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II.

AIMS AND SCOPES OF THIS WORK

The prefrontal cortex (PFC) may play an important role in the development of the symptoms
of major psychiatric disorders. The aim of our study was to investigate functions related to
regions of the PFC using neuropsychological tests. The main hypothesis was that these
functions reflect genetic vulnerability and are associated with personality traits and with the
state of the illness. Alterations of cognitive functions, including executive functions, attention,
verbal memory, and psychomotor speed were described in schizophrenia by several previous
studies. However, dysfunctions of low level visual processing are less known. Our purpose
was to analyze functional alterations of primary visual information processing pathways and
areas as measured by contrast categorization deficit and lateral connectivity impairments in
early visual cortex of schizophrenia patients. Some of these deficits might also be called
endophenotypes, as being present in healthy relatives of schizophrenia patients as well.
However, heredity might have a major contribution in the development of motion-sensitive
areas in the dorsal occipito-parietal visual system. Specific genetic and environmental factors,
by affecting brain maturation and development, might have a role in higher vulnerability to
the illness. Evidence suggests that gene x environment interactions play a crucial role in the
pathophisiology of affective disorders, mentioning major depressive disorder in first line.
Related to that, we also focused on the role of personality traits associated to genetic factors
and cognitive function.
The work presented might be considered somehow heterogeneous, but hopefully lines up with
the exciting, enigmatic and colorful research work done in the field of neurocognition in
major psychiatric disorders.
Of course the work presented here is not done by one person, but is a real team-work. In order
to provide a better understanding and a conceptual frame to the neurocognitive research
methods embedded in the clinical work, I include the essential work of my colleagues with
their permission.
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The aims and scopes of my work included in the present thesis are as follows:

1. Contrast categorization deficit in schizophrenia and healthy relatives

The relationship between the precortical magno (M) and parvocellular (P) pathways was
investigated with a new contrast categorization task assessing low level perception, memory,
and abstraction. Three task variants including three different contrast ranges were presented to
schizophrenic patients, siblings with no history of psychiatric symptoms and healthy control
subjects. Patients with schizophrenia showed a generalized dysfunction, which suggests
contrast-independent memory and abstraction problems. In contrast, siblings were selectively
impaired on the task variant that included the 10-15% contrast range, the transition zone
between M and P pathway contrast sensitivity. This might be considered as support for
genetic vulnerability associated to schizophrenia.

2. Collinear facilitation in schizophrenia

Contrast thresholds were measured for centrally presented Gabor patches which were
surrounded by two collinear or orthogonal flankers presented on a computer screen. The
healthy subjects showed lower contrast thresholds for central Gabor patches when collinear
flankers were presented. This effect was significantly reduced in unmedicated highly
functioning schizophrenia patients who performed normally on the continuous performance
test (Nuechterlein et al., 1986). The facilitation effect of collinear flankers is believed to
reflect lateral interactions between feature-specific units in early visual cortex (V1) (Polat and
Sagi, 1993, Kapadia et al., 1995). Our results therefore suggest abnormal lateral interactions
in early visual cortex of schizophrenia patients.

3. Development of motion and form processing in children with increased risk of
psychosis

Research focusing on schizophrenia vulnerability claims that motion-sensitive areas in the
dorsal occipito-parietal visual system are vulnerable to genetic and environmental factors,
which affect brain maturation and development (Braddick et al., 2003). According to this
idea, in our follow-up study, we aimed to investigate the possibility that developmental
anomalies of directional motion perception can be detected in children of mothers with
schizophrenia and bipolar disorder by measuring motion and form coherence thresholds.
Results revealed that the rate of development in the motion task was less pronounced in
children of mothers with schizophrenia than that in children of mothers with bipolar disorder
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and in age-matched controls. The development of form perception was spared. Children of
mothers with bipolar disorder showed an intact development in both motion and form
perception tasks. These results suggest that the progressive developmental abnormality of
motion-sensitive visual areas may be a characteristic feature of schizophrenia-vulnerability.
However, the exact nature of motion perception dysfunctions is an important question and
might be closely related to early visual processing abnormalities. It is possible that motion
perception dysfunctions are related to magnocellular pathology, whereas intact form
perception can be explained by relatively preserved parvocellular functions.

5. Decision-making in major depressive disorder

Patients with major depressive disorder show a diversity of neuropsychological impairments,
including deficiency of executive functions (working memory, problem solving, planning)
(Crews and Harrison, 1995), altered approach-related behavior and decision-making
impairments, detected by measuring sensitivity to reward and punishment (Henriques et al.,
1994). Executive functions (Wisconsin Card Sorting Test, WCST) (Heaton et al. 1993) and
contingency learning based on the cumulative effect of reward and punishment

(Iowa

Gambling Test, IGT) (Bechara et al., 2000) were assessed in patients with unipolar MDD and
healthy control volunteers. Medicated patients with MDD show altered sensitivity to reward
and punishment: immediate large reward enhanced related response patterns even when the
strategy was disadvantageous and immediate large punishment did not prohibit related
response patterns. Impairments in emotional decision-making were not a pure consequence of
executive dysfunctions. Our results suggest a global impairment of the PFC in depression,
which includes the dorsolateral and ventromedial regions.

6. Personality traits and genetic influences on decision-making

Personality traits and genetic variations might have remarkable influence on decision-making
strategies (Brown and Hariri, 2006). Contingency learning based on the cumulative effect of
reward and punishment was assessed in patients with unipolar MDD using the ABCD (reward
sensitivity) and EFGH (punishment sensitivity) versions of the Iowa Gambling Test. All
patients were genotyped for serotonin transporter promoter polymorphism (5-HTTLPR) and
received the Temperament and Character Inventory (TCI). Patients with the ‘ll’ genotype
achieved higher persistence scores on the TCI and used more optimal decision-making
strategy on the task more sensitive to reward compared to the ‘ss’ homozygotes. Higher
persistence was associated with better performance on the ABCD task, and higher harm-
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avoidance was associated with worse performance on the task more sensitive to punishment.
Depressed patients performed poorly on the ABCD test and showed normal performance on
the EFGH test. According to our findings, genotype of 5-HTTLPR more prominently predicts
decision making functions than depressive symptoms. Personality traits and 5-HTTLPR
polymorphism may explain the paradoxical decision-making strategy (selecting high
immediate reward) in depressed patients.
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III.

OVERVIEW

III.1. VISUAL PROCESSING DEFICITS IN SCHIZOPHRENIA

Vision plays a fundamental role in directing human behavior. When opening our eyes, we
automatically perceive an integrated image of the world and, seeing other people’s faces and
their expressions drive motor and cognitive responses as well. Thus, understanding the
mechanism of visual processing is an intriguing issue. Recent evidence implicates abnormal
visual

information

processing

and

visually

driven

attention

in

a

number

of

neurodevelopmental and psychiatric disorders, including schizophrenia. Alterations of
cognitive functions, including executive functions, attention, verbal memory, and
psychomotor speed in schizophrenia were described by several previous studies (Donohoe
and Robertson, 2003). However, dysfunctions of low level visual processing are less known.
On the other hand, there is evidence suggesting impairment in the complexity of the neural
network system of the primary visual cortex in schizophrenia (Freeman et al., 2001). A
comprehensive understanding of the human visual system may contribute to an understanding
of behavioral impairments connected to schizophrenia or other psychiatric disorders. Our
purpose was to study visual information processing pathways and to analyze lateral
connectivity in early visual cortex of schizophrenia patients. Human visual information
processing involves a complex mechanism. Signals must travel from the photoreceptors of the
retina to the retinal ganglion cells and then along the optic nerve and optic tract to the
thalamus and midbrain, and through to primary visual cortex, and on into different extrastriate parietal, temporal and frontal regions, where different visual stimulus characteristics
are processed quite independently. These different aspects must then be integrated into a
global image (Livingstone and Hubel, 1987, Livingstone and Hubel, 1988). Recent research
in the field of the human visual system in connection with neurodevelopmental and
psychiatric disorders found impairments in perceptual processing and visual integration and
attention in schizophrenia (Lubow et al., 2000). A further important feature is delivered by
reports demonstrating a correlation between higher-level cognitive and affective impairment,
such as working memory, emotion and social perception and early visual processing in
schizophrenia (Kee et al., 1998, Brenner et al., 2002, Sergi et al., 2006). These results suggest
early visual information processing deficits to be related to a reduction in processing of
significance and meaning of visual stimuli, especially when looking at the recent research
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evidence showing specific magnocellular impairment in schizophrenia (Butler et al., 2005).
These findings further support the early-stage visual processing dysfunction in schizophrenia
but also underline the connection to higher cognitive deficits and thus, prediction of
community functioning. The magnocellular system operates normally in a nonlinear
amplification mode mediated by glutamatergic (N-methyl-D-aspartate) receptors. Thus, late
evidence also suggests that early stage visual impairment in schizophrenia might be related to
decreased nonlinear signal amplification, consistent with glutamatergic theories.
However, in most of the complex neurodevelopmental (e.g. autism) and psychiatric disorders
such as schizophrenia, it is not yet clarified if an aetiological role can be attributed to visual
processing problems. Our purpose therefore was to analyze deficits in the visual system of
schizophrenia patients. Understanding the specific role of neural networks involved in visual
perception may also allow progress in understanding the role of attentional symptomatology
in schizophrenia and probably other psychiatric disorders. Before this may be achieved we
need to take a closer look at the human visual system and how this complex and fascinating
network operates. More recent models of visual processing involve mechanisms like fast
feedforward, feedback and lateral signals. Explaining this keywords may bring us closer to
the background of the visual dysfunctions reported in schizophrenia (Laycock et al., 2007).
In a 1973 study, Kulikowski and Tolhurst were the first to describe a ‘transient’ channel
found to be more sensitive to high temporal and low spatial frequencies and another,
‘sustained’ channel which, conversely, was more sensitive to low temporal and high spatial
stimulus frequencies. This was the first evidence proving two, psychophysically defined,
separate information channels in the human visual system from retina to the cortex
(Kulikowski and Tolhurst, 1973). Further support came from anatomical and physiological
studies of the primate visual system. Livingstone and Hubel demonstrated that differences
found between cell properties at lower levels of the primate visual system correspond to the
two visual streams defined, the transient and the sustained channel, respectively (Livingstone
and Hubel, 1988). The so called M-pathway which is more sensitive to motion is derived
from the magnocellular geniculate subdivisions of the Lateral Geniculate Nucleus (LGN) of
the thalamus and originates in the M-type retinal ganglion cells (10%). The smaller, but more
populous (80%) P-type retinal ganglion cells serve as the afferent projection of the
parvocellular subdivisions of the LGN proceeding in the P-pathway which was described to
be sensitive to form and color of visual stimuli (Callaway, 2005). Much less is known about
the third, the koniocellular (K) pathway, which is derived from interlaminar cells in the LGN
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that seem to have larger receptive fields and more diverse response properties than do the
other two cell types (Casagrande, 1999, Hendry and Reid, 2000, Callaway, 2005). Further
evidence especially from lesion studies in primates shows that the M-pathway, like the human
transient channel, is more sensitive to low contrast stimuli, thus performs best for motion
detection and localization of objects in space. Contrary to that, the P-pathway, like the
sustained channel, has been proven to preferentially respond to medium to high contrast
stimuli and thus, seem to be optimal for recognizing objects and identifying patterns, colors
and fine details (Kaplan and Shapley, 1982). However, one should take into account the role
of the koniocellular system as well, if considering lesion studies of the laminar layers.
In their study, Livingstone and Hubel also mapped out the visual processing streams including
the retino-geniculo-striate projection in an anatomical manner. They proposed that the
magnocellular layers project through the dorsal stream to the parietal cortex, while the
parvocellular layers project through the ventral stream to the temporal cortex, both of them
being completely separated (Livingstone and Hubel, 1988). More recent evidence indicates
that the two pathways are not fully segregated and that they carry complementary
contributions to the cortical areas involved in the higher-level visual processing (Maunsell et
al., 1990, Merigan and Maunsell, 1993). Recent, converging evidence also suggests that not
only are there complementarities in the projection of the different layers but the idea that
motion processing relies on the dorsal stream only and form processing relies on the ventral
stream alone might also be too simplistic. According to this, there is evidence for
magnocellular layers projection through the ventral stream (Mace et al., 2005), and, on the
other hand, parvocellular contributions through the dorsal stream, although, to a lesser extent
(Maunsell et al., 1990).
The challenging demand for explaining how visual information is so rapidly integrated into
perception led to a large number of studies examining the hierarchical maps and connections
of the human visual system. It was initially proposed that projections proceed mainly in a
feedforward manner, from low-order areas such as the primary visual cortex (V1) and visual
area 2 (V2) to higher order areas such as V5 in the occipito-parietal areas of the dorsal stream
and V4 and the Lateral Occipital Complex (LOC) concerning the inferotemporal areas of the
ventral stream (Malach et al., 1995). By taking this ‘road’ increasingly complex
characteristics may be processed. However, these findings already raised the question of the
role of the interconnections between different regions and the possibility of feedback and
lateral projections and interactions. This feedback or top-down conditioning has been recently
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proved to be fast enough to decisively affect lower cortical areas and their role in achieving
visual awareness. In 2002 Foxe and Simpson published exact data about the information
processing time through the visual streams on into the prefrontal cortex in humans found to be
within 30 ms after passing V1. Thus, since the visual cortex remains active for about 400m
ms, there is sufficient time for multiple, complex interactions at all participating levels of the
visual system (Foxe and Simpson, 2002). Besides that, conductions speed differences found
between the larger magnocellular and the smaller parvocellular layers might also serve as an
explanation for the existence of feedback projections and their role in achieving a rapid,
integrated and detailed visual analysis of the real world surrounding us. The magnocellular
layers are considered to have an ‘advantage’ of 25-30 ms in the processing speed and the
signal arrival in V1 (Paulus et al., 1999). Thus, according to Bullier and co-workers (Bullier
et al., 2001), higher-ordered V5 areas are rapidly activated and feedback projections from the
dorsal stream into the primary visual areas are sufficiently rapid to carry global information
from cortical areas and thus, to be able to influence visual processing prior to arrival of the Ppathway projection. This seems to be necessary for reaching visual awareness and further
discrimination.
III.2. CONTRAST CATEGORIZATION DEFICIT IN SCHIZOPHRENIA

Recent research advances in the field of psychiatric disorders with special regards to
schizophrenia discovered discrete alterations sometimes detectable even in the behavior of
these patients prior to the full development of the illness. In some cases, these can also be
found in healthy relatives and thus, can be named endophenotypes or trait-markers of the
illness, if fulfilling definition criteria (Gottesman and Gould, 2003, Keri and Janka, 2004a).
These markers might be of great significance in detecting possible genetic vulnerability
associated to the disorder, thus hopefully improving early diagnosis and therapy (Keri and
Janka, 2004b). A large number of findings suggest impairments in higher-ordered cognitive
functions in schizophrenia, however alterations in low perceptual level functions have been
described as well. As part of these, we emphasized on low level visual processing deficits,
which also have been described in healthy relatives using different and less specific
measuring methods (Kremen et al., 1994, Chen and Faraone, 2000, Keri et al., 2004). Thus,
we speculated that a task measuring cognitive functions and perception in an integrated
manner could provide a conceptual frame to the heterogeneous symptomatology of the illness.
The relationship between the magno and parvocellular pathways was investigated with a
contrast categorization task studying low level perception, memory and abstraction. The
9

contrast-categorization paradigm consists of the detection and visual processing of the
stimulus involving two pathways which were described earlier in the thesis. The P-pathway
processes high contrast stimuli, while the M-pathway low contrast stimuli in the phase of
early visual processing.
Our aim was to investigate if deficits in memory, attention and perceptional function can also
be detected in healthy first-degree biological relatives, in this case siblings of schizophrenia
patients and thus, if one of these measures might be a genetic marker of the illness.
III.3.

COLLINEAR FACILITATION IN SCHIZOPHRENIA

Disturbances in visual perception might also be related to impaired neuronal connections.
Evidence suggests that impaired neuronal connectivity due to various genetic, developmental,
and environmental factors is a hallmark of schizophrenia (Friston, 1998). In this respect, the
dorsolateral prefrontal cortex (DLPFC) is one of the most intensively investigated brain
regions. Increased neuronal density and reduced interneuronal neuropil have been
demonstrated in the DLPFC (Brodmann area 9 and 46) of schizophrenia patients (Selemon,
2001). This neuropathological finding was confined to the dorsolateral parts; in the more
ventrally localized Broca's area (Brodmann area 44), cell packing was normal (Selemon et al.,
2003). Unexpectedly, increased neuronal density was also found in the primary visual area
(V1) of the occipital cortex (Brodmann area 17) (Selemon, 2001). In accordance with this
finding, reduced levels of synaptic protein (synaptophysin and GAP-43) mRNAs and altered
complex gene expression profiles have been revealed in the occipital cortex of schizophrenia
patients (Selemon, 2001). Taylor and his co-workers (Taylor et al., 1997) demonstrated
excessive stimulus-evoked regional cerebral blood flow changes in the occipital cortex of
schizophrenia patients. Abnormal EEG alpha activity and glucose metabolic rate in the same
cortical area have also been described (Danos et al., 2001). Despite these intriguing findings,
the functional consequences of occipital abnormalities are not exactly known in sharp contrast
to the mounting behavioral evidence on DLPFC dysfunction resulting in impaired executive
functions, working memory, and attention in patients with schizophrenia (Donohoe and
Robertson, 2003, Ragland et al., 2007). These deficits are associated with molecular and
morphological alterations in the DLPFC, each of which could reflect the neuroplasticity of the
brain in response to the underlying disease process. Disturbances in excitatory, inhibitory, and
modulatory connections of DLPFC circuitry might be related to the heterogenous
symptomatolgy and serve as possible novel therapeutic targets (Lewis and Gonzalez-Burgos,
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2008). However, impairments in the occipital cortical areas of schizophrenic patients might be
related to visual processing and contrast categorization deficits, which we emphasized on in
this study. Although visual perception has been studied in schizophrenia, targeted and specific
testing of early visual areas is difficult. We used a well-controlled psychophysical method,
which is devoted to the testing of lateral connectivity of cells in early visual areas (V1) (Polat
and Sagi, 1993, Freeman et al., 2001). Contrast thresholds were measured for centrally
presented Gabor patches, named after their inventor, which were surrounded by two collinear
or orthogonal flankers.
Based on this data, we investigated lateral connectivity in early visual cortex of schizophrenia
patients by measuring contrast thresholds for Gabor patches. The facilitation effect of
collinear flankers present in healthy controls is believed to reflect lateral interactions
between feature-specific units in early visual cortex (V1). This facilitation effect is attenuated
in schizophrenia, suggesting abnormal lateral interactions in early visual cortex of
schizophrenia patients.

III.4. DEVELOPMENT OF MOTION AND FORM PROCESSING IN CHILDREN
WITH INCREASED RISK OF PSYCHOSIS

Impaired structure and functioning of the occipital cortex in schizophrenia is supported by
converging evidence. Research focusing on schizophrenia vulnerability claims that motionsensitive areas in the dorsal occipito-parietal visual system are vulnerable to genetic and
environmental factors, which affect brain maturation and development. These theories suggest
that abnormalities of brain development and maturation begin prenatally and continue
throughout childhood (Woods, 1998). Results from high-risk studies indicate childhood
developmental impairments preceding schizophrenia in cognition, language, motor
performance, social adaptation, and emotional functions as well (Niemi et al., 2003). Less
severe developmental abnormalities have also been described in children who later develop
bipolar disorder, but these seem to be confined to social and emotional functions (Murray et
al., 2004). A series of studies have demonstrated a deficit of directional motion processing as
compared to global form processing in several developmental disorders, including Williams
syndrome (Atkinson et al., 1997), autism (Spencer et al., 2000), childhood hemiplegia (Gunn
et al., 2002), fragile X syndrome (Kogan et al., 2004), but not only. Recent studies have
consistently demonstrated impaired motion perception in schizophrenia as well (Stuve et al.,
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1997, Chen et al., 1999a, Chen et al., 1999b), (Chen et al., 2003, Chen et al., 2004) (Schwartz
et al., 1999, Li, 2002, Brenner et al., 2003, Kelemen et al., 2005), but not in bipolar disorder
(Chen et al., 2005). Thus, the investigation of motion perception may provide a unique
opportunity to gain more insight into developmental abnormalities present in severe mental
disorders.
The nature of motion perception dysfunction in psychiatric disorders is an important question.
Recent evidence suggests that the magnocellular pathway is especially affected in
schizophrenia and that its impairment correlates with higher level cognitive, social, and
community functions (Butler and Javitt, 2005). It is possible that motion perception
dysfunctions are related to magnocellular pathology, whereas intact form perception can be
explained by relatively preserved parvocellular functions. Slaghuis and his colleagues
demonstrated that in comparison with normal controls, the threshold for the perception of
coherent motion in the group with schizophrenia was significantly higher at the lowest target
velocity examined, which was of 6.0 °/s but not at target velocities of 12.0 and 24.0 °/s.
Stimulus density was found to have a significant effect on the perception of coherent motion,
but it had no differential effect on performance in the groups. The authors concluded that the
significant reduction in sensitivity for the perception of coherent motion at the lowest target
velocity of 6.0 °/s in the group with schizophrenia is consistent with an impairment in the
detection of visual motion at a local level and in parallel for all parts of the image starting
from low level visual processing pathways (Slaghuis et al., 2007).
Our purpose was to analyze the possibility that developmental anomalies of directional
motion perception can be detected in children of mothers with schizophrenia and bipolar
disorder. In a prospective follow-up study we directly measured motion and form perception
in children of mothers with schizophrenia and bipolar disorder and compared that with the
performance of children with negative family history. Our hypothesis was that the
development of motion perception is specifically impaired in children of mothers with
schizophrenia.

III.5. DECISION- MAKING IN MAJOR DEPRESSIVE DISORDER

The second part of the thesis focuses on neuropsychological assessment of cognitive abilities
in unipolar major depressive disorder. Patients with major depressive disorder show a
diversity of neuropsychological impairments, including deficiency of executive functions
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(working memory, problem solving, planning), altered approach-related behavior and
decision-making impairments, detected by measuring sensitivity to reward and punishment.
Converging evidence from animal models, postmortem and neuroimaging studies suggests
that several brain areas are involved in the patophysiology of major depressive disorder, with
special regard to the prefrontal cortex, the striatum and limbic structures (the hippocampus,
the amygdala, the thalamus) (Drevets, 2001). These structures are interconnected via an
extremely busy network. In vivo structural, cerebral blood flow and metabolic differences
have been described between patients with MDD and controls in the PFC, amygdala,
hippocampus, striatum, and thalamus. These data indicate that the emotional/stress-response
system that includes the amygdala is over-activated and it is associated with dysfunctional
PFC and monoamine systems that modulate amygdala responses (Drevets, 2001, Hasler et al.,
2004). The neuropsychological profile of MDD is consistent with these observations,
including the impairments of executive functions (working memory, problem solving,
planning, and attentional set-shifting), sustained attention, declarative memory, and motor
performance (Crews and Harrison, 1995, Liotti and Mayberg, 2001, Quraishi and Frangou,
2002, Rogers et al., 2004). Evidence also suggests that depression is associated with
decreased approach-related behavior. Henriques and co-workers (Henriques et al., 1994)
showed that monetary reward failed to alter response patterns in depressed volunteers. The
increased sensitivity to negative feedback and punishment was found together with specific
deficits in executive and memory tasks characteristic of frontostriatal and temporal lobe
dysfunctions (Tavares et al., 2003).
We aimed to investigate decision-making function in MDD. We focused on the relationship
between executive functions (attentional set-shifting) and decision-making guided by the
cumulative effect of reward and punishment. For the measurement of executive functions, the
Wisconsin Card Sorting Test (WCST) was used (R.K. Heaton, 1993), whereas reward and
punishment sensitivity was assessed using two versions of the Iowa Gambling Test (IGT)
(Bechara et al., 2000). Taking into consideration that patients with MDD are characterized
by hypersensitivity to punishment and hyposensitivity to reward, we expected impairments in
the version sensitive to punishment of the task assuming that high reward will not outweigh
immediate punishment.
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III.6.

PERSONALITY TRAITS AND GENETIC INFLUENCES ON DECISION-MAKING

In accordance with previous studies, our results revealed that patients with major depressive
disorder show suboptimal decision-making strategies in experimental game situations.
However, personality traits and genetic variations might have remarkable influence on
decision-making strategies. Heredity has major contribution to the development of many
human behavioral traits including personality. The influence of personality traits and genetic
variations on decision-making strategies is not clear, but clearly of interest. The Iowa
Gambling Task administered in our previous study and described in detail earlier in the thesis
is sensitive for the lesion of brain areas related to emotional regulation (ventromedial
prefrontal cortex and amygdala) (Bechara et al., 1999), which are influenced by the
polymorphisms of genes regulating serotonin neurotransmission (Brown and Hariri, 2006).
Patients with MDD showed altered sensitivity to reward and punishment: paradoxically, we
found immediate large reward to enhance related response patterns even when the strategy
was disadvantageous, but immediate large punishment did not prohibit related response
patterns (Must et al., 2006). It was unclear how personality traits and genetic factors may
influence decision-making performance. We investigated this question by assessing
personality traits (Temperament and Character Inventory [TCI], (Cloninger et al., 1993) and
serotonin transporter promoter polymorphism (5-HTTLPR) (Heils et al., 1996) in patients
with MDD. Here I would like to emphasize on the two main approaches which appear in the
genetic research related to psychiatric disorders. Genes possibly involved can be detected in
studies of the whole human genome searching for connections or the research can be
hypothesis-driven, hunting candidate genes. This hypothesis-driven approach revealed the
role of serotonergic pathways and genes, since they are closely related to affective
symptomatology and represent target of effective antidepressant treatment. The serotonin
transporter (5-HTT) plays a crucial role in serotonergic mechanisms being responsible for the
reuptake of serotonin in the synaptic cleft. The polymorphism of the promoter region of the
gene encoding the serotonin transporter (5-HTTLPR) has an important role in the regulation
of this function. Carrying an ‘s’ or ‘l’ allele in the promoter region affects the amount of the
serotonin transporter available in the synaptic junction and its activity pattern as well
(Greenberg et al., 1999). Animal studies are consistent with these findings showing the crucial
role of serotonergic mechanisms in social function, stress-response and coping strategies. The
transient blocking of the 5-HTT with selective serotonin reuptake inhibitors (SSRI) in the
early stage of development in mice resulted in measurable affective social behavior alterations

14

in the adult animal (Ansorge et al., 2004), this being only one example. However, converging
evidence from human neuroimaging studies suggests the role of the 5-HTTLPR
polymorphism in emotion processing and emotional related behavior. A very elegant study
comes from Hariri and his group, who found a significantly increased amygdala response as
measured by fMRI to fearful stimuli in the group of healthy people carrying the ‘s’ allele which is represented in up to 70% of the population - as compared to the ‘ll’ homozygotes
(Hariri et al., 2002). These findings were reproduced in a larger sample including 90 healthy
volunteers (Hariri et al., 2005). This study beautifully suggests the mutifactorial etiology of
the risk for developing major depressive disorder, since genetic susceptibility has to be put
into the context of other, especially enviromental factors. However, an environmental risk
factor can develop its effect dependent from the person’s genetic capabilities as well as
ameliorate the effect of the genetic susceptibility.
Late evidence from functional imaging studies suggests the role of serotonergic
neurotransmission in brain structures involved in emotional decision making, with special
regard to the amygdala and the subgenual prefrontal cortex (Brown and Hariri, 2006).
According to the meta-analysis of Munafo et al. the 5-HTTLPR polymorphism accounts for
up to 10% variability in emotion related reactions taking into account differences in amygdala
activity (Munafo et al., 2007). However, the authors emphasize on the probably notable effect
of the individual personality traits as well. When taking into account the involvement of
genetic factors and environmental effects, the famous Dunedin study has to be mentioned.
Caspi and his colleagues found correlation between the 5-HTTLPR ‘s’ polymorphism
together with three or more stressfull life events in adolescence and early adulthood and the
development of anxiety and depressive symptoms in a large sample size cohort study (Caspi
et al., 2003). However, the effect of personality traits has been taken into consideration in this
approach as well, describing the so called ‘neuroticism’ as a very important modulating factor
in connection to the development of more severe depressive symptoms (Jacobs et al., 2006).
Previous studies indicated that participants with the short (s) allele of the 5-HTTLPR show
higher anxiety-related traits and subclinical depressive symptoms (Schinka et al., 2004, Sen et
al., 2004, Munafo et al., 2005)
Suhr and his colleagues examined the effect of mood and personality on the IGT performance
in a normal population. According to their findings, negative affect and certain personality
traits (e.g. reward seeking) are related to the preference of risky decisions in an independent
but separately significant manner (Suhr and Tsanadis, 2007). However, the actual mood and
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other individual factors should also be of interest and this is what we did in our study, by
using the Cloninger Temperament and Character Inventory. Cloninger et al. have developed a
self-report inventory, the TCI, to assess four dimensions of temperament: novelty seeking,
harm avoidance, reward dependence and persistence, as well as three dimensions of character:
self directedness, cooperativeness and self transcendence. Patients with major depressive
disorder have been characterized by high harm avoidance and low self directedness.
We focused on the role of personality traits and genetic influence on emotionally biased
decision-making strategies. Our hypothesis was that patients with the s allele will show
higher harm-avoidance on the TCI and increased sensitivity for immediate punishment on the
Iowa Gambling Test.
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IV.

MATERIALS AND METHODS

Patients participating in our studies were recruited from the in- and outpatients units of the
Department of Psychiatry, University of Szeged and in one study from the outpatient units of
the Bács-Kiskun County Hospital, Psychiatry Center, Kecskemét, Hungary. Diagnoses were
based on the DSM-IV criteria. Control participants were university and hospital employees
and their relatives and friends. All studies presented here were done in accordance with the
Declaration of Helsinki and were approved by the local ethics board. After a complete
description of the studies, all participants gave their written informed consent. Here we would
like to thank all participants involved for their kind help and time accorded.

IV.1.

Contrast categorization in schizophrenia and healthy relatives

IV.1.1. Participants

Participants were 25 patients who met the DSM-IV criteria for schizophrenia, 25 healthy
siblings of schizophrenia patients and 25 healthy control subjects with no history of any
psychiatric disorder. The groups were matched considering age and gender, but the general
intellectual functions assessed by the Wechsler Adult Intelligence Scale was proven to be
significantly lower compared to the other groups participating. All participants were assessed
using the Brief Psychiatric Rating Scale (BPRS), which revealed the severity of symptoms of
the patients suffering from schizophrenia. (Table 1).
Table 1. Participants of the study

Age (years)
Gender (m/f)
IQ
Chlorpromazine-equivalent
dose (mg/day)
BPRS

Schizophrenia

Siblings

Controls

patients (n=25)

(n=25)

(n=25)

38.6 (9.3)

40.5 (7.2)

39.2 (10.5)

17/8

12/13

17/8

95.6 (23.1)

108.0 (11.6)

110.5 (12.0)

450.6 (165.2)

-

-

25.5 (8.6)

<5

<5

Data show mean values with standard deviations (SD)
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IV.1.2. Contrast categorization task

During the initial part of the task, participants are asked to memorize standard stimuli for the
two, either low or high contrast categories assessed to which they then can compare the new
pictures. The decision making and classification of these new stimuli is then possible through
abstraction mechanisms (Keri et al., 1999, Keri, 2003). The stimuli presented in the task were
sinusoidal markings with luminance minimums and maximums. We used a spatial frequency
of 2.3 cycle/angle of sight and a temporal frequency of 3 Hz. We measured in three different
contrast ranges, from 2% to 11%, 5% to 23% and 20% to 65%. In the practicing part of the
experiment the participants were presented two standard stimuli, exemplifying the minimal
and the maximal contrast in the range measured which they then had to memorize. The
subjects participating were then asked to categorize the further presented stimuli into one of
the two possible contrast groups, the low or the high group, respectively (Figure 1).

Figure 1. Standard stimuli for the contrast categories and the three
contrast ranges

IV.1.3. Data analysis

In every contrast range measured the percentage of stimuli categorized into the high contrast
group were compared using ANOVA.
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IV.2.

Collinear facilitation in schizophrenia

IV.2.1. Participants

Twenty outpatients fulfilling the DSM-IV criteria (DSM-IV: Diagnostic and Statistical
Manual of Mental Disorders, 1994) for schizophrenia (12 male, 8 female) and 15 healthy
control subjects (11 male, 4 female) participated in the study. The patients were selected from
a larger sample according to the following criteria: (i) stabilized clinical state; (ii) no
antipsychotic medication for at least 3 weeks before testing; (iii) normal intelligence, as
measured by the Wechsler Adult Intelligence Scale(Wechsler, 1981); and (iv) spared
continuous performance test (CPT) (cut-off, 1.5 SD below the control mean) ( Table 2.). In
the widely used degraded CPT method of Nuechterlein et al.(Nuechterlein et al., 1986),
numbers from ‘0’ to ‘9’ were sequentially presented (1/s, 50 ms exposure time). Stimuli were
degraded by reversing 40% of the pixels. Subjects were asked to press a key if a ‘0’ (target)
appeared. d′ was calculated as a measure of perceptual sensitivity to discriminate target from
distracters. CPT provides information about basic stimulus encoding abilities and sustained
attention. All participants received the MINI-International Neuropsychiatric Interview Plus
(Sheehan et al., 1998). Clinical symptoms were determined by the Scale for the Assessment
of Positive Symptoms (SAPS) (Andreasen, 1984) and Scale for the Assessment of Negative
Symptoms (SANS) (Andreasen, 1984) instruments (Table 2). History of neurological
disorders, head injury, substance abuse, and electroconvulsive therapy were the general
exclusion criteria. All participants had normal or corrected-to-normal visual acuity. After a
complete description of the study, informed consent was obtained.

Table 2. Age, IQ, attention performance and clinical symptoms of the participants

Schizophrenia subjects (n=20)

Control subjects (n=15)

age (years)

35.8 (12.6)

31.8 (9.9)

IQ

105.6 (10.3)

111.4 (12.5)

CPT d’

2.81 (0.95)

2.76 (0.88)

SAPS

9.3 (4.4)

-

SANS

6.5 (3.0)

-

Data are means (SD). No significant between-group differences were found (t-tests, p>0.1). CPT,
continuous performance test; SAPS, Scale for the Assessment of Positive Symptoms; SANS, Scale for
the Assessment of Negative Symptoms
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IV.2.2. Gabor patch and contrast threshold assessment

Stimuli were Gabor patches which are small oriented features defined by luminance contrast
(Figure 2). The luminance contrast profile of a Gabor patch is formed by the multiplication of
a sinusoidal waveform with a Gaussian envelope. Gabor patches are ideal stimuli if we
consider the receptive field properties of V1 neurons (Ringach, 2002). Stimuli were presented
on a gamma-corrected ViewSonic PF815 monitor (resolution, 800×600 pixels; refresh rate,
100 Hz; VSG graphic card, version 5.02, Cambridge Research System Ltd, Rochester, UK).
The monitor was controlled by an IBM-compatible PC. The viewing distance was 100 cm.
The mean luminance of the display was 50 cd/m2 (Spectra Pritchard 1980A-CD photometer).

Figure 2. (A) Gabor patch. The dotted line (not present during the
experiment) indicates stimulus orientation. (B) Orthogonal and collinear
flankers. Stimulus orientation is indicated as seen above (A).

First, subjects were asked to press the space key on the computer keyboard. After this, a
fixation display of 300 ms appeared, which contained a central cross and two peripheral bars
(length, 0.3° of visual angle; eccentricity, 1.4° of visual angle). The central cross indicated the
location of a subsequent target Gabor patch for which contrast threshold (the minimal contrast
necessary for detection) was measured. Contrast was defined according to the Michelson
formula (the absolute difference between the maximal and minimal luminance divided by
their sum). The orientation of the target was either 45° or 135°. The bars indicated the
location of two subsequent peripheral Gabor patches (flankers with a contrast of 40%), which
have a modulator effect on the contrast threshold of the target. The orientation of the flankers
was either collinear or orthogonal to that of the target (Figure 3.). The Gabor patches had a
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wavelength (λ) and Gaussian distribution equal to 0.15° of visual angle. The spatial frequency
was 6.7 cycles/degree. The center-to-center distance between target and flankers was 4λ
(Polat and Sagi, 1993, Freeman et al., 2001). Subjects were asked to fixate and focus their
attention on the central cross. The experimenter observed the subjects throughout the whole
experiment to ensure fixation. After the fixation display, a brief interval of 80 ms appeared
during which the Gabor stimuli were presented. Subjects were asked to indicate if they
detected the target by pressing separate keys on the computer keyboard (‘1’, yes; ‘9’, no). The
next trial was not initiated without a response. Responses with reaction times exceeding 2000
ms were eliminated.

IV.2.3. Data analysis

Contrast threshold was measured by Levitt's staircase method (Levitt, 1971). In the case of
three consecutive correct responses (hits), contrast was decreased by 25% (0.1 log unit),
whereas in the case of one incorrect response (miss), contrast was increased by 25%.
Decrease or increase of contrast was considered as a reversal. One block of trials terminated
after eight reversals. Contrast threshold was the average of the last six reversals.
Measurements with collinear and orthogonal flankers were performed in separate blocks
which were counterbalanced across subjects.

IV.3. Development of motion and form processing in children with increased risk
of psychosis
IV.3.1. Participants

Thirty-six children of mothers with schizophrenia (21 boys, 15 girls), 28 children of mothers
with type I bipolar disorder with episodes of psychosis (17 boys, 11 girls), and 30 children
with negative family history (16 boys, 14 girls) participated in the study. Twenty-seven
children of mothers with schizophrenia and 20 children of mothers with bipolar disorder lived
with the affected parent. Seven children of mothers with schizophrenia lived with the
unaffected parent and 2 lived with adopting parents (mean age at separation from the affected
mother: 3.5 years (SD = 2.0)). All 8 children of mothers with bipolar disorder lived with the
non-affected parent (mean age at separation from the affected mother: 4.2 years (SD = 2.3)).
Schizophrenia and bipolar mothers were recruited from the outpatient units of the Department
of Psychiatry, University of Szeged and the Bács-Kiskun County Hospital, Psychiatry Center,
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Kecskemét, Hungary. Parents of control participants were university and hospital employees
and their relatives and friends. Diagnoses were based on the DSM-IV criteria. All mothers
received the MINI-International Neuropsychiatric Interview Plus (Sheehan et al., 1998) and
their full medical records were available. Health cards of the children were obtained from
their home districts and a detailed history was obtained from the families, including the nonaffected parent. The following items were taken into consideration for the general description
of the sample: obstetric complications, severe childhood illness, emotional symptoms,
conduct problems, and academic impairment in the school. These items were defined
according to the medical records of the children, following the methodology of the Helsinki
High-Risk Study (Niemi et al., 2005). Children with history of psychosis or pervasive
developmental disorders were not included in the study. The children did not receive
psychotropic medications. Visual perceptual functions were assessed at 7, 8–9, and 10–11
years of age. Families were followed-up during this period, together with a regular monthly
visit for the affected parent at the treating clinician. After a complete description of the study,
all parents (including the non-affected parents) gave their written informed consent.

IV.3.2. Motion and form perception task

The tasks administered require the detection of direction of coherently moving dots embedded
among randomly oscillating dots (motion task) and the detection of tangentially oriented linesegments embedded among randomly oriented segments (form task). Stimuli were presented
on a ViewSonic PF815 monitor controlled by an IBM-compatible PC. In the motion
coherence task, stimuli consisted of an array of dots (density = 4 dots/degree2, stimulus area
luminance = 85 cd/m2). Signal dots moved horizontally at 6°/s and reversed direction every
0.4 s. Noise dots were repositioned randomly on each frame. The task was to locate a 12° × 7°
strip that appeared either on the left or the right side of the screen. In the target strip, the
coherently moving signal dots oscillated in the phase opposite to that in the surrounding
regions (Figure 5.). Participants made decisions by pressing different keys on the computer
keyboard (1 for left and 9 for right). Coherence was the ratio of signal dots to noise dots. At
the beginning of the test, each dot (100%) oscillated coherently. This proportion was reduced
until the first error, when a 2-up/1-down staircase was introduced. The threshold was defined
as the average of six reversals.
In the form coherence task, stimuli consisted of 0.4°-long line segments (density = 19
segments/degree2). In a circular area with a radius of 7°, which was localized either to the left
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or to the right of the center of the screen, some of the line segments were tangentially oriented
to form a circle. The surrounding noise line segments were randomly positioned. The
proportion of tangentially oriented segments defined the level of coherence (Figure 5.).
Similarly to the motion coherence task, participants were asked to decide whether the circle
appeared on the left or the right side of the screen.
In both tasks, the level of coherence at the detection threshold characterizes the sensitivity of
the visual system. If a higher level of coherence is necessary for the detection of a stimulus (a
higher proportion of dots oscillates coherently or a higher proportion of line segments is
oriented tangentially), the threshold is higher and the sensitivity of the visual system is lower.

Figure 3. Illustration of the principles involved in the motion and form coherence threshold measurements.
A: Motion coherence threshold. A proportion of the dots in the middle target strip oscillate in the direction
opposite to the direction in which the dots in the upper and lower strips are oscillating. If a larger percentage of
dots must oscillate coherently to be detected, the motion coherence threshold is higher.
B: Form coherence threshold. Line segments are tangentially organized to compose a circle. Tangentially
oriented segments are embedded among randomly oriented segments. The form coherence threshold is defined
as the percentage of tangentially oriented segments that is indispensable for the detection of the circle. If a
larger percentage of segments must be oriented tangentially, the form coherence threshold is higher. During
both tasks, participants were asked to decide whether the moving strip or the circle was on the left or right side
of the screen.

IV.3.3. Data analysis

Kolmogorov–Smirnov tests were used to check the normality of data distribution when
starting data analysis. Repeated measures analysis of variance (ANOVA) was used (between
subject factor: participant group, within subject factor: motion and form coherence task and
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age) which was followed by F tests for planned comparisons. Two-tailed Student's t tests were
used for post hoc comparisons when the F tests indicated significant differences. The level of
significance was alpha < 0.05.

IV.4.

Decision- making in major depressive disorder

IV.4.1. Participants

Table 3. Demographical and clinical data of the outpatients participating

Gender (f/m)
Age
Education (years)
Duration of illness (years)
Previous depressive
episodes
Hamilton Depression
Rating Scale (HAM-D)
score
Hamilton Anxiety Rating
Scale (HAM-A) score

Medication administered
(number of patients,
average dose)

Patients with DSM-IV MDD
(n=30)
18/12
43.8 (9.6)
15.3 (8.1)
14.2 (6.2)

Controls
(n=20)
11/9
42.5 (10.7)
15.1 (9.4)

7.3 (4.2)

-

15.0 (5.4)

-

8.2 (4.2)

-

citalopram (n=8, 20-40 mg/day)
mirtazapine (n=6, 30-60 mg/day)
paroxetine (n=3, 20-40 mg/day)
reboxetine (n=2, 8mg/day)
sertraline (n=6, 50-200 mg/day)
venlafaxine (n=5, 75-350 mg/day)
alprazolam (n=11, 1-6mg/day)
clonazepam (n=8, 0.5-4mg /day)
valproate (n=1, 800mg /day)
lithium (n=3, 800-1200mg /day)

-

-

Data are mean with standard deviations (SD)

IV.4.2. The Wisconsin Card Sorting Test (WCST)

The Wisconsin Card Sorting Test (WCST) was administered manually according to the
standard description by (R.K. Heaton, 1993). Participants were asked to sort test cards to one
of four key cards. The number of test cards was 120. The geometric forms on the cards had
different shape, color, and number. From these features, only one could be used for sorting
(e.g. test cards should have been matched to the key card with the same color). Participants
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received oral feedback to ascertain the categorization rule which shifted after ten successful
decisions. There were five shifts (color–shape–number–color–shape–number). The number of
categories completed and the number of perseverative errors were the dependent measures.

Figure 4. Illustration of the Wisconsin Card Sorting Test (WCST)

IV.4.3. The Iowa Gambling Test (IGT)

The Iowa Gambling Task (IGT) was administered as described by (Bechara et al., 2000) using
a personal computer. Participants received standard instructions and were told that the aim of
game is to win as much money as possible. In the ABCD version, four decks of cards labeled
as A, B, C, and D were presented on the computer screen. Each deck contained 40 cards. The
task was to click on a card from any of the decks using the mouse. After picking a card, the
amount of money the participant won or lost was depicted on the computer screen, together
with a smiley or a sad cartoon face and different sounds. There was a green bar on the top of
the screen. Winning and losing money were indicated by an increase and a decrease of the
length of the bar, respectively. When the money was added or subtracted, the cartoon face
disappeared and the participant could select the next card. The inter-trial interval was 6 s. The
game consisted of 100 trials. Participants always won 100$ if they selected a card from deck
A or B and always won 50$ if they selected a card from deck C or D. The amount of lost
money was 150, 200, 250, 300 or 350$ for deck A (50% of the cards); 1250$ for deck B (10%
of the cards); 25, 50 or 75$ for deck C (50% of the cards); and 250$ for deck D (10% of the
cards). If there was no loss (50% of cards for decks A and C and 90% for decks B and D), a
sentence appeared on the computer screen stating that “You won 100$ (or 50$)”. If there was
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a loss, a sentence appeared on the computer screen stating that “You won 100$ (or 50$), but
you lost X$”. The order of winning and losing cards was randomized and unpredictable.
Altogether, decks A and B were associated with high immediate reward but even higher
future punishment (Figure 5).
The layout and design of the EFGH version were similar. The four decks were labeled as E, F,
G, and H. Participants always lost 100$ if they selected a card from deck E or G and always
lost 50$ if they selected a card from deck F or H. The amount of received money was 1250$
for deck E (10% of the cards); 25, 50 or 75$ for deck F (50% of the cards); 150, 200, 250, 300
or 350$ for deck G (50% of the cards); and 250$ for deck H (10% of the cards). If there was
no winning (50% of cards for decks F and G and 90% of cards for decks E and H), a sentence
appeared on the computer screen stating that “You lost 100$ (or 50$)”. If participants won
some money, a sentence appeared on the computer screen stating that “You lost 100$ (or
50$), but you won X$”. Altogether, decks E and G were associated with high immediate
punishment but even higher future reward (Figure 5).

Figure 5. The ABCD version, the disadvantageous decks (A and B) yielded high
immediate reward but even higher future punishment (+$ and −$ symbolize winning and
losing, respectively). Decks B and D are characterized by less frequent but relatively
high amount of loss (10% of the cards), whereas decks A and C are characterized by
frequent but relatively small amount of loss (50% of the cards). In the EFGH version,
the disadvantageous decks (F and H) yielded low immediate punishment but even
lower future reward. Decks E and H are characterized by less frequent but relatively
high amount of gain (10% of the cards), whereas decks F and G are characterized by
frequent but relatively small amount of gain (50% of the cards).
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IV.4.4. Data analysis

For data analysis, the 100 trials were divided into five equal blocks. The dependent measure
was the number of cards selected from advantageous decks minus disadvantageous decks as
calculated for each block ([C + D] − [A + B] in the ABCD version and [E + G] − [F + H] in
the EFGH version). The order of administration of the ABCD and EFGH versions was
counter-balanced across participants. The STATISTICA 6.0 package (StatSoft, Inc., Tulsa,
Oklahoma) was used for data analysis. Kolmogorov–Smirnov tests were used to check data
distribution. WCST results were compared with Mann–Whitney U tests because these data
showed non-Gaussian distribution. IGT results were analyzed with a group (MDD vs.
controls) by IGT type (ABCD vs. EFGH) by trials analysis of variance (ANOVA). Two-tailed
t-tests were used for post hoc analysis with Bonferroni corrections for multiple comparisons.
Forward stepwise linear regression analysis was used to determine factors that predicted IGT
performance. In this analysis, the dependent variable was IGT performance after 100 trials
and the independent variables were HAM-D scores, HAM-A scores, and WCST perseverative
errors. Pearson's (r) and Spearman's (R) correlation coefficients were calculated for
parametric (IGT) and non-parametric analysis (WCST), respectively. The level of
significance was alpha < 0.05.
IV.5.

Personality traits and genetic influences on decision-making

IV.5.1. Participants

Participants were 124 patients with DSM-IV unipolar MDD (DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders, 1994) (83 females, 41 males). Patients with history of
neurological illness, obsessive–compulsive symptoms, recent suicide attempts (within
2 years), manic/hypomanic episode or mixed states, psychoactive substance-related disorders,
impulse control disorders, and cluster A or B personality disorders were excluded. All
participants received the MINI-International Neuropsychiatric Interview (Sheehan et al.,
1998) and the Hungarian version of the TCI (S. Rózsa, 2005). Mean Hamilton Depression
Rating Scale (HAM-D) score and mean Hamilton Anxiety Rating Scale (HAM-A) scores
were given for each patient (Mountjoy and Roth, 1982, Maier et al., 1988) . The following
medications were used: bupropion, citalopram, duloxetine, escitalopram, mirtazapine,
paroxetine, sertraline, venlafaxine, alprazolam, clonazepam, and lithium. Testing was
performed during maintenance therapy.
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IV.5.2. The Iowa Gambling Task (IGT)

We administered the computherized versions of the Iowa Gambling Task as described in
details earlier in the thesis. In the ABCD version decks A and B were associated with high
immediate reward but even higher future punishment, this version being prone to measure
hypesensitivity to reward. In the EFGH task, decks labeled E and G were associated with high
immediate punishment but even higher future reward, this version measuring hypersensitivity
to punishment. In both versions, the 100 trials were divided into five equal blocks. The
dependent measure was the number of cards selected from advantageous decks minus
disadvantageous decks as calculated for the last block.
IV.5.3. 5-HTTLPR plomorphism

All participants were genotyped for the 5-HTTLPR polymorphism using the method of (Heils
et al., 1996) and grouped according to their genotype in group ’ss’, ’sl’ or ’ll’.
IV.5.4. Temperament and Character Inventory

The self-report inventory containes 240 items and has been validated to assess four
dimensions of temperament: novelty seeking, harm avoidance, reward dependence and
persistence, as well as three dimensions of character: self directedness, cooperativeness and
self transcendence.
IV.5.5. Data analysis

Data were analyzed using analysis of variance (ANOVA) and two-tailed t-tests. Pearson's
correlation coefficients were calculated between TCI and Iowa Gambling Test measures.
Linear regression analysis was used to determine the relationship between genetics and task
performance. The level of significance was set at alpha < 0.05.
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V.

RESULTS

V.1.

USE OF THE CONTRAST CATEGORIZATION PARADIGM IN ORDER TO

INVESTIGATE DEFICITS IN MEMORY, ATTENTION AND PERCEPTIONAL
FUNCTION IN SCHIZOPHRENIA PATIENTS AND IN HEALTHY RELATIVES,
AS A POSSIBLE GENETIC MARKER OF THE ILLNESS

Schizophrenia patients showed significant categorization deficits in every contrast range
measured, compared to the healthy control subjects. We found the relatives to be
impaired as well, although this was the case in the 10 to 15% contrast range only.
In every contrast range measured the percentage of stimuli categorized into the high contrast
group were compared. In the range from 20 to 65% contrast schizophrenia patients were
significantly impaired at the 30, 35 and 40% contrast values (ANOVA main effect of group
F=12.62, p<0.001). Healthy siblings made overall similar decisions compared to the control
group. In the 2 to 11% contrast range schizophrenia patients were again impaired compared to
healthy controls, the stimuli between 5 and 6% contrast values were significantly harder to
identify for the patients (F=5.62, p<0.01). Healthy siblings showed no alteration in contrast
categorization capacity. The contrast range between 5 and 23% turned out to be the most
interesting one. Schizophrenia patients were again impaired, in this range 9, 11 and 13%
contrast stimuli were the most difficult to categorize into the high or low contrast group for
the patients (F=11.87, p<0.001). However, our results revealed that, in this particular range,
healthy siblings were also significantly impaired compared to control subjects, at the 9 and
11% contrast, respectively (F=7.80, p<0.01) (Figure 6). Covariance analysis performed for IQ
and BPRS measures identified no confounding effect of these two factors on the significantly
impaired contrast categorization capacity of schizophrenia patients (p>0.1).
Schizophrenia patients showed significant categorization deficits in every contrast range
measured, compared to the healthy control subjects. However, we found the relatives to be
impaired as well, although this was the case in the 10 to 15% contrast range only. At this
specific contrast level the patients and their relatives grouped the stimuli more often into the
high contrast category (Figure 6).
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Figure 6. Stimuli grouped as high contrast pictures, left figure always depicting
schizophrenia patients compared to controls, right figure showing healthy siblings
compared to controls in every contrast range measured. * Significant differences
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V.2. GABOR PATCH USED FOR TESTING LATERAL CONNECTIVITY IN
EARLY VISUAL AREAS (V1) OF SCHIZOPHRENIA PATIENTS

Significantly reduced effect of collinear flankers on contrast threshold in unmedicated
highly functioning schizophrenia patients suggests abnormal lateral interactions in early
visual cortex of these patients
Control subjects showed the classic facilitation effect when collinear flankers were presented
compared with the orthogonal flanker condition; in the former case, contrast threshold for the
target was significantly lower (t(14)=7.04, p<0.0001). This phenomenon is a fundamental
feature of low-level visual processing and lateral interactions in early visual cortex (Polat and
Sagi, 1993, Kapadia et al., 1995, Freeman et al., 2001). The main finding of this study was
that collinear flankers had a smaller facilitation effect on contrast detection in patients with
schizophrenia compared with the controls, while in the case of orthogonal flankers, the
patients did not show severe contrast detection deficits (Figure 7). The performance of the
patients did not correlate with the clinical symptoms (Spearman's r<0.2). These results
indicate that lateral interactions between feature-specific processing units in early visual
cortex are impaired in patients with schizophrenia.

Figure 7. Mean contrast thresholds in the schizophrenia patients (n=20) (filled circles)
and in the controls (n=15) (open circles) as a function of flanker orientation (orthogonal
vs. collinear). Error bars indicate standard error of mean. Analysis of variance (ANOVA)
main effect of group, F(1,33)=4.15, p<0.05; main effect of flanker orientation,
F(1,33)=39.46, p<0.0001; interaction, F(1,33)=13.95, p<0.001. (a) No significant
between-group difference (p=0.38); (b) significant between-group difference
(t(33)=−2.99, p<0.01)
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V.3. INVESTIGATING DEVELOPMENTAL ANOMALIES OF DIRECTIONAL
MOTION PERCEPTION IN CHILDREN OF MOTHERS WITH SCHIZOPHRENIA
OR BIPOLAR DISORDER

Motion coherence thresholds were higher in children of mothers with schizophrenia
reflecting motion perception dysfunctions which might be related to magnocellular
pathology

At 8–9 years of age, 31 children of mothers with schizophrenia and 25 children of mothers
with bipolar disorder were assessed from the original sample. At 10–11 years of age, 28
children of mothers with schizophrenia and 23 children of mothers with bipolar disorder were
assessed from the original sample (Table 4).
Table 4. Major characteristics of the sample showing the number affected cases/whole
sample.

Obstetric
complications
Severe childhood
illness
Emotional
symptoms
Conduct
problems
Academic
impairment

Children of mothers with
schizophrenia

Children of mothers with
bipolar disorder

Control
children

1 / 36

2 / 28

2 / 30

2 / 36

3 / 28

2 / 30

8 / 36

6 / 28

1 / 30

5 / 36

7 / 28

2 / 30

6 / 36

5 / 28

2 / 30

Mean coherence thresholds from the motion and form task in children of mothers with
schizophrenia and children of mothers with bipolar disorder compared to controls are depicted
on Figure 8.
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Figure 8. Mean coherence thresholds from the motion and form tasks. CONT—control
children (n = 30), SCZ—children of mothers with schizophrenia (7 years: n = 36, 8–9 years:
n = 31, 10–11 years: n = 28), BDP—children of mothers with bipolar disorder (7 years:
n = 28, 8–9 years: n = 25, 10–11 years: n = 23). Error bars indicate 95% confidence
intervals. The ANOVA indicated significant main effects of group (F(2, 78) = 3.92, p < 0.05),
coherence task type (F(1, 78) = 52.56, p < 0.0001), and age (F(2, 156) = 244.30,
p < 0.0001). There were significant two-way interactions between group and coherence task
type (F(2, 78) = 8.79, p < 0.001), group and age (F(4, 156) = 2.74, p < 0.05), and

coherence task type and age (F(2, 156) = 4.28, p < 0.05). Critically, the three-way
interaction among group, coherence task type, and age was also significant
(F(4, 156) = 3.80, p < 0.05).

The three-way interaction was further explored by using F tests. When the children of mothers
with schizophrenia were compared with controls, the interaction was significant
(F(1, 78) = 6.79, p < 0.05) in contrast to the comparison between children of mothers with
bipolar disorder and controls (p = 0.73). When the children with mothers with schizophrenia
and bipolar disorder were directly compared, the critical interaction among group, coherence
task type, and age was again significant (F(1, 78) = 7.72, p < 0.05). Motion coherence
thresholds were higher in children of mothers with schizophrenia than that in controls at 8–9
years of age (t(59) = − 2.21, p < 0.05) and at 10–11 years of age (t(56) = −3.00, p < 0.005).
There were no differences in form coherence thresholds (p > 0.1). When compared with
children of mothers with bipolar disorder, children of mothers with schizophrenia showed
higher motion coherence threshold at all ages (7 years: t(62) = 2.59, p < 0.05; 8–9 years:
t(54) = 4.05, p < 0.0005; 10–11 years: t(49) = 4.66, p < 0.0001). Again, there were no
differences in form coherence thresholds (p > 0.6) (Figure 8).
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Separate ANOVAs revealed no significant differences between boys and girls (p > 0.1) and
between children living with and without the affected parent (p > 0.5).

V.4.

ASSOCIATION BETWEEN EXECUTIVE FUNCTION AND EMOTIONAL

DECISION-MAKING IMPAIRMENT IN MDD, MEASURED BY DIFFERENT
NEUROPSYCHOLOGICAL TEST METHODS

MDD patients were characterized by impaired executive function as measured by the
WCST and showed suboptimal decision-making strategies in experimental game
situations
We found that the median number of categories completed in the WCST was 4.0 (range: 0–6)
in the MDD group and 6.0 (range: 4–6) in the controls (Z = − 3.11, p < 0.005). The median
number of perseverative errors was 11.0 (range: 8–30) in the MDD patients and 8.0 in the
controls (range: 5–18) (Z = 3.07, p < 0.005). These values are generally used for the
measurement of executive function, category-learning and set-shifting in this task.
When examining IGT performance ANOVA revealed significant main effects of group
(F(1, 49) = 22.52,

p < 0.001),

IGT

type

(F(1,49) = 16.43,

p < 0.001),

and

trials

(F(4, 196) = 35.57, p < 0.001). The two-way interactions between group and IGT type
(F(1, 49) = 5.18, p < 0.05) and between group and trials (F(4, 196) = 12.53, p < 0.001) were
also significant. Finally, the three-way group by IGT type by trials interaction also reached
the level of statistical significance (F(1, 49) = 6.54, p < 0.001). Student's t-tests revealed that
the patients with MDD made fewer advantageous decisions than the controls in the ABCD
version after 41–60, 61–80, and 81–100 trials (t < − 3.0, p < 0.001, power > 0.90). There were
no significant between-group differences in the EFGH version (Figure 9.).

34

Figure 9. Mean number of cards selected from advantageous minus disadvantageous
decks. Positive scores reflect advantageous strategy (overall gain), whereas negative
scores reflect disadvantageous strategy (overall loss). Error bars indicate 95% confidence
intervals. *p < 0.001, t-test.

Correlation and linear regression analysis have been performed when analyzing the results.
We found that the WCST, IGT, and HAM-D measures did not correlate (R < 0.2). The HAMD scores inversely correlated with the EFGH performances after 41–60 trials (r = − 0.39,
p < 0.05, power = 0.73), 61–80 trials (r = − 0.50, p < 0.05, power > 0.90), and 81–100 trials
(r = − 0.48, p < 0.05, power = 0.89). No such correlations were found in the case of the
ABCD version (r < 0.3). The linear regression analysis revealed that the HAM-D scores
(beta = − 0.48, p < 0.001, power > 0.90) but not the WCST perseverative errors predicted
EFGH performances after 100 trials. No such effect was found in the case of the ABCD
version. The HAM-A scores did not correlate with test performances (r < 0.2) and did not
predict test performances (Figure 9.).
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V.5.

THE REMARKABLE INFLUENCE OF PERSONALITY TRAITS AND

GENETIC VARIATIONS ON DECISION-MAKING STRATEGIES

MDD patients with the ss variant of the 5-HTTLPR achieved lower persistence scores on
the TCI and selected more disadvantageous decks in the ABCD version of the IGT
which measures hypersensitivity to reward

Our results revealed that genotype frequencies did not deviate from Hardy–Weinberg
equilibrium (p > 0.1). MDD patients with the ss variant of the 5-HTTLPR achieved lower
persistence scores on the TCI compared with patients with the ’ll’ variant; patients with the
’ls’ variant scored between ’ll’ and ’ss’ patients. No other TCI parameters showed significant
differences as a function of 5-HTTLPR genetics.
Table 5. Demographical and clinical data of the patients, TCI and IGT results as a function of
5-HTTLPR

Age (years)
Education (years)
Duration of illness
(years)
HAM-D
HAM-A
Harm avoidance
Reward dependence
Novelty seeking
Persistence
Self-directedness
Cooperativeness
Transcendence

ll (n = 31)

ls (n = 58)

ss (n = 35)

p

42.3 (8.5)
14.3 (4.8)

43.6 (9.2)
15.2 (5.0)

41.0 (7.7)
15.5 (6.3)

0.82
0.86

12.4 (4.2)

11.0 (9.5)

13.4 (7.6)

0.72

22.3 (7.5)
4.5 (4.7)
23.9 (7.4)
15.0 (2.9)
17.3 (6.1)
4.5 (1.6)
25.9 (5.7)
28.0 (5.8)
13.8 (7.1)

21.5 (8.4)
4.9 (3.2)
23.3 (8.8)
15.0 (3.2)
16.5 (6.1)
3.7 (1.9)
26.1 (6.0)
28.4 (5.9)
14.7 (7.0)

23.0 (6.3)
4.9 (3.8)
24.8 (9.9)
15.1 (2.8)
15.8 (4.9)
3.0 (1.6)
25.1 (5.3)
27.1 (6.5)
15.1 (6.5)

0.57
0.84
0.69
0.99
0.64
0.01
0.82
0.73
0.53

Data are mean (standard deviation). One-way ANOVA: F(1,122) = 4.62, p = 0.01; ’ll’ > ’ss’:
t(64) = 3.21, p < 0.005.
In the ABCD version of the Iowa Gambling Test, patients with the ’ss’ variant selected less
advantageous decks compared with patients carrying the ’ll’ variant; the value of ’ls’ patients
was between the scores of the ’ss’ and ’ll’ patients (Figure 10.). The genetic variant of the 5HTTLPR accounted for 10.8% of variance in the ABCD task (beta = 0.33, p < 0.05), whereas
persistence accounted for 1.9% of variance (beta = − 0.14, p = 0.26). In the case of the EFGH
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version, there was no such relationship (p > 0.1). This differential deficit was confirmed by a
MANOVA test, including task type as a within-subject factor (ABCD vs. EFGH). This test
revealed a significant genotype by task type interaction (F(2,122) = 4.58, p < 0.05).

Figure 10. Mean number of advantageous decks selected in the ABCD and EFGH
versions of the Iowa Gambling Test in patients with ’ll’, ’ls’, and ’ss’ versions of the 5HTTLPR. Error bars indicate standard deviation of the mean.

There was a negative relationship between harm-avoidance and performance on the EFGH
task (r = − 0.40, p < 0.05), whereas the relationship between persistence and ABCD
performance was positive (r = 0.35, p < 0.05). Depressive symptoms did not correlate with
performance on the ABCD task (p > 0.1), but showed inverse correlation with EFGH
performance (r = − 0.47, p < 0.05). All other correlations were not significant (p > 0.1).
Finally, male and female patients did not differ in any measure (p > 0.1).
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VI.

DISCUSSION

The relationship between the magno and parvocellular pathways was investigated with a
contrast categorization task studying low level perception, memory and abstraction. We aimed
to find out if deficits in memory, attention and perceptional function can also be detected in
healthy first-degree biological relatives, in our case siblings of schizophrenia patients and if
one of these measures might be considered a genetic marker of the illness and called an
endophenotype. Contrast categorization deficit in schizophrenia subejcts was measurable in
all contrast ranges of our interest. This perfectly lines up with prior findings of our laboratory
(Keri et al., 1999, Keri et al., 2000). However, in the group of healthy relatives, the contrast
categorization deficit was found in the 10% to 15% range only, which is exactly the transition
zone between the specific receptive fields of the M and P pathways. This finding lets us
conclude that the perceptual component of the categorization task might be a marker
independent from the development of the disease, in other words, a possible endophenotype.
We may also conclude that working memory impairments and deficiencies in abstract
thinking are linked to contrast categorization deficits in schizophrenia.
Visual perception disturbances in schizophrenia, which could be described using the contrast
categorization task, might also be related to impaired neuronal connections in the primar
visual cortex of schizophrenia patients. Kapadia and his colleagues measured contrast
threshold in humans in parallel with single cell recordings from monkey V1. They found that
the observer's contrast threshold was 40% improved by a second collinear bar with a similar
localization to that of the lateral flankers in our study. Consistent with the feature specificity
of V1, the effect was eliminated when the bars were separated along their axis, were displaced
from co-linearity or if their relative orientation was changed. Recordings from monkey V1
revealed that neurons showed a similar facilitation effect for a second collinear bar outside
their receptive field with a high location and orientation specificity (Kapadia et al., 1995).
These results support the view that the flanker facilitation effect is a reliable method to
investigate low-level visual processing. Using a slightly different method with Gabor patches,
we have demonstrated that these early feature-specific interactions in the visual cortex are
specifically impaired in highly functioning schizophrenia patients. Although visual perception
has been intensively studied in schizophrenia, targeted and specific testing of early visual
areas is still difficult. Centrally presented Gabor patches, surrounded by two collinear or
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orthogonal flankers are ideal stimuli for this purpose. Healthy subjects are described to show
lower contrast thresholds for central Gabor patches when collinear flankers are presented. We
found this effect to be significantly reduced in unmedicated highly functioning schizophrenia
patients who performed well on other neuropsycholgical test methods. We found no
correlation with the positive and negative symptoms either. The fact that the patients
performed less well during the condition which was easier for the controls indicates that the
findings cannot be explained by task difficulty effects. Another confounding factor may be
that because of the short exposure time, the patients were unable to encode stimuli. However,
two facts are at odds with this possibility. First, the patients showed normal degraded CPT
performance, suggesting that they were able to encode briefly presented stimuli. The finding
that reduced flanker facilitation was associated with normal CPT performance may reflect
different sensitivities of these tests to detect visual abnormalities. Second, Slaghuis showed
that increased exposure time did not lead to performance improvements during contrast
detection tasks in schizophrenia patients (Slaghuis, 1998).
Since we controlled general intellectual and attention/ stimulus encoding problems, our results
suggest that lateral connections in early visual cortex of schizophrenia patients are specifically
impaired. This is consistent with neuropathological findings revealing disordered neuronal
connectivity in the occipital cortex of schizophrenia patients (Selemon, 2001). The present
data also are in accordance with studies demonstrating dysfunctions in perceptual
organization in schizophrenia, that is, a failure to integrate local features into global objects
(Cox and Leventhal, 1978, Silverstein et al., 2000). These results are also closely related to
backward masking and smooth pursuit eye movement abnormalities described in
schizophrenia. As a neurobiological basis of these phenomena, N-methyl-D-aspartate
(NMDA) glutamate receptors and integrated synaptic networks may be of special relevance.
However, we have to mention the limitations of these studies caused by confounding factors
such as medication effects, attention impairment and general task difficulty.
Recent research work focusing on schizophrenia vulnerability claims that motion-sensitive
areas in the dorsal occipito-parietal visual system are vulnerable to genetic and environmental
factors, which affect brain maturation and development. These might begin prenatally and
persist through childhood. In our prospective follow-up study we tried to identify
developmental abnormalities which might be related to major psychiatric disorders due to
genetic factors. We directly measured motion and form perception in order to gain
information about visual processing deficits in children of affected mothers. Results revealed
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that the rate of development in the motion task was less pronounced in children of mothers
with schizophrenia than that in children of mothers with bipolar disorder and in age-matched
controls. The development of form perception was spared. Children of mothers with bipolar
disorder showed an intact development in both motion and form perception tasks. These
results suggest that the progressive developmental abnormality of motion-sensitive visual
areas may be a characteristic feature of schizophrenia-vulnerability. Motion coherence data
from children of mothers with schizophrenia were qualitatively different from that observed
in childhood autism (Spencer et al., 2000), but were similar to that observed in childhood
hemiplegic cerebral palsy due to prenatal and perinatal developmental malformations and
hypoxic lesions (Gunn et al., 2002). Children with autism showed a normal decrease of
motion coherence threshold with increasing age, but in each age group (7, 8–9, 10–11 years),
their performance was uniformly poorer than that of the age-matched controls (Spencer et al.,
2000). In contrast, a decrease in motion coherence threshold with increasing age was less
pronounced in children of mothers with schizophrenia than that in age-matched controls. This
suggests a progressive developmental abnormality instead of a stable deficit, which would be
fully present even at 7 years of age and would remain stable during childhood. This highlights
the need to investigate critical developmental periods in children at risk of psychosis. There is
no general agreement about the neuronal correlates of motion perception deficits in
schizophrenia. Lencer and co-workers (Lencer et al., 2005) found that impairments in the
tracking of a moving target were significantly correlated with a focal decrease of the
hemodynamic response in the motion-sensitive V5 complex. In contrast, Hong and his group
(Hong et al., 2005) published that patients had reduced pursuit-related activation in several
motion processing areas including frontal and supplemental eye fields, medial superior
temporal cortex, and anterior cingulate. The comparison of form and motion coherence allows
the specific assessment of non-frontal visual motion areas, with a special reference to the V5
complex, which is specifically activated during the motion task relative to the form task
(Braddick et al., 2000). Since we observed a selective deficit in the motion task, our data
suggest that the developmental abnormality related to schizophrenia-vulnerability affects nonfrontal motion areas. Contrary to our findings, Chen and colleagues (Chen et al., 2005)
reported normal motion coherence threshold in biological relatives of schizophrenia patients,
suggesting that directional motion processing does not reflect schizophrenia-vulnerability in
contrast to velocity discrimination, which is closely related to the deficit of smooth pursuit
eye movements even in non-affected biological relatives. However, in the (Chen et al., 2005)
study, relatives of both schizophrenia and schizoaffective patients were included using a
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cross-sectional design, whereas in our study, children of mothers with schizophrenia were
followed-up, the sample being special because only mothers were affected in these families.
The proportion of children who later develop schizophrenia is unknown and therefore it can
be that directional motion perception abnormalities predict the later appearance of psychosis.
The most important limitation of this study is that, due to the limited follow-up period, the
number of children who later develop schizophrenia or bipolar disorder is not known.
The other main topic of the thesis is related to MDD. Contrary to our hypothesis, patients with
MDD performed poorly on the ABCD version, whereas they showed a normal learning rate
on the EFGH version of the IGT. Although executive functions were also impaired, these did
not account for decision-making problems during the IGT. These results suggest that patients
showed an increased sensitivity to reward, leading to disadvantageous choices from decks
with high immediate reward but even higher future loss. Furthermore, immediate high
punishment did not prohibit the patients to continue selecting cards from these decks,
similarly to the controls. We also found that less depressed patients more frequently neglected
high punishment than did more depressed patients. Confounding conditions prior associated
with disadvantageous decision-making might be substance abuse (Bechara et al., 2001,
Bechara et al., 2002), obsessive-compulsive disorder (Cavallaro et al., 2003), and cluster B
personality disorders (Rogers, 2003), which were excluded in this study. We may further
speculate that the pattern of IGT performance in patients with MDD was due to a general
blunting of emotional reactivity. In this sense, patients may select from decks with higher
immediate emotional valence, regardless of rewarding or punishing quality, in order to
compensate their reduced reactivity to emotional stimuli. Another possibility is that failure in
the ABCD version reflects behavioral impulsivity, which may be related serotonergic
disturbances (Tanaka et al., 2004). However, the inter-trial interval was long resulting in a
reduced pace of the task. This may have prevented the participants to execute premature
impulsive responses. Furthermore, it is possible that punishment in the EFGH version was not
especially aversive for the patients. However, the finding that less depressed patients more
often ignored high immediate punishment is against this possibility.
Recent evidence using fMRI methods raises the possibility that the same brain structures are
involved in the mediation of reward and punishment contingency based learning mechanisms,
the only difference would be in the activation pattern of these structures during different
emotional biases. Thus, potential loss would cause a decrease in the activation of the striatum,
the ventromedial prefrontal cortex (VMPFC), the ventral anterior cingulate cortex (ACC) and
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the medial orbitofrontal cortex, whereas structures involved in the processing of negative
emotional stimuli, e.g. the amygdale and the anterior insula show an increased activity during
this context. Potentional gain however causes an increased activity of the mentioned brain
structures, the striatum, the VMPFC, the ventrolateral prefrontal cortex (VLPFC), AC, OFC
but also the mesolimbic dopaminergic regions (Tom et al., 2007) (Figure 11.).

Figure 11. Regions involved in human decision-making and their relation to the
serotonergic pathways. DPFC: dorsolateral prefrontal cortex; ACC: anterior cingulated
cortex; VMPF: ventromedial prefrontal cortex; OFC: orbitofrontal cortex; VTA: ventral
tegmental area

Steele and his colleagues performed further investigations measuring reaction time
differences during emotional decision making and using fMRI methods comparing the group
of patients with major depression to healthy controls. Control subjects responded to negative
feedback by increased reaction time and increase of anterior cingulum (AC) activity, while
positive feedback resulted in a decrease of the reaction time and increased activity of the
ventral striatum. However, depressed patients failed to show any of these changes. The
reaction time changes directly correlated to subjectively reported anhedonia feelings in both
groups (Steele et al., 2007). Using positron emission tomography (PET), (Elliott et al., 1998)
found that response to feedback in depressed patients was associated with an abnormal
activation in the medial caudate and ventromedial PFC. Together with evidence from other
approaches (Drevets, 2001, Mayberg, 2003, Hasler et al., 2004), all this data suggests that the
brain structures related to the regulation of mood and the acquisition of reward–punishment
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contingencies is dysfunctional in MDD. We may assume that in MDD altered sensitivity to
reward and punishment or behavioral impulsivity may stand behind decision-making
abnormalities, which, according to our data, were not a pure consequence of executive
dysfunction.
MDD patients with the ’ll’ version of the 5-HTTLPR displayed higher persistence and
performed better on the ABCD task compared with patients with the ’ss’ variant. Less
persistence may be associated with a reduced ability to acquire or to maintain a decisionmaking strategy that did not lead to immediate high reward. The EFGH task investigated the
possibility that decision-making problems were due to the failure of high reward to outweigh
immediate punishment (Bechara et al., 2000) If the patient was too heavily influenced by
immediate punishment, the decision-making strategy would have not been optimal. Patients
with high trait anxiety, harm-avoidance, and depressive symptoms may have shown such
enhanced sensitivity to punishment. Several studies demonstrated that Cloninger's
temperament factors are associated with depression (e.g. (Cloninger et al., 2006). In our
sample, the frequency of the ss genotype was high comparing to other European populations,
which may indicate its role in depression (Lesch and Mossner, 1998).
Surprisingly, our data indicated that the genetic variants of the 5-HTTLPR did not influence
trait anxiety and sensitivity to punishment. This is consistent with the recent meta-analysis
(Munafo et al., 2005) which found that the association between 5-HTTLPR polymorphism
and anxiety traits, if present, is weak. However, it depends on the instrument used for the
personality assessment (Sen et al., 2004). It is of our interest and planned to extend the
investigation to a larger sample size and to include healthy controls, which can be considered
the main limitation of this study. Our next approach will also include the assessment of
personality traits and decision-making using multiple questionnaires and neurocognitive tasks.
We would consider the special relevance of impulsivity, suicidal attempts and behaviour on
one hand and working memory and sustained attention on the other hand related to decisionmaking abnormalities in major depressive disorder.
Decision-making paradigms may offer a unique opportunity to investigate functional changes
in MDD. In our study, we showed that medicated patients with MDD display disadvantageous
choices at immediate large rewards, whereas immediate large punishment did not prohibit
associated responses. This latter effect was more pronounced in the case of less severe
depressive symptoms. To investigate whether these results might be related to medication
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effects, further studies are necessary including patients on and off medication. These studies
should also take into consideration individual personality style and cognitive, motivational,
and response sources which have a significant effect on decision-making behaviour
(Busemeyer and Stout, 2002). Another important point which has to be taken into account is
the exact diagnosis of affective disorders with special regard on identifying mixed depression
with co-occuring hypomanic states and impulsivity (Benazzi, 2008).
To briefly conclude, our data suggests the functional involvement of the different regions of
the prefrontal cortex, the VMPFC, the OFC and the DLPFC in major depression. However,
we could not find significant correlation between the function of these different cortical areas
as measured by different neuropsychological test methods focusing on the ‘speciality’ of each
area. Contrary to this stands the main criticism on the IGT claiming that the decision-making
in the task clearly involves executive functions besides affective components (Maia and
McClelland, 2004). Consistent with our findings, there is evidence suggesting the lack of
connection between emotional biased decision making and cognitive strategies in other main
psychiatric disorders (e.g. schizophrenia) as well (Lee et al., 2007). Our results support the
separability of the rather flexible use of cognitive strategies in decision making and
emotionally driven contingencies. We have to emphasize on the role of the 5-HTTLPR
polymorphism in decision-making performance, which seems to be a stronger predictor of
these strategies compared to the clinical symptoms of the disorder. However, the clinical signs
might then have a more accentuated role than the executive dysfunction does. When studying
a large, comorbid clinical sample of psychiatric patients, Jollant and his colleagues described
the role of impulsivity and the therapeutic effect of affective modulation in order to improve
altered decision-making strategies (Jollant et al., 2007).
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VII. BRIEF SUMMARY
Our purpose was to investigate genetic vulnerability associated with clinical symptoms,
functional alterations and neurocognitive deficits found in psychiatric disorders. We focused
on low-level visual perceptual deficits and abnormalities in schizophrenia patients using
methods and tasks relying on contrast detection. According to our findings, schizophrenia
vulnerability might also be characterized by developmental abnormalities of motion-sensitive
visual areas, detected in children of mothers with schizophrenia. Our interest also focused on
cognitive deficits in major depressive disorder. We performed the Wisconsin Card Sorting
Test in order to measure executive functions, set shifting mainly related to dorsolateral PFC
and two versions of the Iowa Gambling Task, based on decision making strategies influenced
by the cumulative effect of monetary reward and punishment. Surprisingly, but consistently,
we found that depressed patients performed poorly on the task variant measuring reward
sensitivity, which seems to be a paradoxical decision making strategy. Our results suggest that
depressed patients tend to be influenced by high immediate reward, which could be explained
by personality traits, especially persistence, and genetic factors, with special focus on the
serotonin system associated with depression vulnerability.

45

VIII. Acknowledgement
I would like to express my gratitude to all those who gave me the possibility to complete this
thesis. I would like to thank Professor Zoltán Janka for his essential help, indispensable
support and guidance. I am deeply indebted to Szabolcs Kéri, whose stimulating suggestions
and encouragement helped me in all the time of research for and writing of this thesis. His
guidance made the completion of this work possible. I am obliged to many of my colleagues,
having to mention Anna Juhász, Ágnes Rimanóczy, Tamás Irinyi, Zoltán Szabó, György
Szekeres and the friendly assistance of all the staff. I would like to express my gratitude to
Professor György Benedek for his kind support.
I would like to give my special thanks to Szatmár Horváth whose support, love and patience
enabled me to complete this work. At last but not least I would like to give my very special
tanks to my parents and family, their neverending love and support made this possible for me.

46

IX.

REFERENCES

Andreasen NC (ed.) (1984) Scale for the Assessment of Negative Symptoms (SANS). University of
Iowa College of Medicine, Iowa City, IO.
Ansorge MS, Zhou M, Lira A, Hen R, Gingrich JA (Early-life blockade of the 5-HT transporter alters
emotional behavior in adult mice. Science (New York, NY 306:879-881.2004).
Atkinson J, King J, Braddick O, Nokes L, Anker S, Braddick F (A specific deficit of dorsal stream
function in Williams' syndrome. Neuroreport 8:1919-1922.1997).
Bechara A, Damasio H, Damasio AR, Lee GP (Different contributions of the human amygdala and
ventromedial prefrontal cortex to decision-making. J Neurosci 19:5473-5481.1999).
Bechara A, Dolan S, Denburg N, Hindes A, Anderson SW, Nathan PE (Decision-making deficits,
linked to a dysfunctional ventromedial prefrontal cortex, revealed in alcohol and stimulant
abusers. Neuropsychologia 39:376-389.2001).
Bechara A, Dolan S, Hindes A (Decision-making and addiction (part II): myopia for the future or
hypersensitivity to reward? Neuropsychologia 40:1690-1705.2002).
Bechara A, Tranel D, Damasio H (Characterization of the decision-making deficit of patients with
ventromedial prefrontal cortex lesions. Brain 123 ( Pt 11):2189-2202.2000).
Benazzi F (Defining mixed depression. Prog Neuropsychopharmacol Biol Psychiatry 32:932939.2008).
Braddick O, Atkinson J, Wattam-Bell J (Normal and anomalous development of visual motion
processing: motion coherence and 'dorsal-stream vulnerability'. Neuropsychologia 41:17691784.2003).
Braddick OJ, O'Brien JM, Wattam-Bell J, Atkinson J, Turner R (Form and motion coherence activate
independent, but not dorsal/ventral segregated, networks in the human brain. Curr Biol
10:731-734.2000).
Brenner CA, Lysaker PH, Wilt MA, O'Donnell BF (Visual processing and neuropsychological function
in schizophrenia and schizoaffective disorder. Psychiatry Res 111:125-136.2002).
Brenner CA, Wilt MA, Lysaker PH, Koyfman A, O'Donnell BF (Psychometrically matched visualprocessing tasks in schizophrenia spectrum disorders. Journal of abnormal psychology
112:28-37.2003).
Brown SM, Hariri AR (Neuroimaging studies of serotonin gene polymorphisms: exploring the interplay
of genes, brain, and behavior. Cognitive, affective & behavioral neuroscience 6:44-52.2006).
Bullier J, Hupe JM, James AC, Girard P (The role of feedback connections in shaping the responses
of visual cortical neurons. Prog Brain Res 134:193-204.2001).
Busemeyer JR, Stout JC (A contribution of cognitive decision models to clinical assessment:
decomposing performance on the Bechara gambling task. Psychol Assess 14:253-262.2002).
Butler PD, Javitt DC (Early-stage visual processing deficits in schizophrenia. Curr Opin Psychiatry
18:151-157.2005).
Butler PD, Zemon V, Schechter I, Saperstein AM, Hoptman MJ, Lim KO, Revheim N, Silipo G, Javitt
DC (Early-stage visual processing and cortical amplification deficits in schizophrenia. Archives
of general psychiatry 62:495-504.2005).
Callaway EM (Structure and function of parallel pathways in the primate early visual system. J Physiol
566:13-19.2005).
Casagrande VA (The mystery of the visual system K pathway. J Physiol 517 ( Pt 3):630.1999).
Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, McClay J, Mill J, Martin J, Braithwaite
A, Poulton R (Influence of life stress on depression: moderation by a polymorphism in the 5HTT gene. Science (New York, NY 301:386-389.2003).
Cavallaro R, Cavedini P, Mistretta P, Bassi T, Angelone SM, Ubbiali A, Bellodi L (Basal-corticofrontal
circuits in schizophrenia and obsessive-compulsive disorder: a controlled, double dissociation
study. Biol Psychiatry 54:437-443.2003).
Chen WJ, Faraone SV (Sustained attention deficits as markers of genetic susceptibility to
schizophrenia. American journal of medical genetics 97:52-57.2000).
Chen Y, Bidwell LC, Holzman PS (Visual motion integration in schizophrenia patients, their firstdegree relatives, and patients with bipolar disorder. Schizophrenia research 74:271281.2005).
Chen Y, Levy DL, Nakayama K, Matthysse S, Palafox G, Holzman PS (Dependence of impaired eye
tracking on deficient velocity discrimination in schizophrenia. Archives of general psychiatry
56:155-161.1999a).

47

Chen Y, Levy DL, Sheremata S, Holzman PS (Compromised late-stage motion processing in
schizophrenia. Biol Psychiatry 55:834-841.2004).
Chen Y, Nakayama K, Levy D, Matthysse S, Holzman P (Processing of global, but not local, motion
direction is deficient in schizophrenia. Schizophrenia research 61:215-227.2003).
Chen Y, Nakayama K, Levy DL, Matthysse S, Holzman PS (Psychophysical isolation of a motionprocessing deficit in schizophrenics and their relatives and its association with impaired
smooth pursuit. Proc Natl Acad Sci U S A 96:4724-4729.1999b).
Cloninger CR, Svrakic DM, Przybeck TR (A psychobiological model of temperament and character.
Archives of general psychiatry 50:975-990.1993).
Cloninger CR, Svrakic DM, Przybeck TR (Can personality assessment predict future depression? A
twelve-month follow-up of 631 subjects. J Affect Disord 92:35-44.2006).
Cox MD, Leventhal DB (A multivariate analysis and modification of a preattentive, perceptual
dysfunction in schizophrenia. J Nerv Ment Dis 166:709-718.1978).
Crews WD, Jr., Harrison DW (The neuropsychology of depression and its implications for cognitive
therapy. Neuropsychology review 5:81-123.1995).
Danos P, Guich S, Abel L, Buchsbaum MS (Eeg alpha rhythm and glucose metabolic rate in the
thalamus in schizophrenia. Neuropsychobiology 43:265-272.2001).
Donohoe G, Robertson IH (Can specific deficits in executive functioning explain the negative
symptoms of schizophrenia? A review. Neurocase 9:97-108.2003).
Drevets WC (Neuroimaging and neuropathological studies of depression: implications for the
cognitive-emotional features of mood disorders. Current opinion in neurobiology 11:240249.2001).
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders fe (ed.) (1994) DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders,fourth ed. Washington, DC
American Psychiatric Association,.
Elliott R, Sahakian BJ, Michael A, Paykel ES, Dolan RJ (Abnormal neural response to feedback on
planning and guessing tasks in patients with unipolar depression. Psychol Med 28:559571.1998).
Foxe JJ, Simpson GV (Flow of activation from V1 to frontal cortex in humans. A framework for defining
"early" visual processing. Exp Brain Res 142:139-150.2002).
Freeman E, Sagi D, Driver J (Lateral interactions between targets and flankers in low-level vision
depend on attention to the flankers. Nature neuroscience 4:1032-1036.2001).
Friston KJ (The disconnection hypothesis. Schizophrenia research 30:115-125.1998).
Gottesman, II, Gould TD (The endophenotype concept in psychiatry: etymology and strategic
intentions. The American journal of psychiatry 160:636-645.2003).
Greenberg BD, Tolliver TJ, Huang SJ, Li Q, Bengel D, Murphy DL (Genetic variation in the serotonin
transporter promoter region affects serotonin uptake in human blood platelets. American
journal of medical genetics 88:83-87.1999).
Gunn A, Cory E, Atkinson J, Braddick O, Wattam-Bell J, Guzzetta A, Cioni G (Dorsal and ventral
stream sensitivity in normal development and hemiplegia. Neuroreport 13:843-847.2002).
Hariri AR, Drabant EM, Munoz KE, Kolachana BS, Mattay VS, Egan MF, Weinberger DR (A
susceptibility gene for affective disorders and the response of the human amygdala. Archives
of general psychiatry 62:146-152.2005).
Hariri AR, Mattay VS, Tessitore A, Kolachana B, Fera F, Goldman D, Egan MF, Weinberger DR
(Serotonin transporter genetic variation and the response of the human amygdala. Science
(New York, NY 297:400-403.2002).
Hasler G, Drevets WC, Manji HK, Charney DS (Discovering endophenotypes for major depression.
Neuropsychopharmacology 29:1765-1781.2004).
Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D, Lesch KP (Allelic variation of human
serotonin transporter gene expression. Journal of neurochemistry 66:2621-2624.1996).
Hendry SH, Reid RC (The koniocellular pathway in primate vision. Annu Rev Neurosci 23:127153.2000).
Henriques JB, Glowacki JM, Davidson RJ (Reward fails to alter response bias in depression. Journal
of abnormal psychology 103:460-466.1994).
Hong LE, Tagamets M, Avila M, Wonodi I, Holcomb H, Thaker GK (Specific motion processing
pathway deficit during eye tracking in schizophrenia: a performance-matched functional
magnetic resonance imaging study. Biol Psychiatry 57:726-732.2005).
Jacobs N, Kenis G, Peeters F, Derom C, Vlietinck R, van Os J (Stress-related negative affectivity and
genetically altered serotonin transporter function: evidence of synergism in shaping risk of
depression. Archives of general psychiatry 63:989-996.2006).

48

Jollant F, Guillaume S, Jaussent I, Bellivier F, Leboyer M, Castelnau D, Malafosse A, Courtet P
(Psychiatric diagnoses and personality traits associated with disadvantageous decisionmaking. Eur Psychiatry 22:455-461.2007).
Kapadia MK, Ito M, Gilbert CD, Westheimer G (Improvement in visual sensitivity by changes in local
context: parallel studies in human observers and in V1 of alert monkeys. Neuron 15:843856.1995).
Kaplan E, Shapley RM (X and Y cells in the lateral geniculate nucleus of macaque monkeys. J Physiol
330:125-143.1982).
Kee KS, Kern RS, Green MF (Perception of emotion and neurocognitive functioning in schizophrenia:
what's the link? Psychiatry Res 81:57-65.1998).
Kelemen O, Erdelyi R, Pataki I, Benedek G, Janka Z, Keri S (Theory of mind and motion perception in
schizophrenia. Neuropsychology 19:494-500.2005).
Keri S (The cognitive neuroscience of category learning. Brain Res Brain Res Rev 43:85-109.2003).
Keri S, Janka Z (Critical evaluation of cognitive dysfunctions as endophenotypes of schizophrenia.
Acta Psychiatr Scand 110:83-91.2004a).
Keri S, Janka Z ([Prevention of schizophrenia]. Orv Hetil 145:59-65.2004b).
Keri S, Kelemen O, Benedek G, Janka Z (Vernier threshold in patients with schizophrenia and in their
unaffected siblings. Neuropsychology 18:537-542.2004).
Keri S, Kelemen O, Szekeres G, Bagoczky N, Erdelyi R, Antal A, Benedek G, Janka Z
(Schizophrenics know more than they can tell: probabilistic classification learning in
schizophrenia. Psychol Med 30:149-155.2000).
Keri S, Szekeres G, Szendi I, Antal A, Kovacs Z, Janka Z, Benedek G (Category learning and
perceptual categorization in schizophrenia. Schizophrenia bulletin 25:593-600.1999).
Kogan CS, Bertone A, Cornish K, Boutet I, Der Kaloustian VM, Andermann E, Faubert J, Chaudhuri A
(Integrative cortical dysfunction and pervasive motion perception deficit in fragile X syndrome.
Neurology 63:1634-1639.2004).
Kremen WS, Seidman LJ, Pepple JR, Lyons MJ, Tsuang MT, Faraone SV (Neuropsychological risk
indicators for schizophrenia: a review of family studies. Schizophrenia bulletin 20:103119.1994).
Kulikowski JJ, Tolhurst DJ (Psychophysical evidence for sustained and transient detectors in human
vision. J Physiol 232:149-162.1973).
Laycock R, Crewther SG, Crewther DP (A role for the 'magnocellular advantage' in visual impairments
in neurodevelopmental and psychiatric disorders. Neurosci Biobehav Rev 31:363-376.2007).
Lee Y, Kim YT, Seo E, Park O, Jeong SH, Kim SH, Lee SJ (Dissociation of emotional decision-making
from cognitive decision-making in chronic schizophrenia. Psychiatry Res 152:113-120.2007).
Lencer R, Nagel M, Sprenger A, Heide W, Binkofski F (Reduced neuronal activity in the V5 complex
underlies smooth-pursuit deficit in schizophrenia: evidence from an fMRI study. Neuroimage
24:1256-1259.2005).
Lesch KP, Mossner R (Genetically driven variation in serotonin uptake: is there a link to affective
spectrum, neurodevelopmental, and neurodegenerative disorders? Biol Psychiatry 44:179192.1998).
Levitt H (Transformed up-down methods in psychoacoustics. The Journal of the Acoustical Society of
America 49:Suppl 2:467+.1971).
Lewis DA, Gonzalez-Burgos G (Neuroplasticity of neocortical circuits in schizophrenia.
Neuropsychopharmacology 33:141-165.2008).
Li CS (Impaired detection of visual motion in schizophrenia patients. Prog Neuropsychopharmacol Biol
Psychiatry 26:929-934.2002).
Liotti M, Mayberg HS (The role of functional neuroimaging in the neuropsychology of depression. J
Clin Exp Neuropsychol 23:121-136.2001).
Livingstone M, Hubel D (Segregation of form, color, movement, and depth: anatomy, physiology, and
perception. Science (New York, NY 240:740-749.1988).
Livingstone MS, Hubel DH (Psychophysical evidence for separate channels for the perception of form,
color, movement, and depth. J Neurosci 7:3416-3468.1987).
Lubow RE, Kaplan O, Abramovich P, Rudnick A, Laor N (Visual search in schizophrenia: latent
inhibition and novel pop-out effects. Schizophrenia research 45:145-156.2000).
Mace MJ, Thorpe SJ, Fabre-Thorpe M (Rapid categorization of achromatic natural scenes: how robust
at very low contrasts? Eur J Neurosci 21:2007-2018.2005).
Maia TV, McClelland JL (A reexamination of the evidence for the somatic marker hypothesis: what
participants really know in the Iowa gambling task. Proc Natl Acad Sci U S A 101:1607516080.2004).

49

Maier W, Buller R, Philipp M, Heuser I (The Hamilton Anxiety Scale: reliability, validity and sensitivity
to change in anxiety and depressive disorders. J Affect Disord 14:61-68.1988).
Malach R, Reppas JB, Benson RR, Kwong KK, Jiang H, Kennedy WA, Ledden PJ, Brady TJ, Rosen
BR, Tootell RB (Object-related activity revealed by functional magnetic resonance imaging in
human occipital cortex. Proc Natl Acad Sci U S A 92:8135-8139.1995).
Maunsell JH, Nealey TA, DePriest DD (Magnocellular and parvocellular contributions to responses in
the middle temporal visual area (MT) of the macaque monkey. J Neurosci 10:33233334.1990).
Mayberg HS (Modulating dysfunctional limbic-cortical circuits in depression: towards development of
brain-based algorithms for diagnosis and optimised treatment. Br Med Bull 65:193-207.2003).
Merigan WH, Maunsell JH (How parallel are the primate visual pathways? Annu Rev Neurosci 16:369402.1993).
Mountjoy CQ, Roth M (Studies in the relationship between depressive disorders and anxiety states.
Part 2. Clinical items. J Affect Disord 4:149-161.1982).
Munafo MR, Brown SM, Hariri AR (Serotonin Transporter (5-HTTLPR) Genotype and Amygdala
Activation: A Meta-Analysis. Biol Psychiatry.2007).
Munafo MR, Clark T, Flint J (Does measurement instrument moderate the association between the
serotonin transporter gene and anxiety-related personality traits? A meta-analysis. Mol
Psychiatry 10:415-419.2005).
Murray RM, Sham P, Van Os J, Zanelli J, Cannon M, McDonald C (A developmental model for
similarities and dissimilarities between schizophrenia and bipolar disorder. Schizophrenia
research 71:405-416.2004).
Must A, Szabo Z, Bodi N, Szasz A, Janka Z, Keri S (Sensitivity to reward and punishment and the
prefrontal cortex in major depression. Journal of Affective Disorders 90:209-215.2006).
Niemi LT, Suvisaari JM, Haukka JK, Lonnqvist JK (Childhood predictors of future psychiatric morbidity
in offspring of mothers with psychotic disorder: results from the Helsinki High-Risk Study. Br J
Psychiatry 186:108-114.2005).
Niemi LT, Suvisaari JM, Tuulio-Henriksson A, Lonnqvist JK (Childhood developmental abnormalities in
schizophrenia: evidence from high-risk studies. Schizophrenia research 60:239-258.2003).
Nuechterlein KH, Edell WS, Norris M, Dawson ME (Attentional vulnerability indicators, thought
disorder, and negative symptoms. Schizophrenia bulletin 12:408-426.1986).
Paulus W, Korinth S, Wischer S, Tergau F (Differential inhibition of chromatic and achromatic
perception by transcranial magnetic stimulation of the human visual cortex. Neuroreport
10:1245-1248.1999).
Polat U, Sagi D (Lateral interactions between spatial channels: suppression and facilitation revealed
by lateral masking experiments. Vision research 33:993-999.1993).
Quraishi S, Frangou S (Neuropsychology of bipolar disorder: a review. J Affect Disord 72:209226.2002).
R.K. Heaton GJC, J.L. Talley, G.G. Kay and G. Curtiss, Wisconsin Card Sorting Test Manual, Revised
and Expanded, Psychological Assessment Resources, Odessa, FL (1993). (ed.) (1993).
Ragland JD, Yoon J, Minzenberg MJ, Carter CS (Neuroimaging of cognitive disability in schizophrenia:
search for a pathophysiological mechanism. International review of psychiatry (Abingdon,
England) 19:417-427.2007).
Ringach DL (Spatial structure and symmetry of simple-cell receptive fields in macaque primary visual
cortex. Journal of neurophysiology 88:455-463.2002).
Rogers MA, Kasai K, Koji M, Fukuda R, Iwanami A, Nakagome K, Fukuda M, Kato N (Executive and
prefrontal dysfunction in unipolar depression: a review of neuropsychological and imaging
evidence. Neurosci Res 50:1-11.2004).
Rogers RD (Neuropsychological investigations of the impulsive personality disorders. Psychol Med
33:1335-1340.2003).
S. Rózsa JK, A. Osváth and M.C. Bánki (ed.) (2005) Temperamentum és karakter: Cloninger
pszichobiológiai modellje. Budapest: Medicina.
Schinka JA, Busch RM, Robichaux-Keene N (A meta-analysis of the association between the
serotonin transporter gene polymorphism (5-HTTLPR) and trait anxiety. Mol Psychiatry 9:197202.2004).
Schwartz BD, Maron BA, Evans WJ, Winstead DK (High velocity transient visual processing deficits
diminish ability of patients with schizophrenia to recognize objects. Neuropsychiatry
Neuropsychol Behav Neurol 12:170-177.1999).
Selemon LD (Regionally diverse cortical pathology in schizophrenia: clues to the etiology of the
disease. Schizophrenia bulletin 27:349-377.2001).

50

Selemon LD, Mrzljak J, Kleinman JE, Herman MM, Goldman-Rakic PS (Regional specificity in the
neuropathologic substrates of schizophrenia: a morphometric analysis of Broca's area 44 and
area 9. Archives of general psychiatry 60:69-77.2003).
Sen S, Burmeister M, Ghosh D (Meta-analysis of the association between a serotonin transporter
promoter polymorphism (5-HTTLPR) and anxiety-related personality traits. Am J Med Genet B
Neuropsychiatr Genet 127B:85-89.2004).
Sergi MJ, Rassovsky Y, Nuechterlein KH, Green MF (Social perception as a mediator of the influence
of early visual processing on functional status in schizophrenia. The American journal of
psychiatry 163:448-454.2006).
Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, Baker R, Dunbar
GC (The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and
validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. The Journal
of clinical psychiatry 59 Suppl 20:22-33;quiz 34-57.1998).
Silverstein SM, Kovacs I, Corry R, Valone C (Perceptual organization, the disorganization syndrome,
and context processing in chronic schizophrenia. Schizophrenia research 43:11-20.2000).
Slaghuis WL (Contrast sensitivity for stationary and drifting spatial frequency gratings in positive- and
negative-symptom schizophrenia. Journal of abnormal psychology 107:49-62.1998).
Slaghuis WL, Holthouse T, Hawkes A, Bruno R (Eye movement and visual motion perception in
schizophrenia II: Global coherent motion as a function of target velocity and stimulus density.
Exp Brain Res 182:415-426.2007).
Spencer J, O'Brien J, Riggs K, Braddick O, Atkinson J, Wattam-Bell J (Motion processing in autism:
evidence for a dorsal stream deficiency. Neuroreport 11:2765-2767.2000).
Steele JD, Kumar P, Ebmeier KP (Blunted response to feedback information in depressive illness.
Brain 130:2367-2374.2007).
Stuve TA, Friedman L, Jesberger JA, Gilmore GC, Strauss ME, Meltzer HY (The relationship between
smooth pursuit performance, motion perception and sustained visual attention in patients with
schizophrenia and normal controls. Psychol Med 27:143-152.1997).
Suhr JA, Tsanadis J (Affect and personality correlates of the Iowa Gambling Task. Personality and
Individual Differences 43:27-36.2007).
Tanaka SC, Doya K, Okada G, Ueda K, Okamoto Y, Yamawaki S (Prediction of immediate and future
rewards differentially recruits cortico-basal ganglia loops. Nature neuroscience 7:887893.2004).
Tavares JV, Drevets WC, Sahakian BJ (Cognition in mania and depression. Psychol Med 33:959967.2003).
Taylor SF, Tandon R, Koeppe RA (PET study of greater visual activation in schizophrenia. The
American journal of psychiatry 154:1296-1298.1997).
Tom SM, Fox CR, Trepel C, Poldrack RA (The neural basis of loss aversion in decision-making under
risk. Science (New York, NY 315:515-518.2007).
Wechsler D (ed.) (1981) Wechsler Adult Intelligence Scale – Revised Manual. New York
Psychological Corporation.
Woods BT (Is schizophrenia a progressive neurodevelopmental disorder? Toward a unitary
pathogenetic mechanism. The American journal of psychiatry 155:1661-1670.1998).

51

X.

CONTENTS

I. ABBREVIATIONS......................................................................................................................... 1

II. AIMS AND SCOPES OF THIS WORK..................................................................................... 2

III. OVERVIEW ................................................................................................................................ 6
III.1. VISUAL PROCESSING DEFICITS IN SCHIZOPHRENIA............................................... 6
III.2. CONTRAST CATEGORIZATION DEFICIT IN SCHIZOPHRENIA .............................. 9
III.3. COLLINEAR FACILITATION IN SCHIZOPHRENIA.................................................... 10
III.4. DEVELOPMENT OF MOTION AND FORM PROCESSING IN CHILDREN WITH
INCREASED RISK OF PSYCHOSIS............................................................................................... 11
III.5. DECISION- MAKING IN MAJOR DEPRESSIVE DISORDER....................................... 12
III.6. PERSONALITY TRAITS AND GENETIC INFLUENCES ON DECISION-MAKING. 14
IV. MATERIALS AND METHODS .............................................................................................. 17
IV.1. CONTRAST CATEGORIZATION IN SCHIZOPHRENIA AND HEALTHY RELATIVES................... 17
IV.1.1. PARTICIPANTS ........................................................................................................................ 17
IV.1.2. CONTRAST CATEGORIZATION TASK ....................................................................................... 18
IV.1.3. DATA ANALYSIS ..................................................................................................................... 18
IV.2. COLLINEAR FACILITATION IN SCHIZOPHRENIA .................................................................... 19
IV.2.1. PARTICIPANTS ........................................................................................................................ 19
IV.2.2. GABOR PATCH AND CONTRAST THRESHOLD ASSESSMENT .................................................... 20
IV.2.3. DATA ANALYSIS ..................................................................................................................... 21
IV.3. DEVELOPMENT OF MOTION AND FORM PROCESSING IN CHILDREN WITH INCREASED RISK
OF PSYCHOSIS ....................................................................................................................................... 21
IV.3.1. PARTICIPANTS ........................................................................................................................ 21
IV.3.2. MOTION AND FORM PERCEPTION TASK .................................................................................. 22
IV.3.3. DATA ANALYSIS ..................................................................................................................... 23
IV.4. DECISION- MAKING IN MAJOR DEPRESSIVE DISORDER ......................................................... 24
IV.4.1. PARTICIPANTS ........................................................................................................................ 24
IV.4.2. THE WISCONSIN CARD SORTING TEST (WCST).................................................................... 24
IV.4.3. THE IOWA GAMBLIN TEST (IGT) ........................................................................................... 25
IV.4.4. DATA ANALYSIS ..................................................................................................................... 27
IV.5. PERSONALITY TRAITS AND GENETIC INFLUENCES ON DECISION-MAKING.......................... 27
IV.5.1. PARTICIPANTS ........................................................................................................................ 27
IV.5.2. THE IOWA GAMBLING TASK (IGT) ........................................................................................ 28
IV.5.3. 5-HTTLPR PLOMORPHISM ..................................................................................................... 28
IV.5.4. TEMPERAMENT AND CHARACTER INVENTORY ...................................................................... 28
IV.5.5. DATA ANALYSIS ..................................................................................................................... 28
V.

RESULTS..................................................................................................................................... 29

V.1. USE OF THE CONTRAST CATEGORIZATION PARADIGM IN ORDER TO
INVESTIGATE DEFICITS IN MEMORY, ATTENTION AND PERCEPTIONAL FUNCTION

52

IN SCHIZOPHRENIA PATIENTS AND IN HEALTHY RELATIVES, AS A POSSIBLE
GENETIC MARKER OF THE ILLNESS ........................................................................................ 29
V.2. GABOR PATCH USED FOR TESTING LATERAL CONNECTIVITY IN EARLY
VISUAL AREAS (V1) OF SCHIZOPHRENIA PATIENTS ........................................................... 31
V.3. INVESTIGATING DEVELOPMENTAL ANOMALIES OF DIRECTIONAL MOTION
PERCEPTION IN CHILDREN OF MOTHERS WITH SCHIZOPHRENIA OR BIPOLAR
DISORDER.......................................................................................................................................... 32
V.4. ASSOCIATION BETWEEN EXECUTIVE FUNCTION AND EMOTIONAL DECISIONMAKING IMPAIRMENT IN MDD, MEASURED BY DIFFERENT
NEUROPSYCHOLOGICAL TEST METHODS............................................................................. 34
V.5. THE REMARKABLE INFLUENCE OF PERSONALITY TRAITS AND GENETIC
VARIATIONS ON DECISION-MAKING STRATEGIES ............................................................. 36
VI. DISCUSSION............................................................................................................................. 38

VII. BRIEF SUMMARY ................................................................................................................. 45

VIII. ACKNOWLEDGEMENT ..................................................................................................... 46

IX. REFERENCES........................................................................................................................... 47

X.

CONTENTS................................................................................................................................. 52

53

Journal articles related to the thesis:

Must A.- Juhasz A.- Rimanoczy A.- Szabo Z.- Keri S.- Janka Z.
Major depressive disorder, serotonin transporter, amd personality traits: Why patients use
suboptimal decision-making strategies?
Journal of Affective Disorders. 103:273-6, 2007.
Szabolcs Kéri - Anita Must - Oguz Kelemen - György Benedek - Zoltán Janka
Development of visual motion perception in children of patients with schizophrenia and
bipolar
disorder:
a
follow-up
study.
Schizophrenia Research. 82; 1, 9-14, 2006.
Anita Must - Zoltán Szabó - Nikoletta Bódi - Anna Szász - Zoltán Janka - Szabolcs Kéri
Sensitivity to reward and punishment and the prefrontal cortex in major depression.
Journal of Affective Disorders. 90; 2/3, 209-215, 2006.
Anita
Must
Zoltán
Janka
György
Benedek
Szabolcs
Kéri
Reduced facilitation effect of collinear flankers on contrast detection reveals impaired lateral
connectivity in the visual cortex of schizophrenia patients
Neuroscience Letters. 357; 131-134, 2004.
Kelemen O. - Kéri S. - Must A. - Benedek G. - Janka Z.
No evidence for impaired 'theory of mind' in unaffected first-degree relatives of schizophrenia
patients
Acta
Psychiatrica
Scandinavica.
110;
No.
2.,
146-149,
2004.
Must Anita
Újabb eredmények a szkizofréniában megfigyelhetõ vizuális eltérések kísérletes vizsgálatában
Psychiatria Hungarica. 20, 3. sz.; 201-210, 2005.
Must Anita - Szabó Zoltán - Bódi Nikoletta - Szász Anna - Janka Zoltán - Kéri Szabolcs
A prefrontális cortex neuropszichológiai vizsgálata major depresszív zavarban
Psychiatria Hungarica. 20; 6.sz. 412-416, 2005.
Must Anita – Horváth Szatmár – Janka Zoltán
Affektív és kognitív döntéshozatali funkciók major depresszióban: a prefrontalis cortex, a
szerotonin transzporter és a személyiség szerepe
Ideggyogy Sz. 30; 61: 175-9, 2008.

54

