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ABSTRACT

The aim of this study is to present an up-
dated view of the writings on the endo-
phenotype model for bipolar disorder
using analytical methodologies. A review
and analysis of networks was performed
through descriptors and keywords that
characterize the composition of the en-
dophenotype model as a model of health.
Information was collected from between
1992 and 2014, and the main thematic
areas covered in the articles were identi-
fied. We discuss the results and question
their cohesion, emphasizing the need to
strengthen and identify the points of con-
nection between etiological factors and
characteristics that make up the model of
endophenotypes for bipolar disorder.

DESCRIPTORS
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RESUMO

O objetivo do presente estudo € o de apre-
sentar uma visdo atualizada sobre a produ-
¢do bibliografica do modelo de endofeno-
tipo para o transtorno bipolar, recorrendo
as metodologias analiticas. Foi realizada
para tal uma revisdo da literatura e uma
analise de redes por meio de descritores e
palavras-chaves, que caracterizam a com-
posigdo do modelo de endofendtipo como
um modelo de saude. O periodo de reco-
Iha das informagdes ocorreu entre os anos
de 1992-2014, identificando nos principais
artigos os ambitos tematicos abordados.
Discutem-se os resultados obtidos para a
consolidagdo do modelo de endofendtipos,
guestionando a coesdo e ressaltando a ne-
cessidade de reforgar e identificar os pon-
tos de ligagdo entre os fatores etioldgicos e
as caracteristicas que comp&e o modelo de
endofendtipos para o transtorno bipolar.

DESCRITORES
Endofendtipos

Transtorno bipolar
Modelos de saude
Andlise qualitativa

RESUMEN

El objetivo de este trabajo es presentar una
vision actualizada de los escritos del mode-
lo endofenotipo para el trastorno bipolar,
el uso de las metodologias analiticas. Se
realizé una revision de este tipo de litera-
tura y un andlisis de las redes a través de
descriptores y palabras clave que caracteri-
zan la composicion del modelo endofenoti-
po como modelo de salud. El momento de
la recoleccidn de la informacidn se produjo
entre los afios 1992-2014, la identificacidn
de las principales areas tematicas incluidas
en los articulos. Se discuten los resultados
para la consolidaciéon del modelo de en-
dofenotipos, cuestionando la cohesién y
haciendo hincapié en la necesidad de for-
talecer e identificar los puntos de conexion
entre los factores etiolégicos y caracteristi-
cas que conforman el modelo de endofe-
notipos para el trastorno bipolar.
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INTRODUCTION

Bipolar Disorder (BD) is one of the most studied psy-
chiatric disorders in mental health literature. Its nature in-
volves various concepts of health areas, models of preven-
tion, treatment, and rehabilitation. The model of the World
Health Organization aggregates the biological, psychologi-
cal, and social spheres in various aspects of research. The
endophenotype model, a new psychiatric model, involves
searching for biological and behavioral neuroscience for the
origin patterns of psychiatric disorders.

The endophenotype model is a multi-causal model
proposed in of 1973. The model emphasizes the genetic
factors or genetic vulnerability as determinants of ma-
jor environmental changes!”. The concept has gained
strength and direction since the 90s. The aim of this work
is to present an updated view of the research on the en-
dophenotypes of bipolar disorder using analytical meth-
odologies with scientific literature. Through examining the
etiology, signs, and symptoms, we sought to identify how
academia aggregates the factors.

One of the most widely accepted theories explains
that the causal models of bipolar disorder are based on
the first modification by a triggering condition that occurs
due to stress, which would disrupt the environment and
neuronal circuitry®. This change would be systematized
and reach three major pathways (serotonergic, norad-
renergic, and dopaminergic), and then affect the cycles
of sleep and wakefulness. Producing changes in circadian
cycles and the functioning of neurons would result in the
onset of bipolar disorder.

Genetic vulnerability and risk factors

The factor that best describes the etiology of mood
disorders appears to be genetics. The first association be-
tween patients and first-degree relatives showing a corre-
lation between symptomatology and genetic variables has
been observed for over a century®. Thus, it is assumed
that the risk of developing bipolar spectrum disorder could
be 9%, and family members would have a nearly 10-fold
increased risk of developing the disease than the general
population®. As in other psychiatric disorders known for
their influences and genetic bases, the inheritance pat-
tern of bipolar disorder likely involves a complex interac-
tion of several genes. Researchers have proposed possible
chromosomal differences on chromosomes 2, 4, 5, 6, 8,
9, 10, 12, 13, 14, 15, 18, 21, 22, and the X chromosome
in people with bipolar disorder. Therefore, there are sev-
eral candidate genes for the development of pathology.
It should be noted that the model is multifactorial, with
environmental and individual factors contributing to the
onset of the disease. The effects of each factor are small
and cumulative, and since there are combined effects, the
factors could have some critical value, perhaps caused by
signaling cascades that make the disorder manifest®®®,
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Stress in bipolar disorder

Stress is defined as an event that involves changes of
any nature, whether good, bad, drastic, or sudden. The
endophenotype model considers etiological causes for
the bipolar spectrum, and stress would be the starting
point for developing the disease!”. By examining the psy-
chosocial aspects such as the impact on quality of life, the
time in which the subject was exposed to a stressful en-
vironment, and the symptoms and manifestations of the
disease, one study recently revealed the association be-
tween traumatic life events and the highest levels of basal
cortisol®,

Increasing evidence suggests that BD is accompanied
by structural changes in the brain that may be mediated
by interactions between hypercortisol and glutamate neu-
rotoxicity. This mechanism is induced by stress and reduc-
es neurotrophic factors and neurogenesis®. It is assumed
that the environmental stress factors trigger the develop-
ment cascade of BD.

Neuroscience of bipolar mood disorder

Analyses with images of patients with bipolar disorder
(BD) led to preliminary conclusions distinguishing two ar-
eas that change in the paralimbic system and the prefron-
tal cortex, including the amygdala. The prefrontal areas
are significant in cognitive function, especially executive
functions, which may explain behavioral and neuropsycho-
logical changes™. Another specific difference observed
in subjects affected by BD could be described by way of
resonances, showing significant loss of asymmetry of the
left/right caudate nucleus and in the right anterior frontal
region. Changes in the structure of the cerebellum are still
being investigated, including ventricular asymmetry. The
amygdala is one of many small structures deep inside the
brain which are called basal ganglia. These structures are
implicated in automatic movements and behaviors that
are important in maintaining the sleep-wake cycle®,

Circadian rhythms

The changes in people with bipolar disorder can sug-
gest specific errors in the regulation of the sleep/waking.
Many involve the body’s internal clock, which controls
the phenomenon known as circadian rhythms. These are
the regular rhythmic changes of waking and sleeping, de-
creased activity levels, and the sensations of hunger, thirst,
and satisfaction. The chemical and biological clock that gov-
erns these rhythms is located in a part of the hypothalamus
called the suprachiasmatic nucleus gland. The rhythms are
based on the standard light-dark cycles and are set slowly in
rhythm with the seasons. An important finding in the litera-
ture is that people with bipolar disorder seem to have more
difficulty in regulating this system?),

The regulation of serotonin affects mood and appetite.
In people with bipolar disorder, serotonin and other neu-
rotransmitters may be issued in disproportionate amounts
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(serotonin hypothesis). Noradrenergic and dopaminergic
hypotheses use the interaction models in cascade, such
that the variation of the serotonin would cause a reduction
in noradrenergic and dopaminergic activities. All these bio-
chemical mechanisms can be directly linked to BD®?),

Endophenotype of bipolar disorder

The first description of the endophenotype concept in
psychiatric literature was revisited 20 years later thanks to
the development of laboratory techniques®. The genome
project has made led to review of the endophenotype
concept. Today, there is a whole area called the biology of
molecular genetics and molecular medicine, which stud-
ies the expression of endophenotypes™.

Another reason with greater importance in psychia-
try and BD is the gap in the causal chain between genes
and distal disease™ which casts doubt on the etiology.
There are two additional conditions necessary to meet
the criteria of an endophenotype: (a) the endopheno-
type should be an independent state and demonstrable
in patients without symptoms; and (b) endophenotypes
should be more frequent in affected relatives than in
relatives of patients compared with the general popu-
lation®), The main difference between the concepts of
exophenotype and endophenotype is that the first gene
expression could be seen directly in the exophenotype.
The endophenotype involves “internal phenotypes,”
which may not be visible to the naked eye (i.e. it relies
on inferences). The endophenotype concept originally
arose in evolutionary biology in an article published in
1966, which proposed that the differences in biochemi-
cal and microscopic insects would be “internal pheno-
types,” which cannot be seen with the naked eye, requir-
ing the use of some instruments to be measured. With
the objective of defining the number of genes involved
in endophenotype variations that determine the whole
phenomenon of a psychiatric disorder, one realizes the
description of elementary phenomena (versus behavior-
al macros found in the DSM-IV), which may not be able
to delimit the total number of genes involved in produc-
ing the disease altogether™).

The heuristic model for BD offers up various assess-
ments to identify endophenotypes, including possible
measures of cognitive, neurophysiological, and neuro-
anatomical changes, images of brain structures, and bio-
chemical measures. This includes environmental data in
the model of the disease as possible causes of BD, in addi-
tion to risk and protection factors*®. Other neuroimaging
studies with family members and patients have demon-
strated brain abnormalities in bipolar patients, including a
reduced size of the prefrontal cortex”:18),

Some authors have pointed out roles of brain struc-
tures such as the nucleus accumbens and amygdala in
the regulation of motivation in the sleep-wakefulness
cycle, as well as social behaviors in bipolar patients. The
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anatomy of the hippocampus appears to be impaired
in people affected by bipolar disorder*?, There is also a
decrease in the volume of the cingulate gyrus according
to magnetic resonance imaging (IMR)®. A set of brain
structures (such as the medial temporal lobe, tempo-
ral cortex, and frontal cortex) was directly involved in
the pathological functioning, and other structures that
are no less important but have different functions (the
hippocampus, amygdala, and cingulate) would also be
modified. Although the reduction in the volume of the
anterior cingulate cortex and white matter changes in
neuroimaging findings are more consistent and specific
in BD, others such as the increased volume of the right
lateral ventricle and changes in volume of the amygdala
and hippocampus may also be quantified as structural
endophenotypes of bipolar disorder???,

A review article®™ discussed the strategies and the ad-
vantages of using the endophenotype model. The model
was suggested to be a huge advantage in clinical psychia-
try, since the approach would bring possible answers to
open questions in the long history of modern psychiatry,
particularly psychiatric disorders and bipolar. However, the
article stated that further investigation on all models and
variables involved in the research of BD is required. These
include neuropsychological deficits, instability of circadian
rhythms, modulation of motivation, reward circuitry, neu-
ropathological dimorphisms, and response to symptoms.
Given the relative scarcity of twin studies, few prospective
studies on families evaluating candidate genes for bipo-
lar disorder have been gradually developed with the aim
of improving the theoretical model endophenotypel,
Therefore, in the case of mental disorders, a new classi-
fication system based on etiology and pathophysiology is
necessary. A clearer definition of the endophenotype of
BD will probably facilitate the understanding of the under-
lying causal structure.

By proposing a phenotypic variance, the endopheno-
type model that may correspond to different data from
the clinical sample identifies and takes into account the
aspects of heritability and heredity. Aspects of the person-
ality may be associated with BD, and variation in perfor-
mance that is observed in patients with mood disorders
are useful genetic markers for endophenotypes?*?3. An
understanding of the genetic relationships between per-
sonality factors and bipolar disorder should elucidate the
way in which these traits can develop.

The model of personality that identifies the biologi-
cal characteristics of the subjects is the Temperament and
Character Inventory (TCI)?%. In this model, personality is
a dynamic interaction between two complementary ele-
ments: temperament, which is structured as a constitu-
tional component, and biological and hereditary character,
which consists of experiences acquired through learning
and emotional experiences. Temperament is described as
the emotional valence of personality and relates to associa-
tive learning, perceptual memory, visuo-spatial processing,

Model endophenotype for bipolar disorder: Qualitative
Analyse, etiological factors and research areas
Tavares NO, Neves FS, Malloy-Diniz LF



and the formation of habits, involving cortico-striatal pro-
jections and a structure-function relationship. The second
element is designated as the essence of personality and is
related to long-term memories. It involves the formation of
concepts and is involved in the cortico-diencephalic-limbico
projections?*?, These dimensions of temperament and
character interact, form the individual and their personal-
ity, and may indicate bipolar mood disorder?”?®, Thus, indi-
viduals with mood disorders seem to have personality traits
that are significantly different from the general population.
The TCl demonstrates psychometric features of good reli-

ability, internal consistency, and stability over time %39,
Neuropsychology of bipolar disorder

Neuropsychology evaluates and ranks the relations
between cognition and its different functions and pro-
cesses in the brain structure®. A review of the sub-
ject in order to differentiate the broader and specific
cognitive processes indicates that the impairment of
cognitive functions in BD is an endophenotype marker.
Interest in investigating the cognitive functions of bi-
polar has been growing, especially in the last decade.
This is due to the need to explain whether the cognitive
impairments would be traces of the disease or if they
occur due to a cognitive impairment, as a neurodegen-

erative process®?,

In three analyses of the endophenotype of bipolar disor-
der with patients, unaffected first-degree relatives (fathers,
mothers, brothers, twins, and children), and control targets,
the endophenotype markers were shown through neuropsy-
chological measures™® 33, However, a meta-analysis claims
that these findings should be interpreted with caution, as it
is very likely that the confusion of factors such as medication,
chronicity, and affective symptoms below the threshold are

also contributing to the observed results®,

The cognitive functions that are affected and have
been proven as an endophenotype for BD are sustained
attention, verbal memory, and executive functions®®,
Studies suggest that some cognitive decline can already
be identified after the first episode of BD, which worsens
with the number of episodes of the illness®.
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Figure 1 - Heuristic Model of endophenotypes for bipolar mood
disorder (adapted from Gotsman, 2003 and modified in Hasler,
2000).

Several authors argue that when crises of bipolar
mood disorder are acute, beyond the cognitive loss, there
are implications for the quality of sleep and general func-
tionality health®®. Therefore, bipolar disorder is a degen-
erative process and is directly related to the amount and
severity of crises, demonstrating a decline in cognitive
subjects with bipolar disorder®”.

From results on the general intelligence factor of pa-
tients with BD, small changes could be observed depend-
ing on the mood state®Y. Surveys report that individuals in
the manic phase have greater difficulty in processing visuo-
spatial information and verbal fluency®. There is a clear
potential for losses due to the level of disorganization of be-
havior and acceleration of mental activity, especially in the
presence of psychotic symptoms®”. Thus, manic patients
may also present greater difficulties in sustaining attention,
recognizing faces, and encoding information®2,

Itis known that during a depressive episode, patients show
cognitive deficits in multiple domains. Such deficits have been
observed in memory, verbal and nonverbal learning, selective
attention and sustained attention, reaction time, and execu-
tive functions®®. Some authors claim that deficits in executive
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functions are an endophenotype of BD®, In this sense, they
would present both as a feature of clinical manifestations and
a feature of neurodevelopment, meaning that they would be
present even before the emergence of BD®?, In the period
of euthymia, cognitive impairments are also observed in sus-
tained attention®”), declarative memory®®, verbal memory®Y,
the recognition of facial expressions®?, the capacity for learn-
ing®), difficulties in recovery®?, and the organization of infor-
mation®®, The scientific literature indicates significant differ-
ences in several cognitive domains between bipolar patients
and controls and unaffected first-degree relatives. The most
cited cognitive functions in meta-analysis include the follow-
ing functions: verbal fluency, problem solving, planning, and
divided attention®”.

METHOD

a) Selection of databases and research documents

Unique articles in the PubMed/Medline databases were
identified and selected by means of word association as fol-
lows: bipolar endophenotype(s). The access and retrieval of
documents formed a profile of research on endophenotypes
and bipolar disorder. Among the results of these 290 specific
items with descriptors, we considered only those contained in
the full text, with the number of articles being 275. The terms
were extracted from the Medical Subject Heading (MeSH) the-
saurus of PMC (Pub Med Central), and the synonyms and de-
rivatives were considered to recover any grammatical variants
as well as the terms of the semantic family that have the same
root. Table 1 shows the full list of terms found.

Table 1 - List of terms that characterize the model of endophenotypes

List the terms of the documents on

Descriptors endophenotype and bipolar mood disorder
English Portuguese
Endophenotype; Endofendtipo, fenotipo,
phenotype; biological marcadores biologicos;
markers; genetic fenoméno genético;
Endophenotypes & , .g
phenomena; endofenotipos,
endophenotypes; polimorfismo genético
polymorphism genetic
Transtorno Bipolar;
Bipolar Disorder(s); . , P
. . Psicose Maniaco-
Psychosis(es) Manic (-) .
. depressiva;
Depressive; . .
. . Psicose Afetiva;
Psychosis Affective; . .
L. Psicose(s) Bipolar(es)
Psychosis Bipolar; .
. . Afetiva(s);
Bipolar Affective .
. . Mania;
Bipolar Psychosis; Psychoses, ,
. . . Estado Maniaco-
Disorders (BD)  Bipolar Affective ; .
. . depressivo;
Psychosis, Bipolar Estado(s) faco(s)
Affective; Mania; S acdols) maniacots
bipolar;

Manias; Manic State(s)
Bipolar; Bipolar
Depression; Manic
Disorder(s)

Depressao bipolar;
Transtorno Bipolar do
humor;

Transtorno maniaco
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The surveys were adapted to the idiomatic patterns
and opportunities for information retrieval from databas-
es. Only texts with the following documentary typology
were used: original research articles, clinical notes, and
reviews of literature in the period of 1992-2014. A man-
ual review of documents was conducted concerning the
titles, descriptors, keywords, and abstracts. Only empirical
articles items were separated, resulting in 37 articles.

b) Selection of documents, standardization, and
institutional collaboration networks

We believe that the references of selected articles
were not used as a source, and since we only examined
articles written in English, we removed seven articles in
French with elements that characterize the endophe-
notype model. Likewise, a standardization process was
performed by authors, year, criterion of researched
sources, bibliographic database, and institutional data.
We surveyed institutions, institutes research centers, or
hospitals that operate independently, with their own re-
sources, or autonomously with their political scientific,
which depends on organizations, universities, ministries,
or public agencies.

To characterize the thematic areas, we determined
the frequency of occurrence of the descriptors and key-
words identified in the documents dealing with bipolar
disorder as an endophenotype model. Then, we sepa-
rated the descriptors by the most constant themes with-
in a larger group. For example, all the articles that had
the words, genes, loci, heritability, and heredity were
grouped under the subject of genetic polymorphism and
genetic vulnerability. By approaching content and quali-
tative analysis, we have chosen the term polymorphism
among others. Networks with the thematic relations be-
tween the terms were determined from the frequency of
their joint appearance in the documents, as were repre-
sentations which determine the greater or lesser density
of the various thematic groups, and the interrelationship
between them.

¢) Network Diagramming

The analysis of the network of keywords, abstracts, and
full texts showed relations between contents, which was
done with the help of UCINET and Web endnote 6.1 soft-
ware for the purpose of processing information. To form
the network, we used the theory of graphs, in which each
item represents a graph, and a set of articles on the same
theme is a node (a group)®®. The relations were divided
according dichotomy (happens or not), non-oriented/ori-

ented (=), strong-weak (thick arrows), and where they
were cited. We illustrated the relationship between nodes
termed weak when compared occur causality, explanation
and effect point out as strong relations between arrays of
nodes and the set of lines or adjacent space (Graph 1) The
distance between nodes identifies localized themes.
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RESULTS

In the end, we selected 37 articles with full text and
empirical research that identified the model of endophe-
notypes in patients with bipolar disorder (BD). We formed
a set in which nodes and lines arranged in pairs comprised
a matrix. By positioning the articles and networks, instuti-
tional collaboration and research themes were identified
by the relationships within the endophenotype model.
When researching each article that characterizes bipolar
disorder endophenotypes, we verified the network de-
scribed by Figure 1.

The analytic network indicates within research themes
that the constructs and etiology of bipolar disorder seem
to be more associated with psychological aspects (cogni-
tion and personality) than the related environmental as-
pects, such as stress, and that the biological mechanisms
(neuroscience and genetics) complement the network.
The current model of biopsychosocial health indicates
that no factor alone explains psychiatric illness. In each
network node is a blue square, and each digraph is associ-
ated by means of a component adjacent to the discussion
in the article for the systematic analysis of the collected
matrix. The thematic approaches addressed by different
authors led to the qualitative analysis and network forma-
tion.

[ Stress
H Personahty

‘ ‘, Genetic Polymorphism/Risk Factors

Nem'osmence structural alteration

|
[ Clrcadlan Rhythms

5

\
\

/
\
b .‘)
\ !
¢Neuropsychology/Cognition

Graph 1- Key relationships between the content of articles that
discuss the empirical endophenotype model

DISCUSSION

In performing the study, we characterized the state of
the art on the development of research on the model of
endophenotypes as a model of health. It was possible to
identify the research groups and the main subjects stud-
ied within a proposed group since 1973*%), This can be
verified empirically in the current year model®®,

The following points present the limitations of the
study: a) The search for an empirical research profile
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may be the reason for the non-appearance of relevant
articles. b) Although other types of research were on the
databases, the agglomeration of themes and models was
ultimately limited to journals of Medicine, Biology, and
Psychology. Unveiling the contributions of the humanities
and social sciences and their epistemological bases on the
psychiatric disorder contribute little to the discussion in
the empirical context. c) The items that comprised the so-
cial network analysis on the subject were work published
in scientific journals, excluding other document types
such as books and book chapters, oral presentations, re-
ports, dissertations, or doctoral theses. d) Only articles in
English were used due to a lack of indexing or to the low
impact factor of journals in French, Japanese, or Scandi-
navan*®, However, one can point out that the methodol-
ogy applied is the most appropriate in relation to the pur-
pose of the study, since it allows for the recovery of the
works of an area of knowledge characterized by a large
dispersion among various journals and disciplines*? in or-
der to minimize the non-retrieval of relevant documents.
Therefore, it appears that scientific articles are the most
frequent document type, with bigger and better impact.
Thus, using only research journals gives validity to the ap-
proach performed®®. This also verifies the character of
qualitative research®®?,

Compared with the analysis of institutional typolo-
gies that the funding models for healthcare will priori-
tize intervention continues as a form of research, i.e. the
analysis of themes found dealing research through maga-
zines are produced by organisms relevant administrative
and clinical nature. Mostly, research points at generated
devices of public and political services (consortia or col-
laborative networks for genetic mapping, observatories,
and research partnerships) and health (hospitals, health
centers, clinics linked to public, private hospitals or psychi-
atric services bound to universities and research centers),
which comprise 70 percent of the institutions. Although
there is an interrelationship between the signs and symp-
toms of the pathology of bipolar mood disorder (BD) is
most common. When research resemble those disciplines
stand out in this study Biology, Psychiatry, Genetics, Psy-
chology, Public Health and Epidemiology, though medi-
cal specialty magazines on the subject (such as Journal of
Affective Disorders — Journal of Affective Disorders and
bipolar disorder - Bipolar Disorders) most work on bi-
polar disorder and endophenotypes, the which tends to
confirm the multidisciplinary character of the area, about
the approach of endophenotypes models with empirical
data is small compared to other models of qualitative or
quantitative research, described here as an administrative
medical and psychological character. On the other hand,
international publications include a greater measure of
character of basic research involving large workgroups,
with a greater weight of collaborative research between
different areas of knowledge and studies released by lead-
ing universities and research centers.
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Based on observations found in the various themes,
it becomes desirable to foster the causal inter-relation
among all types of research mentioned, favoring commu-
nication between different levels“?. The aim is to reduce
the watertight increase the level of relationship between
the themes, since all types of research are fundamental to
the advancement of knowledge and professional practice.
Therefore, the use of social network analysis to highlight
what is being researched in psychiatric pathology shows
the importance of these inter-relationships, and we de-
duce that they are also works of interest and usefulness to
the scientific community.

CONCLUSION

Bipolar mood disorder (BD) has been studied by sev-
eral researchers at different times and in different areas
of knowledge. The search for common characteristics in
people without the condition led us to the concept of en-
dophenotype. The search for endophenotypes of BD aris-
es from a number of etiological disease characteristics.
When starting the theoretical literature review, we saw
the dominance of nosographical characteristics, which are
relevant. However, because it is such a complex process,
the possible causes could be covert (genetic vulnerabil-
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