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FOREWORD

This thesis has been written by the Child and Adolescent Psychiatry and
Psychology Department of Clinic Hospital (Barcelona, Spain) and the Child and
Adolescent Bipolar Spectrum Services (CABS) at Western Psychiatric Institute and
Clinic of UPMC (University of Pittsburgh Medical Center; Pittsburgh, US).

This work is a compilation of the following two papers, both published in
international journals with a global impact factor (IF) of 6,39 and 0,79 respectively
(IST Web of Knowledge, Journal Citation Reports 2019). We have included additional

unpublished information from the baseline analysis of study 1.

Study 1: Iria Mendez, MD; David Axelson, MD; Josefina Castro-Fornieles, MD,

PhD; Danella Hafeman, MD, PhD; Tina R. Goldstein, PhD; Benjamin I. Goldstein,
MD, PhD; Rasim Diler, MD; Roger Borras, MSc; John Merranko, MSc; Kelly Monk,
RN; Mary Beth Hickey, BA; Boris Birmaher, MD. “Psychotic-Like Experiences
(PLE) in Offspring of Parents with Bipolar Disorder and Community Controls. A
Longitudinal Study”. J Am Acad Child Adolesc Psychiatry. 2019 May; 58(5):534-
543.e6. doi: 10.1016/j.jaac.2018.09.440. Epub 2018 Nov 3. PMID: 30768403. IF:

6,39; Q1.

Study 2: Iria Mendez, MD; Josefina Castro-Fornieles, PhD, MD; Sara Lera-

Miguel, PhD; Marisol Picado, PhD; Roger Borras, MS; Sandra Cosi, PhD; Marc
Valenti, PhD, MD; Pilar Santamarina, PhD; Elena Font, PsyA; Soledad Romero, PhD,
MD. “Functional and Academic Impairment in Adolescents with Early-Onset Bipolar

Disorder Compared to Healthy Controls: a Case-Control Study”.J Can Acad Child
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Adolesc Psychiatry. 2020 Aug;29(3):149-164. Epub 2020 Aug 1.PMID: 32774398.

IF: 0.79, Q2.

13



THESIS SUMMARY (Spanish)

ANTECEDENTES: Casi el 20% de la poblacién adulta!e infanto-juvenil?
experimenta sintomas psicoticos en algin momento de su vida. Si bien se habia
postulado su caracter benigno, estudios recientes sefialan su potencial valor predictivo
de transicién hacia psicosis *¢. Tener un familiar de primer grado con un Tr. psicético
no afectivo seria el principal factor de riesgo’, con resultados no concluyentes para la
carga familiar de Tr. Bipolar®. Diversos factores ambientales estarian relacionados
con el riesgo de desarrollar sintomas psicéticos, y en menor medida en su transicion a
psicosis franca’. La presencia de sintomas psicéticos en el curso del Tr. Bipolar se
asociarfa a mayor severidad en poblaciéon adulta®, aunque disponemos

de poca evidencia en poblacion infantil®.

HIPOTESIS: La hipétesis principal del proyecto serd que la herencia familiar para
el trastorno bipolar (TB), y més especificamente el fenotipo con sintomas psicéticos,
aumentara el riesgo de sintomas psicoticos sub-umbrales o atenuados en muestras no
clinicas infanto-juveniles a lo largo de su evoluciodn, asi como su posterior evolucion a
trastornos psicoticos afectivos. Como hipdtesis secundaria, se plantea que otros
factores de riesgo ambientales como insultos perinatales, infecciones, o exposicion a
trauma, aumentardn el riesgo para el desarrollo de sintomas psicéticos sub-
umbrales en estas poblaciones. Se plantea asi mismo que los hijos de pacientes con
TB subtipo psicoético, presentardn mds sintomas clinicos y peor nivel de funcionalidad
en mayor proporcion que los hijos de TB sin psicosis a nivel basal. Ya en
poblaciones clinicas con TB, tanto adultas como infanto-juveniles, se plantea que la
presencia de sintomas psicOticos umbrales se asociard a mayor severidad clinicay

deterioro funcional.
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THESIS SUMMARY (Spanish)

OBJETIVOS: El principal objetivo de este estudio es estudiar el fendmeno de los
sintomas psicéticos en el contexto del trastorno bipolar (TB), desde su expresion de
menor intensidad, sintomas psicéticos subumbrales (“Psychotic Like Symptoms™:
PLE) en poblaciones de alto riesgo genético, hasta sintomas psicéticos umbrales en el
curso del trastorno bipolar. Utilizando dos muestras diferentes, se analizé la
prevalencia de estos sintomas en poblaciones de alto riesgo genético, poblaciones sin
riesgo, y pacientes con un TB ya desarrollado. Se analizaron también factores de
riesgo genético y ambientales para el desarrollo de los sintomas. Y, por ultimo, su

impacto funcional.

METODOLOGIA: Se han utilizado dos estudios diferentes. Primero, el estudio
BIOS, un estudio longitudinal prospectivo con una muestra comunitaria de menores
de 6-18 anos con alto y bajo riesgo para TB; BIOS incluye una muestra basal de
padres con Trastorno Bipolar que también fue analizada, junto con sus hijos. Se
complemento con una muestra de adolescentes 12-18afios con TB pareados por sexo y
edad con controles sanos. Todos los resultados se analizaron siguiendo modelos
paramétricos  descriptivos, con modelos de regresion logisticay = modelos

de predictivos de supervivencia segun fuese necesario.

RESULTADOS: A lo largo de los 11 afios de seguimiento de hijos de alto riesgo
genético e hijos de controles sanos, la prevalencia de sintomas psicéticos aumento de
forma progresiva hasta un 15%, y 2.5% desarrollaron un trastorno psicético en ambos
grupos. Tener un familiar de primer grado con TB no incremento el riesgo para

sintomas psicoticos sub-umbrales, pero si la presencia de un trastorno psiquiatrico,

15



THESIS SUMMARY (Spanish)

bajo nivel de funcionalidad y una historia previa de abusos fisicos o sexuales. Los
padres bipolares con sintomas psicoticos difirieron de forma estadisticamente
significativa en un predominio del subtipo Bipolar I; mayor comorbilidad, e inferiores
resultados a nivel de funcionamiento global. Sus hijos, presentaron mayor prevalencia
de Tr. por Estrés Post-traumatico, y mayor abuso de sustancias en los hijos de no
psicéticos, sin diferencias a nivel funcional. Al analizar los adolescentes con TB y
adolescentes sanos, los TB incluso en eutimia presentaron menor nivel de
funcionalidad que los controles, siendo la presencia de sintomas psicéticos la variable

mas correlacionada con pérdida de funcionalidad.
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INTRODUCTION

1.1. Psychotic disorders vs. psychotic symptoms: evolution from a

categorical model toward a continuum model for psychosis.

Since the development of operational diagnostic criteria in the last quarter of the
19™ century, the concept of psychosis or psychotic symptoms have been linked to the
presence of a severe mental illness, a psychotic disorder, either schizophrenia (SQZ)

)01 Therefore, once

or affective psychotic disorders (BD or MDD with psychosis
psychotic symptoms are confirmed, the diagnosis is confirmed, following a
categorical model for disease with only two possibilities: disease present or disease
absent. Starting with DSM-III the existence of pre-psychotic symptoms has been
included in the course of the SQZ, and also for BD in DSM-5'? under the section II:
“Conditions for further study”. However, there is no possibility for a formal diagnosis
of “intermediate phenotypes” other than “schizotypal personality disorder”,
“unspecified SQZ or BD”, or the new category called “other specified BD and related
disorders”.

Research on the phenomenology and etiology of psychotic experiences has
challenged the categorical model for decades. First, genetic studies have shown a
shared liability for a variety of mental disorders, and specifically between affective

and non-affective psychotic disorders’!314

. Second, longitudinal studies have
demonstrated the instability of psychotic disorder diagnoses during the first years
after the onset of the first psychotic episode!>!7. And third, epidemiological studies
have shown that psychotic symptoms are much more prevalent in general populations

than previously thought!!319

. And, as will be explained later, in addition to
representing a feature of psychotic disorders, psychotic experiences also occur in non-

psychotic disorders and personality disorders. It is also very prevalent among first-
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INTRODUCTION

degree relatives of psychotic patients. It is also an isolated phenomenon in otherwise
healthy individuals. Therefore, psychosis is contextualized nowadays as an extended
phenotype ranging from benign and transitory experiences to that requiring medical
care.

The possibility of intermediate phenotypes or proneness states in non-clinical
populations is not new in psychiatry. Clinicians have observed for decades the
presence of psychotic symptoms of a lower degree in the months or years previous to
the onset of a psychotic disorder, or in patients who would never develop the illness
or require hospitalization during follow-up. And note that the majority of authors
linked the presence of previous psychotic symptoms only with later risk for SQZ-like
disorders, and not with affective psychosis (BD or MDD).

Kraepelin was the first to describe minor changes in mood and behavior months or
years before the onset of a mental disorder?>?!. For example, in the case of dementia
praecox, the early symptoms would progressively develop from childhood to
adolescence??:

“Usually, psychosis begins with symptoms of general malaise and uneasiness,

headaches, ear noises, dizziness, disagreeable feelings in different parts of the body, insomnia
and poor appetite. The sick persons become shy, withdrawn into themselves, down- cast,
anxious, stop working, express vague concerns especially with hypochondriac contents”

(Kraepelin 1893, 439).
“A latent schizophrenia is already a type of psychosis”??.
When, sometime later, Bleuler adapted Kraepelin’s dementia to the construct of
Schizophrenias, he also described the presence of uncharacteristic symptoms such as

increased distraction, forgetfulness, reduced emotional reactivity or anhedonia, and

avolition before the onset of full-scale hallucinations and delusions. Although initially
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INTRODUCTION

However, he included them as part of the core symptoms of the diseases, with no “at
risk” or “prodromal state.

However, the notion of “prodrome” gained interest among his contemporaries,
with the terms of “depressive prodromes” or “prodromal pseudoneurasthenia” (Pascal,
1906) under debate. In fact, in the 3" edition of his textbook, Bleuler used
Kretschmer’s term “schizoid” for the first time to refer to the unresolved dilemma of
qualitative versus quantitative boundaries between predisposition and disease:

“As from which level of anomaly on a person should be classified solely as a
“schizoid” psychopath or else as schizophrenic and mentally ill, is still not possible to define
at all (Bleuler, 1920).”

During the 1920s interest in the early stages of psychosis grew, encouraged by
the mental hygiene movement, and reinforced by the success of early diagnoses and
interventions in other branches of medicine*>?*. In 1927 Sullivan noted that,
“psychiatrists see too many end states and deal professionally with too few of the pre-

"2425 or “early cases” for Mayer-Gross (1938)?2. But it was not until 1938

psychotic
that Cannon first used the term “early SQZ™?! to classify the first retrospective
analysis of early symptoms. He based his conclusions on a sample of 100 inpatients,
admitted to hospital for the first time, including testimonies from their families and
friends?®. In those with a psychotic disorder, he found two groups of symptoms
already present days or years before the hospitalization was necessary: specific
symptoms (e.g., ideas of being observed and talked about, hallucinations, odd somatic
experiences) associated only with SQZ; and nonspecific symptoms (e.g., nervousness,
sleeplessness, lack of concentration, depression), that were diagnostically ambiguous

since these symptoms could precede a wide range of disorders.

After World War II, interest shifted to psychoanalysis and psychodynamic
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orientations, where psychotic disorders were conceptualized as a psychosocial
process?’. As a result, the borders between character eccentricities and SQZ or other
psychotic disorders faded, all of them being considered psychological maladjustment
at different levels of severity. Therefore, the idea of a “prodrome” or “pre-psychotic
state” was abandoned, although research in the field scarcely continued. The concepts
of attenuated or sluggish forms of psychosis were studied in the Soviet Union?.
While in Germany, Huber and Gross G., from the phenomenology school of
Heidelberg and Bonn, returned to the idea of “fundamental, primary or basic
symptoms”. They defended the idea of preliminary stages of early psychosis, called as
“failure states”. These were essentially a collection of subjective experiences of subtle
cognitive deficits and changes in self-feeling perceptions, present before the onset of
the acute episode. Although originally considered as a unified model of psychosis in
general, including both SQZ and affective disorders, later it was restricted to the SQZ-
like subtype??.

Furthermore, in 1958, Conrad?®?°, based on his clinical experience in a
military hospital, introduced for the first time the idea of a stage model for psychosis,
in this case restricted to SQZ. A similar concept was defended years later by Docherty
(1978) in the US?**. K. Conrad, based on his observations working with young
soldiers in a military hospital, established five phases in the evolution of the illness:
Trema, Apophany, Anastrophe, Apocalypsis, and Consolidation. The first three
consisted of a series of progressive behavioral changes, initially very unspecific, like
increased withdrawal or progressive lack of association, previous to the onset of a full
delusional structure.

Jet in the 1960s, clinical psychologists from different backgrounds began to

recognize that cognitive deficits in patients with SQZ hindered the process of
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psychotherapy. Thus they had to develop a new approach, which progressively turned
into the field of experimental psychology, exemplified by the works of Chapman and
Freeman in the US, and McGee in the UK. They introduced the idea of basic
symptoms, which emcompassed cognitive deficits as a previous phase in

schizophrenic patients with less than three years of evolution??.

Fig.1: K. Conrad’s Five-Stage Model for Schizophrenia (Conrad, 1958)%.

Trema (stage fright): the patient has the feeling that something very important is
about to happen which causes fear;

Apophany: the perception - those random and independent events are -connection-
connected and make sense;

Anastrophe: - delusions appear suddenly as a revelation, concerning what had been
perplexing during delusional mood and often bring relief;

Apocalypsis: - complete loss of reality and control of self;

Consolidation: the individual can “encapsulate” the delusions or abnormal
perceptions.

Meanwhile, retrospective and prospective studies with schizophrenic subjects
continued to appear during the 1970s and 1980s, summarized by McGlashan®'-*? in
this way:

1) the instability of the first diagnosis, with changes over subtypes during the early

years;
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2) the heterogeneity in the course of the illness, depending on multiple variables with
duration of the untreated illness among others;

3) the course of the illness, rather than relentlessly progressive, appears to plateau
after 5-10 years, as well as the response to treatment;

4) the type of symptoms also fluctuates through different phases of the illness.

“The course of positive and negative symptoms in SQZ is variable depending on the
phase of the disorder. In first or early episodes, positive symptoms are frequent, negative
symptoms are infrequent, and both types are unstable, fluctuating, and usually they respond
to treatment. In subacute/subchronic stages of the illness, negative symptoms increase in
prevalence, they are at least as common as positive symptoms, and fluctuate less. In the later
stages of the illness, negative symptoms are quite stable and usually dominate the clinical
picture”3.

McGlashan concluded that in most cases the onset is preceded by a variety of
unspecified symptoms as well*?, which were grouped by Birchwood into 4
dimensions®*: a) anxiety/agitation; b) depression/withdrawal; ¢) disinhibition, and d)
incipient psychotic symptoms.

In 1989 the results of the ABC Study?*3>3¢ finally confirmed the progression
of SQZ in 5 stages, although not exactly as Conrad and Docherty hypothesized. Based
on a total sample of 232 schizophrenics, Héfner et al. confirmed a prodromal stage in
73% (170) of cases, which could be divided into two phases:

A) Prodromic phase that lasts 4.8 years on average, and with a
predominance of negative symptoms and unspecified symptoms;

B) Psychotic pre-phase, only one year previous to the onset of the
disease, with mild positive symptoms.

Furthermore, the study also confirmed a progressive residual stage after 5 years of

follow-up.
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Fig.2. Phases of Progression towards Schizophrenia (Héfner, 2004)%7.

At the same time, the first prospective studies with cohorts of first episode

24,38,39

psychosis confirmed an association between worse response to treatment and
longer duration of untreated psychosis (DUP) (first episode)***! or longer duration of
untreated illness (DUI) (first episode + prodrome)**. They confirmed as well the
instability of the diagnosis in first psychotic episodes not only between subtypes of
SQZ, but also between SQZ and BD'>43-46,

In parallel, from the late 1960s, several cohorts from the general population
(birth-cohorts, school-based studies, conscript studies) confirmed a progression from
cognitive deficits towards the onset of a psychotic disorder>>*’~4°, Morevover, cohorts
with first- and second-degree relatives of psychotic patients confirmed not only an

increased risk for psychotic disorders®**, but also a higher prevalence of negative and

positive symptoms in otherwise healthy individuals®' 3. What partially confirmed the
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hypothesis of Meehl in 1962, about the existence of a continuous neurological
process from schizotaxia through schizotypy and finally the onset of SQZ.
Encouraged by the large amount of evidence confirming early symptoms in
psychosis, and the hypothetical benefits from early intervention, in 1989 in the UK,
and in 1996 in Australia>>7-*® the first Early Intervention Services (EIS) were
provided. Both focused on the whole spectrum of psychosis (SQZ-like and affective
disorders), and includinged a prodromic stage, called “At Risk Mental State” (ARMS)
based on a multi-staging approach!”>°-¢! (see section 1.2). These initiatives were soon
followed by similar ones in Germany®* %4, Scandinavia®, and North America® . In
addition, EIS have become very popular in recent years and are spreading across the

world”, organized through the International Early Psychosis Association (IEPA)®.
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1.2. Operational diagnostic criteria for the continuum model for
psychosis and levels of care: from psychotic-like symptoms

(PLE) toward affective and non-affective psychotic disorders.

The EIS have organized their level of care following a 5-stage model: Yung’s
Pyramid of Risk (Fig. 3)7'"73. This PhD project was conceptualized based on Yung’s
Pyramid, so from now on the dissertation will follow the same stages.

Fig.3: Yung’s Pyramid of Risk: 5-Stage Model, adapted from Yung (2006)’! and

Fusar-Poli (2014)7>73,

[
| Level 5: Psychotic Disorders | i Bt == s e ot | S
| Level 4: First psychotic episode |{

Level 3: ARMS= PLE with distress,
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_ﬂJ""beg

comorbidity

Level 2: PLE with distress, help- e
seeking, reduced functioning,
comorbidity

Level 1: PLE w/o distress, help-
seeking, reduced functioning,
comorbidity

Level 0: No psychiatric symptoms ){ l

w LSt —g

At the bottom of Yung’s pyramid, level 0, is where you would find the
majority of the population, with neither psychotic symptoms nor mental disorders.

People with subthreshold psychotic experiences, more commonly known as
“psychotic-like experiences” (PLE)"74, are included in level 1 and level 2. Level 1
refers to “PLE without clinical impact”. Most of them are sporadic, without any

relation to psychiatric disorders, and do not cause distress and do not require help
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from mental health services. Level 2 corresponds to “PLE with clinical impact”, PLE
that appeared associated with emotional distress, help-seeking behaviors, or reduced
functioning. It also includes those PLE that appeared in the context of any psychiatric
disorder other than psychotic disorders, most frequently anxiety, reactive depression,
drug abuse, and post-traumatic stress disorder.

PLE have received great interest in recent years, as I will explain later (section
1.4), due to its potential transition to level 3 and up. However, the definition of PLE is
still unclear. In the majority of studies, PLE are defined based on assessment scales,
with a predetermined a priori threshold. However, there is a huge variation between
scales, including self-reported scales and face-to-face interviews, and also in the
threshold criteria employed’”>. While in some studies PLE were restricted to
hallucinations and delusions, in others they included any psychotic symptoms, such as
negative symptoms or eccentric behaviors, magic thinking, out-of-body experiences,
or social anxiety as well'-2,

Level 3 corresponds to the Ultra High Risk (UHR) or Clinical High Risk
(CHR), in order to differentiate them prodrome/prodromal states, psychosis risk

syndrome (PS) or psychotic symptoms!-76-78

. The Orygen Team proposes three
categories at this level (Table 1), two in the form of true hallucinations or delusions as
defined by DSM, just below the threshold of what is considered a psychotic disorder:
“Attenuated Psychotic Symptoms” (APS), and “Brief Limited Intermittent Psychotic
Symptoms” (BLIPS). It includes a third category of decline in functioning in
individuals at genetic risk or schizotypal traits, “Genetic-High Risk” (GHR). Add note
that DSM-5 includes the concept of APS, although only in section III “conditions for

further study” due the current controversy’®-3!.
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Table 1: Inclusion Criteria for Early Intervention Teams, adapted based on Orygen (McGorry, 1996) (P. D

McGorry et al., 1996; Patrick D McGorry et al., 2003).

PRODROMIC STAGE ULTRA HIGH-RISK criteria (UHR)
Attenuated Psychotic  Severity <5-6 CAARMS
Symptoms (APS) Frequency <3-6

Period: 1-5 years
Brief Limited Intermittent Frequency 4-6
Psychotic Symptoms (BLIPS) Severity 5-6 CAARMS
<1 week over 1-5 years previous
Genetic High Risk (GHR) First degree relative with a psychotic disorder or schizotypal personality

Significant decrease in mental state or functioning maintained for at least a month and not

longer than 5 years (reduction in GAF Scale of 30 percent from pre-morbid level)

PSYCHOTIC Stage FIRST PSYCHOTIC EPISODE
Either Schizophrenia like or Last<5 years

Affective Psychosis

The UHR criteria have been the most frequently used by EIS across the world.
However, they have been criticized for being excessively biased towards the positive
symptoms of psychosis, without any mention about the negative or cognitive
dimension’?.

Following a different approach, the German Research Network for SQZ
introduced the concept of basic symptoms (Huber and Gross)®3#284, Basic symptoms
are defined as subjectively experienced disturbances in various domains, including
perception, thought processing, language, and attention, that are distinct from classic
psychotic symptoms. Working along these lines, they added two more categories to
the UHR criteria, the COPER (cognitive-perceptive disturbances) and the COGDIS

(cognitive disturbances), which were finally merged into the single category of
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COGDIS® (Table 2). In the Recognition and Prevention Program (RaPP), at the
Zucker Hillside Hospital (New York), also incorporated a category of Basic

symptoms in their CASIS criteria®®’8.

Table 2: Additional Criteria with the Inclusion of Basic Symptoms in the UHR samples.

PRODROMIC STAGE ULTRA HIGH-RISK criteria (UHR)
COPER At least any 2 of the following 10 basic symptoms
(Cognitive and perceptive (1) Thought interference
disturbances) 2) Thought perseveration
3) Thought pressure
4 Thought blockages
) Disturbance of receptive speech
6) Decreased ability to discriminate between ideas/perception, fantasy/true memories
@) Unstable ideas of reference
®) Derealization
©)] Visual perception disturbances (excl. hypersensitivity to light or blurred vision)

(10) Acoustic perception disturbances (excl. hypersensitivity to sounds)
Occurrence of at least ‘several times in a month or weekly’ within the past 3 months
COGDIS At least any 2 of the following 9 basic symptoms
(Cognitive Disturbances) * Unestable ideas of reference
* Disturbances of abstract thinking
* Inability to divide attention
* Thought interference
* Thought pressure
* Disturbance of receptive speech
* Disturbance of expressive speech
* Thought blockages
* Captivation of attention by details of the visual field

Occurrence of at least ‘several times in a month or weekly’ within the past 3 months
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The UHR and basic symptoms criteria relate to contemporary classifications
of clinical features, with the basic symptoms criteria perhaps identifying an earlier
prodromal state, and the UHR criteria reflecting a somewhat later phase (Fig. 4).
There is an increasing tendency to use both when assessing HR individuals®>-88,

Fig. 4: Model of Psychosis Onset from the Clinical High-Risk State, adapted from

Fusar-Poli 201377,
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Level 4 refers to the first episode of psychosis (FEP), regardless of the specific
diagnosis. This is a stage where the psychotic disorder may not be completely
defined.

The criteria for the formal diagnosis in levels 4 and 5 are those from DSM-5'2:

Type of psychotic symptoms: for the diagnosis of SQZ and related disorders, at
least 2 symptoms from at least 3 categories are required, summarized in Table 3.
There is not any specific mention of the type of psychotic symptoms required for BD
or MDD, only a general description of hallucinations and delusions relegated to the

section of specifiers. Alterations of speech are recognized as cardinal symptoms both
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for mania and depression, but not disorganization. And note that catatonia is
considered an independent specifier in the case of BD and MDD.

Severity of symptoms. For a significant proportion of the time since the onset
of the disorder, one or more major areas of functioning such as work, interpersonal
relations, or self-care are markedly affected.

Duration of symptoms. A minimum duration of symptoms is required: one day
for brief psychotic episodes; one week for full mania; two weeks for an episode of
schizo-affective disorder or depression; and four weeks for acute symptoms plus up to
6 months for SQZ or delusional disorder. In the pyramid of risk, duration marks the
division between level 5 and 4: level 5 for those cases that last more than five years;
and level 4 for those with less.

Exclusion criteria. It is explicitly necessary to rule out alternative diagnoses
that could show a similar phenomenology.

Regarding age of onset, DSM-5 specifies that the three psychotic disorders can
be diagnosed at any age, although they are unusual before 10 years of age. It specifies
also that BD with psychotic features is slightly more prevalent in adolescents than in

adults.

Table 3: The Five Dimensions of Psychotic Features included in DSM-5(American Psychiatric Association,

2013).

Type of psychotic features
Delusions : Defined as fixed beliefs that are not amenable to change in light of conflicting evidence.
Their content may include a variety of themes, including: Persecutory, referential,

religious, grandiose, erotomanic, nihilistic and somatic delusions. Includes the concept of bizarre

delusions, if they are clearly implausible.
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May also involve thought withdrawal or insertion, or the belief that one is controlled by

an outside force

Hallucinations : Hallucinations are perception-like experiences that occur without an external stimulus,

perceived as vivid and clear, and not under voluntary control.

They can occur in any sensory modality.

It is necessary that clear sensorium be preserved.

Disorganized : Derailment or loosening of associations, tangential or incoherent speech, severe enough to
Thinking (Speech) substantially impair communication

Grossly Disorganized - Difficulty in sustaining goal-oriented behavior.

Or Abnormal Motor - Includes several subtypes of catatonic behaviors: negativism; mutism or stupor;

Behavior (Including excitement; and others such as stereotyped movements, staring, grimacing, or echoing of speech.

Catatonia)

Negative Symptoms - Explicitly remarked that seems specific of SQZ.
Includes diminished emotional expression, including speech and non-verbal expression.

4’s: Abolition, alogia, and anhedonia, Associability.

Finally, level 5 corresponds to the fully developed psychotic disorders after 5
years of evolution: 1) SQZ and related disorders; 2) BD with psychotic symptoms
(BD-psy); 3) MDD with psychotic symptoms (MDD-psy). Here the psychotic
disorders fall into a very discrete category, there can be no doubt as to the diagnosis.

The 5-stage model of Yung’s Pyramid implies specific interventions for each
level and reorganizations of mental health services with the aim of preventing
progression to a higher stage. Following this model, individuals at level 0 do not
require any clinical attention, and apparently neither do those at PLE first onset (level
1), other than some form of counseling for the latter. When PLE increase in frequency
and intensity (level 2), it is time for standard mental health services in the community

to act. Over time, for those who transition to ultra-high risk (UHR) or a first psychotic
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episode (FEP) (levels 3 and 4), early intervention services (EIS) are required, offering
an intensive and multi-disciplinary approach. Some cases will reach level 5, at which
time they will be returned to standard mental health services or, in a minority of cases,
they will enter long-term residential programs.

Over the past two decades there has been a great amount of research and
investment in EIS all over the world, encouraged by the ideal of improving the
outcome of psychotic disorders with early intervention. Indeed, the level of
knowledge about early stages of psychosis has increased substantially (see following
sections 1.3-1.5). However, the cumulatie evidence has revealed some deficiencies in
the IES model. First, there are some concerns about the feasibility of UHR for
clinical approaches. Whereas the first studies with UHR criteria show a transition rate
of nearly 40% from level 3 to level 4%-°!, transition rates in more recent samples have
dropped to 15-35%°2%(see section 1.4). In part, this decrease in transition rates could
be due to the efficacy of early treatment. But, early interventions may only delay the
natural progression to psychotic disorders rather than stop it completely®’ 1%, The
dilution effect may play a significant role in the lowering of transition rates!®'. The
success of EIS has increased the demand for attention for UHR subjects, but also
help-seeking subjects who do not fulfill UHR criteria®-'%%. In fact, there are doubts
about the capability of EIS to provide early treatment to the highest risk population!®3.
In a study based on the EIS of south London catchment area, only 4% of first episodes
(level 4) arrived from early intervention programs, whereas the overwhelming
majority continued to onset without any previous contact with the system!®,
Moreover, people of low socio-economic status, immigrants and racial minorities
were found to be significantly under-represented in the IES compared with standard

care!92195 Tack of knowledge and fear of stigmatization account partially for this
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bias!%%197  Finally, population-based studies have shown that the prevalence of
psychotic symptoms in non-help seeking samples is much higher than previously
expected’”1? (see section 1.3), and is therefore impossible to address with the
available resources.

Critics have argued that it is time for a paradigm change in terms of early

intervention in order to improve its effectiveness®!-106-111

. They have proposed
simplifying the interventions to a 3-stage model (fig.5). According to this proposal,
stage 1 (sporadic PLE) should be the main target, that can be achieved through public
health campaigns that reduce the exposure of the general population to high risk
factors (levels O and 1 in Yung’s Pyramid). Stage 2 (At Risk Mental States, ARMS)
combines levels 2 and 3 and would correspond to the standard outpatient mental
health services. Finally, stage 3 (psychotic disorders) combines levels 4 and 5, and it

would be treated in specific psychosis units, including inpatient and outpatient

resources.

Fig.5. The Continuum Model of Psychosis, adapted from Van Os, 2009 !.

Psychotic DO ARMS Psychotic Experiences

34



INTRODUCTION

1.3. The magnitude of the problem: prevalence rates from
psychotic symptoms toward affective/non-affective psychotic

disorders.

As it has been highlighted, the prevalence of PLE in the general population turned
out to be much higher than the scientific community had expected. The first
epidemiological study that analyzed these phenomena was the Epidemiological
Catchment Area Study (ECA)!''2, where 10% of men and 14% of women reported
experiencing PLE at least once. PLE rates increased up to 28% when it was replicated
by the National Comorbidity Survey (NCS)!!3, including adolescents from 15 years
old or more, however it went down to 9% when replicated ten years later!!4,
Similarly, the NEMESIS study '!° found a 17.5% prevalence, and nearly 10% in the
UK !¢ and 14% in Germany!!’, both with a sample age of 16 or older. Following a
different approach, Rossler and Werbeloff!!311° reported in Germany and Israel,
respectively, prevalence as high as 50% depending on the type of PLE assessed and
the age. In a large meta-analysis of literature on adult samples, Van Os (2009)'
concluded that PLE in adults had an incidence of 3% per year, with a lifetime
prevalence of 5.3%, ranging from 1.9-14.4%. Moreover, when clinical impact was
considered, these prevalence rates changed to 1.3% (IQR 0.4%-3%) vs. 8.4% (IQR
3.5%-20.9%) for PLE with or without clinical impact. A prevalence rate of 5.8% was
also reported in the last WHO Mental Health Survey!?’, based on a sample of more
than 30.000 subjects (older than 18 years old), and including 18 countries. Even
higher prevalence for PLE have been found in child and adolescent samples, although
with high variability of results due to important methodology differences (assessments

tools, interview based or self-reported, sample size, age interval, etc.). Whereas
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community studies with face-to-face interviews observed PLE prevalence rates

3,121-126

ranging from 5-14% , in other studies with self-reported PLE, the prevalence
were as high as 21%-50% for some items!'?’132, In a large literature review including
community and clinical samples (ages 7-18 years old) with a longitudinal design,
Rubio!* confirmed an incidence rate between 0.7%-1.33% per year, with a baseline-
prevalence between 4.9%-9%. The latest meta-analysis available confirmed a PLE
prevalence rate of 9%!34. Furthermore, PLE were persistent over time in 20%-40% of
cases and, as expected, higher for longer follow-ups. Interestingly, several
longitudinal cohorts with community samples have confirmed a progressive decrease

in the reporting of PLE over time!24!125:135-137

, except for individuals with higher
exposure to stress or already manifesting clinical impact, where PLE reports
increased!8. Taking into account the effect of age, Kelleher? ran a new meta-analysis
dividing the studies into two groups: a) population-based studies with inclusion
criteria 9-12 years old; b) population-based studies with inclusion criteria 13-18 years

old. The mean prevalence rate of PLE was 17% for the youngest, with a sharp

decrease to 7.5% for the other group.

The prevalence of the ultra-high risk (UHR) group in the general population is
unknown. Only two studies have addressed this issue, with contradictory results.
Kelleher!* in a sample of students aged 11-13 years old, using a face-to-face
interview design, found that 8% fulfilled the proposed DSM-5 criteria of APS.
However, the sample was too small (n=212) to be considered an epidemiological
study. More recently, F. Schultze-Lutter'!’, using a semi-structured telephone
interview in a cohort of 2683 subjects, aged 15-40 years old, reported a prevalence
rate of 2.4%. More studies are needed to confirm these preliminary data. There are

also few studies regarding the prevalence of UHR in clinical samples, even though it
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is well documented that PLE are very prevalent in these at-risk populations. For
example, a recent study found that 28% of patients met the UHR criteria in an adult

0

outpatient center'®® and nearly 50% in another outpatient center for children and

adolescents!4!:142,

Full psychotic disorders are traditionally considered rare diseases, with
prevalence rates from 1-1.5% in community samples all over the world!%!!, although
we get wide-ranging results depending on the study type and the psychotic disorder
subtype. In the US Epidemiological Catchment Area study (ECA)(1991)!'2, the
lifetime prevalence for SQZ and related disorders was 1.5% of the population;
whereas it was 0.8% for BD, and 5.9% for MDD, with no differentiation between
those with or without psychotic features. 15 years later, the National Comorbidity
Study Replication (NCS-R)!**found lower rates for affective psychotic disorders with,
0.4% life-time prevalence, with much higher rates for BD and MDD than
previously (2.6% and 6.7% respectively), again without considering the presence of
psychotic features as an independent category. The Nemesis Study in the
Netherlands!!®> was the first to analyze the whole spectrum of psychosis. Based on a
sample of 7076 subjects (18-64 years old), they found a lifetime prevalence of 1.5%
for all psychotic disorders, with 0.37% corresponding to SQZ DO (including
schizoaffective disorders in this group), and 1.14% with BD and MDD with
psychosis. Even higher prevalence rates were found in the Health 2000 Study!'#,
specifically designed to study psychosis. Based on a nationally representative sample
of 8028 subjects (30 years and above) in US, the lifetime prevalence of all psychotic
disorders was estimated to be 3.06% of the population. The SQZ and related disorders
category was the most prevalent (0.8%), with the following prevalence rates: 0.8%

SQZ; 0.42% substance-induced psychotic disorders; 0.32% schizoaffective disorder;
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0.21% for psychotic disorders due to a general medical condition; 0.18% for
delusional disorder; and 0.07% for schizophreniform disorders. Regarding affective
psychotic disorders, MDD with psychosis (MDD-psy) was the most prevalent at
0.35%; with 0.24% for BD type I disorder with psychosis (BD-psy). Two recent
studies in Chinese and European populations confirmed 0.3% of prevalence rate for

BD type I with psychosis and MDD-psy!4>:146,

Almost 25% of SQZ related disorders and more than half of BD disorders
have their onset before 18 years old!"*:!47 However, in the majority of
epidemiological studies with children and adolescents the presence of psychotic
disorders has been systematically neglected!*®!>2, Only two studies in the 1980s
reported prevalence rates for SQZ and related disorders, establishing a range from 0.2
to 0.9 per 10,000 for ages between 13-18 years!>3-1% In the few studies that analyzed

the prevalence of pediatric BD, rates ranged from 1% to 3%!7-160

, with important
differences between the US and Europe'4”'°1:192 However, none analyzed the
phenotype of BD with psychosis. Based on clinical samples, psychosis is present in at
least 50% of BD episodes, up to 90% in some cases®!!:163:164 "egpecially in children
and adolescents'>!6-171, More recently, two studies have analyzed the incidence of a
first psychotic episode (FEP), including SQZ, and BD or MDD with psychosis, level
4 in the 5-stage model (section 1.2). First, Amminger and colleagues'’?, estimated the
proportion of new cases in their catchment area who were assessed at the EPPIC
clinic during a 3-year period. They focused on the broad concept of FEP, from ages
15-29 years. They found an incidence of 16.7 per 10,000 new cases/year for men, and

8.1 per 10,000 for women, the highest incidence was found in the age range 20-24

years old. More recently, Nesvag!”® analyzed data from a Norwegian patient registry
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of 13-18-year-olds during a 5-year period. He confirmed an incidence of FEP of 8.9

per 10,000 per year, which increased sharply to 17.9 per 10,000 at the age of 18.

14. Clinical meaning of the continuum model for psychosis: from
psychotic-like-symptoms (PLE) toward affective-psychotic
disorders, the bipolar disorder subcategory.

The clinical significance of PLE in the general population is not yet well
established. Due to their high prevalence in community samples, they were initially

contextualized as a benign and transitory phenomenon!33136.174

, and placed in level 1
at the pyramid of risk’!”7. In fact, PLE can be viewed as part of the normal neuro-
development during early ages!”>!'76, However, when PLE begin during adolescence
or adulthood!?>!77, there is a strong association with a broad range of psychiatric

3.130-132.178-183 "More recently, PLE have been linked to the presence of self-

disorders
harming and suicidal thoughts in adolescents, and suicidal behavior in the long
term!8+187 Furthermore, the presence of PLE correlates with a variety of physical
complaints, mild impairments in memory and, in general, low levels of functioning

118,175.188-193 " paylton® was the first to observe a relation between the

and disability
presence of PLE at age 11, and the presence of psychotic disorders at age 26. Several
longitudinal cohorts have observed an association between persistence of PLE an
increasing risk of more severe pathology and delusional thoughts over time!'3*
138,182,194.195 'Kaymaz et al.!” conducted the first meta-analysis of transition from PLE
to psychotic disorders in the general population, including both youths and adults.

Over a period from 3 to 24 years, the risk of conversion for those who experienced

PLE was in the range of 5-25%, substantially higher than the corresponding risk
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among those not experiencing PLE (0.1% to 3.7%). A new meta-analysis by Healy
2019 et al.'** has just confirmed the association between PLE over time and a four-
fold higher risk of psychotic disorders, and three-fold higher risk of other major
mental disorders. It is important to highlight that transition to psychosis has also been
confirmed in PLE recording based on self-reports or screening questionnaires, which
could facilitate their use in primary care!3”-1%¢197 Finally, in a large epidemiological
study in Istanbul’, the incidence of PLE and psychotic disorders was analyzed in 3
sequential sections with adults (n= 4011, 15-65 years), confirming a quasi-continuous
progression whose final diagnosis, SQZ type or BD type, would be determined by the
presence of additive factors or the absence of protective factors, which will be
explained in the next section.

The condition of UHR is in most cases pathological, the majority have already
being diagnosed with at least one psychiatric disorder (other than a psychotic
disorder), and should be receiving treatment’®’’. In a recent meta-analysis, Fusar-
Poli”® concluded that an axis I disorder was present in 78% of UHR cases, with
depression as the most prevalent (40.7%, 95% CI 32.5%-49.4%), followed by anxiety
(15.3%, 95% CI 8.9%-25%). Some studies have observed a lower prevalence of axis
I disorders in samples older than 14 years old, although the evidence is scarce!*®!%,
Regarding the potential conversion to a full psychotic disorder, the first longitudinal
studies with UHR observed a conversion rate of 40% of cases in twelve months*7!-200,
However, in more recent samples, transition has declined to 15% in 12-months®’,
reaching an average of 35% of conversion after 3 years of follow-up®?4+%. This could
indicate a decline in risk of conversion after the second year of follow-up!®>2!,

Alternative explanations could be the dilution effect, or due to the true efficacy of

preventive interventions!'?-198202(see section 1.3). Moreover, the available evidence
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has reflected different conversion rates among the three UHR proposed categories.
The highest risk for psychosis corresponds to BLIPS, intermediate risk corresponds to
APS, and the lowest risk corresponds to GHR2%:204, Moreover, evidence has
confirmed that there is a bias towards SQZ, with 70% of cases transitioning to this
pole. In comparison, the transition to BD is under 10%2°>2%. It should be noted that
those UHR who did not transition to psychosis consistently met diagnostic criteria for
a wide range of psychiatric disorders in the long term!0%:119.201.207,

Some authors have suggested introducing socio-demographic adjustments by

gender and age®%.

UHR were initially developed for adolescents and young adults
from 15 to 29 years old, although they have been used for a wider range, e.g., 8 to 40
years %77, However, most assessment tools for UHR must be shortened in length and
adapted to the children’s language to improve applicability!%-297-212,

Another possibility is the implementation of current clinical criteria, for
example by including the degree of impairment. A decline in global functioning was
included in UHR but only in the subcategory of UHR-GHR. New evidence confirmed

differences in premorbid adjustments between UHR subjects who later became

psychotic compared with UHR non-converters, regardless of UHR subcategory?!3-21%,

220,221 215

Sleep problems or symptoms severity-> could be predictors as well. One study
found a positive association between obsessive-compulsive symptoms or aggressive
behaviors in UHR subjects and a subsequent onset of Schizophrenia, but not affective
disorders during follow-up?*2. Mood swings, subthreshold mania or irritability have
been proposed as additional criteria for improving the predictive value of conversion
to the BD pole??!:225-225 Furthermore, the few available BD-offspring studies have

shown a predominance of anxiety and depressive symptoms five years before BD

onset and a diagnosis of unspecified depression two years before onset??6-23!,
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A new line of research is focusing on the development of individual
calculators of conversion rather than group-level risk estimators?**23>, These models
allow us to continue updating information at each follow-up (joint modelling)**.
Furthermore, in the near future, their accuracy could improve with the addition of risk
biomarkers based on lipids level changes, pro-inflammation and neuroimaging
changes?3¢-2%,

Following Yung’s pyramid of risk, once hallucinations and delusions reach a
threshold level, transition to FEP is completed. Early research in the phenomenology
of FEP observed many similarities between SQZ and affective psychotic disorders,
and frequent transition from one diagnosis to another during the first years after the
onset of psychosis?*®24. Therefore, level 4 has been conceptualized as a generic
category during the 5 year-period of stabilization, before the establishment of a
specific diagnosis of psychotic disorder in level 5. The distinction between level 4 and
5 maybe not be necessary, based on evidence from a recent meta-analysis involving
42 studies, nearly 15,000 FEP subjects and an average follow-up of 4.5 years®2.
Contrary to expectations, diagnostic stability for SQZ was found to be very high, 0.93
(95% CI1 0.89-0.97), higher than stability for affective spectrum psychoses 0.84 (95%
CI 0.79-0.89), and schizoaffective disorder 0.72 (95% CI 0.61-0.73). Shifts from
SQZ to affective spectrum psychoses were rare, 0.05 (95% CI 0.01-0.08), slightly
higher in the opposite direction, 0.10 (95% CI 0.05-0.15). Among the other psychotic
diagnoses there was high diagnostic instability, with frequent conversion to
schizophrenia.

The clinical presentation of SQZ and related psychotic disorders are well

documented and beyond the scope of this PhD dissertation!®!!, On the contrary, the
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phenomenology of psychotic symptoms in the context of affective disorders, BD and
MDD, have been of much less interest until recently®!1-247-230,

As opposed to SQZ, positive psychotic symptoms in MDD and BD appear
only in the context of a mood episode. The presence of psychosis in both MDD-psy
and BD-psy is considered a marker of severity in terms of early onset and high
hospitalization rates compared with MDD and BD-nonpsy®2*-23%, They may also be
related with higher suicidal ideation and attempts!+235-258,

Longitudinal studies with MDD-psy have shown a risk of progression to BD-

psy or SQZ, especially with early onset and family loading?’!-2>%2%°, The phenotype

BD-psy has been proved to be more stable over time!>.

There is a lack of information comparing MDD-psy vs. MDD-nonpsy over
time, whereas several studies have confirmed lower levels of functional recovery for
9,164,171,261-263

subjects with BD-psy compared to BD-nonpsy or healthy controls

Currently there is some evidence that the prognosis may depend on the subtype of

psychotic symptomg?>6.264.265

. Positive psychotic symptoms (hallucinations and
delusions) are present all over the affective psychotic pole, including depression. On
the contrary, the negative dimension may be present only in BD-psy and
schizoaffective disorders and may be responsible for functional and cognitive

impairment?47-266-274,

However, long-term follow-ups confirmed that negative
symptoms and impairment of daily functioning is more severe in SQZ and related

disorders than BD?262:272.275-277
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1.5. Genetic and environmental risk factors for psychotic-like
symptoms (PLE) and affective/non-affective psychotic

disorders, the bipolar disorder subcategory.

According to the psychosis proneness-persistence-impairment model (Van Os,
2009)!, if there is a continuum of psychosis, then it is likely that most of the risk
factors associated with overt psychosis will be associated with increased likelihood of
developing PLE. In this model, exposure to ongoing stressors would lead to biological
and psychological sensitization, which would initially transform sporadic PLE into
persistent PLE, and subsequently psychotic disorders in the final stage (Fig. 1).
Findings from a recent meta-analysis seem to confirm the need for intermediate

8

phenotypes (UHR subjects) as the main predictor of psychosis conversion?’s.

Fig. 6: The Psychosis Proneness-Persistence-Impairment Model of Pychotic

Disorders (Van os, 2009)'.

Environmental Environmental
risk factors risk factors

From the early 1990s genetic risk factors have been found to be the best
predictors of psychotic disorders. In the beginning, longitudinal cohorts of genetic
high-risk (GHR) studies with offspring and relatives of schizophrenic patients have

confirmed heritability rates ranging from 40%-70%°*2""2%0  More recently,
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population-based studies have found that first-degree relatives of schizophrenics have
an increased risk for BD with psychotic features and, vice versa, first degree relatives
of BD have an increased risk for SQZ and related disorders as well?®!-285 However, it
is not clear whether the risk is specifically related to the BD psychotic phenotype or to
the whole spectrum of BD3!-2%,

It has also been confirmed that causality does not depend only on one gene or

group of genes, neither on the number of copy variations on one gene (CNV)!4.28¢,

The neurodevelopmental hypothesis®-287-288

proposes that a combination of polygenic
vulnerabilities and environmental risk factors, probably in the absence of protective
factors, would determine the final pathway from intermediate phenotypes to full
psychotic disorders. Furthermore, the specific nature of these risks and protective

factors would mark the final development toward SQZ or BD psychotic disorders”-?%-

291
In the last few years, several environmental risk factors have been proposed as
candidates, but it is unclear whether they are acting directly as pathogens, or as early

markers of an underlying process??%-292-2%3

. Most studies with GHR populations have
observed delays in normal child developmental milestones (language, toilet training,
coordination, etc.) years previous to the onset of either SQZ or BD with
psychosis*’-?2, Mild cognitive impairments are well known as markers of SQZ,

although they are minor or not present at all for BD?%+303

. The overall intelligence
quotient seems only affected in the SQZ pole??33%1:3%4 with a u-shape in the case of
BD#2:3053% - Or 1Q could be a protective factor, considered as part of cognitive
reserve’?’. Social impairment and decline in academic performance are common in

both, with social isolation more specifically related to SQZ?'¥28%3% On the contrary,

early exposure to traumatic life events has been confirmed in both groups, but it is
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more prominent for BD?°%39-3!1 Brain injuries seem to be specifically related to SQZ

312 as well as pre-natal conditions (e.g. exposure to toxoplasmosis and other

infections, famine, toxins, or other maternal conditions during pregnancy), obstetric

complications during delivery, and low weight at birth-275-278.290.312.313 "The effect of

cannabis reduces the age of onset of any first psychotic episodes?’>278:290.312,314.315

Migration, ethnicity and urbanicity have been associated mainly with SQZ?75-278290.312,

Whether cause or consequence of the previous, recent studies highlight changes in the

316,317
9

dopamine system previous to the progression from GHR to overt psychosis a

progressive reduction in cortical thickness as well as abnormalities in the cerebello-

318,319

thalamo-cortical connectivity , and high levels of pro-inflammatory cytokines

237,320

It should be emphasized that only a few studies have analyzed the premorbid
phase previous to the onset of PLE in order to establish possible predictive factors.
Preliminary evidence has shown that most of the risk factors associated with overt
psychosis are also associated with increased likelihood of developping PLE, including

321 perinatal complications®??, social difficulties®?3,

neurodevelopmental impairments
and childhood abuse?*. Whereas some studies have reported a significant association
between GHR families and PLE!?1°1325 Jongitudinal twin studies have consistently
reported a higher contribution from environmental risk factors (49%-67%) than

genetics (15-59%)32%%27, Moreover, Zammit et al'’’

, in a longitudinal birth cohort
study, found that only parental history of depression, and not psychosis, predicted the
onset of PLE during adolescence. To our knowledge, there have been no studies

evaluating the risk factors associated with PLE in a sample at genetic-high risk (GHR)

for BD.
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2.1. Rationale:

As has been mentioned before, if there is a continuum from isolated PLE in the
general population to full psychotic disorders, both phenomena should share similar
risk factors. In addition, one would expect them to follow a particular pathway, with

a clear differentiation from other mental disorders in their evolution and final stage.

2.2. Main hypothesis:

The main hypothesis of this work is that the same risk factors associated with
overt psychosis would be associated with an increased likelihood of developing PLE.
For the purpose of this thesis, only the bipolar spectrum pole would be analyzed.
Based on the available literature, our a prior hypothesis was that the genetic-risk for
bipolar disorder at baseline will be the strongest predictor for the development of PLE
both at baseline and longitudinally. Other known environmental risk factors for
psychosis and therefore for PLE at baseline will be: obstetric and perinatal
complications; early drug exposure; cranio-encephalic trauma; history of infections or
other medical complications; sexual or physical abuse; low intellectual level; finally,

previous psychiatric pathology.

2.3. Secondary hypotheses:

The secondary hypotheses were:
(1) According to the concept of prodromic status of psychosis, the presence of
PLE will correlate with a wide ragne of psychopathologies over time,

especially BD- and SQZ-like disorders, and low level of global functioning.
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(2) The presence of isolated PLE at an early age will increase the risk of persistent
PLE and the final transition to a full psychotic disorder, either affective or
non-affective psychosis.

(3) The level of agreement between self-reporting questionnaires for screening
PLE and PLE reported in face-to-face interviews will be good/very good.

(4) After the onset of the affective disorder, in our case a bipolar disorder, the
presence of psychotic symptoms will be associated with higher severity,
higher rates of comorbidity and a higher impact on functioning than bipolar

disorders without the psychotic phenotype.
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3.1. Main objective:
The main objective of this PhD thesis was to study the phenomenon of PLE from
two different perspectives: a) bottom-up, by following healthy offspring of BD
parents and control parents longitudinally; b) top-down, by analyzing adult with BD

and adolescents with early-onset BD and their first-degree relatives cross-sectionally.

3.2. Specific objectives:
The specific objectives in the bottom-up perspective were:

e To analyze genetic and environmental risk factors of PLE in the whole
offspring sample (study 1).

e To analyze clinical predictors of PLE in the entire offspring sample
(study 1).

e To evaluate the prevalence of PLE at baseline and during follow-up of
two cohorts: offspring of BD with and without psychosis, and offspring of healthy
parents (study 1).

e To analyze level of functioning and PLE in the entire offspring sample
(study 1).

e To study the phenomenology of PLE and rates of conversion to
psychotic disorders during the longitudinal follow-up (study 1).

e To compare specificity and sensitivity of face-to-face and self-reported

questionnaires for screening PLE in large samples during the follow-up (study 1).

The specific objectives in the top-down perspective were:
e To explore the BD phenotype with psychotic features compared to BD

without psychotic features, by evaluating clinical presentations in terms of severity
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and comorbidity (based on unpublished information from a baseline analysis of
study 1 and study 2).

e To explore the BD phenotype with psychotic features compared to BD
without psychotic features in terms of global functionning (baseline analysis of
study 1; study 2).

o To analyze the association between environmental and genetic risk
factors for psychosis in the BD adolescents’ sample (study 2).

o To compare socio-demographics, medical and family history in BD
adolescents during euthymia with healthy controls from the community (study 2).

o To compare functional recovery in BD adolescents during euthymia
with healthy controls from the community (study 2).

o To analyze the association between psychotic symptoms and other
relevant clinical symptoms, and levels of functionality in both BD and HC (study 2).

o To analyze the association between environmental and genetic risk

factors and levels of functionality in both BD and HC (study 2).
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4.1. Type of study.

As has already been mentioned, for the realization of this project, we worked

in parallel on two different databases from two different studies:

4.1.1. Study 1: “Psychotic-Like Experiences (PLE) in Offspring of
Parents with Bipolar Disorder and Community Controls. A
Longitudinal Study”. The Bipolar Offspring

Family Study (BIOS).

Funded by the National Institute of Mental Health in the US, BIOS is the
largest ongoing longitudinal genetic-high-risk (GHR) study of BD, with Dr. Boris
Birmaher and Dr. David Axelson as the principal investigators. Dr. Boris Birmaher is
currently the director of the Child and Adolescent Anxiety Program, and Co-director
of the Bipolar Institute, at the Western Psychiatric Institute and Clinic (WPIC) at the
University of Pittsburgh Medical Center (UPMC) (Pennsylvania, US). He serves as a
faculty member in the Psychiatry Department of UPMC as well. He has been one of
the co-directors of this thesis from the beginning. Dr. David Axelson was the director
of the Child and Adolescent Bipolar Service (CABS) when we started this project. He
is currently head of the department of psychiatry at the Nationwide Children’s
Hospital. He is also professor of psychiatry at the Ohio State University College of
Medicine and Ohio State’s Wexner Medical Center (Colombus, Ohio, US). Although
he was one on my co-directors of the thesis, when he moved to Ohio University, he

withdrew from the project in favor of Dr. Castro.

BIOS is an observational prospective cohort study, with two cohorts: 1)

Exposed or GHR cohort: offspring of parents with BD (either with or without
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psychosis); 2) Non-exposed cohort: offspring of healthy parents or with minor

psychiatric disorders.

BIOS was started in 2001 and includes baseline interviews (year 1) for each
family member, including parents with BD and healthy parents and each of their
offspring, and individual follow-up interviews for the offspring every 2 years (years 3,
5,7,9,11, 13 and 15 at the cut-off point for this study). The adherence rate has been

estimated at 80%.

During my stay at the WPIC my role in the study was to complete some of the
baseline interviews, to be part of the coding and cleaning. I also ran the initial
analyses at baseline, first comparing BD parents with and without psychotic
symptoms, and second their offspring. Back in Spain, I completed the longitudinal
analyses with the collaboration of R. Borras and Dr. Castro. Roger Borras is licensed
in Math and Statistics and has a master’s in numerical analysis. He works part-time in
our department of Child and Adolescent Psychology and Psychiatry, and as associate
professor at the Autonomous University of Barcelona (UAB). Dr. Castro is head of
the Institute of Neuroscience at the Clinic Hospital, and professor of psychiatry at the
University of Barcelona. When I first started this project, she accepted to be my thesis
advisor in Spain, a requirement for international theses, and finally became an

amazing co-director after Dr. Axelson left the project.

4.1.2. Study 2: ‘“Functional Impairment and Clinical Correlates in
Adolescents with Bipolar Disorder Compared to Healthy Controls.
A Case-Control Study”.

This study was funded by the Carlos III Institute (FIS: PI11 / 01224), with Dr.

Soledad Romero as principal investigator. Dr. Romero is a consulting psychiatrist,
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working at the Day Hospital of the department of Child and Adolescent Psychiatry, at
the Hospital Clinic (Barcelona, Spain).

This is a cross-sectional study, with a classic case-control design matched by
sex and age, which includes two groups: 1) Adolescents with BD subtype I or II, with
or without psychotic symptoms; 2) Control group: healthy adolescents from the
community, without current or past psychiatric history. It was conducted from
January 2012 to September 2016.

As one the collaborators in this study, I have been part of the study from the
beginning. First, I assisted during the grant application process, then I reviewed the
interview’s packages, and after that, I conducted part of the face-to-face interviews,
and prepared and cleaned the dataset. Finally, I conducted the analyses with the help

of our statistician, R. Borras.

4.2. Sample size and recruitment process.

4.2.1. Study 1: “Psychotic-Like Experiences (PLE) in Offspring of
Parents with Bipolar Disorder and Community Controls. A
Longitudinal Study”. The Bipolar Offspring
Family Study (BIOS).

Parents with a BD (n=235) were recruited through advertisements (53%),
other research studies (31%), and at adult outpatient clinics (16%). The inclusion
criteria at baseline were: 1) fulfilled criteria for a DSM-IV diagnosis of BD I or II
disorders, lived within a 200-mile radius of Pittsburgh, and had offspring between 6
and 17 years old at the beginning of the study.a Exclusion criteria included a lifetime

diagnosis of SQZ, mood disorders due to substance abuse, medical conditions or

a BIOS includes a subset of families with offspring 2-5 years.
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medications, and mental retardation (IQ < 70). Control parents (n=140) were recruited
from the community using random digit dialing, at a ratio of one control parent to two
BD parents, and matched with the BD group by age, sex, and neighborhood. They
were either healthy or had a minor psychiatric diagnosis other than BD and had none
of the exclusionary diagnoses noted above. In addition, control parents were excluded
if they had any first or second-degree relatives with BD. All offspring of BD and
control parents (n=637, 390 and 247 respectively) were included with the exception of
those with mental retardation, autism, or other impairments that prevented their
participation (e.g., severe medical illness). One child from the BD group was
diagnosed with tuberous sclerosis during the study and was excluded from the final

analysis.

42.2. Study 2: ‘“Functional Impairment and Clinical Correlates in
Adolescents with Bipolar Disorder Compared to Healthy Controls.
A Case-Control Study”.

Adolescents with BD type I or II aged 12-19 years old (n=47) were recruited at
Hospital Clinic in Barcelona, either from inpatient (35, 74.5%) or outpatient units (12,
25.5%). HC (n=44) were recruited from advertisements from the same geographical
area. Similar gender and age and being healthy without any past or current history for
a psychiatric disorder were the inclusion criteria. Exclusion criteria for all participants
included learning disabilities, major systemic medical illness, serious head injury,
pregnancy and imaging counter-indications. None of the controls and one of the

eligible participants with BD refused to participate in the study.
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4.3. Assessments.

4.3.1. Study 1: “Psychotic-Like Experiences (PLE) in Offspring of
Parents with Bipolar Disorder and Community Controls. A
Longitudinal Study”. The Bipolar Offspring
Family Study (BIOS).

This study is ongoing. A team of graduate students specifically trained for this
purpose (Kappa reliability coefficient 0.8 or higher), conducted all face-to-face
interviews directly at the participant’s home. All information was subsequently
presented to a child psychiatrist to confirm the diagnosis. If necessary, the information
was completed by reviewing the previous records. Each interview lasted between 2.5h
and 5h, and included clinical information, family history, general medical history and
a wide range of other variables. We have summarized the ones included in the
analyses as follows:

1) Categorical DSM-IV diagnoses: For children under 18 years old, the

K-SADS-PL (Schedule for Affective Disorders and Schizophrenia for School-Age
Children, Present and Lifetime Version)*?®, which includes input from the child, the
parents, and the evaluator. Parents and offspring older than 18 years old were
evaluated using the SCID interview (Structured Clinical Interview-DSM-1V)3?°,
supplemented with the sections “Attention Deficit and Hyperactivity Disorder” and
“Separation Anxiety Disorder” from the K-SADS-PL.

2) PLE symptoms: we created a dichotomous variable (Yes / No),

combining information from the SCID interviews (8 items on delusions, 5 for
hallucinations, and 11 for catatonic or negative symptoms, will be chosen if score = 3
definitely present); and the K-SADS-PL (2 items for psychosis, with score = 3). The

supplement of the K-SADS for psychosis was also included (5 hallucinatory items,

58



METHODOLOGY

and 13 deliriums, final score = 3); and the symptomatic scale K-SADS Mania Rating
Scale (MRS)** (19 items on hallucinations and 20 on delusions, scoring between 3-6,
moderate to severe). Some examples of PLE reported are shown in Table 4.

3) Internalizing or externalizing symptoms: based on the CBCL (Child
Behavioral Checklist)®3!, which includes information on parents, teachers and
children over 11 years. In addition, we created a dichotomous variable called self-
reported psychotic symptoms based on items Q40= “I hear sounds or voices that other
people think aren’t there”, and Q70="I see things that other people think aren’t there”,
rated either 1 or 2 (threshold=2, very often true; subthreshold=1, somewhat or
sometimes true).

4) Medical history: using a specific questionnaire with past history of

pregnancy and of obstetric complications; weight at birth, and at each follow-up;
infections; past and current allergies or other medical disorders; head injuries; past
and current medications; past and current physical or sexual abuse.

S) Intelligence Quotient (IQ): based on the Wechsler Adult Intelligence

Scale (WISC)3*2,

6) Level of functionality: the Child Global Adjustment Assessment (C-
GAS)** for children under 18; and the Global Assessment of Functioning (GAF)*3* in
adults. And for all ages, the LIFE-RIFT summary (LIFE Range of Impaired
Functioning Tool), from the Longitudinal Interval Life Evaluation3%.

7) Socio-Economic Status (SES): Hollingshead scale3®.
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Table 4: Examples of PLE collected during the Assessments.

1. Auditory hallucinations:
Hearing commands from the devil; a man inside his head commenting on his behavior.
A man in her head, commenting on her behavior; she thinks he is real (her dead father).
Authoritative voices telling them to do violent things.
An imaginary friend Rob who tells her what to do (“kill your mom”, “hurt your sister”).
Hearing voices from the radiator.
Almost every day hears and sees ghosts for the last 4 years; no one else can see or hear them.
Hearing his grandma talking in his head, commenting on others’ behaviors and crying.
Teacher notes that sometimes he talks to himself.
He speaks to his dead grandfather, once a week, in a loud voice.

2. Visual and somatesthetic hallucinations:
Sees demons at school; feels electricity go through his body.

He sees dead people at night.

Seeing a man standing in their garage with his skin peeling off.

Dragons in the sky when he is extremenly happy.

Sees colors and shadows moving on walls.

Sees dogs and spiders all over the room.

Sees a boy in her room, several times over the last 10 years, she thinks its a spirit.

Thinks people touch her legs at night.
3. Delusional thoughts:

Mesianic delusion, he is Satan and predicts de future.

Paranoid delusion, thinks people want to hurt him.

Talking to the TV, the news addresses his family directly.

Paranoid about people following him on the street, avoids public places.

During depression, people on the street "may" be able to hear what she is thinking.

Paranoid about people, afraid they could enter his house and kidnap him.

During manic states she thinks the house is haunted, sees evil shadows on the walls (it lasts a few minutes).
4. Bizarre behaviors:

Awake at nights, scaring her mom with a doll.

"Makes nonsense jokes, like babies in the microwave", sarcastic laugh.

Bizarre behaviors, killed several animals.

Aggressive behavior that required hospitalizations.

Lack of associations, incoherence.

4.3.2. Study 2: “Functional Impairment and Clinical Correlates in
Adolescents with Bipolar Disorder Compared to Healthy Controls.

A Case-Control Study”.
All clinical interviews were conducted at the Hospital Clinic, directly by Dr.
Mendez or Dr. Soledad Romero, or by a psychologist from our research team
specifically trained for this purpose. The final diagnosis was made by consensus

following the DSM-V criteria for BD I or II. The interview package included nearly
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the same assessment tools as the BIOS, with the following additional self-report
scales:
1. Live events: the Stressful Life Events Survey (SLES), translated into
Spanish for that purpose®*’.
2. Functionality: Besides the C-GAS/GAF, we included the Premorbid
Adjustment Scale (PAS)** and the Clinical Global Impression Scale (CGI)**.

3. School performance: based on the first part of the K-SADS-PLE.

4. Symptomatic scales: To be eligible for the study, all BDs had to be in

euthymia, defined as the absence of depressive symptoms above a level of 9 in the
short version of the Hamilton Depression Scale (HDRS-R17)**, and the absence
of manic symptom greater than 12 on the Young Mania Rating Scale (YMRS)**!
The information was completed with the Beck Inventory for Depression-1I (BDI-
)32, the Child Mania Rating Scale (CMRS)**, and the Mood Disorder
Questionnaire (MDQ) 3*. Psychosis was evaluated using the Positive and

Negative Syndrome Scale (PANNS)**, and the Evaluation of Symptoms in the

Schizophrenic Prodromal Scale (SOPS)34.

4.4. Statistical analyses.

We ran several exploratory analyses, both cross-sectional and longitudinal. All
analyses were carried out using the SPSS software package, version 22, and the R
software version 3.3.1 for Windows 7 (R project for Statistical Computing, Vienna,
Austria). To assess demographic and clinical differences between groups at baseline
or in the cross-sectional study, we used descriptive parametric tests: t-test, chi-square
or Fisher's Exact as necessary, with a two-tailed design and a significance level of p

<0.05. To analyze the demographic and clinical differences between groups during
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follow-up, we used Generalized Linear Mixed Models with the Least Square Mean

Method to control for within-family correlations.

44.1. Study 1: “Psychotic-Like Experiences (PLE) in Offspring of
Parents with Bipolar Disorder and Community Controls. A
Longitudinal Study”. The Bipolar Offspring
Family Study (BIOS).

The longitudinal risk associations between demographic and clinical variables
and the event of interest at each follow-up were analyzed from two different
perspectives. First, we used a General Linear Mixed Model taking into account
within-family and within-subject correlations. This analysis allowed us to estimate the
odds ratios between PLE and several variables at each year of assessment. Then we
used a Survival Cox Proportional Hazards Regression Model, with time-varying

347 Tt allowed us

covariates for multiple events, including within-subject dependence
to estimate the Hazard Ratio (HR) and 95% confidence intervals of each risk factor
for developing PLE later, considering PLE as episodic. Variables that showed group
differences at a level of p < .05 were included as potential covariates in subsequent
multivariate models, with a retention criterion of p < .10.
44.2. Study 2: ‘“Functional Impairment and Clinical Correlates in
Adolescents with Bipolar Disorder Compared to Healthy Controls.
A Case-Control Study”.
To study the association of risk for BD compared with HC, we used both
conditional and simple logistic regression models for analyses among BD subgroups.

Variables that showed group differences at p <0.05 in univariate analyses were

included as potential covariates in subsequent multivariate models. The final model
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was defined based on clinical criteria, and the Akaike information criterion (AIC)

scores. The odds ratios and 95% confidence interval were computed for all models.

4.5. [Ethical considerations.

4.5.1. Study 1: “Psychotic-Like Experiences (PLE) in Offspring of
Parents with Bipolar Disorder and Community Controls. A
longitudinal study”. The Bipolar Offspring Family Study (BIOS).

BIOS was reviewed and approved by the Ethics Committee of the WIPC-

UPMC back in 2001. In all the baseline interviews, both parents and children were
verbally informed about the characteristics of the study, allowing them to discuss any
doubts that might arise. Information about the process of privacy of the identity,
storage and guarantee of use of the information only for the purposes indicated was
specifically provided. Prior to baseline and each of the follow-up interviews, written
consent was always requested from parents and subjects over 14 years of age. The
parents also signed the written consent for children under 14 years of age.

4.52. Study 2: “Functional Impairment and Clinical Correlates in
Adolescents with Bipolar Disorder Compared to Healthy Controls.
A Case-Control Study”.

The Ethics Committee of the Clinic Hospital approved our study in 2011. In all the
interviews, parents and adolescents were informed of the nature of the study, and all
of their doubts were cleared up. In the same way as in BIOS, all parents and

adolescents over 14 years of age were asked for written informed consent.
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The main purpose of the PhD thesis was to analyze the utility of various risk
factors as predictors for PLE and to test their consistency with known predictors for
the development of a full psychotic disorder. Another objective of this project was to
explore the impact of psychosis on the course of BD, in terms of functionality as well
as clinical presentation.

Part of my work was published in two papers presented in this thesis.
However, I was not able to confirm some of the a priori hypotheses, and these results
were not published. Negative findings are very interesting findings as well and are
commented briefly in the Results and Appendix section. Some were used for
obtaining the title of Clinical Research Qualification at the University Autonoma of
Barcelona (UAB) in 2010. Others were presented at the 60" congress of the Spanish
Association for Child and Adolescent Psychiatry (AEPNYA), unique co-organized

with the American Association of Child and Adolescent Psychiatry (AACAP).

51. Study 1: “The Pittsburgh Bipolar Psychotic-Like Experiences
(PLE) in Offspring of Parents with Bipolar Disorder and
Community Controls. A Longitudinal Study”. The Bipolar

Offspring Family Study (BIOS).

5.1.1. Baseline analyses:
5.1.1.1. Socio-demographics and clinical features.

The baseline sample consisted on 244 BD parents and 419 offspring. 97
(39.7%) BD parents reported current or past history of psychotic symptoms

(BD_psy+), and 147 (60.3%) did not. 160 (38.2%) offspring had one or both parents
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with BD-psy+ phenotype, and 259 offspring were from BD_psy- families. Neither BD

parents with or without psychotic symptoms nor their offspring differed in socio-

demographics, other than marginal differences in the proportion of females (75.3% vs.

83.7%, p=0.05) (Table 5).

Table 5: Socio-demographic Characteristics of Bipolar Parents and their Offspring.

Parents

Age (mean, SD)

Gender: Female (%)
Race: White (%)

BMI (mean, SD)
Education: college (%)
Currently Working

SES (mean, SD)
Married at intake (%)
>4 pregnancies (women)
% Offspring with Psy+

Offspring

Age (mean, SD)
Gender: Female (%)
Race: White (%)

Living with both parents (%)

BD_psy+ (n=97)

3937 +742
75.30%
87.6%

29.51 £ 6.47
60.40%
46.2%

3451 +£14.56
49.5%
38.1%
6.90%

BD_psy+ parents

(n=160)

11.49+3.89
42.5%
78.8%

43.8%

BD_psy- (n=147)

3923 +£7.92
83.7%
89.1%

2923 + 6.66
62.30%
55.1%

34.65+14.19
49.7%

29.9%
430%
BD_psy- parents

(n=259)

11.41+3.88
52.5%
83.8%

432%

Statistics

(t/x2)

0.136
2.62
0.13
0.32

0.089
1.74
0.075

0.001
1.78

0.8
Statistic

(t/x2)

02
397
169

01

BD-psy+: Bipolar disorder with psychotic features; BD-psy-: BD without psychosis; SD: Standard

deviation; SES: Socioeconomic status

p-value

.89
q1
72
75

7

94
98
18
37

P-value

.80
05
.19

92
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BD_psy+ parents differed significantly from BD_psy- in the prevalence of BD
I subtype (78.4% vs. 59.9%, p < .01); and number of co-morbid disorders (3.52 + 2.34
vs.2.92 + 1.97, p < .05), with a predominance of substance abuse disorders other than
alcohol (51.1% vs. 38.1%, p < .05), panic disorder (48.5% vs. 33.3%; p < .05), and
somatization disorder (7.2% vs. 0.0%, p < .05). Age of onset was similar in both
parent groups, on average at 18 years old.

BD-offspring displayed few clinical differences between groups. 60% of all
offspring had a formal Axis I diagnosis at intake, with similar rates of comorbidity,
except for more PTSD (6.9% vs. 2.7%, p < 0.05), and more complaints about lack of
energy in those offspring from BD_psy+ parents (26.5% vs. 23.9%, p < 0.05). Only
2.8% reported PLEs at baseline and 0.5% a psychotic disorder, without differences

between groups. IQ was similar in both groups (average 105.81 + 5.93).

5.1.1.2. Level of General Functioning.

Only half of the BD parents was employed or married. The BD_psy+
phenotype functioned in daily life statistically worse than BD_psy-, as shown by GAF
scores either at present (59.19 + 13.13 vs. 63.56 = 11.51, p < .01), or in the past
(2898 + 12.02 vs. 3643 + 14.32, p < .01) (Table 6), meaning moderate to serious
impairment in daily life for the psychosis group, and slight symptoms to moderate
impairment for the non-psychotic group. However, when functionality was measured
based on self-reported data from the LIFE-RIFT scale, both BD groups perceived
their level of functioning in the areas of work and recreation as good, with only slight

impairment in relationships, satisfaction and global social adjustment.

There were almost no differences in functioning between offspring groups.

global performance was normal or slightly impaired in both (C-GAS = 74.21 + 13.3

67



RESULTS

vs 74.4 + 13.26 for current, and 62.52 + 17.7 vs. 65.71 + 5.58 for past). When we
analyzed specific areas of functioning based on the LIFE scale, we found statistically
significant differences in the area of relationships, worse for offspring of BD_psy-
235+ 1.1 vs.2.7+13,p < 01), but in the range of good to fair. Role functioning
and global social adjustment were also self-reported between good to fair, whereas

recreation and satisfaction were rated as good in all offspring (Table 6).

Table 6: Functioning in BD Parents with or without Psychosis and their Offspring.

Parents Parents with BD- Parents with BD- Statistics P-value
psy+ (n=97) psy- (n=147) (t/y2)
C-GAS current (mean, SD) 59.19+£13.13 63.56 +11.51 2.82 <.01
C-GAS most severe past (mean, SD) 28.98 +12.02 3643 +14.32 434 <.01
Summary LIFE-RIFT (mean, SD) 11.64 +3.45 14.72 +2.89 (-) 142 <.01
LIFE_ Role Functioning* 1.89 + 41 1.72 + .58 (-) 1.82 07
LIFE_ Relationships* 1.79 + .56 1.81+ .89 (-)0.25 8
LIFE_ Recreation* 1.78 + .62 1.82 + 48 (-)041 .68
LIFE_ Satisfaction* 1.78 = .55 1.82+ .52 (-)043 .67
LIFE_ Global Social 1.87 = .37 1.73 + .76 (-) 1.50 13
Adjustment*
Offspring Parents with BD- Parents with BD- Statistics P-value
psy+ (n=160) psy- (n=259)
C-GAS current (mean, SD) 7421133 74.4+13.26 (-)0.12 09
C-GAS most severe past (mean, SD) 62.52+17.7 65.7+15.58 -)1.6 0,1
Summary LIFE-RIFT (mean, SD) 8.15+2.55 8.52+2.53 (-)1.38 0,17
LIFE_ Role Functioning* 2.2+1.02 2.3+9 (-)0.9 0,36
LIFE_ Relationships* 2713 2.35+1.1 (-)2.75 0,006
LIFE_ Recreation* 1.8+.93 1.7+.83 1.1 0,27
LIFE_ Satisfaction* 1.9+.72 1.9+.78 (-)0.04 0,97
LIFE_ Global Social 2.1+.75 2.1+.85 (-)0.42 0,67
Adjustment*
C-GAS<70-51 mild impairment, 50-31 for moderate, and <30 for severe impairment. LIFT-RIFT
summ: 4=best f(x)-20=worse f(x). *1= very good; 2=good; 3=fair functioning/slightly impaired;
4=poor/moderately impaired; or 5=very poor/severely impaired

68



RESULTS

5.1.2. Follow-up analyses:

5.1.2.1. Socio-demographics.

The final sample included in the longitudinal follow-up paper consisted of 637
offspring, 390 offspring from 236 BD parents, and 247 offspring from 139 control
parents (Table 7 and 8). At intake, the mean age for both offspring cohorts was 11.9 +
3.6 years old, with a median age of 11.2 (6-18) years old. BP offspring were less often
living with both biological parents (59.5% vs. 74.9%; t = 2.81, p < .01), were more

Caucasian, and had a slightly lower SES (Table 7).

Table 7: Socio-Demographic Factors of Bipolar Offspring and Control Offspring*.

All offspring Bipolar Control Statistics
(637) Offspring Offspring ()
N (390) N (247)
Intake*
Age 11.88 +£3.59 1191 +£3.61 11.81 £3.55 0.15
Gender: Female 50.9% 49.0% 53.8% 0.53
Race: White 78.2% 81.0% 73.7% 1.99
Living: both parents 65.5% 59.5% 74.9% 2.81
SES 3532+ 13.62 34.15+13.93 37.18 +£12.93 1.95
N° of children in the family 237 +1.06 235+1.14 238+0.93 0.53
Last follow-up*
Age 1991 £5.11 2001 £5.24 19.75 +£4.89 0.24
Dropouts 8.3% 7.7% 9.3% 0.13
Years in the study 8.03+343 8.08 +3.40 795 +3.48 0.12
Number of assessments 444 +1.58 443+1.62 446+152 0.35
=2 FU 85.7% 84.9% 87.0% 0.83
>4 FU 57.1% 55.6% 59.5% 0.63
=6 FU 33% 4.6% 1.2% 1.46
Living: both parents 32.2% 27.9% 38.9% 147
SES 35.18£13.72 34.69 +13.99 3597 +13.27 091

SES: Socioeconomic status; FU: follow-up assessments.
*GLMM adjusted for within family correlation. In bold p-values =<0.05.

p-value

0.88
0.59
0.05
<0.01
0.05
0.59

0.81
0.89
0.90
0.72
041

0.53
0.15
0.14
0.36
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BP parents (Table 8) were younger, more likely to be Caucasian (87.7% vs.
72.2%), less often married (49.4% vs. 64.2%), with lower SES (34.0 + 144 vs. 374 +
13.1) and lower psychosocial functioning (all p-values <0.05). As expected, BP
parents reported more post-traumatic stress disorder (PTSD), and 50% reported
psychotic symptoms. All major depression episodes were included as part of the BP

disorder.

Table 8: Bipolar and Community Parents. Socio-Demographic and Clinical Factors at Intake.

All Parents with Parents Statistics  p-value
Parents BP-I/Il N (236) Control group (t/x2)
N (375) N (139)
Socio-demographics at intake
Age at intake 400475 395+7.6 40973 1.82 0.07
Gender: Female 294 (78.4) 188 (80.7) 106 (77.4) 0.58 045
Race: White 308 (82.1) 207 (87.7) 101 (72.2) 135 <0.0001
Married 203 (54.1) 115 (494) 88 (64.2) 7.71 <0.01
SES at intake 342+ 144 342+ 144 374+13.1 2.18 0.03
Diagnosis at intake
BP-I 172 (72.9) NA NA NA
BP-II 64 (27.1) NA NA NA
Major Depression NA 34 (24.5) NA NA
PTSD 99 (26.4) 86 (36.4) 13(94) 33.03 <0.0001
Overall functioning at intake
CGAS/GAF current <70 175 (46.7) 157 (66.5) 18 (12.9) 100.88 <0.0001
CGAS/GAF most severe past <70 293 (78.1) 231 (97.9) 62 (44.6) 145.33 <0.0001
CGAS/GAF highest in the past <70 83 (22.1) 76 (32.2) 7(5) 37.46 <0.0001
BP: Bipolar disorder; SES: Socio-economic status; PTSD: Post-traumatic stress disorder; CGAS: Child Global Adjustment
Scale; GAF': Global Assessment Of functioning. In bold p-values <0.05.

Each family had on average two children and was followed up every 2.5 years
for a period of 8.3 years (0-13 years). 91.7% (n=585) remained in the study, defined
as completing at least one follow-up (Table 9). Those who dropped out were less
likely to live with both biological parents (45.3% vs. 67.3%; t =2.39,p = .02) and had
lower SES (2901 + 9.55 vs. 3585 = 13.79; t = 2.67, p < .01) than those who

remained in the study (Table 9).
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Table 9: Socio-Demographic and Clinical factors at Intake of Offspring With and Without Follow-Up

Assessments*.

All offspring Offspring wo  Offspring w  Statistics  p-value
(637) FU (n=53) FU (n=584) 1)
Socio-demographics at intake
Age at intake 11.88 +3.59 1141+37 11.92 £3.58 0.58 0.56
Gender: Female 324 (50.9) 25 (47.2) 299 (51.2) 0.36 0.72
Race: White 498 (78.2) 33 (62.3) 465 (79.6) 1.55 0.12
Living with biological parents 417 (65.5) 24 (45.3) 393 (67.3) 239 0.02
PLE symptoms 37(5.8) 2(3.8) 35 (6) 047 0.64
SES 3532+ 13.62 2901 £9.55 3585+ 13.79 2.67 <0.01
N° of kids in the study 2.37+1.06 2.15+0.86 2.39+1.08 1.63 0.1
BD parents vs HC parents 390 (61.2) 30 (56.6) 360 (61.6) 0.06 0.95
Family with Psychotic symptoms 133 (20.9) 15 (28.3) 118 (20.2) 1.06 0.29
Diagnosis at intake
Any Diagnosis 378 (59.3) 32 (60.4) 346 (59.2) 0.27 0.79
Any Affective DO 81 (12.7) 6(11.3) 75 (12.8) 001 0.99
Any Anxiety DO 212 (33.3) 16 (30.2) 196 (33.6) 0.28 0.78
Any ADHD DO 155 (24.3) 16 (30.2) 139 (23.8) 0.73 046
Any CD DO 101 (15.9) 13 (24.5) 88 (15.1) 1.29 0.2
Any PTSD DO 27 (4.2) 2(3.8) 25 (4.3) 0.13 0.89
Any Psychotic DO 7(1.1) 1(1.9) 6 (1) 0.12 091
Any Substance Abuse/Dependence DO 23 (3.6) 2(3.8) 21 (3.6) 0.14 0.88
Any other DO 101 (15.9) 9 (17) 92 (15.8) 0.22 0.82
Hx of abuse at intake
Physical and Sexual abuse 54 (8.5) 4(7.5) 50 (8.6) 0.19 0.85
Sexual abuse 30 (4.7) 1(1.9) 29 (5) 0.72 0.47
Physical abuse 29 (4.6) 4(7.5) 25 (4.3) 0.82 041
Both 5(0.8) 1(1.9) 4(0.7) 0.89 0.37
Overall functioning at intake
CGAS/GAF current <70 152 (24) 14 (28) 138 (23.6) 0.7 048
CGAS/GAF most severe past <70 284 (44.8) 25 (50) 259 (44.3) 0.99 0.32
CGAS/GAF highest in the past <70 122 (19.3) 13 (26.5) 109 (18.7) 1.11 0.27
W: with; WO: without; FU: follow-up; SES: Socioeconomic Status; BD: bipolar; HC: healthy controls: DO: Disorder;
PTSD: Post-Traumatic Stress Disorder; Hx: History; CGAS: Child Global Adjustment Scale; GAF: Global Assessment of
Functioning. * Model adjusted for within family correlation. In bold p-values <0.05.

71



RESULTS

5.1.2.2. Prevalence of PLE and Psychotic Disorders.

Ninety-five offspring (14.9%, 95/637) reported PLE at some point during the
study, 37 (5.8%) at intake and 58 (9.1%) during follow-up (Table 10). Offspring of
BD parents reported more PLE than offspring of community control parents (66/390,
16.9% vs. 29/247, 11.7%), both at intake and during follow-up (Fig.7). However,
contrary to our hypothesis, this difference was not statistically significant, probably
due to the higher proportion of BD offspring (Fig.8). The mean age of onset for PLE
was 14.6 = 4.7 years old, with only 16 cases (16.8%) reporting PLE before age 10
(Fig.9). About 25% of PLE (23/95) were reported more than once during the course of
the study. In both cohorts, hallucinations were the most prevalent PLE phenomenon,
followed by delusions or a combination of the two (8.5% vs. 2.8% vs. 3%,
respectively). The prevalence of psychotic disorders was similar in both groups

(offspring of BD parents: 2.6% vs. offspring community control parents: 2.4%).

Fig.7: Number of PLE reported during follow-up
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Fig.8: Percentage of PLE reported during follow-up
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Table 10: Transactions Across the Psychosis Spectrum in Offspring during Follow-Up.

All Offspring of  Offspring of  Statistics
offspring  parents with parents w/o (v
N (637) BPI/II N BPI/II N
(390) (247)
Non PLE at intake e 600 (94.2) 362 (92.8) 238 (96.4) 1.26
PLE-Threshold and Subthreshold w/o 51(8.5) 34(9.4) 17 (7.1) 043
Psychotic DO at Last Assessment
PLE-Subthreshold w/o Psychotic 41 (6.8) 28 (7.7) 13(5.5) 0.54
DO at Last Assessment
PLE-Threshold w/o Psychotic DO 10 (1.7) 6(1.7) 4(1.7) 0.13
at Last Assessment
Psychotic DO at Last Assessment 7(1.2) 4(1.1) 3(1.3) 0.18
Non-affective Psychotic DO 3(0.5) 1(0.3) 2(0.8) 0.66
Affective Psychotic DO 4(0.7) 3(0.8) 104 0.38
PLE w/o Psychotic DO at intake 30 (4.7) 24 (6.2) 6(24) 1.39
PLE-Subthreshold w/o 21(3.3) 17 (4.3) 4(1.6) 1.20
Psychotic DO at intake o
PLE-Threshold w/o Psychotic DO 0 0 0
at Last Assessment
Psychotic Disorder at Last 0 0 0
Assessment
PLE-Threshold w/o Psychotic 9(14) 7(1.8) 2(0.8) 0.69
DO at intake o
Psychotic Disorder at Last 2 (6.0) 2(8.3) 0 0.00
Assessment
Non-affective Psychotic DO 1(3.3) 142 0 0.05
Affective Psychotic DO 1(3.3) 1(42) 0 0.05
Psychotic Disorder at Intake e 7(1.1) 4(1.0) 3(1.2) 0.02
Non-affective Psychotic DO 5(0.8) 2(0.5) 3(1.2) 0.51
Affective Psychotic DO 2(0.3) 2 (0.5) 0 0.01

PLE: psychotic-like experiences (Subthreshold and Threshold for low and high intensity respectively); DO: disorder.

® Model adjusted for within family correlation. In bold p-values <0.05.

p-value

0.21
0.67

0.59
0.89

0.86
0.51
0.71
0.16

0.23

049

0.99

0.96
0.96
0.98
0.61
0.99
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Fig.9: Age when PLE first reported by cohort group.
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5.1.2.3. Predictors of risk for PLE during follow-up.

After a series of survival analyses, including cox proportional hazard
regression models with time-varying, and general linear mixed models, three variables
remained statistically significant predictors of PLE either at intake or during follow-
up: (1) a history of any psychiatric disorders (HR =3.1;95% CI 1.3-7.36,p = .01), (2)
low psychosocial functioning (HR = 2.94; 95% CI 1.79-4-81, p < .0001), and (3) a
history of physical or sexual abuse (HR = 1.85; 95% CI 1.02-3.38, p = .04) (Table 11,
figure 10). Similar results were found when only BD offspring were analyzed (Table
12). On the contrary, for control offspring, the only risk factor of PLE identified was
low psychosocial functioning (Table 13). Exposure to medication during follow-up
was also a risk factor of PLE (HR = 1.78; 95% CI 1.17-2.7, p < .01) in the univariate
models for the whole sample and for the BD group, but it wasn’t statistically
significant in the series of multivariate models. We were not able to find any
association between PLE and head injury, endocrine illnesses, pubertal status, or body
mass index. None of the perinatal factors were longitudinally associated with PLE,

neither for the whole sample nor for any of the offspring groups.
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We found that all diagnoses were significantly associated with the likelihood
of experiencing PLE at some time during the follow-up, with the exception of other
mood disorders and tic disorders. The association between psychiatric diagnoses and
PLE was similar with or without considering threshold or subthreshold PLE (Table
14). Although significant in both, the association was stronger for BP offspring than

for control offspring (Table 15).

Table 11: Demographic and Clinical Predictors from Intake and During Follow-Up for the Onset of PLE in All

Offspring™ .

Unadjusted Statistics p- Adjusted Statistics p-
Univariate (z) value Multivariate (z) value
Analysis, HR Analysis
95% CI) HR (95% CI)
Socio-demographics:
Gender: Female 1.03 (0.66, 1.61) 0.12 0.90 0.96 (0.62, 1.49) 0.18 0.85
Race: White 0.62 (0.35,1.09) 1.66 0.09
Living: Both parents 1.03 (0.67,1.58) 0.13 0.89
Age at intake 0.93 (0.87,0.99) 2.33 0.02 0.92 (0.87,0.98) 244 0.01
Years in the study 0.93 (0.87,0.99) 2.13 0.03
SES 0.97 (0.95,0.99) 2.72 <0.01 0.99 (0.97, 1.00) 149 0.13
Drop out 0.87 (0.22,3.48) 0.19 0.85
Parent's Psychopathology
(proband or co-parent)
Bipolar vs. Control parents 1.46 (0.88,2.24) 147 0.14
Bipolar with Psy 1.06 (0.69, 1.65) 0.28 0.78
PLE 0.95 (0.59,1.52) 0.22 0.83
Affective DO 0.57 (0.26,1.23) 143 0.15
DSM-IV-TR Psychopathology:
Axis I DO 6.52 (2.81,15.16) 4.36 <0.0001 3.1(1.3,7.36) 2.56 0.01
Axis I DO Major 5.93(2.92,12.03) 494 <0.0001
Axis I DO wo Psy 2.36(1.32,4.23) 2.89 <0.01
Axis I DO Major wo Psy 248 (1.47,4.17) 342 <0.001
Overall functioning:
CGAS/GAF min <70 5.09 (2.98,8.73) 5.94 <0.0001 2.94 (1.79,4.81) 4.30 <0.0001
CGAS/GAF current <70 5.31(341,8.28) 7.37 <0.0001
CGAS/GAF most severe past <70  5.02 (2.93, 8.60) 5.88 <0.0001
CGAS/GATF highest in the past 549 (3.67,8.21) 549 <0.0001
<70
1Q 0.98 (0.97, 1.00) 1.84 0.06
Medical History:
Physical or sexual abuse 2.74 (1.55,4.85) 346 <0.001 1.85(1.02,3.38) 201 0.04
Head injury 1.35(0.68,2.69) 0.86 0.39
Medication 1.78 (1.17,2.70) 2.68 0.01
Endocrine illness 0.61 (0.26, 1.45) 1.12 0.26
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Pubertal Status 0.71 (0.42,1.22) 1.23 0.22

BMI 1.01 (0.97, 1.06) 0.69 0.49
Perinatal Hx

Parental age at offspring's birth 0.96 (0.92,1.01) 1.57 0.12

Infections/injuries during 1.34 (0.77,2.36) 1.04 0.3
pregnancy

Birth weight 0.95(0.71,1.27) 0.36 0.72

SES: Socioeconomic status; Major DO: excluded Mood/Anxiety NOS, Tics, or Other. DO w/o Psy: Schizophrenia;
Schizophreniform; Psychosis NOS; Brief Psychosis. CGAS: Child Global Adjustment Scale; GAF: Global Assessment of
Functioning; 1Q: Intellectual Quotient; BMI: Body Mass Index

*Survival Time Varying model, adjusted by gender, age at intake and SES. AIC=1359.23. In bold p-values <0.05 included in
the multivariate analysis.

Fig. 10: Multivariate Adjusted Hazard Ratios (HR) to Develop PLE in all Offspring
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Table 12: Predictors from Intake and During Follow-Up for the Onset of PLE in Offspring Of  Bipolar
parents.
Unadjusted  Statistics Adjusted Statistics
Univariate (z) p-value Multivariate (z) p-
Analysis, HR Analysis, value
(95% CI) HR (95%
CDh
Socio-demographics:
Gender: Female 0.95 (0.36, 1.37) 021 0.84 0.85(0.51, 0.62 0.54
1.41)
Race: White 0.70 (0.36, 1.37) 1.04 0.29
Living with: Both parents 1.23 (0.75,2.03) 0.81 041
Age at intake 0.94 (0.87,1.01) 1.69 0.09 0.94 (0.87, 1.75 0.08
1.01)
Years in the study 0.92 (0.85,0.99) 1.99 0.05
SES first 0.98 (0.96,0.99) 248 0.01 0.99 (0.97, 1.22 022
1.01)
Drop out 0.77 (0.11,5.48) 0.25 0.79
DSM-IV-TR
Psychopathology:
Lifetime of any Axis I DO 40.78 (5.71, 3.69 <0.001 17.26 (2.39, 2.83 <0.01
291.4) 124.37)
Lifetime of any Axis I DO 14.46 (546, 5.37 <0.0001
Major 38.34)
Lifetime of any Axis I DO 2.02(0.93,4.37) 1.78 0.07
wo Psy
Lifetime of any Axis I DO 249 (1.23,5.01) 2.55 0.01
Major wo Psy
Functionality:
CGAS/GAF min <70 6.89 (3.67, 5.99 <0.0001 3.05(1.63, 349 <0.0001
12.97) 5.72)
CGAS/GAF current <70 5.16 (3.14,8.47) 648 <0.0001
CGAS/GAF most severe 7.5(3.89, 14.47) 6.01 <0.0001
past <70
CGAS/GAF highest in the 5.73 (3.58,9.17) 7.29 <0.0001
past <70
Medical Hx:
Lifetime hx of any physical ~ 2.65 (1.45, 4.86) 3.16 <0.01 1.96 (1.05, 2.11 0.03
or sexual abuse 3.67)
Lifetime hx of any head 1.31(0.6,2.85) 0.69 049
injury
Lifetime hx of any 0.59 (0.21, 1.71) 095 0.34
endocrine illness
Lifetime hx of any 1.96 (1.15,3.32) 249 0.01
medication
Pubertal Status 0.69 (0.37,0.94) 1.17 0.24
BMI 1.02 (0.97,2.85) 0.71 048
1Q: Intellectual Quotient; CGAS: Child Global Adjustment Scale; GAF: Global Assessment of Functioning; BMI:
Body Mass Index; Major DO: excluded Mood Anxiety NOS, Tics, or Other Do.
DO wro Psy: Schizophrenia DO; Schizophreniform DO; Psychosis NOS DO; Brief Psychosis.
Survival Time Varying model, adjusted by gender, age at intake, and SES at intake.
In bold p-values <0.05 included in the multivariate analysis. AIC=848.92.
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Table 13: Predictors from Intake and During Follow- Up for the Onset of PLE in

Offspring Of Community Parents.

Unadjusted  Statistic p- Adjusted Statistics  p-
Univariate (z) value  Multivariate (z) value
Analysis, HR Analysis, HR
95% CI) 95% CI)
Socio-demographics:
Gender: Female 1.32 (0.58,3.01) 0.67 0.51
Race: White 047 (0.17,1.3) 1.44 0.15
Living with: Both parents 0.76 (0.31, 1.66) 0.15 049
Age at intake 0.9 (0.81,1.01) 2.12 0.08 0.9 (0.8,1.01) 1.75 0.08
Years in the study 0.95(0.83,1.07) 0.87 0.39
SES first 0.97 (0.92,1.02) 1.29 0.19
Drop out 1.19 (0.17,8.24) 0.18 0.86
DSM-IV-TR Psychopathology:
Lifetime of any Axis I DO 291 (1.13,7.45) 222 0.03 1.65 (0.66, 1.07 0.28
4.09)
Lifetime of any Axis I DO Major 297 (1.14,7.72) 2.23 0.03
Lifetime of any Axis I DO wo Psy  2.65 (1.08, 6.5) 1.78 0.03
Lifetime of any Axis I DO Major 2.18 (0.92,5.14) 2.55 0.08
wo Psy
Overall functioning:
CGAS/GAF min <70 349 (1.4728.29) 2.84 <0.01 2.78 (1.24, 247 0.01
6.27)
CGAS/GAF current <70 5.67 (248 4.11 <0.0001
12.97)
CGAS/GAF most severe past <70  3.16 (1.36,7.32) 2.68 <0.01
CGAS/GAF highest in the past 5.18 (2.53, 10.6) 451 <0.0001
<70
Medical History:
Lifetime of any physical or sexual 144 (0.19, 0.35 0.72
abuse 10.83)
Lifetime of any head injury 1.19 (0.29,4.81) 0.25 0.8
Lifetime of any endocrine illness 0.64 (0.19,2.15) 0.72 047
Lifetime of any medication 1.18 (0.62,2.26) 0.5 0.62
BMI 1.01(0.93,1.1) 0.33 0.74
1Q: Intellectual Quotient; CGAS: Child Global Adjustment Scale; GAF: Global Assessment of Functioning; BMI: Body
Mass Index; Major DO: excluded Mood/Anxiety NOS, Tics, or Other. DO w/o Psy: Schizophrenia DO; Schizophreniform
DO; Psychosis NOS DO; Brief Psychosis.
Survival Time Varying model, adjusted by gender, age at intake, and SES at intake. In bold p-values <0.05 included in the
multivariate analysis. AIC=373.31.
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Table 14: Adjusted Prior Diagnoses and Hazard to Develop Subsequent PLE in All Offspring.

Offspring with PLE (n=95) vs. offspring Offspring with PLE threshold (n=33) vs. Offspring with PLE subthreshold
w/o PLE (n=542) w/o PLE (n=542) (n=62) vs. offspring w/o PLE (n=542)
Hazard 95% Confidence p-value Hazard 95% Confidence p-value Hazard 95% Confidence p-value
ratio Interval ratio Interval ratio Interval
Affective DO 3.83 248,592 <0.0001 4.17 1.97,8.85 <0.001 494 273,74 <0.0001
Major Depression DO 2.76 1.79,4.27 <0.0001 2.82 144,555 <0.01 3.13 1.77,5.55 <0.001
Bipolar DO (I, II, NOS) 3.99 248,641 <0.0001 474 2.09,10.79 <0.001 4.86 271,87 <0.0001
Other Mood DO* 1.51 0.92,2.49 0.10 191 0.92,3.99 0.08 1.29 0.63,2.61 048
Psychotic DO 1323 9.18,19.06 <0.0001 3231 18.32,56.98 <0.0001 NA NA NA
Non-affective Psychotic DO* 11.15 6.83,18.2 <0.0001 20.95 10.88,40.36 <0.0001 NA NA NA
Affective Psychotic DO** 11.34 7.95,16.17 <0.0001 21.81 12.39,38.38 <0.0001 NA NA NA
Anxiety DO 3.70 241,5.67 <0.0001 5.07 2.48,10.38 <0.0001 3.49 2.07,5.86 <0.0001
Major Anxiety DO 3.78 241,593 <0.0001 4.13 19,897 <0.001 4.55 278,745 <0.0001
Other Anxiety DO*** 277 1.80,4.28 <0.0001 3.68 1.85,7.33 <0.001 2.81 1.61,4.89 <0.001
Attention Deficit and 2.02 1.28,3.19 <0.01 2.00 095,423 0.07 2.83 1.67,4.82 <0.001
Hyperactivity DO
Conduct DO/Disruptive 291 1.78,4.75 <0.0001 298 1.31,6.78 <0.01 421 245,725 <0.0001
Behavioral DO
Post Traumatic Stress DO 2.57 1.17,5.64 0.02 247 0.63,9.69 0.19 3.57 1.79,7.14 <0.001
Eating DO 325 1.66,6.37 <0.001 2.89 09,9.24 0.07 355 1.5,8.09 <0.01
Substance Abuse or Dependence 1.8 1.11,291 0.02 1.69 0.81,3.51 0.16 2.11 1.09,4.01 0.03
DO
Tic DO 228 0.71,7.29 0.16 324 0.62,16.85 0.16 1.52 0.26,8.95 0.64
Other DO**** 1.75 1.06,2.88 0.03 236 1.11,5.02 0.03 1.18 0.61,2.28 0.62
*Dysthymia, Depression NOS, Adjustment DO, Mood NOS; Schizophrenia, Schizophreniform, Psychosis NOS, and Brief Psychotic; **Bipolar I and Major Depression with psychotic features,
Schizoaffective. ***Specific phobia, Anxiety NOS, Adjustment DO with Anxiety, Enuresis, Encopresis; **** learning problems; sleep DO; ADHD or CD NOS; relational problems.
Survival Time Varying model, adjusted by gender, age at intake, and SES. In bold p-values <0.05. NA: Not applicable or convergence problems.
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Table 15: Adjusted Prior Diagnoses and Hazard to Develop subsequent PLE in all Offspring, Offspring of Bipolar, and Offspring of Controls.

Offspring with PLE (n=95) vs. offspring w/o BP Offspring with PLE (n=66) vs. w/o Control Offspring with PLE (n=29) vs.
PLE (n=542) PLE (n=324) w/o PLE (n=218)
Hazard 95% Confidence  p-value Hazard 95% Confidence  p-value Hazard 95% Confidence  p-value
ratio Interval ratio Interval ratio Interval
Affective DO 3.83 248,592 <0.0001 4.57 2.65,7.88 <0.0001 2.5 1.06,591 0.04
Major Depression DO 2.76 1.79,4.27 <0.0001 2.51 1.48,4.26 <0.001 358 1.54,8.34 <0.01
Bipolar (I, IT, NOS) 3.99 248,641 <0.0001 4.11 2.45,6.89 <0.0001 321 0.77,13.38 0.11
Other Mood DO' 1.51 0.92,2.49 0.10 1.81 1.07,3.06 0.03 0.59 0.13,2.66 0.49
Psychotic DO 13.23 9.18, 19.06 <0.0001 12.62 8.39,18.97 <0.0001 13.01 6.67,25.36 <0.0001
Non-affective Psychotic DO} 11.15 6.83,182 <0.0001 10.53 592,18.74 <0.0001 15.15 4.66,49.19 <0.0001
Affective Psychotic DO 11.34 7.95,16.17 <0.0001 1091 7.35,16.19 <0.0001 12.92 6.21,26.88 <0.0001
Anxiety DO 3.70 241,5.67 <0.0001 404 24,6.79 <0.0001 294 145,598 <0.01
Major Anxiety DO** 378 241,593 <0.0001 395 2.22,7.03 <0.0001 3.14 1.48,6.46 <0.01
Other Anxiety DO 2.77 1.80,4.28 <0.0001 2.83 1.69,4.73 <0.0001 2.35 1.16,4.7 0.02
Attention Deficit Hyperactivity 2.02 1.28,3.19 <0.01 1.63 0.97,2.73 0.06 3.19 1.39,7.31 <0.01
DO
Conduct/Disruptive Behavioral 291 1.78,4.75 <0.0001 25 14,446 <0.01 4.02 1.8,8.96 <0.001
DO
Post-Traumatic Stress DO 2.57 1.17,5.64 0.02 1.79 0.75,4.28 0.19 423 1.29,13.82 0.02
Eating DO 325 1.66,6.37 <0.001 3.62 1.87,7.03 <0.001 NA NA NA
Substance Abuse/Dependence DO 1.8 1.11,291 0.02 1.73 0.97,3.06 0.06 1.88 0.79,4 .46 0.15
Tic DO 2.28 0.71,7.29 0.16 2.57 0.86,7.47 0.09 NA NA NA
Other DOe 1.75 1.06,2.88 0.03 142 0.81,2.49 0.22 2.76 1.08,7.06 0.03
'Dysthymia, Depression NOS, Adjustment DO with Depression, other Mood NOS. 7Schizophrenia, Schizophreniform, Psychosis NOS, Brief Psychotic; 771Bipolar, Major Depression with
psychotic features, Schizoaffective. *Panic, Separation Anxiety, Avoidant, Social Phobia, Agoraphobia, Generalized Anxiety, Obsessive Compulsive; **Specific phobia, Anxiety NOS,
Adjustment DO with Anxiety, Enuresis, Encopresis; ® learning problems; sleep DO; ADHD or CD NOS; parent-child relational problems; sibling relational problems.
Survival Time Varying model, adjusted by gender, age at intake, and SES at intake. In bold p-values <0.05. NA: Not applicable or convergence problems.
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In a second unpublished analysis, we focused only on those 79 offspring who
reported PLE symptoms during the study who did not develop any psychotic disorder
(n=16), and we divided the sample into four at-risk groups: BD offspring with (1) or
without (2) any psychiatric disorder, and community offspring with (3) or without (4)
any psychiatric disorder (Fig. 11, Table 16). Interestingly, offspring of BD with any
psychiatric disorder had a 13-fold increased likelihood of PLE (HR = 13.02; 95% CI
12.05, 107.73, p < 0.01), as compared with a 2-fold increased risk among community
offspring with an existing disorder (HR = 2.04; 95% CI 1.35-76.61, p = .05). Being
from the group of offspring without any psychiatric disorder did not have any
association with an increased risk of PLE. Results were partially confirmed when we

focused only on the onset of PLE during follow-up (N=51).

Fig. 11: Four at-risk groups of PLE during follow-up.
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Table 16: Association of Risk for PLE Using BP Offspring without Diagnosis as a Reference.

Hazard 95% Statistics (z) p-value
Ratio Confidence
Interval
PLE_Reported wo Psy DO (n=79)

BP offspring with Any Dx 13.02 2.05,107.73 2.54 0.01
Offspring from community w/o Any Dx 5.7 0.67,48.25 1.62 0.10
Offspring from community Any Dx 204 1.35,76.61 1.97 0.05
PLE_FUP wo Psy DO during (n=51)

BP offspring with Any Dx 8.18 1.11,60.29 2.06 0.04

Offspring from community w/o Any Dx 432 0.49,37.19 1.32 0.19

Offspring from community Any Dx 5.99 0.76,46.89 1.71 0.09

PLE: Psychotic-Like Experiences; wo: without; Psy DO: psychotic disorder; Dx: Diagnosis.
Cox-mixed effects regression models controlling for within family correlation.
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5.1.2.4. Predictors of risk for psychotic disorders during follow-up.

Sixteen offspring (2.5%, 16/637) met diagnostic criteria for a psychotic
disorder, 7 at intake (5 non-affective psychoses, 2 affective psychoses) and 9 during
follow-up (4 non-affective psychoses, 5 affective psychoses). All offspring who
developed a psychotic disorder during follow-up (9) reported PLE in the interviews, 2
at intake and 7 at follow-up (transition rate 7.9%, 0.99%/year). Two risk factors at
baseline were found to be associated with the onset of any psychotic disorder during
follow-up (Table 17): 1) Low levels of functioning based on current CGAS (HR =
4.37; 95% CI 1.10, 17.15, p = 0.03); 2) self-reported PLE based on CBCL (HR =
8.97; 95% CI 1.18, 67.27, p =0.03). Puberty status at intake was found to be at

marginal risk (HR =5.46; 95% C10.82,35.7, p =0.07).

Table 17: Intake Risk Factors Before Onset of Axis I Psychotic Disorders "de novo" during Follow-Up

(n=9).
Hazard 95 % Statistics p-value
Ratio Confidence (z)
Interval
Demographics at intake
Gender: Female 0.83 0.22,3.16 0.97 0.79
Race: White 1.05 0.17,6.25 0.06 0.95
Living with: Both parents NA NA NA NA
Age at intake 1.14 0.86,1.49 0.92 0.36
Parent's Psychopathology (proband or co-
parent)
Bipolar parents vs. Community control 1.29 0.29,5.64 0.35 0.73
parents
Family hx for Bipolar with Psychotic 0.80 0.09,7.07 02 0.84
Features Subtype
Family hx for PLE symptoms 0.53 0.06,4.55 0.57 0.57
Perinatal Hx
Parental age at offspring's birth 0.95 0.84,1.07 09 0.37
Infections or any injury during pregnancy 0.57 0.07,4.74 0.52 0.6
Medication exposure during pregnancy
Alcohol or drug exposure during pregnancy 1.14 0.26,5.05 0.18 0.86
Complications during delivery 0.94 0.22,4.06 0.08 0.94
Weight at birth 1.14 043297 0.26 0.8
Self-reported psychosis at intake

83



RESULTS

Self_Reported Psychotic Threshold or 8.97 1.18,67.27 2.12 0.03
Subthreshold Symptoms
Self_Reported Psychotic Threshold 4.02 043,37.50 1.22 022
Symptoms
Self_Reported Psychotic Subthreshold 3.59 0.58,22.26 1.38 0.17
Symptoms
PLE_Reported Threshold or Subthreshold at NA NA NA NA
Intake
Functionality at intake
CGAS/GAF current_<60 437 1.10,17.15 2.1 0.03
CGAS/GAF most severe past_<60 2.60 0.62,10.92 1.3 0.19
CGAS/GAF highest in the past_<60 6.06 1.53,23.85 2.56 0.01
Any psychiatric diagnosis at intake 0.86 021,349 02 0.84
Medical history at intake
Head_Intake NA NA NA NA
Hormone_Intake NA NA NA NA
Med_Intake 0.59 0.15,2.46 0.71 0.48
BMI_Intake 1.03 0.94,1.15 0.69 0.49
Phy_Sex_Intake 1.27 0.13,11.87 021 0.83
Pubertal_Intake 5.46 0.82,35.57 1.77 0.07

Excluded 7 cases with Axis I Psychotic DO at intake

Hx: History; PLE: psychotic-like symptoms reported at face-to-face interview; CGAS: Child Global Adjustment Scale;
GAF: Global Assessment of Functioning.

Cox regression models controlling for within family correlation. NA: not applicable, model failed to converge. Pearson's
X-squared test with Yates's continuity correction. In bold p-values <0.1.

5.1.2.5. The validity of self-reported questionnaires for measuring
PLE.

Finally, we performed an exploratory analysis of the level of consistency
between PLE reported during face-to-face interviews and PLE self-reported in the
CBCL/YSR/TRF questionnaires (Achenbach, 1991). For this analysis we focused on
the data from baseline to year 7.

178 offspring (27.9%) self-reported psychotic symptoms at some point during
the study, compared to 95 (14.9%) when they were interviewed directly. The relation
between self-reported PLE and face-to-face PLE was evaluated as “fair agreement”
on the kappa scores (K=0.21; 95% CI: 0.12,0.29; p <0.0001), but not confirmed when
threshold and subthreshold scores were compared separately (K=0.16 and 0.06; p
<0.03 and 0.15 respectively) (Table 18).

The self-reported psychosis were found associated with any previous Axis I

DO (OR =2.53; 95% CI 1.49, 3.04; p < 0.0001), with a specific association for BP or
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Schizoaffective disorders (OR = 26.9; 95% CI:3.36, 444.9; p < 0.01), followed by
Schizophrenia-like disorders (OR=12.2; 95% CI 3.12,48.36; p < 0.001 (Table 19).
Self-reported PLE did not increase the frequency of face-to-face reported PLE

during the follow-up and were not included in the study.

Table 18: Kappa agreement between PLE reported and Self-reported Psychotic Symptoms.

Cohen's 95 % Statistics P-value Judgment
Kappa Confidence (z)
Interval
Psychosis threshold and subthreshold 0.205 0.12,0.29 427 <0.0001  Fair agreement
symptoms
Psychosis reported threshold and subthreshold
Self-psychosis threshold and subthreshold
Psychosis threshold symptoms 0.16 0.01,0.31 1.93 0.03 Slight
agreement
Psychosis reported threshold
Self-psychosis threshold
Psychosis threshold and subthreshold 0.06 0.05,0.17 1.01 0.15 Slight
symptoms agreement
Psychosis reported subthreshold
Self-psychosis subthreshold
PLE reported: psychotic-like symptoms based on KSADS; Self-reported Psy: psychotic-like symptoms based on
CBCL/TRF/YSR.

Table 19: Adjusted Prior Diagnoses and Hazard to Develop Subsequent Self-Psy in All Offspring.

Offspring with Self-Psy (n=178) vs. offspring w/o Self-Psy (n=459)
Hazard ratio 95% Confidence p-value
Interval

Any Axis I DO 2.12 1.49,3.04 <0.0001

Major Depression DO 1.15 0.74,1.79 0.54

Bipolar DO (I, II, NOS) 1.6 0.93,2.76 0.09

Affective Psychotic DO* 269 3.36,4449 <0.01

Non-affective Psychotic DO** 12.2 3.12,48.36 <0.001

Major Anxiety DO 2.18 1.49,3.17 <0.0001

Attention Deficit and Hyperactivity DO 2.17 147,3.19 <0.0001

Conduct DO/Disruptive Behavioral DO 229 1.47,3.56 <0.001

Post Traumatic Stress DO 1.31 0.6,2.84 0.49

Eating DO 428 1.15,1591 0.03

Substance Abuse or Dependence DO 0.69 042,1.15 0.16

Any PDD 1.46 0.46,4.62 0.52

Any Other DO*** 1.85 1.19,2.85 <0.01
Self-Psy: Self-reported psychosis based on CBCL scores; DO: disorder; *Bipolar I and Major Depression with
psychotic features, Schizoaffective; **Schizophrenia, Schizophreniform, Psychosis NOS, and Brief Psychotic; ***
learning problems; sleep DO; ADHD or CD NOS; adjustment DO with Anxiety, Enuresis, Encopresis; relational

roblems.

{,S'urvival Time Varying model, adjusted by gender, age at intake, and SES. In bold p-values <0.05.
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5.2. Study 2: “Functional impairment and clinical correlates in adolescents
with bipolar disorder compared to healthy controls. A case-control

study”.

5.2.1. BD adolescents’ sample: BD with psychotic symptoms vs. BD

without psychotic symptoms.

5.2.1.1. Socio-demographics, medical and family past history.

Our preliminary approach was to focus on analyzing the phenomenon of
psychotic symptoms in a clinical presentation and functional performance of the
bipolar sample. A total of 47 BD were recruited for the study, the majority (40,
85.1%) from BD type I (Table 20). Most BD recalled an early first contact with
mental health services, at a mean age of 10.5+4.1 years, with a formal diagnosis of
BD five years later. Comorbidity was very frequent (90%), mainly with anxiety
disorders (61.7%) (Table 21). All BP subjects were under pharmacological treatment
at the time of the study, with an average of at least two psychotropic medications,
antipsychotics (79.5%), followed by lithium (61.9%) (Table 20).

74.5% of BD adolescents (35/47) reported lifetime psychotic symptoms at
some point of the history, half of them (22/35, 46.8%) at threshold level based on the
DSM-5 classification (Table 20). BD with threshold psychosis compared to BD with
subthreshold psychosis or without psychosis at all (Table 21), was significantly
associated with a longer duration of hospitalization [53.7 + 11.1 vs. 209 = 11.1; OR
1.06 (1.0, 1.11), p=0.03] and a higher number of medications at present [2.4 + 0.9
vs.1.8 £ 0.8; OR 2.55 (1.19, 5.43), p=0.01], mainly antipsychotics and lithium. On the

contrary, BD without psychosis reported more comorbidity with anxiety and had an
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earlier first hospitalization [2.4 + 0.9 vs.1.78 £ 0.8; OR 2.55 (1.19,5.43), p=0.01]. We
did not find any statistically significant association between psychosis and number of

episodes, or family history of mental disorder.

Table 20: Phenomenology of Bipolar Subjects (N=47)

Mood DO characteristics

Bipolar subtype: Bipolar I (n, %) 40 (85.1)
Lifetime Psychotic symptoms: Yes (n, %) 35(74.5)
Psychosis threshold (n, %) 22 (46.8)
Psychosis subthreshold (n, %) 13 (27.7)
Age first diagnosis any Mood DO (mean, SD) 13.66 +2.38
Age first diagnosis Bipolar DO (mean, SD) 15.00 +1.99
Polarity first Bipolar Episode:
Mania (n, %) 14 (29.8)
Depression (n, %) 33(70.2)
Hospitalizations: Yes (n, %) 35 (74.5)
Number hospitalizations (mean, SD) 1.91+£1.99
Duration hospitalizations in days (mean, SD) 37.80 + 60.18*
Age first hospitalization (mean, SD) 1446 +1.77
Psychiatric Hx
Previous contact with Mental Health: Yes (n, %) 44 (93.6)
Age first contact Mental Health (mean, SD) 1049 £4.12
Reasons for referral (46/47):
Emotional problems (n, %) 21 (45.7)
Behavioral problems (n, %) 13 (28.3)
Anxiety problems (n, %) 6 (13)
Neurodevelopmental problems (n, %) 3(6.5)
Other (n, %) 3(6.5)
Previous psychiatric diagnosis: Yes (n, %) 44 (93.6)
Affective DO (n, %) 15 (31.9)
ADHD (n, %) 8 (17.0)
ODD/CD (n, %) 6 (12.8)
Anxiety DO (n, %) 6 (12.8)
OCD (n, %) 2(4.3)
AN/BN (n, %) 5(10.6)
Psychotic DO (n, %) 1(2.1)
Other DO (n, %) 1(2.1)
Past treatment
Previous treatments: Yes (n, %) 37 (78.7)
Number of previous treatments: Yes (n, %) 2.11 £0.84
Previous exposure to antipsychotics: Yes (n, %) 29 (61.7)
Mean exposure to Chlorpromazine in the past (mean, SD) 236.80 +219.55

Time exposure Chlorpromazine in days (mean, SD)

Current treatment

33583 +£351.27

Current treatment: Yes (n, %) 47 (100)
Number of current treatments: Yes (n, %) 209 +£0.93

Antipsychotics when RMN: Yes (n, %) 38 (80.9)
Doses Chlorpromazine (mean, SD) 262.25 + 189.86
Time exposure Chlorpromazine in days (mean, SD) 219.08 +400.38
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Lithium when RMN: Yes (n, %)
Doses Lithium (mean, SD)
Time exposure Lithium (mean, SD)
Antidepressants when RMN: Yes (n, %)
Doses (mean, SD)
Antiseizures when RMN: Yes (n, %)
Doses (mean, SD)

29 (61.7)
595.74 + 494.29
107.17 + 228.14
7(14.9)
36.25 +33.08
12 (25.5)
562.5 + 534.12

SD: standard deviation; DO: disorder; OCD: obsessive-compulsive disorder; AN/BN: anorexia or bulimia nervosa; ADHD:
attention deficit/ hyperactivity DO; CD/ODD: conduct or oppositional Defiant DO; PTSD: post-traumatic stress DO.
*1 BD had a diagnosis of TCA with 368 days on inpatient unit.

Table 21: Socio-demographic, Family, Medical and Psychiatric History of Bipolar with Psychosis vs.

without Psychosis.

Socio-demographics

Sex: Female (n, %)

SES (mean, SD)

Age at intake (mean, SD)

Family Hx

1st degree Psychiatric Family Hx (n, %)

Mood DO characteristics

Age first diagnosis any Mood DO (mean, SD)
Age first diagnosis Bipolar DO (mean, SD)
Hospitalizations: Yes (n, %)
Number hospitalizations (mean, SD)
Duration hospitalizations in days (mean, SD)
Age first hospitalization (mean, SD)
YMRS (mean, SD)
HDRS_17 (mean, SD)
BDI (mean, SD)
PANSS total (mean, SD)
SOPS (mean, SD)
SCARED (mean, SD)
Conners_total (mean, SD)
SIQ (mean, SD)
Suicidal ideation (n, %)
Suicidal attempt (n, %)
Number of suicidal attempt (mean, SD)
Self-injurie behavior (n, %)
Psychiatric Hx
Previous contact with Mental Health: Yes (n, %)
Age first contact Mental Health (mean, SD)
Past and current psychiatric diagnosis: Yes (n, %)
Comorbidity (n, %)
Affective DO (n, %)
ADHD (n, %)
ODD/CD (n, %)
Anxiety DO (n, %)
OCD (n, %)

Bipolar with
Psy N (22)

11 (50.0)
4207 + 14.67
1581 +1.79

15 (68.2)

14.18 +2.08
1509 + 1.85
18 (81.8)
1.72 £ 1.07
5372 £81.08
1505 + 1.62
6.18 £5.56
586+ 6.34
15.75 + 13.11
55.14 £ 19.36
2723 +2033
26.16 + 17.88
63.83 +16.29
1555 +19.39
8 (36.4)
5(22.7)
1.17£0.75
5(22.7)

20 (90.9)
1105 +3.85
18 (81.8)
18 (81.8)
22 (100)

8 (36.4)
4(182)
9 (40.9)
1(4.5)

Bipolar Univariate Analysis  p-value
w/o Psy OR (95%CI)
N (25)
13 (52.0) 092 (0.29,2.9) 0.89
49.58 +12.38 0.96 (0.92,1.0) 0.07
1584 £2.21 1.08 (0.8, 1.45) 0.62
20 (90.9) 0.21 (0.04,1.18) 0.08
13.02 £2.57 1.21(0.92,1.6) 0.17
150+1.98 1.03 (0.76,1.39) 0.87
17 (68.0) 2.12 (0.54,8.34) 0.28
2.12+£2.67 0.89 (0.62,1.3) 0.57
2094 £ 11.13 1.06 (1.0,1.11) 0.03
13.82+1.74 1.55(1.01,24) 0.05
8.08 £ 6.88 0.95 (0.86, 1.05) 03
7.56 +£6.24 0.95 (0.87,1.05) 0.36
18.48 £16.31 0.99 (0.95,1.03) 0.54
51.63 £20.48 1.01 (0.98,1.04) 0.55
22.16 £ 15.88 1.02 (0.98,1.05) 0.34
31.85+20.97 0.98 (0.95,1.02) 0.36
7195+ 17.63 0.97 (0.93,1.01) 0.15
21.1+£21.34 0.99 (0.95,1.02) 0.38
15 (60.0) 038 (0.12, 1.24) 0.11
10 (40.0) 0.44 (0.12, 1.58) 021
1.8+0.79 0.29 (0.05,1.55) 0.15
7(28.0) 0.76 (0.2,2.85) 0.68
24 (96.0) 0.42 (0.03,494) 0.49
10.00 = 4.37 1.07 (0.92,1.22) 0.38
24 (96.0) 2.06 (0.18,23.16) 0.56
24 (96) 0.19 (0.02, 1.82) 0.15
25 (100) NA NA
6 (24.0) 1.81(0.51,64) 0.36
9 (36.0) 0.39(0.1,1.53) 0.18
20 (80.0) 0.17 (0.05,0.63) <0.01
3(12.0) 0.35(0.03,3.63) 0.38
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AN/BN (n, %) 5(22.7)
Other DO (n, %) 4(18.2)
Hx drugs: abuse/dependence vs. sporadic/absent 9 (40.9)
Hx drugs: sporadic/abuse/dependence vs. absent 15 (68.2)
Current treatment
Current treatment: Yes (n, %) 22 (100)
Number of current treatments: Yes (n, %) 245+091
Antipsychotics when RMN: Yes (n, %) 20 (90.9)
Doses equivalent Chlorpromazine (mean, SD) 343.62 +
208.23
Lithium when RMN: Yes (n, %) 17 (77.3)
Doses Lithium (mean, SD) 736.36 +
442 44
Antidepressants when RMN: Yes (n, %) 5(22.7)
Doses Antidepressants (mean, SD) 47.5+3594
Antiseizures when RMN: Yes (n, %) 4(18.2)
Doses Antiseizures (mean, SD) 656.25 +
631.92

SES: socio-economic status; SD: standard deviation; Hx: History; DO: disorder; ADHD: Attentional Deficit and

Hpyperactive DO;

ODD: Oppositional Defiant DO; OCD: Obsessive-compulsive disorder; AN/BN: Anorexia or Bulimia nervosa.

In bold p-values =<0.05

7(28.0)
9 (36.0)
11 (44)
15 (60)

25 (100)
1.76 +0.83
18 (72.0)
17183+ 1164

12 (48.0)
4720 +512.77

2(8.0)
1375 £ 8.88
8 (32.0)

51563
519.26

0.76 (0.2,2.85)
0.39 (0.1, 1.53)
0.88 (0.28,2.81)
143 (0.43,4.75)

NA
2.55(1.19,5.43)

3.89(0.71,21.19)

101 (101, 1.02)

3.68 (1.04,13.1)
1(1.00,1.02)

3.38(0.58,19.57)

NA
047 (0.12,1.86)
1.01(0.99,1.01)

0.68
0.18
0.83
0.56

NA
0.01
0.12
0.01

0.04
0.07

0.17
NA
0.28
0.65

5.2.1.2.

Functionality and academic performance.

Contrary to previous studies, the presence of psychotic symptoms was not

significantly associated with lower functional

impairment,

performance or a higher exposure to stressful life events (Table 22).

Table 22: Functionality of Bipolar with Psychosis vs. Threshold Psychosis.

worse academic

Bipolar with
Psy N (22)
Live events and functionality
CGAS (mean, SD) 59.86 + 12.81
PAS (mean, SD) 40+1.83
Overall academically performance: 10 (45.5)

good (n, %)
SLES_number of events (adolescents) (mean, SD)

SLES_impact (adolescents) (mean, SD)

13.79 £ 10.63
39.16 £ 35.09

Bipolar
w/o Psy
N (25)

5996 +11.72
45+3.54
11 (44.0)

147+11.22
46.8 +4291

Univariate Analysis

OR (95%CI)

0.99 (0.95,1.05)
0.94 (0.75,1.17)
1.06 (0.33,3.36)

0.99(0.93,1.05)
0.99(0.99,1.01)

CGAS: Child Global Adjustment Scale; SLES: stresstul live events schedule. In bold p-values =<0.05

p-value

0.98
0.57
0.92

0.79
0.54
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5.2.2. BD adolescents vs. Healthy Control adolescents.

5.2.2.1. Socio-demographics and clinical presentation of both

groups: bipolar disorder and healthy adolescents.

A total of 47 BD and 44 HC were originally included in the study. However,
due to limitations of conditional regression models, 3 BD had to be excluded from the
case-control comparison tables in order to match the two groups 1:1. In addition,
matched-pairs were of similar age + 2 years and of the same gender. The sample that
was finally selected (n=88, 44 BD and 44 HC) was mostly Caucasian (88, 96.7%),
and lived with both biological parents (62, 68.1%). Only three (3.3%) BD and none of
the HC were adopted. A lower socioeconomic status was significantly associated with
BD [46.1 £ 139 vs. 533 +11.1; OR 0.95 (091, 0.99), p=0.01], and was adjusted for
in the final models (Table 23).

BD and HC were similar in terms of previous medical history, except for a
higher proportion of medical hospitalizations in the past [40.9% vs. 18.2%; OR 2.67
(1.04, 6.81), p=0.04]. Most participants were pubertal at the time of inclusion
(91.2%). As expected, BD was significantly associated with a family history of
mental disorders in first-degree relatives (p<0.001), and the strongest association was
with affective disorders [61.4% vs. 9.1%; OR 9.75 (2.59, 36.61), p<0.001]. Only one
BD and no HC had a family history of psychosis (Table 23).

As expected, none of the controls had a major psychiatric diagnosis. However,
sporadic or recreational drug use was quite prevalent in both groups (70%), with
alcohol as the most popular drug, followed by tobacco and cannabis. Full criteria for
substance abuse or dependence was clearly associated with BD [42.6% vs. 16.3%; 3.5

(1.15,10.63), p=0.03] (Table 24).
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Table 23: Socio-demographic, Family and Medical History of Bipolar vs. Healthy Control

subjects.

Whole sample Bipolar Control Univariate  p-value
N (88) I/II group group Analysis
N (44) N (44) OR (95% CI)
Socio-demographics
Age at intake (mean, SD; max and 16.07 £1.82 (12, 1619 16.14 £ 1.75 MV MV
minimum) 19)
Sex: Female (n, %) 48 (54.5) 24 (54.5) 24 (54.5) MV MV
Race: White (n, %) 85 (96.6) 41 (93.2) 44 (100) NA NA
Adopted: No (n, %) 86 (97.7) 42 (95.5) 44 (100) NA NA
Living with biological parents at 60 (68.2) 29 (65.9) 31(70.5) 0.83(0.36,1.93) 0.67
intake (n, %)
SES at intake (mean, SD; max and 49.66 + 12.94 46.07 = 53.26 + 0.94 (0.89,0.98) 0.01
minimum) (13, 66) 13.77 11.08
Psychiatric Family Hx
1st degree Psychiatric Family Hx (n, 43 (48.9) 33 (75) 10 (22.7) 9 (2.63,29.67) <0.001
%)
Family Hx of Psychotic DO (n, 1(23) 0 NA NA
%)
Family Hx of Affective DO (n, %) 30 (34.1) 26 (59.1) 409.1) 12.5(2.96,52.77) <0.001
Family Hx of Anxiety DO (n, %) 6 (6.8) 2 (4.5) 4(9.1) 0.5 (0.09,2.73) 042
Family Hx of Drug Abuse DO (n, 2(2.3) 1(2.3) 1(2.3) 1 (0.06, 15.99) 0.99
%)
Family Hx of Other DO (n, %) 4(45) 3(6.8) 1(2.3) 3(0.31,28.84) 0.34
1st degree Suicidal Family Hx (n, %) 6 (13.6) 0 NA NA
Medical Hx
Perinatal complications: Yes (n, %) 21 (23.9) 12 (27.3) 9 (20.5) 1.6 (0.52,4.89) 041
Weight at birth (mean, SD; max and 324+053(19, 323+055 324+052 091(0.34,247) 0.86
minimum) 4.5)
Past medical Hx: Yes (n, %) 65 (73.9) 35(79.5) 30 (68.2) 2.0(0.68,5.85) 0.21
Past hospitalizations: Yes (n, %) 26 (29.5) 18 (40.9) 8 (18.2) 2.67 (1.04,6.81) 0.04
Allergies: Yes (n, %) 18 (20.5) 10 (22.7) 8 (18.2) 1.33(0.46,3.84) 0.59
Autoimmune DO: Yes (n, %) 49.1) 0 NA NA
Pubertal: Yes, Tanner 4-5 (n, %) 82 (93.2) 41 (93.2) 41 (932) 1(0.21,4.95) 1
OR: odds ratio; CI: confidence interval; SD: standard deviation; SES: socioeconomic status, Hx: history; DO: disorder;
MV': Matching variable; NA: Not applicable.
& All cases and controls matched by gender and age. In bold p-values =<0.05.
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Table 24: Psychiatric History of Bipolar vs. Healthy Control Subjects.

Bipolar Control Univariate p-value
I/l group group N Analysis
N (44) (44) OR (95% CI)
Past Psychiatric Hx
Previous contact with Mental Health: Yes (n, %) 41 (93.2) 17 (38.6) 13 (3.09,54.77) <0.001
Age first contact (mean, SD) 10.86 +3.99 7.76 = 1.75 (0.99, 3.09) 0.06
321
Previous psychiatric diagnosis: Yes (n, %) 40 (90.9) 3(6.8) 12 (2.84,50.77) <0.001
Lifetime Psychiatric DO (past and current)
Number of current Diagnostics (mean, SD) 23+147 0.16 + NA NA
0.37
Lifetime comorbidity hx: Yes (n, %) 39 0 NA NA
(88.6)
Lifetime Psychotic DO (n, %) 0 0 NA NA
Lifetime Affective DO (n, %) 44 0 NA NA
(100)
Lifetime Anxiety DO w/o (n, %) 26 0 NA NA
(59.1)
Lifetime OCD DO (n, %) 3(6.8) 0 NA NA
Lifetime AN/BN DO (n, %) 11(25) 0 NA NA
Lifetime ADHD DO (n, %) 12 0 NA NA
(27.3)
Lifetime CD/ODD DO (n, %) 12 0 NA NA
(27.3)
Lifetime PTSD DO (n, %) 3(6.8) 0 NA NA
Lifetime Elimination DO (n, %) 3(6.8) 0 NA NA
Lifetime Other DO* (n, %) 11(25) 2(4.5) 10 (1.28,78.12) 0.03
Lifetime Drug Abuse/Dependence DO (n, %) (past/current)
Hx drugs abuse: abuse/dependence vs. 20 (45.5) 7(15.9) 5(1.45,17.27) 0.01
sporadic/absent
Hx drugs any: sporadic/abuse/dependence vs. 29 (65.9) 35(79.5) 0.3 (00.8,1.09) 0.07
absent
Hx OH 22 (50) 25 (56.8) 0.69 (0.3, 1.62) 04
Hx caffeine 8(18.2) 29 (659) 0.05(0.01,0.34) <0.01
Hx cannabis 17 (38.6) 12(27.3) 1.62(0.67,3.92) 0.28
Hx hallucinogens 0 0 NA NA
Hx inhalants 0 0 NA NA
Hx opioids 0 0 NA NA
Hx sedatives, hypnotics, and anxiolytics 0 0 NA NA
Hx stimulants (amphetamines, cocaine and other) 9(204) 0 NA NA
Hx tobacco 19 (43.2) 5(114) 7.5(1.72,32.8) <0.01
Hx other 0 0 NA NA
OR: odds ratio; CI: confidence interval; SD: standard deviation; NA: Not applicable; DO: disorder; Hx: History;
OCD: obsessive-compulsive; AN/BN: anorexia or bulimia nervosa; ADHD: attention deficit/ hyperactivity;
CD/ODD: conduct or oppositional Defiant; PTSD: post-traumatic stress.* Other DO: elimination; tics; learning;
borderline personality traits; subthreshold autistic traits.
& Al cases and controls matched by gender and age. In bold p-values =<0.05.
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In line with previous results, in terms of a dimensional approach, being in the
bipolar group was associated with higher scores on all symptoms scales (Table 25).
Despite the fact than some healthy adolescents and their parents reported mild

symptoms, they did not reach the threshold level required for a formal diagnosis.

Table 25: Self-Reported and Face-to-Face Reported Symptoms Scales of Bipolar vs. Healthy Control

Subjects.

Bipolar I/I1 Control Univariate p-value
group N (44) group N (44)  Analysis, OR
95% CI)
Evaluator's reported:
YMRS (mean, SD; max/min) 6.77+6.17 0.34+0.78 2.13(1.1,4.1) 0.02
HDRS_17 (mean, SD; max/min) 695+64 1.20 + 1.66 1.54 (1.18,2) <0.01
PANSS total (mean, SD; max/min) 53.79 +20.12 3145+ 1.61 1.25 (1.06, 1.49) 0.01
SOPS total (mean, SD; max/min) 25.14 + 18.31 1.55+1.98 1.89(0.82,4.34) 0.14
Adolescent's self-reported:
BDI (mean, SD; max/min) 16.63 + 13.83 4.11+3.63 1.18 (1.04,1.33) <0.01
SIQ (mean, SD; max/min) 17.31 +18.97 339+4.16 1.16 (1.03,1.31) 0.01
MDQ (mean, SD; max/min) 9.11 +3.06 2.5+267 1.76 (14,2.2) <0.001
Scale of morningness (mean, SD; max/min) 3143 +6.23 31.79 +5.84 1.01 (092,1.1) 091
SCARED (mean, SD; max/min) 28.05+19.24 17.03 +9.33 1.05(1.01,1.09) 0.01
Suicidal ideation (n, %) 22 (50) 0 NA NA
Suicidal attempt (n, %) 14 (31.8) 0 NA NA
Number of suicidal attempt (mean, SD; 1.6 £0.83(0,3) 0 NA NA
max/min)
Self-injurie behavior (n, %) 11 (25) 1(2.3) 11(1.42,85.2) 0.02
Parents' self-reported:
Conners p>70: Yes (n, %) 19 (43.2) 0 NA NA
Conners_total (mean, SD; max/min) 6771 +17.25 4571 +7.86 1.11(1.03,1.2) <0.01
CMRS (mean, SD; max/min) 13.82 +13.17 1.39+2.28 1.3(1.03,1.63) 0.03
P-YMRS (mean, SD; max/min) 10 = 10.06 338+3.19 1.13 (1.02, 1.26) 0.02
YMRS: Young mania rating scale; HDRS 17: Hamilton depression rating scale; PANSS: Positive and negative symptom
scale; SOPS: prodromal symptoms scale; BDI: Beck Depression Inventory; SIQ: Suicidal ideation questionnaire; MDQ:
Mood disorders questionnaire; SCARED: Screen for child anxiety related disorders; CMRS: Child mania rating scale;
P-YMRS: Parent's Young mania rating scale.
* All cases and controls matched by gender and age. In bold p-values =<0.05. NA: Not applicable.

5.2.2.2. Functional and academic performance.
Being from the BD group was significantly associated with both a higher
number and more severe life events, in both adolescents’ and parents’ reports (Table
26). As hypothesized, the BD group was associated with lower levels of functionality

on CGAS scores [0.65 vs. 85.44 (0.48, 0.87), p<0.01], and PAS scores [CI 4.98 (1.39,
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17.83), p=0.02]. In addition, the BD group correlated with worse performance at
school [0.03 (0.01, 0.67), p=0.03] compared with HC, and reported a lower level of

post-secondary education, although it was only marginally statistically significant.

Table 26: Stressful Life Events and Levels of Functionality of Bipolar vs. Healthy Control Subjects.

All sample Bipolar Control Univariate Analysis p-value
N (88) /11 group group N OR (95% CI)
N (44) 44)
Previous exposure to life events
Adolescent report:
SLES_number of events (mean, SD; 10.88 +9.53 14.03 +£10.72 79+7.18 1.1(1.01,1.2) 0.02
max and minimum) 0,42)
SLES_impact (mean, SD; max and 3042 +3227 41.81+3809 19.62+20.85 1.04 (1,1.07) 0.03
minimum) (0,139)
Parents report:
SLES_number of events (mean, SD; 7.05+7.2(0, 10.54 £ 8.05 374 £4.23 1.23 (1.04,1.45) 0.02
max and minimum) 35)
SLES_impact (mean, SD; max and 2241 +26.36 35.19+£30.7 1029+ 1303 1.07(1.01,1.13)  0.02
minimum) (0,137)
Functionality
CGAS (mean, SD; max and minimum) 72.52 £15.59 5989+ 12.1 8544+403 0.65(048,087) <0.01
(35,95)
PAS general (mean, SD; max and 301232 423 +2.86 1.88+0.5 498 (1.39, 0.02
minimum) (N=83) (1, 16) 17.83)
Academically performance
Overall performance: good (n, %) 63 (71.6) 21 (47.7) 42 (95.5) 0.05(0.01,0.34) <0.01
Some problems or repeated one 21(23.9) 19 (43.2) 2(45)
grade
Repeated more than one grade or 4(9.1) 0
dropped of school
Post-secondary education: yes (n, 17 (354) 5(20) 12 (52.2) 0.22(0.05,1.03) 0.05
%) (N=48)
OR: odds ratio; CI: confidence interval; SD: standard deviation; NA: Not applicable; SLES: stressful live events schedule;
CGAS: children’s global assessment scale; PAS: premorbid adjustment scale. ® All cases and controls matched by gender
and age. In bold p-values =<0.05.

5.223. The impact of psychosis and other clinical variables on

functionality.

Our next step consisted in analyzing the relation between psychosis and
functionality in the whole sample of 44 BD and 44 HC. This time we followed a

dimensional approach for measuring psychosis based on scores from the PANSS
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and SOPS scales and their level of correlation with CGAS scores. Higher scores
on either PANSS or SOPS were found to be inversely correlated with lower scores
on the CGAS scale, and the intensity of this correlation was strong (rho=-0.83 and

-0.81 respectively; p<0.001) (Table 27, Fig.12).

Additionally, we found a strong negative correlation between high scores in
depression or mania based on the YMRS and HDRS-17 scales and low CGAS
scores, but to a lesser degree than for psychosis (Rho=0.72 and 0.65 respectively;
p<0.001). Attentional problems (measured based on the Conner’s Scale) (rtho=-
0.66; p<0.001) and early exposure to stressful life events (both in number and in
intensity) were negatively correlated with CGAS as well (rtho=-0.58-0.32; p<0.01-
<0.01), followed by anxiety symptoms based on the SCARED scales (rho=-0.34;

p<0.01).

5.2.24. The impact of other environmental and genetic variables on
functionality.

In a series of multivariate analyses, we studied the association between
functionality and other environmental and genetic variables in both groups. First,
we analyzed the impact of socio-demographic levels on CGAS and academical
performance. Despite controlling for SES and family psychiatric history, lower
CGAS scores continued to be significantly associated with the BD group. This
association remained ever after controlling for current history of drug
abuse/dependence. Furthermore, being in the BD group was persistently
associated with lower CGAS scores after controlling for the presence of clinical

symptoms, either psychosis or depression or mania (Table 28).
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Table 27: Correlations between CGAS and Psychiatric Symptoms.

CGAS
Coefficient correlation (-)0.83
PANSS Total Sig.(2-tailed) <0.001
N 85
SOPS Total Coefficient correlation (-)0.81
Sig.(2-tailed) <0.001
N 87
HDRS-17 Coefficient correlation (-)0.72 _
Sig.(2-tailed) <0.001 n
N s &
YMRS Coefficient correlation (-)0.65 E
Sig.(2-tailed) <0.001 “g
N 87 o
CONNERS_tot Coefficient correlation (-)0.66 3
Sig.(2-tailed) <0001 2
N 75 ~
Live events_impact_B Coefficient correlation (-)0.58
Sig.(2-tailed) <0.001
N 73
Live events_num_B Coefficient correlation (-)0.55
Sig.(2-tailed) <0.001
N 75
SCARED Coefficient correlation (-)0.34 _
Sig.(2-tailed) <0.01 2
N 73 &
Live events_num_A Coefficient correlation (-)0.32 S
Sig.(2-tailed) <0.01 E
N 75 3]
Live events_impact_A Coefficient correlation (-)0.32 E
Sig.(2-tailed) 001 B
N 75 =
PANSS: Positive and negative symptom scale; SOPS: prodromal symptoms scale; HDRS 17: Hamilton
depression rating scale; YMRS: Young mania rating scale; Conners: attentional deficit scale; SCARED:
Screen for child anxiety related disorders; Live events A: adolescents self-report; B: parent's report;
Num: number of events.
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RESULTS

Table 28: Multivariate Analyses: CGAS, SES and other Clinical Relevant Variables.

Multivariate p-value Multivariate p-value
Analysis Analysis
OR 95% CI OR 95% CI
S5a: CGAS, socio-demographics and functionality 5b: CGAS, socio-demographics and categorical DO
SES at intake 0.92 (0.84 - 1.02) 0.1 SES at intake 093 (0.86-1.01) 0.09
1st degree Psychiatric Family Hx 8.88 (0.61 -121.01) 0.1 1st degree Psychiatric Family Hx 5.24 (0.6 - 45.54) 0.17
CGAS 0.65(0.46-0.93) 0.02 CGAS 0.67 (049 -0.92) 0.01
Overall performance: good 0.03 (0.01 - 0.67) 0.03 Hx Substance Abuse/Dependence DO 593 (047 -75.18) 0.17
Akaike information criteria (AIC) 30.76 Akaike information criteria (AIC) 35.66
5c: CGAS, socio-demographics and symptoms 5d*: CGAS, socio-demographics and functionality
SES at intake 0.92 (0.84 - 1.02) 0.1 CGAS 0.68 (0.49,0.94) 0.02
CGAS 0.7 (0.53-0.94) 0.02 Overall performance: good 0.04(0.01,047) 0.01
HDRS-17 1.69 (0.85 - 3.38) 0.13 YMRS 1.99 (0.89, 4 .48) 0.09
PANSS 0.64(0.29-14) 0.26 Akaike information criteria (AIC) 29.66
Akaike information criteria (AIC) 37.89
OR: odds ratio; CI: confidence interval; SES: Socioeconomic status; CGAS: children's global; assessment scale; DO: disorder; Hx: history; HDRS_17: Hamilton depression
rating scale; PANSS: positive and negative symptom scale.
& All cases and controls matched by gender and age. In bold p-values =<0.05. *Stepwise logistic regression.
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DISCUSSION

In summary, the results presented in this thesis confirmed that PLE are very
prevalent in children and adolescents from the general population (14.9%), with
varying levels of intensity, from subthreshold and sporadic PLE to threshold levels
and persistent symptoms in those at specific risk. Contrary to previous hypotheses,
offspring at genetic high risk for BD did not report a higher number of PLE than
offspring from the community, neither at intake nor during eight years of follow-up.
Other known environmental risk factors for psychosis, such as perinatal
complications, 1Q or past medical history, did not increase the risk for PLE in this
study. Only three factors were found to be significant predictors of the onset of PLE
over time: 1) the presence of any psychiatric disorder; 2) a decline in general
functioning, independently of the previous; 3) a previous history of sexual or physical
abuse. If is interest to note that, in an exploratory survival analysis focused only on
those offspring who did not develop any psychotic disorder at all, a combination of
genetic risk factors for BD and the presence of any psychiatric disorder was the most
significant predictor of risk for PLE, followed by offspring from the community with
a psychiatric diagnosis. Over time, the presence of PLE was associated with a higher
prevalence of any psychiatric disorder, and more specifically affective and
nonaffective psychosis. The association was even stronger when we used PLE at a
threshold level as opposed to PLE at a subthreshold level. Different measures of PLE
are available and can be used for stratification of risk, although we found a low level

of agreement between the measures we selected.

At baseline, psychosis was found to be a very rare phenomenon, with only 2.8%
of both groups reporting PLE and 0.5% a psychotic disorder. On the other hand,

psychosis was found to be quite prevalent in the course of BD. 40% of BD adults
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reported psychosis at some point of their illness, and as high as 74.5% of adolescents,
47% at threshold level. The presence of psychotic disorders was mainly associated
with BD type I phenotype in both groups, and higher morbidity. Functionality was
clearly more affected in adults with BD_psy+ compared to BD_psy-, but not in the
adolescent BD sample, where no differences were found between BD_psy+ vs.
BD_psy-. Compared with HC from the same age and gender, BD adolescents showed
a lower socio-economic status, greater past history of medical hospitalizations, and
more family history of psychiatric disorders, mainly affective disorders. Even though
euthymia was a requirement for inclusion in the study, most BD adolescents
continued to report subthreshold symptoms and drug dependence, although drug
abuse was highly prevalent in the HC as well. BD more stressful-life events and more
severe compared with HC. As expected, being from the BD group and not from the
HC group was clearly associated with a lower level of general functioning and
academic performance. Furthermore, functionality was found to be clearly related
with persistence of sub-syndromical symptoms, with psychotic symptoms showing
the strongest correlation. The BD adolescent group continued to be associated with
higher impairment even after controlling for the presence of symptoms, socio-

demographic, family history, and stressful-life events in the multivariate analyses.

The high prevalence of PLE in BIOS, 14.9% in both BD offspring and healthy
control (HC) offspring (5.8% at intake and 9.1% during follow-up), was expected in
light of previous studies with children and adolescents. In a large literature review
including community and clinical samples (ages 7-18 years old) with a longitudinal

design, Rubio and colleagues!3?

reported a baseline-prevalence between 4.9%-9%.
Kelleher and colleagues also reported prevalence between 7.5%-17%, with higher

rates for children ages 9 to 12 than ages 13 tol18 years old?. The latest meta-analysis
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available confirmed a PLE prevalence rate of 9%!3. Studies with self-reported PLE
have shown prevalence rates as high as 21%-50%"'2"-132. T would like to highlight that
the prevalence rate of self-reported psychotic symptoms was 29% in a preliminary
analysis in the BIOS study. A quarter of PLE were persistent over time, with a
conversion rate to psychotic disorders of 0.99% per year, similar to previous studies
in children and adolescents (0.6%-1.3% on average)'3*. 2.5% of offspring developed
a full psychotic disorder, in line with the Nemesis Study'!®> and Health 2000 Study!'#*
in adults. According to the available literature, it is likely that persistence of PLE and
conversions to psychotic disorders in BIOS will increase during future follow-ups!3®,
As we have already discussed in the introduction section, if there is a
continuum of psychosis from PLE to UHR and finally a full psychotic disorder, at
least some of the genetic and non-genetic causes contributing to psychosis should be
present all over the spectrum (the psychosis proneness-persistence-impairment model)
(Van Os, 2009)!. Today it is well documented that psychosis runs in families with
heritability rates ranging from 40%-70%30-238279-283.348 "lower for BD than for SQZ.
The evidence regarding the genetic risk of PLE in GHR is weak. Van Os and

colleagues®®

were the first to identify the association between first degree family
history of a broad range of psychoses (including PLE, mania and depression among
others) and the presence of PLE in the general population. Other longitudinal

population-based studies have confirmed this correlation as well!??

, although more
closely related with the subset of PLE persistent over time!®!. In contrast, in the Avon
Longitudinal Study of Parents and Children (ALSPAC)3#%3? only parental depression
and not SQZ was found to be a significant predictor of PLE. Other twin-studies have

observed a higher contribution of environmental rather than genetic risk factors for

the onset of PLE (49%-67% vs. 15%-59%)3?%3%7, in line with our results. More
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recently, one study has found a higher genetic risk for PLE during adulthood than

331 Tt is interesting to note that Duffy et al.>? in the Canadian

during adolescence
Offspring Bipolar Study have reported a higher incidence of PLE and Psychotic
Disorders in the offspring of those BD parents who responded to lithium compared
with those BD parents who did not.

Exposure to early neurodevelopmental insults, such us brain injuries, perinatal
complications, or exposure to cannabis or infections at early age are also associated
with the increased risk to develop overt psychosis?’>-278:290333-355 Three studies
confirmed an association between perinatal complications and PLE!322323.326
however these findings were not statistically significant in our offspring sample.
Some studies have reported an association between low IQ during childhood and
increased risk for PLE during follow-up in community samples*2%3%¢, More recently,
lower 1Q has been observed in offspring of schizophrenic parents but not in BD

offspring or control offspring?>’

. In line with existing evidence, it seems that low IQ is
only a predictor of PLE in individuals at risk for SQZ but not affective disorders.
When we analyzed other non-genetic candidates of risk, we found a positive
association between any psychiatric disorder and the later development of PLE, with
almost all psychiatric disorders associated with increased risk of PLE either at intake
or follow-up. Moreover, this association was stronger for BP offspring than for
control offspring. Scott et al.!¢ were the first to observe a positive relation between
the presence of psychopathology from ages 5 tol4 years old and PLE at age 21. A
correlation was confirmed in the Avalon study as well. Moreover, when we split the
sample into four at-risk groups (BD vs. controls, with or without psychopathology), a

significant increase in risk was found by adding BD and psychopathology. Axelson

and colleagues®® have previously reported more psychiatric disorders among BP
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offspring in this sample, with an increased risk for BP during the follow-up. Based in
this new evidence, BP offspring also differed in the quality of the psychiatric
disorders, with a higher morbidity with PLE over time. In fact, in the NEMESIS
Study, they have reported an additive effect between being at genetic high-risk for
affective disorders, including BD, and the presence of psychopathology with the risk
of PLE during a three-year follow-up**.

Another variable associated with the risk of PLE was low psychosocial
functioning, even after controlling for the impact of psychopathology. Kelleher and

colleagues!®®

also found that adolescents with psychiatric disorders who reported PLE
scored more than 10 points lower on the GAF than those with psychiatric disorders
who did not report PLE. In fact, a decline in functioning and social isolation is
considered as part of a general negative core of symptoms in the earliest stage of
psychosis, prior to the onset of subthreshold psychotic symptoms and a subsequent
psychotic disorder.5%-67:69

The last variable associated with PLE was trauma. The existing literature has
consistently shown a relationship between exposure to trauma and increased risk of
developing psychotic disorders?’>278:290.312.360.361 “More recently, several studies have
shown that early exposure to any type of maltreatment (bullying, neglect, physical or
sexual abuse) that is perceived as a threat also increases the risk of PLE326-3627369 wijth
a dose-response relationship in terms of intensity and cumulative exposure over

181,324 © Moreover, the relation between child abuse and PLE it seems

time
independently of family history of PLE or psychotic disorders.’?* In our study the
relation between continuous exposure to abuse and PLE was confirmed, but only in

the BP offspring, even after controlling for axis I disorders. We knew from a previous

analysis in BIOS®7 that, at least at intake, BP offspring and control offspring differed
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in the number of previous exposures to severe life events, including sexual and
physical abuse, which could explain this difference.

Conversion rates from PLE to a full psychotic disorder were found to be low,
7.9% at an average of 8 years of follow-up, compared to 15-35% conversion rates in
UHR samples’!294200 Tn a recent longitudinal study with a population sample of
6,000 students, Zhang et al.’’! reported an overall conversion rate to any psychiatric
disorder of 3% in a three-year period, although they used self-reported PLE measures
rather than face-to-face. Self-reported PLE were very prevalent in our BIOS study.
Almost one third of the offspring self-reported PLE at least once. Similar to PLE
reported in face-to-face interviews, they appeared almost always in the context of a
psychiatric disorder, mainly affective and non-affective psychotic disorders. Whether
they are measuring the same phenomena is controversial’>*®372, Their predictive
validity for the presence of PLE was not confirmed in our study. However, in an
exploratory analysis, self-reported PLE increased the risk of onset of any psychotic
disorder “de novo” during the follow-up. Therefore, it can be inferred that the use of
self-screening tools in daily practice could be helpful as a first-step approach in

screening campaigns but cannot replace face-to-face interviews.

The UHR criteria include the category of GHR plus a decline in functioning as
one of the three prodromic stages previous to the onset of a psychotic disorder. We
tested this theory in our sample of BD offspring. We did not find any significant
difference between offspring of parents with BD_psy+ vs. parents with BD_psy-. We
observed normal to mild impairment in both groups, although it was self-perceived as
very good to good in most areas of daily life. The only exception was in the area of
relationships, considered good to fair by the majority but, unexpectedly, significantly

worse in the offspring of BD_psy-. Studies of high-risk subjects have shown a decline
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in social functioning associated with increased vulnerability for SQZ37337_ but it is
still unclear if this would be the case for BD*7637°, Although some authors have found
problems in social adjustment and isolation in offspring or clinically at-risk BD

352380383 " others found no differences with control samples®*#3%3, Based on

samples
our results, we could argue that the risk is more closely related with BD

severity>32-386387 than with the specific BD subtype.

Our third approach to the spectrum of psychosis was to analyze the
phenomenon of psychotic symptoms in BD patients in two different samples: BD
parents from BIOS, and BD adolescents from study 2. 40% of BD adults reported
psychotic symptoms at some point during their illness. Prevalence rates were found to
be as high as 74.5% in adolescents, 47% of which were at threshold level. The
prevalence rate of BD parents was slightly lower than expected, which according to
the literature should be between 50% and 90%, where the higher rates correspond to

early—onset Cases46,163,167,240,388,389

. However, we did not include any specific
questionnaires in the adults’ assessment package referring to psychosis and psychosis
was not the main target of the interviews, which could skew our results by lowering
the prevalence of psychotic symptoms. In line with previous studies, in both BD
parents and BD adolescents, psychotic symptoms appeared to be mostly associated
with a manic episode and BD subtype 1. They were a marker of severity in terms of
higher comorbidity in BD adults, and higher psychiatric hospitalization rates and
number of treatments in the BD adolescents’ sample®?:164265.390-393 'Tn g recent study
based on an adolescent inpatient unit, Shapiro et all.** reported higher suicidality
rates in adolescents with BD-psy+ compared with BD-psy-. However, both BD

phenotypes showed similar risk for suicide in a 4 year longitudinal study with

adults?®, with no information at all in most studies®'%0246392395 Syjcidal ideation or
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attempts were not more prevalent in our adolescents with BD-psy+ when compared
with BD-psy, with no information at our adult sample. As expected, functionality was
clearly more affected in adults with BD_psy+ compared to BD_psy- either in the past
or present, although both groups had high levels of unemployment and family
difficulties. Curiously, most BD parents self-rated their level of functioning as good
or only slightly impaired. On the contrary, when functionality was compared in the
adolescent BD sample, no differences were found between BD_psy+ vs. BD_psy. The
fact that only half of BD parents were employed or married is consistent with
previous functional recovery rates, with studies showing recovery lower than 50%

regardless of the BD subtype®!71-386.387.396.397

. The impact of psychosis on functioning
is still unclear. While most studies have found significant impairment in BD with
psychosis compared to BD without psychosis, both in early and late
onset’-163:167.388.390.392 "there is no agreement on whether it is 1) associated with the

262,265,401,402

episode®?0398490 " 2) persistent during euthymia , or 3) not different from

BD without psychosis at all?>3-3%8,

Finally, we performed a series of analyses comparing the BD adolescent sample
with the HC sample, matched 1:1. Consistent with the literature, a family history of
psychiatric disorders was found to be significantly associated with the BD adolescent
group. More important, the association was specifically related with a family history
of affective disorders. As has already been mentioned in the introduction section and
in this discussion, high levels of heritability in BD had been documented, up to 60%
depending on the study, with some evidence of a higher risk for the early-onset BD-
phenotype332403-406  Furthermore, the BD sample was statistically significantly more
associated with a lower socio-economic status than the HC sample. The economic

burden associated with mental disease is well documented in studies with adult
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samples*"’

. More recently, a large longitudinal study has also confirmed the impact of
continuous exposure to poverty during childhood and the risk for psychiatric disorders

in adolescence and, interestingly, even after controlling for the presence of mental

disorders in first-degree relatives*®,

When we analyzed the past medical history on both samples, we did not find any
association of puberty status or any previous medical condition with the BD
adolescent group, but they showed a greater frequency of non-psychiatric
hospitalization rates. Some studies have found a relation between migraines,
circulatory and other medical conditions and BD subjects, although it is not clear
which is the cause, and which is the consequence. Early exposure to BD medications

may also be an important factor in this equation due to the metabolic syndrome**-#1!,

Regarding the psychiatric history, as expected due the design of the study, none of
HC has a previous or current history of major psychiatric disorders, whereas most BD
adolescents full fill criteria for 2.3 concurrent comorbid disorders. Both BD
adolescents and HC reported a high prevalence of drug use (72.7%), mainly alcohol,
but this was expected due to the high prevalence of risk behaviors in youth in most
modern societies*!2, However, drug dependence was significantly less prevalent, and
was specifically associated with the BD group. Previous studies have signaled a
significantly increased risk for early drug abuse and dependence when BD onset
occurs during childhood or adolescence?*31413414 From a dimensional perspective,
even though some HC reported anxiety and attentional problems, none achieve
clinical significance. On the contrary, whereas BD adolescents must be euthymic at
the time of inclusion, most continued to report persistent symptoms at a subthreshold

level. Over the last decade, in the COBY study, the largest ongoing cohort of pediatric
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BD, it has been confirmed that near 60% of the follow-up time, subjects continue to
have syndromal or subsyndromal symptoms with numerous changes in symptoms and
shifts of polarity**++15418 - Although, syndromic recovery can be achieved in 70% of

cases, similar to the recovery in adults with BD?#:395419420,

In addition, both BD adolescents and HC recalled many stressful-life events in
their past, although they were significantly more frequent and more severe in the BD
group. The association between stressors and BD in pediatric®!!#2142% and adult
samples is well documented**4?>, Most studies have found a correlation between
stressful-life events and socio-economic status, although the direction of causality is
unclear. More recently, longitudinal studies have confirmed a relation between
stressful-live events and increased risk for persistent symptoms over time, as well as

relapses of psychotic episodes*?3:426:427

. As expected, being from the BD group and
not from the HC group was clearly associated with a lower level of general
functioning and academic performance. Furthermore, functionality was found to be
clearly related with persistence of sub-syndromic symptoms, with psychotic
symptoms showing the strongest correlation. The relation between psychotic
symptoms and functionality has been extensively discussed throughout this
dissertation. It should be noted that the BD adolescent group continued to be
associated with higher impairment even after controlling for sociodemographic,
family history, and the presence of symptoms. Low levels of functioning have been
systematically reported in pediatric BD #2%43! with an specific impact in the areas of

159,428,432,433 Moreover
. H

family and peer relationships and academic performance
functional impairment may be greater among adolescents with BD than pre-

adolescents with BD, regardless of whether onset was in childhood or

adolescence*?®#*, TInterestingly, whereas lower levels of functioning have been
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reported in BD adults than in HC3*7#24, the majority of studies found no differences

regarding the level of academic attainment*3>436,

7.1.Limitation of the project.
7.1.1. Study 1:

Offspring were recruited across a broad age range (6-18 years old), which may
have influenced the results because of the developmental differences regarding
perception and the nature of PLE. However, age was controlled in the final analyses.
In addition, most of the sample has not reached yet the period of highest risk to
develop psychosis®® (mean age at last follow-up: 19.9 years old); information
regarding the symptoms and PLE was collected retrospectively at intake and for the
interval between follow-ups, on average every 2.5 years; existing prodromal scales to
ascertain PLE were not available at the time that this study started; and finally, most
of the information about the psychopathology of biological co-parents was obtained
indirectly. Lastly, the results pertain to offspring of parents with BP and may not be

generalizable to other populations.

7.1.2. Study 2:

It cannot be rule out the possibility of a selection bias, taking into account the
differences in socio-economic status. Information about mental health history and the
appearance of the first symptoms was recalled retrospectively during the first
assessments, as were medical history and obstetric complications. History of drug use
was based on direct reporting without relying on a urine sample. Although
recruitment involved a variety of mental health settings, most BD patients arrived
from the inpatient unit and may have suffered from a more severe form of the disease.

Moreover, some healthy controls had previous contact with mental health services,
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although they did not have any major mental disorder at the time of the study. Finally,
the sample was relatively small, which limits the power to detect differences between

HC and the two BD subtypes.

7.1.3. Overall limitations.

The main limitation of this PhD Project is the high heterogeneity of the two
main studies included. The first one with a longitudinal approach and based on a US
sample, and the second, with a transversal design, and based on a small clinical
sample from Spain. Finally, the fact that most results have not been published jet,
what undoubtedly reduce the impact of the project at present, although it opens a

frame of possibilities for the future.
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8. CONCLUSIONS AND IMPLICATIONS FOR THE
FUTURE
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This thesis aimed to study the risk factors associated with the development of PLE
and psychotic symptoms in the course of bipolar disorders following two different
perspectives: 1) botton-up: offspring of bipolar disorders and offspring of control
healthy parents; 2) top-down: adults with bipolar disorders with and without psychotic
features and their offspring; and adolescents with bipolar disorders with and without
psychotic features compared with healthy controls and first-degree realtives. The
main conclusions of the thesis, derived from Study I (1-10) and Study II (11-12), as
well as the significance of the results (13-14) and futures lines of research that could
be pursued (15), can be summarized as follows:

1. PLE were not found statistically significant associated with genetic risk
factors in our sample. (In contrast to the main hypothesis).

2. PLE were not found statistically significant associated with other known
environmental risk factors for psychosis such us: obstetric and perinatal
complications; early drug exposure; cranio-encephalic trauma; history of
infections or other medical complications; or low intellectual level. (In
contrast to the main hypothesis).

3. PLE were found statistically significant associated with a previous history
of exposure to physical or sexual abuse. (In line with the main
hypothesis).

4. PLE were found statistically significant associated with a previous
diagnosis of a psychiatric disorder. (In line with the main hypothesis).

5. PLE were found statistically significant associated with a wide range of
psychopathologies, with the strongest assotiation for BD and SQZ-like

disorders. (In line with the secondary hypothesis 1).
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6.

10

11

12.

13.

PLE were associated with a low level of global functioning. (In line with
the secondary hypothesis 1).

All offspring who developed a psychotic disorder reported a previous
history of PLE. (In line with the secondary hypothesis 2).

Self-reported PLE and face-to-face PLE was evaluated as “fair agreement”
for threshold scores, but not confirmed when threshold and subthreshold
scores were compared separately. (In contrat with secondary hypothesis 3).
In the adult BD sample, the BD psychotic phenotype significantly differed
from BD without psychosis in a higher prevalence of BD type I,
considered more severe than BD type II, and number of comorbidities. (In

line with the secondary hypothesis 4).

. In the adolescent BD sample, the BD psychotic phenotype did not differed

from the BD without psychosis sample in terms of severity, other than
longer duration of hospitalitations, comorbidity or functionality. (In

contrast to secondary hypothesis 4).

.In the adolescent BD sample, when psychsosis was measured from a

dimensional approach, its impact on functionality was confirmed. (In line
with the secondary hypothesis 4).

Based on our findings and the existing literature, more attention must be
given to the presence of PLE as marker of morbidity.

Once confirmed, both PLE and full psychosis must be specifically
addressed in the design of individualized treatment plans to ensure full

recovery.
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14. More studies with longer follow-ups are needed to better understand the
risk between PLE, functional decline and development of psychiatric

disorders.
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