal tics is the
symptomatic requirement for a diagnosis of Tourette’s disorder. Individuals
who present at clinics constitute about 1% of the general population and
usually have “comorbid” ADHD and/or obsessive-compulsive disorder. When
it comes to clinical severity of Tourette’s and other “simple” motor or vocal tic
disorders, the associated ADHD and/or obsessive-compulsive disorder is
usually what drives the level of overall impairment, not the tics themselves.
However, in rare cases, the tics themselves can be very severe and complex
and mimic catatonia, psychotic posturing, and psychotic intrusion of thoughts.
This, together with the added effect of severe ADHD and full-blown
obsessive-compulsive disorder, the clinical presentation can be acute psy-
chosis. For that reason, it is important to always consider whether there are
some clear motor or vocal tics and/or a family history of Tourette’s in in-
dividuals with adolescent-onset psychosis. The tics themselves should only
rarely be treated with pharmacological agents, and if so, both typical and
atypical neuroleptics are often effective. In this context, it is important to
consider the side effects of neuroleptics as a differential diagnostic condition
in individuals presenting with “psychosis and odd motor movement disorders
(including tics).”

Reactive attachment disorder and disinhibited social
engagement disorder

Some children who have been abused or neglected in early life develop
symptoms consistent with diagnoses of reactive attachment disorder (“frozen
watchfulness”) or disinhibited social engagement disorder (“overly friendly or
lacking in reticence”). The majority of these children also have other
ESSENCE (Minnis et al., 2013). Some of these children later develop psy-
chosis or are diagnosed with schizophrenia in adolescence (Picken et al.,
2010). Recent studies suggest that most of the symptomatology of
“ESSENCE” in young people with a background in maltreatment is accounted
for by genes (Dinkler et al., 2017), and that it is unlikely that the abuse and
neglect “in themselves” have caused the neurodevelopmental or psychiatric
symptoms.

Pediatric acute-onset neuropsychiatric disorder (PANS/PANDAS)

Pediatric acute-onset neuropsychiatric disorder is a diagnostic condition listed
at the US National Institute of Mental Health that should only be applied in
children with acute-onset (days-weeks) severe neuropsychiatric problems,
including obsessive-compulsive disorder/tic symptoms and/or acute-onset se-
vere feeding disorder. The disorder may be associated with streptococcal
infection or infections caused by other microorganisms, and it probably often
(albeit yet to be determined how often) is associated with autoimmune risk
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factors of various kinds, including a family history of moderate to severe
autoimmune disorders (Johnson et al., 2019). The disorder can be very difficult
to separate from adolescent-onset psychosis or catatonia and should still be
considered the remit of highly specialized clinics when it comes to definitive
diagnosis and treatment. It is usually associated with an autoimmune family
history and/or premorbid ESSENCE that may or may not have been diagnosed
long before the emergence of the “new” acute and severe symptoms.

Behavioral phenotype syndromes and neurological disorders

There are hundreds of documented genetic or otherwise prenatally caused
conditions affecting early brain development that bring about typical or rela-
tively uniform psychiatric problems or disorders. Usually, but not always,
these conditions also manifest with typical physical changes, such as minor
abnormalities in facial anatomy, heart defects, brain structure abnormalities
(Sønderby et al., 2021) and abnormalities in the skeletal structure of hands or
feet. Examples of such behavioral phenotype syndromes include Down syn-
drome, fragile X syndrome, muscular dystrophy syndromes, neurofibromatosis
tuberous sclerosis, 22q11 deletion syndrome, Noonan syndrome, XYY syn-
drome, XXX syndrome, and Turner and Klinefelter syndrome. Other syn-
dromes included in this group are fetal alcohol syndrome, fetal alcohol effects,
fetal alcohol spectrum disorder, fetal valproate syndrome (which may occur if
the mother is on valproate medication during pregnancy), and thalidomide
syndrome (Gillberg & O’Brien, 2000).

All behavioral phenotype syndromes share a number of features: (1) each is
rare (except fetal alcohol syndrome and -effects, together affecting around 1%
e2% of all children); (2) there is a known cause; (3) the affected families are
likely to know next to nothing about the condition; and (4) the affected
families will generally have a lot of valuable knowledge to share with other
families dealing with the same syndrome. In many cases (e.g., with 22q11
deletion syndrome), the behavioral phenotype syndrome is only detected after
one or multiple other ESSENCE or psychiatric diagnoses have already been
given, including autism, ADHD, intellectual developmental disorder, psy-
chosis, and schizophrenia. Health professionals should be aware that at least
1% of the population at large have some kind of behavioral phenotype syn-
drome (2%e3% or more if fetal alcohol syndrome and -effects are included),
meaning that whenever ESSENCE or adolescent-onset psychoses diagnoses
are considered, one must always consider whether a behavioral phenotype
syndrome might be the underlying cause or at least an important associated
factor. Many of these syndomes can now be addressed with specific treatment
methods. Moreover, assessing the risk of repetition in pregnancy and likely
long-term prognosis is much easier with knowledge of what exactly is causing
ESSENCE or psychosis in each individual case.
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Even though epilepsy, cerebral palsy, and muscular dystrophy disorders
(including Duchenne’s and dystrophia myotonica) are not to be seen as
“typical” behavioral phenotype syndromes (i.e., one etiology for the whole
syndrome), they are certainly neurological disorders that contribute to the
panorama of ESSENCE (Jacobs et al., 2017; Påhlman et al., 2021; Reilly et al.,
2015) and should also always be considered in the assessment and treatment of
individuals with adolescent-onset psychosis.

Substance-induced psychosis

This chapter does not deal specifically with psychotic conditions triggered by
drug or alcohol use or prescribed or nonprescribed medication use. However, it
needs to be stated here, that in all cases of adolescent-onset psychosis,
regardless of the need to assess for ESSENCE (which in itself is associated
with increased prevalence rates of drug and alcohol abuse), one must assess a
reasonable history regarding substance uses of various kinds. It is important in
this context to be aware that some medications used routinely in pediatric and
adolescent medicine practice, can be triggers of even severe psychotic
symptoms. Overmedication for allergies and sleep problems (e.g., steroids for
asthma, and a number of psychopharmacological medications, including the
benzodiazepines) can contribute to, or themselves be the major cause of what
appears at first to be “psychotic breakdown.”

When should one suspect an ESSENCE disorder?

Children, adolescents, or adults for that matter, having shown signs or
symptoms of unusual or atypical development, behavioral disorder, mood
problems, or psychotic symptoms severe enough to have caused concern for
parents or others in the child’s environment, have ESSENCE-related problems
in the majority of cases. The symptoms and concerns have in most cases been
present for many months or years. However, symptoms can also appear sud-
denly, over the course of just a few days, in a child who initially showed
completely “normal” development, such as in the case of pediatric acute-onset
neuropsychiatric disorder. All children with long-term or extremely acute-
onset problems of the kinds listed in Table 5.2 should be subjected to some
kind of developmental evaluation/screen for all the possible ESSENCE syn-
dromes (Gillberg, 2021). This could be done by using one or more of the
validated screening instruments in the first clinical assessment regardless of
which presenting major symptom has led to the clinical assessment, acute or
otherwise. The best-validated instruments in the field are the ESSENCE-Q
(Cederlund, 2022; Hatakenaka et al., 2020), the A-TAC (Hansson et al.,
2005), and the Five-To-Fifteen (Kadesjö et al., 2004) which exist in different
versions for different age groups and different informants.
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Outcome of ESSENCE

Long-term follow-up of children with any of the diagnoses of autism spectrum
disorder, language disorder, intellectual developmental disorder, learning
problems, or ADHD has demonstrated that in many cases the fundamental
problems outlined under these diagnostic categories (social interaction diffi-
culties, communication problems, learning difficulties, reading and writing
difficulties (dyslexia), isolated hyperlexia, motor coordination problems, and
attention disorders) remain through adolescence and into adulthood, even in
cases for whom all diagnostic criteria necessary to make the individual
diagnosis no longer apply. We also know that the mortality rate is elevated,
even though the vast majority will live to old age (Gillberg, 2021).

Taken together, at least 6%e8% of the adolescent and adult population still
have diagnosable ESSENCE problems long after childhood. The majority of
adults with ESSENCE, particularly if undiagnosed and untreated during

TABLE 5.2 Problems of concern that might indicate ESSENCE.

Concern regarding the child’s

development Example

General development Late

Motordmovement Poor coordination, delayed, low muscle
tone, little mimicry

Communicationdspeech Little babbling, delayed or no speech,
monotone

Social interactiondcontact Little or no interaction, does not initiate
contact

Activitydimpulsivity Extremely active or inactive, extremely
impulsive

Attentiondconcentration Flimsy, never there, in his/her own world,
cannot concentrate

Behavior Stereotypical movements, cannot tolerate
routine change

Mood Extreme mood instability

Sleep Extreme sleep disturbance that has lasted
many months

Feeding Major feeding problems that have lasted
many months

Sensory reaction Over- or underreacting to sounds, smells,
light, touch, pain, heat, cold, etc.
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childhood and the early teenage period, will sooner or later meet criteria for an
additional diagnosisdincluding psychosis, depression, anxiety, pain disorder,
personality disorder (antisocial, avoidant, borderline, etc.), and drug addiction
(Biederman et al., 2003).

The results of some studies indirectly suggest that an early diagnosis of
autism spectrum disorder, with adequate intervention measures put in place
before adolescence, might reduce stress to such an extent that psychotic
symptoms or disorders, including schizophrenia, might be prevented (Haller-
bäck et al., 2012). If these results are borne out by other studies, then one of
the most important public health interventions, or preventive measures, when
it comes to lessening the burdens for individuals affected by adolescent-onset
psychosis, would be early identification of autism (and perhaps other
ESSENCE).

How to deal with ESSENCE specifically in the context of
early-onset psychosis

Any individual presenting with psychotic symptoms during the teenage period
must be screened for ESSENCE as part of the postacute psychiatric
assessment.

In the acute phase of the disorder, parents, siblings or other people who
have known the young person during early childhood will usually be the best
sources of screening information. Questionnaires are often very helpful. Using
validated screening instruments such as the ESSENCE-Q, A-TAC, and Five To
15, will help in honing in on the core syndromes of autism spectrum disorder,
ADHD, intellectual developmental disorder and developmental coordination
disorder, and in making decisions as to who should receive a more in-depth
assessment of what type of problem. The majority of individuals with
adolescent-onset psychosis will probably screen positive for one or more of the
ESSENCE categories. Further in-depth assessment needed will have to be
individualized and guided not only by scores on the questionnaires mentioned,
but on early developmental history, academic results and neuromotor exami-
nation of the individual. This latter part should also include a screen for minor
physical anomalies and a consideration of the need for further work-up
regarding possible underlying behavioral phenotype syndromes, including
fragile X-syndrome, chromosome 15q.11 deletion, and 22q11 deletion
syndromes.

ESSENCE-D (Landberg et al., 2021) is a new semi-structured,
investigator-based interview for providing sufficient information to make
preliminary diagnoses of ADHD, autism spectrum disorder, developmental
coordination disorder, and Tourette’s syndrome. It is currently undergoing
validation in several countries.

Individuals with adolescent-onset psychosis should be considered for
neuropsychological assessment after the acute phase of psychotic symptoms
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has been treated or overcome. This should usually include testing with one of
the best-established cognitive batteries, such as the Wechsler Intelligence
Scale for Children (WISC) (Wechsler, 2014), the Wechsler Adult Intelligence
Scale (WAIS) (Wechsler, 2008), or the MATRICS Consensus Cognitive Bat-
tery (Nuechterlein et al., 2008). More information regarding the use of these
cognitive batteries in adolescents with early-onset psychosis is described in
Chapter 6.

Implications of further intervention/treatment approaches

For virtually all the disorders subsumed under the ESSENCE umbrella, there
are helpful interventions/treatments. Some of these, such as stimulant medi-
cation for ADHD, and focused motor task training for developmental coor-
dination disorder, have been shown to have short-, intermediate- and long-term
positive effects that have led to significantly improved outcomes both in terms
of symptom reduction, quality of life, decreased antisocial tendencies, lower
rates of severe psychiatric disorders in adult life and increased survival rates
(Gillberg, 2021). It is therefore not appropriate to see such interventions or
treatments as “second-line” or “try-only-when-we-have-tried-everything-else.”

Future directions

There is a need for all services involved in assessing and treating adolescent-
onset psychosis to adopt the ESSENCE perspective from the start, to expect
that such psychosis is usually not a circumscribed single disorder with a time-
limited course or a one-treatment-for-all condition. Instead, it should be seen
as an episodic or complex disorder that has usually been preceded by moderate
to major early childhood problems, that will need a long-term approach to
intervention and follow-up. Healthcare services, especially within psychiatry,
need to organize themselves to be prepared for this situation, so that young
people and their next-of-kin can expect to be approached in a holistic way,
both as regards assessment and treatment, and long-term follow-up.

In terms of clinical research, there is an additional need to explore estab-
lished treatment strategies for underlying ESSENCE in the overall design of
new intervention studies aimed to treat psychotic symptoms.
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Introduction

Early-onset psychosis (EOP) is an umbrella term for psychotic disorders with a
debut before 18 years of age (Werry et al., 1991). The clinical presentation of
EOP in children and adolescents is similar to psychotic disorders in adults, in
which cognitive impairment is considered a central feature (Kahn & Keefe,
2013). Diagnoses included in EOP comprise nonaffective disorders (e.g.,
schizophrenia and schizoaffective disorder) and affective disorders (e.g., bi-
polar and major depressive disorders with psychotic features). Cognitive
research in children and adolescents with EOP has mainly included individuals
with nonaffective disorders, and especially schizophrenia. Thus, the majority
of EOP research reviewed in this chapter includes youth with nonaffective
EOP. When presenting studies including people with affective EOP, such as
bipolar disorder, we will specify this.

Cognition is the common term covering both neurocognition and social
cognition. Neurocognition encompasses the mental processes involved in
rational thinking and information processing, such as attention, memory,
problem solving, and language processing. More recently, social cognition has
also become a cognitive domain of increasing interest in psychotic disorders.
Social cognition has been defined as “the mental operations that underlie
social interactions, including perceiving, interpreting and generating responses
to the intentions, dispositions and behaviors of others” (Green et al., 2008).
Cognitive deficits are typically more frequent and severe in patients with
schizophrenia-spectrum disorders, but they are also evident in patients with
bipolar disorder (Bora & Pantelis, 2016; Demmo et al., 2016). Moreover,
studies of adolescents with EOP have documented impairments that are
comparable, or larger, in magnitude to what is found in adult-onset illness
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(Nieto & Castellanos, 2011; Rajji et al., 2009; Smelror et al., 2021). Today,
cognitive dysfunction is considered a core feature of psychotic disorders, and
not secondary to clinical symptoms, medication effects, or other illness-related
factors (Gold, 2004; Robinson et al., 2006; Seidman & Mirsky, 2017).
Cognitive impairments are also consistently found to be associated with
impaired daily functioning in children, adolescents, and adults with psychotic
disorders (Bowie et al., 2006; Depp et al., 2012; Green, 1996; Rajji et al.,
2014; Smelror et al., 2020), underlining the importance of focusing on this
feature in clinical practice.

Relevant cognitive domains

In 2002, the US National Institute of Mental Health (NIMH) established an
initiative to assist the development of psychopharmacological treatments that
could improve cognitive functioning in individuals with schizophrenia
(Marder & Fenton, 2004). To systematically test pharmacological effects in
clinical trials, there was a need for a consensus-driven, reliable, and valid
cognitive test battery that covered the most relevant cognitive domains for
patients with schizophrenia (Kern et al., 2004). To this end, a panel of leading
experts in the field of neuroscience and cognitive research agreed on seven
cognitive domains: processing speed, working memory, verbal/visual learning
and memory, attention/vigilance, reasoning and problem-solving (part of ex-
ecutive functions), and social cognition (Green et al., 2004). In the following
section, we describe these domains in more detail and review findings for
young people with EOP.

Processing speed

Processing speed is the ability to process mental information effectively in an
appropriate tempo. Adequate processing speed (including reaction time and
psychomotor speed) is essential in most cognitive operations, such as attention
and working memory (Lezak et al., 2012). While other cognitive domains, to a
larger degree, are more related to specific brain regions (e.g., executive tests
and dorsolateral prefrontal cortex [DLPFC]), processing speed seems to
involve the integration and coordination of distributed brain networks (Dick-
inson, 2008). Thus, it is not a unitary construct involving a single neural
network but a result of a coordinated activity across multiple networks (Eckert
et al., 2010).

Impaired processing speed is consistently found to be the most impaired
cognitive domain in adolescents with EOP, including bipolar disorder (Nieto &
Castellanos, 2011; Smelror et al., 2021; Victoria et al., 2019). Impairment in
this domain is also found in community-based adolescents with psychotic
symptoms (Kelleher et al., 2013), and in adults with schizophrenia, from
premorbid to chronic phases (Sheffield et al., 2018). Adolescents with EOP
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show the largest processing speed deficits when compared to other children
and adolescents with disorders such as attention-deficit/hyperactivity disorder
(ADHD), autism spectrum disorder, obsessive compulsive disorder, major
depressive disorder, and posttraumatic stress disorder (Braaten et al., 2020;
East-Richard et al., 2020). As processing speed deficits are common in neu-
rodevelopmental disorders, such as ADHD and autism spectrum disorder, and
share underlying genetic liability with psychosis (Elia et al., 2010), impair-
ment in this domain may be a transdiagnostic marker for the development of
neurodevelopmental disorders.

Learning and memory

Learning entails the acquisition of information while memory involves the
retention of information (Lieberman, 2021). Learning and memory includes a
range of different components, which are associated with different brain re-
gions (Squire, 2004). Encoding (learning) and consolidation (memory) of facts
and events have consistently been associated with structures in the medial
temporal lobe, particularly the hippocampus (Eldridge et al., 2000). However,
the prefrontal cortex also plays a crucial role in this process (Barch, 2005), and
it has been proposed that the medial prefrontal cortex functions as a filter to
sort information relevant enough to be retained in the long-term memory
system (Takehara-Nishiuchi, 2020).

Learning and memory (particularly verbal learning/memory) are of unique
interest in adolescents and adults with psychotic disorders. Impairment in this
domain has been associated with reduced functional outcome (Depp et al.,
2012; Green, 1996; Smelror et al., 2020), earlier age of onset (Tuulio-
Henriksson et al., 2004) and is one of the earliest predictors of conversion
to full-blown psychosis in individuals at clinical high-risk (Carrión et al.,
2018; Seidman et al., 2016).

Working memory

In 1974, Baddeley and Hitch introduced the term “working memory” as a
replacement for “short-term memory,” suggesting that working memory is a
control system of both storage and mental processing (Baddeley & Hitch,
1974). Working memory can therefore be defined as the ability to temporarily
store and manipulate information, hence involving executive functions and
focused attention (Conway et al., 2003; Lezak et al., 2012). Functional mag-
netic resonance imaging (fMRI) studies have demonstrated that working
memory deficits are associated with a dysregulation in the DLPFC (Glahn
et al., 2005), and that impaired working memory performance occurs, for the
most part, during the information encoding process (Bittner et al., 2015; Mayer
& Park, 2012).
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In a recent study including a large sample of adolescents with nonaffective
EOP (N ¼ 71), working memory was the second-most impaired domain after
processing speed (Smelror et al., 2021). This finding is in accordance with a
previous meta-analysis where young people with nonaffective EOP and bipolar
disorder were included and compared. In this study, impaired working memory
was the third largest deficit, after processing speed and attention (non-affective
EOP), and verbal learning (bipolar disorder) (Nieto & Castellanos, 2011).

Attention

Attentional capacity is involved in most mental activities and is difficult to
define as a single construct. As an example, the amount of information the
attentional system can process (i.e., working memory) depends on how fast it
operates (i.e., processing speed) (Lezak et al., 2012). As such, the human
attentional system is very complex and involves a wide range of brain regions
(for more information, see Petersen & Posner, 2012). However, when
assessing cognition, attention is often referred to as the ability to sustain
focused attention over time (concentration) while remaining vigilant to target
stimuli (Lezak et al., 2012). A meta-analysis found that vigilance was asso-
ciated with a right-lateralized extended cortico-subcortical network (Langner
& Eickhoff, 2013), indicating that vigilant performance is specifically related
to the right hemisphere.

In adolescents with nonaffective EOP, vigilance is often found to be one of
the most impaired domains, while a more modest impairment is found for
adolescents with bipolar disorder (Nieto & Castellanos, 2011; Smelror et al.,
2021). However, results are mixed as some studies, only including patients
with schizophrenia have not found an impairment in this domain relative to
healthy controls (Kravariti et al., 2003; Ueland et al., 2004; Øie & Rund,
1999).

Executive functions

Executive functions are complex, higher-order cognitive abilities,
meaning that they are voluntary and effortful multidimensional control pro-
cesses (Paz-Alonso et al., 2014). They are crucial for monitoring, planning,
problem-solving, decision-making, and performance of socially appropriate
and purposive behavior (Lezak et al., 2012). As such, all activities, except for
the most basic and routinized, involve some degree of executive functioning
(Burgess, 2010, pp. 349e368). Executive functioning is closely related to the
frontal cortex but as with most cognitive domains, these functions also depend
on neural networks, particularly the cortico-striatal circuitry (Elliott, 2003).
Due to their associations with the prefrontal cortex, a brain region strongly
maturing during adolescence, executive functions are of particular interest in
adolescents with EOP. Alterations in the maturational pattern of this brain
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region during adolescence may be a contributing factor to the development of
psychotic disorders (Gogtay et al., 2004). As executive functions are
comprised of several components, different tests are used to assess this
domain, which in turn may affect the results. Two executive subfunctions often
measured in adolescents with EOP are planning/problem-solving and decision-
making/mental flexibility.

In general, these executive components are consistently found to be
impaired in adolescents with EOP (Smelror et al., 2021; Ueland et al., 2004;
Victoria et al., 2019; Zabala et al., 2010; Øie & Rund, 1999). In a previous
study, executive functions (i.e., mental flexibility and response inhibition) were
compared between adolescents with EOP, adults with schizophrenia, and
healthy adolescents and adults. The results showed that both adolescent and
adult patients had significantly lower executive performance compared to their
age-matched healthy controls (Holmén et al., 2012). However, when con-
trolling for the performance level of their age-matched healthy controls, no
differences were found between the clinical groups, indicating that the same
level of executive dysfunction is present in adolescents and adults with psy-
chotic disorders (Holmén et al., 2012).

Social cognition

Social cognition consists of several subdomains including: (1) emotion pro-
cessing (the ability to perceive and use emotions); (2) social perception (the
ability to identify social roles, rules and context); (3) theory of mind (the
ability to infer intentions, dispositions and beliefs of other persons); and (4)
attributional bias/style (how a person interprets causes of negative and positive
events) (Green et al., 2008). Social cognition has become a major research
focus in the study of cognitive function in people with psychotic disorders
across age. Substantial impairments have been documented in the three first
domains in adults with schizophrenia with less evidence of impairments in
attributional style (Savla et al., 2013). Studies of adults with bipolar disorder
have also documented social cognitive impairments with the largest effect size
for emotion recognition and theory of mind (Gillissie et al., 2022). A meta-
analysis comparing social cognition between adults with bipolar disorder
and schizophrenia showed results that largely mirrored the findings in other
cognitive domains, namely milder impairments in the group with bipolar
disorder than with schizophrenia (Bora & Pantelis, 2016). Social cognition has
also been investigated in individuals at clinical high-risk and first-episode
psychosis (Friedman-Yakoobian et al., 2019; Glenthøj et al., 2020; Kurtz
et al., 2016; Nijman et al., 2020), but to our knowledge very few studies have
included adolescents with EOP. A meta-analysis of patients with early-onset
and first-episode psychosis found impairments in facial emotion identifica-
tion relative to healthy controls (Barkl et al., 2014). Unfortunately, norms for
social cognitive tests primarily include adults and are not necessarily age
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appropriate for adolescents. For instance, the Mayer-Salovey-Caruso
Emotional Intelligence Test (MSCEIT): Managing emotions (Mayer et al.,
2002), which is the social cognitive test included in the MATRICS Consensus
Cognitive Battery (Nuechterlein et al., 2008), discussed later in this chapter,
has been found less suitable for use in adolescents (Holmén et al., 2010).

Intelligence quotient (IQ)

Current knowledge of brain functioning and organization makes a unitary
concept of intelligence less informative and partly irrelevant, as it is impos-
sible to predict specific cognitive strengths and weaknesses based on an
average composite score (Lezak et al., 2012). However, the concept of IQ has a
long history (e.g., Binet & Simon, 1948; Spearman, 1904) and remains
influential. Thus, IQ is still included as an outcome measure in many cognitive
studies. When comparing IQ between patients with EOP and healthy controls,
the patients most often demonstrate significant deficits of about one standard
deviation below the healthy reference group (Fagerlund et al., 2006; Hollis,
2000). A typical discussion with regard to IQ/cognitive composite scores in
people with psychotic disorders is whether the cognitive impairments are
global across domains, or if they are domain specific. The studies to date
indicate that both adolescents with EOP (particularly schizophrenia) and
adults with schizophrenia suffer from a global cognitive impairment when
compared to age-matched healthy controls, although results are mixed
(Fagerlund et al., 2006).

The neurobiology of cognition

A single neuron in the brain might be connected with thousands of other
neurons and thus be involved in the highly complex network of synapses
underlying cognitive functioning and behavior (Lezak et al., 2012). If neurons
misfire or misconnect, they can produce significant changes in brain connec-
tivity and functioning (Izhikevich & Edelman, 2008). Thus, knowledge about
brain connectivity is vital in the understanding of cognitive functioning in
general, and for psychotic disorders in particular. This is especially relevant for
EOP, as adolescence is a period of substantial brain development and matu-
ration (Blakemore & Choudhury, 2006). Although we know that efficient
cognitive functioning is depended on the integrity of dynamic brain networks
(Heinrichs, 2005; Kelly et al., 2019), little is known about how psychotic
disorders compromise the normal functioning of these networks (Harrison &
Weinberger, 2005). Brain imaging (MRI) studies have shown associations
between structural and white matter abnormalities, and cognitive performance
in people with early- and adult-onset psychotic disorders (Antoniades et al.,
2018; Epstein et al., 2014; Jirsaraie et al., 2018; Juuhl-Langseth et al., 2015),
but predictable, consistent associations between brain abnormalities and
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cognitive processes are yet to be determined (Heinrichs, 2005; Jirsaraie et al.,
2018; Larsen & Luna, 2018). Furthermore, why individuals with psychotic
disorders have deficits across cognitive domains and brain regions, also re-
mains largely unknown. It has been suggested that a common underlying
factor of cognitive deficits in these individuals is aberrant functioning in the
corticalesubcorticalecerebellar circuitry (Andreasen et al., 1998). More
specifically, the DLPFC and its connectivity to other brain regions and net-
works appears particularly relevant (Barch & Ceaser, 2012; Lesh et al., 2011).
Further large-scale studies are needed before consistent conclusions can be
drawn regarding the brain-behavior relationship of cognition (Jirsaraie et al.,
2018).

Cognitive course

Atypical cognitive development can be observed from infancy throughout
childhood and adolescence in premorbid individuals who later develop a
psychotic disorder (Fuller et al., 2002; Mollon et al., 2018; Reichenberg et al.,
2010; Trotta et al., 2015). It has been suggested that EOP may be a more
severe form of illness associated with a poorer clinical outcome than adult-
onset illness (Clemmensen et al., 2012; Werry et al., 1991). An important
question pertaining to illness course is whether cognitive dysfunction over
time is progressive in adolescents with EOP or has the same relatively stable
course as in individuals with adult-onset schizophrenia and bipolar disorder
(Bora & Özerdem, 2017; Bozikas & Andreou, 2011). As adolescents are still
developing, it is important to use age-appropriate norms or age-matched
healthy controls when investigating the cognitive course in this group. In
general, cross-sectional studies of typical cognitive development have
demonstrated increasing performance throughout childhood and adolescence
(Gur et al., 2012; Nitzburg et al., 2014; Smelror et al., 2019; Stone et al., 2016;
Waber et al., 2007). For most cognitive domains, the age effects in normative
samples are quadratic, meaning that cognitive performance increases more
rapidly among younger individuals and flattens out during middle/late
adolescence.

A fair number of studies have investigated the longitudinal cognitive
course in people with EOP. In general, studies find continuously impaired
albeit relatively stable cognitive performance after the onset of illness (Cer-
vellione et al., 2007; Frangou et al., 2008; Jepsen et al., 2010; Teigset et al.,
2018; Øie et al., 2021). Most studies show slight increases in performance over
time but less so than what is found in healthy adolescents in studies including
control groups. Furthermore, some studies have shown deterioration in some
functions, such as verbal learning and memory (Frangou et al., 2008; Øie et al.,
2010). A study including adolescents with schizophrenia, bipolar disorder,
schizoaffective disorder, and psychotic disorder not otherwise specified, found
that all groups were equally impaired on measures of attention, working
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memory, learning and memory, executive functions and a global composite
score, compared to a healthy control group (Bombin et al., 2013). The clinical
groups improved equally over the 2-year period in all cognitive domains
except working memory, although they remained impaired across all domains
relative to healthy controls.

In sum, these findings generally indicate a similar degree of stability in
cognitive performance in adolescents with EOP, as is found in adult patients
(Holmén et al., 2012). Furthermore, relative to healthy controls the cognitive
performance in youth with EOP is impaired throughout adolescence, indi-
cating a developmental lag in performance but not a deteriorating course. The
fact that the cognitive performance is relatively stable and does not deteriorate
over time in patients with EOP indicates a neurodevelopmental origin (Øie
et al., 2021).

Sex differences in cognitive functioning

There is no clear consensus regarding sex differences in cognitive functioning
among patients with psychotic disorders across age. The sex differences found
in individuals with schizophrenia tend to reflect the differences found in
typical cognitive functioning. Generally, when sex differences are found, fe-
males tend to perform better than males on tests measuring processing speed,
verbal learning and memory, and social cognition, while males tend to perform
better on visuospatial and perceptual tests (Gur et al., 2012; Kern et al., 2008;
Pérez-Garza et al., 2016; Smelror et al., 2019, 2021; Waber et al., 2007).
However, it is worth noting that several studies of adolescents with EOP have
not found any significant sex differences in cognitive performance (Kravariti
et al., 2003; Ruiz-Veguilla et al., 2017).

Cognition and symptoms

Although varying in correlational strength, cognitive deficits are consistently
found to be associated with characteristic symptoms of psychotic disorders.
Generally, the most consistent associations are found for negative and disor-
ganized symptoms, and less for positive symptoms. In a systematic review
including more than 5000 individuals (mean age 35 years) with nonaffective
psychotic disorders, negative and disorganized symptoms were significantly
associated with deficits in cognitive domains, such as processing speed,
attention, learning and memory, and executive functions (de Gracia Domi-
nguez et al., 2009). Performance on verbal fluency tests demonstrated the
strongest associations with negative symptoms, while disorganized symptoms
were strongest correlated with tests measuring executive functions and
attention. In the same review, positive symptoms were only significantly
correlated with processing speed (de Gracia Dominguez et al., 2009). Fewer
studies have examined associations between cognition and symptoms solely in
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individuals with EOP. However, in the studies investigating this, the same
pattern of associations emerges for adolescents as for adults, with significant
associations with negative and disorganized symptoms, and less for positive
symptoms (Huang et al., 2016; Mørch-Johnsen et al., 2022; Puig et al., 2017;
Rhinewine et al., 2005; Smelror et al., 2020). In a recent study including
adolescents with nonaffective EOP, we investigated associations between
cognitive functioning and two established negative symptom domains (apathy
and diminished expression). In this study, we found significant associations
between higher levels of apathy and diminished expression, and impaired
verbal learning (Mørch-Johnsen et al., 2022). As discussed earlier in this
chapter, verbal learning impairment in adolescents with EOP is of particular
interest due to its association with an earlier age of onset, worse functional
outcome, and its role as predictor of conversion to psychosis among in-
dividuals at clinical high-risk. Hence, adolescents presenting with both
negative symptoms and verbal learning deficits may represent a more
vulnerable subgroup with increased risk of functional impairment, and anti-
psychotic treatment failure (Downs et al., 2019). This group could benefit from
treatments such as cognitive remediation, in addition to antipsychotic
medication.

Cognition and functional outcome

Functional outcome is a broad term encompassing various aspects of daily
living such as community, occupational, academic, and social functioning.
Due to the age of onset in individuals with EOP, there is an increased risk of
early disruption of psychosocial development which can negatively impact
functional outcome. Functional outcome in individuals with EOP has indeed
been reported to be poor in several studies (Clemmensen et al., 2012; Werry
et al., 1991), although some have reported better outcomes which have been
attributed to the implementation of early intervention strategies (Amminger
et al., 2011). Nevertheless, identification of factors related to poor functional
outcome in this group is particularly important. Cognitive functioning is
consistently found to be associated with functional outcomes in adults with
schizophrenia and bipolar disorder (Lepage et al., 2014; Martinez-Aran et al.,
2007). Several studies have documented that these associations also pertain to
adolescents with EOP. In a recent study, we found a significant association
between verbal learning deficits and impaired global functioning in adoles-
cents with EOP (Smelror et al., 2020). Øie and colleagues investigated the
long-term relationship between cognitive functioning and functional outcome
in a 13-year follow-up study of individuals with early-onset schizophrenia and
ADHD. Baseline memory, attention, and executive functioning were positively
correlated with social and community functioning in the group with schizo-
phrenia at the 13-year follow-up (Øie et al., 2011). Similar correlations were
also evident in the ADHD group, although to a lesser, nonsignificant degree. A
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similar study of adolescents with early-onset schizophrenia found positive
correlations between baseline attention, working memory, and verbal memory,
and social/communication, personal living, and community living skills at
follow-up (Cervellione et al., 2007). The relationships between these cognitive
domains and functional outcome were stronger than with a global measure of
intelligence (Cervellione et al., 2007).

Social cognition is also associated with functional outcome in adults with
schizophrenia and bipolar disorder (Horan et al., 2012; Vlad et al., 2018), and
even more so than neurocognition in some studies, at least in schizophrenia
(Fett et al., 2011). The association between social cognition and functional
outcome has to our knowledge not specifically been investigated in adoles-
cents with EOP.

Cognitive assessment

Given the prevalence of cognitive impairment in adolescents with EOP and its
documented impact on functional outcome, a neuropsychological evaluation
should be included as part of the overall assessment of these persons. The
information obtained can provide valuable input for treatment, rehabilitation,
and academic planning. If a full neuropsychological assessment is not possible,
a shorter cognitive screening covering the most relevant domains can be useful.
Obtaining information about the individuals’ subjective experience of cognitive
functioning and information from family members, teachers and other relevant
persons who know the adolescent, can also provide valuable information.
Structured questionnaires such as the Behavior Rating Inventory of Executive
Function (BRIEF) Second Edition (Gioia et al., 2015), can be useful to assess
executive functioning in the home and academic environments.

In the next section, we will outline some common cognitive test batteries
used in research on psychotic disorders. It is important to note that most of
these are not free of charge, and several do not provide adolescent norms,
although some have been developed in recent years (Smelror et al., 2019).

The Wechsler Intelligence Scales for children and adults

David Wechsler’s test batteries, the Wechsler Adult Intelligence Scale, fourth
edition (WAIS-IV) (Wechsler, 2008), and the Wechsler Intelligence Scale for
Children, fifth edition (WISCeV) (Wechsler, 2014), are among the most
widely used cognitive tests batteries for assessing intellectual/cognitive ca-
pacity, across contexts and clinical syndromes. In the WAIS-IV and WISC-V,
the two-factor verbal and perceptual IQ has been replaced with four index
scales (i.e., cognitive domains), in line with current intelligence research
(Weiss et al., 2010), each including two to three subtests. The WAIS provides
healthy reference norms from 16 to 90 years of age, while the WISC provides
healthy norms from 6 to 16 years of age.
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The MATRICS Consensus Cognitive Battery

One of the results from the NIMH initiative, mentioned previously in the
chapter, was the MATRICS Consensus Cognitive Battery (MCCB) (Kern
et al., 2004; Nuechterlein et al., 2004, 2008). The MCCB is a hybrid cognitive
battery comprised of 10 existing tests selected from other batteries, across
seven cognitive domains consistently found to be impaired in patients with
schizophrenia. The developers of the MCCB have published healthy norms for
adults from 20 to 65 years of age (Kern et al., 2008). However, as the MCCB
also was increasingly used to assess cognition in adolescents EOP, there was a
need to develop age-appropriate norms for this age group as well. To fill this
gap, we developed standardized scores for the MCCB for adolescents from 11
to 19 years of age (Smelror et al., 2019). By providing a healthy adolescent
reference for the MCCB, researchers can examine patterns of cognitive per-
formance between domains, compare findings and combine clinical samples
across research groups. Hopefully this can contribute to an improved under-
standing of the maturing neurobiological processes that underlie the cognitive
functioning among adolescents with EOP.

Other cognitive batteries for schizophrenia

Other cognitive batteries relevant for schizophrenia are the Cambridge Neu-
ropsychological Test Automated Battery (CANTAB) (Fray et al., 1996;
Robbins et al., 2004), the Repeatable Battery for the Assessment of Neuro-
psychological Status (RBANS) (Randolph et al., 1998), the CogState battery
(Maruff et al., 2009; Pietrzak et al., 2009; Westerman et al., 2001), and the
CogTest battery (Cogtest, 2022). Common for these batteries is that they
provide digital tests, which may be an advantage in certain settings. The
CogTest platform has also incorporated and digitalized the Brief Assessment
of Cognition in Schizophrenia (BACS) battery (Keefe et al., 2004). To our
knowledge, RBANS is the only of these batteries with available healthy
reference data for adolescents.

Clinical implications

Pharmacological treatment

Current antipsychotic medications demonstrate no or minimal effect on
improving cognitive functioning in individuals with psychotic disorders
(Brown et al., 2016; Frazier et al., 2012; Goldberg et al., 2007). Adolescence is
characterized by maturing neurotransmitter systems such as dopamine, stabi-
lization and fine tuning of synapses, and integration between early- and late-
maturing brain structures (Keshavan et al., 2014; Schalbetter et al., 2022).
Thus, the use of pharmacological treatment in youth with EOP raises unique
concerns regarding clinical response and potential side effects (Kumra et al.,
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2008). As young individuals appear more sensitive to adverse side effects than
adults (Bernagie et al., 2016; Cohen et al., 2012), second-generation anti-
psychotics are usually preferred for young people with EOP (Kumar et al.,
2013; Kumra et al., 2008). Furthermore, second-generation antipsychotics
have demonstrated better effects for improving cognitive functioning in adults
relative to first-generation antipsychotics (Baldez et al., 2021). On the other
side, a meta-analysis including randomized controlled trials of second-
generation antipsychotics found no effects on cognitive performance for any
of the included medications (Nielsen et al., 2015). There is limited evidence
for which antipsychotic medication that is best for sparing or improving
cognitive functioning in individuals with EOP (Kumar et al., 2013; Nielsen
et al., 2015). Thus, development of new pharmacological agents targeting
cognition and functional recovery in these patients continues to be important
(Hofer & Fleischhacker, 2010).

Cognitive remediation

The Cognitive Remediation Experts Workshop has defined cognitive remedia-
tion as a “behavioral training-based intervention that aims to improve cognitive
processes with the goal of durability and generalization” (Bowie et al., 2020).
Core elements of cognitive remediation include repeated practice on cognitive
exercises (paper and pencil or computer), the presence of an active therapist to
facilitate training, employment of procedures to develop cognitive strategies,
and to facilitate transfer from training to real world functioning (Bowie et al.,
2020). Cognitive remediation is considered an evidence-based approach for
improving cognition and functional outcome for adults with psychotic disorders
(Vita et al., 2021). Several studies have shown positive effects of cognitive
remediation in individuals at clinical high-risk for psychosis (Friedman-
Yakoobian et al., 2019; Glenthøj et al., 2017) as well as in individuals with
first-episode psychosis (Revell et al., 2015). Positive effects of cognitive
remediation have also been found for cognition in adolescents with EOP,
although results are mixed regarding functional outcome (Anagnostopoulou
et al., 2019). In a study of adolescents with EOP, improved performance was
found on one task measuring attention in the cognitive remediation group
(n ¼ 14) at 1-year follow-up (Ueland & Rund, 2005). No significant differences
were found for other tasks measuring attention, memory, executive functions, or
functional outcome (Ueland & Rund, 2005). Furthermore, in a randomized
controlled trial of adolescents with early-onset schizophrenia, Puig et al. (2014)
found significant improvements in verbal memory, executive functions, and
functional outcome in the cognitive remediation group (n ¼ 25). However, at 3-
month follow-up the effect on functional outcome was diminished. In another
randomized controlled trial of adolescents at clinical high-risk and EOP, Holzer
et al. (2014) found significant improvements in visuospatial abilities in the
cognitive remediation group (n ¼ 15). No significant differences were found for
other cognitive domains or functional outcome.
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There is a strong rationale for implementing cognitive remediation in ad-
olescents with EOP in terms of the established link between cognition and
functional outcome and increased brain plasticity (Puig et al., 2014). In a
meta-analysis of cognitive remediation for patients with early phase schizo-
phrenia (3 of 11 studies included participants with EOP), Revell et al. (2015)
found beneficial effects on cognition, symptoms, and functioning. As found in
adults (Vita et al., 2021), the effects of cognitive remediation on daily func-
tioning particularly applied when the interventions were delivered in combi-
nation with other psychosocial rehabilitation strategies. The effects were
nevertheless smaller than what has been found in studies of participants with
chronic schizophrenia. The authors argued that this was due to participant
characteristics and methodological issues such as small sample sizes (Revell
et al., 2015).

More recently, specific social cognitive training programs have also been
developed. Social cognitive training programs use a variety of intervention
methods such as drill and practice of tasks with social stimuli, role-playing,
strategy training, and psychoeducation. Some programs target only one social
cognitive domain while others are broad-based targeting several domains
(Kurtz et al., 2016; Nijman et al., 2020). These programs show promise
although less studied than traditional cognitive remediation programs targeting
neurocognition. Several studies of social cognitive training for high-risk
samples have been conducted (Friedman-Yakoobian et al., 2019; Glenthøj
et al., 2020), but very few for young people with EOP. One recent study found
that a combination of social cognition and interaction training (SCIT) and
antipsychotic medication (paliperidone) was superior to antipsychotic medi-
cation alone for improving cognitive function (neuro- and social) in patients
with early-onset schizophrenia (Li et al., 2020).

Psychoeducation

Psychoeducation can be defined as systematic, didactic psychotherapeutic
interventions, aimed at informing patients and their families about their dis-
order and its treatment (Bäuml et al., 2006). Educating patients and families
about cognition and how cognitive impairments can affect school perfor-
mance, social interactions, and other aspects of daily living, should be an
integral part of psychoeducation. This may improve awareness and provide an
understanding of the adolescents’ struggles beyond symptom management.
Psychoeducation also aims to empower patients by helping them find meaning
and constructive attitudes toward their illness (Morin & Franck, 2017). Hence,
increased knowledge about their disorder, including knowledge about cogni-
tive functioning, can facilitate increased motivation to learn supportive tech-
niques and strategies to compensate for cognitive impairments.
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Future directions

Moving forward, several areas of cognitive research in psychotic disorders have
great potential. First, there is a need for increased knowledge about the neural
mechanisms underlying cognitive functioning and to recognize cognition as a
treatment target for patients with psychosis (McCleery & Nuechterlein, 2019).
Second, more research on social cognition in adolescents with EOP is called for,
particularly considering the documented association between social cognition
and functional outcome (Fett et al., 2011). Third, with the development of
advanced statistical models, we see a shift in focus from investigating group
differences to examining subgroups and individual level performance (i.e.,
precision medicine). This also includes the development of improved prediction
models (“risk calculators”) with cognitive parameters (Koutsouleris et al., 2018).
Fourth, the rapid development of digital technology may play an important role
in future cognitive research. Cognitive training in virtual reality environments or
as smartphone applications are examples of digital interventions that may prove
useful for improving cognitive functioning (Bell et al., 2022). Furthermore,
digital phenotyping, which is the momentary quantification of behavior using
digital tools (Torous et al., 2016), can collect passive data from smartphone
sensors and digital behavior, such as writing patterns and processing speed. This
might be valuable for detecting emerging cognitive impairments, preventing
illness onset, and improving treatment response and relapse prediction (Torous
et al., 2020). Lastly, there is an increasing trend in academia to freely share
datasets, codes, and research papers (open access). Cognitive research is
depended on access to validated tools such as cognitive tests. Unfortunately,
these tests or test batteries are often quite expensive. One possible solution could
be that publishers offered freely available cognitive tests for research purposes as
part of a social responsibility initiative.

Conclusion

Cognitive dysfunction is an important characteristic of early-onset psychosis.
Many adolescents with EOP struggle with cognitive deficits across multiple
domains with the largest impairments found in processing speed and verbal
memory. Cognitive impairments are closely related to other aspects of the
disorder, such as symptoms and impaired daily functioning. Thus, cognitive
assessment should be a routine part of the overall assessment of these in-
dividuals and the results should be used for treatment and rehabilitation
planning. Unfortunately, currently available antipsychotic medications have
minimal treatment effect for improving cognitive performance, although they
have indirect effects by reducing positive symptoms. As a more suitable
alternative for treating cognitive deficits, cognitive remediation should be
recommended. In the years to come, it is important to continue the research to
identify the neurobiological factors underlying cognitive impairment and to
continue refining and developing treatments targeting cognition.
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Introduction

The notion that the two major organ systems of the bodydthe immune and the
nervous systemsdinteract with each other was confirmed after a long period
of cumulative scientific observations. This resulted in the birth of the field of
psychoneuroimmunology about 4 decades ago. The term “psychoneuroim-
munology” was coined by Robert Ader in 1980 to grasp the idea of convergent
findings demonstrating the crosstalk of the immune system and the central
nervous system (CNS) (Daruna, 2012). This new field emerged as a systems-
level and integrative discipline aiming to explore the psychobiology and
physiology of processes through which mental events influence or alter im-
mune functions, and how, in turn, the immune system is able to modulate the
function of the mind (Daruna, 2012; Szabo & Rajnavolgyi, 2013b). Of note,
the emergence of modern psychoneuroimmunology research was preceded by
purposeful investigations or incidental observations carried through many
centuries.

Modern immunopsychiatry (a term recently used as a synonym for psy-
choneuroimmunology in preclinical and clinical contexts) can be distinguished
from its forerunners by its novel theoretical design and methodology (Pariante,
2015). This new paradigm considers neuroimmune communication as an in-
tegrated, system-level biobehavioral entity with the brain and immune system
being its two aspects. Furthermore, an understanding of the immune system is
important in normal neurodevelopment and refinement of the CNS architecture
and functional neural circuits has emerged. Recently, inflammation and dys-
regulated immune responses have been suggested to be involved in the path-
ophysiology of psychotic disorders, including early-onset psychosis (EOP;
illness onset before age 18 years) (Khandaker et al., 2015; Miyaoka et al.,
2017; Wedervang-Resell, Friis, et al., 2020; Wedervang-Resell, Ueland, et al.,
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2020). In utero and perinatal infections, as well as CNS inflammation or
autoimmunity presenting later in childhood, adolescence, or adult life, have all
been implicated in the manifestation of the disease (Bechter et al., 2010;
Benros et al., 2011; Brown & Patterson, 2011; Estes & McAllister, 2016).
Moreover, increased levels of circulating inflammatory cytokines and other
biomarkers were reported to be associated with the severity and symptom
evolution of psychotic disorders (Borovcanin et al., 2017; Hope et al., 2013).
However, the underlying pathophysiological role of inflammation and immune
system activation in psychosis and EOP is still unclear. In this chapter, we
provide an overview of the available literature about the immunopsychiatry of
psychosis with a focus on EOP. We also discuss potential mechanisms, such as
the immune system’s role in neurodevelopment, innate immune dysregulation,
or aberrant peripheral immune functions as possible biological correlates of
EOP. Finally, we review novel and emerging therapeutic immune targets for
adolescent psychosis, and potentially also in other neurodevelopmental dis-
orders with psychotic features.

The immune system and neurodevelopment

Immune system functions and brain physiology

The immune system is a complex network of lymphatic tissues and organs
that consists of various cell types and mediators. It is an intricate system of
surveillance and protection that has evolved to protect the body from in-
fections and endogenous malignancies. From a functional perspective, it can
be thought of as a two-part defense system. Innate immunity is the first line
of defense, which acts rapidly and in a nonspecific manner. Its receptors are
germline-encoded, and innate immune cells (such as neutrophils and mac-
rophages) are continuously monitoring the tissues looking for nonself or
potentially dangerous molecular motifs (Sonnenberg & Hepworth, 2019).
Inflammatory cytokines and chemokines that are produced by activated im-
mune cells in this manner establish and support the first, acute phase of the
immune response (Szabo & Rajnavolgyi, 2013a). Adaptive immunity, on the
other hand, is slower, may take several days or weeks in its course, and is
highly antigen-specific (i.e., the immune response is precisely directed
against the foreign or self-molecular pattern (epitope) that has elicited it).
Functionally, it is largely based on the activity of T and B lymphocytes, as
well as the humoral “arm” of adaptive immunity that involves the secretion
of antigen-specific antibodies by plasma cells (i.e., the activated B lympho-
cytes). Another important aspect of adaptive immunity is the generation of
antigen-specific immunological memory that can protect the organism over
long periods of time (for years or even decades in humans). As mentioned
above, inflammatory pathologies and innate immune dysregulation are tightly
connected and have been shown to play an important role in the
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pathophysiology of psychosis (Khandaker et al., 2015). Thus, in this section,
we will focus on the innate part of the immune system and its role in neu-
rodevelopment and brain pathologies.

The innate immune system represents an ancient host defense mechanism
that is directed against invading pathogens. The detection of potentially
dangerous, nonself, pathogen-associated molecular patterns (PAMPs) is
based on pattern recognition receptors that are widely expressed in immune
cells and in various tissues. PAMPs are evolutionally conserved foreign
patterns that are commonly found in larger microbial groups. Recognition of
these molecular motifs by pattern recognition receptors typically initiates
nuclear factor kappa-b (NF-kB)-mediated inflammatory chemokine, or
interferon responses that depend on the type of invading microbe. In the
recent 2 decades, a plethora of various pattern recognition receptors have
been identified including Toll-like and C-type lectin receptors, cytosolic
nucleotide-binding oligomerization domain containing (NOD)-like receptors,
and many others (Riera Romo et al., 2016; Thaiss et al., 2016). NOD-like
receptors are involved in the formation of an important innate immune
effector mechanism, the inflammasome. Inflammasomes are complex, large,
multicomponent platforms that control caspase-1 activation. Caspase-1 is a
proteolytic enzyme that regulates the cleavage/maturation of the pro-
inflammatory cytokines, interleukin-1beta (IL-1b) and IL-18 (Fig. 7.1), as
well as mediates pyroptosis, an inflammatory form of cell death (Rathinam
et al., 2012; Rathinam & Fitzgerald, 2016). The assembly of the inflamma-
some complex is triggered by cytosolic detection of PAMPs that enter the
cytoplasm during microbial infection. In addition to this “classic” form of
caspase-1 activation, self-derived endogenous damage-associated molecular
patterns (DAMPs) can also trigger inflammasome activation. DAMPs that
emerge during tissue damage, metabolic imbalance or psychological stress
(Iwata et al., 2016) can drive pathological “sterile inflammation,” an in-
flammatory phenomenon that is occurring in the absence of pathogenic mi-
crobes (Latz et al., 2013). Chronic inflammation provoked by either
exogenous or endogenous stimuli can elicit considerable tissue damage that
may subsequently lead to autoimmunity. This way, innate immunity has an
important role in the etiology of several autoimmune diseases by initiating
and sustaining autoinflammation, decreasing the immune tolerance threshold,
and by contributing to the development of long-term adaptive immune re-
sponses against self-tissues, such as the brain parenchyma (Doria, Dayer,
et al., 2012; Doria, Zen, et al., 2012). In genome-wide association studies, a
strong relationship between schizophrenia and the major histocompatibility
complex region has been identified. This region encompasses the human
leukocyte antigen cluster, pivotal not only for normal immune functions and
for the modulation of autoimmune processes, but also for physiological
neurodevelopment (Ripke et al., 2014).
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FIGURE 7.1 Schematic illustration of the inflammasome activating signals and caspase-1

assembly. (1) The inflammasome activating signals and caspase-1 assembly induce the matura-

tion and release of IL-18 and IL-1b. To illustrate an example of inflammasome effector functions,

the lower part of the figure summarizes (2) IL-18 intracellular signal transduction and (3) the

pleiotropic actions of IL-18, which is dependent on its cytokine milieu. Reproduced with

permission from Wedervang-Resell, & Universitetet i Oslo Institutt for klinisk medisin. (2021).

Immune and metabolic markers in early-onset psychosis. Institute of Clinical Medicine, Faculty of

Medicine, University of Oslo.
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Cytokines in CNS development, maintenance, and
pathophysiology

Cytokines are immune signaling molecules, with predominantly pro- or
antiinflammatory effects. They possess both neuropoietic properties,
important in neurodevelopment, and significant neuromodulatory potential
in acute and chronic neuroinflammatory states. Cytokines are also consti-
tutively expressed in the brain, and play a crucial role in regulating ho-
meostatic mechanisms, such as higher order cognition, memory, sleep, and
CNS metabolism (Bilbo & Schwarz, 2012; Kubota et al., 2000; Vitkovic
et al., 2000; Yirmiya & Goshen, 2011). The best known and most charac-
terized effect of cytokines on brain functions is the so-called sickness
behavior. Sick mammals manifest various, well-known changes in their
behavior, such as reduced activity, food intake, social and sexual in-
teractions, increased sleep, and disturbances in cognition (Dantzer & Kelley,
2007). These behavioral alterations are mediated by the activated immune
system via orchestrated cytokine release. This gives rise to adaptive strate-
gies that serve the survival of the host and the protection of the population
(by preventing contagion) and are not mere pathological consequences of the
infectious microbes themselves (Bilbo & Schwarz, 2012; Dantzer & Kelley,
2007). Thus, sickness behavior is a prototypical example of complex
changes in cognition/behavior elicited by organized and fine-tuned changes
in the nervous system, endocrine-, and immune system activities.

Cytokine-specific receptors are widely expressed in neurons and brain
endothelial cells, as well as in glial cells, that is, in microglia, astrocytes, and
oligodendrocytes. The relative rate of expression and densities for individual
cytokines and cytokine receptors is time and region-dependent in the
mammalian brain, suggesting a physiological role in the development of
specific brain circuits (Deverman & Patterson, 2009; Rostène et al., 2011).
Cytokines can be released by many cell types, mostly by resident or infiltrating
immune cells, but also by glial and endothelial cells at the bloodebrain barrier.
Their production is an important element of CNS development and physiology.
However, pathological cytokine dysregulation can be a result of virtually any
sort of perturbations in brain homeostasis, such as infections, stroke, trauma,
psychological stress, neurodegenerative processes, etc. (Hopkins & Rothwell,
1995; Rothwell & Hopkins, 1995). Cytokine signals can also be transmitted to
the brain from the periphery. This can happen through various routes and
processes, including: (1) direct neurotransmission by cytokines binding to
their specific receptors on vagal afferents (Andersson & Tracey, 2012); (2) via
signaling through the blood-brain barrier (Hopkins & Rothwell, 1995; Rostène
et al., 2011); (3) by active transport mechanisms (Banks et al., 1995); or (4) by
crossing into the brain at circumventricular organs with higher permeability or
at leaky blood-brain barrier sites (Bilbo & Schwarz, 2012; Wuchert et al.,
2008).
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Preclinical studies have provided valuable data on the possible mechanisms
of immune dysregulation in psychosis. Circulating IL-6 can bind to its cognate
receptor on the vagus nerve, and the signal is transmitted to the hypothalamic
brain nuclei via retrograde axonal transport. Within the CNS, inflammatory
cytokine signals are amplified, resulting in microglia activation leading to the
secretion of additional inflammatory cytokines, chemokines and glia-specific
proteases in the brain parenchyma (Dantzer et al., 2008). This signaling
cascade leads to the activation of Indoleamine 2,3-dioxygenase (IDO1), the
enzyme that metabolizes tryptophan in the kynurenine pathway, resulting in
elevated concentrations of kynurenic acid and quinolonic acid (its metabolite).
Both kynurenic and quinolonic acid are involved in glutamatergic neuro-
transmission, as well as in neurotoxic inflammation and neurodegeneration
(Sellgren, Gracias, Jungholm, et al., 2019; Sellgren et al., 2021; Walker et al.,
2013). Dysregulated CNS cytokine levels can also increase oxidative stress
through elevated toxic nitric oxide levels, which, in turn, modulates the
hypothalamic-pituitary-adrenal axis (HPA-axis) and the systemic release of
cortisol (Miller et al., 2009). These mechanisms could play a role in in-
dividuals with schizophrenia by contributing to the positive, negative, and
cognitive symptoms of the disorder, and also by altering mood and social
perception. Mental and cognitive effects have been observed in healthy vol-
unteers, where nonspecific immune activation, elicited by intravenous bacte-
rial lipopolysaccharide, increased serum IL-6 while also inducing dysphoria,
anxiety, and markedly reduced cognitive performance (Reichenberg et al.,
2001). Cytokines also exert significant modulatory effects on microglia that,
besides their role in immunosurveillance, are crucial in neurodevelopment and
the maintenance of synaptic health in the mammalian brain (Hanisch &
Kettenmann, 2007).

Glial cells in CNS development, maintenance, and
pathophysiology

Microglia constitute about 10%e12% of the glial compartment of the brain.
These brain-resident immunocompetent cells originate from yolk-sac fetal
macrophages, while peripheral macrophages arise from precursors generated
later in development (Hoeffel et al., 2015; Sheng et al., 2015). In early em-
bryonic life, microglial colonization, migration, and maturation within the
developing brain is an orchestrated event related to the maturation of the
nervous system in a sex-, time-, and region-specific manner (Bilbo & Schwarz,
2009; Ginhoux et al., 2010; Lenz & Nelson, 2018). During homeostatic
conditions in the adult CNS, microglia display a downregulated, resting
phenotype, while continuously monitoring and responding to the tissue
microenvironment of the brain (Ransohoff & Perry, 2009). In contrast,
microglia show a distinct morphology during early neurodevelopment,
featuring a larger, round, ameboid shape similar to adult-activated microglia
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usually seen in pathological states (Bilbo & Schwarz, 2009). In adults,
microglia acquire this activated phenotype in response to injury, trauma, in-
fections, or systemic inflammatory stimuli. This activated state is characterized
by the secretion of inflammatory mediators and increased expression of sur-
face markers involved in immune cell migration, adhesion, and antigen-
presentation (Perry et al., 2010). However, during adolescent neuro-
development, physiologically active microglia are involved in synaptic prun-
ing by phagocytosis of complement-marked synapses intended for elimination,
thus contributing to brain connectivity. Any dysfunction in these immune-
related processes may disrupt the physiological neurodevelopmental process.
Indeed, Sekar et al. (2016) reported complement C4 gene variants to be
associated with schizophrenia risk and showed that increased levels of com-
plement C4A expression in the brain enhance microglial-dependent synaptic
pruning with a consequent reduction in gray matter thickness.

Cytokines and glial cells in adults with psychotic disorders

Several cross-sectional studies and meta-analyses have shown that individuals
with schizophrenia are characterized by a disrupted cytokine regulation in the
peripheral immune compartment that promotes inflammatory states (Khan-
daker et al., 2015; Miller et al., 2011; Potvin et al., 2008; Upthegrove et al.,
2014). Longitudinal studies are needed to corroborate if the elevated plasma
levels of inflammatory cytokines in patients with schizophrenia and other
psychotic disorders represent the cause or consequence of the illness. How-
ever, the majority of the available findings so far indicate a causal mechanism.
Adults with first-episode psychosis (in antipsychotic-naı̈ve patients) and acute
psychotic relapse are characterized by increased circulating levels of inflam-
matory cytokines, such as IL-6, TNF-a, IL-1b, interferon-g, and decreased
blood levels of the antiinflammatory cytokine IL-10 (Miller et al., 2011;
Upthegrove et al., 2014). These alterations are normalized after treatment with
antipsychotic medication or following symptom remission (Miller et al.,
2011). In agreement with these results, T cells from adult patients with
schizophrenia displayed decreased IL-2 production in in vitro studies sug-
gesting potential autoimmune causes of psychosis (Ganguli et al., 1993).
Several reports indicate that blood IL-6 concentrations are associated with the
duration and severity of psychosis, and antipsychotic treatment (Miller et al.,
2011). However, more studies are required to better understand the associa-
tions between cytokine concentrations, symptom evolution, disease progres-
sion, and pharmacological treatment response.

Activated microglia, a hallmark of neuroinflammation, are associated with
increased translocator protein expression. Molecular neuroimaging studies
using positron emission tomography and translocator protein radioligand
found neuroinflammation in patients with acute psychotic episodes (van
Berckel et al., 2008) and recent-onset schizophrenia (Upthegrove et al., 2014).
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The same studies also reported binding of the translocator protein ligand in the
entire gray matter and hippocampus. These findings indicate that the observed
neuroinflammatory process might play a role in gray matter atrophy and
cognitive decline in patients with schizophrenia (Doorduin et al., 2009; van
Berckel et al., 2008). Another explanation for increased translocator protein
signals in the related brain areas could be the ligand’s affinity for activated
astrocytes, which are also immunocompetent and crucially important neuro-
supportive glial cells of the mammalian CNS (Dietz et al., 2020; Khandaker
et al., 2015).

Astrocytes have also been proposed to play a role in altered neuro-
inflammatory responses in patients with schizophrenia. Induced pluripotent
stem cell-derived astrocytes display decreased inflammatory regulatory ca-
pacity and stress resilience when challenged by IL-1b stimulation in adults
with schizophrenia compared to healthy controls (Akkouh et al., 2020).
Furthermore, altered microglia-astrocyte crosstalk and abnormal inflammatory
coregulation may also contribute to neuroinflammation and neurodegenerative
processes in patients with schizophrenia (Dietz et al., 2020).

Finally, previously primed microglia are able to respond to a new stimulus
in a much stronger and more rapid way (Schroder et al., 2006). This can
possibly retain immune memory regarding specific neuropathological signals,
which could lead to increased responsiveness to future systemic inflammatory
inputs (Khandaker et al., 2015; Perry et al., 2010). Thus, early insults during
neurodevelopment (e.g., severe infections in the perinatal or childhood period)
could hypothetically have a priming effect on microglia thereby enhancing
glial activation and psychosis risk following infections and/or systemic in-
flammatory events later in life (Khandaker et al., 2015). Recent studies using
induced pluripotent stem cell technology demonstrated diminished neuronal
activity, decreased neurite numbers, and glutamatergic signaling (Brennand
et al., 2011), as well as substantially increased synaptic pruning by microglia,
in individuals with schizophrenia (Sellgren, Gracias, Watmuff, et al., 2019).
Similar technologies are emerging as useful tools in revealing the underlying,
disease-specific molecular and cellular mechanisms of psychotic disorders.

The neurodevelopmental aspects of immune activation in
psychosis

The first link between psychiatric disorders and perinatal infection was pro-
posed in 1891 by Thomas Clouston, who suggested that there might be an
infectious basis of determinants to severe mental disorders with onset during
adolescence (Bilbo & Schwarz, 2012). Since then, several studies have
demonstrated a strong connection between perinatal or early-life infections
and later-life onset of schizophrenia (Fruntes & Limosin, 2008; Meyer et al.,
2005). The developing nervous system is sensitive to immune activation
because immune and inflammatory signals (both exogenous and endogenous)
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can influence the developmental trajectory of all major CNS cell types, the
glial network and neural connectome, and the associated behavioral patterns.
There is increasing evidence that various immune stressors during the pre- and
postnatal periods, such as maternal immune activation or inflammatory dis-
orders, can greatly alter how developing neural circuits are formed (Bilbo &
Schwarz, 2009; Fatemi & Folsom, 2009). This can, for instance, affect the
proteome of neurons and disrupt the proteostasis in the fetal brain (Kalish
et al., 2021). The adult behavioral consequences of these immune-
neurodevelopmental factors are often significant and permanent. Other un-
derlying mechanisms by which infections and immune activation may cause
psychopathology include the: (1) direct infection of the fetus and consequent
abnormalities in neurodevelopment; (2) activation of the maternal immune
system and the production of auto-antibodies that target fetal neural tissues;
and (3) dysregulation of cytokine production, which can be a common de-
nominator of all three mechanisms (Bilbo & Schwarz, 2009; Khandaker et al.,
2015; Pearce, 2001).

Increased circulating pro-inflammatory cytokine levels induced by
maternal immune activation have been associated with aberrant fetal brain
development and increased risk of many neurodevelopmental disorders
(Meyer, 2014). For example, increased IL-1b, IL-6, and TNFa levels in infants
with bacterial meningitis show strong correlations with the manifestation of
neurological and psychiatric abnormalities later in life (Bilbo & Schwarz,
2012). Several studies in humans have shown that maternal immune activation,
through maternal infections, modulates the production of high inflammatory
cytokine levels, both in the maternal and fetal immune systems, and the
placenta (Estes & McAllister, 2016; Han et al., 2021). These mechanisms have
been linked to increased risk of schizophrenia in the offspring (Brown &
Derkits, 2010). Recent developments in clinical medicine have tremendously
increased survival rates among mothers and babies who suffered from in-
fections. However, despite the lowered mortality rates, infections have an
impact on the neuropsychiatric sequelae (Bilbo, 2011). One of the major
clinical consequences of maternal immune activation and/or early-life immune
dysregulation could be the development of EOP.

In the last 2 decades, links between immune activation and the neuro-
developmental aspects of several psychiatric disorders have been found
(Dantzer et al., 2008; Dantzer & Kelley, 2007). This indicates that many
psychiatric disorders may share or involve some form of immune dysregula-
tion, even if the explicit immune challenge is not present (Bilbo & Schwarz,
2012). This immune link has been well-described in psychiatric disorders such
as depression, schizophrenia, autism spectrum disorder, anxiety, and learning/
cognitive disabilities (Hornig et al., 2018; Jiang et al., 2016; Khandaker et al.,
2018; Severance & Yolken, 2016; Shi et al., 2009). Moreover, patients with
posttraumatic stress disorder and positive psychotic symptoms also have
elevated circulating levels of inflammatory markers, abnormal T cell counts,
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enhanced immune reactivity during skin tests, and altered global methylation
of a large set of immune genes (Bauer et al., 2010; Bilbo & Schwarz, 2012;
Pace & Heim, 2011). Importantly, the majority of these disorders have
developmental origins.

Abnormal levels of IL-1b, IL-6, neuregulin, and brain-derived neurotropic
factor (BDNF) were also found in the brain and peripheral tissues of people
with schizophrenia, suggesting a two-sided pathology affecting both the im-
mune system and important regulatory pathways that are involved in synapse
formation, maintenance, and function during neurodevelopment (Müller &
Ackenheil, 1998; Müller & Schwarz, 2010; Nawa & Takei, 2006).

Clinical findings on immune system dysregulation in
individuals with psychotic disorders

As presented above, the immune system takes part in neurodevelopment and in
the interplay between environmental and genetic susceptibility factors confer-
ring risk for neuropsychiatric disorders. Indeed, converging findings from
epidemiological, genetic, and clinical studies in adults with psychotic disorders
indicate that immune system dysregulation may contribute to the pathophysi-
ology (Comer et al., 2020; Khandaker et al., 2015; Kroken et al., 2019). Studies
of immune functions in adult patients with psychotic disorders show alterations
in several immune-inflammatory markers in peripheral blood and cerebrospinal
fluid including higher levels of pro-inflammatory cytokines, C-reactive protein
(CRP), various antibodies, and changes in leukocyte subpopulation counts.
Some of these alterations are present in subjects only at specific psychotic
stages, such as at first episode of psychosis, while others may be considered trait
markers (Khandaker et al., 2015; Kroken et al., 2019). However, knowledge of
the molecular mechanisms and origin of these findings is still insufficient.

Because the immune system and peripheral levels of immune-
inflammatory markers may also be influenced by lifestyle factors (e.g.,
obesity, smoking, poor diet and reduced physical activity), comorbid somatic
diseases, and antipsychotic medication, studies in adolescents with EOP are
especially valuable. These patients tend to have less confounders, as they are
usually somatically healthy, have short or no exposure to antipsychotic
medication and few unhealthy lifestyle factors. Moreover, adolescent patients
with EOP are in an early phase of their disorder and neurodevelopment is still
taking place, offering an opportunity to explore potential stage- or age-specific
events. Despite this, studies on immune system dysregulation in patients with
EOP are unfortunately still scarce.

Immune-inflammatory markers in longitudinal studies of psychosis

The notion that exposure to elevated inflammatory markers in fetal life,
childhood and adolescence has important roles in the pathogenesis of
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psychosis is supported by results from several longitudinal studies. First, a
recent large-scale American longitudinal study examined the effects of peri-
natal factors on infant and child development. Based on their findings, the
authors suggest that exposure to aberrant immune signaling can affect crucial
elements of neural embryology to increase the risk of psychosis (Allswede
et al., 2020). Further, the authors showed that concentrations of pro-
inflammatory cytokines, TNF-a, IL-1b and IL-6, were significantly higher
in the maternal serum of offspring who later developed psychosis compared
with matched healthy controls. They also showed that these differences were
greatest in the first half of pregnancy (7e20 weeks) thereby placing the pre-
natal timing of psychosis risk associated with maternal inflammation at a very
early stage in fetal neurodevelopment (Allswede et al., 2020). A prospective
study in a British population birth cohort (n ¼ 2528) found a positive asso-
ciation between higher IL-6 serum levels in children at age 9 years and sub-
sequent psychotic experiences (operationally defined, including both psychotic
experiences and those with a psychotic disorder) at age 18 years (n ¼ 101)
(Khandaker et al., 2014). For each standard deviation increase in IL-6 level,
the odds ratio for psychotic experiences was 1.24, thereby demonstrating a
longitudinal association between a circulating pro-inflammatory marker in
childhood and future risk of psychosis in a dose-dependent manner (Khan-
daker et al., 2014). In yet another prospective birth cohort study (n ¼ 6362),
the authors found a positive relationship between higher CRP levels in ado-
lescents at age 15e16 years and subsequent risk of schizophrenia at follow-up
until age 27 years (n ¼ 22). They described an adjusted odds ratio of 1.25 for
schizophrenia by age 27 years for each standard deviation increase in CRP
levels at age 15e16 years, consistent with a linear, dose-response relationship
(Metcalf et al., 2017). They also found that higher adolescent CRP levels were
correlated with earlier age of onset (Spearman’s r ¼ �0.40).

Predictive value of immune-inflammatory markers in individuals
with clinical high risk for psychosis

Several studies have reported altered inflammatory profiles in individuals at
clinical high risk for psychosis (CHR). A review of 15 studies on inflammatory
markers in samples with CHR found that plasma levels of cortisol, IL-1b, IL-7,
IL-8 and matrix metalloproteinase (MMP)-8 are promising predictors of psy-
chotic transition in the CHR group (Khoury & Nasrallah, 2018). In the same
review, baseline CRP and IL-6 were not shown to discriminate between con-
verters and nonconverters to psychosis. However, due to small sample sizes, lack
of adequate design in the longitudinal studies, and heterogeneity in the duration
of follow-up and statistical methods to detect discriminatory biomarkers, the
authors concluded that more studies are needed (Khoury & Nasrallah, 2018).
Moreover, in the North American Prodrome Longitudinal Study, the researchers
found a positive relationship between the pro-inflammatory cytokine TNF and
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the longitudinal 12 months-course of negative symptoms (Goldsmith et al.,
2019). In contrast, higher baseline levels of cytokine IL-6 predicted a greater
decrease in negative symptoms over time in the same group (Goldsmith et al.,
2019). A recent meta-analysis also reported higher levels of IL-6 in individuals
with CHR compared to healthy controls, but not in those with familial high-risk
only, suggesting that familial liability to psychosis is not associated with sub-
clinical inflammation (Misiak et al., 2021). Importantly, the authors concluded
that based on existing data they could not find evidence that single immune-
inflammatory markers can be used to predict transition to psychosis in in-
dividuals at CHR. However, results from studies combining peripheral immune
markers and MRI data in groups with CHR have suggested that immune system
signalingmay have a role in the differential brain tissue loss between peoplewho
convert and not convert to psychosis. Cannon et al. (2015) reported that higher
levels of an aggregate measure of plasma pro-inflammatory cytokines (such as
TNF-a, IL-2, INF-g) at baseline significantly correlated with a steeper rate of
gray matter volume reduction in right prefrontal cortex among individuals who
converted to psychosis. Given that pro-inflammatory cytokines can activate
microglia into the M1 cytotoxic phenotype that result in increased synaptic
pruning, this finding suggests a hypothesis of a mechanistic link between im-
mune activation and progressive gray matter loss. However, the field needs
studies examining more direct indicators of in-vivo CNS microglial activity in
individuals with CHR to test this hypothesis.

Immune-inflammatory markers in adolescents with early-onset
psychosis

Few studies have explored peripheral inflammatory markers in adolescents
with EOP, and due to the rarity of these disorders, the sample sizes are
frequently small, rendering the analyses vulnerable to false negative statistical
errors. A recent review had to refrain from making a meta-analysis of in-
flammatory markers in adolescents with EOP due to insufficient data (Fraguas
et al., 2017). However, there are single studies suggesting immune system
dysregulation in patients with EOP, although conflicting reports also exist.

Falcone et al. (2015) found increased levels of monocytes in patients with
EOP (n ¼ 28) compared to inpatient controls without psychosis (n ¼ 66).
Moreover, the patients with EOP displayed elevated levels of several immune-
inflammatory markers (TNF-a, IL-1b, IL-6, IL-5, IL-10, IFN-g, and S100 B)
compared to healthy controls (n ¼ 8) (Falcone et al., 2015). While higher
levels of the astrocyte-specific, circulating S100B point to bloodebrain barrier
impairment in youth with EOP, the explored cytokine levels suggest a pro-
inflammatory profile. In line, our group found elevated peripheral levels of
the pro-inflammatory cytokine IL-18 in patients with EOP (n ¼ 31) compared
to healthy controls (n ¼ 68) (Wedervang-Resell, Friis, et al., 2020). Higher
activity in the IL-18 system was also demonstrated, as derived from the IL-18/
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IL-18BP-ratio, which reflects the biologically active proportion (unbound free
IL-18) (Wedervang-Resell, Friis, et al., 2020). In contrast, a transcriptome
expression profile of peripheral blood mononuclear cells from adolescents
with EOP (n ¼ 14) showed increased expression of IL-18 mRNA, but a greater
decrease in IL-18R1 mRNA, suggesting reduced overall IL-18 signaling
among patients with EOP (Xu et al., 2016).

Contradictory results have also been reported in a previous study of anti-
psychotic naı̈ve patients with EOP aged 10e17 years (n ¼ 30) (Simşek et al.,
2016). The authors found no differences between patients and healthy controls
concerning levels of Th1 helper T cell cytokines (TNF-a, IFN-g, IL-2), Th2
cytokines (IL-4 and IL-10), Th17 cytokine IL-17A, and the pro-inflammatory
IL-6. However, the authors did find large significant correlations between
levels of IL-4 and IL-10 and levels of negative symptoms, as well as a sig-
nificant negative correlation between disease severity and TNF-a levels
(Simşek et al., 2016). Moreno et al. (2019) found that adolescents with EOP
exhibited a higher pro-inflammatory status than adults with a first-episode
psychotic disorder, by comparing differences in trajectories of pro-/anti-
inflammatory balance in plasma and peripheral blood mononuclear cells be-
tween the groups. Compared to the adult patients, the adolescents with EOP
had higher levels of NF-kb, a master regulator of the inflammatory and
oxidative status of cells. This was present both at baseline and at 6-month
follow-up, without upregulation of compensatory antiinflammatory re-
sponses. Given that activation of NF-kb might contribute to higher oxidative
stress and cell damage by membrane lipid peroxidation, as well as influence
cell survival, neuroprotection, neuronal transmission, and plasticity, this may
confer risk for developing psychosis (Moreno et al., 2019). In adolescents with
early-onset bipolar disorder (n ¼ 18), a pattern of increased activation of
spontaneous levels of NF-kb in their peripheral blood mononuclear cells, and
within the monocyte and lymphocyte subpopulations, occurred after stimula-
tion, compared to healthy controls (Miklowitz et al., 2016). Moreover, IL-1b
levels were elevated in the patient group, but not levels of IL-6, IL-8, TNF-a.

Although the presented results focus on patients with EOP, immune system
dysregulation is not specific to adolescents with psychotic disorders. A pre-
vious review suggests that elevated peripheral inflammatory markers (e.g.,
IL-1b and IL-6) are common across youth populations (n ¼ 3952) with a
broad spectrum of neuropsychiatric disorders (Mitchell & Goldstein, 2014),
underscoring the overlap of environmental and genetic susceptibility risk
factors across diagnostic categories. A recent study including child and
adolescent inpatients across various acute psychiatric conditions requiring
hospitalization (n ¼ 77, of which 30 with EOP), found that IL-1b, IL-6, IL-8,
INF-g-induced protein-10, MCP-1 and monocyte count were elevated across
all diagnoses in the total sample and the diagnostic subgroups compared to
healthy controls (Gariup et al., 2015).
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Relationships between immune-inflammatory markers and clinical
phenotypes in individuals with early-onset psychosis

Simşek et al. (2016) found that a higher level of negative psychotic symptoms
were associated with lower levels of IL-10 and higher levels of IL-4 in patients
with EOP (n ¼ 30). These are pleiotropic antiinflammatory cytokines that
function mainly by suppressing a pro-inflammatory milieu. Interestingly, in a
study of adult patients with chronic schizophrenia (n ¼ 210), lower levels of IL-4
were found to discriminate between those with an early-onset (n ¼ 84) and adult-
onset schizophrenia (n ¼ 126), and was also significantly correlated with the
presence of neurological soft signs in the early-onset group (Liu et al., 2020).

Gariup and colleagues explored relationships between pro-inflammatory
markers and psychological stress, measured by self- and parent-rating ques-
tionnaires. They found significant correlations between subjective and parent-
rated psychosocial stress and elevations in pro-inflammatory markers (IL-1b,
IL-8, MCP-1, and monocyte counts) in young patients (n ¼ 77) across several
acute psychiatric disorders, including psychosis (n ¼ 30) (Gariup et al., 2015).
In line with this, our group found that levels of serum cortisol independently
contributed to explain the variance of IL-18 system activity in adolescents with
EOP (n ¼ 31). We found a strong significant correlation between cortisol and
IL-18 activity among the patients but not the healthy controls, suggesting an
interaction between stress and IL-18 system activity in patients with EOP
(Wedervang-Resell, Friis, et al., 2020).

Together these results suggest two hypotheses that should be further
explored in future studies of patients with EOP. First, the relationship between
aberrant levels of cytokine IL-4 and negative symptoms and neurological soft
signs may point to an imbalance in pro- and anti-inflammatory cytokines in
these patients, with consequences for neurodevelopment and psychosis risk.
Notably, IL-4 has anti-inflammatory and immune regulatory properties and has
been shown to be neuroprotective and secure better cognitive outcomes in both
rodent experimental studies and in children (Jiang et al., 2018). Second, the
relationship found between higher levels of stress markers (cortisol and psy-
chological stress) and pro-inflammatory immune activation in adolescents with
EOP also warrants further scrutiny.

Scientific implications

The immune dysregulation seen in psychotic disorders is manifold and partly
overlapping, involving different immune components. It is to note that the
observed heterogeneity between studies might suggest heterogeneity in the
etiology and pathogenesis of the schizophrenia syndrome (Khandaker et al.,
2015). Shifting the focus of investigations from syndrome to symptoms
might be beneficial to fully understand the potential role of immune
mechanisms in psychosis. The focus of the current studies has mostly been
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polarized toward blood rather than brain/CNS immune markers, and only a
fraction of investigations has examined associations between cognition or
symptom characteristics and immune markers in patients with schizophrenia
(Hope et al., 2013; Khandaker et al., 2015; O’Connell et al., 2021).
Furthermore, studies on stress, neuroendocrine hormone levels, and immune
marker associations are also rare, and the underlying mechanisms are not yet
fully understood. Nevertheless, despite these gaps in current knowledge,
there is a consensus regarding the importance of immune system mecha-
nisms in the development of psychosis that is supported by both preclinical
and clinical data.

However, clinical reports of immune-inflammatory changes in youth
with EOP are still warranted, as studies in this group are scarce. At the same
time, specific mechanisms linking immune system dysregulation to altered
neurodevelopment and the emergence of psychotic symptoms/disorders
remain largely undetermined. Therefore, to develop experimental models
exploring these factors will be key to understanding underlying mecha-
nisms. Immunopsychiatry is a new and emerging field with important im-
plications in a broader biomedical, translational, and therapeutic context.
Indeed, if immune system dysregulation can be established as a major
contributor to the development of psychosis in youth, it is expected that
novel therapeutics directed against decreasing inflammation or regulating
immune system homeostasis will be beneficial. Maybe even more than in
adult groups, as there are indications that young patients with EOP feature a
greater immune imbalance than adults (Moreno et al., 2019). As such,
randomized controlled trials of agents targeting immune-inflammatory
imbalance in EOP, such as add-on antiinflammatory drugs, antioxidants,
immunosuppressants, or specific cytokine-receptor antagonists, would be
most valuable.

Clinical implications

The peripheral pro-inflammatory dysregulation that has been described in
patients with EOP exerts negative effects on the cardiovascular system and
development of atherosclerosis (Bohman et al., 2020), making this group
especially vulnerable to long-term risk of future cardiovascular disease
(Szabo et al., 2022). In addition, most patients with EOP will receive anti-
psychotic medication with metabolic side effects and are also susceptible to
develop an unhealthy lifestyle, which together further increase cardiovas-
cular disease risk. Hence, in clinical practice attention to reducible cardio-
vascular disease risk factors such as smoking, obesity, sedentary lifestyle,
and poor dietary choices should be part of the treatment plan for patients
with EOP.
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Introduction

Early-onset psychosis (EOP) is a clinically heterogeneous category of psy-
chotic disorders, with symptoms of psychosis typically emerging in early
adolescence (before the age of 18 years). During this sensitive period for brain
maturation, the brain undergoes dynamic change toward increased speciali-
zation and optimization (Giedd & Rapoport, 2010). There is insufficient
knowledge on how brain maturation and the emergence of psychosis are linked
(Vijayakumar et al., 2018), and neuroimaging studies of these cooccurring
processes are important. An advantage of studying the adolescent brain is the
relative absence of confounding factors affecting the brain in adults with
psychotic disorders, such as lengthy duration of illness, exposure to pharma-
cological treatment, and substance use. Thus, studying these disorders during
adolescence provides the opportunity to uncover the neural mechanisms un-
derlying psychosis development and to discover factors that may be unique to
the early-onset form of the illness.

To date, neuroimaging studies in youth with EOP are relatively sparse in
comparison with studies of adults with psychotic disorders, and mainly focus on
youth with early-onset schizophrenia (EOS). Pioneering studies of children with
schizophrenia (childhood-onset schizophrenia (COS); age of onset before
13 years), emerged in the 1990s from the US National Institute of Mental Health
(Rapoport & Gogtay, 2011). Despite early exceptions from Spain (Fraguas et al.,
2016), most studies of youth with EOP have typically included less than 50
patients, which limits the power of detecting true effects. To overcome the
problem of small sample sizes, including overestimation of effect sizes and poor
replicability, large-scale collaborative efforts such as the Enhancing Neuro

Adolescent Psychosis. https://doi.org/10.1016/B978-0-323-89832-4.00011-1

Copyright © 2023 Elsevier Inc. All rights reserved. 177

https://doi.org/10.1016/B978-0-323-89832-4.00011-1


Imaging Genetics through Meta-Analysis Consortium (ENIGMA, 2021) are of
critical importance. ENIGMA creates the possibility to pool neuroimaging data
from multiples sites worldwide, using harmonized analysis protocols.

While such efforts have been successfully applied to studies of adults with
psychosis, large consortium studies examining brain structural alterations in
adolescent populations are critically needed. In this chapter, we first briefly
describe central magnetic resonance imaging (MRI) methods and then review
findings on subcortical and cortical brain morphology, and white matter
structure, and connectivity in adolescents with EOP.

Structural MRI methods

Neuroimaging of brain anatomy and tissue composition is important in both
brain disorders research and clinical imaging. In vivo MRI is today the most
extensively used method to obtain new knowledge about the central nervous
system, and MR scanners are available at most radiology centers in the world.
The MR investigation is noninvasive, does not involve ionizing radiation, and
can be repeated without adverse effects. Current MRI setups use 1.5 or 3 T
magnets. Tesla (abbreviated T) is the unit used to measure magnetic field
strength. In MRI, the object to be imaged is placed in a strong static magnetic
field. Radio-frequency pulses are applied at the resonance frequency of
hydrogen protons. The dynamic application of radio-frequency pulses leads to
the emission of MR signals, which can be captured with receiver coils and are
used for image reconstruction. The contrast in the image is typically based on
tissue differences in proton density, blood flow, and the relaxation time con-
stants; T1 and T2, which determine the rate at which the excited protons return
to equilibrium. Particularly T1-weighted images are used to identify and
quantify anatomic structures (see Fig. 8.1 for main MRI sequences). Other

FIGURE 8.1 Visualization of common MRI sequences.
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types of sequences are also available. For instance, diffusion weighted imaging
is sensitive to water molecule movement in the brain and provides indirect
measures of tissue microstructure that can be used to make inferences about
structural connectivity. The high contrast and spatial resolution, non-
invasiveness, and multimodal applications of MRI have led to a large number
of fundamental discoveries in brain disorders research.

Subcortical and cortical morphometry

Open-source software packages, such as FreeSurfer (Fischl, 2012), are used to
process and analyze brain MRI images. Using these software packages, gray
matter (i.e., neuronal cell bodies) and white matter (i.e., neuronal axons/myelin)
are segmented into anatomical parcels based on tissue contrast and spatial in-
formation. Further, they are quantitated at submillimeter level to enable mea-
sures of cortical or subcortical structure volumes, cortical surface area, cortical
thickness, and cortical folding patterns. From anatomical brain atlases, their
spatial positions are mapped in 3D space. At the structural level, MRI allows for
excellent contrast and spatial resolution, rendering quantitative measurements of
tissue composition in discrete anatomical areas. Commonly used methods to
investigate morphological brain changes on a macroscopic scale are voxel-based
morphometry and surface-based morphometry. While voxel-based morphom-
etry conducts a voxel-by-voxel comparison of image intensity (e.g., tissue
concentration or volume), surface-based morphometry estimates the shape of
the cortical surfaces and generates more specific metrics such as cortical
thickness, pial surface area and cortical curvature (i.e., sulci and gyri).

White matter microstructure and connectivity

Diffusion weighted imaging data can be modeled in different ways, but a
commonly used approach is diffusion tensor imaging (DTI). DTI provides a
three-dimensional model of diffusion distribution within each voxel, quanti-
fying the diffusivity along three orthogonal axes. The most common diffusion
metrics extracted are fractional anisotropy, mean diffusivity, axial diffusivity,
and radial diffusivity. While mean diffusivity reflects overall diffusion, frac-
tional anisotropy characterizes the degree of diffusion directionality. Axial and
radial diffusivities further describe diffusion along the primary axis and
diffusion perpendicular to it, respectively. DTI metrics are sensitive to multiple
aspects of white matter microstructure, including myelination, axonal packing,
axon coherence, axon diameter, membrane permeability, and water content
(Beaulieu, 2002).

Subcortical brain morphology

Subcortical structures are a group of diverse centrally located neural formations or
nuclei in the basal brain, such as the diencephalon, basal ganglia, and limbic
structures. The definition of subcortical structures on MRI can differ depending on
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software packages and/or brain segmentation atlases used. Based onwork by Fischl
and colleagues (see Fig. 8.2), subcortical morphology here refers to structures
including the basal ganglia, hippocampus, amygdala, and cerebellum (Fischl et al.,
2002). The basal ganglia are a centrally located and integrated network of
subcortical nuclei and comprises the striatum (the caudate, putamen, and accum-
bens nuclei) and the pallidum (globus pallidus and ventral pallidum) as well as the
subthalamic nucleus and the ventral tegmentum/substantia nigra complex. The
striatum has been implicated in the development of psychosis, and antipsychotic
medication targets the receptors in the striatum. The basal ganglia connect inter-
changeably to the cortex, thalamus, brainstem, and cerebellum.They are involved in
many central functions, such as motor control, emotional/motivational and cogni-
tive processing, sensory gating, and learning. The hippocampus is located deep in
the temporal lobe and is generally included with the subcortical segmentation. The
hippocampus has particularly close connections with the amygdala and the cortex.

All brain structure volumes have a proportional relationship to head size,
which varies between the sexes. Females have smaller head sizes than males.
The intracranial volume (ICV; i.e., the volume inside the dura mater) is
commonly used to statistically adjust for inter-individual differences in head
size. ICV is also an important marker for early brain development, as it reaches
about 90% of its full size around the age of 5 years (Sgouros et al., 1999), and
remains relatively stable throughout the adult lifespan. Generally, age is also a
powerful determinant of variation in brain volumes.

Intracranial-, subcortical, and cerebellar structure volumes

Widespread differences in subcortical volumes have been reported for both
adults and adolescents with psychotic disorders, relative to healthy controls. A
large-scale ENIGMA meta-analysis of adult individuals with schizophrenia

FIGURE 8.2 Subcortical segmentation based on FreeSurfer Abbreviation: DC ¼ diencepha-

lon. Images were generated with ggseg in R, from Mowinckel, A. M., & Vidal-Piñeiro, D. (2020).

Visualization of brain statistics with R packages ggseg and ggseg3d. Advances in Methods and

Practices in Psychological Science, 3(4), 466e483. https://doi.org/10.1177/2515245920928009.

180 Adolescent Psychosis

https://doi.org/10.1177/2515245920928009


(van Erp et al., 2016) and a mega-analysis of adults with bipolar disorders
(Hibar et al., 2016) reported both lower hippocampal, amygdala and thalamus,
and higher lateral ventricle volumes. In schizophrenia, van Erp and colleagues
also found lower ICV and accumbens volumes, and higher pallidum volume
(van Erp et al., 2016). The volumetric differences were less marked in bipolar
disorder than in schizophrenia, a finding corroborated by a direct comparison
study between the disorders and healthy controls (Rimol et al., 2010).

Similar to adult individuals with schizophrenia, smaller whole brain vol-
ume, thalamus volume, and larger caudate, putamen, pallidum and ventricular
volumes have been reported in both youth with EOS (El-Sayed et al., 2010;
Juuhl-Langseth et al., 2012) and COS (Frazier, Hamburger, et al., 1996;
Kumra et al., 2000), compared to healthy controls. One study indicated similar
magnitudes of subcortical volume differences in children with COS relative to
adults with schizophrenia (Frazier, Hamburger, et al., 1996). A recent
ENIGMA mega-analysis of 263 adolescents with EOP (70% EOS) and 359
healthy controls revealed overlapping patterns of subcortical volume differ-
ences in youth with EOP, relative to adults with psychotic disorders (Gurholt,
Lonning, et al., 2020). Youth with EOP had significantly lower ICV and
hippocampal volumes; higher caudate and pallidum volumes; and nominally
significant lower amygdala, and higher lateral ventricular volumes, compared
to healthy controls. Lower ICV was present in both youth with EOS and af-
fective psychosis, while lower hippocampal and higher pallidum volumes were
limited to youth with EOS. A notable finding was the negative effect size of
ICV observed in both youth with EOS and affective psychosis which was
greater than reported in the meta-analysis of adults with schizophrenia (van
Erp et al., 2016). No such effect was reported for adults with bipolar disorders
(Hibar et al., 2016). ICV expands rapidly in early age, driven by brain growth,
and reaches its final volume by mid-to-late adolescence (Courchesne et al.,
2000; Haijma et al., 2013; Mills et al., 2016). Given the relative stability of
ICV from adolescence onwards, a low ICV in adolescents with psychosis
suggests a deviant early neurodevelopment, which could be more severe and/
or established earlier than in the adult counterparts.

In line with findings from studies of adults with psychotic disorders, the
hippocampus showed the lowest volume of all the subcortical structures in
adolescents with EOP, relative to controls, but this effect was limited to youth
with EOS (Gurholt, Lonning, et al., 2020). Lower hippocampal volume has
been reported in adolescents with attention-deficit/hyperactivity disorder
(Hoogman et al., 2017) and in adults with affective, psychotic, stress-, and
neurodegenerative disorders (Sämann et al., 2020). However, from MRI, it is
unclear whether mechanisms leading to lower hippocampal volumes are
shared or distinct across disorders. Improved methodologies (e.g., higher
magnetic field strengths, advanced image analysis algorithms) allowing for a
segmentation of the hippocampus into cell-specific anatomical subunits
(subfields) might shed light on this question (Sämann et al., 2020). The
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enlarged pallidum and caudate volumes and trends toward enlarged putamen
volumes in patients with EOP treated with antipsychotic medication, suggest
similar antipsychotic medication effects on brain structure as in adults with
psychotic disorders. But there can also be factors that are specific to adoles-
cence. In a previous study of youth with EOS, the enlarged caudate volumes
were not linked to antipsychotic medication use (Juuhl-Langseth et al., 2012).
However, in a follow-up study of adolescents with COS, who at baseline were
on typical neuroleptics, caudate enlargement declined following a switch to
clozapine treatment (Frazier, Kaysen, et al., 1996).

Neuroimaging studies in adults have suggested a role of the cerebellum in
psychotic disorders, due to its involvement in sensorimotor control and higher-
level cognitive function (Lawyer et al., 2009; Moberget & Ivry, 2019) that
show impairment in individuals with schizophrenia (Moberget & Ivry, 2019).
Furthermore, some studies suggest that the cerebellar cortex is one of the later
maturing brain structures, reaching a peak at around 16 years of age (Tiemeier
et al., 2010), potentially making it more vulnerable to later environmental
influences. Smaller bilateral cerebellar volumes were reported in adults with
schizophrenia relative to adults with bipolar I disorder and healthy controls
(Laidi et al., 2015). In contrast to healthy controls, patients with COS showed a
progressive loss of cerebellar volume during adolescence, consistent with
previously reported lower total cerebral and cortical gray matter (Keller et al.,
2003). Improved automated segmentation methods can trace the details of the
lobulated cerebellar cortex and may improve our understanding of the putative
cerebellar involvement in adolescent psychosis and its covariance with other
brain structures, which remains to be determined (Wang et al., 2020).

Subcortical structures in bipolar disorder

Studies of youth with early-onset bipolar disorder (EOBD) are far fewer than
in youth with EOS and include equally small sample sizes. Generally, the
magnitude of subcortical volume differences in adolescents with EOBD
relative to healthy controls is less than in youth with EOS. A review of 11
publications from 1990 to 2005 reported structural abnormalities in total ce-
rebral, white matter, superior temporal gyrus, putamen, thalamus, amygdala,
and hippocampal volumes (Frazier et al., 2005). These findings suggest that
the limbic system is involved in the pathophysiology of EOBD. In contrast, a
study of youth (6e17 years) with EOBD with and without psychosis, EOS,
and healthy controls, did not find limbic volumetric differences between the
diagnostic groups (Frazier et al., 2008). This discrepancy between studies may
stem from phenotypic heterogeneity such as differences in disease severity and
duration, medication history, and comorbidities and whether psychosis is part
of the disease history or not.
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Cortical brain morphology

Altered cortical structures and development

Cortical structural abnormalities are well established in adults with psychosis,
including volumetric deficits (van Erp et al., 2018), cortical thinning
(Kuperberg et al., 2003), and abnormal cortical folding (Sallet et al., 2003). A
recent meta-analysis from the ENIGMA-consortium reported widespread
thinner cortex and smaller cortical surface area, with the largest effect sizes for
both frontal and temporal lobe regions, in adults with schizophrenia relative to
healthy controls (van Erp et al., 2018). While large-scale collaborative efforts
have been applied to adults with psychosis, large consortium studies exam-
ining cortical brain structural alterations in adolescents with psychosis are
currently missing.

Most studies of adolescents with psychosis to date have focused on EOS,
specifically, and few have characterized the cerebral cortex in youth with af-
fective psychotic disorders. Throughout typical adolescent brain development,
cortical gray matter dynamically changes with substantial thinning during
childhood and adolescence, in general progressing in a posterior-to-anterior
temporal pattern (age range 7e29 years (Tamnes et al., 2017)). The largest
decreases in cortical thickness have been observed in the parietal lobe (Tamnes
et al., 2013). Cortical surface area develops until approximately 12 years of
age and remains relatively stable afterward (Amlien et al., 2016). As symp-
toms occur early in adolescence, researchers suggest a neurodevelopmental
basis for the emergence of EOP. Yet, the nature and timing of putatively
aberrant trajectories in adolescent brain development in youth with EOP are
debated.

Cross-sectional studies in adolescents with EOP report on morphological
abnormalities similar to adults with psychosis, relative to healthy controls;
mainly in frontal and temporal regions, which are central for cognitive control
functions and the processing of emotional stimuli (see Fig. 8.3 as reference
image for most commonly used cortical parcellation). Using voxel-based
morphometry, Douaud and colleagues reported widespread gray matter re-
ductions in youth with EOS, including auditory and language areas (e.g.,
Heschl gyrus), sensorimotor and premotor areas, and prefrontal regions such
as the dorsolateral prefrontal cortex (DLPFC) (Douaud et al., 2007). A more
recent voxel-based morphometry study examined cortical gray matter in
adolescent- and adult-onset, first-episode treatment-naı̈ve individuals with
schizophrenia, and found differential patterns of gray matter abnormalities. In
adults with schizophrenia, gray matter deficits were focused on the cingulo-
fronto-temporal module and right occipital regions. However, in adolescents
with EOS, gray matter deficits were found in the left parietal postcentral gyrus,
parahippocampal gyrus and right cerebellum posterior pyramis (Zhang et al.,
2017). These gray matter changes can be interpreted as a result of locally
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lower cortical thickness or lower cortical surface area. In addition, differential
cortical folding, involving changes in sulco-gyral morphology, may also
impact observed gray matter changes. Studies of youth with EOP suggest
deficits in all measures of cortical brain anatomy. By means of surface-based
morphometry, Voets and colleagues found widespread cortical pathology in
youth with EOS, particularly involving the prefrontal cortex and superior
temporal gyrus (Voets et al., 2008). The authors found that lower cortical
surface area accounted for previously established voxel-based morphometry
changes by Douaud and colleagues. Similarly, another study using surface-
based morphometry also found bilateral cortical thinning and smaller vol-
umes in both the gyri and sulci of the superior temporal cortex, and the
inferior, middle, medial, and superior prefrontal cortices (Janssen et al., 2009).
Cortical thinning in the right superior frontal cortex overlapped with dimin-
ished cortical folding in youth with EOP. Furthermore, White and colleagues
showed that adolescents with EOS had significantly more flattened curvature
in the sulci of frontal and parietal lobes, and more steeped curvature in the gyri
of the occipital lobe (White et al., 2003). Investigating cortical folding is of
particular interest as gyri and sulci predominantly develop prenatally (Arm-
strong et al., 1995). If abnormal cortical folding overlaps with areas of thinner
cortices, one might speculate that aberrant cortical thinning occurs in early
stages of cortical development (Janssen et al., 2009), lending further support to
the early neurodevelopmental disturbances in adolescents with EOP.

FIGURE 8.3 Cortical parcellation based on FreeSurfer Abbreviation: bankssts ¼ banks of

superior temporal sulcus. Images were generated with ggseg in R, from Mowinckel, A. M., & Vidal-

Piñeiro, D. (2020). Visualization of Brain Statistics With R Packages ggseg and ggseg3d. Advances

in Methods and Practices in Psychological Science, 3(4), 466e483. https://doi.org/10.1177/

2515245920928009.
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Relative to cross-sectional studies, longitudinal designs assessing the
development of the cerebral cortex within individuals with EOP are limited.
James and colleagues demonstrated lower prefrontal cortex volumes in ado-
lescents with EOS relative to healthy controls, which remained stable over two
time points (average 2e3 years apart) (James et al., 2004). Another study
found distributed reductions in cortical thickness at illness onset in individuals
with EOS (Palaniyappan et al., 2019). However, these differences were
nullified after a 2-year follow-up period, during which the healthy controls
showed continued cortical thinning. This finding indicates a distinct lack of the
expected progressive cortical thinning in individuals with EOS during
adolescence, indicating converging cortical maturation trajectories (Pala-
niyappan et al., 2019). On the contrary, compared with healthy controls,
another study found greater gray matter volume loss in the frontal lobe during
a 2-year follow-up in youth with EOP (Arango et al., 2012). Furthermore,
findings from individuals with COS indicated four times higher progressive
reduction in cortical gray matter volume when scanned during adolescence
relative to healthy controls over 2 years (Rapoport et al., 1999). A landmark
study by Thompson and colleagues in youth with COS (aged 13.9 � 0.8 years
at first scan) indicated dynamic waves of brain tissue loss over a 5-year follow-
up period, spreading from parietal cortices at disease onset to encompass
temporal and frontal regions later in the disease (Thompson et al., 2001). This
pattern seems to resemble an exaggeration of normal cortical gray matter
development and may eventually mimic patterns observed in individuals with
adult-onset psychosis (Gogtay et al., 2011), with more localized gray matter
loss in prefrontal and temporal cortices. While the mechanisms underlying a
putative deviation of normal cortical development are mostly unknown, one
hypothesis states that excessive synaptic pruning during adolescence may lead
to the observed gray matter deficits (Feinberg, 1982; Gogtay et al., 2011), and
an earlier age at onset of psychotic symptoms. However, other mechanisms
such as increased myelination during adolescence, which correlates with
cortical thinning, might be also at play (Natu et al., 2019). Interestingly,
healthy siblings of individuals with COS also showed lower prefrontal and
temporal gray matter volumes during early adolescence, relative to healthy
controls. However, these deficits disappeared by age 20 years (Gogtay et al.,
2011), highlighting a shared genetic vulnerability for aberrant cortical brain
development. The normalization of gray matter abnormalities in late adoles-
cence could be indicative of unknown genetic/environmental protective factors
(Gogtay et al., 2011), which may result in resilience in unaffected siblings.
However, it is currently unclear whether and how neurodevelopmental patterns
seen in individuals with COS during adolescence translate to individuals with
later age at onset of psychosis. More longitudinal studies are warranted to
examine the timing of deviant cortical trajectories across the entire neuro-
developmental period.
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Cortical structures in bipolar disorder

Similar to adults with schizophrenia, a recent ENIGMA-consortium study in
adults with bipolar disorder found bilaterally thinner cortical gray matter in
frontal, temporal and parietal regions (Hibar et al., 2018). In youth, large-scale
collaborative efforts are so far missing. However, a few studies have examined
cortical brain changes in youth with EOBD, mostly focusing on specific re-
gions of interest. For instance, Kaur and colleagues limited their analysis to the
cingulate cortex, due to its involvement in mood regulation, and reported
smaller cingulate cortex volume in individuals with EOBD (75% type I)
relative to healthy controls (Kaur et al., 2005). Preliminary evidence links
abnormalities in the cingulate cortex in individuals with EOBD type I to lower
glutamine levels, a marker for glial integrity (Moore et al., 2007). Besides the
cingulate cortex, Wang and colleagues focused on the olfactocentric para-
limbic cortex: a conglomerate of cortices important for the regulation of affect,
circadian rhythm, sleep, and appetite (Wang et al., 2011). These functions are
often disrupted early in the development of bipolar disorder. Indeed, smaller
volumes were found in this region in youth with EOBD (37% with psychotic
features), including orbitofrontal, insular, and temporopolar cortices. Other
studies, selecting different regions of interest, further found volume deficits in
the dorsolateral prefrontal cortex (DLPFC) and superior temporal gyrus in
individuals with EOBD, relative to healthy controls, most prominently in the
left hemisphere (Chen et al., 2004; Dickstein et al., 2005). Volumetric ab-
normalities in the DLPFC have also been linked to reduced levels of N-
acetylaspartate, a marker of neuronal integrity, in individuals with EOBD
(Sassi et al., 2005). Najt and colleagues further found sex differences in
orbitofrontal cortex abnormalities in EOBD (79% bipolar type 1), with males
showing smaller and females showing larger volumes in some subregions
(Najt et al., 2007). Other studies also showed sex-by-diagnostic group in-
teractions, further indicating that normative sex differences (brain volumes:
male > female) may be disrupted in individuals with EOBD (Mitchell et al.,
2018). While a number of region-of-interest studies suggest widespread
cortical brain abnormalities in youth with EOBD, predominantly in frontal
regions, other studies fail to replicate these findings (Baloch et al., 2010;
Chang et al., 2005; Sanches et al., 2005). Hence, conclusive results from
whole-brain studies in well-powered samples are urgently needed. Further-
more, studies barely differentiate between bipolar disorder type I and type II,
or between bipolar disorder with and without psychotic features, both factors
which may influence brain structure. For instance, Toma and colleagues found
lower cortical thickness in the bilateral superior frontal and left caudal middle
frontal gyrus, in adolescents with bipolar disorder type II, but not with type I
(Toma et al., 2019). Furthermore, in adults with bipolar disorder, reduced
cortical surface area was associated with a history of psychosis, but not with
mood state at time of scanning, indicating differential effects in the presence of
psychotic features (Hibar et al., 2018).
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Similar to individuals with EOS, longitudinal studies of youth with EOBD
are limited. Findings from a longitudinal study (2-year follow-up) of 10 in-
dividuals with EOBD type I suggest accelerated volume loss in the prefrontal
cortex, relative to healthy controls (Kalmar et al., 2009). However, results
should be interpreted with caution due to the small sample size. Another study
found larger reductions in anterior cortical volumes including insula and
orbitofrontal, rostral and dorsolateral prefrontal cortices over a 2-year follow-
up period, suggesting diverging patterns of gray and white matter development
in EOBD (Najt et al., 2016). Further studies are needed to draw firm
conclusions.

White matter microstructure and connectivity

White matter microstructure and connectivity in psychosis

The spatially distributed nature of the regional differences in gray matter
subcortical and cortical structures observed between adolescents with EOP and
healthy controls suggests a need to consider the connectivity between the
implicated brain regions. Connectivity is facilitated by increasing myelination
of white matter tracts during typical development. World-leading researchers,
such as Karl Friston, Chris Frith, and Nancy Andreasen, have suggested that a
central feature of psychotic disorders is neural dysconnectivity, in which core
psychotic symptoms arise from disruption of structural or functional connec-
tivity and interaction between key brain regions (Andreasen et al., 1998;
Friston & Frith, 1995).

Brain structural connectivity as studied by MRI refers to the physical
properties of white matter tracts and networks interconnecting brain regions
(Fig. 8.4). The functional connectivity across brain regions is discussed in
Chapter 9. Microstructural properties of white matter and its major tracts
associated with psychosis have been most commonly investigated using DTI,
and the vast majority of the studies have been on adults with psychotic dis-
orders. A meta-analysis of 59 studies of adolescent and adult individuals with
schizophrenia found white matter alterations in regions with long projection
fibers, callosal and commissural fibers, part of motor descending fibers, and
fronto-temporal-limbic pathways (Vitolo et al., 2017). A meta-analysis of 15
studies of adult individuals with bipolar disorder found effects for all major
classes of tracts (Nortje et al., 2013). The ENIGMA Schizophrenia Working
Group recently reported widespread lower fractional anisotropy and higher
mean and radial diffusivity in adults with schizophrenia relative to healthy
controls (Kelly et al., 2018). The effect sizes varied by region, but the strongest
effects were seen for fractional anisotropy in the anterior corona radiata and
the corpus callosum. Similarly, work from the ENIGMA Bipolar Disorders
Working Group has shown widespread lower fractional anisotropy in adults
with bipolar disorders relative to healthy controls (Favre et al., 2019). Another
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recent large multisite study compared white matter microstructural differences
between healthy controls and adult individuals with schizophrenia, bipolar
disorder, autism spectrum disorder, or major depressive disorder (Koshiyama
et al., 2020). Individuals with schizophrenia and bipolar disorder shared
similar differences in the body of the corpus callosum, the fornix and the
cingulum, while differences in the uncinate fasciculus were only present in
individuals with schizophrenia. In a direct comparison, there were, however,
no differences between individuals with schizophrenia and bipolar disorder
(Koshiyama et al., 2020). Together, these results support the conclusion that
psychotic disorders in adults involve microstructural deficits in white matter
connections. We will next discuss whether similar patterns of connectivity
disruption are seen in individuals with onset of schizophrenia or bipolar dis-
order during adolescence, when brain connections are still maturing.

White matter microstructure and connectivity in early-onset
psychosis

A number of studies, albeit mostly small in sample size, have used DTI to
compare white matter microstructure between youth with EOP and healthy

FIGURE 8.4 Parcellation of major white matter tracts based on FreeSurfer Abbreviation:

JHU ¼ Johns Hopkins University. Images were generated with ggseg in R, from Mowinckel, A. M.,

& Vidal-Piñeiro, D. (2020). Visualization of Brain Statistics With R Packages ggseg and ggseg3d.

Advances in Methods and Practices in Psychological Science, 3(4), 466e483. https://doi.org/10.

1177/2515245920928009.
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controls. In 2016, we published a systematic review of youth with EOS,
covering 21 studies from 2004 to 2015 (Tamnes & Agartz, 2016). We found
that significantly lower regional fractional anisotropy was consistently re-
ported in youth with EOS (sample sizes ranging from 12 to 55), compared to
healthy controls, but that the white matter tracts implicated were highly var-
iable across studies. Lower fractional anisotropy values were reported in white
matter regions in all cerebral lobes, corpus callosum, cingulum, superior
longitudinal fasciculus, inferior longitudinal fasciculus, fronto-occipital
fasciculus, cortico-spinal tract, anterior thalamic radiation, optic radiation,
fornix, posterior hippocampus, and cerebellum. Notably, however, there were
also negative findings for several of these regions and tracts. Other common
DTI indices, such as mean-, radial-, and axial diffusivity, were only explored
in a few studies (Tamnes & Agartz, 2016).

In addition to static caseecontrol differences in DTI measures, it is critical
to investigate cross-sectional age-related differences or preferably longitudinal
change over time, as this can help elucidate the neurodevelopmental patho-
physiology of psychotic disorders. To date, it is unclear whether white matter
microstructural abnormalities in youth with psychotic disorders are stable over
time or whether they show a dynamic evolution reflecting altered trajectories
of white matter development relative to typical development patterns. In
typically developing youth, fractional anisotropy increases as well as mean-
and radial diffusivity decreases decelerated over time. So far, only a few
studies have examined white matter microstructural development in youth
with EOS. The results are mixed, with the available studies reporting
diverging, converging, or parallel developmental fractional anisotropy trajec-
tories between individuals with EOP and healthy controls (Douaud et al.,
2009; Epstein & Kumra, 2015; Kumra et al., 2005).

White matter microstructure and connectivity in bipolar disorder

Relatively few and mostly studies with small sample sizes have used DTI to
probe white matter microstructure in youth with EOBD. Similar to youth with
EOS, these studies have consistently reported lower fractional anisotropy.
However, different studies have analyzed or found effects in different tracts,
including in prefrontal white matter, corpus callosum, the superior longitudinal
fasciculus, the cingulate, the anterior corona radiata, and fornix (Adler et al.,
2006; Barnea-Goraly et al., 2009; Frazier et al., 2007; Gao et al., 2013;
Gönenç et al., 2010; Kafantaris et al., 2009; Pavuluri et al., 2009; Roberts
et al., 2016). Lower fractional anisotropy in many of the same tracts has also
been reported for adolescents with subthreshold bipolar symptoms (Paillère
Martinot et al., 2014).

A few studies have compared caseecontrol differences in DTI indices in
youth and adults with bipolar disorder. One study including adolescent and
adult individuals with bipolar I disorder found greater deviations in fractional
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anisotropy in the left anterior limb of the internal capsule in the young in-
dividuals compared to adult individuals with psychosis (Lu et al., 2012).
Another study found different spatial patterns of fractional anisotropy differ-
ences in adolescents with EOBD relative to young adults with bipolar disorder,
with more posterior white matter effects seen in the former group and more
anterior effects in the latter (Ren et al., 2020). Together, these studies suggest
some differences in white matter abnormalities between individuals with
early- and adult-onset bipolar disorder.

Concerning white matter microstructural development in individuals with
EOBD, Weathers and colleagues performed a longitudinal DTI study
including adolescents and young adults with bipolar disorder (w50% with
psychotic features), and healthy controls (Weathers et al., 2018). The re-
searchers focused specifically on the uncinate fasciculus, which provides the
major connections between the amygdala and ventral prefrontal cortex and is
important in emotion regulation. The results showed interactions between
diagnosis, age and time, with healthy controls showing increases in fractional
anisotropy with age and over time, whereas no significant changes were
observed in individuals with bipolar disorder (Weathers et al., 2018). This
developmental pattern is also supported by the findings in a cross-sectional
study that showed lower age-related fractional anisotropy increases in the
anterior corpus callosum in youth with EOBD, although no group-by-age
interaction effects were found for the uncinate fasciculus or the corticospinal
tract (Cabeen et al., 2018; Linke et al., 2020).

Relationships with symptom profiles and functioning

While a number of brain structural and cognitive abnormalities have been
reported in individuals with EOP, robust associations between the two are
largely missing. Juuhl-Langseth and colleagues found that larger caudate
volumes were associated with lower verbal learning performance in in-
dividuals with EOP relative to healthy controls (Juuhl-Langseth et al., 2015).
Despite marked ventricular enlargements in EOP, the authors found compa-
rable correlations between the lateral ventricular volume and cognitive do-
mains among individuals with EOP and healthy controls. Antipsychotic
medication was related to ventricular enlargements but did not affect the brain
structureefunction relationship (Juuhl-Langseth et al., 2012). In individuals
with EOS, age of onset was positively correlated with regional gray matter
volume in the right superior parietal lobule (Brodmann area 7), while duration
of illness was negatively associated with regional gray matter volume in the
left inferior frontal gyrus (Brodmann area 11/47) (Burke et al., 2008). Our
review of DTI studies in individuals with EOS showed that consistent evidence
for associations between DTI indices and measures of symptomatology or
cognition was weak or lacking (Tamnes & Agartz, 2016).

While most studies of individuals with EOP have not found associations
between cortical brain measures and symptom profiles or cognitive outcome,

190 Adolescent Psychosis



some studies have linked suicidal behavior in adolescents with EOBD with
brain structure. For instance, one study found an association between reduced
left lateral orbitofrontal cortex volumes and increased suicidal lethality in
currently depressed individuals with EOBD (Huber et al., 2019). Furthermore,
individuals with EOBD (46% with psychotic features) who attempted suicide
showed decreased structural connectivity in a ventral frontolimbic neural
system subserving emotion regulation (Johnston et al., 2017). Besides
behavioral outcomes, altered cortical brain morphology has also been linked to
environmental factors in youths with EOP. Individuals with EOBD using
cannabis exhibited larger volume and surface area in parietal regions, and
smaller cortical thickness in frontal regions, relative to healthy controls and
nonusing individuals with EOBD (Sultan et al., 2021). Genetic factors such as
single nucleotide polymorphisms (SNPs) could further contribute to the het-
erogeneity seen in cortical findings among individuals with EOP. For instance,
rs1006737 SNP on the calcium channel voltage-dependent L-type alpha 1C
subunit (CACNA1C) gene may confer risk for bipolar disorder and schizo-
phrenia, along with major depressive disorder, and has been linked to distinct
brain structural phenotypes in individuals with EOBD. Individuals with EOBD
who were carriers of the aforementioned SNP were found to have greater
surface area in prefrontal and occipital regions relative to individuals with
EOBD who were noncarriers. Interestingly, healthy control carriers showed the
reversed pattern compared to healthy control noncarriers (Shonibare et al.,
2021). A recent DTI study of individuals with EOBD type I and healthy
controls found differential relationships between fractional anisotropy and
cognitive flexibility performance in EOBD compared to healthy controls in
several white matter regions (Radoeva et al., 2020). Replication of these
findings and new studies with larger samples are needed to understand the
clinical and cognitive relevance of brain structural and microstructural effects
in individuals with adolescent psychosis.

Impact of medication

Antipsychotic drugs are cornerstones in the treatment of individuals with
schizophrenia (Keepers et al., 2020). Basal ganglia volume increases occur
already after a few weeks of treatment. This is thought to be a compensatory
response to the antipsychotic medication induced dopamine D2 receptor
antagonism, which leads to an up-regulation of the D2 receptors in the striatum
(Chua et al., 2009). The propensity of antipsychotic type to bind to D2 re-
ceptors (Jørgensen et al., 2016) and the dose (Di Sero et al., 2019) shaped the
magnitude of the basal ganglia volume increase. As shown in animal studies,
the neurobiological responses may also differ as a function of neuro-
developmental phase (Moe et al., 2017), and it is an interesting, yet unan-
swered question, how antipsychotics can influence brain development in
adolescents with EOP long-term. As mentioned above, transfer to clozapine
treatment from typical antipsychotics resulted in reduction in caudate volumes
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(Frazier, Kaysen, et al., 1996). In individuals with COS, globus pallidus
enlargement correlated with neuroleptic medication exposure and with age of
onset of psychosis (Frazier, Hamburger, et al., 1996). In adults with schizo-
phrenia, cortical gray matter reductions have been observed over 6 months to
2 years (Huhtaniska et al., 2017), yet long-term medication studies of youth
with EOP are missing. Treatment response in individuals with EOP has,
however, been linked to cortical measures. Decreased cortical thickness in
medial frontal areas was associated with a history of poor antipsychotic
treatment response in individuals with COS (Gogtay et al., 2004). To the
contrary, Thormodsen and colleagues found no significant effects of antipsy-
chotic medication on cortical thickness in adolescents with EOP (Thormodsen
et al., 2013). In individuals with EOBD, current use of mood stabilizers was
linked to larger volumes in the right subgenual prefrontal cortex (Baloch et al.,
2010). Using DTI, a recent study found a significant association between
antipsychotic mediation status and fractional anisotropy in the left anterior
corona radiata, with higher fractional anisotropy in medicated compared to
nonmedicated individuals with EOP (Barth et al., 2020). Studies aiming at
identifying neuroimaging biomarkers of treatment outcome are urgently
needed to predict functional long-term outcomes in individuals with EOP.

Clinical implications

Identifying neuroimaging biomarkers of psychosis risk and treatment out-
comes after disease onset has gained momentum in clinical brain research over
the last decades. In adult psychosis populations, however, results are mostly
equivocal, and studies in youth with EOP are largely missing. A recent pro-
spective longitudinal multicenter study found that exaggerated deviation in
neuroanatomical maturity, measured as brain age, in youth at clinical high-risk
for psychosis, aged 12e17 years at the first scan, was associated with a greater
risk for developing psychosis and a pattern of poor functioning (Chung et al.,
2018). This association was not found in individuals at high-risk who devel-
oped psychosis at the age of 18 years or older. These individuals, however,
showed accelerated reduction in cortical thickness, which was not the case in
the adolescents at high risk. In sum, these results suggest that neuroanatomical
measures may be useful in estimating onset of psychosis, especially among
individuals at high-risk during adolescence. Concerning treatment outcomes, a
recent study by Zang and colleagues found two distinct subgroups of in-
dividuals with EOBD, as defined by patterns of cortical thickness. The sub-
group of EOBD with greater cortical thickness relative to healthy controls
showed better treatment response to quetiapine than the EOBD subgroup with
cortical thinning in superior temporal and superior parietal regions (Zhang
et al., 2018). While promising, these results need to be interpreted with caution
due to the small sample size, and replications in larger samples are warranted
to inform medical decision-making.
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Future directions

Large samples of individuals with EOP are needed to stratify for clinical
subgroups, their functional outcome and treatment response in relationship to
brain structure. Likewise, longitudinal studies are called for to understand the
origin, emergence, and possible degenerative characteristics of brain structural
differences associated with EOP, and the timing of these differences relative to
familiar, genetic, clinical risk-status, and clinical manifestations in adoles-
cence versus in adult age. Examining the interplay of clinical, environmental,
and genetic variation for structural brain development in youth with EOP is an
interesting avenue for future studies. Transdiagnostic comparison of brain
structures across neurodevelopmental syndromes in youth might facilitate the
search for clues to neurobiological processes underlying psychosis develop-
ment. There is also a need to expand representative psychosis cohorts to parts
of the world outside the Western hemisphere.

So far, previous cortical studies including individuals with EOP used
traditional methods such as voxel-based morphometry, relying on coarse
volume-based measures. Surface-based approaches provide powerful alterna-
tives, which enable more precise spatial localization of potential alternations in
cortical morphology (reviewed by Coalson et al., 2018). Furthermore, older
studies tend to be biased by low-resolution images. To reliably quantify
cortical abnormalities in adolescents with EOP, future studies should acquire
high-resolution images (higher than the typical 1-mm acquisition) and use
robust, high-quality cortical surface models in well-powered samples.

As we have reviewed, most diffusion weighted imaging studies on ado-
lescents with psychosis have used DTI models and focused almost exclusively
on fractional anisotropy, while other DTI indices are not consistently explored.
DTI has numerous limitations and interpretation of its parameters is not
necessarily straightforward. Advancements in diffusion weighted imaging
acquisition and modeling, as discussed elsewhere (Pasternak et al., 2018;
Tamnes et al., 2018), may give new knowledge about the brain structural basis
of psychosis development during childhood and adolescence. These methods
have in recent years been used in a few studies of adult individuals with
psychosis (Gurholt, Haukvik, et al., 2020), but studies including adolescents
with psychosis are so far scarce. Tractography (Tournier et al., 2011) and
graph theory analysis (Bullmore & Bassett, 2011) also hold promise for further
probing white matter connectivity and networks.

Conclusion

Subcortical brain structures are smaller in adolescents with EOP, with struc-
tural profiles mainly similar to adults with psychotic disorders. Basal ganglia
volumes show increases concordant with antipsychotic medication use. The
developmental trajectories of the cortex might provide important clues to the
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neurodevelopment and brain pathology underlying EOP. DTI studies docu-
ment lower regional fractional anisotropy in youth with EOP, but the impli-
cated regions or tracts remain unclear. Attempts to associate specific brain
structural changes to disease symptoms, cognition, and clinical outcome have
so far shown limited success.
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Lienenkaëmper, N., Cheung, V., Suckling, J., & McAlonan, G. M. (2009). Early striatal hy-

pertrophy in first-episode psychosis within 3 weeks of initiating antipsychotic drug treatment.

Psychological Medicine, 39(5), 793e800. https://doi.org/10.1017/S0033291708004212

Chung, Y., Addington, J., Bearden, C. E., Cadenhead, K., Cornblatt, B., Mathalon, D. H.,

McGlashan, T., Perkins, D., Seidman, L. J., Tsuang, M., Walker, E., Woods, S. W.,

McEwen, S., Van Erp, T. G. M., & Cannon, T. D. (2018). Use of machine learning to

determine deviance in neuroanatomical maturity associated with future psychosis in youths at

clinically high risk. JAMA Psychiatry, 75(9), 960e968. https://doi.org/10.1001/

jamapsychiatry.2018.1543

Coalson, T. S., Van Essen, D. C., & Glasser, M. F. (2018). The impact of traditional neuroimaging

methods on the spatial localization of cortical areas. Proceedings of the National Academy of

Sciences of the United States of America, 115(27), E6356eE6365. https://doi.org/10.1073/

pnas.1801582115

Courchesne, E., Chisum, H. J., Townsend, J., Cowles, A., Covington, J., Egaas, B., Harwood, M.,

Hinds, S., & Press, G. A. (2000). Normal brain development and aging: Quantitative analysis

at in vivo MR imaging in healthy volunteers. Radiology, 216(3), 672e682. https://doi.org/

10.1148/radiology.216.3.r00au37672

Di Sero, A., Jørgensen, K. N., Nerland, S., Melle, I., Andreassen, O. A., Jovicich, J., & Agartz, I.

(2019). Antipsychotic treatment and basal ganglia volumes: Exploring the role of receptor

occupancy, dosage and remission status. Schizophrenia Research, 208, 114e123. https://

doi.org/10.1016/j.schres.2019.04.002

Dickstein, D. P., Milham, M. P., Nugent, A. C., Drevets, W. C., Charney, D. S., Pine, D. S., &

Leibenluft, E. (2005). Frontotemporal alterations in pediatric bipolar disorder: Results of a

voxel-based morphometry study. Archives of General Psychiatry, 62(7), 734e741. https://

doi.org/10.1001/archpsyc.62.7.734

Douaud, G., MacKay, C., Andersson, J., James, S., Quested, D., Ray, M. K., Connell, J.,

Roberts, N., Crow, T. J., Matthews, P. M., Smith, S., & James, A. (2009). Schizophrenia delays

and alters maturation of the brain in adolescence. Brain, 132(9), 2437e2448. https://doi.org/

10.1093/brain/awp126

Douaud, G., Smith, S., Jenkinson, M., Behrens, T., Johansen-Berg, H., Vickers, J., James, S.,

Voets, N., Watkins, K., Matthews, P. M., & James, A. (2007). Anatomically related grey and

white matter abnormalities in adolescent-onset schizophrenia. Brain, 130(9), 2375e2386.

https://doi.org/10.1093/brain/awm184

Structural brain imaging in early-onset psychosis Chapter | 8 195

https://doi.org/10.1016/j.pscychresns.2017.12.006
https://doi.org/10.1016/j.biopsych.2005.03.039
https://doi.org/10.1016/j.biopsych.2005.03.039
https://doi.org/10.1016/j.neulet.2004.03.042
https://doi.org/10.1016/j.neulet.2004.03.042
https://doi.org/10.1017/S0033291708004212
https://doi.org/10.1001/jamapsychiatry.2018.1543
https://doi.org/10.1001/jamapsychiatry.2018.1543
https://doi.org/10.1073/pnas.1801582115
https://doi.org/10.1073/pnas.1801582115
https://doi.org/10.1148/radiology.216.3.r00au37672
https://doi.org/10.1148/radiology.216.3.r00au37672
https://doi.org/10.1016/j.schres.2019.04.002
https://doi.org/10.1016/j.schres.2019.04.002
https://doi.org/10.1001/archpsyc.62.7.734
https://doi.org/10.1001/archpsyc.62.7.734
https://doi.org/10.1093/brain/awp126
https://doi.org/10.1093/brain/awp126
https://doi.org/10.1093/brain/awm184


El-Sayed, M., Grant Steen, R., Poe, M. D., Carter Bethea, T., Gerig, G., Lieberman, J., & Sikich, L.

(2010). Brain volumes in psychotic youth with schizophrenia and mood disorders. Journal of

Psychiatry and Neuroscience, 35(4), 229e236. https://doi.org/10.1503/jpn.090051

ENIGMA. (2021). Enhancing neuro imaging genetics through meta-analysis consortium. http://

enigma.ini.usc.edu.

Epstein, K. A., & Kumra, S. (2015). White matter fractional anisotropy over two time points in

early onset schizophrenia and adolescent cannabis use disorder: A naturalistic diffusion tensor

imaging study. Psychiatry Research - Neuroimaging, 232(1), 34e41. https://doi.org/10.1016/

j.pscychresns.2014.10.010

van Erp, T. G. M., Hibar, D. P., Rasmussen, J. M., Glahn, D. C., Pearlson, G. D.,

Andreassen, O. A., Agartz, I., Westlye, L. T., Haukvik, U. K., Dale, A. M., Melle, I.,

Hartberg, C. B., Gruber, O., Kraemer, B., Zilles, D., Donohoe, G., Kelly, S., McDonald, C.,

Morris, D. W., … Turner, J. A. (2016). Subcortical brain volume abnormalities in 2028 in-

dividuals with schizophrenia and 2540 healthy controls via the ENIGMA consortium. Mo-

lecular Psychiatry, 21(4), 547e553. https://doi.org/10.1038/mp.2015.118, 585e585.

van Erp, T. G. M., Walton, E., Hibar, D. P., Schmaal, L., Jiang, W., Glahn, D. C., Pearlson, G. D.,

Yao, N., Fukunaga, M., Hashimoto, R., Okada, N., Yamamori, H., Bustillo, J. R., Clark, V. P.,

Agartz, I., Mueller, B. A., Cahn, W., de Zwarte, S. M. C., Hulshoff Pol, H. E., … Turner, J. A.

(2018). Cortical brain abnormalities in 4474 individuals with schizophrenia and 5098 control

subjects via the enhancing Neuro imaging genetics through meta analysis (ENIGMA) con-

sortium. Biological Psychiatry, 84(9), 644e654. https://doi.org/10.1016/j.biopsych.2018.

04.023

Favre, P., Pauling, M., Stout, J., Hozer, F., Sarrazin, S., Abé, C., Alda, M., Alloza, C., Alonso-
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Huhtaniska, S., Jääskeläinen, E., Hirvonen, N., Remes, J., Murray, G. K., Veijola, J., Isohanni, M.,

& Miettunen, J. (2017). Long-term antipsychotic use and brain changes in schizophrenia e a

systematic review and meta-analysis. Human Psychopharmacology, 32(2). https://doi.org/

10.1002/hup.2574

James, A. C., James, S., Smith, D. M., & Javaloyes, A. (2004). Cerebellar, prefrontal cortex, and

thalamic volumes over two time points in adolescent-onset schizophrenia. American Journal

of Psychiatry, 161(6), 1023e1029. https://doi.org/10.1176/appi.ajp.161.6.1023

Janssen, J., Reig, S., Alemán, Y., Schnack, H., Udias, J. M., Parellada, M., Graell, M., Moreno, D.,

Zabala, A., Balaban, E., Desco, M., & Arango, C. (2009). Gyral and sulcal cortical thinning in

adolescents with first episode early-onset psychosis. Biological Psychiatry, 66(11),

1047e1054. https://doi.org/10.1016/j.biopsych.2009.07.021

Johnston, J. A. Y., Wang, F., Liu, J., Blond, B. N., Wallace, A., Liu, J., Spencer, L.,

Lippard, E. T. C., Purves, K. L., Landeros-Weisenberger, A., Hermes, E., Pittman, B.,

Zhang, S., King, R., Martin, A., Oquendo, M. A., & Blumberg, H. P. (2017). Multimodal

neuroimaging of frontolimbic structure and function associated with suicide attempts in ad-

olescents and young adults with bipolar disorder. American Journal of Psychiatry, 174(7),

667e675. https://doi.org/10.1176/appi.ajp.2016.15050652
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Introduction

Schizophrenia and bipolar disorder are often jointly referred to as psychotic
disorders because positive psychotic symptoms are shared clinical features
(American Psychiatric Association, 2013). Further, genetic and epidemiolog-
ical studies have demonstrated substantial overlap between these two disorders
in terms of genetic architecture and familial segregation (Lee et al., 2013;
Lichtenstein et al., 2009). Early-onset psychosis is not a specific diagnostic
entity, but an umbrella term commonly used in research to designate in-
dividuals with childhood- or adolescent-onset schizophrenia (early-onset
schizophrenia; EOS) or bipolar disorder (early-onset bipolar disorder;
EOBD). Although the age boundaries vary across studies, the terms childhood-
onset typically refer to disease onset prior to the 13th birthday while the terms
adolescent-onset typically refer to disease onset between the ages of 13 and
18 years. Because of the rarity of childhood-onset psychosis, affecting one to
four in 10,000 individuals (Clemmensen et al., 2012), most studies tend to
study mixed child and adolescent samples. In addition, some children and
adolescents might be at elevated risk for these disorders by virtue of sub-
syndromal psychopathology or familial risk or a combination of both. Familial
high-risk (FHR) is generally defined by the presence of at least one first-degree
relative (commonly a parent) affected with either schizophrenia or bipolar
disorder. The concept of clinical high-risk (CHR) was initially developed in
the context of schizophrenia using specific criteria about the nature and
duration of the subthreshold symptoms that increase the risk of syndromal
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schizophrenia (Fusar-Poli, 2017). However, the symptoms defined by the CHR
concept do not have prognostic specificity for schizophrenia because they can
also present in individuals that later develop bipolar disorder (Fusar-Poli,
2017). Taken together, schizophrenia and bipolar disorder in children and
adolescents, as well as the familial and clinical high-risk states for these
disorders, represent the full spectrum of early-onset psychosis and related
conditions. Youth with these conditions are of clinical interest because of their
risk of significant and persistent clinical morbidity and social disability (Fusar-
Poli, 2017). In parallel, there is much research interest in these conditions
because of their potential to offer a window into interactions between evolving
disease mechanisms and brain maturational processes.

This chapter provides a critical review of findings from studies on children and
adolescents with early-onset psychosis and related conditions that employed
functional magnetic resonance imaging (fMRI). Magnetic resonance imaging en-
ables the safe in-vivo study of brain organization and function in health and disease
and has had a transformative role in establishing that psychiatric disorders are
disorders of the brain. The underlying assumption of fMRI is that bloodflowand the
oxy-to deoxy-hemoglobin ratio change in response to metabolic demands engen-
dered by neuronal activity and that these changes can be inferred from the blood
oxygenation level-dependent (BOLD) signal. The BOLD signal has been used to
model the activity and functional connectivity of brain regions at rest or during the
execution of directed and effortfulmental operations. Resting-state fMRI (rs-fMRI)
has been fundamental in uncovering the intrinsic activity of the brain, as inferred
from the spontaneous fluctuations in the BOLD signal. By contrast, task-based
fMRI (t-fMRI) has been used to study brain activity and connectivity during
goal-directed or effortful cognition based on the contrast of the BOLD signal be-
tween task-stimulated states and control states; this contrast is used to identify brain
regionswhose activity or connectivity is differentially affected by task performance.

Systematic literature review

A systematic literature review was undertaken within the digital database
PubMed to identify relevant fMRI articles published during the last decade
(January 1st, 2011, to March 1st, 2021) with age filters for childhood and
adolescent samples. The search included the following terms and their com-
binations: schizophrenia; schizophrenic; psychosis; bipolar disorder; mania;
depression; affective psychosis; nonaffective psychosis; psychotic; prodrome;
prodromal; at-risk; clinical high-risk; clinical ultra-high-risk; genetic risk; fa-
milial risk; offspring; early-onset; youth; adolescence; adolescent; adolescent-
onset; child; pediatric; childhood-onset; fMRI; brain activation; brain activity;
functional MRI; resting-state; rs-fMRI; task-fMRI; networks; connectivity;
memory; inhibition; attention; language.

Eligible articles (1) were peer-reviewed and published in English; (2) used
fMRI techniques to acquire neuroimaging data; (3) involved participants who
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were children and/or adolescents at the time of scanning. As there was marked
interstudy variability with regard to the upper age boundary of the adolescent
samples, studies were included if more than 70% of the study participants were
below the age of 18 years as inferred by the mean age and standard deviation
of the study sample; and (4) included a healthy comparison group in addition
to clinical samples. With respect to the clinical samples, these were required to
meet one of the following definitions: (a) children or adolescents with EOS or
EOBD according to criteria set by the fourth or fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM) (American Psychiatric
Association, 2000, 2013); (b) children or adolescents at clinical high-risk for
schizophrenia (CHR-SCZ) or bipolar disorder (CHR-BD) as determined by
dedicated scales and instruments; (c) children or adolescents at familial high-
risk for schizophrenia (FHR-SCZ) or bipolar disorder (FHR-BD), as deter-
mined by having at least one first-degree relative diagnosed with schizophrenia
or bipolar disorder. Studies reporting different fMRI investigations on the
same sample and longitudinal studies on the same sample were retained. When
the same fMRI investigation was applied to significantly overlapping samples
but reported in separate articles, only the article with the largest sample size
was retained. Articles reporting on treatment interventions were only included
if they provided baseline case-control differences prior to treatment initiation.
Articles reporting on psychosis in the context of chromosomal or other specific
genetic abnormalities (e.g., velocardiofacial syndrome) were excluded.

This literature search yielded 1290 potentially eligible studies on EOS and
related high-risk states and 363 articles on EOBD and related high-risk states.
Following exclusion of articles that did not meet eligibility criteria, 47 EOS-
related studies (t-fMRI ¼ 18; rs-fMRI ¼ 29) and 58 EOBD-related studies (t-
fMRI ¼ 43; rs-fMRI ¼ 15) were retained (Fig. 9.1).

FIGURE 9.1 Flow chart of article selection for the systematic literature review.
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Task-related functional magnetic resonance imaging
studies

A diverse array of fMRI tasks has been used to investigate task-related brain
activity and connectivity in youth with early-onset psychosis. We used the
Research Domain Criteria (RDoC) framework (Insel et al., 2010), proposed by
the US National Institute of Mental Health (NIMH), to synthesize findings.
This framework represents the best available approximation to a criterion
approach for the classification of the various fMRI tasks and enables the
attribution of study findings to functional changes in clearly defined domains
of mental functioning. The RDoC framework comprises six major domains:
systems for negative and positive valence, cognitive and sensorimotor systems,
systems for social processes, and arousal/regulatory systems. Within each
domain, elements representing subordinate processes are further specified as
constructs and subconstructs. The t-fMRI studies included in this review are
summarized in Tables 9.1 and 9.2 and classified according to the RDoC
construct that most closely mapped to the fMRI paradigm used. Unless
otherwise specified, all the reported comparisons below use the healthy youth
group in each study as the normative reference.

Cognitive systems

In youth with early-onset psychosis, fMRI studies corresponding to the domain
of cognitive systems have used tasks that map onto the constructs of cognitive
control, declarative memory, and working memory. Across tasks, these con-
structs are supported by a network which encompasses the dorsolateral,
ventrolateral, ventromedial and frontopolar cortex, the anterior cingulate
cortex (ACC), the superior and inferior parietal cortex, parts of the occipital
and temporal cortices and subcortical regions comprising the caudate, puta-
men, thalamus, and cerebellum (Niendam et al., 2012). Within this network,
the ACC is thought to be involved in performance monitoring. The dorsal
frontoparietal regions are postulated to support goal-representation and
working memory, while ventrolateral and striatal pathways are primarily
engaged in response inhibition and selection.

Cognitive control: response selection, inhibition/suppression,
performance monitoring

Tasks mapping to these cognitive control subconstructs include those that
require suppression of responses (e.g., the stop-signal and go/no-go tasks) and
those that require suppression of learned reactions and selection of alternative
responses (e.g., Stroop Color Word Test and the AX version of the Continuous
Performance Task). In studies using these paradigms, patients with EOBD
showed a pattern of hyperactivation of prefrontal regions despite adequate
performance, which has been interpreted as evidence of neural compensation
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TABLE 9.1 Schizophrenia-related task-fMRI studies.

Study PMID Early-onset Familial high- risk Clinical high-risk fMRI paradigm Construct

n

Mean age,

years (SD) n

Mean age,

years (SD) n

Mean age,

years (SD)

Cognitive systems

Bakshi et al.
(2011) a

21306732 19 14.3 (3.1) N-back task Working
memory

Bittner et al.
(2015)

24675869 17 17.9 Delayed visual
discrimination task

Working
memory

Cao et al. (2019) 30215784 155 18.8(4.19) Paired-associates Declarative
memory

Diwadkar, Pruitt,
et al. (2011) a

21497490 18 14.0 (3.1) CPT Cognitive
control

Diwadkar, Segel,
et al. (2011) a

21729757 19 14.1 (2.85) N-back task Working
memory

Diwadkar et al.
(2012) a

22033368 19 14.3 Facial affect N-back
task

Working
memory

Gisselgård et al.
(2018)

29742121 41 16.7 (2.4) N-back task Working
memory

Hart et al. (2013) 23482245 21 14.4 (2.56) Oddball task Attention

Karlsgodt et al.
(2014)

24144510 20 16.85 (2.06) Sternberg memory
task

Working
memory

Niendam et al.
(2014)

24120302 35 18.27 (2.63) 25 16.92 (3.85) AX CPT Cognitive
control

Rajarethinam
et al. (2011) a

21684722 15 15.1 (3.4) Story
comprehension

Language
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TABLE 9.1 Schizophrenia-related task-fMRI studies.dcont’d

Study PMID Early-onset Familial high- risk Clinical high-risk fMRI paradigm Construct

n

Mean age,

years (SD) n

Mean age,

years (SD) n

Mean age,

years (SD)

Sugranyes et al.
(2012)

22475381 22 17.1 (1.5) N-back task Working
memory

Thormodsen et al.
(2011)

22079661 15 16.2 (1.3) N-back task Working
memory

White et al.
(2011)

21211946 22 15 (2.8) Sternberg memory
task

Working
memory

Wolf et al. (2015) 25785510 260 15.7 (2.7) N-back task Working
memory

Systems for social processes

Barbour et al.
(2012) a

22222174 19 14.71 Facial affect
processing

Social
communication

Wolf et al. (2015) 25785510 260 15.7 (2.7) Facial affect
processing

Social
communication

Positive valence systems

Fett et al. (2019) 31506672 22 17.57 (1.27) Social trust task Reward
evaluation

Wagshal et al.
(2014)

24162516 10 12.6 (2.32) Weather prediction
task

Reward
learning

CPT, continuous performance task; PMID, Article ID number in PubMed.
aStudies with overlapping samples.
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TABLE 9.2 Bipolar-related task-fMRI studies.

Study PMID Early-onset Familial high-risk

fMRI

paradigm Construct

n

Mean age, years

(SD) n

Mean age, years

(SD)

Cognitive systems

Acuff et al. (2018) a 30193355 31 13.87 (2.42) Facial affect N-
back task

Social
communication

Adleman et al. (2013) 23541333 29 14.5 (2.7) Encoding and
retrieval

Declarative
memory

Deveney et al. (2012) 22008364 32 14.5 (2.5) Stop-signal
task

Cognitive control

Diler, de Almeida et al.
(2013) a

23607410 10 15.6 (0.9) Go/no-go task Cognitive control

Kim et al. (2012) 22024484 28 14.37 (2.63) 13 13.90 (2.02) Go-change
task

Cognitive control

Ladouceur et al. (2013) 23590840 16 14.2 (2.3) Facial affect N-
back task

Working memory

Metcalfe et al. (2016) 27187236 30 16.8 (1.4) Go/no-go task Cognitive control

Nery et al. (2021) 32876131 54 13.74 (2) CPT with
emotional
distractors

Cognitive control

Pagliaccio et al. (2017) 27837919 24 19.1 (3.77) 29 14.88 (3.47) Selective
attention task

Attention

Passarotti et al. (2011) 21390505 17 14.29 (2.05) Facial affect N-
back task

Working memory
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TABLE 9.2 Bipolar-related task-fMRI studies.dcont’d

Study PMID Early-onset Familial high-risk

fMRI

paradigm Construct

n

Mean age, years

(SD) n

Mean age, years

(SD)

Pavuluri et al. (2012) a 22265362 21 13.6 (2.5) Facial affect N-
back task

Working memory

Schneider et al. (2014) 25035298 11 13.0 (2.2) CPT Cognitive control

Schneider et al. (2012) 22801290 23 14.6 (2.2) CPT Cognitive control

Tseng et al. (2015) 25172156 27 14.44 (2.82) 13 13.71 (2.28) Encoding and
retrieval

Declarative
memory

Weathers et al. (2012) a 22581312 16 11.71 (3.65) Stop-signal
task

Cognitive control

Weathers et al. (2013) a 23958598 15 11.69 (3.79) Stop-signal
task

Cognitive control

Welge et al. (2016) 27806866 32 15.5 (1) 64 14.85 (3) CPT Cognitive control

Systems for social processes

Brotman, Deveney, et al.
(2014) a

23930595 36 14.77 (2.55) Emotion
processing task

Social
communication

Brotman, Tseng, et al.
(2014) a

24617738 20 15.6 (2.3) 15 14.5 (2.2) Parametric
faces paradigm

Social
communication

Chang et al. (2017) 28667891 50 13.5 (2.9) Facial
expressions
task

Social
communication

Deveney et al. (2014) 24493839 19 15.7 (2.3) Emotion
processing task

Social
communication
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Diler, Segreti, et al. (2013) a 24080517 10 15.6 (1.1) Emotional
facial
expression
gender
labeling task

Social
communication

Garrett et al. (2015) 25283342 12 13.55 (3.4) Facial
expression task

Social
communication

Garrett et al. (2012) 22840553 20 15.63 (2.1) Facial affect
processing

Social
communication

Hafeman et al. (2014) 25151338 34 13.95 (2.1) Facial affect
processing

Social
communication

Systems for social processes

Kryza-Lacombe et al. (2019) 30851221 24 16.5 (2.4) Facial affect
processing

Social
communication

Ladouceur et al. (2011) 22115148 34 13.64 (2.27) Facial affect
processing

Social
communication

Nimarko et al. (2019) 31064610 50 13.55 (2.47) Facial affect
processing

Social
communication

Olsavsky et al. (2012) 22365465 32 14.7 (2.7) 13 14 (2.4) Facial affect
processing

Social
communication

Pavuluri et al. (2011) a 21592741 24 12.65 (2.5) Affective
word-color
matching

Social
communication

Perlman et al. (2013) 24290464 20 13.5 (2.04) Facial affect
processing

Social
communication

Wiggins et al. (2017) 27993231 36 17.9 (3.3) 22 15.7 (3.6) Facial affect
processing

Social
communication

Yang et al. (2013) 23517886 13 13.25 (2.27) Affective
word-color
matching

Social
communication
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TABLE 9.2 Bipolar-related task-fMRI studies.dcont’d

Study PMID Early-onset Familial high-risk

fMRI

paradigm Construct

n

Mean age, years

(SD) n

Mean age, years

(SD)

Positive valence systems

Acuff et al. (2019) a 30755725 32 13.95 (2.43) Number
guessing
reward task

Reward learning

Adleman et al. (2011) 22024005 26 14.34 (2.59) Probabilistic
response
reversal task

Reward learning

Bitter et al. (2014) 24962329 14 17 (3) Cueereactivity
task

Reward
responsiveness

Manelis et al. (2016) 26373895 29 13.81 (2.45) Number
guessing
reward task

Reward learning

Singh, Chang, et al. (2014) a 25142103 20 12.74 (2.85) Monetary
incentive delay
task

Reward
responsiveness

Singh et al. (2013) 23265635 24 15.7 (1.7) Monetary
incentive delay
task

Reward
responsiveness

Soehner et al. (2016) 27442458 25 14.2 (2.25) Number
guessing
reward task

Reward
responsiveness
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Uro�sevi�c et al. (2016) 27114896 21 16.33 (1.66) Monetary
incentive delay
task

Reward
responsiveness

Sensorimotor Systems

King et al. (2018) 29451300 35 15.7 (1.97) Finger-tapping
task

Motor actions

Arousal and regulatory systems

Urback et al. (2019) 30422372 25 17.22 (1.14) Breath hold
task

Arousal

CPT, continuous performance Task; PMID, Article ID number in PubMed.
aStudies with overlapping samples.
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(Diler, de Almeida, et al., 2013; Metcalfe et al., 2016; Weathers et al., 2013),
coupled with ACC hypoactivation during inhibition failures, indicative of
dysfunctional performance monitoring (Weathers et al., 2012). A similar
pattern of hyperactivation has also been noted in youth at FHR-BD (Kim et al.,
2012). Notably, patients with EOS, as well as youth at CHR-SCZ and FHR-
SCZ evidenced similar patterns of prefrontal hyperactivation, but these were
associated with task underperformance (Diwadkar, Segel, et al., 2011; Nien-
dam et al., 2014; Schneider et al., 2014).

Cognitive control: updating, representation, and maintenance

These cognitive control subconstructs refer to the ability to adhere to rules or
goals while excluding highly reflexive or compelling competing influences.
The successful neural implementation of these processes is thought to depend
on the integrity of frontoparietal regions (Niendam et al., 2012). The relevant
tasks typically require participants to maintain goal-directed behavior in the
presence of distractor stimuli, which can be either affective or nonaffective in
nature. In patients with EOS and youth at FHR-SCZ, dysfunctional activation
has been noted in medial and dorsal prefrontal regions when affective words
were used as distractors (Pavuluri et al., 2011; Yang et al., 2013) coupled with
further abnormalities in “emotion-generating” regions such as the amygdala
and pregenual ACC (Hart et al., 2013; Nery et al., 2021; Welge et al., 2016).

Declarative memory

Declarative memory consists of facts and events that can be stored via
encoding and consciously recalled or “declared.” Memory processing of hu-
man faces involves a specialized region of the fusiform gyrus (Natu &
O’Toole, 2011). A single study that examined facial encoding and recall in
children with EOBD, identified hyperactivation in the fusiform gyrus during
correctly recalled faces (Adleman et al., 2013).

Working memory

Working memory is the ability to encode, maintain, and retrieve information in
support of ongoing goal-directed behavior (Baddeley, 1992). Working memory
tasks require individuals to recall the order or location of stimuli and use this
information to fulfill task-response rules. Tasks typically include conditions of
increasing difficulty to test neural responses to increasing working memory
demands. For example, in the popular n-back task, individuals are shown a
series of stimuli (e.g., letters, numbers, objects, or faces) and are asked to
respond every time the current stimulus is the same as the one presented one,
two, or three trials back.

In patients with EOS and in youth at FHR-SCZ and CHR-SCZ, the pattern of
abnormalities within the working memory network varies with task demands.
At low task-demands, performance is typically maintained but is associated
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with hyperactivation in frontoparietal regions (Thormodsen et al., 2011; White
et al., 2011) and the hippocampal formation (Gisselgård et al., 2018). The same
pattern has been reported in patients with EOBD and in youth at FHR-BD and
FHR-SCZ, when either emotional stimuli or emotional distracters were used
(Diwadkar et al., 2012; Ladouceur et al., 2011; Passarotti et al., 2011). At higher
levels of difficulty, both task underperformance and widespread hypoactivation
within the working memory network have been reported in both patients with
EOS and in youth at FHR-SCZ (Bakshi et al., 2011; Diwadkar, Pruitt, et al.,
2011; Sugranyes et al., 2012). Working memory studies that distinguished be-
tween neural engagement during encoding or retrieval have reported that pa-
tients with EOS and youth at CHR-SCZ typically show subtle frontoparietal
hypoactivation during encoding and hyperactivation in the same regions during
retrieval (Bittner et al., 2015; Cao et al., 2019).

Social processes

Social communication: reception of facial communication

Reception of facial communication engages brain regions associated with the
processing of facial features (notably the visual cortex, the fusiform and superior
temporal gyri) and brain regions involved in the evaluation of facial affect (notably
the posterior superior temporal sulcus, the ventral ACC, the medial prefrontal
cortex, and the amygdala) (Dricu & Frühholz, 2016). This network interacts with
cognitive control regions that provide inhibitory feedback (Haxby et al., 2000). In
patients with EOBD, processing negatively valenced faces has been generally
associatedwithhyperactivation inbrain regions that support emotional processing,
such as the amygdala and ventral ACC, which appears unresponsive to increasing
intensity levels of expressed facial emotion (Deveney et al., 2014); and hypo-
activation in cognitive control regions in the ventral prefrontal cortex and the
anterior ACC (Brotman, Tseng, et al., 2014; Garrett et al., 2012; Hafeman et al.,
2014;Kimet al., 2012;Kryza-Lacombeet al., 2019;Ladouceur et al., 2011).Youth
at FHR-BD evidence the same pattern although hyperactivation in emotional
processing regions is more consistently observed than hypoactivation in cognitive
control regions (Acuff et al., 2018; Brotman, Deveney, et al., 2014; Chang et al.,
2017; Nimarko et al., 2019; Olsavsky et al., 2012; Wiggins et al., 2017).

Positive valence systems

Key regions in the reward processing network include (1) the ventrolateral
prefrontal cortex, important for encoding values of choices and decision-
making options; (2) the ventromedial prefrontal cortex, important for encod-
ing reward values and comparing values of different options; (3) the ventral
striatum, important for anticipation and prediction error; (4) the amygdala,
important for stimulus-value associations; and (5) the anterior insula, important
for the representation of interoceptive effects rewards (Sescousse et al., 2013).
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Reward learning: probabilistic and reinforcement learning

This construct and subconstruct refer to the ability to learn stimulus-
outcome associations based on their reward value. Typical tasks require
participants to deduce the rules governing stimulus-outcome associations by
rewarding correct choices (usually by monetary gains) and punishing
wrong responses (usually by monetary losses). Two articles, using an
overlapping sample of youth at FHR-BD, reported hyperactivation in the
ventromedial and ventrolateral prefrontal cortex (Manelis et al., 2016) and
hypoactivation in the posterior insula (Soehner et al., 2016) during reward
learning but neither finding was reproducible in an independent sample
(Acuff et al., 2019).

Reward responsiveness

This construct refers to neural engagement in anticipation or following receipt
of a positive or negative outcome. The monetary incentive delay task is
commonly used for this purpose as it includes a delay between stimuli pre-
sentation and their associated gain or loss. In patients with EOBD reward
anticipation was associated with increased medial frontal activation and
reduced subgenual ACC while loss anticipation was associated with decreased
activation in the parahippocampal gyrus (Singh et al., 2013). Greater pre-
frontal activation during reward anticipation has also been reported in youth at
FHR-BD who also showed reduced pregenual ACC activation during loss
anticipation (Singh, Kelley, et al., 2014). The opposite pattern was found in a
separate study of youth with EOBD who showed decreased activation in
frontal regions in anticipation of reward (Uro�sevi�c et al., 2016). A further
study assessed activation in the caudate, ACC and prefrontal cortex in patients
with EOBD using a reversal learning paradigm that combines cognitive flex-
ibility with reward processing; patients showed lower sensitivity to either
positive or negative outcomes as inferred by the reduced difference in caudate
and prefrontal activation between correct and incorrect responses compared to
healthy youth (Adleman et al., 2011).

Sensorimotor systems: motor actions

A single study examined brain activation during a selfpaced finger tapping task
in adolescents with EOBD. The only caseecontrol difference involved ACC
hypoactivation in the patient group which is difficult to interpret as the study
did not acquire task performance data (King et al., 2018).

Arousal and regulatory systems: arousal

A single study assessed a physiological aspect of arousal in adolescents with
EOBD, as inferred from cerebrovascular reactivity (vasodilatory or vasocon-
strictive response) using a paradigm that compared 15-second breath-holds to
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normal breathing; during breath-holds, patients showed hypoactivation in the
posterior cingulate cortex, lingual gyrus, right temporal pole, and supra-
marginal gyrus (Urback et al., 2019).

Summary of t-fMRI findings

The literature reviewed is dominated by studies on cognitive systems, social
processes, and positive valence to the exclusion of all other RDoC domains.
Moreover, studies on patients with EOS and in youth at CHR and FHR pre-
dominantly use tasks that map onto cognitive systems, while studies in patients
with EOBD and youth at FHR-BD mainly use tasks mapping onto social and
reward processes. There was marked interstudy variability in the results in
terms of the direction and spatial distribution of caseecontrol differences
(Fig. 9.2). Arguably, the two most convincing patterns observed, involved:
transdiagnostic abnormalities in the activation of frontoparietal regions during
cognitive systems’ tasks, indicating deficient activation in youth with EOS and
EOBD and inefficient activation in those at risk; and hyperactivation in
“emotional” processing regions for youth with EOBD and those at risk.

Resting-state functional magnetic resonance imaging
studies

Rs-fMRI measures the spontaneous (as opposed to task-induced) fluctuations
in the BOLD signal and the spatiotemporal patterns of these fluctuations are

FIGURE 9.2 Spatial distribution of case-control differences in the Task-fMRI studies. Each

dot represents regions where case-control findings have been reported in patients with early-onset

psychosis and in individuals at clinical or familial high-risk: Yellow: Regions implicated in pa-

tients with schizophrenia including early onset, clinical high-risk and familial high-risk samples;

Pink: Regions implicated in patients with bipolar disorder including early-onset, clinical high-risk,

and familial high-risk samples; Purple: Regions implicated across all groups. Information about

directionality has been omitted for ease of visualization. BD: bipolar disorder; SCZ: Schizo-

phrenia. The relevant studies are shown in Tables 9.1 and 9.2.
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used to compute resting-state connectivity (Fox & Raichle, 2007). The
most common approach relies on the statistical dependency of the BOLD
signal time series between different brain elements, either voxels or regions.
Functional connectivity at the level of voxels is commonly measured as: voxel-
mirrored homotopic connectivity, which is a voxel-wise measure of connec-
tivity between homotypic regions in the two hemispheres; and regional
homogeneity, which is a measure of the similarity of the time series of a given
voxel to those of its nearest neighbors. Seed-based functional connectivity
describes the pattern of correlations of the BOLD signal time series between a
specific brain region (the “seed”) and that of other brain regions. The temporal
covariation of BOLD signals across multiple brain regions has been used to
define resting-state networks, which are further characterized in terms of their
internal cohesiveness (within-network connectivity) and their integration
(between-network connectivity) within the whole-brain functional connectome
(Fox & Raichle, 2007). Graph theory is a popular method for the study of the
organizational properties of brain networks, such as the importance of different
brain regions for information flow (Bullmore & Sporns, 2009). Finally, the
amplitude of low-frequency fluctuations (ALFF) is used to capture the intensity
of the BOLD signal (Zuo et al., 2010). Details of the rs-fMRI studies reviewed
are provided in Table 9.3. Unless otherwise specified, all comparisons reported
below use healthy individuals as the normative reference group.

Resting-state connectome architecture and topology

A series of studies were conducted at the NIMH on a small but unique sample
of adolescents with childhood-onset schizophrenia and their siblings, who
represent youth at FHR-SCZ. Patients differed from their healthy counterparts
in the number and modularity (i.e., the extent to which networks could be
decomposed in subnetworks) of resting-state networks (Alexander-Bloch
et al., 2012, 2013). These changes could be accounted for by a selective
reduction in the functional connectivity of neighboring, but not distal, brain
regions (Alexander-Bloch et al., 2012, 2013). The asymptomatic siblings in
this study did not evidence any such abnormalities (Watsky et al., 2018) which
contrasts with findings of reduced long-distance connectivity between brain
“hubs” reported in an independent sample of adolescents at FHR-SCZ (Collin
et al., 2017).

In a separate sample, adolescent patients with EOS showed preserved ef-
ficiency of information transmission across the whole brain connectome
(global efficiency) but with local reductions at individual brain regions (nodal
efficiency) within the hippocampus, parahippocampus, and precuneus (Li,
Becker, et al., 2019). By contrast, no such abnormalities have been detected in
adolescents at FHR-BD (Collin et al., 2017) or in youth with psychotic-like
experiences from the Philadelphia Neurodevelopmental Cohort, an unse-
lected population sample (Jalbrzikowski et al., 2020).
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TABLE 9.3 Resting-state fMRI studies.

Study PMID Early-onset Familial high-risk Clinical high-risk Method

n

Mean age,

years (SD) n

Mean age,

years (SD) n

Mean age,

years (SD)

Schizophrenia-relates studies

Alexander-
Bloch et al.
(2012)

22119652 19 18.7 (4.9) Global functional architecture

Alexander-
Bloch et al.
(2013)

22275481 19 18.7 (4.9) Global functional architecture
and regional connectivity

Amico et al.
(2017)

28125578 20 14.2 (1.28) RSN connectivity

Anticevic et al.
(2015)

26267151 243 18.99 (4.18) Seed-based connectivity

Bernard et al.
(2014)

24464473 32 18.59 (1.85) Seed-based connectivity

Ilzarbe et al.
(2019)

31791005 27 18.1 (1.6) DMN connectivity

Jacobson-
McEwen et al.
(2014)

23621452 11 12.48 (0.42) Seed-based connectivity
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TABLE 9.3 Resting-state fMRI studies.dcont’d

Study PMID Early-onset Familial high-risk Clinical high-risk Method

n

Mean age,

years (SD) n

Mean age,

years (SD) n

Mean age,

years (SD)

Jalbrzikowski
et al. (2019) a

30654642 162 16 (2.9) Seed-based connectivity

Jalbrzikowski
et al. (2020) a

31424081 273 16.1 (2.9) Global functional architecture

Jiang et al.
(2015) a

25966366 26 14.51 (1.94) Regional homogeneity and
seed-based connectivity

Li et al. (2015)
a

25130214 26 14.5 (1.94) Voxel-mirrored homotopic
connectivity and seed-based
connectivity

Li, Hu, et al.
(2019) a

29850901 35 15.5 (1.7) Global and regional efficiency

Liu, Guo et al.
(2018) a

29228204 48 15.79 (1.64) Voxel-mirrored homotopic
connectivity

Liu, Zhang,
et al. (2018) a

28476336 48 15.79 (1.64) Regional homogeneity

Mennigen et al.
(2020) a

31219595 129 15 (2.8) Dynamic RSN connectivity

Satterthwaite
et al. (2015) a

26033240 188 15.74 (2.9) RSN connectivity
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Solé-Padullés
et al. (2017)

28032201 34 15.88 (0.98) 44 15.15 (1.6) LAN connectivity

Tang et al.
(2013)

23923052 32 16.2 (1.2) DMN connectivity

Wang et al.
(2017) a

28185094 48 15.79 (1.64) Global voxel-wise connectivity

Wang, Zhang,
et al. (2018) a

28823850 48 15.79 (1.64) Local and distal connectivity

Wang, Zhan,
et al., (2018) a

28587813 48 15.79 (1.64) Regional homogeneity

Wang et al.
(2019) a

30772067 35 15.5 (1.8) Voxel-wise connectivity
strength

Watsky et al.
(2018)

29310911 26 19.89 (5.55) 28 17.47 (6.2) Whole-brain connectivity

Wei et al.
(2017)

28287187 45 18.42 (3.84) Seed-based connectivity

Zhang et al.
(2015) a

26281967 37 15.5 (1.8) Seed-based connectivity

Zhang et al.
(2020) a

31784338 48 15.79 (1.64) DMN connectivity and
homogeneity

Zheng et al.
(2016) a

27000303 35 15.5 (1.76) ALFF and seed-based
connectivity
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TABLE 9.3 Resting-state fMRI studies.dcont’d

Study PMID Early-onset Familial high-risk Clinical high-risk Method

n

Mean age,

years (SD) n

Mean age,

years (SD) n

Mean age,

years (SD)

Bipolar disorder-related studies

Gao et al.
(2014)

25095790 17 14.4 (1.77) Regional homogeneity

Hafeman et al.
(2019)

30410014 32 14.3 (2.3) Seed-based connectivity

Hafeman et al.
(2020)

32697703 35 11.89 (1.3) Seed-based connectivity

Lin et al. (2018) 29331931 28 18.04 (5.39) 22 16.64 (7.14) ALFF, regional homogeneity
and seed-based connectivity

Lopez-Larson
et al. (2017)

29560889 32 15.1 (2.0) RSN connectivity

Singh, Kelley,
et al. (2014)

24938878 24 12.25 (3.03) RSN and seed-based
connectivity

Singh et al.
(2015)

26299298 20 17.21 (1.89) Seed-based connectivity

Singh et al.
(2018)

29168420 31 11.61 (2.70) Seed-based connectivity

2
2
4
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Son et al.
(2017)

28264765 22 14.7 (1.2) RSN and seed-based
connectivity

Stoddard et al.
(2015)

25544024 14 14.6 (2.5) Seed-based connectivity

Xiao et al.
(2013)

23526961 15 15 (1.7) Regional homogeneity

Xiao et al.
(2019)

31123970 43 15 (1.76) Regional homogeneity

Zhong et al.
(2019)

30515682 55 15 (2.10) DMN connectivity

Collin et al.
(2017)

28734460 SCZ:
28 BD:
60

SCZ: 13.1
(3.1) BD:
14.2 (2.5)

Rich club connectivity

Solé-Padullés
et al. (2016)

26885824 SCZ:
27 BD:
39

SCZ: 11.96
(3.41) BD:
13.87 (3.49)

RSN connectivity

BD, bipolar disorder; DMN, default mode network; LAN, language network; LFF, amplitude low frequency fluctuation; PMID, Article ID number in PubMed; RSN, resting-
state networks; SCZ, schizophrenia.
aStudies with overlapping samples.
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MR regional homogeneity and amplitude

Findings regarding MR regional homogeneity (that a voxel is temporally
similar to its neighbors) (Zang et al., 2004) and ALFF derive from a series
of studies conducted on the same sample of adolescent patients with EOS. In
this sample, homogeneity was elevated in the superior frontal cortex and
decreased in the postcentral and middle occipital cortex (Wang et al., 2017).
The two latter regions showed hypo-connectivity with their homotopic and
other brain regions (Jiang et al., 2015), while both local and distal con-
nectivity was increased in the prefrontal cortex and decreased in the cuneus
and precuneus (Wang, Zhan, et al., 2018). Intriguingly, a re-analysis of the
same sample published as a separate article, reported higher homogeneity in
patients in the mediodorsal prefrontal cortex; and lower homogeneity in the
superior temporal and precentral cortex, and in the inferior parietal and
paracentral lobules (Wang, Zhang, et al., 2018). When coherence homoge-
neity was measured in the same sample, it was reported as lower in fron-
toparietal, sensorimotor and auditory regions, and in the precuneus (Liu,
Zhang, et al., 2018). A further study of the same EOS sample found
increased ALFF in the medioventral cortex and decreased ALFF in the
precuneus; these regions also evidenced widespread hypo-connectivity
(Zheng et al., 2016).

Findings regarding signal homogeneity metrics in adolescent patients
with EOBD are based on a series of studies that include overlapping patient
samples where homogeneity was examined during mania, depression, and
euthymia. Depressive states were associated with decreased homogeneity in
the medial and dorsolateral prefrontal cortex, the lateral mid-temporal
cortex, and the putamen (Gao et al., 2014). In manic states, homogeneity
was higher in the ACC, the hippocampus/parahippocampus, and the caudate;
and lower in the dorsolateral and ventrolateral prefrontal cortex, the superior
parietal lobule and superior temporal cortex, the precentral cortex, and the
precuneus (Xiao et al., 2013). However, in a subsequent study on manic
states by the same authors, results were replicated only for the superior
parietal lobule, and the superior temporal and precentral cortex, while
additional homogeneity reductions were noted in the insula and cerebellum
(Xiao et al., 2019). Homogeneity reductions in the superior parietal lobule
and the superior temporal cortex were also present in remitted patients with
EOBD (Xiao et al., 2019).

A single study examined regional homogeneity and amplitude (ALFF) in
the amygdala, the inferior frontal gyrus, the putamen, the parahippocampus
and hippocampus, in youth at FHR-BD without and with subsyndromal mood
symptoms. No abnormalities were reported in homogeneity, but the asymp-
tomatic youth showed decreased ALFF in the putamen and motor cortex while
those who were symptomatic showed higher ALFF in the pars orbitalis, the
primary visual cortex, and the cerebellum (Lin et al., 2018).
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Resting-state networks

Resting-state networks are defined by the statistical dependencies of the
spontaneous fluctuations in the BOLD signal time-series of multiple brain
regions. The most consistent resting-state networks can be divided into those
supporting internally guided, higher order mental functions, which include the
default-mode (DMN), central executive (CEN), language (LAN) and salience
(SAL) networks and those supporting specialized sensory and motor pro-
cessing, which include the visual (VIS), sensorimotor (SMN) and basal
ganglia (BGN) networks (Biswal et al., 2010; Smith et al., 2009).

A study that focused specifically on the LAN reported connectivity re-
ductions in patients with EOS and in youth at FHR-SCZ and CHR-SCZ
although the decrements in the at-risk groups were not statistically signifi-
cant (Solé-Padullés et al., 2017). Studies specifically targeting the DMN in
patients with EOS have reported reduced connectivity but also increased ho-
mogeneity in the anterior DMN (involving medial prefrontal regions) (Ilzarbe
et al., 2019; Tang et al., 2013; Zhang et al., 2020) and lower homogeneity in
the posterior DMN (involving the posterior cingulate gyrus and the precuneus)
(Zhang et al., 2020). Lower connectivity of the anterior DMN in youth with
EOBD appears to be linked to the presence of psychosis as it has only been
reported in patients who experience psychotic features (Zhong et al., 2019). A
further study which examined patients with EOS with prominent auditory
hallucinations, found general reductions in the connectivity of the DMN, CEN,
and SAL and the auditory cortices while the connectivity of the gyrus rectus
and dorsolateral prefrontal cortex was increased (Amico et al., 2017). Ado-
lescents at FHR-BD or FHR-SCZ showed no abnormalities in the DMN, CEN,
or SAL (Solé-Padullés et al., 2016). In the same study, reduced BGN con-
nectivity was noted in youth at FHR-SCZ but not in those at FHR-BD (Solé-
Padullés et al., 2016).

A series of studies have examined resting-state network connectivity in
youth with psychotic-like experiences from the Philadelphia Neuro-
developmental Cohort. In this sample, the overall structure of the resting-state
networks was preserved but there was hyper-connectivity between DMN re-
gions and hypo-connectivity between SAL regions (Satterthwaite et al., 2015).
The same sample also evidenced persistent abnormalities in the dynamic
connectivity (i.e., changes in network connectivity over the duration of the
scan) of the SMN and VIS while dynamic dysconnectivity of the DMN, SAL,
and CEN occurred only sporadically (Mennigen et al., 2020).

Examination of the DMN and CEN in adolescents at FHR-BD found
increased CEN connectivity, particularly involving ventrolateral prefrontal re-
gions (Singh, Chang, et al., 2014). When resting-state networks were extracted
through k-means clustering of voxel-wise connectivity, adolescent patients with
EOBD were found to have reduced connectivity in two clusters. One cluster
comprised the putamen, insula, the dorsolateral and ventrolateral prefrontal
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cortex, sensorimotor areas and the inferior parietal lobules, and the other cluster
comprised temporal and visual cortical regions (Stoddard et al., 2015).

Seed-based resting-state connectivity

Amygdala

The centromedial and basolateral divisions of the amygdaloid complex are
cytoarcitectonically and functionally distinct. The basolateral division is
involved in assessing the emotional valence of afferent sensory information,
while efferent projections originating from the centromedial division support
salience-related allocation of attentional resources (Bzdok et al., 2013).
Several studies have therefore defined “seeds” of the whole amygdaloid
complex or its subdivisions to assess their resting-state connectivity with the
entire brain or with specific regions or networks.

A single study examined age-related changes in the functional connectivity
of the centromedial division in the Philadelphia Neurodevelopmental Cohort
(Jalbrzikowski et al., 2019). In this study, data from healthy participants were
used to generate normative growth curves. Compared to the normative values,
younger participants with psychotic-like experiences exhibited reduced con-
nectivity between the centromedial division and the ventrolateral prefrontal
and occipital cortex, the thalamus, the caudate, and the putamen (Jalbrzi-
kowski et al., 2019). They also exhibited elevated connectivity between the
centromedial division and the dorsolateral prefrontal cortex. The pattern was
different in older participants with psychotic-like experiences who had higher
connectivity of the centromedial division to the ventrolateral prefrontal and the
occipital cortex and the putamen. In a separate sample, adolescent patients
with EOS were reported to have decreased whole-amygdala connectivity with
the dorsolateral prefrontal cortex and the dorsal ACC (Wei et al., 2017).

In patients with EOBD, the basolateral division of the amygdala evidenced
reduced connectivity with the hippocampus and precentral gyrus and increased
connectivity with the precuneus (Singh et al., 2015). Two studies examined the
connectivity of the whole amygdala in adolescents at FHR-BD. One study
found hypo-connectivity between the pregenual ACC and the amygdala
(Singh, Chang, et al., 2014) in these youth while the other found that the
connectivity of the amygdala with medial temporal regions (parahippocampus
and hippocampus) was reduced in those who were asymptomatic and
increased in those with mood symptoms (Lin et al., 2018).

Thalamus

A single study in adolescents at CHR-SCZ used the thalamus as the “seed” and
reported that thalamic connectivity was increased with sensorimotor regions and
decreased with the cerebellum, the dorsolateral and dorsomedial prefrontal
cortex and the dorsal ACC. These findings were more pronounced in those youth
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that later converted to full-blown schizophrenia (Anticevic et al., 2015). A
further study highlighted reduced whole-brain thalamic connectivity in adoles-
cents with childhood-onset schizophrenia from the NIMH sample but increased
thalamic connectivity in their asymptomatic siblings (Watsky et al., 2018).

Cerebellum

A single study examined cortico-cerebellar connectivity in adolescents at
CHR-SCZ by placing “seeds” in the vermis and lobules IeVI, Crus I and II,
Lobules VIIb-X, Vermis VI, Vermis Crus II, and Vermis VIIb-X (Bernard
et al., 2014). The study found that adolescents at CHR-SCZ had reduced
connectivity between lobules IeVII and VIIB and the dorsolateral prefrontal
cortex, as well as the superior and inferior parietal lobules (Bernard et al.,
2014).

Prefrontal regions

Although prefrontal regions have been implicated in youth with early-onset
psychosis in many studies, only a few have used prefrontal regions as con-
nectivity “seeds”. In a very small sample of nonehelp-seeking individuals
with psychotic experiences, seeds were defined in prefrontal and in multiple
other cortical and striatal regions based on their association with activation
abnormalities during tasks of inhibitory control. In this study, the resting-state
connectivity of the ACC and ventrolateral prefrontal regions were reduced in
the symptomatic group (Jacobson Mcewen et al., 2014). Another study found
reduced connectivity between a ventrolateral prefrontal seed and the caudate
in adolescents at FHR-BD (Singh, Chang, et al., 2014).

Interhemispheric connectivity

Voxel-mirrored homotopic connectivity, which measures interhemispheric
synchronization between any pair of symmetric (homotopic) brain regions,
was assessed in two studies of patients with EOS. In one sample, the patients
had globally reduced interhemispheric homotopic synchronization, while
additional regional decrements and widespread dysconnectivity were noted in
the posterior temporal and ventral postcentral cortices (Li et al., 2015). In the
other sample, patients showed reduced homotopic synchronization only in the
superior temporal gyrus/insula, the precentral and fusiform gyri and the pre-
cuneus (Liu, Guo, et al., 2018).

Summary of rs-fMRI findings

Arguably, the most significant observation from the rs-fMRI literature
reviewed is the marked interstudy variability in methods and the low interstudy
consistency in the findings reported. Nevertheless, two patterns seem to
emerge: the global architecture of the functional connectome appears
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preserved in youth with early-onset psychosis while connectivity changes were
noted at the level of individual brain region; and connectivity changes in youth
with early-onset psychosis appear very widespread and implicate nearly all
brain regions if all studies are considered together. Accordingly, the data
support the notion of dysconnectivity in patients with early-onset psychosis as
well as in those at clinical or familial risk, but its precise nature remains
elusive.

Conclusions and future directions

As noted above, available studies have yielded a variety of results
with minimal interstudy consistency. Inconsistencies are often attributed to
the “heterogeneity” of psychosis, which may be the case, but methodolog-
ical considerations should be considered first. As shown in Tables 9.1e9.3,
the sample sizes across all studies are remarkably small (median n ¼ 26)
raising the possibility that the results reported may often reflect false pos-
itive or chance findings. Several studies have reported associations with
symptoms, which were not summarized here as their interstudy inconsis-
tency was striking. Medication effects were considered only in a few studies
and were generally minimally associated with caseecontrol differences.
However, this observation needs to be considered cautiously because all
studies were underpowered for detecting such effects. These limitations
prevent any meaningful conclusions to be drawn with the comparable
literature in adult-onset cases; at a very general level the findings summa-
rized here are aligned with observations in adult-onset samples (Janiri et al.,
2020; Li, Becker, et al., 2019; McTeague et al., 2017; Syan et al., 2018).
Further, nearly none of the studies summarized addressed the issue of po-
tential interactions between disease mechanisms and development. A
notable exception is the study by Jalbrzikowski et al. (2019) who referenced
amygdala connectivity changes in youth with psychotic-like experiences
to the normative range using growth curves. This design is recommended for
future studies and is also timely as large-scale normative data in youth are
increasingly available. Longitudinal studies would also be informative
with respect to developmental pathways, and their general absence from the
current literature is regrettable. The t-fMRI literature is also very limited in
terms of the constructs examined. Comprehensive characterization of
the same sample of individuals with early-onset psychosis or youth at risk
of psychosis would be an invaluable contribution to the literature as it
would enable detection of task-related circuits that maybe differentially
affected. The effect of psychotropic medications on the developing brain
remains largely unknown and represents an important issue to address in
future studies aiming to inform on the optimal treatment of youth with early-
onset psychosis.

230 Adolescent Psychosis



References

Acuff, H., Versace, A., Bertocci, M., Ladouceur, C., Manelis, A., Monk, K., Bonar, L.,

McCaffrey, A., Goldstein, B., Sakolsky, D., Axelson, D., Birmaher, B., & Phillips, M. (2018).

Longitudinal assessment of manic symptoms (LAMS) consortium. Association of neuro-

imaging measures of emotion processing and regulation neural circuitries with symptoms of

bipolar disorder in offspring at risk for bipolar disorder. JAMA Psychiatry, 75(12),

1241e1251. https://doi.org/10.1001/jamapsychiatry.2018.2318. PMID: 30193355; PMCID:

PMC6528787.

Acuff, H. E., Versace, A., Bertocci, M. A., Ladouceur, C. D., Hanford, L. C., Manelis, A.,

Monk, K., Bonar, L., McCaffrey, A., Goldstein, B. I., Goldstein, T. R., Sakolsky, D.,

Axelson, D., Birmaher, B., & Phillips, M. L. (2019). Baseline and follow-up activity and

functional connectivity in reward neural circuitries in offspring at risk for bipolar disorder.

Neuropsychopharmacology, 44(9), 1570e1578. https://doi.org/10.1038/s41386-019-0339-2

Adleman, N. E., Kayser, R., Dickstein, D., Blair, R. J. R., Pine, D., & Leibenluft, E. (2011). Neural

correlates of reversal learning in severe mood dysregulation and pediatric bipolar disorder.

Journal of the American Academy of Child and Adolescent Psychiatry, 50(11), 1173e1185.

https://doi.org/10.1016/j.jaac.2011.07.011

Adleman, N. E., Kayser, R. R., Olsavsky, A. K., Bones, B. L., Muhrer, E. J., Fromm, S. J.,

Pine, D. S., Zarate, C., Leibenluft, E., & Brotman, M. A. (2013). Abnormal fusiform activation

during emotional-face encoding assessed with functional magnetic resonance imaging. Psy-

chiatry Research: Neuroimaging, 212(2), 161e163. https://doi.org/10.1016/j.pscychresns.

2013.01.006

Alexander-Bloch, A. F., Lambiotte, R., Roberts, B., Giedd, J., Gogtay, N., & Bullmore, E. (2012).

The discovery of population differences in network community structure: New methods and

applications to brain functional networks in schizophrenia. NeuroImage, 59(4), 3889e3900.

https://doi.org/10.1016/j.neuroimage.2011.11.035
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Sescousse, G., Caldú, X., Segura, B., & Dreher, J. C. (2013). Processing of primary and secondary

rewards: A quantitative meta-analysis and review of human functional neuroimaging studies.

Neuroscience and Biobehavioral Reviews, 37(4), 681e696. https://doi.org/10.1016/

j.neubiorev.2013.02.002

Singh, M. K., Chang, K. D., Kelley, R. G., Cui, X., Sherdell, L., Howe, M. E., Gotlib, I. H., &

Reiss, A. L. (2013). Reward processing in adolescents with bipolar i disorder. Journal of the

American Academy of Child and Adolescent Psychiatry, 52(1), 68e83. https://doi.org/

10.1016/j.jaac.2012.10.004

Singh, M. K., Chang, K. D., Kelley, R. G., Saggar, M., Reiss, A. L., & Gotlib, I. H. (2014). Early

signs of anomalous neural functional connectivity in healthy offspring of parents with bipolar

disorder. Bipolar Disorders, 16(7), 678e689. https://doi.org/10.1111/bdi.12221

Singh, M. K., Kelley, R. G., Chang, K. D., & Gotlib, I. H. (2015). Intrinsic amygdala functional

connectivity in youth with bipolar i disorder. Journal of the American Academy of Child and

Adolescent Psychiatry, 54(9), 763e770. https://doi.org/10.1016/j.jaac.2015.06.016

Singh, M. K., Kelley, R. G., Howe, M. E., Reiss, A. L., Gotlib, I. H., & Chang, K. D. (2014).

Reward processing in healthy offspring of parents with bipolar disorder. JAMA Psychiatry,

71(10), 1148e1156. https://doi.org/10.1001/jamapsychiatry.2014.1031

Singh, M. K., Leslie, S. M., Bhattacharjee, K., Gross, M., Weisman, E. F., Soudi, L. M.,

Phillips, O. R., & Onopa, A. (2018). Vulnerabilities in sequencing and task switching in

healthy youth offspring of parents with mood disorders. Journal of Clinical and Experimental

Neuropsychology, 40(6), 606e618. https://doi.org/10.1080/13803395.2017.1401597

Smith, S. M., Fox, P. T., Miller, K. L., Glahn, D. C., Fox, P. M., Mackay, C. E., Filippini, N.,

Watkins, K. E., Toro, R., Laird, A. R., & Beckmann, C. F. (2009). Correspondence of the

brain’s functional architecture during activation and rest. Proceedings of the National Acad-

emy of Sciences, 106(31), 13040e13045. https://doi.org/10.1073/pnas.0905267106

Soehner, A. M., Bertocci, M. A., Manelis, A., Bebko, G., Ladouceur, C. D., Graur, S., Monk, K.,

Bonar, L. K., Hickey, M. B., Axelson, D., Goldstein, B. I., Goldstein, T. R., Birmaher, B., &

Phillips, M. L. (2016). Preliminary investigation of the relationships between sleep duration,

reward circuitry function, and mood dysregulation in youth offspring of parents with bipolar

disorder. JournalofAffectiveDisorders, 205, 144e153. https://doi.org/10.1016/j.jad.2016.03.074
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Calvo, A., Bargalló, N., Baeza, I., & Sugranyes, G. (2017). Intrinsic functional connectivity of

fronto-temporal networks in adolescents with early psychosis. European Child and Adolescent

Psychiatry, 26(6), 669e679. https://doi.org/10.1007/s00787-016-0931-5

Son, Y. D., Han, D. H., Kim, S. M., Min, K. J., & Renshaw, P. F. (2017). A functional connectivity

comparison between attention deficit hyperactivity disorder and bipolar disorder in

medication-naı̈ve adolescents with mood fluctuation and attention problems. Psychiatry

Research: Neuroimaging, 263, 1e7. https://doi.org/10.1016/j.pscychresns.2017.02.006

Stoddard, J., Hsu, D., Reynolds, R. C., Brotman, M. A., Ernst, M., Pine, D. S., Leibenluft, E., &

Dickstein, D. P. (2015). Aberrant amygdala intrinsic functional connectivity distinguishes

youths with bipolar disorder from those with severe mood dysregulation. Psychiatry Research:

Neuroimaging, 231(2), 120e125. https://doi.org/10.1016/j.pscychresns.2014.11.006

Sugranyes, G., Kyriakopoulos, M., Dima, D., O’Muircheartaigh, J., Corrigall, R., Pendelbury, G.,

Hayes, D., Calhoun, V. D., & Frangou, S. (2012). Multimodal analyses identify linked func-

tional and white matter abnormalities within the working memory network in schizophrenia.

Schizophrenia Research, 138(2e3), 136e142. https://doi.org/10.1016/j.schres.2012.03.011

Syan, S. K., Smith, M., Frey, B. N., Remtulla, R., Kapczinski, F., Hall, G. B. C., & Minuzzi, L.

(2018). Resting-state functional connectivity in individuals with bipolar disorder during

clinical remission: A systematic review. Journal of Psychiatry and Neuroscience, 43(5),

298e316. https://doi.org/10.1503/jpn.170175

Tang, J., Liao, Y., Song, M., Gao, J.-H., Zhou, B., Tan, C., Liu, T., Tang, Y., Chen, J., Chen, X., &

Zhan, W. (2013). Aberrant default mode functional connectivity in early onset schizophrenia.

PLOS ONE, 8(7). https://doi.org/10.1371/journal.pone.0071061. e71061.
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Chapter 10

Adolescence as a vulnerable
period for psychosis
development
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Departments of Psychiatry and of Neuroscience, University of Montreal, Montreal, QC, Canada

Introduction

Puberty and adolescence refer to two complementary concepts: gonadal
maturation (puberty), and an emergence of adult-like social and cognitive
behaviors (adolescence). Here I review some of the key aspects of social
behavior during adolescence as related to both sexual maturation and stress
and provide a brief overview of the hypothalamusepituitaryeadrenal (HPA)
(stress) and hypothalamusepituitaryegonadal (HPG) (sexual maturation)
axes. In the following three sections, I discuss how the two axes shape
structure and function of the adolescent brain. The final section outlines some
of the future directions that could enhance our understanding of the factors in
our social environment and genes that may modulate the risk of developing
psychosis in youth.

In primates, social communication and behavior are of critical importance
for establishing and maintaining bonds between individuals, cooperation in
groups and for reproduction (Liebal et al., 2014). Adolescence represents a
unique period of development when sexual maturation becomes one of the key
factors influencing social dynamics among conspecifics. As observed in
nonhuman primates in the wild, this may manifest itself in the establishment of
social hierarchies within a group (female adolescents) or by social distancing
and eventual dispersal from the natal group (male adolescents) (Onyango
et al., 2013). In humans, the interplay between sexual maturation and social
behavior is, of course, more subtle. It plays out over an extended period of
time (w10 years) and takes place mostly among peers.
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Social behavior during adolescence

As reviewed in detail elsewhere, peer relationships become highly salient
during adolescence (Brown & Larson, 2009). Compared with childhood, the
complexity of social relationships increases during this period of human
development for a couple of reasons. First, in the transitions from elementary to
middle school, and from middle school to high school, adolescents must
navigate new, and often more extensive, social environments. In high school,
this task is made evenmore challenging by an educational structure in which the
adolescent often joins different groups of peers in different classes to complete
various school subjects offered in a given grade. Second, romantic relation-
ships1, arguably a hallmark of adolescence (Collins et al., 2009), become a
dominant type of dyadic peerepeer interactions (Laursen & Williams, 1997).
Based on data collected in the National Longitudinal Study of Adolescent to
Adult Health (USA), the percentage of adolescents reporting a romantic rela-
tionship (in the last 18 months) increased from 36% (age 13 years) through 53%
(age 15 years) to 70% (age 17 years) (Carver et al., 2003).

Both friendships and romantic relationships represent important context for
the development of autonomous reasoning when interacting with individuals
who are close to each other. Using an experimental approach embedded in a
longitudinal study of youth (13, 18 and 21 years of age), Oudekerk and col-
leagues examined developmental cascades shaping inter-individual variations
in the ability to balance autonomy and relatedness during disagreements
(Oudekerk et al., 2015). Autonomy and relatedness with a close friend at
13 years of age cascaded to the dynamics of a romantic relationship at 18 that,
in turn, predicted autonomy and relatedness with both a close friend and a
romantic partner at 21 years of age (Oudekerk et al., 2015). Putting aside
possible reasons for individual differences in this ability (e.g., parental psy-
chological control, as examined in the study), this work illustrates the possi-
bilities for investigating the likely bidirectional nature of brainebehavior
relationships (and cascades) during adolescent development. For example,
certain perceptual abilities (e.g., face and voice processing) or cognitive skills
(e.g., conflict resolution (Ljungberg et al., 1999)), and related neural circuits
developed and shaped during childhood, may influence the probability of
engaging more or less in social interactions during adolescence. In turn, these
interactions continue to shape relevant neural circuits.

1. Romantic relationships typically refer to “mutually acknowledged ongoing voluntary in-

teractions, commonly marked by expression of affection and perhaps current or anticipated

sexual behavior”. These are distinct from romantic experiences defined as “varied behavioral,

cognitive and emotional phenomena with romantic content; may or may not include direct

experiences with a romantic partner” (Collins, W. A., Welsh, D. P., & Furman, W. (2009).

Adolescent romantic relationships. Annual Review of Psychology, 60, 631e652. https://doi.
org/10.1146/annurev.psych.60.110707.163459).
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The Oudekerk study also raises an important methodological issue: the
need for behavioral data (in addition to self-reports) to understand the varia-
tions in social dynamics during adolescence. In their study, each dyad (two
close friends or two romantic partners) participated in an 8-min videotaped
interaction during which they tried to resolve a series of disagreements
(Oudekerk et al., 2015). Of course, this quasi-ethological approach (observa-
tions in a laboratory) is highly demanding both for participants and re-
searchers, limiting its application in large population-based studies (Paus,
2010b, 2013). Could we envisage the use of a truly ethological approach,
namely observing the behavior of large numbers of adolescents in their natural
environments, in future research? I will come back to this question in the last
part of this chapter.

Social interactions can be rewarding and stressful

If we conceptualize stress as “a cognitive perception of uncontrollability and/
or unpredictability” (Koolhaas et al., 2011), the stressful nature of social in-
teractions becomes particularly salient during adolescence. The dynamics of
social relationships during this developmental period are considerable,
limiting predictability and controllability of peer-peer interactions. Romantic
relationships change over a short period of time. In the National Longitudinal
Study of Adolescent to Adult Health, only 18% of adolescents (11e18 years
of age) were in “steady dating” relationships at two time points, 1 year apart,
while 28% changed their relationship over the same period (e.g., from no
relationship to one casual/multiple partners, or from one casual relationship to
no relationship) (Meier & Allen, 2009). Nonromantic peerepeer relationships
(friendships) are also fluid. Even over a short period of 3 weeks, the chance of
maintaining a mutual friendship (i.e., nominating each other as “best friends”
again) varies between 0.32 (Grade 4) and 0.46 (Grade 7) (Cairns et al., 1995).
School transitions, as well as large numbers of permutations in a group
membership while attending various classes in high school, place additional
demands on establishing one’s position in the existing (or emerging) social
hierarchy. In nonhuman primates, the order in which a female is introduced to
a small group of unrelated females predicts strongly her dominance rank
(Snyder-Mackler, Kohn, et al., 2016), and changing the dominance rank
experimentally affects behavior, related physiology, as well as immune func-
tions (Kohn et al., 2016; Snyder-Mackler, Sanz, et al., 2016). Overall, the
uncontrollability (e.g., break ups with romantic partners) and unpredictability
(e.g., new classmates during school transitions) of social relationships during
adolescence are high and, as such, place considerable demands on regulatory
mechanisms in the adolescent brain and body.

Stress represents a well-known risk factor for psychiatric disorders and has
been studied extensively in the context of both mood disorders and schizo-
phrenia (Beards et al., 2013; Girshkin et al., 2014; Matheson et al., 2013).
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Several reviews have identified an exposure to stressors during childhood and
adolescence as a possible pathway leading to the emergence of these (and
other) disorders (Grant et al., 2003; Turner & Lloyd, 2004; Varese et al., 2012).
As pointed out above, social stressors play a particularly important role during
adolescence, a period when peers come to dominate an adolescent’s social
structure (McCormick et al., 2015; Susman et al., 1988). It has also been
suggested that stress reactivity is higher during adolescence when compared
with adulthood (Dahl & Gunnar, 2009; Eiland & Romeo, 2013; McCormick
et al., 2010). Stress involves a complex and intertwined set of physiological
responses to a stressor (Selye, 1950; Tsigos & Chrousos, 2002). As described
below, the stress response begins with an activation of the HPA axis and
sympathetic adrenomedullary system, followed by a number of other down-
stream effects such as the production of proinflammatory cytokines (e.g.,
TNFa (Koolhaas et al., 2011)), and metabolic consequences (e.g., hyper-
glycemia (Reagan et al., 2008)). Both cortisol and cytokines may influence
cytoskeletal proteins and axonal transport (see the Section on white matter
later in the Chapter).

In the next three subsections, I will review the basics about the HPA and
HPG axes, and their interactions.

Hypothalamusepituitaryeadrenal axis

The HPA axis is the main regulator of the production, by adrenal glands, of
glucocorticoid hormones, cortisol in primates, and corticosterone in rodents.
High glucocorticoids do not equate to high stress, however. As shown in
Fig. 10.1, glucocorticoids are produced under many conditions, both appetitive
(e.g., sexual behavior) and aversive (e.g., social defeat). For this reason, a mere
increase in plasma cortisol should not be viewed as a biological marker of
stress (Koolhaas et al., 2011).

Neurons in the paraventricular nucleus (PVN) of the hypothalamus pro-
duce corticotropin releasing hormone (CRH) that, in turn, stimulates release of
adrenocorticotropic hormone (ACTH) from the pituitary (its anterior lobe).
ACTH enters peripheral circulation and, in the zona fasciculata of the adrenal
cortex, stimulates production of glucocorticoids (Melmed et al., 2015).
Glucocorticoid production is also under the control of the sympathetic nervous
system (via splanchnic nerve). This pathway begins in the suprachiasmatic
nucleus (SCN) of the hypothalamus. Activity of SCN neurons is under the
influence of retinohypothalamic projections that, in turn, drive circadian
fluctuations in glucocorticoid levels (Leliavski et al., 2015). This 24-hour
diurnal cycle is superimposed on burst-like spikes of ACTH, and slightly
delayed spikes of cortisol. It is possible that this ultradian rhythm reflects
feedforward and feedback interactions between the pituitary gland and adrenal
cortex (Lightman & Conway-Campbell, 2010). In the feedback loop, cortisol
inhibits production of CRH (hypothalamus) and ACTH (pituitary) by
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repressing, respectively, transcription of CRH and proopiomelanocortin
(POMC) (an ACTH precursor)2.

In addition to the above regulatory mechanisms, a number of neural
pathways converge on the hypothalamus, including inputs from subcortical
structures, such as the amygdala, hippocampus, the bed nucleus of the stria
terminalis and the nucleus of the solitary tract, as well as in several regions of
the cerebral cortex, such as the medial prefrontal cortex and the anterior
cingulate cortex (Herman et al., 2003). As mentioned above, the adrenal cortex
also receives projections from the sympathetic branch of the autonomic ner-
vous system. This innervation (via the splanchnic nerve) influences the release

FIGURE 10.1 Corticosterone response in different test conditions in rodents. Reprinted from

Koolhaas, J. M., Bartolomucci, A., Buwalda, B., de Boer, S. F., Flügge, G., Korte, S. M., Meerlo, P.,

Murison, R., Olivier, B., Palanza, P., Richter-Levin, G., Sgoifo, A., Steimer, T., Stiedl, O., van Dijk,

G., Wöhr, M., & Fuchs, E. (2011). Stress revisited: A critical evaluation of the stress concept.

Neuroscience and Biobehavioral Reviews, 35(5), 1291e1301. https://doi.org/10.1016/j.neubiorev.
2011.02.003. Reprinted with permission.

2. The combined dexamethasone/CRH test is used to test the activational effectiveness of this

negative feedback loop in various conditions, such as in individuals with a personal history of

early life trauma, current major depression, or a family history of depression (Holsboer, F., &

Ising, M. (2010). Stress hormone regulation: Biological role and translation into therapy.

Annual Review of Psychology, 61, 81e109. https://doi.org/10.1146/annurev.psych.093008.

100321).
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of hormones from both the adrenal medulla (catecholamines) and the adrenal
cortex (corticosteroids) (Edwards & Jones, 1993; Ehrhart-Bornstem et al.,
1995). In an elegant study of multisynaptic innervation of the adrenal medulla,
Dum and colleagues described two broad networks originating in the monkey
cerebral cortex, one involving a set of motor (e.g., supplementary motor area,
cingulate motor areas) and somatosensory regions, and another located in the
pregenual and subgenual cingulate cortex (Dum et al., 2016). Overall, it is
likely that the above brain regions provide context-dependent modulation of
the HPA axis that reflects the individual’s history (e.g., learning and memory),
evaluation of environmental cues regarding their controllability and predict-
ability (see the above definition of “stress”), as well as the preparation of
appropriate actions (Paus, 2001).

Hypothalamusepituitaryegonadal axis

The HPG axis is the main regulator of the production of gonadal hormones,
namely estrogens, progesterone, and androgens. As the name implies, these
hormones are produced mainly by gonads (ovaries, testes) but some quantities
of androgens are also synthesized in the adrenal cortex (zona reticularis).
Neurons in the arcuate nucleus of the hypothalamus produce gonadotropin
releasing hormone (GnRH) that, in turn, stimulates the release of luteinizing
hormone (LH) and follicle stimulating hormone (FSH) from the pituitary. LH
and FSH enter peripheral circulation and stimulate production of estradiol and
progesterone in the ovaries, and testosterone in the testes (LH). Although all
axons of the GnRH-positive neurons converge onto the median eminence
(where they release GnRH into the hypophyseal portal vein (Miyata, 2017)),
their cell bodies are found not only in the arcuate nucleus but also in other
parts of the hypothalamus and the basal forebrain (septum and the diagonal
band of Broca), especially in rodents (Campbell, 2007) (Sisk, personal
communication). The rather scattered distribution of GnRH neurons in the
rodent brain made it difficult to study their afferent inputs with classical
anatomical approaches. This was overcome by the availability of tracers
capable of visualizing cells, and their connections, expressing particular
molecules, such as GnRH. Using this approach (infection of GnRH neurons by
pseudorabies virus, and its retrograde trans-synaptic spread), Yoon and col-
leagues showed an extensive network of afferent inputs to the mouse GnRH
neurons (Yoon et al., 2005). Besides the expected local hypothalamic con-
nections, the strongest inputs appeared to come from the olfactory system:
olfactory sensory neurons, the primary olfactory cortex and the amygdala
(basolateral and posterolateral cortical amygdaloid nucleus) (Yoon et al.,
2005). Additional multisynaptic inputs included several cortical regions (so-
matosensory and motor cortex), basal ganglia (caudate-putamen, globus pal-
lidus, substantia nigra), the hippocampus (CA1, CA3, subiculum), and the
brainstem (VGA and PAG) (Yoon et al., 2005). The above neural circuitry
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demonstrates the richness of information reaching GnRH neurons, the key
regulators of the HPG axis.

Interactions between the HPA and HPG axes

As shown in experimental studies carried out with rodents, stress modulates
the HPG axis. In rodents, restraint stress inhibits the release of gonadotropins
(Blake, 1975; Krulich et al., 1974; Rivier et al., 1986; Tilbrook et al., 1999;
Yonetani et al., 1974) and delays ovulation (Yonetani et al., 1974). Exposure to
intermittent electroshocks inhibits the release of LH and lowers LH plasma
concentrations in (castrated) males (Rivier et al., 1986). Forced immobiliza-
tion also lowers levels of LH and delays ovulation in females (Yonetani et al.,
1974). Direct administration of “stress” hormones also influences the HPG
axis. Thus, administration of exogenous CRH in the third or lateral ventricles
of the brain of ovariectomized females inhibits the secretion of GnRH and LH
(Ono et al., 1984; Rivier et al., 1986). Similarly, administration of ACTH in
ovariectomized rats reduces LH serum concentrations (Ogle, 1977). Admin-
istration of dexamethasone, a synthetic glucocorticoid, inhibits release of LH
and blocks ovulation in cycling females (Baldwin & Sawyer, 1974).

The HPA-HPG interactions are bidirectional, with an HPG activation also
influencing the HPA axis. Thus, testosterone levels correlate negatively with
an HPA response to restraint in both intact rodents and testosterone-replaced
gonadectomized rodents (Viau & Meaney, 1996). Also, reflecting the inhibi-
tory influence of testosterone on stress reactivity, gonadectomy of male rats
results in elevated stress-induced secretion of ACTH and corticosterone; this
effect appears to be reversible with testosterone treatment (Handa et al., 1994;
Viau & Meaney, 1996). In addition to rodents, androgen treatment also inhibits
reactivity of the HPA axis in monkeys and humans (Rubinow et al., 2005;
Toufexis & Wilson, 2012). There seems to be a difference, however, between
the effects of male and female sex hormones. Thus, infusion of estradiol into
the PVN of the hypothalamus increases corticosterone responses to stress in
rats (Liu et al., 2012; Lund et al., 2006) while ovariectomy reduces stress-
induced ACTH and corticosterone secretion, an effect reversed by estradiol
treatment (Burgess & Handa, 1992; Serova et al., 2010). Implants of a specific
estrogen receptor antagonist also reduce levels of corticosterone following
restraint stress (Isgor et al., 2003).

The relationship between the HPA and HPG axes has been more mixed in
studies carried out in humans, in that coactivation, suppression, and inde-
pendent effects have been observed (Buchanan et al., 1992; Romeo, 2010;
Susman et al., 2017). Some studies suggest that the relationship between the
HPA and HPG axes is dependent on the age, sex, pubertal stage, and stress
exposure of the individual. Thus, Matchock and colleagues (Matchock et al.,
2007) observed a negative relationship between cortisol and testosterone in
adolescents at an advanced pubertal stage (Tanner stage 5) but not at earlier
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pubertal stages (Tanner stages 2e4) 3. Ruttle and colleagues (Ruttle et al.,
2015) found that the relationship between cortisol and testosterone is positive
in young adolescents aged 11 years, but it becomes negative in older ado-
lescents from 13 through 15 years of age; these relationships may be moder-
ated by early life stress, especially in girls (as described in the next paragraph).

Early life stress can influence the interactions between the HPA and HPG
axes during development. Exposure to early life stress (especially parental
depression and parental conflict and anger) leads to the early development of
the “adult-like” negative relationship between cortisol and testosterone in fe-
male adolescents (Ruttle et al., 2015). At age 11, positive cortisole
testosterone correlations were found in both stress-exposed and nonexposed
girls. In mid-puberty, the correlation switched into a negative one but this
happened earlier in the stress-exposed (vs. nonexposed) girls (13 vs. 15 years
of age) (Ruttle et al., 2015). Simmons and colleagues (Simmons et al., 2015)
found that the direction of cortisol-testosterone relationship varied as a func-
tion of the level of “aggressive” parenting. These studies demonstrate the
moderating influence of adversity on cortisol and testosterone covariation in
adolescents.

After this brief introduction of the endocrine systems involved in puberty
and stress, let us now review some of the findings relating these systems to the
maturation of the adolescent brain.

White matter during adolescence

The human brain contains 176,000 km of axons (Marner & Pakkenberg,
2003), most of which are short (<3 mm) intracortical axons supporting
cortico-cortical connectivity within the same cerebral hemisphere (Schüz,
2002). Axonal cytoskeleton is built of neurofilaments that provide structural
support for microtubules, the latter serving as “roads” on which motor proteins
shuttle their cargoes between the cell body and the synapse (Paus, 2010a; Paus
et al., 2014). The majority of axons in the (adult) human brain are covered by a
myelin sheath generated by oligodendrocytes. The myelin sheath facilitates the
so-called saltatory conduction of electrical impulses from one node of Ranvier
to another, thus speeding up the conduction of action potentials. Oligoden-
drocytes and neurons communicate with each other in a local manner whereby
myelin-derived signals influence axonal cytoskeleton (Garcia et al., 2003)
(Fig. 10.2).

3. In most studies, Tanner stages refer to the following five categories of pubertal status: (1)

pre-pubertal, (2) beginning pubertal, (3) mid-pubertal, (4) advanced pubertal, (5) post-pubertal

(e.g., the Puberty Development Scale; Petersen, A. C., Crockett, L., Richards, M., & Boxer, A.

(1988). A self-report measure of pubertal status: Reliability, validity, and initial norms. Journal

of Youth and Adolescence, 17(2), 117e133. https://doi.org/10.1007/BF01537962).
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Activation of the HPG axis at the beginning of puberty, and the related
increase in circulating gonadal hormones, shapes structural properties of white
matter. In one of our initial studies of the adolescent brain, we found that the
volume of white matter increased steeply with age in males, a change driven in

FIGURE 10.2 Model of myelin-dependent outside-in signaling cascade that controls radial

axonal Growth In normal axons, axoplasmic organization is dependent upon myelinating cells.

Signal cascades (blue Box) originating from MAG in the membrane of myelinating cells utilize the

low affinity nerve growth factor receptor (p75NTR) in combination with neuronal gangliosides to

transduce the myelin-dependent signal into the axoplasm. Upon association of MAG with p75NTR,

members of the melanoma antigen (MAGE) gene family associate with an intracellular domain of

p75NTR, providing an intracellular scaffold for activation of ERK1/2 cascade, resulting in phos-

phorylation of NF-M (orange arrows) and NFeH (purple arrows) tail domains. MAG-dependent

inactivation of p35/cdk-5 may reduce cdk-5 phosphorylation of NF-M and NFeH as well as pre-

vent cdk-5edependent inhibition of ERK1/2, allowing for near stoichiometric phosphorylation of

NFeH and NF-M (yellow box). NF-M phosphorylation is required for establishing a volume-

determining three-dimensional array (pink box) by a series of linkages that span between adja-

cent neurofilaments (green) and between neurofilaments and microtubules (pink) or cortical actin

(blue) filaments. Neurofilaments, microtubules, and cortical actin are interlinked by plakin family

members of cytoskeletal linkers (blue). Axonal volume is, in part, established by a new class of

linking protein that associates with neurofilaments in an NF-M tail phosphorylationedependent

manner to assist in long-range interactions that are necessary for the more than fivefold increase in

axonal volume associated with radial growth. Reprinted from Garcia, M. L., Lobsiger, C. S., Shah, S.

B., Deerinck, T. J., Crum, J., Young, D., Ward, C. M., Crawford, T. O., Gotow, T., Uchiyama, Y.,

Ellisman, M. H., Calcutt, N. A., & Cleveland, D. W. (2003). NF-M is an essential target for the

myelin-directed “outside-in” signaling cascade that mediates radial axonal growth. Journal of Cell

Biology, 163(5), 1011e1020. https://doi.org/10.1083/jcb.200308159. Reprinted with permission.
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part by age-related increases in plasma levels of testosterone (Perrin et al.,
2008). The testosteroneewhite-matter relationship was stronger in male ad-
olescents with a more efficient version of the androgen receptor gene. We
proposed that this increase in white matter volume could be explained by the
radial growth of axons (rather than myelination) (Perrin et al., 2008). We
confirmed this hypothesis in subsequent experimental studies (Pesaresi et al.,
2015). Thus, we demonstrated that castration of male rats shortly after
weaning results in a much smaller axonal diameter in young adulthood, as
compared with intact male rats (Pesaresi et al., 2015). In an in vitro study, we
showed that adding synthetic testosterone to a culture of sympathetic neurons
increases axon diameter and changes the rate of (anterograde) axonal transport
in a time-dependent manner (Pesaresi et al., 2015). In an in vivo study (un-
published), we used manganese (Mn2þ) imaging to measure the rate of axonal
transport in the olfactory system (Smith et al., 2007), and observed slightly
lower rates of the transport in male mice castrated after weaning (Fig. 10.3).

In the latter study, we have not measured axon diameter in these mice and,
therefore, can only speculate that the observed difference in the rate of axonal
transport between the castrated and intact males is due to differences in the
axon diameter (as observed in our previous study (Pesaresi et al., 2015)).
Nonetheless, this possibility is supported by a study carried out in monkeys in
which the rate of Mn2þ ions from the eye to the lateral geniculate nucleus was

FIGURE 10.3 Rate of manganese transport in Mice Gonadectomized (Gx) male mice were

castrated after weaning and scanned at 2 months of age. The bars show group means with the

corresponding standard deviations of the rate of manganese transport from the olfactory epithelium

(after nasal lavage) to the olfactory bulb (via olfactory sensory neurons). The number of mice was

as follows: 15 females, 13 males, and 13 gonadectomized males. Adapted from Pesaresi, M.,

Spring, S., Cahill, L., Sled, J., Pautler, R.G., and Paus, T. (unpublished observations, 2014).
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greater in the large-axon (magnocellular) versus small-axon (parvocellular)
pathway (Murayama et al., 2006). It is also consistent with the fact that the
number of microtubules is greater in axons with larger diameters (Chatzopoulou
et al., 2008), thus providing a potentially greater axonal-transport capacity.

Stress-related activation of the HPA axis is also likely to shape structural
properties of white matter. Using longitudinal data on stress exposure across
multiple developmental periods, we showed that stress during adolescence is
associated with variations in magnetization transfer ratio (MTR) in the genu of
the human corpus callosum, as assessed in young adulthood (Fig. 10.4) (Jensen
et al., 2018). Given the known interregional variations in the fiber composition
of the corpus callosum (Aboitiz et al., 1992), and related spatial profiles of

FIGURE 10.4 Hypothesized microstructural changes driving variation in the magnetization

transfer ratio (MTR) and myelin water fraction (MWF) signal Illustration of suggested po-

tential drivers of changes in white matter properties associated with prenatal, childhood, and

adolescent stress. Scenarios on the light shaded background represent effects that may relate to

prenatal or early postnatal experiences only, that is, variations in the number/density of axons.

Scenarios on the darker shaded background represent effects that can be either pre- or postnatal,

that is, variations in the thickness of the myelin sheath and variations in the radial size (diameter)

of the axons. MTR, magnetization transfer ratio; MWF, myelin water fraction. Reprinted from

Jensen, S. K. G., Pangelinan, M., Björnholm, L., Klasnja, A., Leemans, A., Drakesmith, M., Evans,

C. J., Barker, E. D., & Paus, T. (2018). Associations between prenatal, childhood, and adolescent

stress and variations in white-matter properties in young men. NeuroImage, 182, 389e397. https://

doi.org/10.1016/j.neuroimage.2017.10.033. Reprinted with permission.
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multiple magnetic resonance imaging (MRI) metrics (Björnholm et al., 2017),
we speculated that this stressestructure relationship might be due to a shift
from large-to small-diameter axons or due to differences in myelination.

A number of previous studies reported differences in various MRI metrics
as a function of prenatal and postnatal stress (Lautarescu et al., 2020; Lim
et al., 2020). But the complexity of both the “exposures” (timing and nature of
stressful events, their assessments) and “outcomes” (different MRI-derived
characteristics of white matter), together with relatively small sample sizes,
make it difficult to gain insight into their underlying mechanisms and, most
importantly, to draw any conclusions about causality and directionality of
these relationships. When studying “effects” of stress on the brain, we should
also keep in mind that there is a possibility of the opposite directionality,
namely from brain variations to stress “sensitivity.” The latter point was well
illustrated by an observation that posttraumatic stress disorder is more likely to
develop after an exposure to combat trauma in soldiers whose monozygotic
cotwins, not exposed to combat, have a smaller hippocampus (Gilbertson
et al., 2002). Keeping the limitations of observational studies in mind, the
above examples illustrate the possibility that variations in the activity of the
HPG and HPA axes, and their interactions (see above), may shape structural
properties of white matter and, in turn, brain functioning.

As pointed out, white matter can be seen not only as a network of “elec-
trical wires” but also as one of “roads and highways.” The latter metaphor is
meant to highlight the importance of axonal transport for both the maintenance
of axonal cytoskeleton (the building blocks of neurofilaments and microtu-
bules synthesized in the cell nucleus and transported anterogradely by motor
proteins), and the transport of a multitude of organelles (e.g., mitochondria),
vesicles, proteins, and other components essential for neurotransmission,
metabolism, and trophic functions (Mandelkow & Mandelkow, 2002). As
illustrated schematically in Fig. 10.5, during adolescence, axonal transport can

FIGURE 10.5 Hypothetical pathway of instability leading to psychosis. WM, white matter.
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be influenced by a number of processes involving the HPG and HPA axes, with
possible consequences on the risk of developing psychosis. Theoretically, both
upregulation and downregulation of axonal transport may cause instability in
neuronal networks, a mismatch between the expected (as experienced previ-
ously) and actual (as experienced presently) neuronal representation of an
input (e.g., hearing one owns voice) and, in turn, emergence of psychotic
symptoms (e.g., auditory hallucinations [“hearing voices”]).

As we reviewed above, variations in plasma levels of testosterone, over
hours, days, or weeks, may be one such a source of instability in axonal
transport. Similarly, stress-related release of cortisol and cytokines may in-
fluence cytoskeletal proteins and axonal transport and contribute to the overall
instability of the transport system. Thus, chronic exposure to stress (in rats)
increased phosphorylation of tau protein in neuronal culture (Zhang et al.,
2012), affecting neurite morphology (Liu et al., 2006). These changes were
accompanied by an increased axonal transport of mitochondria and reversed
by a treatment with lithium (Zhang et al., 2012). In cultured neurons, TNFa
reduced axonal transport of mitochondria by inducing phosphorylation of
kinesin-1 by c-Jun N-terminal kinase, and dissociation of this motor protein
from microtubules (Stagi et al., 2006). Another major driver of daily and
weekly fluctuations in the adolescent physiology is sleep deprivation. Accu-
mulation of sleep debt and its partial recovery during a weekend are typical of
the adolescent period (Keyes et al., 2015; Matthews et al., 2014; Owens et al.,
2014). Sleep deprivation has a multitude of effects on the brain and body,
including variations in proinflammatory cytokines, such as TNFa, and various
indices of cellular stress (Cirelli, 2006, 2013; Elliott et al., 2014; McEwen &
Karatsoreos, 2015; Vgontzas et al., 2004). Axonal transport may be one of the
downstream effects of these changes in extracellular and cellular environ-
ments. In cultured hippocampal neurons, hydrogen peroxide (a reactive oxy-
gen species released by microglia) inhibited axonal transport of mitochondria
and vesicles (Fang et al., 2012). As assessed in vivo with Mn2þ imaging,
oxidative stress induced by hyperglycemia impaired axonal transport in mice,
an effect associated with increased phosphorylation of tau protein (Sharma
et al., 2010).

Altogether, the instability of hormonal and social environments typical of
the adolescent period may lead to instabilities in the flow of cargoes along the
176,000-km long network of axons and, in turn, might increase the risk of
developing psychosis by putting high demands on the maintenance of stable
neuronal representations of the external world.

Cerebral cortex during adolescence

The majority of symptoms of mental illness, including hallucinations and
delusions in psychosis, are rooted in disturbances of perceptual, cognitive and
affective processes implemented by the cerebral cortex. The human cerebral
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cortex is a highly folded sheath of tissue containing about 12 billion neurons
and 17 billion nonneuronal cells (Azevedo et al., 2009). Using standard
T1-weighted MR images, one can characterize individual differences in
two macroscale metrics of the cerebral cortex: its surface area and its thickness.
There are striking differences in the developmental timetable of the two fea-
tures. While surface area undergoes dramatic growth prenatally and in the first
few years of postnatal life (Gilmore et al., 2018), cortical thickness continues to
change throughout the lifespan (Fjell et al., 2015). During adolescence, we see
no age-related changes in surface area while there is a robust age-related
decrease in cortical thickness, which is more pronounced in male (thickness
by age: r2 ¼ 0.28) versus female (r2 ¼ 0.10) adolescents. In the text below, I
will touch on the possible contributions of sex and stress hormones in shaping
cortical thickness during adolescence and outline possible neurobiological
underpinnings of these influences.

In our initial studies, we simply asked whether plasma levels of testosterone
were related (in a cross-sectional manner) to cortical thickness in male ado-
lescents. This was clearly the case, especially in males with a more efficient
version of the androgen receptor gene (Paus et al., 2010). In subsequent studies,
we took a different approach. Instead of examining the relationship between a
particular hormone and cortical thickness across individuals, we asked whether
we could explain regional differences in cortical thickness observed in a group
of individuals through differences in the expression of certain genes across the
same set of regions (French & Paus, 2015). Regional levels of gene expression
are derived from the Allen Human Brain Atlas (Hawrylycz et al., 2012), and
mapped into the Desikan-Killiany parcellation of the human cerebral cortex
(French & Paus, 2015). Calculating such spatial correlations between gene
expression and MRI-derived metrics allows us to test specific hypotheses about
the implication of a particular molecular process in the observed MRI
phenotype (e.g., using CNR1 in a study of cannabis-related variations in
cortical thickness (French et al., 2015)), and to gain insights into cellular un-
derpinnings of the studied phenotype through “virtual histology” (Shin et al.,
2018) (see section on Virtual Histology below for details).

In the first study using this approach, we observed strong spatial correla-
tions between age-related thinning of the cerebral cortex in adolescents and the
expression of both the androgen receptor gene (AR) and glucocorticoid re-
ceptor gene (NR3C1) (Wong et al., 2018). In both male and female adoles-
cents, regions with high AR and NR3C1 expression had showed stronger
negative correlation between age and cortical thickness, that is, greater cortical
“thinning.” The interregional profiles of gene expression explained between
10% (AR expression in females) and 46% (NR3C1 expression in males) of
variance in the interregional profiles of cortical thinning (Wong et al., 2018).
Furthermore, we showed that the relationship between the NR3C1 expression
was particularly strong in regions with low AR expression, and almost absent
in regions with high AR expression (Fig. 10.6). This latter finding might be a
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manifestation, at the tissue level, of the kind of interactions between the HPG
and HPA axes observed previously at the systems level (see above).

At this point, if we were conducting experimental studies, we would ask:
which cells are being influenced by the (nuclear) action of the two receptors,
mediating, in turn, age-related decreases in cortical thickness during adoles-
cence? To answer, albeit indirectly, this question, we now turn to virtual
histology.

Virtual histology

In virtual histology, we start by estimating the mean values of gene expression,
reported in the Allen Human Brain Atlas (Hawrylycz et al., 2012), for each of
34 cortical regions segmented by FreeSurfer per hemisphere (French & Paus,
2015). Given the limited number of donor brains, we use only a subset of
genes (n ¼ 2511) identified as having “consistent” interregional profiles of
their expression. This is done using a two-stage procedure based on: (1)
similarity of individual profiles across donors included in the Allen Human
Brain Atlas; and (2) similarity of average profiles derived from two inde-
pendent atlases of gene expression in the human cerebral cortex (i.e., the Allen
Human Brain Atlas [6 donors] and the BrainSpan Atlas (Miller et al., 2014)
[11 donors of relevant age]). Note that AR and NR3C1 discussed above are
among these 2511 consistent genes. The next step involves selecting markers

FIGURE 10.6 Interaction of glucocorticoid receptor (NR3C1) and androgen receptor (AR)

mRNA expression Levels There was a significant NR3C1 and AR interaction in males and in

females. In both males and females, interregional age-related cortical thinning varied as a function

of interregional NR3C1 mRNA expression levels in the low AR mRNA expression group (in

black), but not the high AR mRNA expression group (in gray). Note: Within each plot, each point

represents one of the 34 cortical regions. Reprinted from Wong, A. P. Y., French, L., Leonard, G.,

Perron, M., Pike, G. B., Richer, L., Veillette, S., Pausova, Z., & Paus, T. (2018). Inter-regional

variations in gene expression and age-related cortical thinning in the adolescent brain. Cere-

bral Cortex (New York, N.Y.: 1991), 28(4), 1272e1281. https://doi.org/10.1093/cercor/bhx040.

Reprinted with permission.
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of the main types of neuronal and glial cells found in the cerebral cortex,
namely pyramidal neurons, interneurons, astrocytes, microglia, oligodendro-
cytes, ependymal, endothelial, and mural (pericytes and vascular smooth
muscle cells) cells; these cell-specific marker-genes were identified by others
using single-cell transcriptomes for 3005 cells extracted from the somato-
sensory cortex and hippocampus of mice (Zeisel et al., 2015). The intersection
of the “consistent” genes with the “marker” genes yields the “virtual histol-
ogy” panels: there are between 25 (mural cells) and 103 (CA1 pyramidal cells)
genes in each panel (Shin et al., 2018). Finally, across the 34 FreeSurfer re-
gions of the left hemisphere, we relate interregional profiles of the expression
of these cell-specific marker genes to interregional profiles of MRI-derived
metrics. Fig. 10.7 illustrates this approach by showing interregional varia-
tions in cortical thickness (left) and expression of FARP1, one of 54 markers of
astrocytes (middle), and their correlation across the 34 cortical regions (right).

Let us now come back to our questions. First, which cells explain inter-
individual variations in cortical thickness and/or cortical thinning? Using MRI
data from the Saguenay Youth Study (Pausova et al., 2016), we determined
that the interregional profile of cortical thinning during adolescence is related,
in both sexes, to the expression profiles of 4 cell types, namely astrocytes,
microglia and two types of pyramidal neurons. The 4 cell types explained
about 72% (males) and 36% (females) of variance in interregional differences
in cortical thinning (Shin et al., 2018). Regions with higher expressions of
genes specific to astrocytes, microglia and CA1 pyramidal cells showed less

FIGURE 10.7 Virtual Histology (A) distribution of the standardized average cortical thickness

measurements across the 34 cortical regions obtained from 981 SYS adolescents; (B) distribution

of the standardized median gene-expression level for FARP1 (obtained from the allen human brain

atlas; (C) cortical thickness in the 34 cortical regions plotted as a function of FARP1 expression in

the same regions. The ranges of the standardized thickness values and expression levels are

indicated by the color-scale bar on the left. Peprinted from Paus, T. (2018). Imaging microstructure

in the living human brain: A viewpoint. NeuroImage, 182, 3e7. https://doi.org/10.1016/j.

neuroimage.2017.10.013. Reprinted with permission.
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cortical thinning (the opposite is true about S1 pyramidal cells). We have
replicated these findings in another sample (Vidal-Pineiro et al., 2020). It is of
interest to note that variations in cortical thinning during aging show the
opposite pattern: regions with high expression of the same cell-specific gene
markers show more thinning after w65 years of age (Vidal-Pineiro et al.,
2020). Similarly to the pattern found during aging, group differences in
cortical thickness between patients with six different psychiatric disorders,
namely attention-deficit/hyperactivity disorder, autism spectrum disorder, bi-
polar disorder, major depressive disorder, obsessive-compulsive disorder and
schizophrenia, were also greater in these regions (Patel et al., 2021). We
interpret these observations as telling us that while the neurobiological un-
derpinnings of cortical thickness are the same across different conditions (i.e.,
variations in the number of astrocytes, microglia, and pyramidal cells), mo-
lecular pathways that target these cells are different during brain maturation,
aging, and psychopathology.

Coming back to the above observations of the strong relations between
interregional profiles of cortical thinning and those of AR and NR3C1
expression, we ask the second question: which cell types might be targeted by
the activation of the two receptors? Our tentative answer is based on the
coexpression analysis of the two genes (AR, NR3C1) with cell-specific marker
genes used in virtual histology. This analysis shows that both genes are
coexpressed (negatively) with genes specific to astrocytes, microglia, and CA1
pyramidal cells (Parker et al., 2020 for NR3C1; unpublished observation for
AR). Thus, it appears that both sex (AR) and stress (NR3C1) pathways may
influence cortical thinning by acting on both neuronal (pyramidal cells) and
glial (astrocytes, microglia) cell populations. Cortical regions with high
expression of the 3 cell types appear to have low expression of AR and NR3C1,
and show less cortical thinning during adolescence. At the same time, these
regions appear to be more vulnerable to aging (Vidal-Pineiro et al., 2020), and
show larger differences between healthy individuals and those with schizo-
phrenia and other psychiatric disorders (Patel et al., 2021). It is possible that
this somewhat counterintuitive finding (more “pathological” thinning in re-
gions with low NR3C1 expression) might be related to an absence of the
protective effects of testosterone vis-à-vis stress (see the Section on HPA-HPG
interactions earlier in the Chapter) in these regions.

Let us conclude the section on cortical gray-matter by asking whether an
overall exposure to testosterone during puberty, and its timing, leave a long-
term structural trace in the (male) cerebral cortex. To answer this question,
we characterized structural properties of the human cerebral cortex using a
number of metrics assayed with multi-modal MRI in a community-based
sample of young males (19 years of age), and related these to testosterone
levels sampled repeatedly at 9, 11, 13, 15, and 17 years of age in these in-
dividuals, members of a birth cohort (Liao, Patel, et al., 2021). We found that
early, but less so late, surges of testosterone during puberty showed a strong
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correlation with multiple MRI-derived measures of structural properties,
especially with T1 relaxation time (Liao, Patel, et al., 2021). Based on the
virtual-histology results, we interpreted these findings as indicating possible
effects of testosterone on the radial growth of intracortical axons, a similar
mechanism described above in the case of white matter. If correct, this
interpretation implies that males with relatively high exposure to testosterone
early in puberty might be at risk of experiencing fluctuations in axonal
transport during this developmental period and, in turn, ensuing instability in
their neuronal representations of the outside world (see Fig. 10.5).

Brain response to faces: organizational and activational
effects of testosterone

Human faces are extremely rich sources of information about people, their
identities, intentions, and emotions. Given the importance of faces in social
communication, it is not surprising that face processing plays an important role
during adolescence (Scherf et al., 2012). Neuronal networks supporting
different aspects of face processing in the human brain are well-known.
Fig. 10.8 shows a probabilistic map of the brain’s response to faces (video

FIGURE 10.8 Probability maps of the ambiguous (a) and angry (b) contrasts between the

face and control stimuli displayed of the flatten cerebral ccortex Left and right hemispheres are

displayed on the left and right, respectively. Reprinted from Tahmasebi, A. M., Artiges, E.,

Banaschewski, T., Barker, G. J., Bruehl, R., Büchel, C., Conrod, P. J., Flor, H., Garavan, H.,

Gallinat, J., Heinz, A., Ittermann, B., Loth, E., Mareckova, K., Martinot, J. L., Poline, J. B.,

Rietschel, M., Smolka, M. N., Ströhle, A., . Paus, T. (2012). Creating probabilistic maps of the

face network in the adolescent brain: A multicentre functional MRI study. Human Brain Mapping,

33(4), 938e957. https://doi.org/10.1002/hbm.21261. Reprinted with permission.
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clips showing dynamic faces with ambiguous angry expressions) obtained in
over 1000 typically developing adolescents (Tahmasebi et al., 2012). Brain
regions with a high probability (>50%) of responding to faces in this sample
included members of both the “core” (e.g., fusiform face area, regions along
the superior temporal sulcus) and “extended” (e.g., amygdala, prefrontal
cortex) systems (Haxby et al., 2000).

We have explored the possibility that testosterone exerts organization ef-
fects during puberty, as suggested by previous experimental studies (Schulz
et al., 2009), and therefore, might modulate the activational effects of
testosterone in adulthood. This claim is based on the known, albeit subtle, sex
differences in face processing (Thompson & Voyer, 2014), as well as theories
of the possible role of the organizational (prenatal) effects of testosterone on
communication skills and/or disorders (Knickmeyer & Baron-Cohen, 2006).
Using functional MRI, we measured brain response to faces in a group of
young males for whom we assayed levels of testosterone during their puberty
(“pubertal T”), and on the day of scanning (“current T00) (Liao, Tilley, et al.,
2021). The activational effect of testosterone was present only in young males
who experienced low exposure to testosterone during their puberty; this was
true for both the brain response and “functional connectivity,” as indexed by
the node strength (Liao, Tilley, et al., 2021). Based on additional analyses and
existing literature, we speculated that “pubertal testosterone modulates the
relationship between current testosterone, brain response to social cues carried
by the eyes, and the signaling of a potential threat” (page 2990) (Liao, Tilley,
et al., 2021). Such interindividual differences in the sensitivity to social cues,
especially those signaling threat, might be of particular importance when
constructing representations of the social world around us and interpreting the
intentions of others. It remains to be seen whether males with relatively low
exposure to testosterone during puberty might be at a high risk of developing
psychosis, as suggested by a few previous reports (Ramanathan et al., 2015;
Van Rijn et al., 2011).

Conclusions and future directions

In this chapter, I have reviewed the current knowledge of ways in which “sex”
and “stress” may shape the adolescent brain. I have focused on human studies
carried out in typically developing adolescents, thus providing a framework for
asking and answering questions specific to adolescents with psychotic disor-
ders and its antecedents. When considering structural properties of the
adolescent brain, I have pointed to axonal transport as a possible mechanistic
pathway linking fluctuations in stress and sex hormones with variations in
brain structure and function, and to pyramidal cells, astrocytes, and microglia
as the cellular substrate of such hormonal influences on the cerebral cortex.
For brain function, I have provided an example of testosterone’s organizational
effects on its activational effects vis-à-vis brain response to faces. Such
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“priming” mechanisms may play an important role in social dynamics during
adolescence, both in healthy individuals and those at risk of mental illness.

There are, of course, many different ways we should continue building
foundational knowledge of the factors that shape the adolescent brain. First of
all, most of the work described above is of observational nature. Thus, there is
a pressing need to test for causality of the observed relationships using
experimental manipulations in in vivo and in vitro models, or to take advan-
tage of special populations exposed to relevant substances (e.g., users of
anabolic-androgenic steroids (Bjørnebekk et al., 2017)). Using results of large-
scale Genome Wide Association Studies, one can also start addressing the
question of directionality of certain relationships using so-called Mendelian
randomization (Davey Smith & Hemani, 2014). For example, using this
approach, we showed that the relationship between plasma levels of testos-
terone and body mass index in adults is best explained by the effect of body
mass index on testosterone and not vice versa (Liao et al. 2022).

Second, as mentioned above, the ubiquity of digital communications opens
new opportunities for studying social behavior in an ethological manner, and
on a large scale. This is made possible by integrating data from social media
and/or mobile devices either at aggregate or individual levels (Paus, 2016). As
an example, one can use activity in a mobile-phone network to study dyadic
relationships. This was done by Palchykov and colleagues (Palchykov et al.,
2012) who used data from 3.2 million subscribers (1.95 billion calls,
489 million text messages) to study sex differences in social relationships over
the lifespan. Despite the rather limited nature of this dataset (age and sex of
subscribers and their relative frequency of calling/messaging each other),
Palchykov and colleagues were able to extract interesting patterns of dyadic
relationships in the two sexes. For instance, they found that the preference for
an opposite-sex “best friend” (likely a romantic partner) emerged earlier in
females (w18 years of age) compared with males (w22 years of age), and
peaked at different ages in the two sexes (females: 27 years; males: 32 years)
(Palchykov et al., 2012). This study illustrates the power of using electronic
“footprints” as objective markers of our social behavior. Whether used at an
individual or aggregate (e.g., neighborhood) level, such “digital ethology” may
provide new insights into social behavior of adolescents at risk of developing
psychosis, as well as social factors (e.g., psychosocial stress, social buffering)
in their neighborhood that may moderate such a risk.

Third, it may be helpful to extend the binary concept of sex (female/male)
to a continuum, possibly treated as a poly-phenotypic trait. We have done so
recently and showed that the degree of “femaleness/maleness” within each sex
predicts certain psychological traits in the same manner (Vosberg et al., 2021).
This approach may provide new insights into interindividual variations in
resilience or vulnerability to sex-biased psychiatric disorders, including psy-
chosis, within each sex.
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Evans, J. C., Pike, G. B., Veijola, J., & Paus, T. (2017). Structural properties of the human

corpus callosum: Multimodal assessment and sex differences. NeuroImage, 152, 108e118.

https://doi.org/10.1016/j.neuroimage.2017.02.056

Blake, C. A. (1975). Effects of “stress” on pulsatile luteinizing hormone release in ovariectomized

rats. Proceedings of the Society for Experimental Biology and Medicine, 148(3), 813e815.

https://doi.org/10.3181/00379727-148-38638

Brown, B. B., & Larson, J. (2009). In R. M. Lerner, & L. Steinberg (Eds.), Peer relationships in

adolescence (pp. 74e103). John Wiley & Sons.

Buchanan, C. M., Eccles, J. S., & Becker, J. B. (1992). Are adolescents the victims of raging

hormones? Evidence for activational effects of hormones on moods and behavior at adoles-

cence. Psychological Bulletin, 111(1), 62e107. https://doi.org/10.1037/0033-2909.111.1.62

Burgess, L. H., & Handa, R. J. (1992). Chronic estrogen-induced alterations in adrenocorticotropin

and corticosterone secretion, and glucocorticoid receptor-mediated functions in female rats.

Endocrinology, 131(3), 1261e1269. https://doi.org/10.1210/endo.131.3.1324155

Cairns, R. B., Leung, M., Buchanan, L., & Cairns, B. D. (1995). Friendships and social networks in

childhood and adolescence: Fluidity, reliability, and interrelations. Child Development, 66(5),

1330e1345. https://doi.org/10.1111/j.1467-8624.1995.tb00938.x

Campbell, R. E. (2007). Defining the gonadotrophin-releasing hormone neuronal network:

Transgenic approaches to understanding neurocircuitry. Journal of Neuroendocrinology, 19(7),

561e573. https://doi.org/10.1111/j.1365-2826.2007.01561.x

Carver, K., Joyner, K., & Udry, J. R. (2003). National estimates of adolescent romantic re-

lationships. In Adolescent romantic relations and sexual behavior: Theory, research, and

practical implications (pp. 23e56). Lawrence Erlbaum Associates. https://doi.org/10.4324/

9781410607782

Chatzopoulou, E., Miguez, A., Savvaki, M., Levasseur, G., Muzerelle, A., Muriel, M. P.,

Goureau, O., Watanabe, K., Goutebroze, L., Gaspar, P., Zalc, B., Karagogeos, D., &

Thomas, J. L. (2008). Structural requirement of TAG-1 for retinal ganglion cell axons and

myelin in the mouse optic nerve. Journal of Neuroscience, 28(30), 7624e7636. https://doi.org/

10.1523/JNEUROSCI.1103-08.2008

Adolescence as a vulnerable period for psychosis development Chapter | 10 263

https://doi.org/10.1016/0006-8993(92)90178-C
https://doi.org/10.1016/0006-8993(92)90178-C
https://doi.org/10.1002/cne.21974
https://doi.org/10.1210/endo-94-5-1397
https://doi.org/10.1093/schbul/sbt065
https://doi.org/10.1016/j.biopsych.2016.06.017
https://doi.org/10.1016/j.biopsych.2016.06.017
https://doi.org/10.1016/j.neuroimage.2017.02.056
https://doi.org/10.3181/00379727-148-38638
https://doi.org/10.1037/0033-2909.111.1.62
https://doi.org/10.1210/endo.131.3.1324155
https://doi.org/10.1111/j.1467-8624.1995.tb00938.x
https://doi.org/10.1111/j.1365-2826.2007.01561.x
https://doi.org/10.4324/9781410607782
https://doi.org/10.4324/9781410607782
https://doi.org/10.1523/JNEUROSCI.1103-08.2008
https://doi.org/10.1523/JNEUROSCI.1103-08.2008


Cirelli, C. (2006). Cellular consequences of sleep deprivation in the brain. Sleep Medicine Reviews,

10(5), 307e321. https://doi.org/10.1016/j.smrv.2006.04.001

Cirelli, C. (2013). Sleep and synaptic changes. Current Opinion in Neurobiology, 23(5), 841e846.

https://doi.org/10.1016/j.conb.2013.04.001

Collins, W. A., Welsh, D. P., & Furman, W. (2009). Adolescent romantic relationships. Annual

Review of Psychology, 60, 631e652. https://doi.org/10.1146/annurev.psych.60.110707.163459

Dahl, R. E., & Gunnar, M. R. (2009). Heightened stress responsiveness and emotional reactivity

during pubertal maturation: Implications for psychopathology. Development and Psychopa-

thology, 21(1), 1e6. https://doi.org/10.1017/S0954579409000017

Davey Smith, G., & Hemani, G. (2014). Mendelian randomization: Genetic anchors for causal

inference in epidemiological studies. Human Molecular Genetics, 23(R1), R89eR98. https://

doi.org/10.1093/hmg/ddu328

Dum, R. P., Levinthal, D. J., & Strick, P. L. (2016). Motor, cognitive, and affective areas of the

cerebral cortex influence the adrenal medulla. Proceedings of the National Academy of Sci-

ences of the United States of America, 113(35), 9922e9927. https://doi.org/10.1073/

pnas.1605044113

Edwards, A. V., & Jones, C. T. (1993). Autonomic control of adrenal function. In , Vol 183. Journal

of anatomy (pp. 291e307).
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Evans, C. J., Artiges, E., Banaschewski, T., Bokde, A. W. L., Bromberg, U., Bruehl, R.,

Buchel, C., Cattrell, A., Conrod, P. J., Flor, H., Frouin, V., … Paus, T. (2015). Early cannabis

use, polygenic risk score for schizophrenia, and brain maturation in adolescence. JAMA

Psychiatry, 72(10), 1002e1011. https://doi.org/10.1001/jamapsychiatry.2015.1131

French, L., & Paus, T. (2015). A FreeSurfer view of the cortical transcriptome generated from the

allen human brain atlas. Frontiers in Neuroscience, 9. https://doi.org/10.3389/

fnins.2015.00323

Garcia, M. L., Lobsiger, C. S., Shah, S. B., Deerinck, T. J., Crum, J., Young, D., Ward, C. M.,

Crawford, T. O., Gotow, T., Uchiyama, Y., Ellisman, M. H., Calcutt, N. A., & Cleveland, D. W.

(2003). NF-M is an essential target for the myelin-directed “outside-in” signaling cascade that

mediates radial axonal growth. Journal of Cell Biology, 163(5), 1011e1020. https://doi.org/

10.1083/jcb.200308159

264 Adolescent Psychosis

https://doi.org/10.1016/j.smrv.2006.04.001
https://doi.org/10.1016/j.conb.2013.04.001
https://doi.org/10.1146/annurev.psych.60.110707.163459
https://doi.org/10.1017/S0954579409000017
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1073/pnas.1605044113
https://doi.org/10.1073/pnas.1605044113
https://doi.org/10.3109/07435809509030417
https://doi.org/10.1016/j.neuroscience.2012.10.048
https://doi.org/10.1186/2193-1801-3-728
https://doi.org/10.1186/2193-1801-3-728
https://doi.org/10.1186/1750-1326-7-29
https://doi.org/10.1186/1750-1326-7-29
https://doi.org/10.1073/pnas.1508831112
https://doi.org/10.1001/jamapsychiatry.2015.1131
https://doi.org/10.3389/fnins.2015.00323
https://doi.org/10.3389/fnins.2015.00323
https://doi.org/10.1083/jcb.200308159
https://doi.org/10.1083/jcb.200308159


Gilbertson, M. W., Shenton, M. E., Ciszewski, A., Kasai, K., Lasko, N. B., Orr, S. P., &

Pitman, R. K. (2002). Smaller hippocampal volume predicts pathologic vulnerability to

psychological trauma. Nature Neuroscience, 5(11), 1242e1247. https://doi.org/10.1038/nn958

Gilmore, J. H., Knickmeyer, R. C., & Gao, W. (2018). Imaging structural and functional brain

development in early childhood. Nature Reviews Neuroscience, 19(3), 123e137. https://

doi.org/10.1038/nrn.2018.1

Girshkin, L., Matheson, S. L., Shepherd, A. M., & Green, M. J. (2014). Morning cortisol levels in

schizophrenia and bipolar disorder: A meta-analysis. Psychoneuroendocrinology, 49(1),

187e206. https://doi.org/10.1016/j.psyneuen.2014.07.013

Grant, K. E., Compas, B. E., Stuhlmacher, A. F., Thurm, A. E., McMahon, S. D., & Halpert, J. A.

(2003). Stressors and child and adolescent psychopathology: Moving from markers to

mechanisms of risk. Psychological Bulletin, 129(3), 447e466. https://doi.org/10.1037/0033-

2909.129.3.447

Handa, R. J., Nunley, K. M., Lorens, S. A., Louie, J. P., McGivern, R. F., & Bollnow, M. R. (1994).

Androgen regulation of adrenocorticotropin and corticosterone secretion in the male rat

following novelty and foot shock stressors. Physiology and Behavior, 55(1), 117e124. https://

doi.org/10.1016/0031-9384(94)90018-3

Hawrylycz, M. J., Lein, E. S., Guillozet-Bongaarts, A. L., Shen, E. H., Ng, L., Miller, J. A., Van De

Lagemaat, L. N., Smith, K. A., Ebbert, A., Riley, Z. L., Abajian, C., Beckmann, C. F.,

Bernard, A., Bertagnolli, D., Boe, A. F., Cartagena, P. M., Mallar Chakravarty, M., Chapin, M.,

Chong, J., … Jones, A. R. (2012). An anatomically comprehensive atlas of the adult human

brain transcriptome. Nature, 489(7416), 391e399. https://doi.org/10.1038/nature11405

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural system for

face perception. Trends in Cognitive Sciences, 4(6), 223e233. https://doi.org/10.1016/S1364-

6613(00)01482-0

Herman, J. P., Figueiredo, H., Mueller, N. K., Ulrich-Lai, Y., Ostrander, M. M., Choi, D. C., &

Cullinan, W. E. (2003). Central mechanisms of stress integration: Hierarchical circuitry

controlling hypothalamo-pituitary-adrenocortical responsiveness. Frontiers in Neuroendocri-

nology, 24(3), 151e180. https://doi.org/10.1016/j.yfrne.2003.07.001

Isgor, C., Cecchi, M., Kabbaj, M., Akil, H., & Watson, S. J. (2003). Estrogen receptor b in the

paraventricular nucleus of hypothalamus regulates the neuroendocrine response to stress and is

regulated by corticosterone. Neuroscience, 121(4), 837e845. https://doi.org/10.1016/S0306-

4522(03)00561-X

Jensen, S. K. G., Pangelinan, M., Björnholm, L., Klasnja, A., Leemans, A., Drakesmith, M.,

Evans, C. J., Barker, E. D., & Paus, T. (2018). Associations between prenatal, childhood, and

adolescent stress and variations in white-matter properties in young men. NeuroImage, 182,

389e397. https://doi.org/10.1016/j.neuroimage.2017.10.033

Keyes, K. M., Maslowsky, J., Hamilton, A., & Schulenberg, J. (2015). The great sleep recession:

Changes in sleep duration among US adolescents, 1991e2012. Pediatrics, 135(3), 460e468.

https://doi.org/10.1542/peds.2014-2707

Knickmeyer, R. C., & Baron-Cohen, S. (2006). Fetal testosterone and sex differences in typical

social development and in autism. Journal of Child Neurology, 21(10), 825e845. https://

doi.org/10.1177/08830738060210101601

Kohn, J. N., Snyder-Mackler, N., Barreiro, L. B., Johnson, Z. P., Tung, J., & Wilson, M. E. (2016).

Dominance rank causally affects personality and glucocorticoid regulation in female rhesus

macaques. Psychoneuroendocrinology, 74, 179e188. https://doi.org/10.1016/j.psyneuen.2016.

09.005

Adolescence as a vulnerable period for psychosis development Chapter | 10 265

https://doi.org/10.1038/nn958
https://doi.org/10.1038/nrn.2018.1
https://doi.org/10.1038/nrn.2018.1
https://doi.org/10.1016/j.psyneuen.2014.07.013
https://doi.org/10.1037/0033-2909.129.3.447
https://doi.org/10.1037/0033-2909.129.3.447
https://doi.org/10.1016/0031-9384(94)90018-3
https://doi.org/10.1016/0031-9384(94)90018-3
https://doi.org/10.1038/nature11405
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/j.yfrne.2003.07.001
https://doi.org/10.1016/S0306-4522(03)00561-X
https://doi.org/10.1016/S0306-4522(03)00561-X
https://doi.org/10.1016/j.neuroimage.2017.10.033
https://doi.org/10.1542/peds.2014-2707
https://doi.org/10.1177/08830738060210101601
https://doi.org/10.1177/08830738060210101601
https://doi.org/10.1016/j.psyneuen.2016.09.005
https://doi.org/10.1016/j.psyneuen.2016.09.005


Koolhaas, J. M., Bartolomucci, A., Buwalda, B., de Boer, S. F., Flügge, G., Korte, S. M.,
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Introduction

There is a rising awareness that childhood, and particularly the adolescence
period, is an important windowof opportunity for earlymental health intervention
(Birchwood et al., 2014). For adolescents with early-onset psychosis (EOP;
psychotic disorders with onset before age 18 years), delayed detection is typical,
with a mean duration of untreated psychosis of about 19 months compared to
5months in adults (Correll et al., 2018;Kane et al., 2016; Stentebjerg-Olesen et al.,
2016). The treatment targets for EOP are generally the same as for psychosis with
adult onset, due to comparable patterns of clinical symptoms and functional
deficits. Yet, there are specific issues to consider for the treatment of psychotic
disorders in adolescents. They, with schizophrenia in particular, more often have
an insidious onsetwith higher frequency of negative symptoms, thought disorders,
disorganized behavior, and comorbid psychiatric disorders (Eggers, 1978;
Remschmidt & Theisen, 2005; Stentebjerg-Olesen et al., 2016). Furthermore, in
adolescents, antipsychotic treatment is often less efficient than in adults and
associated with more adverse effects which increases the risk of persistence into
adulthood with less favorable prognosis (Schimmelmann et al., 2013). The poor
prognosis is characterized by significant personal and societal costs (Kahn et al.,
2015), lowquality of life (Salomonet al., 2012), low rate of recovery (Jääskeläinen
et al., 2013), substance misuse (Wisdom et al., 2011), high rates of violence and
legal problems (Fazel et al., 2009; Maniglio, 2009; Munkner et al., 2005), low
educational and vocational attainment (Dalsgaard et al., 2020), and reduced life-
expectancy (Colton & Manderscheid, 2006; Hjorthøj et al., 2017; Nielsen et al.,
2013; Nordentoft et al., 2013).Moreover, psychosis at any age gives rise to a large
physical, social, and financial burden on the individual and their families andmay
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pose a negative impact on themental health of the caregivers and familymembers
(Broussard et al., 2013;Chan, 2011;Cuijpers&Stam, 2000; Jin&Mosweu, 2017;
Martens&Addington, 2001;McDaid et al., 2016). Thus, it is crucial to emphasize
early detection and intervention with focus on the involvement of patients and
families in decision-making to ensure treatment adherence and long-term treat-
ment plans.

General treatment principles

Early intervention for patients with schizophrenia, including antipsychotic
treatment, improves prognosis (Nordentoft et al., 2013). However, due to the
limited number of treatment trials, state-of-the-art therapeutic interventions in
youth with psychosis suffer from lack of evidence. There is some evidence
concerning antipsychotic medications, but extremely scarce evidence for
psychosocial interventions. Current guidelines for interventions in youth with
psychosis generally build on extrapolations from research in adults. Principles
for the treatment of children and adolescents with EOP are described in the
2013 American Academy of Child and Adolescent Psychiatry (AACAP)
practice parameters (McClellan & Stock, 2013), the 2013 National Institute for
Health and Clinical Excellence (NICE) guidance (Kendall et al., 2013), and
the 2017 Canadian Treatment Guidelines on Psychosocial Treatment of
Schizophrenia in Children and Youth (Lecomte et al., 2017). These guidelines
state that clinicians should work in partnership with the young patient and their
caregivers, while taking into consideration the developmental level, emotional
maturity, and cognitive capacity of the patient.

Active psychotic symptoms are generally prioritized as the main treatment
target and comorbid conditions may respond better to treatment once the acute
symptoms of psychosis are stabilized. However, any life-threatening symp-
toms, such as suicidal behavior or severe aggressive behaviors, must be
prioritized in the management and care. Moreover, substance abuse may act as
a barrier for establishing effective treatment adherence, which may require an
initial motivational phase. Although the use of coercion is a well-known
ethical issue in child and adolescent psychiatry (Pelto-Piri et al., 2016), cur-
rent guidelines do not provide recommendations concerning the use of coer-
cive measures in admission and treatment of children and adolescents with
psychosis. One exception is that the NICE guidelines recommend that
healthcare professionals who undertake rapid tranquillization and/or restraint
in children and adolescents with EOP are trained and competent in these
procedures with this age group (Kendall et al., 2013).

Antipsychotic treatment

According to the clinical guidelines (Kendall et al., 2013; Lecomte et al.,
2017; McClellan & Stock, 2013), antipsychotic treatment (primarily second-
generation antipsychotics) is first-line intervention for schizophrenia-
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spectrum disorders in youth. The overall principles for antipsychotic treatment
in youth are similar to those used for adult patients (Kendall et al., 2013;
National Institute for Health and Care Excellence, 2014). Nevertheless, in
youth with schizophrenia below age 18 years, antipsychotic medications
appear less efficient and are associated with more side effects compared to
adult patients (Schimmelmann et al., 2013). The primary beneficial effect of
antipsychotic treatment is the amelioration of positive symptoms and the
reduction in the risk of relapse, while negative and cognitive symptoms are
typically only weakly or questionably improved (McCutcheon et al., 2020).
The goal is to maintain the medication at the lowest effective dose to minimize
potential short- and long-term side effects.

Early response to antipsychotic medication appears to be predictive of the
ultimate clinical effect in the longer run (Pagsberg et al., 2022). If the patient
does not respond to antipsychotic treatment within the first 2e4 weeks, the
chance of ultimate response is low. Therefore, clinicians should consider
switching to another antipsychotic drug if the patient has not responded to a
sufficient dose within the first 4 weeks of treatment. If possible, polypharmacy
(i.e., the use of more than one antipsychotic drug in parallel) should be avoided
due to the difficulty of predicting beneficial and harmful effects.

Choice of medication

The first choice of pharmacological treatment for individuals with schizo-
phrenia at all ages are second-generation antipsychotics, which compared to
first-generation antipsychotics are considered to have a reduced risk of side
effects in the form of extrapyramidal symptoms (EPS) (Carbon et al., 2018;
Correll et al., 2004). First-generation antipsychotics are dopamine receptor
antagonists (DRO) while second-generation antipsychotics are serotonin-
dopamine antagonists (Chokhawala & Stevens, 2022). Long acting inject-
able (LAI) formulations are available for several of the antipsychotics used in
youth with EOP. Studies including adult patients with psychotic disorders
suggest that the use of LAIs can increase treatment adherence and prevent
hospital admissions (Kishimoto et al., 2018), and decrease mortality (Taipale
et al., 2018). A recent study suggests that the majority of young adult patients
(age 18e35 years) are willing to try treatment with a LAI when presented to
this option in a supportive and team-based manner (Kane et al., 2019).
However, LAIs have not been approved for the use in patients below age 18
years (neither in the US, nor in Europe). Despite the off-label status, LAI may
be considered in young patients with low treatment adherence.

Meta-analyses have not shown significant differences in beneficial effects
between different antipsychotics used in adolescents with schizophrenia, but
side effect profiles differ (Krause et al., 2018; Pagsberg, Tarp, et al., 2017).
One exception to this is the efficacy of clozapine regarding treatment-resistant
schizophrenia. Clozapine (no LAI formulation) is the gold-standard for
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treatment-resistant schizophrenia due to the firm evidence of its higher efficacy
compared to other antipsychotics (Krause et al., 2018). However, due to the
risk of severe and potentially life-threatening side effects, such as agranulo-
cytosis and cardiac arrhythmia, clozapine is restricted to use in cases of
nonresponse to at least two different antipsychotics (Adnan et al., 2022).

Aripiprazole (LAI formulation available) appears to have an advantageous
side effect profile compared to other antipsychotics with respect to car-
diometabolic and prolactin side effects. However, akathisia is common, but
may be temporary (Pagsberg et al., 2017).

Paliperidone (LAI formulation available) has a tendency to produce EPS
and prolactin increase (Smith et al., 2019).

Lurasidone (no LAI formulation) is a newer antipsychotic that appear to have
an overall relatively lower efficacy compared to other antipsychotics, based on
adult studies (Smith et al., 2019). Lurasidone has so far shown a quite an ad-
vantageous side effect profile, with a low risk of weight gain, only moderate
hyperprolactinemia, and a safer metabolic profile (Solmi et al., 2020).

Quetiapine (no LAI formulation) appears relatively advantageous regarding
EPS but is less advantageous with respect to metabolic side effects (Smith et al.,
2019).

Olanzapine (LAI formulation available) is associated with a high risk of
cardiometabolic side effects and is among the second-generation antipsy-
chotics with the highest risk for weight gain. Olanzapine may be considered
for patients with treatment-resistant psychosis, due to some evidence in adults
of a relatively good antipsychotic effect compared to other antipsychotics
(except for clozapine which is superior) (Smith et al., 2019).

Side effects

All patients prescribed antipsychotic agents should be advised of the impor-
tance of a healthy lifestyle, including cessation of smoking, healthy diet, and
routine exercise (McClellan & Stock, 2013). In general, side effects should be
managed by lowering the antipsychotic dose or changing the antipsychotic
drug. Nevertheless, side effects are common in adolescents receiving anti-
psychotic treatment (Pagsberg et al., 2017). Comprehensive routine programs
for monitoring side effects at fixed time-points can decrease the burden of
these effects (Robinson et al., 2018). The most central side effects of anti-
psychotics are: (1) neuromotor; (2) metabolic; (3) cardiac; (4) endocrine; (5)
autonomic; and (5) sedation (Chokhawala & Stevens, 2022). These are
described in more detail below.

Neuromotor

Side effects in this category are disturbing for the patient and often result in
low adherence or termination of the antipsychotic treatment. EPS are
parkinsonian symptoms such as bradykinesia, rigidity and tremor usually
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presenting during the first 2 weeks of antipsychotic treatment but can also
occur later. They are often associated with a rapid dose increase. EPS are far
more common with first-generation than second-generation antipsychotics.
The risk for EPS is heightened for young males, for antipsychotic-naı̈ve pa-
tients, and with parenteral administration (D’Souza & Hooten, 2022). This is
also true for acute dystonia, which are sudden, sustained involuntary muscle
spasms that can affect any muscle group, but mostly around the face, eye
(oculogyrationda spasm of the eye muscles), jaw (trismus), neck (torticollis),
or tongue. More seldom, spasms of the muscles along the spinal column can
cause opisthotonus, in which the patient’s head, neck, and spinal column enter
an arching position. Acute dystonia can affect the throat and cause lar-
yngospasm, which can endanger breathing. Acute EPS or dystonia are handled
(intravenously or orally) with antiparkinsonian drugs (e.g., biperiden).

Tardive dyskinesias typically occur after long-term treatment, especially
with first-generation antipsychotics (D’Souza & Hooten, 2022). Patients
experience involuntary, repetitive, stiff, jerky movements primarily in the face
(lips, jaw, tongue), called oro-bucco-lingual dyskinesia. Dyskinesia can also
affect the limbs. The condition is often irreversible, even after dose reduction
or drug termination. The symptoms cause discomfort and are socially
stigmatizing.

Akathisia manifests itself by restlessness and a subjective urge to motion. If
dose reduction or switching to another drug is not possible, short-term treat-
ment with benzodiazepines or beta-blockers can ameliorate the symptoms.

Malignant neuroleptic syndrome is a very serious, but rare side effect
usually occurring within the first 2 weeks of antipsychotic treatment or after
rapid dose increase. Typically, the condition is characterized by parkinsonian
and dystonia symptoms, fever, sweating, changes in mental state, tachycardia,
tachypnea, drooling, unstable blood pressure and pulse, leukocytosis and
increased plasma-creatinine kinase (due to muscle cell damage). The condition
requires immediate termination of the antipsychotic and in-patient specialized
treatment often at an intensive care unit including parenteral benzodiazepines
and/or electroconvulsive therapy (ECT).

Metabolic

Side effects in this category can develop quickly in children and adolescents.
After only a few weeks of treatment, substantial weight gain and increased
blood-cholesterol and -lipid levels may occur. Antipsychotic treatment is a
serious risk factor for the development of metabolic syndrome, a cluster of
symptoms that increases the risk of heart disease, stroke, and type-2 diabetes.
The symptoms of the metabolic syndrome (Jensen et al., 2019) include
increased blood pressure, elevated blood sugar, excess body fat around the
waist, and abnormal cholesterol or triglyceride levels, and type-2-diabetes.
Symptoms of the metabolic syndrome often result in nonadherence to
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treatment. If nonpharmacological weight-lowering interventions or switching
to another antipsychotic with a more favorable metabolic profile is insufficient
(off-label) treatment with antidiabetics such as metformin (Zheng et al., 2015)
or newer agents such as glucagon-like peptide-1 receptor agonists (Siskind
et al., 2019) may be effective (Wang et al., 2021). Metformin is recommended
by AACAPs practice parameters (McClellan & Stock, 2013) for patients with
significant weight gain or evidence of metabolic syndrome if switching to a
different antipsychotic agent with lower metabolic risk is not an option.
Treatment with glucagon-like peptide-1 receptor agonists on this indication in
youth is still experimental.

Cardiac

Antipsychotics can affect the electrical signal conduction in the heart with
increased risk of cardiac arrhythmias (Li et al., 2021). The risk for cardiac
arrhythmias is primarily observed as a prolonged QTeinterval on the elec-
trocardiogram (ECG). QT prolongation increases the risk of developing
abnormal heart rhythms, including the life threatening arrhythmia Torsades de
pointes. This type of arrhythmia can lead to cardiac arrest.

Endocrine

An increase in blood prolactin (Corell & Carlson, 2006) is more common
in youth and is especially seen with the first-generation antipsychotics and
with the second-generation antipsychotics risperidone and paliperidone.
Hyperprolactinemia is often associated with clinical symptoms such as sexual
dysfunction, galactorrhea, and amenorrhea. However, the possible short- and
long-term implications in children and adolescents, including potential adverse
effects on growth, pubertal development, and bone density, are scarcely
studied. With partial dopamine agonists such as aripiprazole, hypo-
prolactinemia may occur, and the consequences of this are even less known
(Tasaki et al., 2021).

Autonomic

Examples of side effects in this category are accommodation disturbances of
vision, increased/decreased salivation, nausea/vomiting, diarrhea/constipation,
orthostatic hypotension, and sweating. These symptoms are not always
directly observable and the patient/next-of-kin should be asked about this.

Sedative

Sedation is a common and disturbing side effect of antipsychotics causing
problems is everyday functioning and reduced quality of life.

Side effect monitoring

Side effect monitoring should be particularly intense during the first months of
treatment and in connection with medication changes (Stroup et al., 2019). Side

278 Adolescent Psychosis



effects are monitored subjectively (self-reported by the patients) and objectively
(rating scales and clinical/laboratory examinations). Unacceptable side effects
(according to the patient and/or prescriber) should lead to dose-reduction, if
possible; lifestyle changeswhen feasible; considerationof additionalmedications
for side effect management or ultimately changing the medication.

Side effect monitoring should at a minimum include the assessment of body
height and weight, and waist circumference (at baseline, 4, 8, and 12 weeks, and
at least every 3months thereafter); fasting glucose, fasting lipid profile, Hb1A1c
(reflects mean blood glucose over a longer period); and blood pressure (at
baseline and after 3 months, and then at least annually). Regarding ECG, there
are no firm recommendations on follow-up intervals. At baseline, cardiovascular
history and ECG should be assessed. If a cardiac risk profile is present (i.e.,
known cardiac disease, family history with cardiac arrhythmia, pacemaker
treatment, etc.), a cardiac specialist should be consulted before initiating anti-
psychoticmedication.During initiation of antipsychoticmedication, a follow-up
ECG should be taken after 1e2 weeks and then every 6 months or as needed.

Screening for clinical symptoms of side effects using structured rating scales
(Lingjærde et al., 1987) should be done at baseline, at 4, 8, and 12 weeks, and at
least every 3 months thereafter. There are no concrete recommendations on how
often serum/plasma-prolactin (and associated clinical symptoms) should be
assessed. Nevertheless, a practical approach is to follow the suggestions for the
lipid lab work (at baseline and after 3 months of treatment, and then at least
annually) or alternatively at baseline and then if clinical symptoms associated
with hyperprolactinemia arise (Grigg et al., 2017).

Genetic variation

Individual variations in pharmacokinetics associated with genetic variation
may affect the metabolization of the drug, such as allele variations in the
Cytochrome P450 (CYP) enzyme system which catalyzes the biotransforma-
tion of certain psychotropic drugs (Wijesinghe, 2016). One example is aripi-
prazole which is metabolized in the liver by the CYP2D6 and CYP3A4
enzymes (Carrascal-Laso et al., 2021). While most of the population dem-
onstrates extensive (normal) metabolism by these enzymes, a proportion
shows poor metabolism (for CYP2D6, 5%e10% in Caucasians, but lower in
Asians and Africans) which may lead to drug accumulation (Gaedigk et al.,
2017). For some enzymes (e.g., CYP2D6), a proportion of the population
demonstrates ultraextensive metabolism (e.g., low frequency in Caucasians of
around 2% and up to 39% in certain African populations), which may lead to
reduced drug concentrations at standard doses (Koopmans et al., 2021).
Important drug-drug interactions or drug-food interactions can be predicted if
two substrates or a substrate and an inhibitor of a particular Cytochrome P450
are coadministered. For example, azoles and antifungal agents inhibit
CYP3A4 which may increase the concentration of those antipsychotics that
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are metabolized by CYP3A4, for example, quetiapine (Fujita, 2004). More-
over, foods with complex chemical mixtures, such as fruits, alcoholic bever-
ages, teas, and herbs, possess the ability to inhibit or induce the activity of
drug-metabolizing enzymes (e.g., grapefruit juice inhibits CYP3A4) (Fujita,
2004). Moreover, since tobacco smoking induces CYP isoenzymes, reduction
or cessation of smoking can lead to a reduced activity of CYP1A2 or other
CYP isoenzymes potentially causing a clinically relevant increase in the drug
level of CYP1A2 substrates (Wijesinghe, 2016). An example is that smoking
behavior is associated with a substantial effect on clozapine blood levels.
Therefore, a reduction in clozapine dose of 30% is recommended when a
patient treated with clozapine stops smoking (Wagner et al., 2020).

Current guidelines do not support routine use of CYP genotyping in pa-
tients with schizophrenia, since this genetic variation is only one of many
factors that determine the individual response to a drug. It can be used, if the
patient despite adherence and sufficient dosage is not responding (suggests
ultraextensive metabolizer) or if the patient experiences side effects at low
doses (suggests poor metabolizer) (Spina & de Leon, 2016).

Therapeutic drug monitoring (TDM, measurements of drug concentrations
in blood) (de Leon, Schoretsanitis, et al., 2020) may help minimize the effects
of the genetic variability in drug metabolism and the effects of poor compli-
ance. Moreover, TDM may help avoid toxicity caused by interactions with
other medications or illicit drugs. The combination of information from both
TDM and genotyping can facilitate identification and appropriate management
of individuals prone to either excessively high or low serum concentrations of
psychotropic agents (Mitchell, 2000). Nevertheless, clinical observation dur-
ing slow up-titration is always mandatory in good clinical practice. Most
guidelines recommend routine TDM of only clozapine to monitor plasma-
concentrations during the initiation phase, and in cases without observable
clinical effect (de Leon, Ruan, et al., 2020). Furthermore, TDM and/or gen-
otyping of CYP450 can be carried out in case of individual needs (e.g., esti-
mation of adherence or drug interactions, or atypical side effects), but TDM
and/or genotyping is not recommended for guiding the treatment itself.
Therapeutic intervals for antipsychotics are not well documented in that there
are no strong correlations between plasma concentration and clinical effects
(Hiemke et al., 2018).

Approved medications

In Europe, only a few second-generation antipsychotics have been approved for
the treatment of schizophrenia in children and adolescents (aripiprazole and
paliperidone from age 15 years and lurasidone from age 13 years) (European
Medicines Agency, 2022). For children younger than 13 years, clinical practice
is often to use antipsychotics off-label that are approved for children on other
indications to ensure the largest possible evidence base concerning side effect
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profiles to benefit the safety of patients. An example is using risperidone for
treating psychosis in young children despite lack of approval for the psychosis
indication. This is because risperidone is approved for children from age 5
years in Europe on the indication of severe conduct disorders combined with
developmental disorders. Ziprasidone is approved for mania/bipolar mixed
episodes from age 10 years in Europe. Although the first-generation antipsy-
chotic haloperidol is formally approved for the treatment of youth with
schizophrenia from age 13 years, it is seldom used due to increased risk of EPS
and heart arrythmia.

In the US, aripiprazole, olanzapine, risperidone, quetiapine, and lurasidone
are approved for schizophrenia from age 13 years, while paliperidone is
approved from age 12 years (U. S. Food and Drug Administration, 2022).

Switching medication

When initiating a switch from one antipsychotic to another, the clinician must
consider the different receptor affinities of the antipsychotics. The so-called
dopamine rebound phenomena (manifesting itself as a sudden reemergence
of psychosis) can occur when the level of dopamine blockade is not kept
relatively constant during the switch process (Correll, 2010). This may occur
due to several reasons: (1) if the new antipsychotic is underdosed; (2) if the
switch is too abrupt from an antipsychotic with a short half-life (e.g., risperi-
done) to one with a long half-life (e.g., lurasidone); (3) if a dopamine antagonist
(e.g., paliperidone) is switched too fast to an antipsychotic with markedly less
dopamine affinity (e.g., quetiapine) or to a partial dopamine agonist (e.g.,
aripiprazole). Overlapping switches are generally needed when the preswitch
antipsychotic has high affinity for D2, H1 or cholinergic receptors and the
postswitch antipsychotic has lower affinity and/or is a partial agonist on that
receptor. Hence, switches should always be individualized, and decisions
should be made considering the patient’s preferences. In acute circumstances,
rapid discontinuation (e.g., due to severe side effects) or rapid initiation (e.g.,
due to acute psychotic exacerbation) may be needed. In most nonacute cir-
cumstances, controlled and slow crossover will often be the method of choice.
When there is a need for cross-titration, one should be aware of the risk of
added side effects with polypharmacy, as the patient will temporarily (often
during a 1e2 week cross-titration period) be on two different antipsychotics
during the switch. During the switch period, adjunctive pharmacological
treatments can be considered for short-term use (National Institute for Health
and Care Excellence, 2020), such as benzodiazepines in case of akathisia,
agitation, anxiety, and insomnia, antihistamines for nausea and insomnia, or
beta-blockers for akathisia (Correll, 2010).

Discontinuing medication

When dose reduction or complete discontinuation of an antipsychotic is
planned, tapering should be undertaken slowly over several months when
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feasible, especially when lower dosages have been reached, due to high D2
receptor occupancy at lower doses (Horowitz, Murray, et al., 2021). When
discontinuing antipsychotics there is a risk of relapse, which in addition to the
nature of the disease course itself, can be linked to neuroadaptations that
persist after antipsychotic cessation. However, a gradual tapering may mini-
mize this risk. Some studies suggest that adaptations to antipsychotic exposure
can persist for months or years after stopping the medication (Horowitz,
Jauhar, et al., 2021). It is therefore suggested that when antipsychotics are
reduced, it should be done gradually (over months or years), by one-quarter or
one-half of the most recent dose, sequentially (so that reductions become
smaller and smaller in size as the total dose decreases), at intervals of 3e
6 months, titrated to individual tolerance. The aim is to allow underlying
adaptations time to resolve, possibly reducing the risk of relapse on antipsy-
chotic discontinuation. Final dosages before complete cessation may need to
be very small (as small as 1/40th of a therapeutic dose) to prevent a large
decrease in D2 blockade when stopped (Horowitz, Jauhar, et al., 2021).

Antipsychotic medication and pregnancy

Considerations and guidance concerning potential pregnancy is relevant for
adolescent girls with EOP, since nonplanned pregnancies are increased in
women with psychotic disorders and the risk of relapse of psychotic symptoms
in pregnant women with schizophrenia is elevated (Larsen et al., 2015).
Furthermore, some psychopharmacological medications are associated with
very early teratogenicity (defects in a developing fetus), for example, valproate
or carbamazepine (Mcallister-Williams et al., 2017). According to the NICE
guideline CG192, medications containing valproate taken in pregnancy can
cause malformations in 11% of infants and developmental disorders in 30%
e40% of children (National Institute for Health and Care Excellence, 2020).
Therefore, these medications must not be used in females, including young
girls below the age of puberty, unless alternative treatments are unsuitable, or
the terms of a pregnancy prevention program are met.

In a recent review, Andrade found no associations between fetal exposure
to second-generation antipsychotics during pregnancy and a significantly
increased risk of major congenital malformations (Andrade, 2021). The author
concluded that the substantial benefits associated with use of antipsychotics in
maternal mental health, when indicated, must be weighed against the unsub-
stantiated risks of fetal major congenital malformations in a shared decision-
making process (Andrade, 2021). Some authors have recommended the use of
olanzapine and quetiapine for pregnant women based on the largest amount on
safety data on antipsychotics that do not indicate an increased risk of major
congenital malformations. Guidelines concerning the treatment of pregnant
and breast feeding women is beyond the scope of this chapter but can be found
elsewhere (Larsen et al., 2015; Mcallister-Williams et al., 2017; National
Institute for Health and Care Excellence, 2020).
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Pharmacological treatment of other psychiatric symptoms

Adjunctive medications may be needed when young patients with psychosis
present with comorbid psychiatric symptoms. For emergency treatment of
acute agitation, benzodiazepines (e.g., lorazepam) can be used, but only for a
limited period due to their addiction inducing potential. Alternatively, anti-
psychotics in the form of either additional (low) doses of the currently used
antipsychotic or with addition of a low dose of a more sedating drug such as
quetiapine, may be used. For sleep disturbances, melatonin, benzodiazepine-
derivates (limited period) or low doses of quetiapine may be used. For
depressive symptoms, selective serotonin reuptake inhibitors such as fluoxe-
tine can be used, but caution is warranted when combining with antipsychotics
due to the potential interaction via the CYP-system (Stroup et al., 2019)). For
unstable mood, lithium or lamotrigine can be added.

Electroconvulsive therapy

While ECT is relatively well established in adult psychiatry, there is a lack of
studies regarding the efficacy and safety of ECT in children and adolescents.
The AACAP practice parameters recommend that ECT be used as an
augmentation or alternative strategy in youth with schizophrenia as a last
resort after pharmacotherapy (including a trial of clozapine) has failed
(McClellan & Stock, 2013). The limited number of published studies suggests
that ECT is a safe and effective treatment for children and adolescents with
similar beneficial outcomes and side effects to those reported in adults,
particularly for patients aged 15e18 years, for whom most of the data exist
(Døssing & Pagsberg, 2021).

Psychosocial treatment

Psychosocial interventions such as psychoeducation and psychotherapy
should be provided in combination with medication (Kendall et al., 2013;
McClellan & Stock, 2013). The primary treatment-goal is symptomatic
remission (no more than mild positive and negative symptoms) along with
clinical and personal recovery. Clinical recovery emphasizes an individual’s
psychiatric symptoms and functioning, whereas personal recovery empha-
sizes adaptation to one’s illness that includes maintaining an identity apart
from the illness, and finding meaning, purpose, and hope in life. Improved
clinical recovery leads to less symptoms and functional disability, which in
turn leads to a higher quality of life, and thus, increased personal recovery
(Austin et al., 2021; Yu et al., 2022).

According to current guidelines (Kendall et al., 2013; Lecomte et al.,
2017), families are to be offered a family intervention (either single-family or
multifamily group intervention) including the patient, particularly for pre-
venting and reducing relapse. The family intervention encompasses
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communication skills, problem solving, and psychoeducation. Second,
cognitive behavioral therapy (CBT) following established, effective protocols
(Morrison, 2017; Morrison et al., 2021), ought to be offered to assist in pro-
moting recovery in youth with persisting symptoms and for those in remission.
Third, for youth of compulsory school age, liaison with the school, or sup-
ported education programs provided, will ensure that ongoing education is
maintained/provided. For patients above compulsory school age, supported
employment programs are recommended. Fourth, clinicians need to give pa-
tients and their families psychoeducation including information regarding
symptoms, course, treatment, and prognosis of their disorder. Fifth, cognitive
remediation therapy (CRT), which is a behavioral training-based intervention
aiming to improve cognitive processes, may be considered for young in-
dividuals who have persisting cognitive difficulties. Sixth, it is important to
make social skills training available for youth who are experiencing difficulties
with stress and anxiety related to social interactions.

Although guidelines recommend psychological interventions for youth with
psychosis, the evidence for the age group is limited and studies indicate that these
interventions alone are not sufficient to manage psychosis. A recent systematic
review by Gergov and colleagues (Gergov et al., 2022) investigated the effec-
tiveness of psychological interventions for young people aged 12e30 years with
psychotic disorders across 25 studies. Ten of the included studies applied
cognitive or behavioral therapy, while nine used CRT, and six used other types of
therapies (integrative interventions combining psychoeducation and family/
group interventions). The main finding suggested that while psychological in-
terventions appear effective in reducing symptoms and improving functioning in
individuals with psychosis, psychotherapy does not typically outperform control
conditions when it comes to symptom reduction. Moreover, the results from
different studies do not seem to favor strongly any specific type of treatment. The
most consistent finding was with CRT, showing larger improvement in cognitive
functioning compared to control conditions. Nevertheless, the authors empha-
sized that the main aspect in psychotherapy is not only to reduce symptoms, but
also to provide an add-on to treat various psychological functions, from neuro-
cognitive functioning to self-esteem and social functioning. The authors suggest
using integrative interventions of combining psychoeducation and/or individual
treatment with family or group interventions in the psychosocial treatment of
young people suffering from psychotic disorders.

Early Intervention Services

An established model for psychosocial intervention in young adults with
psychotic disorders is specialized Early Intervention Services (EIS). This
model has shown superiority compared to treatment as usual for patients age
18 years and above (Bighelli et al., 2021; Correll et al., 2018; Nordentoft et al.,
2014). However, a direct extrapolation from the results of these studies to
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individuals with EOP is difficult, since only a few percent of the participants
were below age 18 years.

An example of EIS is the Danish OPUS program for young adults aged
18e35 years with first-episode psychosis. This program consists of a 2-year
intervention with assertive treatment including cognitive-behavioral case
management, enhanced family involvement, and social skills training provided
by a multidisciplinary team of health professionals (Albert et al., 2017;
Petersen et al., 2005). Until now, no randomized controlled trials (RCT) have
tested EIS in children and adolescents with psychosis. In the following, we
describe the suggested components of specialized EIS for youth aged 12e18
years with psychosis, building on the original OPUS program (Jørgensen et al.,
2000). This intervention is currently being tested in an ongoing RCT in
Denmark (the OPUS YOUNG trial: Early intervention vs. treatment as usual
for adolescents with first-episode psychosis, clinical trials registration:
NCT04916626), comparing it to treatment as usual.

OPUS YOUNG

The specialized OPUS YOUNG team consists of a multidisciplinary staff that
includes one child and adolescent psychiatrist and several clinical psycholo-
gists, nurses, social workers, physiotherapists, and vocational therapists. All
team members, except the psychiatrist, functions as a case manager providing
cognitive-behavioral case management (CBCM) (Hartmann et al., 2017).
There is a minimum of five staff members per team, representing at least four
different relevant professions. All staff members are initially and on-going
trained and supervised in CBCM and shared decision making, securing that
all team members get a basic understanding of the cognitive principles of the
treatment.

Cognitive-behavioral case management

CBCM is comprised of several components such as psychoeducation, case
formulation, stress management, crisis management, behavioral strategies, and
family work (Hartmann et al., 2017). Other relevant themes presented in the
collaboration with the patient and family are enforcing a healthy lifestyle,
preventing and treating somatic illness, and addressing social needs. CBCM
offers patients a cognitive therapeutic approach to support their autonomy,
reduce stigma, and empower the individual in working toward personal re-
covery goals and illness self-management.

Psychoeducational family-based intervention

The psychoeducational family-based intervention covers programs that pro-
vide families with psychoeducation about psychotic disorders and related
difficulties, and how to manage psychotic disorders, including strategies for
problem-solving skills and communication strategies within the family
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(McFarlane et al., 2003). Several studies in adults with schizophrenia have
shown that family psychoeducation is associated with reduced rates of relapses
(Pilling et al., 2002; Pitschel-Walz et al., 2001). The psychoeducational
intervention often includes an option to join a multifamily group. The multi-
family group includes six to seven patients with their parents and two trained
group leaders. The group addresses many of the complex and difficult
everyday problems that families with an adolescent may face, in addition to
more illness-specific issues that most of the patients with psychosis are dealing
with. The group encourages all participants to engage actively in the problem-
solving processes.

Social cognition and interaction training

A core characteristic of individuals with schizophrenia is reduced social
functioning (Boyer et al., 2013; Caqueo-Urı́zar et al., 2015). Impaired social
functioning may stigmatize and marginalize youth with psychotic disorders,
and in turn, increase the risk of social isolation and loneliness. Furthermore,
impaired social functioning strongly predicts poor long-term recovery (Green,
1996; Green et al., 2000; Wykes & Spaulding, 2011). Hence, implementing
best practices for improving social cognition and functioning is an important
clinical goal in specialized EIS.

The impairments of social cognition in individuals with schizophrenia involve
at least three broad domains: (1) emotion perception (the abilities of recognizing
and identifying emotions in others); (2) attributional style (the ways in which
people explain the cause of events in their lives); and (3) theory ofmind (the ability
to attribute mental states to ourselves and others, providing the ability to predict
and interpret the behavior of others) (Penn et al., 2007). Social cognition and
interaction training (SCIT) is the first coherent and comprehensive, stand-alone
intervention targeting all three domains of social cognition (Penn et al., 2007).
The SCIT program also targets underlying deficient processes, such as cognitive
rigidity, jumping to conclusions, and intolerance of ambiguity. SCIT has proven
effective in adults with schizophrenia by improving their performance in key so-
cial cognitive abilities and overall social functioning (Penn et al., 2007; Roberts
et al., 2010). In a feasibility study, the Early Psychosis Prevention and Intervention
Center (EPPIC) in Melbourne, Australia applied SCIT for patients aged 16e26
years. SCITwas acceptable for the young population (Bartholomeusz et al., 2013).
The participants improved significantly on measures of emotion recognition and
social and occupational functioning. As a result of the study’s findings, the EPPIC
group suggests that SCIT is especially efficacious if applied as early as possible in
thecourseof illnessdue togreater brainplasticity inadolescentbraindevelopment.

Cognitive-behavioral therapy

Individual CBT is recommended for first-episode psychosis (Kuipers et al.,
2014), even though the evidence is questionable. Two meta-analyses of CBT
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for adults with psychotic disorders found effects in the small range on overall
symptoms (Jauhar et al., 2014) and functioning (Laws et al., 2018). However,
the benefits were not sustained after study completion, and no robust effects
were found regarding psychotic symptoms, distress, or quality of life.

In children and adolescents with EOP, a systematic review of psychological
interventions identified only one small study of CBT (n ¼ 20) providing in-
dications that psychological interventions might be effective (Ana-
gnostopoulou et al., 2019). The aforementioned review by Gergov and
colleagues included 10 studies of cognitive or behavioral therapy for young
people with psychosis. The study found that only one of five studies assessing
positive symptoms as an outcome reported that the cognitive or behavioral
therapy significantly outperformed the control condition (Gergov et al., 2022).
For reduction in negative symptoms and general psychopathology, the rates
were even lower, with mostly no significant differences. With respect to
global, social and occupational functioning, and quality of life, only two of
seven studies including these outcomes found significant differences for
cognitive or behavioral therapy versus control interventions. Regarding
relapse, one of two studies on cognitive or behavioral therapy reported results
favoring cognitive or behavioral therapy compared to control interventions.

The NICE guideline emphasizes the need for trials in children and ado-
lescents, to build a youth-specific evidence base for the use of CBT in early
intervention in EOP (Kendall et al., 2013). Despite the lack of strong evidence
to support individual CBT for psychosis, it is still offered in seven out of 10
EIS programs recently reviewed (Correll et al., 2018). CBT is provided
because it appears useful as one ingredient in the multifaceted interventions
needed for the treatment of psychosis. The aim is typically to support au-
tonomy, reduce stigma, and empower the individual to work toward personal
recovery goals and illness self-management (Kane et al., 2016). In the ongoing
OPUS YOUNG trial, these aims are targeted by the core components,
particularly CBCM and SCIT in combination.

Prevention and treatment of substance abuse

Young people with psychosis are at high risk of getting involved in substance
abuse (Köck et al., 2022). Thus, it is important to offer prevention and treatment
of substance abuse integrated into EIS. This should preferably be carried out by
the case manager. A Cochrane review of psychosocial interventions for cannabis
use disorder (in adults) suggested that improvements in cannabis use frequency,
and severity of dependence were highest when the treatment offered a combi-
nation of CBT and motivational enhancement therapy (Gates et al., 2016). The
combination of CBT and motivational enhancement therapy has in Danish
studies shown to be effective in reducing and cessation of cannabis use among
young people (del Palacio-Gonzalez et al., 2022; Pedersen et al., 2021). A recent
randomized control trial (the YouthDAT) examined the effects of four treatment
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conditions for Danish youths aged 15e25 years. All four treatment conditions
included CBTand motivational interviewing. Three conditions varied regarding
additional strategies for increasing retention (giving vouchers and sending text
reminders for appointments), offering optional low intensity aftercare, or a
combination of these. The study found that the treatments combining vouchers
and text reminders resulted in the best treatment retention rate (Pedersen et al.,
2021). Additional treatment strategies, such as contingency management, text
reminders, and low-intensity aftercare, predicted delayed readmission to treat-
ment and fewer legal problems in patients with drug abuse. Mental health
problems were common among the youth participating in the study. The treat-
ments with additional strategies proved to be effective in youth with drug abuse
and a psychiatric history (del Palacio-Gonzalez et al., 2022).

Support to siblings

Studies of the experiences and needs of siblings of young adults with first-
episode psychosis treated in EIS teams found that siblings are greatly affected
by the onset of psychosis in their brother or sister. Although siblings do not
identify themselves as caregivers, most of them play a significant role in their
brother’s or sister’s life (Friedrich et al., 2008; Sin et al., 2012). The siblings
desire a dynamic, robust and accessible service, such as information and support
from peer siblings, to meet their needs (Sin et al., 2012). It is important to offer
psychoeducation and support for siblings.Moreover, due to the familiar high risk
for psychosis and other mental illnesses, it is essential to reduce the level of stress
in the sibling’s everyday life (Friedrich et al., 2008). However, data to support
psychoeducation for siblings of people with severe mental illness is still very
limited according to a Cochrane review (Sin et al., 2015), especially studies on
support for siblings of adolescents with psychosis is lacking.

Support from peers

AnEIS inMelbourne, Australia used families as partners inmental health care in
close collaboration with clinical teams to provide new family members with a
range of interventions to assist recovery. It was noted that new families asked for
contact with peer-families very early in the course of treatment (Leggatt &
Woodhead, 2016). Peers can, by telling their personal history and experience
about living with mental illness, help to increase hope for the future, broaden the
knowledge about psychosis and schizophrenia, and help reduce stigmatization.

Transition to adult psychiatry or social services

It is important to actively bridge the gap between child and adolescent psychiatry
and adult psychiatry, or social community care. This can be done by assisting in a
safe transfer from one treatment facility to other services, for instance by
following the principles of the “NICE guidelines for supporting young people in
their transition to adult services” (Singh et al., 2016). These principles emphasize
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allocating a named case manager to oversee, coordinate, and deliver transition
support andadvocate for theyoungperson if needed, and to ensure that theplan for
support is revised if the young person is not in contact with services after transfer.

A recent study, including 760 Spanish adolescents with a variety of psy-
chiatric diagnoses, investigated when and how patients got lost to care during
transition from child and adolescent to adult mental health services (Reneses
et al., 2022). The authors found that a large number of youth dropped out of
care as they approached the transition from child and adolescent to adult
mental health services, and they experienced discontinuity of care during this
critical period. Fifty-six percent of subjects experienced cessation of care
before the transition age. Importantly, the risk of dropout was lower in subjects
with more severe mental disorders, such as psychosis. This might indicate that
professionals in the clinic are compliant with the NICE guidelines for young
people with schizophrenia and other psychotic disorders.

Cognitive remediation therapy

CRT is a psychological treatment that supports the cognitive competencies of
the affected individual. As a therapeutic intervention, CRT ranges from
training basic cognitive functions to developing better problem-solving skills
and metacognition. CRT is not based on a specific therapeutic direction, and it
can be integrated with and function as a superstructure to other therapeutic
traditions (Wykes et al., 2011). Only a few studies have investigated the effect
of CRT in the early course of schizophrenia in adults, and results are still
sparse (Keshavan et al., 2017; Ramsay et al., 2018). In children and adoles-
cents with EOP, the recent review by Gergov and colleagues, however, showed
more improvement in cognitive functioning with CRT compared to control
interventions (Gergov et al., 2022).

Future directions

The gap in the literature on effective and safe treatments for adolescent psy-
chosis needs to be addressed in future studies. Importantly, not only short-term
outcomes, but also effects of interventions in the longer run warrant attention.
There is a need to investigate new antipsychotic agents in comparison with
traditionally used antipsychotics in placebo-controlled trials. Likewise, it is
important to conduct RCTs of psychosocial treatments, such as Early Inter-
vention Service models versus treatment as usual and to pursue further a focus
on early detection of psychotic symptoms. Alternative new treatments should
be investigated, both concerning new developments of psychopharmacological
compounds and among psychosocial interventions. We emphasize an
increased focus on individualizing treatments tailored to the individual pa-
tient’s needs. Preventive strategies such as support and treatment of high-risk
groups should likewise be prioritized.
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Conclusions

The recommended treatment for adolescent psychosis is antipsychotic medi-
cation combined with psychosocial interventions. Specialized early interven-
tion models focusing on recovery include both pharmacological and
nonpharmacological elements. Second-generation antipsychotics with
demonstrated clinical efficacy and safety in RCTs are generally the first
pharmacological choice. A low-dose strategy should be adopted, and poly-
pharmacy should be avoided. It is important to regularly monitor and respond
to occurring adverse side effects.

The psychosocial treatment should preferably be managed by a multidis-
ciplinary team with focus on individual and family resources and resilience,
personalized interventions, management of comorbidities, coherence in
treatment course, and collaborations with social and educational services.
Central to the treatment is the allocation for the individual patient to a case
manager who is responsible for the continuous contact and working alliance
with the patient and family throughout the treatment.
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Introduction

When a young person is affected by a psychotic disorder, such as a schizophrenia
spectrum disorder or an affective disorder with psychotic features, it has major
implications for the individual, as well as for the family and friends. It is
therefore crucial to focus on providing the best and most effective treatment that
takes into account both the needs of the patient and his or her family. Questions
that often arise both for the patient and the family are: How bad is this going to
be? How long will it last?Will I be able to study and work again?Will my life be
as I expected, or will I have to deal with a completely different perspective? For
the mental health service providers, the answers to these questions are important
when planning for how long a young person should be treated in the primary
health care sector (e.g., private psychiatric practices and general practitioners) or
the secondary health care sector (e.g., outpatient and inpatient psychiatric hos-
pitals), and when planning what kind of social support that is needed.

Today, schizophrenia and related psychotic disorders are mainly consid-
ered to be neurodevelopmental disorders, with developmental abnormalities
observable from early childhood before the onset of psychotic illness (Bora &
Murray, 2014; Mollon & Reichenberg, 2018). However, previously the ma-
jority of scholars considered schizophrenia to be a neurodegenerative disorder
(Kraepelin, 1919) with a very poor anticipated prognosis for the affected in-
dividuals who were in need of long-term hospitalization. These pessimistic
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expectations were to some degree founded on “the clinicians’ illusion”,
meaning that clinicians can get a negatively biased impression of the prognosis
as they mainly see the proportion of patients with the worst prognosis and the
highest need of treatment (Cohen & Cohen, 1984). When population-based
follow-up studies became available, the picture became more nuanced. In
this chapter, we will review current knowledge about the prognosis in different
areas of outcomes for adolescents with psychotic disorders.

Sociodemographics

Labor market affiliation, education, and income

As psychotic illnesses often occur early in life, they have serious consequences
for educational achievement and labor market affiliation. A review of
employment status among patients with schizophrenia found that the exclusion
from the labor market was one of the major obstacles for social inclusion and a
significant cause of stigma (Marwaha & Johnson, 2004). In the review, reported
employment rates for persons diagnosed with schizophrenia varied widely
between studies, from 8% to 35% in European studies (most studies reported
between 10% and 20%), with developing countries in general reporting higher
employment rates (Marwaha & Johnson, 2004). Furthermore, the review found
that over the last 50 years, the difference in employment rates between persons
with a psychotic disorder and the general population has increased. However,
the findings were hampered by the large discrepancy in the reported data (e.g.,
description of employment and diagnosis) (Marwaha & Johnson, 2004).
Therefore, register-based studies might present a more reliable way to assess
employment rates for patients diagnosed with a psychotic disorder.

In recent years, the proportion of individuals with schizophrenia spectrum
disorders in Denmark in education or unsupported regular employment has
increased (KL, 2017). Still, the employment rate is relatively low. A Danish
nationwide register-based study showed that 25% of individuals with early-
onset schizophrenia (diagnosed before age 18 years) were in education or
employed in unsupported work (6% education; 19% unsupported work) in the
last year of follow-up (mean follow-up was 9.5 � 5.0 years) (Vernal et al.,
2020). This was slightly more than for individuals diagnosed with schizo-
phrenia in adulthood, where 17% were in education or employed in unsup-
ported work (2% education; 15% unsupported work) (Vernal et al., 2020). The
increased employment rate among patients with psychosis in Denmark might
be due to possibilities of reduced-hours jobs and employment support. For
individuals in Denmark with onset of schizophrenia between 15 and 25 years
of age, the cumulative earning between ages 25 and 61 years is 14% of the
amount earned by individuals not diagnosed with schizophrenia (Hakulinen
et al., 2019). Some individuals with a less chronic course of schizophrenia
(i.e., not receiving treatment in a psychiatric inpatient or outpatient clinic after
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the age of 25 years) have a higher working capacity. Of those, the cumulative
income is 39% of the amount earned by same-age individuals not diagnosed
with schizophrenia (Hakulinen et al., 2019).

Suffering from a psychotic illness severely affects the possibility of later
employment, and there is a large potential socioeconomic gain as well as
potential gain in personal well-being by increasing the access to the labor
market. The likelihood of being employed is affected by several factors with
regard to the individual course of the illness but also to society and the or-
ganization of the labor market and social benefits. The large discrepancies in
reported employment rates indicate that for many it is not only an intrinsic
illness factor that makes them unable to work, and that social factors may be at
least as important. Among others, stigmatization, low self-confidence, and lack
of vocational support are mentioned by individuals with schizophrenia as
barriers to obtaining or maintaining employment (Marwaha & Johnson, 2004).
Clinicians should therefore not adopt a fatalistic approach to new patients, but
remember that most patients with a first-episode psychosis want to work, and
that interventions that are effective in helping people with severe mental ill-
nesses have been developed (Christensen et al., 2019; Rinaldi et al., 2010).

Children and cohabitation

Reduced fertility rates among individuals with psychotic disorders have been
confirmed in several studies. Recently, a Danish nationwide cohort study
found reduced fertility rates among individuals from 15 years of age diag-
nosed with schizophrenia, followed by bipolar disorder, major depressive
disorder, and the remaining psychiatric disorders consisting of all other ad-
missions to psychiatric hospitals, including personality disorders (Laursen &
Munk-Olsen, 2010). Men with schizophrenia spectrum disorders had the
lowest observed fertility rate compared to the general population. Further-
more, the reproductive rate increased with time since first psychiatric
admission. This could suggest a selection mechanism where individuals with
less symptoms tend to have more children. At the 10-year follow-up of the
UK-based AESOP study (Etiology and Ethnicity in Schizophrenia and Other
Psychosis; a naturalistic population-based cohort of 295 individuals with a
first episode psychosis), 44.5% had become parents, and the majority of these
lived with their underaged children (Dazzan et al., 2020). Still, another Danish
nationwide study found that mothers and fathers diagnosed with schizophrenia
had a 40% and 20%, respectively, higher risk of having their children placed
in out-of-home care (Ranning et al., 2015). In addition, the risk of having a
child placed in out-of-home care increased among single parents compared to
cohabiting parents (Ranning et al., 2015). Since more women than men have
single parent status, this might contribute to the gender difference where more
women than men have their children placed in out-of-home care. Furthermore,
fathers seem to compensate less for the mother’s lack of caregiving, whereas
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mothers tend to compensate if the father is ill (Ranning et al., 2015). A third
Danish cohort study including parents diagnosed with schizophrenia and bi-
polar disorder, found that around 50% of spouses to individuals with
schizophrenia presented with a mental disorder (Greve et al., 2021). In
summary, individuals with psychotic disorders have significantly lower
fertility compared to the general population. Even so, a considerable pro-
portion of individuals with psychotic disorders become parents (Campbell
et al., 2012; Howard et al., 2004; Maybery & Reupert, 2018; Schrank et al.,
2016). Although parents with a psychotic disorder have increased risk of
having their child placed in out-of-home care, the majority (based on studies
from the UK and Denmark) live and provide for their underaged children
(Dazzan et al., 2020; Ranning et al., 2015).

Service use

For patients diagnosed with schizophrenia, the use of in-patient services is
highest in the first years after treatment contact. In the following years, the
mean use of bed days decreases and more than half of first-episode patients
have no hospitalizations after the first 2 years, and 6%e10% will live in
supported housing facilities (Secher et al., 2015). However, there is a large
heterogeneity in service use, and the average number covers a huge difference
in need of services. Compared to patients with adult-onset schizophrenia,
adolescents with early-onset schizophrenia spend more days hospitalized
during the first years after being diagnosed, but the number of annual days
hospitalized do not differ thereafter compared to adults (Vernal et al., 2020).
This might be due to different procedures in child and adolescent versus adult
psychiatric services and may not necessarily be due to a more severe mani-
festation of schizophrenia in children and adolescents. The use of bed days in
psychiatric hospitals and supported housing facilities is highly depended on
available services and whether a health insurance is needed to get access to
these services. The aforementioned numbers are from register-based studies
from Denmark, where services are universally available, free of charge for the
individual and financed by taxes.

Substance abuse

Individuals diagnosed with a psychotic disorder more frequently have sub-
stance use disorders compared to individuals without psychosis. In fact,
approximately one-third of children and adolescents with schizophrenia
spectrum disorders meet the criteria of a substance use disorder including
alcohol, illicit drugs, and other substances, according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV) (American Psychiatric
Association, 2000) criteria of substance use disorder (Stentebjerg-Olesen
et al., 2016). Studies of adult patients have found robust associations
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between substance abuse and the risk of developing schizophrenia later in life
(Moore et al., 2007; Nielsen et al., 2017). This association is found for almost
any kind of substance abuse, including alcohol, but it is strongest for
cannabis (Nielsen et al., 2017). In adults, a diagnosis of schizophrenia is also
associated with later development of subsequent substance use disorder
(Petersen et al., 2019).

Only a few studies have examined longitudinal associations between early-
onset psychosis and substance abuse. A Danish nationwide register-based
study found that 22% of patients with early-onset schizophrenia had a co-
morbid substance use disorder at follow-up (mean follow-up was 9.5 � 5.0
years) compared to 6% premorbid the psychosis diagnosis (Vernal et al.,
2020). These results indicate that the frequency of substance use disorders
increases in the years following a diagnosis of schizophrenia. However, this
study was restricted to hospital-based diagnoses which hold low sensitivity, as
many individuals meet criteria of a substance used disorder without being
diagnosed (Hansen et al., 2000), resulting in a low incidence of substance use
disorders. Moreover, the results should be seen in relation to the young age of
the individuals with early-onset schizophrenia as substance use disorders are
typically diagnosed later in life.

Comorbid substance use is linked to poorer outcomes in patients with
psychotic disorders. Cannabis use is associated, in a doseeresponse rela-
tionship, to symptom severity and functional impairments in adolescents with
early-onset psychosis (Bagot et al., 2015). Thus, individuals who initiate
cannabis use early and are frequent users are at increased risk of severe out-
comes. Furthermore, individuals who discontinue substance use after being
diagnosed with a psychotic disorder have outcomes similar to individuals with
a psychotic disorder who have never used substances (Clausen et al., 2014;
Weibell et al., 2017). Therefore, an integrated treatment and prevention plan
for substance use in adolescents with early-onset psychosis is important and an
effective way to improve outcomes among these patients.

Mortality and suicidality

Schizophrenia is associated with increased mortality from all causes of death.
The overall mortality rate in patients with schizophrenia is approximately
three times higher and their life expectancy is 10e15 years shorter, than in the
general population (Laursen et al., 2019; Nordentoft et al., 2013; Plana-Ripoll
et al., 2019). This excess risk is partly explained by death from suicide and
accidents, but also by death due to medical conditions such as cardiovascular
disorders and cancer. In Danish register-based cohort studies, patients with
schizophrenia have approximately three times higher risk of dying from a
medical condition compared to the general population, while the risk of dying
from accidents is approximately six times higher, and the risk of suicide is
between 15 and 30 times higher (Laursen et al., 2019; Nordentoft et al., 2013;
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Plana-Ripoll et al., 2019). The overall mortality rate was generally higher for
men than for women with schizophrenia. Furthermore, when looking at sur-
vival curves among Danish individuals at 60 years of age, approximately 10%
of individuals from the general population had died compared to 30% of in-
dividuals with schizophrenia (Laursen et al., 2019).

Another Danish register-based cohort study found that death secondary to a
medical condition typically occurs when patients with schizophrenia are in
their 50s or 60s, while the same occurs one to two decades later in life for
individuals from the general population (Erlangsen et al., 2017).

Based on proportions of mortality, the risk of dying from suicide was
previously estimated to be as high as 10% for patients diagnosed with
schizophrenia (Miles, 1977). However, more appropriate measures, such
as case fatality rates, have shown that the long-term risk of suicide is rather
5%e6%, but increases if the patients have a history of suicide attempt
(Nordentoft et al., 2011; Palmer et al., 2005). Already before first contact with
psychiatric services, almost one-third of adult patients with schizophrenia have
attempted suicide, most of them within the last year before first contact
(Bertelsen et al., 2007), and the first years after first contact are associated with
higher risk than later years (Nordentoft et al., 2011). Therefore, it is of outmost
importance that suicide prevention is integrated as a mandatory element in the
treatment of first-episode psychosis.

Medication

ACochrane review from 2013 consisting of 13 trials of adolescent patients with
psychotic disorders between 13 and 18 years of age found no convincing dif-
ference of efficacy between first- and second-generation antipsychotics in the
treatment of adolescent psychosis (Kumar et al., 2013). The review could only
conclude regarding short-term effects as there were no long-term studies
included, and the overall findings were hampered by the low number of studies.
However, a network meta-analysis from 2016 including 11 randomized
controlled trials of adolescent patients with early-onset schizophrenia aged
between 10 and 17 years (five of the studies were also included in the prior
mentioned Cochrane review) published between 2003 and 2013, indicated that
haloperidol, a first-generation antipsychotic, was the most effective treatment
of psychosis, but also the drug that the participants were most likely to dis-
continue (Harvey et al., 2016). As the effect of haloperidol was driven by one
study which included a total of 39 patients, the results should be interpreted
with caution. There are only a few studies comparing the efficacy of long-term
antipsychotic drug treatment in adolescent patients with psychotic disorders. In
the Danish Tolerability and Efficacy of Antipsychotics randomized controlled
trial (TEA-trial), the treatment effects of the second-generation antipsychotics
quetiapine and aripiprazole were compared in children and adolescents
(Pagsberg et al., 2017). The study found no significant difference between the
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two agents in rate of positive psychotic symptoms after 12 weeks of treatment
(Pagsberg et al., 2017). A naturalistic study including 47 adolescent patients
with schizophrenia and schizoaffective disorder (mean age of 15.5 years)
performed follow-up assessments after 6 months, 3, 5, 8, and 11 years, with
assessments of treatment effectiveness of various antipsychotics and clinical
improvements on psychotic symptoms and long-term functioning (Cianchetti &
Ledda, 2011). Two participants discontinued their medication and remained in
remission until the end of the follow-up period after 11 years. Of the remaining
participants, all but one had trials of at least two antipsychotics. Clozapine was
found to be superior to all other included drugs, both in treatment efficacy and
in time to discontinuation. Only 20% of participants who initiated clozapine
treatment discontinued, compared to 100% of olanzapine, 86% of haloperidol,
and 72% of risperidone treated patients (Cianchetti & Ledda, 2011). Due to
potential severe adverse side effects (Iqbal et al., 2003), clozapine is considered
a third choice in most treatment algorithms, but there are studies indicating that
clozapine has a unique effect in patients with refractory early-onset psychosis
(Sporn et al., 2007). These findings are supported in meta-analyses of clozapine
treatment demonstrating that younger age is a positive predictor of response to
clozapine (Okhuijsen-Pfeifer et al., 2020). Long-term follow-up studies of
patients with first-episode psychosis show that 40% of patients do not continue
their antipsychotic treatment (Gotfredsen et al., 2017). This finding is in stark
contrast to discontinuation studies reporting that 70e90% of patients with
schizophrenia who discontinue their antipsychotic medication suffer a psy-
chotic relapse (Thompson et al., 2018; Zipursky et al., 2014). This gap in
knowledge has not been fully explained, but there are now several ongoing trials
testing gradual dose reduction compared to maintenance treatment in remitted
first-episode patients (Wunderink et al., 2013).

All patients with a psychotic disorder are likely to, at some time point,
discontinue their antipsychotic treatment. There is no clear evidence as to how
long antipsychotic treatment should be continued after a psychotic episode, but
current guidelines suggest 1e2 years of treatment after remission. This is often
unacceptable to patients and might be especially true for adolescent patients
who might be more sensitive to adverse side effects from antipsychotics such
as weight gain, extrapyramidal symptoms, sedation, increased prolactin, and
metabolic disturbances (Correll, 2011; Fraguas et al., 2011; Kumar et al.,
2013). Therefore, management of antipsychotic treatment requires strict
attention to possible side effects, choice of drug, and titration of doses.

Cognition

Cognitive deficits are recognized as a core symptom of schizophrenia, and to a
lesser degree of other psychotic disorders (Heinrichs & Zakzanis, 1998). The
controversy regarding cognitive deficits has been conceptualized as a debate
between the neurodevelopmental and the neurodegenerative hypotheses
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(Kurtz, 2005). While most investigators agree that cognitive deficits are found
in children prior to the development of adult schizophrenia (Reichenberg et al.,
2010), others have found that there is a continued deterioration just prior and
after the onset of psychosis among adult individuals diagnosed with chronic
and first episode schizophrenia (Pantelis et al., 2009). Meta-analytic data have
also shown cognitive deficits in patients with clinical high-risk for psychosis
and that the conversion to psychosis was predicted by deficits in the domains
of verbal fluency, verbal and visual memory, and working memory (Poli,
2014). However, this does not necessarily imply that there is a decline from at-
risk state to full-blown psychosis. In another meta-analysis, Bora and Murray
found that the level of cognitive functioning increased over time both in in-
dividuals at clinical high-risk and with first-episode psychosis (Bora & Mur-
ray, 2014). Similar findings have been found in the Danish OPUS study, a
randomized controlled trial examining early intervention services among 578
individuals with psychotic disorders (mean age was 27 years) (Bergh et al.,
2016). A 10-year follow-up from this study demonstrated that treatment in
early intervention services improved cognitive functioning compared to
treatment as usual (Bergh et al., 2016).

Moreover, several studies have found stable cognitive deficits over time in
patients with schizophrenia (Kurtz, 2005), at least in young and middle-aged
patients. The Chicago follow-up study which included patients between 17
and 32 years of age (mean age was 22.9 years) with schizophrenia, other
psychotic disorders, and major depressive disorder without psychotic features,
found stable cognitive deficits or a slight improvement in cognitive outcomes
over a 20-year follow-up period (Bonner-Jackson et al., 2010). Contrary to
these findings, in one of the most recent long-term follow-up studies of first-
episode patients (the Suffolk Mental Health Study), a declining level of
cognitive functioning was found among patients with first admissions for
psychosis from 15 to 60 years of age over a 20-year period (Fett et al., 2020).
In this study, the patients with schizophrenia demonstrated a greater decline in
cognitive functioning compared to patients with affective psychosis and other
psychotic disorders at both the 2-year and the 20-year follow-up. Notably, over
the 18 years period, there was no change in verbal fluency in any of the patient
groups. However, there was a significant increase in verbal knowledge, and
significant decline in the other cognitive domains (i.e., verbal/visual memory,
attention, processing speed, and executive functions) for all patient groups.
The magnitude of cognitive change was generally not associated with age at
baseline, but the impairment became more prominent with age compared with
healthy controls (Fett et al., 2020).

When assessing cognitive functioning over time in patients with psy-
chotic disorders, the results are most likely influenced, either positively or
negatively, by the use of antipsychotic medication. A network meta-analysis
including nine randomized controlled trials examined the long-term (median
trial duration of 1 year) cognitive effects of antipsychotic treatment in
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patients with schizophrenia. The second-generation antipsychotics quetia-
pine, olanzapine, and risperidone demonstrated significantly better effects on
global cognitive functioning compared to amisulpride (second-generation)
and haloperidol (first-generation) (Désaméricq et al., 2014). Contrary to the
aforementioned meta-analysis, a naturalistic follow-up study of 186 adult
participants diagnosed with schizophrenia reported improved cognitive
functioning with discontinuation of antipsychotics at baseline and after 3.5
years (Albert et al., 2019). During the follow-up, the patients who dis-
continued their antipsychotic medication improved significantly more in all
cognitive domains, including motor task, processing speed, and verbal
fluency, compared to those with sustained use of antipsychotics (Albert
et al., 2019). This finding is hampered by the fact that those patients who
discontinue their medication without experiencing a psychotic relapse
probably belong to a selected subsample. There is one meta-analysis of 4135
patients with schizophrenia particularly examining processing speed, which
found that higher doses of antipsychotics were associated with greater
impairment in processing speed (Knowles et al., 2010). Unfortunately,
detailed information on type of antipsychotics was not reported. However,
there were no moderating effects of age or chronicity of psychosis. Also, a
randomized controlled trial including 42 participants randomized to main-
tenance treatment or guided discontinuation, found improved cognitive
performance for both groups after 4 to 6 months of follow-up in the atten-
tion, working memory, verbal memory, processing, and motor speed do-
mains. In addition, the group randomized to guided discontinuation
improved significantly more than the maintenance group in the processing
speed domain (Faber et al., 2012). This finding indicates that at least the
processing speed domain is affected by the use and dosage of antipsychotic
medication.

In summary, there is consistent evidence for cognitive impairments in
patients diagnosed with a psychotic disorder, and that symptoms are present
prior to onset of psychosis. Currently, the consensus is that these deficits are
rather stable over time, but there seems to be evidence of an accelerated
decline with age compared to healthy controls (Fett et al., 2020). The effect of
antipsychotic medication on cognitive performance is understudied, and there
is indication that some of the deficits can be affected by the use of antipsy-
chotic medication.

Long-term prognosis

Clinical predictors of outcomes

Of all individuals diagnosed with schizophrenia, only about 5% are diagnosed
before they turn 18 years (Stenstrøm et al., 2010; Thomsen, 1996; Thorup et al.,
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2007). Still, there is scientific evidence that individuals with adolescent- and
adult-onset psychosis largely share the same clinical predictors of outcome.

A systematic review from 2016 compared patients with early- and adult-
onset psychosis and found a greater proportion of schizophrenia spectrum
diagnoses in the early-onset group (Stentebjerg-Olesen et al., 2016). This
review was based on five clinical studies from Australia, Canada, and
Norway, consisting of 353 patients with early-onset psychosis (mean age at
onset was 16.2 years), and 1220 patients with adult-onset psychosis (mean
age at onset was 23.5 years) (Stentebjerg-Olesen et al., 2016). At baseline,
the early-onset group had a 3.5 times longer duration of untreated psychosis
compared to the adult-onset group (18.7 � 6.2 months vs. 5.4 � 3.1 months)
(Stentebjerg-Olesen et al., 2016). From the same systematic review, another
analysis based on 28 studies including 1505 patients found that longer
duration of untreated psychosis significantly predicted less improvement in
global functioning. Still, the mean global functioning scores improved over
time. Moreover, good premorbid adjustment, such as high-quality peer re-
lationships and good school performance at baseline, predicted better out-
comes after 1e4 years of follow-up on various parameters including
remission rates, quality of life, and global and social functioning. In addi-
tion, poor premorbid adjustment or developmental delays predicted higher
negative symptoms and worse illness severity at follow-up. Furthermore,
higher scores of negative and positive symptoms at baseline predicted worse
symptom severity at follow-up. On the other hand, lower scores of negative
symptoms at baseline predicted higher remission rates and better social
functioning after 1e4 years, while lower scores of positive symptoms at
baseline predicted better quality of life after 1e4 years (Stentebjerg-Olesen
et al., 2016). Gender or age at onset was not found to have any significant
effects on the course of illness among adolescents (Stentebjerg-Olesen et al.,
2016). The effects of gender differences were also investigated in another
systematic review from 2012 including 21 studies of individuals with early-
onset schizophrenia (Clemmensen et al., 2012). Here, the authors found that
males generally had less favorable outcomes, but this result should be
interpreted with caution since only five of the 21 studies reported outcomes
stratified for gender.

In summary, systematic review data of patients with early-onset psychosis
found a greater incidence of schizophrenia spectrum disorders and longer
duration of untreated psychosis among adolescent patients compared to pa-
tients with adult-onset psychosis. In accordance with the adult literature, a
longer duration of untreated illness, a diagnosis of schizophrenia, poorer
premorbid adjustment, and greater symptom severity (most pronounced for
negative symptoms) at baseline were all found to be predictors of worse
clinical outcomes. In addition, there was no evidence for age-related differ-
ences in the course of illness among adolescents with psychosis. Furthermore,

308 Adolescent Psychosis



gender among adolescents with early-onset psychosis has not been found to be
a consistent predictor on the course of illness.

Positive and negative symptoms

In the adult literature, baseline psychotic symptoms or early psychopathology
is often a prognostic factor of long-term outcomes. At the 10-year follow-up of
the OPUS trial, a longer duration of untreated psychosis predicted higher level
of positive symptoms at follow-up (Austin et al., 2015). Still, more than 70%
of patients achieved a significant reduction of positive symptoms at the 10-
year follow-up. The majority of these patients achieved this reduction of
positive symptoms within the first year of treatment and had mild or no
positive symptoms at the 10-year follow-up (Austin et al., 2015). For negative
symptoms, the prognosis was less optimistic. Fifty percent of individuals had
no reduction of negative symptoms during the 10-year period, and for the 28%
who experienced a reduction in negative symptoms, only minor changes were
detected (Austin et al., 2015). As previously mentioned, a higher level of
negative symptoms at baseline often predicts worse long-term outcomes.
Systematic reviews of adolescents with psychotic disorders found that a higher
level of psychotic symptom severity at baseline, especially pronounced for
negative symptoms, predicted worse illness severity and poor outcomes at
follow-up (Dı́az-Caneja et al., 2015; Stentebjerg-Olesen et al., 2016).
Furthermore, a diagnosis of schizophrenia was associated with less improve-
ment of negative symptoms (Stentebjerg-Olesen et al., 2016) and greater
disability or dependency at follow-up (Albert et al., 2019). One systematic
review reported symptom dimensions at baseline and found that the most
frequent symptoms recorded among adolescents were auditory hallucinations
(Stentebjerg-Olesen et al., 2016). Also, delusions followed by thought disor-
ders and bizarre behavior were common (Stentebjerg-Olesen et al., 2016).
Furthermore, around 50% had negative symptoms at baseline and 52%
experienced flat/blunted affect (Stentebjerg-Olesen et al., 2016). In summary,
psychotic symptom severity and predominantly negative symptoms are closely
related to clinical outcomes including remission and recovery. Since adoles-
cents tend to have a higher prevalence of negative symptoms at diagnosis
onset, they are a particularly vulnerable group.

Recovery

A systematic review from 2012 including 21 studies of individuals with early-
onset schizophrenia (n ¼ 422, mean age at onset was 16.4 years) found that
15.4% of patients had a good outcome, 24.5% had a moderate outcome, and
60% had a poor outcome based on general-, global-, and study specific
functioning scales (Clemmensen et al., 2012). However, there was a small but
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significant decrease in good and moderate outcomes and an increase in poor
outcome the longer the follow-up time.

For “mixed samples” (i.e., studies of individuals with combined data on
early-onset schizophrenia and other early-onset psychotic disorders), 19.6%
were in the good outcome category, 33.6% had a moderate outcome, and
46.8% had a poor outcome. When comparing the two groups, there were
significant differences with a larger part of mixed samples experiencing a good
or moderate outcome in comparison with those with strictly early-onset
schizophrenia (Clemmensen et al., 2012). This finding has been verified by
other studies where a diagnosis of schizophrenia takes a more chronic and
disabling course compared to affective psychosis (Henry et al., 2010).

A meta-analysis focusing on individuals with schizophrenia spectrum
disorders with onset after 16 years of age found a 13.5% recovery rate
(Jääskeläinen et al., 2013). The recovery definition was strictly defined as
both clinical and social functioning with a 2-year duration criterion of good
outcome for either clinical or social outcome. Here, there was no difference
in the recovery rate according to gender, follow-up time, first-episode psy-
chosis, or multi-episode samples. In another meta-analysis from 2017, Lally
and colleagues investigated recovery in patients over 16 years of age with
first-episode psychosis (Lally et al., 2017). Based on 35 included studies, the
authors identified an overall recovery rate of 38% among the patients across
diagnostic group. When stratifying the sample, the authors found that 85%
of individuals with affective psychosis (four studies) achieved recovery,
compared to 34% of patients with nonaffective psychosis (19 studies), and
30% of patients with schizophrenia (12 studies). In a third meta-analysis
including adult patients with schizophrenia, no associations were found
between age at onset and clinical outcomes, such as remission rates, positive
symptoms, and total symptom severity (Immonen et al., 2017). Small but
significant correlations were found between lower age at onset and more
hospitalizations and relapses, and between poorer social/occupational
functioning and reduced global outcomes. These studies are far from
conclusive, and in a Danish long-term nationwide register-based study of
16,337 people, there was no evidence that individuals with early-onset
psychosis had a generally poorer outcome than individuals with adult-
onset psychosis (Vernal et al., 2020). The aforementioned studies demon-
strate that psychosis is not a progressive deteriorating illness but rather a
cardinal feature in a spectrum of illnesses where the percentage of patients
who recover varies widely. This variation is both due to the severity of the
diagnosis as well as the definition and duration criteria of “good” outcome.
Earlier, the prevailing view was that early-onset psychosis was associated
with chronic impairment and disabling outcomes. However, a great part of
the literature lacked long-term follow-up investigations and most studies
used small sample sizes with the risk of selection bias as well as poor
representativeness. In addition, a substantial part of the studies contains
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individuals diagnosed many decades ago which influences the poor long-
term prognosis.

Overall, the findings confirm the importance of early intervention services,
which has proven to be highly effective on several clinical outcomes compared
to treatment as usual. A meta-analysis based on 10 randomized controlled
trials (six of the trials included patients under the age of 18 years and total
mean age was 27.5 years) found convincing effects of early intervention ser-
vices in psychosis on all of the following: psychiatric hospitalization; global
functioning, including school attendance and work employment; symptom
severity; remission; and clinical recovery (Correll et al., 2018). Furthermore, it
appears that early intervention services might even be more beneficial to
young individuals with the possibility of greater improvement of long-term
functional outcomes compared to patients with adult-onset schizophrenia
(Amminger et al., 2011). In sum, since adolescents with early-onset psychosis
have a higher prevalence of unfavorable predictors of outcomes at baseline,
such as longer duration of untreated illness, a diagnosis of schizophrenia,
poorer premorbid adjustment and negative symptoms, they also have a po-
tential for worse outcomes compared to patients with adult-onset psychosis.
Still, findings are not consistent, and there is no consensus in the newer
literature that those who develop psychosis at a younger age suffer a worse
outcome than those who develop psychosis at an older age.

Conclusion

At the age of 16, K was referred by his general practitioner to an early psy-
chosis detection unit in Denmark. He reported depressed mood, auditory
hallucinations, and suicidal thoughts, and he was referred to the child and
adolescence department for further examination and treatment. K showed
problems with social interactions and lack of adequate affective responses to
serious suicidal act. He was diagnosed with Asperger syndrome and treated
with sertraline for depressive symptoms. After nearly 11/2 years of treatment,
his mood improved, and he started a special educational school for people
with autism spectrum disorder (i.e., a school that focuses on individual special
needs to improve the chances on the ordinary labor market among young
individuals who have not yet obtained a youth education). When K was 19
years of age, he saw a private consultant psychiatrist who diagnosed K with
attention deficit disorder and prescribed atomoxetine. A month later, K was
submitted to the psychiatric ward with suicidal thoughts. K described an acute
sense of anxiety when being around many people, but he was unable to
describe why he was anxious. On further investigation, he reported that he had
audible thoughts which sometimes were so loud that other people could hear
them. On a weekly basis he also experienced external thoughts being placed in
his head, and he suspected that his parents were putting them there. K had
experienced these symptoms for more than a year and had not experienced a
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worsening of symptoms after being prescribed atomoxetine. K was diagnosed
with paranoid schizophrenia and the diagnoses of attention deficit disorder
and Asperger syndrome were removed. Furthermore, K was prescribed ari-
piprazole and referred to an early intervention and treatment unit where he
received long acting injectables and subsequently reported reduction of
auditory hallucinations and cessation of though insertions.

In the safe space of hindsight, it is easy to point out that the psychotic
symptoms K reported at age 16 years should have been more thoroughly
investigated. But the meaning of this story is not to point fingers, but rather
illustrate the complexity of the clinical world and how the clinicians’ ap-
proaches are shaped by the institutions where they work and the patients they
usually treat.

In conclusion, we will emphasize that a diagnosis of psychosis is a wide
spectrum of different diagnoses and therefore the course and outcome of these
illnesses are rather heterogeneous. Overall, it is important to provide early
intervention in all ages no matter the age of psychosis onset in order to
improve long-term outcomes. Since so many studies report longer duration of
untreated illness among adolescents, it might indicate a treatment gap with
room for improvement for both early detection of psychosis as well as starting
early treatment for individuals with early-onset psychosis.
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Introduction

Adolescence is a crucial phase of life, characterized by intense bio-psycho-
social changes (Yurgelun-Todd, 2007) and the completion of several devel-
opmental milestones, both interpersonal (e.g., empowerment, development of
intimate relationships) and intrapsychic (e.g., identity construction, appropri-
ation of bodily changes). While its onset is generally linked to puberty, the end
of this period of development is more controversial (Sacks, 2003). According
to the World Health Organization, adolescence corresponds to ages 10e19
years, whereas the years 15e24 are considered “youth” (World Health Or-
ganization, 2014). This ambiguity is well reflected in the literature with the
appearance of novel terms for this age period, such as “emerging adulthood”
or “young adulthood” (Shadili, 2014). It also reveals the presence of in-
consistencies in the boundaries of definitions. According to several experts,
such chronological boundaries may be questionable and have been the subject
of discussion for many years (Sacks, 2003). Moreover the occurrence of an
accelerated brain maturation in girls suggests that their intellectual-emotional
development may be earlier than in boys at least on a group-basis (Lenroot &
Giedd, 2010). Taken together, these reflections indicate that, rather than a
common transition for all at the same point in time, entry into adulthood
represents an individual stage that is rarely synchronous with the civil majority
established at 18 years (Kilicel et al., 2021).
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In addition to being a period of intense change, adolescence can represent a
pivotal moment in the trajectories of developmental psychopathology. Indeed,
the transition from childhood to adolescence is also undoubtedly a period of
vulnerability (Jones, 2013; Kilicel et al., 2021; Lenroot & Giedd, 2010; Lerner
et al., 2011; Lewin-Bizan et al., 2010; Shadili, 2014), both from a developmental
and an ethical point of view. Concerning the vulnerability for developing psy-
chiatric problems, it is estimated that 75% of psychiatric disorders are man-
ifested by the age of 25 years (Gore et al., 2011), and that they interfere with the
performance of developmental tasks, hindering psychosocial functioning in a
lasting way (McGorry et al., 2018). Adolescence therefore represents a key
period for prevention and early therapeutic intervention in psychiatry, which has
been widely addressed in the literature (Sossauer et al., 2019). In ethical terms,
adolescents are vulnerable because their interests are not as fully represented in
society as those of adults, their needs tend to be neglected, and their rights are
prone to being violated (Schachter et al., 2005; Tavaglione et al., 2015).

The progressive and highly variable interindividual development during
adolescence leads to a number of ethical issues in medical research (Hoop et al.,
2008). These issues become even more striking in adolescent psychiatry and
especially in adolescents with psychotic disorders for several reasons. Firstly,
adolescence represents a gray area in terms of informed consent. This is spe-
cifically accentuated in patientswith psychosis because of the complex impact of
the illness on the patient’s decision-making capacity (see Section Gray area in
terms of informed consent formore details). Secondly, the problemof stigma and
self-stigma related to a psychotic disorder diagnosis may have an even stronger
impact than in adults, as the adolescent’s personality is still developing, and
adolescents may identify profoundly with their disorder.

In this chapter, we will focus on several specific ethical issues relating to
research with adolescents suffering from psychosis. We will, however, not
provide a systematic review for ethical concerns regarding clinical research with
minors, such as informed consent and stigma related to mental disorders in
general. Previous literature reviews have already systematically addressed
central issues relevant to adolescence, based on the general ethical principles of
medical research involving humans (Emanuel et al., 2000; Lysaght et al., 2012).

Ethical considerations in adolescent psychosis research

Any ethical reflection on this topic must start with the fundamental norm that
all age groups in the population should have equal access to evidence-based
health care. Since the evidence for health care interventions in a specific
age group requires research into the same age group, research targeting ado-
lescents is crucial to offer evidence-based health care to this vulnerable pop-
ulation. It is thus ethically problematic to avoid conducting clinical research
with adolescents. This avoidance has been the case for many decades in the
field of psychosis, based on the unproven presumption that participants may be
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stigmatized by the approaches to study of precursors or manifest psychotic
disorders. In the long run, clinical research of adolescents with psychosis and
other mental disorders may rather reduce stigmatization as it leads to more
knowledge about cause, course, prognosis, and treatment of these debilitating
disorders (Alaghband-Rad et al., 1995).

Judith Rapoport at the National Institute of Mental Health (NIMH) in the
United States conducted a pioneering work aiming to clinically characterize
children and young adolescents with psychotic symptoms. She established the
first modern cohort of children with psychotic symptoms emerging before the
age of 18 and even diagnosed before the age of 13 years (childhood-onset)
(Green et al., 1992). This pioneer work opened up a transition from mainly
focusing on adult psychosis to acknowledging the importance of child and
adolescent psychosis. However, this development has been rather slow and has
suffered from numerous obstacles in the conceptualization of these disorders.
For example, professionals taking care of these young people often lacked the
specific knowledge concerning the nature of their symptoms and failed to ask
specifically about the symptoms in depth, as if ignoring the symptoms would
make the problems disappear (Fusar-Poli et al., 2021). An advanced body of
research suggests that early detection and intervention may not only reduce
transition to psychosis but also improve the clinical and functional outcome of
the patients independently from the transition (Catalan et al., 2021). A pre-
ventive approach to psychotic disorders will be crucial for the next decades.
Research focusing on early antecedents, as well as risk and protective factors,
may thus significantly modify the course of the disorder in a given individual,
as well as in a population.

Early diagnosis and treatment

With respect to early diagnosis, it seems crucial to know whether effective ways
to mitigate the course of the disease exist that may in turn prevent symptom
development and slow the progression in a chronic illness. It is also ethically
important to determine the percentage of adolescents with subtle signs of psy-
chosis, precursors of psychosis who develop full-fledged psychosis, and who
experience a natural remission without treatment. This context would then allow
differentiating as accurately as possible between those who need treatment and
those who do not. However, due to the relatively humble amount of evidence
derived in this area this is not yet the case (Catalan et al., 2021).

Research practices have increasingly moved toward early diagnosis and
intervention. As described in detail in the previous chapters, current research
practices in adolescent psychosis are based on scientific evidence accumulated
over the last 30 years. This evidence distinguishes the different phases of
psychosis: the clinical high-risk for psychosis (CHR), the first episode of
psychosis (with the duration of untreated psychosis), and the evolution after
the first episode (critical period, illness requiring long-term treatment, etc.).
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This shift has also led to ethical questions associated with the research prac-
tice, typically concerning the area of selective and indicated prevention
(Mrazek & Haggerty, 1994). The sooner we start with psychiatric interventions
in the oligosymptomatic phase (i.e., having few or minor symptoms), or even
the presymptomatic phase where prognosis is still uncertain, the higher are the
chances of effective disease-modifying interventions (Arango et al., 2018).
However, the higher are also the risks of false-positive identification and
stigmatization, or even unnecessary treatment with potential adverse effects
(Lane et al., 2020; Wright et al., 2011).

Genetic information

Ethical issues may arise particularly from genetic testing or presymptomatic
biomarker testing, enabling prediction of psychosis well before the onset of
symptoms, but potentially also entailing genetic information that impacts on
close relatives, such as siblings of the tested person. In particular, the advent of
the polygenic risk scores raises these concerns. The polygenic risk score is an
indication of risk, based on a wealth of genetic markers associated with a
disorder or a trait derived in large populations to allow for the determination of
a risk probability for a specific disorder in an individual (Agerbo et al., 2015).
However, since the technical and scientific questions regarding the polygenic
risk scores are still not satisfactorily resolved, the ethical concerns, such as the
dangers of stigmatization, overdiagnosis and overtreatment, and the intro-
duction into clinical practice are highly debated (Lewis & Green, 2021).

Brain maturation and its impact on cognitive and social skills
development

An important aspect when discussing the ethical aspects of research in
adolescent psychiatry concerns brain maturation and its consequences for
several cognitive and behavioral skills during development. Without present-
ing this topic exhaustively in this chapter, we wish to highlight the huge
heterogeneity of brain maturation during adolescence and young adulthood. In
a machine learning study that aimed to determine the age of people from brain
images, artificial intelligence was the least accurate in 7e20-year-olds (Arain
et al., 2013). Indeed, brain maturation depends on several factors, such as sex,
socio-economic level, nutrition, and life experiences, but also on other, more
clearly biological factors in relation to brain development. On average, the
brain reaches full maturation by the age of 25 years (Casey et al., 2008; Fuster,
2002). In particular, the lateral prefrontal lobe matures last. This brain region
is responsible for the so-called higher-order executive functions (Tekin &
Cummings, 2002), such as task initiation, organization, planning, mental
flexibility, and self-regulation to achieve a goal (Steinberg et al., 2018). This
translates into increased sensitivity to sensation seeking and problems with
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cognitive control and self-regulation among adolescents and young adults.
Sensation seeking peaks at age 19 years and declines afterward, whereas self-
regulation increased steadily and reaches its plateau between the ages of 23
and 26 years (Steinberg et al., 2018). This maturation has several determinants
where sex differences in the development of the brain and more specifically
the ability to regulate impulses play an important role.

Moreover, the degree of maturity of the emotional network, including
salience/motivation of the human brain develops in asynchrony with the net-
works mediating cognitive control. Indeed, the ventral striatum, which mediates
reward stimuli, consolidation, and salience network in motivation, matures
earlier (Casey et al., 2008), whereas the cognitive control network of the pre-
frontal cortex matures later (Fuster, 2002). This asynchrony may explain why
adolescents show difficulties in adjusting the decision-making process using
cognitive control when emotional salience is intense (Tekin & Cummings,
2002). Along the same lines, the temporal gap between puberty, which impels
adolescents toward thrill seeking, and the slow maturation of the cognitive-
control system, which regulates these impulses, makes adolescence a time of
heightened inclination toward risky behavior (Decety &Michalska, 2010; Frith,
2007; Gardner & Steinberg, 2005; Ochsner, 2004). For instance, immature
social cognition and the search for positive emotions by peers may be related to
the tendency of young people to take more risks in the presence of a peer, and
this effect does not disappear until after the age of 24 years (Choudhury et al.,
2006; Eisenberg et al., 2005). This progressive inter-, and intraindividually
variable maturation concerns also other domains closely related to social
cognition, such as empathy and moral judgment that are subject to profound
maturation processes until adulthood (Faden et al., 1986; Munir & Earls, 1992).
It is thus important to consider the developmental age of young individuals
rather than their chronological age when considering their actual maturity and
especially their capacity of taking autonomous and well-reflected decisions.
This could be accomplished by exploring their understanding of the research
topic and role as participants. Moreover, one can explore their general level of
reflection regarding decision-making and consequences of nonparticipation.

In conclusion, the variability of brain maturation and the cognitive and
behavioral skills have several repercussions on the ethical aspects of research
among adolescents, both in terms of their discernment and the ability to take
the full responsibility of their actions. This is even more evident for individuals
suffering from mental disorders, who present with more marked variability and
heterogeneity in this maturation process compared to normative development
(Galván, 2017).

Informed consent

Several important documents have firmly established the principle that in-
dividuals must give their voluntary informed consent before participating in
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research, such as the Nuremberg Code (“The Nuremberg Code (1947),” 1996),
the Belmont Report (National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research, 1978), and the Declaration
of Helsinki (World Medical Association, 2013). These three documents have
constituted guidelines of human research in the era post World War II (Ungar
et al., 2006). The practices, however, concerning the informed consent of
minors are not entirely clear and vary between countries, sometimes even
within countries. While majority is reached at the age of 18 years in most
countries, certain decisions concerning their own health may be taken well
before that age, based on the type of question and the intellectual maturity of
the minor. Awide consensus exists that adolescents, starting from the age of 14
years, are capable of making at least some health care decisions for them-
selves. A healthcare provider must therefore obtain the consent of the
adolescent before releasing sensitive health information to anyone else,
including their parents or legal guardians. This emphasizes the autonomy of
young people in adolescence. However, even in a state of decisional incapacity
for a given decision, many ethicists and researchers emphasize that an
informed assent should be obtained from the minor (Soll et al., 2020). The
term “assent” includes adequate and age-adapted information to the child. In
the age group of 10e12 years, the minor is often invited to sign the informed
consent form along with the caregivers. The graded transition into adulthood
during adolescence mirrors the increasing capacity of young people to make
autonomous choices concerning their own health. In some countries, no clear
age boundaries for increasing autonomy are defined so it is considered on a
case-by-case basis. It is an open ethical and political question in what way
chronological age should be prioritized over an individual evaluation of the
young person’s decision-making capacity. Moreover, we need to better
determine how shared decision-making and responsibility can be fostered
along this transition phase of emerging decision-making capacity (Sawyer &
Rosenberg, 2020).

Gray area in terms of informed consent

Globally speaking, informed consent has been conceptualized as having three
main elements: information sharing, decision-making capacity, and voluntar-
iness (Appelbaum et al., 1982). Information sharing occurs when researchers
provide potential participants with all relevant information about the research
protocol. Such information must include the purpose, the procedures involved,
any foreseeable risks, and potential benefits. Researchers should educate the
participants and/or their legal guardians about the usual standard of
evidenceebased care and the experimental character of certain study pro-
cedures, as well as alternatives to research participation (Roberts, 2002).
Decision-making capacity generally defined consists of four abilities: (1)
comprehend the information necessary for the decision; (2) appreciate the
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significance of the choice in the context of one’s life; (3) reason (i.e., weigh
information, compare options, consider consequences); and (4) make a choice
and communicate it (Spencer et al., 2017). Voluntariness is the ability to make
a free, uncoerced decision. This component is influenced by several factors,
including: developmental factors; illness-related factors; psychological, cul-
tural, religious, and family-related factors; expectations; and external features
and pressures, such as social, political, or monetary ones (World Medical
Association, 2013).

The presentation of these three main elements of informed consent may
differ at the intra- and interindividual level depending on the clinical stage of
the disease (e.g., CHR / first episode of psychosis / psychosis in need for
long-term treatment) and the developmental phase. Indeed, we here consider a
population that often experiences an atypical cognitive developmental trajec-
tory compared to a healthy reference group, with a varying degree of severity
and difficulty in the long run (Mollon et al., 2018; Reichenberg et al., 2010;
Øie et al., 2021). Therefore, as we have seen in the previous paragraph, the
participants may have a variable capacity to understand the consequences of
their choices. In addition, symptom severity, especially in the case of psy-
chosis, may affect their capacity to provide informed consent. However, the
pathology or diagnosis in itself is not sufficient to question someone’s deci-
sional capacity. Hence, one should always perform an individual evaluation of
the patient’s decisional capacity. Furthermore, the issue of informed consents
for adolescents is also affected by the legislation in each country (and culture)
in terms of recognition of maturity.

These central components thus warrant evaluation at an individual level
before the informed consent may be accepted. The range of legitimate research
studies remains limited if a potential study participant does not have the
prerequisite decisional capacity to provide informed consent. This concerns
especially studies that do not offer the chance of a direct, therapeutic benefit,
but “only” entail the possibility of collective benefit in the future (e.g.,
biomarker studies, observational studies). However, many studies offer other
possibilities valuable to the participant, including quick access to advanced
investigations (e.g., neuroimaging) which might not even be considered
otherwise; being met with appreciation, experiencing a sense of meaning and
making a contribution; and having the opportunity for an educative or even
therapeutic discussion with healthcare professionals. Ethical guidelines usu-
ally stipulate that research without a directly intended health benefit is only
justified if the risks and burden for the research subject are minimal
(CIOMS, 2016).

Stigma and self-stigma related to the diagnosis

Another important concern is stigmatization by early psychiatric labeling. This
is an important point as previous research suggests that using accurate
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psychiatric terminology in a cautious way and educating the community in
psychiatric health literacy may reduce the risk of stigmatization ((Wood et al.,
2015); Corcoran, 2016). Several regional examples of efforts in improving
health literacy exist in different countries. In Australia, the Headspace initiative
was created as a response to an increasing need of more accessible and effective
health care services for youth with mental and substance use disorders (McGorry
et al., 2007, 2019). This initiative has inspired other countries, such as Denmark,
to establish their own Headspace clinical centers with low threshold access that
provide a dialogue and information material to young people.

Schizophrenia, and more generally psychotic disorders, are highly stigma-
tizing disorders (Gronholm et al., 2017b). Indeed, subjects affected by a psy-
chotic disorder belong to the most stigmatized minority groups within our
society (The Schizophrenia Commission, 2012). Several research studies have
shown that the majority of society holds negative beliefs about individuals with
psychosis and considers them as dangerous, unpredictable and in some way
responsible for their disorder (Link et al., 2004). This situation is reflected in
the subjective experience of people suffering from psychosis who, in several
patient-centered qualitative studies, describe that they experience stigma and
discrimination on a regular basis (Wood et al., 2015; Mukolo et al., 2010). Even
if most of the research conducted on stigma in psychosis concerns the adult
population (Corcoran, 2016), many researchers and clinicians agree that the
question of stigma may be even more important during adolescence (Anger-
meyer & Matschinger, 2003; Yung et al., 2010). Indeed, adolescents represent a
population with an emerging personality that can be strongly influenced by the
negative judgment of people (mostly peers) toward them, and who may
therefore experience the negative effects of stigmatization even more intensely.

The increasing interest in the CHR condition has led to the introduction of
the attenuated psychosis syndrome in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) (American Psychiatric Association, 2013). Hence,
many health professionals as well as user associations have raised legitimate
concerns that the stigma associated with psychotic disorders, with its associ-
ations of otherness, dangerousness, and incurability (Yang et al., 2010), may
also be transferred to the psychosis risk condition (Woods & McGlashan,
2011; Yang et al., 2013; Yung et al., 2010). As shown to be the case for in-
dividuals with a full-blown psychotic disorder, potential stigma-related con-
sequences for adolescents at CHR may include: (1) internalized stigma
(adolescents see themselves as defective or unworthy); (2) identity engulfment
(adolescents see the illness as defining who they are, rather than as something
they have); (3) shame (the label is kept secret and concealed); and (4)
discrimination from others (expressed as devaluation or unfair treatment)
(Yung et al., 2010). Clinicians and researchers are concerned that the label of
psychosis risk could threaten a young person’s sense of self (by incurring
subsequent identity labeling, such as fragile, damaged, sick, or crazy) and
curtail their aspirations in terms of education, employment, romantic
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attachments, or parenthood (Yung et al., 2010). Sadly, even several years after
the introduction of this diagnosis, there are still relatively few studies that have
assessed how the effect of self-stigma or the perception of others with a similar
diagnosis affect adolescent development. One study did not report higher
degrees of stigma among individuals at CHR compared to individuals with
nonpsychotic diagnoses (Parrish et al., 2019). In a second study of adolescents
at CHR, stress related to stigma was associated with increased suicidal idea-
tion and mediated by social isolation (Xu et al., 2016). Differently, a recent
systematic review on this topic showed more mixed results. On the one side,
the general public endorses stigmatizing attitudes toward individuals at CHR,
and this attitude is more frequent in people with a low educational level or with
no direct experience of this syndrome (Colizzi et al., 2020). In line with this
evidence, individuals at CHR experience more internalized stigma and
perceive more discrimination than healthy individuals or patients with
nonpsychotic disorders (Colizzi et al., 2020). Moreover, stigma increases the
likelihood of poor outcome, transition to full-blown psychosis, disengagement
from social services, and family stigma among individuals at CHR (Colizzi
et al., 2020). On the other side, a CHR diagnosis appears to be equally
associated with both positive (e.g., validation and relief) and negative effects
(e.g., status loss and discrimination) (Colizzi et al., 2020). The different per-
spectives may reflect the fact that more knowledge about and familiarity with
psychosis were associated with lower stigma (McGorry et al., 2018). These
findings reinforce the potential gain for mental health awareness campaigns in
reducing stigma but also raise questions about factors contributing to lower
rates of stigma in this population.

Practical considerations in adolescent psychosis research

As we have seen, adolescents with psychosis represent a population in
particular need of research. However, due to their phase of development be-
tween childhood and adult life, as well as their specific symptoms, some
ethical questions may arise in a quite distinct way. We hence address those
points of attention more in detail in the following paragraphs. These points
have mainly emerged from our work as clinical scientists when conducting
studies in this population, in collaboration with a clinical ethicist. We wish to
emphasize that these ethical aspects may change with time and that their
subjective relevance has emerged by the research practice in the context of our
own research culture and in accordance with specifics of legislature of several
countries and research environments.

Communication

A central part of successful research recruitment of adolescents and their
caregivers is clear communication of the research purpose. The planned
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research procedures should be explained in an appropriate and easily under-
standable way to the young person and the parents. It seems crucial to
anticipate and explore the concerns and phantasies that may arise in the ad-
olescents, especially in those with psychotic distortions of reality. For
example, asking an adolescent with psychotic thoughts to participate in a study
that includes a brain scan could induce the idea that something with their brain
is not “normal” or that the researchers may be able to “see their thoughts,”
which may be difficult to share and control for the adolescent (Gronholm et al.,
2017a). It is thus of highest priority that the explanations given in written and
oral forms are as thorough as possible. Moreover, if feasible, the researchers
should present their plans and get feedback from representatives for adolescent
patient/user organizations or young people (and their caregivers) with personal
experiences with the illness in question (focus groups). This may improve the
information given and clarify the research questions asked. The early inclusion
of reflections from individuals in analogous situations via user organizations or
focus groups may allow the research team to address those aspects even
without the research participants mentioning them explicitly.

Focus groups

A focus group is the gathering of several individuals to conduct a group
interview to have their feedback on a study subject or study method. This
contributes greatly to improving representativeness of participants, as well as
the dissemination of project results. User representatives improve research
strategies by contributing with an understanding of the culture and context of
specific groups in the population, and their mode of communication. In
addition, as already implemented in many research groups, the user repre-
sentatives give feedback and advise on study applications to the grant sources
and may be heavily involved in the planning and implementation of a study. In
a second step, this knowledge will help shape the way of communication with
the individuals targeted in the study. Moreover, the reflections and experiences
from the focus groups will play an important role in approaching the key
people in the environment that may support and contribute to “destigmatizing”
participation in research projects and provide a framework and a logistical
support. This network lobbying must be an integral part of the planning of a
research study.

Representativity

Another communication issue is how to reach out to populations and groups
that are traditionally underrepresented in many studies. Examples of this may
be adolescents: (1) from single parent households; (2) with addiction prob-
lems; (3) facing academic failures; (4) with migration background; (5) with
other comorbid mental health problems; or (6) with parents who themselves
have mental or addiction problems. It may be particularly difficult to recruit
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adolescent participants from minorities because they may be less accessible
through schools (more heterogeneous patterns of educations after the basic
education). It is thus of high interest that the researcher aims to include
representative samples of affected individuals to overcome the obstacles that
often are not expressed explicitly and may remain unknown (Feldstein, 2018).
This is easier to achieve in Scandinavian countries with the existent population
registries (Thorup et al., 2015) and more difficult to realize in other countries.
However, the principle may be kept in mind even in other contexts. Examples
of obstacles could be mistrust of researchers or to participate as a “subject” in
a research study. Other barriers could be the practical difficulty to gain and
retain contact or other logistical obstacles that typically increase with a lower
socio-economic status. Here again, feasibility studies and collaborations with
focus groups during the phase of study preparation, where representatives of
traditionally underrepresented groups are invited, may create empirically
supported and individualized successful strategies (Peterson-Sweeney, 2005).

Furthermore, network lobbying also includes community and user repre-
sentatives, development of targeted messages and materials for specific au-
diences (educators, families, youth, scientists), and continued and consistent
outreach. This was brilliantly shown in the ABCD study, where this kind of
outreach constitutes an integral part of the consortium activities (Hoffman
et al., 2018). The ABCD study is the largest existing study to date focusing on
brain development, with 21 participating centers across the US with high
emphasis on the representativity of the participants (The Adolescent Brain
Cognitive Development (ABCD) Study, 2022). Lastly, it is also essential to
avoid “super-healthy” control or reference groups, as well as nonrepresentative
cohorts (e.g., self-referral based on advertisements on the social media or a
limitation to students from one school) for studies in young people that
examine biological, cognitive, and emotional development.

Length of the research protocol, and adherence to longitudinal
studies

There are no standard rules for the suitable duration of a session with a study
participant or the set-up of a research protocol. This is because the tolerability
of a long examination will depend on the participant’s psychological dispo-
sition and the accessibility and flexibility of the research staff. However, in our
experience, the planning of a positive research experience for the participant
and the family includes careful information and a flexible strategy in trying to
adapt to the needs of the young person. This has been the case for several
studies working with children, adolescents, and families in long-term follow-
up studies, where adherence to the study is one of the key elements to the
success of the project. It is also clear that some protocols may be difficult to
handle for certain participants, such as asking an adolescent with an acute
psychotic episode to lie still in the MRI scanner. MRI scanning may require
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the presence of a professional during the whole examination, especially for
children and young adolescents, close to the participant in the scanner room, if
so wished. The participant can always terminate the examination or require
pauses.

It is important to prepare the participant and the family well by giving them
detailed information about the procedures and length of the examinations. By
doing this, the families feel more at ease in an unknown situation and in
control of the research sessions. As such, they are better able to support the
research participant (child or adolescent). This kind of preparation is crucial in
studies that include potentially anxiety-provoking examinations, such as
electroencephalography (EEG), MRI scanning, blood sampling, or other in-
terventions. In a longitudinal perspective, these examinations should be
postponed until the child and the family have created a relationship of trust to
the research team (Thorup et al., 2018). This will, however, not always be
possible and may thus hinder knowledge concerning important developmental
aspects in these populations. Some of the key features to help families feel
comfortable with longer research sessions are the priorities of the research
team, such as: (1) be greeted by friendly and empathic staff members in a
positive atmosphere; (2) provide leisure-time activities for the persons who are
not examined; (3) show gratitude toward the family for their investment of
time; and (4) stress the confidentiality of the information given. Other
important practical aspects regarding acceptance of longer protocols and
adherence to longitudinal studies may be: (1) having the same staff overseeing
the study; (2) provide frequent breaks with snacks and drinks; (3) compensate
each visit; and (4) be accessible to the families before or after the examinations
by providing business cards and sharing the details of the website (Poulton
et al., 2015; Thorup et al., 2015). An important element, especially in longi-
tudinal studies is to ask the participants for feedback/evaluation after the ex-
aminations, as well as to provide feedback to the participants in terms of
summary meetings, or written reports. This helps adjust the study protocol if
needed and create an alliance with the participants.

In conclusion, although the length of research sessions may be limited to
1e2 h depending on the age, disorder, and situation of the adolescent (direct
diagnostic interview, MRI scanning), the integration of a protocol of longer
duration with several sessions is still possible. This might require a diversified
process that, at the same time, provides a stable and flexible framework for the
examination.

Interview format

Most of the research projects focusing on adolescents with psychosis to date
have only to a limited extent integrated digital resources in their protocols.
This is surprising as questions of accessibility to the examination site and time
constraints may pose important obstacles for participation in a study for many
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adolescents. Consequently, this may affect the representativity of research
samples and the generalizability of studies. Especially in the field of mental
health where the confidentiality and the relationship of trust play important
roles, the idea of digital consultations has long been perceived as alienating
and inappropriate. However, in some countries, disadvantaged by long dis-
tances, researchers have practiced this type of approach for decades with
excellent adherence (Bolle et al., 2018). Finally, recent technological advances
during the Covid-19 pandemic have accelerated the development and use of
digital tools in medicine in general, including in psychiatry and psychotherapy
(Di Carlo et al., 2021).

In some mental health clinics, the majority of sessions during the
pandemic have been carried out using digital tools with a high acceptance
and good results (Sasangohar et al., 2020). It may be difficult to meet a
new person for the first time via the screen, especially for adolescents,
because the meeting is limited to the visual and auditory perceptions,
whereas sensory and olfactory perceptions are not transmitted through the
screen. Also, the dialogue has another quality in that the speakers need to
reach an agreement on taking their turns, which for adolescents may be a
less pleasant situation. In addition, adolescents report a feeling of
awkwardness in the situation of seeing a video of themselves, as well as
knowing that the other can view them and their environment. Certain groups
of adolescents, such as those with depressive symptoms, higher stress levels,
and/or suicidal ideation, may be more prone to use digital resources (Toscos
et al., 2019). This is in line with today’s adolescents being digital natives and
generally having a lower threshold to use digital technology than adults from
older generations.

The COVID-19 pandemic has shown that it may be wise to prepare for
digital consultations independently of the place of residence. The use of
digital resources offers an accessible solution during major obstacles, such
as an unplanned lockdown or difficulties with transportation, and allows
the client and therapist to maintain their relationship. Many clinics are
developing the approaches needed to improve the therapeutic tools specific
to this technology. For future research, this may present as an important
avenue to increase the number of participants in research studies, as well as
the representativeness (Polillo et al., 2021). For example, young people in
the prodromal phase may reject participation in research conducted in a
large medical center, whereas they could be interested in contributing to a
project that allows participation directly from their homes (McDonald et al.,
2019). At the same time, phantasms and fears related to the use of tech-
nology need to be explored in a sensitive manner. For adolescents with
paranoid ideas, the use of digital approaches may minimize their partici-
pation due to the perception to be monitored with continuous or iterative
surveillance.
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Data collection and sharing

Researchers need to stay attentive in the planning phase and abstain from parts
of the data collection if their usefulness cannot be guaranteed or if a reduced
number of variables would equally allow for the planned analyses. Any
collected data should be scientifically justified. In this respect, it is warranted
to publish research protocols, including statistical plans of analysis, in data-
bases and journals devoted to these questions (e.g., clinicaltrials.gov), before
embarking on data collection. This may avoid “fishing expeditions” and a too
heavy burden on the research participants (Catalan et al., 2021).

In the era of “personalized medicine” and “artificial intelligence,” one of
the goals is to collect big datasets and to use as much information as possible
for the individualized tailoring of preventive, prognostic, and therapeutic ap-
proaches. However, these innovative and important multicenter databases
often include a wealth of data and are sometimes without the explicit consent
of the participants. The previous practice of not collecting a specific consent
raises significant ethical doubts. This is also the case with regard to the
financial interests of enterprises in the private sector, such as insurance
companies, which developed these databases in collaboration with clinical
researchers. A broad and general consent, as it is being implemented in many
hospitals, is certainly an improvement, but it still raises ethical questions. For
example, do we have to recontact the adolescent participants once they reach
decision-making capacity when we want to use data for which we only have a
prior proxy consent from their legal guardians? This is now the case in most
approaches to a general consent.

The future may call for data-sharing principles between patients, health
systems, and enterprises that may profit directly from the inclusion of these
patient data. Examples may be the empowerment of patient associations that
help decide how to assure the patient’s benefit, although the benefit may not
concern the same patient but future patients with similar symptoms. New
principles with the involvement of patient groups will help ensuring that
disadvantages and advantages are equally distributed (McCoy et al., 2020). A
recent publication more specifically addresses the question of the use of pa-
tient data to build up artificial intelligence algorithms in companies to improve
diagnostic approaches (Larson et al., 2020). The authors argue that it is un-
ethical for providers to exchange clinical data with other parties for payments
that exceed costs (thus with a profit). The role of the providers is rather to
safeguard patient privacy and act as ethical “data stewards” to ensure proper
ethical use of patient data (Larson et al., 2020).

Deidentification

Questions of safeguarding privacy and anonymity are especially challenging in
radiology, neuroimaging practice and, to an even larger extent, genetic
research where limitations to deidentification of patient identity exist.
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Although powerful deidentification strategies of medical imaging information
(header information) are practiced in many studies, several medical imaging
formats (computed tomography [CT] and MRI) may be subject to reformat-
ting. By using techniques such as cinematic rendering, it is possible to create
images of the human skin surface and link them to specific individuals,
especially based on MRI/CT of the head and neck region, which allow
generating images of the face (Parker et al., 2021). The same applies to genetic
research, a field characterized by rapid changes and advances, which poses
specific challenges regarding informed decisions about participation in genetic
research studies. It is important that the legal systems regulating this kind of
research are in coherence with the advances in technology and the social
changes in the society. Participants should be well informed of how their
privacy, anonymity, and confidentiality are guaranteed in each specific study.
A contributing factor to this is to identify social practices and structures for
collection and use of genetic information to increase the participants’ confi-
dence about their genetic privacy (Clayton et al., 2018). Furthermore, it is
important to identify the factors that influenced the participants in their de-
cision to provide their genetic material to specific studies (Clayton et al.,
2018). In order for adolescents to make informed choices about their genetic
material, they should thus possess knowledge concerning these risks and
challenges before deciding about the participation in a specific study.

Incidental findings

In mental health research and particularly in research using brain imaging and
other standardized instruments, there is a risk of incidental findings, and its
handling should be planned well ahead of the start of the study. For example,
the discovery of psychiatric symptomatology of a healthy participant during a
diagnostic interview may have potentially serious implications for the indi-
vidual. Subjects might have been aware of the problems at the outset, but not
of the size of the problems and the need to see a specialist for follow-up and
possible treatment. The subjects may thus feel that they have entered the study
as a healthy person and leave it with a diagnosis or an “at risk state” that they
did not ask or prepare for. However, a dialogue at the outset of the study and
ideally in conjunction with the written information may help to clarify the
subjects’ needs, wishes and priorities. If the person opts for a treatment when
this is required, their participation in a longitudinal study of an observational
character may be jeopardized, because the natural outcome will be modified in
consequence of the implemented treatment.

A similar situation may apply, yet even more problematic, if incidental
findings (i.e., pathological or “borderline” pathological findings) are discov-
ered during structural MRI examinations, which may have important lifelong
consequences, for example due to health insurance questions (Marshall &
Hadskis, 2009). In respecting the participants’ preferences, it is often the rule
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to inform them that their scans will not be analyzed in a qualitative, individual,
and diagnostic manner as part of a radiological evaluation, but in a quantitative
way as part of a research sample. This approach may pose ethical questions
regarding the mission of the physicians involved in the work. In rare cases a
life-threatening condition with a possible treatment may not come to the
attention of the participant, and hence the chances of a positive outcome may
be lost. However, reflecting on the potentially distressing or harmful conse-
quences of examinations on many other study participants, it seems appro-
priate not to impose findings of uncertain relevance on the participants that
they have not asked for. The rule is thus to inform participants that these
medical examinations will not substitute the examinations that they should
undergo in case of symptoms. Nevertheless, if incidental findings are found
that require action as determined by a neuroradiologist, the participant will be
referred for further medical investigation, as this is the case for other incidental
clinical findings that are evaluated to be pathological. A recent study reported
that research MRI scans should be reviewed for incidental findings, based on a
survey, indicating that the larger part of participants wanted all results reported
back to them, whereas stakeholders (such as members of the ethical committee
and investigators) preferred providing only those reports with clear clinical
significance for the well-being of the individual (Phillips et al., 2015). No
single manner of handling incidental findings in neuroimaging thus exists so
far and the matter needs more discussion. The agreements should always state
how incidental findings will be handled.

Future directions and conclusion

In recent years, the interest for clinical research in individuals with psychosis
has progressively shifted toward detection and treatment approaches in the
earliest nonspecific stages of the disease trajectory. Indeed, the high prevalence
and impact of mental disorders in young people, the limitations of current
diagnostic systems and risk identification approaches, the diffuse symptom
patterns in early stages, and their polymorphic, pluripotent and transdiagnostic
trajectories, all indicate the need to develop a new diagnostic and predictive
strategy to encompass a broader range of input and output target syndromes.
This has led to the definition of a broader “at risk” state named Clinical High
At Risk Mental State (CHARMS) (McGorry et al., 2018). This term refers to a
broad composite definition of a syndrome warranting treatment in its own right
due to help seeking and distress associated with presenting symptoms
(McGorry et al., 2018). This approach facilitates the hope that an earlier
identification of pathological processes that might lead to mental illness may
enable therapeutic and preventive approaches, thus lowering the future disease
burden. This shift has also been made possible by the development of digital
tools, advanced statistical modeling (e.g., machine learning), and new genetic
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and epigenetic knowledge (Fusar-Poli et al., 2021) that will allow for an
increasingly preventive and personalized medical approach.

Consequently, the increased interest in a broader, transdiagnostic paradigm
has boosted research in universal and selective prevention strategies (mental/
physical health promotion in the general population or in at-risk populations)
in adolescents. Currently, this seems to represent one of the most promising
research domains in mental health research (Fusar-Poli et al., 2021). Never-
theless, this approach raises several ethical and social issues, which will need
to be explored further and discussed with the stakeholders in a participatory
approach. We have mentioned some of these areas of ethical consideration and
reflection that call for further debate, such as: (1) the assurance of informed
consent and assent, depending on the decisional capacity of the person; (2) the
risk of stigmatization and self-stigmatization; (3) the minimization of study-
related burden; (4) data sharing across large biobanks and the issue of data
protection (e.g., in genetic studies); and (5) the handling of incidental findings,
particularly in brain imaging studies. Finally, several recent developments and
points merit further exploration and refinement. These include the implication
of consultation by digital solutions, the adequate representation of minority
groups in studies of adolescents, as well as the importance of giving thorough
feedback to the research participants, which may enhance participation. If we
take seriously the specific rights and needs of adolescents, as individuals, as
research subjects, and as patients, we should strive toward the best possible
health care for this population, which must include ethically responsible
research.
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