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SUMMARY

The description of the heterogeneous phenomenalhgathophysiological, and etiological
nature of schizophrenia is under way; howeveré¢hationships between heterogeneity levels
are still unclear. We performed a robust crossiseal study, including a systematic
neuropsychological battery, assessment of clinegnptoms, neurological soft signs,
morphogenetic anomalies and smell identificatiomd ameasurement of event-related
potentials on 50 outpatients with schizophrenidheir compensated states. An explorative
fuzzy cluster analysis revealed two subgroups imghmple that could be distinguished from
each other on symptomatological, cognitive and olegical levels. The analyses have
demonstrated that cluster ‘2’ had more favourahblel cluster ‘S’ had more unfavourable
(more serious) characteristics. The patterns of cognitdyesfunctions and neurological
developmental anomalies equally indicate that theraybe hemispherical differences
between the patients belonging to the differentstelts. Based on earlier results in the
literature, we selected tasks and procedures frristieg batteries that seem to separate
patients with schizophrenia not only from healtlontrols, but also from other groups with
mental disorders. In our opinion, one of the sigaifiit aspects of our results was that we
could demonstrate that performance on these taskisl @lso draw distinctions within the
group of compensated schizophrenic patients. Riffees within the group could be detected
with only a subset of the methods used. Similafgperances of the functions tested with the
other techniques might indicate common featurethefgroup of patients as a whole, which
might reflect a common, overlapping morbidity tohairacterizes both of the clusters equally.
It seems as if within the group of patients, therere fewer differences at the more
elementary levels of functioning than at higherone

The aim of a complementary analysis was to invaiighe correspondence or incongruence
between the S-Z neuropsychiatric schizophrenig@isisnd the deficit-nondeficit syndromes.
According to our analyses, the more unfavourablerasychiatric cluster S proved to be
homogeneous, while the nondeficit group was founlet heterogeneous as it was divided by
the border of the two neuropsychiatric clusters. dékenot find any parameters which would
appropriately set apart deficit syndrome patiendsnf nondeficit ones within cluster S. The
nondeficit group in our study, however, proved #&ifthomogeneous in several parameters, it

was cleft in two along the border of the cluste@n8 Z fundamentally by cognitive features.



We found significant differences within the nond#figroup in the level of negative
symptoms (affective flattening, total weight of mége symptoms), in cognitive demographic
(education), in cognitive symptomatic (alogia andtiention) and also in certain cognitive
psychological parameters (shifting executive dinmmsvisual working memory updating).
On the grounds of these results it seems to beasible conclusion that cluster Sis not
identical with deficit syndrome, and the more fanalle cluster Zis not identical with
nondeficit syndrome.

The third component of the research was a pilotlyston cerebral structure in which we
observed the reversal of normal L>R asymmetry tb Rsymmetry of the volumes of straight
gyri (BA 11) in thirteen young, male patients wgbhizophrenia. This gyrus in part plays a
role in the short-time storing of visuo-spatialarrhation. The main study established that 12
of the examined 13 patients belonged to clusté@rh&. volume of the right straight gyrus was
greater than the left one, and the visuo-spatiaking memory performances were at the
normal-level in the patients who belonged dominatdlthe cluster Z - these earlier results
might partly support our main indirect observationsthe hemispherical differences.

Based on the results we can draw a cautious caaoltisat disorders of the verbal working
memory and the verbal fluency, and more frequesewtagence of neurological soft signs (and
probably the change of asymmetry of the straight @lso) can separate patients with
schizophrenia from healthy subjects, and, in aolditio these impairments, the associated
disorders of the visuo-spatial working memory alnel $hifting executive functions, and the
more pronounced impairment of sensory integratem feature a more unfavoured subgroup
within the illness.

On the basis of the above observations, the patt@i cognitive dysfunctions and
neurological developmental anomalies equally indicdoat in cluster Z there may be a
predominantly unilateral, left frontal dysfunctiogi, while in the more severe cluster S
bilateral morbidity processes, with left and rightntal neural substrates may be present.
These subgroups may have had partly different rdiybibases, therefore they might
represent different types of schizophrenia, noy datms with different seriousness of the
same typeHowever, as we did not find group differences ia thore elementary levels, it is
possible that there is a common morbidity roothi@ depth of the etiological basement of the

clusters.
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EXPLORING CLUSTERS

Introduction

During the first decades of systematic researclsatizophrenia, investigators attempted to
determine the phenotype mainly by describing ceesgional constellations of clinical
symptoms and the longitudinal characteristics dirttcourse. We can regard this as a
phenomenological, horizontal surface analysis eframge of phenomena. The powerful and
heuristic hypothesis of Crow [1] stimulated the tieNel conception and neurobiological
research on the disease. According to recent ofiseng, the dimensions currently describing
the symptoms of schizophrenia (disorganizationcheygis and negative factors, or deficit-
nondeficit) are supposedly not specific to the akge[2, 3]. Currently, description of the
heterogeneous nature of the disease is underwayeénomenological, pathophysiological,
and etiological terms [4]. However, the relatiopshbetween heterogeneity levels are still
unclear.

In the very beginning of research on schizophreKiaepelin and Bleuler supposed, and
currently Andreasen [5] and Saugstad [6] assummifeed morbidity process that underlies
the disease, the phenomenological manifestationshi¢h — e.g., at the level of clinical
features - reflect a diverse distribution withim@form dimension. In contrast, others see the
heterogeneity of the disease as reflecting thendismanifestations of different morbidity
processes. The two-type concept of Crow and thd pasular and widespread partition of
our time, the deficit-nondeficit division [7], edlasuppose the possibility and effects of
multiple underlying morbidity processes (and thpmssible interactions).

Research results from recent decades have leghdtdrom a categorical approach toward a
dimensional one, both in understanding of the §nf8] and in its taxonomic concepts [see
for review 9]: this approach is reflected in thedretical design of this research. A robust
cross-sectional study was performed. According in¥¥tt [10], robustness means multiple
determinations: different features of objects iralitg can be apprehended, measured,
understood, and defined in a variety of independesys. This study provides (vertical’)
insights into various levels of phenomenologicalntag pathophysiological and etiological
cerebral processeOur study is theory-driven, and several fundamertgpotheses
(according to the falsification criterion of theilpsophy of science) underlie it. In our



working hypothesis, we presuppose that (1) schimph (or schizophrenias) forms (or form)
a so-called 'natural category’ from a scientifidlplophical point of view; (2) the category is
heterogeneous genetically, neurobiologically, andboth the cognitive and clinical levels,
and the heterogeneities have a dimensional ng@rsubgroups can be separated within this
category, and partially distinct morbidity processmderlie them; (4) the expression of the
morbidity processes characterizing the subgroupkeres as we move away from the center
of the subgroups, which have a prototypical nataret (5) one patient can belong to several
subgroups at the same time; the patient’s locatithin the multidimensional space of the
subgroups of theategory can be characterized by the distances thensubgroup centroids,
i.e., from the measures of the expressions of rdiybprocesses typical in the different
subgroups.

The main question of our study was whether schimph can be divided into subgroups
with a series of systematic cross-sectional cogmiheuropsychiatric studies. We had two
accessory questions as well: If subgroups coulsdparated from each other, what depths of
the systems could their divergence be traced &tlnd, if such diverging subgroups exist,

do they suggest a unified morbidity or multiple she

Materials and methods

Subjects

Fifty patients (27 male, 23 female) were selectedhfthe outpatient clinic of the Department
of Psychiatry, University of Szeged. The inclusionteria were not restrictive; the only
enrollment criteria were a relatively stable clalistate and cooperation with the study. The
exclusion criteria were related to possible orgdmain dysfunctions (a lifetime history of
neurological illness, any medical illness knowratfect brain structure, head injury with loss
of consciousness for more than 10 minutes) thaldcsignificantly constrain neurocognitive
performance. The selected patients were representaf the population treated by our
department. We succeeded in enrolling patients loth the most favorable and unfavorable
courses. All patients had a DSM-IV diagnosis ofiagphrenia [11] and met ICD-10 criteria
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for research [12]. All subjects were 18 to 69 yeafrage, with a minimum of 8 years of
education (primary school), and were able to previdormed consent. The average number
of years of education was 11.00 (SD=2.17), andatlegage full-scale 1Q (WAIS, Hungarian
version [13]) was 100.17 (SD=15.40). All patientslarstood and carried out all instructions.
All of them were outpatients in stable interepisodtates under antipsychotic medication.
Due to the variety of drug types and doses, fotissizgal purposes the pharmacotherapy
applied to the patients was divided into three gates in the first approach: first generation
antipsychotics, second generation medicines, anabi@tions of antipsychotics. All
substances were usually prescribed in moderates@ms®rding to their medication protocols.
Since identifying mental diseases in the familytdngs of most of the patients was unreliable
(due to the lack of medical documentation), we dowlot statistically analyze this
information. The investigation was approved by theman Investigation Review Board,
University of Szeged, Albert Szent-Gyorgyi Medieald Pharmaceutical Centre, and it was
carried out in accordance with the latest versiothe Declaration of Helsinki.

Clinical symptoms

Clinical symptoms were assessed using the PosiideNegative Syndrome Scale (PANSS)
[14], the Scale for the Assessment of Negative Sgmp (SANS) [15], and the Schedule for
the Deficit Syndrome (SDS) [16].

Neurosomatic alterations

Neurological developmental signs were assessed) ubm Neurological Evaluation Scale
(NES) [17]. Fourteen of the 26 items of the NES lescassess neurological signs
independently on the two sides, which provide apoofunity to analyze laterality. The
potential pharmacogenic extrapyramidal symptomsevamsessed with the Simpson-Angus
Scale (SAS) [18], the Abnormal Involuntary Movem@&udale (AIMS) [19], and the Barnes
Akathisia Rating Scale (BAS) [20]. A list of minphysical anomalies (MPAS), including 57
minor signs collected by Mehes, was used for mappire malformations [21-23]. Three
examiners investigated the patients, and the attrrreliability was >75% (kappa
coefficient). The cross-cultural smell identificatitest (CC-SIT) was used for assessing smell
identification [24].
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Neuropsychological mapping

Verbal working memory capacity was measured withiHlungarian Digit Span Task [25] and
the Hungarian Nonword Repetition Task [25]. The st@locks Task [26] and the Visual
Patterns Test (VPT) [27] were used to measure wgadial working memory capacity.
Executive functions were assessed with the Wisao@iard Sorting Test (WCST) [28,29], the
Tower of Hanoi Task [30], and the Letter Fluenc¥][@nd Category Fluency Tasks [32]. To
measure inhibitory control of memory, we used tlwecalled directed forgetting (DF)
procedure [33-35] with lists. Following Miyake ards colleagues [36], we sought to
investigate three components of the executive sysgerseverative errors on the WCST were
used as a measure of ,Shifting”. Two working memtasks were used as measures of the
,updating” function in two modalities, the HungamiaDigit Span Task and the Visual
Patterns Test (VPT). We have used the DF taskatyaza individual differences in the ability
to inhibit activated memory representations (,Intidm”) [37,38]. An inhibitory index was
calculated by comparing the List 1 performancethe“Forget” and “Remember” conditions
of the directed forgetting procedure [39,40]. As fieentalization, the present study adapted
the method of Tenyi et al. [41] to unveil any défim subjects’ mentalization abilities.
Subjects were given first-order and second-ordentatization tasks as well as metaphor and

irony tasks to test their mentalization skills.

Electrophysiology

Recordings were done with a Nicolet Bravo MultimiitgaSystem (EMS Co, Korneuburg,
Austria) using the Pegasus software (EMS Co, Kdyoay Austria). The EEG signal was
amplified 20,000 times with a sampling frequencyl024 Hz and a band pass filter setting of
0.1-100 Hz. We performed three auditory evoked miak paradigms that have been
extensively investigated in schizophrenia and amadities associated with the disease. We
measured the habituation of the P50 auditory evgke@ntial (AEP) in a double click
paradigm, the auditory mismatch negativity (MMN)athe auditory P300 wave. The three
paradigms were measured in one 1.5-hour sessidryje@sl were seated comfortably in a
chair, asked to keep their eyes open, and givedphemes for auditory stimulus presentation.
The stimuli were generated with a Helios Il Syst@aMS Co, Korneuburg, Austria). All

tones were sinusoidal tones with 5 msec riseffak oresented binaurally with an intensity of
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80 dB sound pressure level (SPL). EEG data wererded with 19 Zn electrodes, which
were placed according to the international 10-26tesy with predefined caps (ElectroCap
International, Inc., USA). The left earlobe (Al)svased as a reference, and the ground was
placed at position FCz. We kept electrode impedabetow 7 K. The data was stored on a
hard disc and analyzed off-line with the BrainVisidnalyzer software (Brain Products

GmbH, Munich, Germany).

Statistical analysis

Clustering

The goal of clustering is to determine the intingrouping in a set of unlabeled data. Fuzzy
clustering methods allow objects to belong to savelusters simultaneously, with different
degrees of membership. In many real situationgyfutustering is more natural than hard
clustering, as objects on the boundaries betweesraleclasses are not forced to fully belong
to one of the classes, but are instead assignedership degrees between 0 and 1 indicating
their partial memberships. One of the most widededialgorithms is the Fuzzy c-Means
algorithm [42-44]. With this approach, clusters atetermined by the use of cluster
prototypes. The prototype is in most cases a poiah n-dimensional space. The similarity is
measured by calculating the distance from thistpoin

At first, the missing values were substituted witlues computed by a weighted average of
the corresponding values of the three closest elerieased on the (most often Euclidean)
distances between the selected elements and tmemlevith the missing value. Then, the
following normalization steps were carried out: matization, centralization and variance
normalization. After normalization, the ratio ofetsmallest and the largest value intervals
was 2.19. We then applied the Fuzzy C-Means alguarito attribute cluster membership
values to patients.

The variables used during the explorative clustewrere as follows (48): Age; Education;
Full scale 1Q; Age at onset; Relapse-duration rddigit span, forward and backward; Corsi
blocks, forward and backward; Letter fluency, cormeords, errors; Category fluency, correct

words, errors; Tower of Hanoi, steps, errors; Nomveepetition; Visual Patterns Test;
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Theory of Mind, first-order and second-order; Métap comprehension; Irony
comprehension; Wisconsin Card Sorting Test, perséive errors (%), conceptual level
responses (%), completed categories, failure tontaiai set; Directed forgetting; PANSS,
positive subscale, negative subscale, general al#hsand total; SANS, Affective flattening
subscale; Alogia subscale, Avolition subscale, Alumea subscale, Inattention subscale;
NES, sensory inhibition subscale, motor coordimatobscale, motor sequencing subscale,
the 'other’ subscale, and total; P50 wave, laterayplitude; MMN frequency deviant
stimuli, latency, amplitude; MMN duration deviaritnsuli, latency, amplitude; P300 wave,
latency, amplitude.

Excluded variables were those that had either nalmialues (DSM diagnostic subgroups,
remission types, deficit-nondeficit categorizatiogender, handedness by NES, type of
therapy) or relatively numerous (>20%) missing sa@rinor malformations, phenogenetic

variants, smell threshold, smell identificationt}es

Comparing the groups

After the explorative clustering, statistical testsre applied to determine which variables are
important in forming clusters, i.e., the exploreldsters were compared. Distribution of
continuous variables was tested using the Kolmog&mirnov test with a Lilliefors
significance level for testing normality. Continouariables in the explored clusters were
compared with a Mann-Whitndy test, and categorical variables were comparedishyeFs
exact test.

We employed statistical corrections on the regdol@void the problem of multiple hypothesis
testing (which increases the probability of declgrfalse significances). Although there are
different opportunities available, we considere@ thalse Discovery Rate (FDR) as the
most appropriate method for our study. Pairwisalpes from univariate tests are commonly
reported with a Bonferroni correction for multiplests. While the Bonferroni correction
controls the experiment-wise, this correction is very conservative (this mednat the
method does not reject hypotheses as often asoilldghand therefore lacks power. An
alternative is to control the false discovery ré&®R), which is less conservative than the
Bonferroni procedure, and as a result yields mawep to detect genuine positive effects.

Instead of controlling the chance of any false fpass (as Bonferroni or random field
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methods do), FDR controls the expected proportibnfatse positives. SPSS 15.0 for
Windows (SPSS Inc., Chicago, IL) was used.

Sample size

The analysed sample size was reliably sufficient tfee explorative, cluster-searching
mathematical methodology used according to the wiémo@al approach constituting the
theoretical background of our study. The viabilifythe clustering process does not depend
on the number of elements; in addition, our conagwémination - done according to the
scientific praxis on a slightly smaller sample ¢uar case by five subjects) - resulted in the

same outcome.

Results

Cluster analysis

The data set contained 50 subjects, 60 variabtes627% missing variable values. A Fuzzy
C-Means (FCM) clustering algorithm was executedelach number of centroids between 2
and 5, picking the one with the best validity index the true partition. (On the basis of
clinical experiences, the subdivisions of curremttgepted diagnostic systems and historical
divisions, the number of possible subgroups wagipated to be below six.) The analysis
identified two separate clusters. We named thesstarls ‘S’ and ‘Z° based on the
abbreviations of the schizophrenia in the literat®&Z) (S could suggest more serious
features); these names are not meant to impliegier®rity or inferiority, or closedness of
partitioning.

In order to assess the repeatability of the prodiwbestering results, 100 independent runs of
the clustering algorithm were executed. Ninetyqsetcent of the runs produced the same
partition. Before every single run, the supposedtrogds of the supposed clusters were
located by the Monte Carlo method, and the (nomdetéstic) FCM algorithm was run again
and again from these various optional starting tsoidetermined differently in the

multidimensional space of the variables. We ingatéd the stability of the clustering, and
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the further increase of the number of runs didrastilt in any further changes in the results of
the clustering.

We reduced the number of analyzed variables bttindute selection method in the interest
of increasing the distance between the clusterraielst— with preservation of the explored

groups - so that the membership probabilities cobétome more interpretable. We

eventually reduced the original 48 variables tah@ obtained practically the same clustering
result. Widening the centroids yielded high probgbivalues: the mean membership

probability value in the case of patients belongiogluster S was 0.636, and that of those
belonging to cluster Z was 0.629. The ten selestminbles were Education; Digit span,

backward; Corsi blocks, backward; Theory of Mind¢@nd-order; Wisconsin Card Sorting

Test, conceptual level responses (%), completedgoaes; Directed forgetting; PANSS,

positive subscale, negative subscale, general alehsand total; SANS, Alogia subscale,

Anhedonia subscale; MMN frequency deviant stimatnplitude; P300 wave, latency.

Comparing the subgroups

The algorithm of cluster analysis works well fotssef variables whose coordinates overlap
for a few of these variables. The validity of ckrst was qualified by high correspondence
(96%) of the independent runs of the algorithm ar@hn values above 60% of the patients’
membership probabilities. Statistical tests wergliad to find which variables were

important in forming clusters.

Diagnostic features
The distributions of the clinical DSM/ICD diagnosaghe two clusters were not significantly
different =0.115, chi-square test and False Discovery Rate).

Demographic features
There were no significant differences between thsters as far as most of the demographic
and course features were concerned, however, ustecs differed significantly with regard to

education and 1Q, both of which were significaridlwer in cluster S (Table 1.1). In addition,
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the two groups differed in handedness as determiyethe NES: mixed-handedness was
significantly more frequent in cluster S (Table)1.The type of pharmacotherapy influenced
neither the subgroup formation (analyzed with Z2di&isher’s exact test) (Table 1.1), nor the
neurocognitive performance (analyzed with the Kalldkallis and Chi-square tests) (data not

shown).

Table 1.1 Demographic characteristics of the clusters ofigipants

Cluster S Cluster Z
(n=23) (n=27) P

Age, years 35.78 (10.40) 32.15 (12.15) 0.331
Gender ratio, male/female % 56.5/43.5 51.9/48.1 0.782*
Education, years 9.78 (1.68) 12.04 (2.01) 0.00038
Full scale 1Q 90.21 (12.42) 108.39 (12.62) 0.00038
Age at onset, years 25.43 (8.07) 24.07 (7.74) 0.443
Duration of illness, years 10.30 (8.89) 8.07 (7.68) 0.443
Relapse 5.32 (4.11) 4.44 (5.03) 0.365
Handedness, by NES

Right 77.3% 100%

Left 0.0% 0.0% 0.045*t

Mixed 22.7% 0.0%
Antipsychotic therapy

SGA 78.3% 63.0 %

FGA 13.0% 14.8 % 0.443*

Combination 8.7 % 22.2 %

Values represent mean values (SD)

p values are based on Mann-Whitrigyest and adjusted by False Discovery Rate

NES Neurological Evaluation ScaleSGA second generation antipsychotiEGA first
generation antipsychotic

*p value is based on 2-sided Fisher’s exact tesadjpted by False Discovery Rate, t This
difference would lose its significance with corientof the conservative Bonferroni-method.

The corrected p-value by Bonferroni-Holm methodn#edness, by NES: 0.105.
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Symptomatologic differences between the clusters

Obvious symptomatological differences could beiligtished between the two clusters of
patients. Cluster S patients, in their compensatate, had more emphasized symptoms in
every aspect of the examined dimensions of clirsgaiptoms (Table 1.2). However, while in
the interepisodic state the cluster Z patientsenegal had no relevant clinical symptoms
(possibly questionable negative signs), the cluStpatients commonly had some possible or
definite positive and general symptoms (withoutsiag relevant dysfunctions) and also
obvious, mild negative signs (Table 1.2). In badimrsters, anhedonia was pronounced among

negative symptoms (Table 1.2).

Table 1.2Symptomatologic characteristics of the clustergasticipants

Cluster S Cluster Z

(n=23) (n=27) P

PANSS, positive 13.26 (5.19) 10.12(3.79)0.014

PANSS, negative 20.57 (6.00) 12.38 (4.8@.00005
PANSS, general 34.61 (10.68)25.50 (7.98) 0.0008
PANSS, total 68.43 (19.22)47.54 (14.56) 0.00014
SANS, affective flattening 2.22 (1.17) 0.96 (0.98) 0.00059
SANS, alogia 2.17 (0.98) 0.60 (0.76)0.00003
SANS, avolition 2.22 (1.13) 0.76 (0.88) 0.00009
SANS, anhedonia 2.87 (1.18) 1.32 (1.11p.00016
SANS, inattention 1.83 (1.07) 0.60 (0.82)0.00009

Values represent mean values (SD)

p values are based on Mann-Whitng¢yest and adjusted by False Discovery Rate

PANSS Positive and Negative Syndrome Sc&ANS Scale for the Assessment of Negative
Symptoms

Secondary cognitive differences between the clusger
Cluster S patients performed significantly worsevi@uo-spatial working memory tasks, but

there was no difference between the two clustetkeir verbal working memory capacities.
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Patients in cluster S also exhibited significamgborer performance in the semantic fluency
task and robustly worse WCST (Table 1.3).

Table 1.3Secondary cognitive characteristics of the clgstéiparticipants

Cluster S Cluster Z

(n=23) (n=27) P
Digit Span, forward 5.39 (0.99) 5.96 (1.22) 0.157
Digit Span, backward 3.65 (0.89) 4.07 (0.96) 0.157
Hungarian Nonword Repetition Task 6.29 (1.27) q1308) 0.705
Corsi blocks, forward 5.13 (0.92) 5.63 (1.15) @19
Corsi blocks, backward 4.26 (1.21) 5.15 (1.20)0.0424r
Visual Patterns Test 5.73 (1.52) 7.00 (1.84)0.029%
Letter fluency, words 7.36 (2.37) 8.81 (2.56) 0.132
Letter fluency, errors 0.71 (0.80) 0.81 (0.82) a.62
Semantic fluency, words 12.81 (3.16) 15.81 (3.9(0).0475
Semantic fluency, errors 0.43 (0.45) 0.58 (0.67) 448.
Towers of Hanoi, movements 13.05 (5.71) 10.44 (3.910.192
Towers of Hanoi, errors 0.38 (0.74) 0.19(0.48) 46.4
WCST, completed categories 0.95 (1.24) 4.50 (1.66)000003
WCST, perseverative errors (%) 37.57 (19.73%6.92 (9.54) 0.00031
WCST, conceptual level responses (%49.76 (16.32) 58.35 (20.29) 0.000009
Theory of Mind, first order 0.86 (0.36) 0.96 (0.59) 0.570
Metaphor comprehension 2.19 (1.21) 2.93 (0.87) ®.07
Theory of Mind, second order 1.10 (0.63) 0.85 (p.60 0.240
I[rony comprehension 1.81 (1.44) 2.67 (1.52) 0.126

Values represent mean values (SD)

p values are based on Mann-Whitng¢yest and adjusted by False Discovery Rate

t These differences would lose their significanceshwgorrection of the conservative
Bonferroni-method. The corrected p-values by Bawof@rHolm method: Corsi backward
0.143; Visual Patterns Test: 0.210; Semantic flyenords: 0.195.
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Primary executive functions in the clusters

We found no overall difference in working memoryétions between the two clusters, as the
participants scored in the same range on the veneahory tasks. However, as Table 1.4
shows, we found strongly significant differencestasks measuring shifting and visual

working memory functions and a nearly significaiftedlence in inhibition function.

Table 1.4Primary executive function characteristics of ¢thesters of participants

Cluster S Cluster Z

(n=23) (n=27) P
Verbal Updating: Digit Span Task 5.39(0.99) 5.96 (1.22) 0.157
Visual Updating: Visual Patterns Test 5.73(1.52) 7.00(1.84) 0.0292

Inhibition: Directed Forgetting, inhibitory index  -0.67 (1.40) 0.35(2.06) 0.059
Shifting: WCST, percentage of perseverative errd@8.57 (19.73) 16.92 (9.54) 0.00031

Values represent mean values (SD)

p values are based on Mann-Whitng¢yest and adjusted by False Discovery Rate

Neurological alterations in the clusters
The total frequency of signs was notably highecluster S, in which sensory integration
disorder was remarkably frequent (Table 1.5).

Table 1.5Neurological signs in the clusters of participants

Cluster S Cluster Z

(n=23) (n=27) P

Sensory integration 6.32 (2.44) 3.67 (2.75) 0.0012
Motor coordination 2.50 (2.20) 1.52 (1.65) 0.153
Motor sequencing  5.27 (3.43) 4.37(3.13) 0.364
Others 10.00 (4.08) 8.96 (4.42) 0.480
Total 24.09 (8.30) 18.52 (8.09) 0.021

Values represent mean values (SD)

p values are based on Mann-Whitng¢yest and adjusted by False Discovery Rate
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Of the 14 neurological signs that can be assesgdmbtly side, those belonging to sensory
integration showed significant differences. Sensotggration at the level of hemispheres is
represented by those items of the NES that exastgreognosis and graphesthesia. Motor
coordination, motor sequencing, other symptoms, taedtotal number of differences were
represented in the two clusters either equallyhentivo sides or slightly more frequently on
the right side of the body. However, in clusteb&sides the frequent right-sided anomalies of
stereognosis and graphesthesia (found similar ustet Z), the disorder was even more
marked on the left body sidp50.023, Mann-Whitney test and False Discovery Rate).
Using the scales that assess extrapyramidal synsptem did not find differences between
the two groups with regard to the occurrence ofkipaonism, akathisia and tardive
dyskinesia. Neither the occurrence of the developgaieneurological signs nor that of the
(most likely pharmacogenic) extrapyramidal symptoroserrelated to the type of
pharmacotherapy applied (first vs. second generatg combination) in any of the groups
(p>0.05 in all cases, Kruskal-Wallis test).

Morphogenetic anomalies in the clusters

We did not find a difference in the occurrence ainatic developmental anomalies between
the two groups, either in the case of minor malftions or in the case of phenogenetic
variants. In addition, we found no regional difiece by side in the occurrence of anomalies
either within the whole group of patients (in agneat with the literature) [45] or between

the two groups.

Smell identification alterations in the clusters
We found no significant difference between the tgroups’ performances on the smell

identification task.

Electrophysiological alterations in the clusters

We found no difference in the early, preattentiviage of acoustic information processing
between the two groups. There was no demonstraslance in the latency and amplitude
differences, the P50 waves, the MMN waves (in teoh$oth frequency- and duration-

deviant stimuli), or the P300 waves. In additionere were no demonstrable differences
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between the latency and amplitude characteristiche signals measured on the bilateral
electrodes (C3-C4, P3-P4, F3-F4) in the two subggou

Discussion

In a group of 50 patients diagnosed with schizopilaraccording to DSM and ICD criteria,
the distribution of the patients within the growpas dimensional, and two distinct grouping
zones were identifiable within this distributionhd analysis credibly identified two separate
clusters. The analyses demonstrated that clustedZmore favorable and cluster S had more
unfavorable (more serious) characteristics.

Based on earlier results in the literature, we cdete tasks and procedures from existing
batteries that seem to separate patients withgehiznia not only from healthy controls, but
from other groups with mental disorders. In oumagi, one of the significant aspects of our
results was that we could demonstrate that perfocmaon these tasks could also draw
distinctions within the group of schizophrenic pats. Differences within the group could be
detected with only a subset of the methods useuilé8iperformances of the functions tested
with other techniques might indicate common feawgthe group of patients as a whole,
which might reflect a common, overlapping morbidityt characterizes both of the clusters
equally. It seems as if within the group of patserthere were fewer differences at the more
elementary levels of functioning than at highersone

The lower education and 1Q values indirectly reflaanore pronounced cognitive disorder
even during interepisodic periods in cluster S, #mese patients had more pronounced
symptoms in every aspect of the examined symptonthitnensions. Instead of an overall
difference in working memory functions, we foundrsficant differences in shifting function
and in visual working memory domain and a tendetmyard alteration of inhibitory
performance. In addition, S cluster patients pemnfat robustly worse on so-called frontal
lobe tasks, such as the semantic fluency task a@& T Comparing the level of working
memory components to normative data, it was intexgshat Z cluster patients’ performance
was in the lower, but normaiange of the population in the updating and sigftasks (>15th

percentile) [see 27 and 29 for normative data],, @sdthe positive value of the inhibitory
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index shows, they produced some inhibition in thee®ed Forgetting task as well [25,40].
On the contrary, S cluster patients exhibited imgzhiperformance on the VPT and WCST
(<15th percentile) and, as the negative value efitinibitory index indicates, they did not
produce inhibition in the Directed Forgetting taakhough they performed normally on the
Digit Span task.

Further, we found significant differences in thewtence and laterality of neurological signs
between the clusters. Mixed-handedness was signtficmore common in cluster S, which
may reflect a more frequent disorder in the develept of hemispheric asymmetry in this
group [46-48]. A more pronounced disorder of seysotegration was demonstrable in
cluster S. Additionally, in cluster S, besides tliequent right-sided stereognosis and
graphesthesia disorder, the anomalies were evee marked on the left body side. The
neural substrates underlying the discriminativetilegc kinesthetic, and proprioceptive
information processing needed to perform the fumstiof stereognosis and graphesthesia are
well known (the cardinal regions are the contraddt¢halamus and the primary (SI) and
secondary sensory cortex (Sll)). Since the patiditsnot completely lack stereognosis and
graphesthesia, and other accompanying drop-out teyng were missing as well, the
dysfunction of this distributed (thalamo-) corticaétwork was presumably present in the
background, influencing only the left hemisphereluster Z and both hemispheres in cluster
S.

Although this study is only the first phase of aremll investigation and it is preliminary to
draw any broader theoretical conclusion from thsults, it may be useful to speculate on
possible explanations of the pattern of differen€se possible interpretation of this pattern
of results is that S cluster patients consisteptyformed worse than Z cluster patients on
tasks measuring right frontal functions, which cbréflect a lateralization difference between
the two patient groups. There is a bulk of evidahe the functions of inhibition and shifting
are associated with the right frontal lobe [seerriews 49]. Conway and Fthenaki [38]
showed that right frontal lobe injury can aboliginibition in the Directed Forgetting task,
while Anderson et al. [50], using different procezl) produced evidence that inhibitory
control of memory retrieval is associated with #ivation of the right cerebral cortex.
Above all, updating and rehearsing visual and apatformation is associated with the

activation of the right fronto-parietal and frortemporal circuits [see 50 for a detailed
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review]. Taken together, the pattern of cognitiiéedences between the two clusters allows
the assumption that a right frontal deficit is adidate underlying factor behind the memory
differences between the patients assigned to thedSZ clusters. They performed equally
poorly on the tasks demanding left hemispherialalesubstrates.

Another possible interpretation of the resultshest fpatients belonging to cluster S show more
profound deficits of frontal lobe functions, and asconsequence they exhibit worse
performance on tasks sensitive to functions of etree working memory. It may be the case
that visuo-spatial working memory tasks load onraie and updating functions more
strongly than do verbal tasks. This difference rnonfal functions would account for the
differences in education and IQ level strongly asged with executive functions. However,
this interpretation would not explain the differenin handedness and disorder of sensory
integration. We are aware that further studiesnaaessary to find a solid explanation for the
core differences between the clusters.

The peripheries of the spectrum were not examineth® present study, which sheds only a
dim light on the structure of the internal diveysitf the spectrum. One of the limitations of
our study is the exclusive use of the narrow diatjna@oncept of schizophrenia (DSM/ICD),
which is presumably insensitive when approachirggdbter boundaries of the disease. The
sample size is reliably manageable for the expleratluster-searching methodology, but in
the comparing of clusters we tried to decreasefdige positive results using the False
Discovery Rate method. So — after adjusting by FDR part of the differences have
significance level cca. 0.0001, the other diffeemnbave significance level below 0.04. These

latter results of the comparisons should be inetga with care.
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THE INCONGRUENCE BETWEEN THE S-Z CLUSTERS AND THE
DEFICIT-NONDEFICIT DIVISION

Introduction

From a research point of view, schizophrenia isaelyidiccepted to be a heterogeneous illness.
This follows from the presumed dimensional naturéhe disease characteristics, and from
the fact that both the outer borders within theugref psychotic disorders, and the inner
borders of the assumed subgroups of schizophreaiav@nly uncertain and fuzzy. Allowing
heterogeneity, the obviously non-overlapping chhicpathophysiological and etiological
diversity can be substantially decreased by theraehation of etiologically valid subgroups.
The deficit syndrome was defined as a putativeyggbbdf schizophrenia by Carpenter et al.
[7]. According to their definition, the syndrome ¢haracterised by primary, idiopathic and
enduring negative symptoms, which are marked ams$got as traits in clinically stable
periods as well. Currently the diagnosis of thedsgme is based on clinical symptoms
applied by scales such as the Schedule for theiD&yndrome (SDS) [16] or the Proxy for
the Deficit Syndrome (PDS) [53]. The validity otleficit syndrome construct is underlined
by the results of a fifteen-year-long research [whjch differentiated the two subgroups by
demographic [55], neurocognitive [56-61] and emudiofeatures [62], and by structural [63,
64], and functional brain imaging differences [6&hd by therapeutic characteristics [66,67].
According to the authors, this distinction is natyoa reliable and valid construct, but it also
unfolds categorically distinct subgroups [68].

Like other psychiatric diagnostic categories, thegdosis of deficit syndrome shows minor,
but relevant instability. Irrespectively of the egorical diagnostic constraint, the distribution
of the syndrome within schizophrenia could be disi@mal, as well. This assumption would
explain the practical observation that the diagh@soves to be unstable in a certain number
of patients when followed up longitudinally, evemen the diagnostic crtieria of deficit or
even nondeficit syndrome are based on thorough itlofigal and cross-sectional
considerations. This observation was underlinedth®y results of a follow-up study of
diagnostic validity which found that using a remehtliagnostic process many years later, the
initial diagnosis was modified to the opposite i#?d of the cases of the deficit group, and in
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12% of the nondeficit group [69] recent study using factor analysis verified tlfae
occurrence of negative symptoms were unrelatedher clinical dimensions, and identified
two factors (diminished emotional expression anbedonia-asociality) which point at the
multidimensional nature of negative symptoms [Ajother research using factor analysis
on the SDS symptoms revealed two, generally simetiasly occurring factors (avolition and
emotional expression) within the deficit syndron7&][ Furthermore, Mdller et al. [72] in a
fifteen-year-long follow-up study revealed thathaligh negative symptoms - primary
negative or deficit syndrome in a narrower sensare most pronouncedly present in
schizophrenia, they can also be detected in arapgeip of functional psychoses and occur
rarely in affective psychoses also. This observatias specified by Peralta and Cuesta [3]
who studied the distribution of temporary and perem, and also of primary and secondary
negative symptoms in a mixed group of psychotiddsymes, even outside of the diagnostic
category of schizophrenia. They found that defisgndrome was not specific to
schizophrenia. Persistent primary symptoms assutiatith the clinical diagnosis of
schizophrenia - depending on the diagnostic methagere present in 14-37% of the cases,
while their occurrence was 2-22% in other non-smbiizenic psychoses. According to Peralta
and Cuesta [3], the differentiation of negative dsyimes as primary/secondary symptoms
seemed to be not as critically important as it assumed by the original concept.

There was a remarkable statistical correspondeetveelen the S-Z clusters identified by our
robust neuropsychiatric mapping, and the deficndwedicit categorization, which was
detected by using the SDS. It was an essentiardifce that while the definition of deficit
syndrome was based on clinical symptoms, our atsisteere identified by a complex
neuropsychiatric analysis from which the deficindsome as an attribute was omitted
(because of its nominal value). Patients could ibeled into a more favourable and a more
unfavourable group by both of the two different upmg methods. Since all patients
participated in both kinds of groupings, it wasdtegically possible to statistically analyze the
overlaps by the comparison of subgroups. Fourssizdl subgroups were generated by a
bidirectional partition (Groupl: cluster S and defisyndrome; Group2: cluster S and
nondeficit syndrome; Group3: cluster Z and nondefyndrome; Group4: cluster Z and

deficit syndrome). Since the fourth group was mdéemental, i.e. we found only one patient
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in the whole test group with deficit syndrome whedamged to the more favourable cluster Z,
this mini ,group’ was dismissed from the analys&nce we could not perform a full
statistical comparative analysis, we could not grentomprehensively the question of the
correspondence between the S-Z clusters and dedindeficit subgoups. Instead, we could
analyze the homogeneity of groups identified bytthe different grouping methods. So the
limited and focused question of this analysis waeter the cluster S can be splitted by the
border of the deficit-nondeficit grouping, or mayibe nondeficit syndrome could be divided

by the border of clusters S and Z.

Statistical analytic methods

We performed detailed analyses to explore the eatfirthe relationship between the two
different divisions. To compare the three groupsjdkal-Wallis test and chi-square test were
used for continuous variables and categorical bhes respectively. In case of the
comparison of two-two subgroups we used Mann-Whitbdetest and chi-square test for
continuous and categorical variables. To avoiditiceease of Type | error when comparing
several variables, rap-values were corrected by Step-down Bonferroni metlisPSS 15.0

for Windows (SPSS Inc., Chicago, IL) was used.

Results

We analyzed the distributions of changed diagnosishe deficit syndrome in the three
statistical groups. Deficit syndrome was identifiacthirteen patients belonging to cluster S
(first group) at the end of the research, fournaim were classified with nondeficit diagnosis
previously. Ten subjects from cluster S were diagdoas nondeficit patients (second group)
at the end of the research, four of them had b&esiied as subjects with deficit syndrome
beforehand. Twenty-six patients of cluster Z waegydosed as nondeficit subjects at the end
of our research (third group), one of them had bdemgnosed with deficit syndrome
formerly. The category of deficit/nondeficit syndres was altered in 18.0% of all patients —
in accordance with previous research data [69¢xtels from frequency distributions that
cluster S was broader than deficit syndrome. Ingmily, patients with altered deficit
diagnosis in all three groups and the group of eéind patients in cluster S (second group)

were not identical.
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The three statistical groups differed from eacleottn several variables. In accordance with
the focused aim of the analysis, we compared ps@&wbroupl vs. Group2 in order to
evaluate whether patients with deficit or nondéfsgindrome had separated from each-other
within the cluster S; and also the Group2 vs. GBotp examine whether patients with
nondeficit syndrome from cluster S and Z had sapdrtom each-other (Table 2.1).

Table 2.1.Significant differences between the statisticélggoups

raw #o raw p raw p rawp
Groups Groups Groups Groups
1-2-3 lvs?2 2vs 3 1vs3
Education, years 0.0005*  0.7844 0.0037* 0.0006**
Full scale 1Q 0.0006**  0.5999 0.0099 0.0002**
PANSS, Positive 0.0219* 0.1151 0.2253 0.0093**
PANSS, Negative 0.0000*** 0.0147 0.0039* 0.0000***
PANSS, General 0.0015** 0.1862 0.0376 0.0004**
PANSS, Total 0.0001**  0.0493 0.0134 0.0000***
SANS, Affective flattening 0.0011** 0.3128 0.0343 0.0004**
SANS, Alogia 0.0000*** 0.2316 0.0007**  0.0000***
SANS, Avolition 0.0002**  0.2839 0.0102 0.0000***
SANS, Anhedonia 0.0001** 0.1151 0.0204 0.0000***
SANS, Inattention 0.0002**  0.6049 0.0027* 0.0003**
WCST, completed categories 0.0000*** 0.4679 0.0000***  0.0000***
WCST, perseverative errors 0.0002**  0.2230 0.0009* 0.0004**
WCST, conceptual level response®.0000*** 0.9725 0.0001**  0.0000***
NES, Sensory integration 0.0012** 0.3575 0.0228 0.0005**

Groupl cluster S and deficit syndrome (n=18roup2 cluster S and nondeficit syndrome (n=8);
Group3 cluster Z and nondeficit syndrome (n=2BANSS Positive and Negative Syndrome Scale;
SANS Scale for the Assessment of Negative SymptdMsSST Wisconsin Card Sorting TeS§ES
Neurological Evaluation Scalg; values are based on Mann-Whitridytest, # values are based on
Kruskal-Wallis test; p <0.05 using Step-down Bonferroni correctionp**0.01 using Step-down

Bonferroni correction, **p <0.001 using Step-down Bonferroni correction
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Groupl versus Group2: Patients with deficit or noneficit-syndrome within cluster S

Only two significant differences were found betwelsficit and nondeficit subgroups in raw
value within cluster S. The severity of negativenpyoms measured by the PANSS subscale
and total score of the PANSS-scale were more egpdes patients with deficit syndrome
than in patients with nondeficit syndrome, but thedferences diminished after correction.
That is, we did not find any parameters by whicficiteand nondeficit syndrome patients

within cluster S diverged with reliable significanc

Group2 versus Group3: Patients with nondeficit syndome belonging to cluster S or Z

As for demographic parameters, a significant défele was found within the nondeficit
group between patients of the two clusters. Paiemho belonged to cluster S had
significantly lower education, even after correoti@ducation, years: Group2: 9.90 (+1.73),
Group3: 12.04 (x2.05) <0.05 based on Mann-Whitné&ytest and corrected by Step-down
Bonferroni method). In these patients the full ed& was significantly lower also, but only
according to raw significance values. A significdifference was found within the nondeficit
group between the two clusters regarding clinicatameters, especially the severity of
negative symptoms measured by the PANSS scalehwids more stressed in patients of
cluster S even after correction (PANSS, negativessore: Group2: 17.30 (+4.14), Group3:
12.36 (x4.90),p <0.05 based on Mann-Whitnely test and corrected by Step-down
Bonferroni method). Similarly, we found more pronoad cognitive disturbances indicated
by the alogia and inattention dimensions of the SAddale in subjects of cluster S (SANS,
alogia subscore: Group2: 1.90 (x0.88), Group3: QB8.78), p <0.01 based on Mann-
Whitney U test and corrected by Step-down Bonferroni methatj SANS, inattention
subscore: Group2: 1.70 (x1.06), Group3: 0.58 (£0.B3<0.05 based on Mann-Whitnéy
test and corrected by Step-down Bonferroni methdtie similar differences were found
regarding general symptoms and total score of tABISS-scale and affective flattening,
avolition and anhedonia subscores of the SANS-saederding to raw significance values,
but these differences diminished after correcti@ifferences in neuropsychological
parameters between patients belonging to the twsterls within the nondeficit group were
the other line of important evidences. The measwentes of WCST indicated a more

expressed disturbance in cluster S, a differendehwhiemained significant after correction
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(WCST, completed categories: Group2: 1.20 (x1.8Qup3: 4.52 (£1.69)p <0.001 based
on Mann-Whitney U test and corrected by Step-down Bonferroni meth@dCST,
perseverative errors: Group2: 31.90 (x13.55), GBou6.64 (+9.62),p <0.05 based on
Mann-WhitneyU test and corrected by Step-down Bonferroni mett W@ ST, conceptual
level responses: Group2: 20.90 (x19.66), Group36&8+20.63),p <0.01 based on Mann-
Whitney U test and corrected by Step-down Bonferroni methAd)for inhibiting executive
function - measured by the inhibitory index of the@ected Forgetting task - a significant
difference was found between the statistical groupsaw significance level, and although
this significance diminished after correction, thalues represented relevant differences.
While the performance of the cluster S patienthwithe nondeficit group resulted in an
inhibitory index with a negative mean value, thith@ cluster Z patients indicated a positive
value (Directed forgetting, inhibitory index: Graup-0.50 (x1.41), Group3: 0.75 (x1.29),
=0.105 based on Mann-Whitné&ytest and corrected by Step-down Bonferroni methird).
contrast to the cluster Z patients whose positiviex suggested - in some degree — an
effective intentional inhibition, in the case oktbluster S patients the negative value of the
inhibitory index indicates that they did not produnhibition in the Directed Forgetting task.
In addition, the disturbance of sensory integratmeasured by the NES scale was more
pronounced on raw significance level for nondefpgtients in cluster S than in cluster Z, but

this difference attenuated after correction.

Discussion of results of the statistical analysis

Although we could not perform a full statisticalngparative analysis, since we found only a
single patient in our subject pool with deficit syome belonging to cluster Z, we detected
some important differences. According to our resutiuster S proved to be homogeneous,
contrary to the nondeficit syndrome. On the grouoidthese results it seems to be a feasible
conclusion that cluster Sis not identical with iciéfsyndrome, and the more favourable

cluster Z is not identical with nondeficit syndronléhroughout our systematic analysis we

did not find any parameters which would approphaset apart deficit syndrome patients

from nondeficit ones within cluster S. The nondéfigoup in our study, however, proved to

be inhomogeneous in several parameters, it wasioléfvo along the border of the clusters

S and Z fundamentally by cognitive features. Wentbtelevant differences between patients
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with nondeficit syndrome from S and Z clusters agmitive demographic, certain cognitive
(alogia, inattention), and negative clinical symp#tic dimensions. We also found
differences in cognitive psychological parametespeeially in the executive shifting

dimension and in cognitive inhibitory abilities.

A mathematical grasping of the difference of the & clusters and the deficit-nondeficit
syndromes

Although there was a remarkable statistical cowadpnce between the clusters and the
deficit-nondeficit syndromesp€0.0003, Chi-square test and False Discovery Rget)the
two divisions were not the same. In cluster Z (NF28.30% of the patients had nondeficit
and 3.70% of the patients had deficit diagnosedgevitn cluster S (N=23) only the 56.50% of
the patients had deficit and 43.50% of them hadlafcit diagnoses. The distinctness of the
patients’ membership in the clusters S versus Ziaribe deficit or nondeficit subgroups is
demonstrated with a distribution function in Figdre

Figure 1 Distribution function of the membership probaipelt
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02 05 08 while lower values mark
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border line between the two clusters is found tatthe 0.5 probability value. While nearly
each patient in cluster Z had nondeficit diagnosmy hardly more than half of the patients

had deficit syndrome diagnosis in cluster S.



31

PILOT STRUCTURAL MRI FINDINGS AS INDIRECT EVIDENCESOF
PARTLY DIFFERENT NEURAL SUBSTRATES IN THE BACKGROUDN
OF THE S-Z CLUSTERS

Introduction

The brain structural changes correlating with mletitsorders are usually subtle ones and are
not easily revealed with macroscopic volumetric Igs®s. Schizophrenia is in part a
neurodevelopmental disorder based on multifocahlstucture changes with a background
of defective neuronal migration, myelinisation amwd/cortico-cortical wiring. As a
consequence, this disorder is characterised by ctiede cytoarchitectonical and
neurochemical connections within and between certauronal networks. Many neocortical
areas are affected in schizophrenia, principally sktructures of the prefrontal and medial
paralimbic regions. Recent imaging studies revealahges in the middle frontal gyrus, the
anterior cingulate gyrus, the paracingulate gytius,insula as well as in the frontomedial and
orbitofrontal cortical areas [73]. An alterationtble superior temporal gyrus (STG) was also
found, more specifically of the planum temporalee supramarginal gyrus and the Heschl's
gyrus [74]. Among subcortical areas the impairmanthe amygdala-hippocampus complex
[75] and of the thalamus [76] was primarily detécta significant right>left asymmetry was
found in certain areas such as the STG, in whithright difference is typical among healthy
subjects, and also in the amygdala-hippocampus leon|@7,78]. Among developmental
anomalies, midline deviations are typical in schia@nia. The dilatation of the third ventricle
and the cavum septi pellucidum (CSP) has also fmerd to be characteristic [79h cases
with childhood onset, changes are apparent befi@enset of psychosj80].

Research of brain morphology is based on the assamfhat macroscopically detectable
morphological changes reflect microanatomical cleanig certain brain areas and that they
are in connection with the functioning of theseaareThe difficulty is that there are large-
scale neuronal networks in the background of heyell cognitive functions and these could
be injured in different nodes and tracks. Disordefrscognitive functions are not simply
related to well observable architectural changes same subtle neurochemical or

cythoarchitectural changes can cause functionatitkeftoo. Hence, correlations of cognitive
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dysfunctions and brain architectural changes shdddevaluated and interpreted very
carefully. Several different brain maps should lsseased in the process of analysis of
structure and function, first of all the separateface maps of convolutions and fissures
together with maps of the grey and white mattesi@=these there are some cytoarchitectural
maps such as Brodmann’s well-known cortical mapethamn the cell structure of the brain
[81]. In addition, maps of cognitive functions haJeeen developed based on the
electrophysiological and functional imaging studiégsognitive neuroscience.

There has been a continuous development in theaakethf topographical mapping of in vivo
magnetic resonance imaging (MRI) data in the pastades. One of the most important
innovations was a parcellation method by Rademaeheal. [82] and its revised version
published by Caviness et al. [83] which has becwigely accepted in research on cognitive
brain functions and mental disorders. This mettsodaised on earlier parcellation techniques,
especially on that of Jouandet et al. [84], whigbktinto account individual variations and
also the relationship of sulci and cytoarchiteatahregions. It also considers the most recent
information about cortico-cortical and thalamo-amt connections. Another valuable
parcellation method has recently been developedCimspo-Facorro et al [85]. Crespo-
Facorro et al. [85] realised that landmarks camhotys be identified on each slice as a result
of individual variations, therefore they suggeséethethod by which the continuity of target
regions is captured on consecutive slices. Theieivthe neocortex into 41 regions. Their
procedure unites the advantages of the two-dimeakidefinition of parcels in three
orthogonal planes (coronal, sagittal and transpaatl of the simultaneous visualization of
the three-dimensional reconstruction of the brain.

Before the subgroup-exploring, robust cross-seatioasearch, we executed a pilot MRI-
study in groups of patients with schizophrenia dmhlthy controls on observation of
relationships between some detectable brain stalcttanomalies and certain
phenomenological alterations. In this study, weliagpthe method of Crespo-Facorro et al.,
[85] (see also [86]), and we used the method ofemd¢h research group for the volumetric
measures of the hippocampus [87]. The questionisfpreliminary report were whether
specific volumetric changes could be observed inizephrenia in areas thought to be
involved in working memory and, in addition, whatliee brain size changes would correlate

with changes in cognitive functions and with synmpébology.
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Materials and methods

Subjects

Only male subjects participated in the experimastye enrolled a relatively low number of
subjects in this research and we wanted to exdliuelesariance of brain size attributable to
gender differences. Thirteen patients were seledteth the outpatient clinic of the
Department of Psychiatry, University of Szeged. gdtients had a diagnosis of schizophrenia
defined by DSM-1V [11] and ICD-10 criteria for reseh [12]. All patients were in a stable
interepisodic state, during the early stages ofilthess, and under antipsychotic medication.
The 13 normal control subjects were recruited flayapital staff and community volunteers.
They were evaluated with a modified structured rinesv (Mini International
Neuropsychiatric Interview (MINI) [88], and we exmded normal control subjects with a
family history of psychotic and affective spectraisorders. All subjects were 25 to 37 years
of age, had scores above 85 in full scale IQ (WAdBngarian version [13]), had a minimum
of 8 years of education (primary school), and wedoée to give informed consent. Subjects
were excluded if they had a lifetime history of r@agical illness, any medical iliness known
to affect brain structure, head injury with loss adnsciousness for more than 10 min,
psychoactive substance abuse within the last 6 mprmr any medical illness that could
significantly constrain neurocognitive functionsatiénts were excluded if they had
previously undergone electroconvulsive therapy.

The demographic and clinical characteristics ofdiigjects are shown in Table 3.1. Although
there was a significant difference between the pggan education and 1Q measured by the
WAIS, the average of the schizophrenic group was/@ll00, and the minimum score was
86. All patients comprehended and carried out rdktructions. There was no difference
between groups in handedness, every subject ethriollthe study was right-handed judged
by the Neurological Evaluation Scale (NES) [16]cBese of the low subject number we did
not consider the effect of antipsychotics. Thre¢hefpatients were treated with conventional
neuroleptics, six of them with atypical antipsyabst and four persons with combination of
an atypical oral and a conventional depot injeetabkuroleptics. All substances were
prescribed in medium dose according to their méidicgrotocol. No one of the patients had

any known family history of psychotic disorders.
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Control Schizophrenia
(n =13) (n =13) p
Age (years) 29.3 (4.7) 25.9 (5.4) 0.139
Education (years) 14.4 (2.6) 11.1 (1.9) 0.004
Full scale 1Q 124.3 (12.7) 101.1 (12.3) 0.002
Age at onset (years) 21.9 (4.8)
Duration of illness (years) 3.9(3.0)
Relapses 3.2(2.1)
PANSS Positive 9.9 (3.8)
Negative 14.0 (5.8)
Global 27.0 (9.0)
Total 50.9 (15.3)
SANS Affective 1.2 (1.1)
Alogia 1.2 (1.1)
Avolition 0.9 (1.0)
Anhedonia 1.6 (1.2)
Attention 0.9(1.1)
SAS 2.5 (2.3)
BAS 0.2 (0.6)
AIMS 0.2 (0.4)
NES Sensory integration 0.1 (0.3) 4.1(2.1) 0.000
Motor coordination 0.1 (0.3) 1.0 (2.0) 0.026
Motor sequencing 0.3(0.5) 4.9 (2.6) 0.000
Global 3.6 (2.6) 19.5 (3.9) 0.000
SDS Deficit syndrome 2 patients
Non-deficit 11 patients

Values represent mean (SD)
p values are based on Mann-Whitrgyest
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Clinical tests

Clinical symptoms were assessed by psychiatristgyube Positive and Negative Syndrome
Scale (PANSS) [13], the Scale for the Assessmeagfative Symptoms (SANS) [14], the
Schedule for the Deficit Syndrome (SDS) [15], treubdlogical Evaluation Scale (NES) [16],
the Simpson—Angus Scale (SAS) [17], the Abnormabluntary Movement Scale (AIMS)
[18], and the Barnes Akathisia Rating Scale (BA)][with assessment of the demographic
and epidemiologic data at the time of the MRI study

Working memory tasks

The verbal working memory capacity was measuredh wie Hungarian Digit Span Task
[24], and the Hungarian Nonword Repetition TasK [Zd4e Corsi Blocks Task [25], and the
Visual Patterns Test (VPT) [26] were used for meaguvisuo-spatial working memory
capacity. The executive functions were assesseld thié Wisconsin Card Sorting Test
(WCST) [27,28], with the Tower of Hanoi Task [28lnd with the Letter Fluency [30] and
also with Category Fluency Tasks [31].

MRI scans

All the multimodal MRI examinations were performed a Signa Horizon 1 Tesla MR Unit
(General Electric, GE) at the International Medi&énter (Szeged, Hungary). Three-
dimensional T1 weighted images using the spoilaatignt echo (SPGR) sequence were
obtained in the coronal plane with the followingrgraeters: echo time (TE)=3 fr/ms,
repetition time (TR)=33 ms, number of excitatiodNEK)=1, rotation angle=458, field of
view (FOV)=24 18, slice thickness=1.5 mm, and asitjon matrix of 256_192. Two-
dimensional FSE (fast spin echo) T2 sequences ganed as follows: echo time (TE)=91.1
fr/ms, repetition time (TR)=4300 ms, number of ¢xtons (NEX)=3, field of view
(FOV)=25_19, acquisition matrix: 384 _192. The iar@ resolution was 1016 _1016 mm in
all three planes. MRI data were postprocessed ohdzantage Windows (Silicon Graphics)
workstation with Advantage 3.1 software (developgdsE).

Single manual measurement with intra-rater coranal inter-rater supervision was performed
on serial coronal or axial slices of all regionsrdgérest. The initial step was the identification

of the reference anatomical landmarks that sergedoandaries on each plane. The second
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step was to determine the regions of interest (Rfotdracing, and the third step was to trace
by hand in each ROI the surface area or grey matiethe appropriate coronal and axial
slices. After manual tracing, the volume of the R@is calculated by means of the ,volume

analysis” program.

Statistical analysis

A Mann-WhitneyU test was used to examine group differences on dgeapbic, brain
structural, cognitive and clinical variables. Peafs product-moment correlations tested
relationships between variables. The measuregarlay of ROI volumes were subjected to
two-way repeated measures analysis of variance (A)OThe level of significance was

p=0.05 in all cases. In our preliminary report wegant the uncorrected P-values.

Results

Differences in brain volumes

There were no significant group differences in tib@l brain volume and in the intracranial
volume. There was also no difference in the absolWsiume of the target areas or in the
relative volume compared with total brain voluntee patient and the control groups did not
differ significantly in the volume of external cerespinal fluid (CSF) space, third ventricle,
bilateral hippocampi, straight gyri (SG), and threygmatter of the orbitofrontal cortex, the
middle frontal gyri and the anterior cingulate gyri

We investigated lateral volume differences wittwa-ivay repeated measurements ANOVA
with one between-subjects factor (group: contralspatients) and one within-subjects factor
(side: left vs. right). We found a significant irdgetion in the case of the SG (F(1,24)=4,731
p=0.04) both for the absolute and the relative vauiowever, there was no significant
group or side main effects. That means that |lasatabn of the SG was different in the two
groups. In healthy subjects the left SG was sigaiftly larger than the right SG, but in
patients with schizophrenia the case was just ¢éverse. In summary, we found that the

asymmetry of the SG was reversed in the patientvath schizophrenia.
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A similar tendency toward a hemispheric asymmegiersal was found in the volume of the
anterior cingulate gyri (Group X Side interactiéifl, 24)=1,282p=0.269; group effect: F(1,
4)=3.057,p=0.093). There was a significant main effect ofedalization with left side
dominance in the volume of the orbitofrontal cortex both the absolute (F(1, 21)=5.033,
p=0.036) and relative values (F(1, 21)=5.18¥0.034). However, there was not a significant

Group X Side interaction.

Differences in neurocognitive parameters

We found significant group differences in verbalriking memory performance measured by
the Digit Span Forward and Backward and the NonwRegetition Tests and in controlled
association performance measured by Letter (F,A)8) Category (animals, fruits and
vegetables, supermarket items) Fluency Tests, aviibtter performance for the control group
in each case. We found a significant differencewbeh groups in the frequency of
neurological signs. The presence of abnormalitresansory integrationp€0.001), motor
coordination <0.05), and motor sequencing.001) was significantly more frequent in the
patient group. The appearance of neurological signthe patient group was independent
from the extrapyramidal side effects of the phamhagic treatment.

There was no significant group difference in the wsuo-spatial working memory tasks, the
Corsi tapping task and the Visual Pattern Task,samilarly, there were no differences in the

Tower of Hanoi task and in WCST performance (datashown).

Discussion

Our main finding was a change in asymmetry of ttraight gyrus, a brain area where,
according to our current knowledge, no such diffeezchas been detected in schizophrenia.
One recent study found bilaterally decreased votuaiehe SG [89], and another two found a
decreased volume and [90], or [91] decreased surédcthe right SG in schizophrenia
patients. These findings underlie the importancethefse regions in the appearance of
schizophrenic symptoms. The SG (Brodmann area, BA i4 situated medially to the
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olfactory groove (olfactory sulcus) at the ventrailaé edge of the frontal lobe, and is

considered to be the frontal extension of the amtaringulate gyrus. The SG has dense
inhibitory connections with the superior temporgiug (STG) and the centres of the auditory
cortex, and it is part of the emotional-memory retwinvolved in the recall of episodic and

autobiographical memories and also in the shomttenaintenance of visuo-spatial

information [92]. The change in laterality of th& $nay refer to the dysfunctional operation
of this region which might play a significant roie the symptoms of self-disorder and
hallucinations in schizophrenia.

The main study established that 12 of the examii®gatients belonged to cluster Z. The
volume of the right straight gyrus was greater ttianleft one, and the visuo-spatial working
memory performances were at the normal-level inpiigents who belonged dominantly to
the cluster Z, - these earlier results might paatig indirectly support the observations of our
main study suggesting hemispherical differences gloup of young male patients with

schizophrenia predominantly from cluster Z diffefedm the group of healthy controls in

performances of verbal working memory and verhagrilcy, and in neurological soft signs.
But the performances of subjects did not differtle visuo-spatial and inhibiting (and

planning) executive functions.
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CONCLUSIONS OF THE THESES

Although the MRI-neurocognitive pilot study has amn restricted scope than the main
cluster-exploring one, their results may be padbnnectable. The group of young male
patients with schizophrenia predominantly (92.3%)f cluster Z differed from the group of
healthy controls in areas of verbal working memamgtbal fluency and neurological soft
signs. Their performances, however, did not dififethe visuo-spatial working memory and
inhibiting executive functions. Remarkably, by thperfomance in normal range even in
these areas (examined with indentical methods iwider group of patients) they were
separated from their patient partners form cluStewho performed distinctly worse in these
tasks. In addition, these latter patients from telu$ performed badly (similarly to patients
from cluster Z) also in those areas where the etugtpatients had separated from healthy
controls. The neurological soft signs could segarhie cluster Z patients from healthy
subjects, but in the cluster S the disorder ofdesory integration was more pronounced,

especially on the left body side.

Thus, we can draw the following conclusions onlihsis of our studies:

1. In schizophrenia with a theory-driven, systemateunocognitive study we could
separate subgroups. Two subgroups (clusters S phddZbeen separated from each
other by performances on a part of a set of testichwcan consequently separate
patients with schizophrenia both from healthy aatlgmt controls with other mental
disorders, as well.

2. Despite of a remarkable statistical correspondeme®veen the deficit-nondeficit
syndromes and these neuropsychiatric clusterswibelivisions were not the same.

3. The nondeficit syndrome in our study proved to béomogeneous in several
parameters, it was cleft in two along the bordethef clusters S and Z fundamentally
by cognitive features.

4. We favour an explanation that the patterns of thgnttive dysfunctions and of the
neurological developmental anomalies equally ineidhat there were at least two
morbidity domains in the background of the two sob@s: in cluster Z there was a

dominatingly unilateral, left frontal dysfunctiomgjpwhile in the more severe cluster S,
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bilateral morbidity processes with left and righorftal neural substrates might be
present.

. Based on the results it seemed that these subgreppssented different types, not
only forms with different seriousness of the saypet

. However, as we did not find group differences ie thore elementary levels, it is
possible, that there is a common morbidity roahie depth of etiological basement of
the clusters.

. We observed the reversal of normal L>R asymmetryRtd. asymmetry of the
volumes of straight gyri (BA 11) in thirteen youngale patients with schizophrenia -
of a brain area where, according to our currentwkedge, no such difference has
been detected in this illness.

. Based on the results we can draw a cautious caaoldlkat disorders of the verbal
working memory and the verbal fluency, and morequdent prevalence of
neurological soft signs (and probably the changasyimmetry of the straight gyri
also) can separate patients with schizophrenia freatthy subjects.

Furthermore, in addition to these impairments,abgociated disorders of the visuo-
spatial working memory and the shifting executivendtions, and the more
pronounced impairment of sensory integration (bengndominant on the left body

side) can feature a more unfavoured subgroup witi@nlliness.
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