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Abstract

Minna Torniainen. Cognitive Impairment in Schizophrenia: Related Risk Factors
and Clinical Characteristics. National Institute for Health and Welfare (THL).
Research 107. 100 pages. Helsinki, Finland 2013.

ISBN 978-952-245-899-5 (printed); ISBN 978-952-245-900-8 (pdf)

Schizophrenia is considered to be a neurodevelopmental disorder. Although the
aetiology of schizophrenia remains largely unknown, it appears to result from
several factors, including genetic vulnerability and environmental insults as well as
their interactions. Schizophrenia is usually associated with broad cognitive
impairment and related problems in psychosocial functioning. As in patients with
schizophrenia, patients with schizoaffective disorder, a psychiatric disorder
characterized by both symptoms of schizophrenia and prominent affective
symptoms, also show cognitive impairment. Previous research has identified many
risk factors for schizophrenia, such as obstetric complications and male sex. In
addition, in Finland, internal genetic isolates with a high prevalence of
schizophrenia have been identified. However, few studies have investigated the
relationship between these risk factors for schizophrenia and cognitive functioning.

The aims of the thesis were to characterize cognitive functioning in schizophrenia
and schizoaffective disorder and to examine whether clinical characteristics are
related to cognitive impairment in these disorders. An additional aim was to
investigate whether previously identified risk factors for schizophrenia (low and
high birth weight, male sex, originating from an internal isolate) are associated with
cognitive impairment in families with schizophrenia, and whether the illness or the
degree of genetic loading for the illness modifies this relationship.

The present thesis is a part of the Genetic Epidemiology and Molecular Genetics of
Schizophrenia in Finland project. Previously the project has focused on the genetic
epidemiology of schizophrenia in Finland as a whole and within the genetic isolate,
as well as on neuropsychological deficits in schizophrenia patients and their family
members, and on the use of neuropsychological variables as endophenotypes in
genetic analyses. Schizophrenia patients with a high genetic loading for
schizophrenia were identified from nationwide health care registers. In the present
thesis, groups of persons with schizophrenia (n = 218), persons with schizoaffective
disorder (n = 62) and their unaffected first-degree relatives (n = 438) were
investigated. The control group comprised 123 persons and, in the study focusing on
the isolate, 112 persons. The participants were diagnosed on the basis of a diagnostic
interview and case records from mental health care contacts. The participants
underwent a battery of neuropsychological tests, assessing processing speed,
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executive functions, attention, working memory, verbal learning and memory and
verbal ability.

The schizophrenia group demonstrated broad cognitive impairment compared to the
control group with large effect sizes. In schizoaffective disorder, broad cognitive
impairment with effect sizes ranging from medium to large were detected.
Differences in clinical characteristics accounted for the differences in cognitive
functioning between the diagnostic groups. Irrespective of diagnosis, patients with
severe negative symptoms and a high dose of antipsychotic medication had the most
severe cognitive impairment. Both low and high birth weight were associated with
more severe cognitive impairment than intermediate birth weight in persons with
schizophrenia and their first-degree relatives. Sex differences in cognitive functions
were mostly preserved in schizophrenia families when compared to controls despite
large cognitive impairment in schizophrenia, and mild cognitive impairment in first-
degree relatives. In persons with schizophrenia and their first-degree relatives,
persons from the internal isolate had slightly better performance in some of the
cognitive measures than persons from the rest of the country. However, no such
differences were noticed in the controls.

In conclusion, persons with schizoaffective disorder demonstrated broad cognitive
impairment, which was milder than in schizophrenia. The results suggest that
symptom severity predicts the level of cognitive impairment in these disorders more
accurately than categorical diagnosis does. The results also showed that the assessed
schizophrenia risk factors may have distinct associations with cognitive functioning.
Low and high birth weight were associated with slightly lower cognitive
performance than intermediate birth weight in persons with schizophrenia and in
their first-degree relatives. Despite sex differences in illness characteristics, sex did
not affect the level of cognitive impairment in persons with schizophrenia or in their
first-degree relatives. Originating from an internal isolate was associated with
slightly higher cognitive performance than originating from the rest of Finland both
in persons with schizophrenia and in their first-degree relatives, but not in the
control group. This difference may reflect differences in the genetic aetiology of
schizophrenia between the isolate and the rest of Finland.

Keywords:  schizophrenia, schizoaffective disorder, cognitive functions,
neuropsychology, birth weight, isolate, sex, gender
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Tiivistelma

Minna Torniainen. Cognitive Impairment in Schizophrenia: Related Risk Factors
and Clinical Characteristics [Kognitiiviset héiriot skitsofreniassa: yhteys sairauden
riskitekijoihin ja kliinisiin piirteisiin]. Terveyden ja hyvinvoinnin laitos (THL).
Tutkimus 107. 100 sivua. Helsinki, Finland 2013.

ISBN 978-952-245-899-5 (painettu); ISBN 978-952-245-900-8 (pdf)

Skitsofreniaa pidetddn aivojen kehityksen hdiriond. Skitsofreniaan sairastumisen
syitd ei tunneta, mutta sairastumisalttiuden taustalla on sekd geneettisid etté
ympéristotekijoitd ja niiden yhteisvaikutuksia. Skitsofreniaan liittyy yleenséd laaja-
alaisia kognitiivisten toimintojen hdiriditd, jotka ovat yhteydessd myds
psykososiaalisen toimintakyvyn ongelmiin. Myos skitsoaffektiivisessa héiriossa,
jossa on sekd skitsofreniaoireita etti huomattavia mielialaoireita, esiintyy
kognitiivisten toimintojen héiriditd. Aiemmissa tutkimuksissa on tunnistettu monia
skitsofrenian  riskitekijoitd kuten synnytykseen liittyvdt komplikaatiot ja
miessukupuoli. Lisdksi Suomessa on tunnistettu maan siséisié geneettisié isolaatteja,
joissa on korkea skitsofrenian esiintyvyys. Néiden skitsofrenian riskitekijoiden ja
kognitiivisten toimintojen yhteyttd on tutkittu vain védhdn. Tamén viitoskirjan
tavoitteina  oli  luonnehtia  kognitiivisia  hdiriditd  skitsofreniassa  ja
skitsoaffektiivisessa hdiriossd sekd selvittdd, ovatko ndiden hairididen kliiniset
piirteet yhteydessd kognitiivisten toimintojen héiridihin. Liséksi tavoitteena oli
tutkia, ovatko aikaisemmin havaitut skitsofrenian riskitekijét (alhainen ja korkea
syntymipaino, miessukupuoli sekd maan sisdiseen isolaattiin kuuluminen)
yhteydessé kognitiivisten toimintojen hiiridihin skitsofreniaperheissé ja modifioiko
sairaus tai geneettinen alttius sairaudelle yhteytta.

Tami vaitoskirja on osa “Vakavien mielenterveyshiirididen geneettinen
epidemiologia ja molekyyligeneettinen perusta” —projektia. Aikaisemmin projektissa
on keskitytty tutkimaan skitsofrenian geneettistd epidemiologiaa sekd koko maan
tasolla ettd maan sisdisessd isolaatissa. Liséksi on tutkittu neuropsykologisia
hiirioita skitsofreniapotilailla ja heidén perheenjdsenilldén sekd neuropsykologisten
muuttujien kayttod endofenotyyppeind geneettisissé analyyseissa.
Skitsofreniapotilaat, joilla on korkea geneettinen alttius skitsofrenialle, tunnistettiin
valtakunnallisista terveydenhuollon rekistereistd. Téssd véitoskirjassa tutkittiin
skitsofreniaryhméda (n = 218), skitsoaffektiivisesta hdiriostd kirsivien ryhmdi (n =
62) ja heiddn terveitd perheenjdsenid (n = 438). Verrokkiryhmdin kuului 123
henkildd ja isolaattiin keskittyvissd tutkimuksessa 112 henkilod. Tutkimukseen
osallistujien diagnoosit tehtiin diagnostisen haastattelun ja mielenterveysongelmiin
liittyneiden  hoitojen  sairauskertomusten perusteella. Osallistujille  tehtiin
neuropsykologinen tutkimus, johon kuului prosessointinopeutta, toiminnanohjausta,
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tarkkaavaisuutta, tyomuistia, kielellisti oppimista sekd muistia ja kielellistd
kyvykkyyttd arvioivia tehtivid.

Skitsofreniaa sairastavilla oli laaja-alaisia kognitiivisten toimintojen héirioitd, ja
efektin koko oli suuri verrattaessa verrokkiryhmiédn. Myoés skitsoaffektiivisessa
hiiriossd havaittiin laaja-alaisia kognitiivisia hdiriditd, joiden efektin koot vaihtelivat
keskisuuresta suureen. Erot sairauden kliinisissd piirteissd selittivdt erot
diagnostisten ryhmien vililld kognitiivisissa toiminnoissa. Diagnoosista riippumatta
potilailla, joilla oli vakavia negatiivisia oireita ja korkea psykoosildékeannos, oli
heikoin kognitiivinen toimintakyky. Seké matala etti korkea syntymépaino liittyivét
vakavampiin kognitiivisiin héiriéihin kuin keskiméérdinen syntymipaino niin
skitsofreniapotilailla kuin heiddn perheenjésenillddnkin. Kognitiivisten toimintojen
sukupuolierot skitsofreniaperheissd olivat suurimmaksi osaksi samanlaisia kuin
kontrolliryhmidssd huolimatta suurista kognitiivisista hdiridistd skitsofreniassa ja
lievistd kognitiivisista heikentymistd perheenjésenilld. Maan sisdisestd isolaatista
kotoisin olevat skitsofreniapotilaat ja heiddn perheenjdsenensi suoriutuivat hieman
paremmin osassa kognitiivisista tehtdvistd kuin muualta Suomesta kotoisin olevat
potilaat ja  perheenjdsenet. Samanlaista eroa ei kuitenkaan havaittu
verrokkiryhméssa.

Tamén tutkimuksen tulosten perusteella skitsoaffektiiviseen hdirioon liittyy laaja-
alaisia kognitiivisten toimintojen hiiriditd, jotka ovat lievempié kuin skitsofreniassa.
Oireiden vakavuus vaikutti kuitenkin ennustavan kognitiivisten hiirididen tasoa
paremmin kuin kategorinen diagnoosi. Tutkimuksessa ilmeni, ettd tutkituilla
skitsofrenian  riskitekijoilld  saattaa olla erilainen yhteys kognitiiviseen
toimintakykyyn. Matalaan ja korkeaan syntymépainoon liittyi hieman matalampi
kognitiivinen  toimintakyky kuin keskimédirdiseen syntymépainoon seké
skitsofreniapotilailla ettd heidédn perheenjdsenilliéin. Sukupuoli ei vaikuttanut
kognitiivisten héirididen tasoon skitsofreniapotilailla tai heiddn perheenjésenilldin
huolimatta sukupuolieroista sairauden piirteissd. Maan sisdisestd geneettisestd
isolaatista ldhtdisin oleminen vaikutti liittyvin hieman parempaan kognitiiviseen
toimintakykyyn osassa kognitiivisista tehtévistd kuin muualta maasta kotoisin
oleminen sekd skitsofreniapotilailla ettd heidédn perheenjésenillidn mutta ei
kontrolliryhmissé. Ero saattaa heijastella skitsofrenian geneettisen etiologian eroja
isolaatin ja muun Suomen vililla.

Avainsanat: skitsofrenia, skitsoaffektiivinen hiirid, kognitiiviset toiminnot,
neuropsykologia, syntymipaino, isolaatti, sukupuoli
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1 Introduction

Schizophrenia is a severe mental disorder, which is associated with deterioration in
social and vocational functioning (American Psychiatric Association, 2000). The
symptoms of schizophrenia can be divided into positive (e.g. hallucinations),
disorganized (e.g. bizarre behaviour) and negative (e.g. lack of motivation)
symptoms (Andreasen et al., 1995). Mood symptoms in schizophrenia are also
common, but if depressive or manic symptoms are present for “a substantial
portion” of the time a schizoaffective disorder diagnosis is assigned (American
Psychiatric Association, 2000). In addition to more common mood symptoms in
schizoaffective disorder, persons with schizoaffective disorder have a more
favourable outcome and less severe negative symptoms than persons with
schizophrenia (Cheniaux et al., 2008).

Currently, schizophrenia is thought to result from both genetic vulnerability and
environmental insults and their interaction (van Os et al., 2008). These together
affect neurodevelopment during prenatal period, childhood and early adulthood,
causing neurodevelopmental impairment that may predispose to schizophrenia (van
Os et al.,, 2008). Many factors that are associated with an increased risk for
schizophrenia have been identified, such as male sex and obstetric complications
(Matheson et al., 2011). Schizophrenia prevalence also varies between regions, and
in Finland, internal genetic isolates with a high prevalence of schizophrenia have
been identified (Hovatta et al., 1997).

Cognitive impairment is often severe and generalized in persons with schizophrenia
and affects psychosocial functioning (Dickinson et al., 2007, Fett et al., 2011). The
impairment is already present at the illness onset and thereafter tends to be persistent
and relatively independent of symptom fluctuations (Hoff et al., 2005). For these
reasons, cognitive impairment is said to be the “core” of the disorder (Elvevig &
Goldberg, 2000). Many studies have also found cognitive impairment in
schizoaffective disorder, but the results of studies comparing schizoaffective
disorder with schizophrenia groups have been inconsistent (Bora et al., 2009).

The aetiology of cognitive impairment in schizophrenia is largely unknown
(Dickinson & Harvey, 2009). Some environmental schizophrenia risk factors have
been associated with cognitive impairment in the general population (Saha et al.,
2009, Seidman et al., 2000), but the association between cognitive impairment in
people with schizophrenia and the risk factors of schizophrenia has not received
much attention. Similar cognitive impairment, as in schizophrenia but milder, has
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Introduction

been detected in the unaffected first-degree relatives of the patients (Sitskoorn et al.,
2004a), suggesting that cognitive impairment in schizophrenia may be partly
inherited (Tuulio-Henriksson et al., 2002). Genetic studies have suggested that the
genetic aetiology may differ between schizophrenia with severe cognitive
impairment and schizophrenia with relatively spared cognitive functions (Green et
al., 2012, Morar et al., 2011, Wessman et al., 2009).

The first aim of the present thesis was to characterize cognitive functioning in
schizophrenia, schizoaffective disorder, their unaffected first-degree relatives and
controls. The other aims were to examine if male sex, lower or higher than average
birth weight, or belonging to a genetic isolate with a high schizophrenia prevalence
of previously reported risk factors for schizophrenia, are related to cognitive
impairment in schizophrenia families.
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2 Review of the literature

2.1 Schizophrenia

Schizophrenia is a severe mental disorder. The prevalence of schizophrenia is
approximately 1% in Finland (Perdld ef al., 2007). Schizophrenia is a heterogeneous
disorder and the clinical picture varies from one person to another. The diagnostic
criteria for schizophrenia are shown in Table 1. The symptoms of schizophrenia can
be divided into positive, disorganized and negative symptoms (Andreasen et al.,
1995, Andreasen & Olsen, 1982). Positive symptoms refer to hallucination and
delusions and disorganized symptoms to disorganized speech, inappropriate affect
and bizarre behaviour. Negative symptoms refer to affective flattening, alogia
(poverty of speech), avolition (lack of motivation), anhedonia (inability to
experience pleasure) and attentional impairment. Mood symptoms (mania and
depression) and cognitive deficits are also suggested to be included as relevant
symptom dimensions (van Os & Kapur, 2009), for example, in the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders, DSM-5 (www.dsm5.org).

Schizophrenia is associated with deterioration in everyday functioning (Viertid et al.,
2012). People with schizophrenia are often unable to work (Perélé et al., 2008) and
may even be unable to live independently (Lauronen et al., 2007). Since the onset of
the illness is often in late adolescence or in early adulthood (Angermeyer & Kuhn,
1988, Kirkbride et al., 2012), schizophrenia also causes a huge financial burden to
society (Gustavsson et al., 2011). However, many persons with schizophrenia are
able to achieve symptomatic remission or good vocational and social functioning,
and 10-20% of persons with schizophrenia may achieve full recovery from the
illness after the first episode (Albert ef al., 2011, Harrison et al., 2001, Jadskeldinen
et al., 2012). Schizophrenia is also associated with excess mortality from both
suicide and natural causes (Kiviniemi et al., 2010, Saha et al., 2007, Suvisaari et al.,
2012a). Antipsychotic medication is in most cases effective in the treatment of
positive symptoms, and psychosocial treatments are designed to alleviate negative
symptoms and functional impairment (Dixon et al., 2009, Grant et al., 2012, Leucht
etal., 2009).
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Review of the literature

Table 1. DSM-IV criteria for schizophrenia (American Psychiatric Association, 2000).

A. Characteristic symptoms: Two or more of the following, each present for a significant portion
of time during a 1-month period (or less if successfully treated):

¢ delusions

¢ hallucinations

¢ disorganized speech

¢ grossly disorganized or catatonic behaviour

*  negative symptoms
Note: Only one Criterion A symptom is required if delusions are bizarre or hallucinations consist
of a voice keeping up a running commentary on the person's behaviour or thoughts, or two or more
voices conversing with each other.

B. Social/occupational dysfunction: For a significant portion of the time since the onset of the
disturbance, one or more major areas of functioning such as work, interpersonal relations, or self-
care are markedly below the level achieved prior to the onset (or when the onset is in childhood or
adolescence, failure to achieve expected level of interpersonal, academic, or occupational
achievement).

C. Duration: Continuous signs of the disturbance persist for at least 6 months. This 6-month period
must include at least 1 month of symptoms (or less if successfully treated) that meet Criterion A
(i.e., active-phase symptoms) and may include periods of prodromal (symptomatic of the onset) or
residual symptoms. During these prodromal or residual periods, the signs of the disturbance may
be manifested by only negative symptoms or two or more symptoms listed in Criterion A present
in an attenuated form (e.g., odd beliefs, unusual perceptual experiences).

D. Schizoaffective and Mood Disorder exclusion: Schizoaffective Disorder and Mood Disorder
With Psychotic Features have been ruled out because either no Major Depressive Episode, Manic
Episode, or Mixed Episode have occurred concurrently with the active-phase symptoms; or if
mood episodes have occurred during active-phase symptoms, their total duration has been brief
relative to the duration of the active and residual periods.

E. Substance/general medical condition exclusion: The disturbance is not due to the direct
physiological effects of a substance or a general medical condition.

F. Relationship to a Pervasive Developmental Disorder: If there is a history of Autistic Disorder or
another Pervasive Developmental Disorder, the additional diagnosis of Schizophrenia is made only
if prominent delusions or hallucinations are also present for at least a month (or less if successfully
treated).

2.2 Schizoaffective disorder and other schizophrenia
spectrum psychoses

From the beginning of the twentieth century, psychoses have been divided into non-
affective (e.g. schizophrenia) and affective psychoses (Kraepelian dichotomy;
Greene, 2007). Of affective disorders, both unipolar depressive disorder and bipolar
disorder may include psychotic symptoms. Some patients have both characteristic
symptoms of schizophrenia and prominent mood symptoms. Consequently, a
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diagnosis of schizoaffective disorder was introduced to characterize those patients
whose symptoms seemed to resemble both schizophrenia and affective psychoses. In
schizoaffective disorder, the person has depressive, manic or mixed episodes
concurrent with psychotic symptoms, and a period with only delusions and
hallucinations, without prominent affective symptoms, is also required (Table 2).

Table 2. DSM-IV criteria for schizoaffective disorder (American Psychiatric Association,
2000).

A. An uninterrupted period of illness during which, at some time, there is either a Major
Depressive Episode, a Manic Episode, or a Mixed Episode concurrent with symptoms that meet
Criterion A for Schizophrenia. Note: The Major Depressive Episode must include Criterion Al:
depressed mood.

B. During the same period of illness, there have been delusions or hallucinations for at least 2
weeks in the absence of prominent mood symptoms.

C. Symptoms that meet criteria for a mood episode are present for a substantial portion of the total
duration of active and residual periods or the illness.

D. The disturbance is not due to the direct physiological effects of a substance (e.g., a drug of
abuse, a medication) or a general medical condition.

The division of psychoses according to the severity of affective symptoms has been
challenged by difficulties in finding a point of rarity. Firstly, mood symptoms,
especially depression, are common in non-affective psychoses, as well (Hifner et al.,
2008). Secondly, it has been difficult to separate schizoaffective disorder from
schizophrenia and affective psychosis, and the longitudinal stability of the diagnosis
has been low (Lake, 2007, Malhi er al., 2008, Pope et al., 1980), which has
questioned the validity of the diagnosis of schizoaffective disorder. Despite the lack
of clarity in the validity of the diagnosis, the diagnosis will be retained in the DSM-5
(www.dsmS5.org). Thirdly, epidemiological studies have described common
environmental risk factors for schizophrenia, schizoaffective disorder and affective
psychotic disorders (Laursen et al., 2007). Family studies have noticed that having a
relative with schizophrenia, schizoaffective disorder or mood disorder increases the
risk of any of these disorders (Cardno et al., 2012, Laursen et al., 2005, Lichtenstein
et al., 2009). However, having a relative with schizophrenia may especially increase
the risk of schizophrenia and having a relative with mood disorder the risk of mood
disorders (Laursen et al., 2005, Lichtenstein et al., 2009).

Comparison studies of schizophrenia and schizoaffective disorder have concluded
that schizoaffective disorder has a more favourable outcome. Social and
occupational functioning and premorbid adjustment are better in persons with
schizoaffective disorder than in schizophrenia, whereas in schizophrenia, negative
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symptoms are more severe (Bottlender et al., 2010, Cheniaux et al., 2008, Saracco-
Alvarez et al., 2009). Compared to affective psychoses, the outcome of
schizoaffective disorder appears worse (Cheniaux et al., 2008).

In addition to schizophrenia and schizoaffective disorder, schizophrenia spectrum
psychoses also include schizophreniform disorder, brief psychotic disorder,
delusional disorder and psychotic disorder not otherwise specified (American
Psychiatric Association, 2000). In schizophreniform disorder, the symptoms of
schizophrenia are present for no more than six months, and in brief psychotic
disorder, the symptoms are present for no more than a month. In delusional disorder,
a person has long-lasting, non-bizarre delusions but may otherwise have normal
functioning.

2.3 Cognitive functions

Cognitive functions are separable but interrelated processes of acquiring, processing,
storing of and acting upon information (Lezak et al., 2012). Cognitive functions
include, for example, processing speed, executive functions, attention, working
memory, verbal and visual learning and memory, verbal skills, visual functions and
motor functions (Lezak et al., 2012). All these functions are multidimensional and
can be divided further. Cognitive functions can be best assessed using standardized,
widely recognized and validated neuropsychological test methods (Lezak et al.,
2012).

Processing speed refers to the speed of performing cognitive processes, which may
affect performance on a variety of cognitive tasks, such as attention and working
memory tasks (Lezak et al., 2012, Salthouse, 1996). Executive functions were
conceptualized by Jurado and Rosselli (2007) as “abilities of goal formation,
planning, carrying out goal-directed plans, and effective performance”. Further, the
initiation of activity, the inhibition of irrelevant information, the shifting of mental
set, the regulation of activity based on feedback from environment and the
evaluation of own actions are all incorporated into executive functions (Jurado &
Rosselli, 2007, Lezak et al., 2012, Miyake et al., 2000). Attention refers to the
processes of the selecting of and attending to a limited amount of material for
enhanced processing while filtering out other information (Chun et al., 2011).
Aspects of attention include the capacity or the span of attention, the ability to focus
on a target, to inhibit the processing of irrelevant stimuli, to sustain the attention
over a period, to shift attention to a new target and to divide attention between tasks
(Lezak et al., 2012, Mirsky et al., 1991, Petersen & Posner, 2012).
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The complex memory systems include the declarative memory for material that can
be consciously recollected and non-declarative memory for material that cannot be
consciously recollected, such as skills like riding a bicycle (Squire & Zola, 1996).
The performance on declarative memory tasks depends on the effectiveness of
encoding, learning and retrieving (Lezak ef al., 2012). Memory can be separated into
short-term or working memory and long-term memory. Working memory can be
defined as temporary maintenance and manipulation of a limited amount of
information (Baddeley, 2012). According to the model by Baddeley (2012), working
memory consists of the phonological loop for speech, the visuospatial sketchpad for
visual and spatial material, the episodic buffer for binding information into
integrated episodes, and the central executive, which is close to the executive
functions concept. Long-term memory is responsible for storing information (Lezak
et al., 2012). Memory systems are also usually separated on the basis of sensory
modality of the presented material (Lezak et al., 2012).

Verbal skills can be divided to verbal expression, verbal comprehension and verbal
academic skills (e.g. writing) (Lezak et al., 2012). Impairment of verbal skills can
manifest, for example, as problems in naming, fluency, comprehension and
vocabulary (Lezak et al., 2012). Visual functions include visual or visuospatial
perception and visual construction, which requires linking perception with motor
response (Lezak et al., 2012). Motor functions include not only simple motor
coordination but also encoding and executing motor representations (Lezak et al.,
2012).

2.4 Cognitive functioning in schizophrenia

Most of the persons with schizophrenia have severe and widespread cognitive
impairment (Dickinson et al., 2007). According to meta-analyses, persons with
schizophrenia perform on average one standard deviation below unaffected controls
in cognitive measures (Dickinson et al., 2007, Mesholam-Gately et al., 2009). A
large portion of variance in cognitive impairments has been shown to be attributable
to the impairment of general cognitive ability (Dickinson et al., 2008, Keefe et al.,
2006). An impairment in processing speed and verbal memory may be the largest
against the broad cognitive impairment (Dickinson & Gold, 2008, Mesholam-Gately
et al., 2009). However, cognitive performance may be relatively spared in 20-30%
of the patients with schizophrenia (Gonzalez-Blanch et al., 2010, Kremen et al.,
2004, Palmer et al., 1997, Wilk et al., 2005).

Persons who later develop schizophrenia may have had in childhood small
developmental abnormalities or weaknesses in motor functions, cognitive functions,
school performance and social adjustment (Cannon et al., 1999, Isohanni et al., 2006,
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Jones et al., 1994, Reichenberg et al., 2010, Seidman et al., 2013, Sorensen et al.,
2010). Moderate cognitive impairment has been detected in persons who later
develop schizophrenia in high risk samples (Giuliano er al., 2012). As the
impairment is present before illness onset, it has been considered to be a risk factor
for schizophrenia (Isohanni et al., 2006, Maccabe, 2008). Around the onset of
schizophrenia, cognitive functioning may deteriorate further (Woodberry et al.,
2008). In persons with first-episode psychosis, cognitive impairment is already full-
blown, and after the illness onset the impairment appears to be fairly stable (Hoff et
al., 2005, Mesholam-Gately et al., 2009, Szoke et al., 2008). Similar but milder
cognitive impairment has also been detected in healthy first-degree relatives
(Sitskoorn et al., 2004a).

Cognitive remediation is a psychosocial treatment form aiming to improve cognitive
functioning in schizophrenia. Cognitive remediation refers to a variety of methods.
Usually patients perform cognitive tasks with an increasing level of difficulty which
can be delivered by face-to-face contact or computer assisted (Medalia & Choi,
2009). Cognitive remediation has been shown to at least modestly alleviate cognitive
impairment (McGurk et al., 2007, Wykes et al., 2011). It has been shown to improve
also community functioning, especially when combined with other psychiatric
rehabilitation (McGurk et al., 2007).

Huge effort has been made into research of pharmacological treatment of cognitive
functioning in schizophrenia (Harvey, 2009). Thus far, no consensus as to the
effectiveness of currently available antipsychotic medications on cognitive
functioning has been reached. Some studies have shown a small positive effect of
antipsychotic medication on cognitive functioning, but it is unclear whether this
reflects practice effect in doing similar or identical tasks within a short time interval
(Davidson et al., 2009, Goldberg et al., 2007). Some naturalistic studies have shown
the largest impairment in persons with the largest dose of antipsychotics and large
medication dose has been associated with greater progressive brain changes (Elie et
al., 2010, Ho et al., 2011). Newer atypical or second-generation antipsychotics may
have a more favourable effect than conventional neuroleptic treatment on cognitive
functioning, but the effect size has been small in meta-analyses (Mishara &
Goldberg, 2004, Woodward et al., 2005). The difference may also be related to
extrapyramidal side effects caused by conventional neuroleptic treatment and its
treatment with anticholinergics that may have an adverse effect on cognition (Leucht
et al., 2009, Ogino et al., 2011). The research into new treatments to improve
cognitive functioning in schizophrenia has been fuelled by the Measurement and
Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative
(Buchanan et al., 2011). The project has drawn attention to the goal and developed
guidelines and the MATRICS Consensus Cognitive Battery for research into
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treatment of cognition in schizophrenia (Buchanan et al., 2005, Nuechterlein et al.,
2008).

2.4.1 Correlation of cognitive impairment with clinical characteristics of
schizophrenia

Cognitive impairment has a strong impact on the everyday functioning of persons
with schizophrenia (Fett et al., 2011, Ventura ef al., 2009). The impairment has been
associated with decreased ability to live independently, poor social skills and
weakened ability to work (Bowie et al., 2008, Green et al., 2000, Shamsi et al.,
2011). The relationship of cognitive functions with everyday functioning may not be
merely direct, but may be mediated, for example, by social or functional skills
(Bowie et al., 2008).

Cognitive impairment in schizophrenia associates with negative symptoms of the
illness, whereas positive symptoms show less correlation with the impairment
(Dominguez et al., 2009, Ventura et al., 2009, Ventura et al., 2010). Despite
consistently observed correlations, negative symptoms and cognitive functions have
been suggested to be separable with possibly separate aetiologies (Bell & Mishara,
2006, Foussias & Remington, 2010). Furter, disorganized symptoms appear to be
associated with cognitive impairment (Ventura et al., 2010). The relationship of
affective symptoms with cognitive functioning in schizophrenia is less consistent
(Bozikas et al., 2004, Brebion et al., 2005, Dominguez et al., 2009, Gladsjo et al.,
2004, Rieckmann et al., 2005, Simonsen et al., 2011, Stip & Mancini-Marie, 2004).
Early illness onset and poor insight are also associated with cognitive impairment
(Orfei et al., 2010, Rajji et al., 2009).

2.5 Cognitive functioning in schizoaffective disorder

Cognitive functioning is impaired in schizoaffective disorder compared to controls
(Bora et al., 2010, Torrent et al., 2007). Compared to schizophrenia, persons with
schizoaffective disorder have on average a milder impairment of certain cognitive
functions, such as verbal memory and processing speed (Fiszdon et al., 2007,
Heinrichs et al., 2008). In a meta-analysis, the effect size of difference was small
(Bora et al., 2009). All studies have not detected differences in cognitive functioning
between schizophrenia and schizoaffective disorder (Bilder et al., 2000, Evans et al.,
1999, Simonsen et al., 2011). These results have been used to justify combining
subjects with schizoaffective disorder and schizophrenia in the same group in
research projects (Evans et al., 1999). The inconsistencies in earlier studies
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comparing cognitive functioning in schizophrenia and schizoaffective disorder may
have resulted from small sample sizes (Bilder et al., 2000, Reichenberg et al., 2009,
Simonsen et al., 2011). Furter, in affective psychoses cognition appears impaired,
but the impairment is smaller than in schizophrenia or in schizoaffective disorder
(Bora et al., 2009, 2010, Krabbendam et al., 2005). The profile of impairment has
been suggested to be similar to schizophrenia and differ only in magnitude
(Reichenberg et al., 2009).

2.6 Brain abnormalities in schizophrenia

Schizophrenia is related to widespread deviations in the brain on many levels (for
review, see Keshavan et al., 2008), which is compatible with broad cognitive
impairment. The volume of grey matter, especially in frontotemporal areas, has been
reduced (Ellison-Wright & Bullmore, 2010, Ellison-Wright ez al., 2008, Haijma et
al., 2012). Further, abnormalities in white matter tracks have been detected,
suggesting disrupted connectivity between brain regions (Bora et al., 2011, Ellison-
Wright & Bullmore, 2009). Besides structural findings, brain function has been
aberrant both during task performance and at rest (e.g. hypofrontality and reduced
gamma oscillations) (Brown & Thompson, 2010, Kiihn & Gallinat, 2011,
Minzenberg et al., 2009, Uhlhaas & Singer, 2010). Abnormalities in multiple
neurotransmitter systems (e.g. dopamine, glutamate, y-amino butyric acid and
acetylcholine systems) have also been shown (Gonzalez-Burgos et al., 2010, Howes
& Kapur, 2009, Kantrowitz & Javitt, 2012, Sarter et al., 2012). Most of these
abnormalities have been linked with cognitive impairment (Bustillo et al., 2011,
Minzenberg et al., 2009, Perez-Iglesias et al., 2010, Sarter et al., 2012, Sullivan et
al., 1996).

2.7 Aetiology of schizophrenia

Despite intensive research during the last decades, the aetiology of schizophrenia
remains largely unknown. The diversity in schizophrenia symptomatology suggests
that the aetiology of the disorder is multifactorial. A strong aetiological theory has
been the theory of schizophrenia as a neurodevelopmental disorder (Rapoport et al.,
2012). Deviations already in prenatal brain development may result from a
combination of genetic vulnerability and prenatal environment (Bayer ef al., 1999,
Mittal et al., 2008, van Os et al., 2008). Aberrant neurodevelopment may emerge as
developmental delays or abnormalities in childhood in a proportion of the persons
who will receive a schizophrenia diagnosis (Isohanni et al., 2006, Jones et al., 1994,
Seidman et al., 2013, Sorensen et al., 2010). Schizophrenia symptoms typically
manifest during late adolescence or early adulthood, and therefore brain
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development during this age period may be crucial in schizophrenia aetiology.
Synaptic pruning, reorganization of inhibitory interneuron control of cortical
networks and increase in neuronal myelination occur during adolescence and early
adulthood, and have been implicated in the pathophysiology of schizophrenia (Insel,
2010, Rapoport et al., 2012). After illness onset, brain changes still progress, which
may be related to possible neurodegenerative processes occurring in schizophrenia
(Andreasen et al., 2011, Arango et al., 2012, Church et al., 2002, Olabi et al., 2011).

2.7.1 Biological and psychosocial risk factors for schizophrenia and
their relationship to cognitive impairment

Many biological and psychosocial risk factors for schizophrenia have been identified,
which may affect development during prenatal period, childhood or early adulthood.
The risk factors may have a stronger effect on persons with high genetic loading for
schizophrenia than on persons with low genetic loading (van Os et al., 2008). Most
often reported psychosocial risk factors include urban environment, childhood
adversity (e.g. maltreatment or bullying) and migration (Bendall et al, 2008,
Cantor-Graae & Selten, 2005, March et al., 2008, Matheson et al., 2012, McGrath et
al., 2004, Vassos et al., 2012). Biological risk factors include male sex, increased
paternal age at birth, cannabis use, traumatic brain injury and pregnancy and
delivery complications, such as maternal infections, nutritional deficiency and
hypoxia (Aleman et al., 2003, Cannon et al., 2002, Miller et al., 2011, Molloy et al.,
2011, Moore et al., 2007, Suvisaari et al., 2012b).

In the general population, most of the identified biological and psychosocial risk
factors, such as paternal age, season of birth, childhood trauma, some infections, low
socioeconomic status and pregnancy complications, have been related to impairment
of cognitive functioning (Jefferis et al., 2002, Kannan & Pletnikov, 2012, Lawlor et
al., 2006, Nolin & Ethier, 2007, Saha et al., 2009, Seidman et al., 2000). Few
studies have addressed the relationship of cognitive impairment and risk factors in
schizophrenia. Childhood trauma (e.g. physical abuse or neglect) and infections
have in previous studies been associated with pronounced cognitive impairment in
persons with schizophrenia (Aas et al., 2012, Dickerson et al., 2012, Kannan &
Pletnikov, 2012, Lysaker et al., 2001). Cannabis use is associated with impaired
cognitive functioning in the general population and increased risk for schizophrenia
(Meier et al., 2012, Moore et al., 2007). However, in a recent meta-analysis, patients
with schizophrenia and with lifetime cannabis use had less severe cognitive
impairment than patients without cannabis use, which was suggested to result from a
subgroup of patients with relatively spared cognitive functions who have developed
schizophrenia only due to cannabis use (Yucel et al., 2012). More research is
required on which components of the illness the risk factors affect.
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2.7.1.1 Sex differences in schizophrenia

The most consistently reported sex differences in schizophrenia are earlier age of
illness onset and more severe negative symptoms in men with schizophrenia than in
women with schizophrenia (Eranti et al., 2013, Galderisi et al., 2012, Hifner, 2003,
Thorup et al., 2007). Schizophrenia may be more prevalent among men (Aleman et
al., 2003, McGrath et al., 2004), and schizoaffective disorder in women
(Bardenstein & McGlashan, 1990, Laursen et al., 2007, Perdld et al., 2007). In
schizophrenia, as well as in the general population, women have more affective
symptoms than men (Kuehner, 2003, Maric et al., 2003). Men with schizophrenia
may have more disorganized symptoms and poorer premorbid functioning and short-
term outcome than women with schizophrenia (Galderisi et al., 2012, Grossman et
al., 2008, Morgan et al., 2008a). Disorganized schizophrenia, the most severe DSM-
IV subtype of schizophrenia, is more common in men than in women (Suvisaari et
al., 2009b). Studies dividing schizophrenia patients into subgroups have suggested
that men might be more vulnerable to a subtype with early illness onset, obstetric
complications, negative symptoms, poor premorbid functioning, poor outcome and
structural brain changes, whereas women would be more vulnerable to a subtype
with affective symptoms and better outcome (Castle et al., 1995, Huang et al., 2011,
Roy et al., 2001). Many studies have found gender-specific structural or functional
brain abnormalities (Goldstein et al., 2002b, Takayanagi et al., 2010, Walder et al.,
2007), but for now these results have been inconclusive (Wright et al., 2000).

The most commonly stated hypothesis to explain sex differences in schizophrenia
has been the hypothesis that oestrogen provides relative protection against the illness.
According to this hypothesis, women are more vulnerable to psychotic symptoms
when the level of oestrogen is low (Markham, 2012, Seeman & Lang, 1990). For
example, as described above, in premenopausal women schizophrenia is less
common and they have a more benign course of illness. Around the menopause,
women have the second peak in the incidence and outcome is worse than before
menopause, which may be related to decreasing levels of oestrogen (Goldstein et al.,
2002a, Hifner et al., 1998, Hafner et al., 1993). In addition, women have increased
vulnerability for psychosis following childbirth when oestrogen levels fall
(puerperal psychosis) (Boyce & Barriball, 2010, Valdimarsdottir et al., 2009). Sex
steroid hormones also influence prenatal and pubertal brain development and the
male brain is possibly more vulnerable to insults during pregnancy, due to for
example, later prenatal maturation (Markham, 2012, Seeman & Lang, 1990).

Sex steroid hormones have both organizational effects on brain development and
acute and non-permanent activational effects on brain function (Schulz et al., 2009).
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The influence of sex steroid hormones on the brain is reflected in sex differences in
cognitive functions in the general population. Sex differences in general cognitive
ability are negligible, but there are differences in more narrow abilities (Colom et al.,
2000, van der Sluis ef al., 2006). In the general population, women outperform men
in many verbal skills, such as verbal fluency, reading and verbal memory, whereas
men outperform women in spatial skills, mathematical skills and reaction time
(Burton et al., 2005, Der & Deary, 2006, Jorm et al., 2004, Logan & Johnston, 2009,
Lynn & Irwing, 2008, Voyer et al., 1995). Mostly, sex differences in cognitive
functions are small, but moderate sex differences appear in mental rotation with a
male advantage, and in processing speed with a female advantage (Burns &
Nettelbeck, 2005, Camarata & Woodcock, 2006, Voyer et al., 1995).

In schizophrenia, studies into sex differences in cognitive functions have reached
variable findings. Some often cited studies have concluded that cognitive
impairment is exacerbated in men with schizophrenia (Goldstein et al., 1998,
Seidman et al., 1997, Vaskinn et al., 2011), which would also be in accordance with
studies finding earlier age of onset and more severe negative symptoms in men with
schizophrenia, as well as with the hypothesis of men being more vulnerable to
neurodevelopmental adversities than women. However, other studies have found
more severe cognitive impairment in women with schizophrenia (Lewine et al.,
1996, Roesch-Ely et al., 2009). Many studies have also found that normal sex
differences in cognitive functions are preserved in persons with schizophrenia
(Bozikas et al., 2010, Gur et al., 2001, Halari et al., 2006, Hoff ef al., 1998). In
addition, a few authors have proposed that sex differences in cognition are
diminished in schizophrenia (for review see Mendrek, 2007).

Many earlier studies have limitations, which may explain the variability of results
concerning sex differences in cognitive functions in schizophrenia, such as, lack of a
control group to which detected differences can be compared (Goldberg et al., 1995,
Sota & Heinrichs, 2003) or a too small sample size for studying sex differences
(Goldstein et al., 1998, Seidman et al., 1997). In addition, because possible
differences in the outcome of the illness and in treatment contact, samples collected
from treatment facilities may not be suitable for assessing sex differences
(Longenecker et al., 2010, Walker & Lewine, 1993). Especially in samples collected
from hospitals, women with the most severe illness may be over-represented.

Few studies have addressed sex differences in healthy first-degree relatives of
schizophrenia patients. The results suggest that male relatives may have more
paranoid-like schizotypal traits (Kremen et al., 1998). One study suggested that male
relatives may have more structural brain abnormalities than female relatives (Fan et
al., 2008). Studies into sex differences in cognitive impairment in first-degree
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relatives have reached mixed results: some studies have found more pronounced
impairment in men (Hans et al., 1999, Sitskoorn et al., 2004b) and one study found
more pronounced impairment in women (Kremen et al., 1997). A few studies have
found normal sex differences in first-degree relatives (Byrne et al., 1999, Myles-
Worsley et al., 2007a).

2.7.1.2 Birth weight

The growth of a foetus is controlled by genes, hormones and supply of nutrition.
Many adverse factors (e.g. placental pathology or infections) affecting the foetus
may affect its growth (Ergaz et al., 2005, Fineberg et al., 2012, Godfrey & Barker,
2001, Rapoport et al., 2005). Therefore, birth weight can be seen as a proxy variable
for fetal environment and adverse factors influencing the growth (Cannon et al.,
2002). The factors influencing growth may also affect neurodevelopment and
increase the risk of neurodevelopmental disorders.

Persons with a birth weight of less than 2500 g are usually referred to as having low
birth weight and persons with a birth weight of more than 4000 g or 4500 g as
having high birth weight or being macrosomic. Low birth weight may result from
preterm birth or slow intrauterine growth. Risk factors for low birth weight include
inadequate nutrition, multiple pregnancy, smoking, placental pathology and
intrauterine infections (Ergaz et al., 2005). Low birth weight has been associated
with impaired perinatal and postnatal health and increased mortality risk (Ergaz et
al., 2005). In adulthood, persons with low birth weight have an increased risk for
coronary heart disease, diabetes and hypertension (Andersen et al., 2010, de
Lauzon-Guillain et al., 2010, Gamborg et al., 2007). Low birth weight may also
increase the risk of attention deficit hyperactivity disorder, autism and depression
(Costello et al., 2007, Mick et al., 2002, Schendel & Bhasin, 2008). Very low birth
weight (birth weight < 1500 g) or extremely low birth weight (birth weight < 1000 g)
are associated with greater mortality, medical complications and greater deficits in
neurodevelopment than higher birth weight (Aarnoudse-Moens et al, 2009,
Eichenwald & Stark, 2008, Lemons et al., 2001). Very and extremely low birth
weight are rare (Vuori & Gissler, 2012) and they are not discussed further in this
thesis.

Risk factors for high birth weight include maternal diabetes, maternal overweight,
high birth weight of previous babies, male foetus, multiparity and postmaturity
(Heiskanen et al., 2006). High birth weight is associated with an elevated risk for
obstetric complications (Jolly et al., 2003, Stotland et al., 2004). In addition, persons
with high birth weight have an increased risk, for example, for autoimmune diseases
and diabetes (Caughey & Michels, 2009, Harder et al., 2009). For now, less is
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known about the association of high birth weight with psychiatric illnesses. Some
studies have, however, linked high birth weight with autism, depression and
externalizing problems in the young (Leonard et al., 2008, Van Lieshout & Boyle,
2011).

Studies on the effects of birth weight on cognitive functioning have largely
concentrated on low birth weight. Many studies have noticed slight impairment in
cognitive functioning and an increase in the probability of various
neurodevelopmental disabilities in persons with low birth weight (Bergvall et al.,
2006, Boulet et al., 2011, Power et al., 2006, Strauss, 2000). In addition, many
studies have noticed that the association is not restricted to low birth weight, but an
increase in birth weight improves cognitive functioning in persons with normal birth
weight and some have even observed a similar association in persons with high birth
weight (Rahu ef al., 2010, Shenkin et al., 2004). Lately, however, some studies have
concluded that high birth weight may associate with slight impairment of cognitive
functioning (Eide et al., 2007, Shenkin et al., 2004, Silva et al., 2006).

Low birth weight has long been associated with increased schizophrenia risk (Abel
et al., 2010, Wahlbeck et al., 2001). Besides low birth weight, other factors related
to fetal growth retardation, such as being small for gestational age and small head
circumference, increase the risk of schizophrenia (Cannon et al., 2002, Dalman et al.,
1999). Recent studies have also noticed that high birth weight may increase the risk
of schizophrenia (Moilanen et al., 2010, Wegelius et al., 2011). The influence of
birth weight on clinical features of schizophrenia remains poorly understood. In a
few studies, low birth weight has been associated with early onset of the illness,
poor premorbid social functioning and decreased cognitive functioning in
schizophrenia (Freedman et al., 2012, Hultman et al., 1999, Rifkin et al., 1994).
Recently, Wegelius et al. have described an association between both extremes of
birth weight, and an increase in the severity of disorganized and negative symptoms,
in the same sample as is used in this thesis (Wegelius et al., 2012). In turn, both
disorganized and negative symptoms are associated with pronounced cognitive
impairment (Dominguez et al., 2009, Ventura et al., 2009, Ventura et al., 2010).

A few studies have implicated that a high genetic risk for schizophrenia may
increase the effects of obstetric complications (Cannon, 2002, Cannon et al., 1993,
Fineberg et al., 2012, Forsyth et al., 2012, Freedman et al., 2012). Cannon et al.
(2002) observed that fetal hypoxia is associated with greater structural brain
abnormalities in people with schizophrenia than in their unaffected siblings, and in
controls with low genetic risk for schizophrenia the effect was smallest. In addition,
a study with a small sample size found that low birth weight had a stronger effect on
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cognitive functions in persons with schizophrenia than in controls (Freedman et al.,
2012).

2.7.2 Genetic risk factors for schizophrenia and their relationship to
cognitive impairment

Family and twin studies have shown schizophrenia to be highly heritable.
Heritability estimates have been high, up to 80% (Lichtenstein et al., 2009, Sullivan
et al., 2003). Early genetic research into schizophrenia using linkage analysis in
families with schizophrenia and candidate genes identified many genes but findings
in most of these genes have not been convincingly replicated (Collins et al., 2012).
Lately genome-wide association studies have identified many common risk variants
with small effects (O'Donovan et al., 2008, Ripke et al., 2011, Stefansson et al.,
2009). Genes that have been associated with schizophrenia include: microRNA 137
(MIR137), Zinc finger protein 8044 (ZNF804A4), Neurogranin (NRGN),
Transcription factor 4 (TCF4), Calcium channel, voltage-dependent, L type, alpha
1C subunit (CACNAIC), Disrupted in schizophrenia 1 (DISCI) and Reelin (RELN)
(Ayalew et al., 2012, O'Donovan et al., 2008, Ripke et al., 2011, Shifman et al.,
2008, Stefansson et al., 2009). Some relatively uncommon copy number variations,
such as deletions in 22q11 (Karayiorgou et al., 1995) and in Neurexin 1 (NRXNI)
(Kirov et al., 2009), with larger effect sizes have been identified (Malhotra & Sebat,
2012, Rees et al., 2011, The International Schizophrenia Consortium, 2008).
Inherited vulnerability may not be specific to schizophrenia, but schizophrenia may
also be genetically related to other psychiatric disorders, such as bipolar disorder,
and to neurodevelopmental disorders, such as mental retardation or autism (Carroll
& Owen, 2009, Lichtenstein et al., 2009, Morgan et al., 2008b). Environment may
modify gene expression and the association of genes with phenotype (Jaenisch &
Bird, 2003, Szyf et al., 2008). Therefore, new information about the aetiology of
schizophrenia may be elicited from studies into gene-environment interactions and
epigenetics (for review, see Gebicke-Haerter, 2012, van Os et al., 2008).

Complexity in the definition of illness phenotype and heterogeneity within the
illness group may complicate genetic research into schizophrenia. For these reasons,
intermediate phenotypes, also called endophenotypes, have been advocated. An
endophenotype is a measurable trait that is supposed to be more proximal to the
biological aetiology and genotype than the phenotype or illness itself (Tuulio-
Henriksson et al., 2009). Gottesman and Gould (2003) have suggested that
endophenotypes should be associated with the illness in population, be heritable, be
independent of illness state, co-segregate with illness within families and be more
often noticed in healthy first-degree relatives than in the general population.
Cognitive functions have been widely used as endophenotypes in genetic research
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into schizophrenia (Allen ef al., 2009, Gottesman & Gould, 2003, Gur et al., 2007,
Paunio et al., 2004). Besides cognitive functioning, structural and functional brain
abnormalities (e.g. ventricular size or P50 event-related potential) and motor
impairments (e.g. smooth pursuit eye movements) are considered as endophenotypes
(Allen et al., 2009, Greenwood et al., 2012).

Genetic aetiology of schizophrenia may differ between patients with severe
cognitive impairment and patients with relatively spared cognitive functions. Risk
alleles in, for example, RELN, DISC1, Neuregulin 1 (NRGI), Dysbindin (DTNBP1)
and MIRI37 associate with impairment of cognitive functioning, whereas other
genes, such as Neuregulin 3 (NRG3) and ZNF804A4, have been associated with the
subgroup with relatively spared cognitive functions (Chen et al., 2012, Green et al.,
2012, Greenwood et al., 2011, Jablensky et al., 2011, Morar et al., 2011, Walters et
al., 2010, Wessman et al., 2009).

2.7.2.1 Isolates in the research into schizophrenia

The advantages of isolates in genetic research are increased genetic and
environmental homogeneity (Peltonen et al., 2000). Some disease risk alleles may
be enriched in an isolate and the number of potential alleles may be decreased.
Isolates have been successfully used in the genetic research into Mendelian diseases.
Lately, they have also been used in the research of polygenic or complex disorders.

In schizophrenia research, many isolates have been utilized (DeLisi et al., 2002,
Hovatta et al.,, 1999, Myles-Worsley et al., 1999, Myles-Worsley et al., 2007b,
Paunio et al., 2009, Aberg et al., 2008). The Finnish internal isolate investigated in
this study was founded in 17" century by 34 families. The population growth has
been fast. Until World War II, the population of the isolate has remained isolated.
Due to the small number of founders and fast recent growth, linkage disequilibrium
(meaning non-random association of alleles in near loci) is increased and the
population is genetically homogeneous compared to other Finns and to other isolates
in the world (Jakkula et al., 2008, Service et al., 2006, Varilo et al., 2003). Other
advantages of the isolate are records dating back to the founding of the municipality,
good municipal health care and high participation rate in research.
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Figure 1. Finnish isolate

The lifetime risk of schizophrenia within the isolate is high (3.2%) compared to the
rest of Finland or other countries (Hovatta et al., 1997, McGrath et al., 2008, Saha et
al., 2005). In the isolate, the families with schizophrenia have showed a high degree
of inbreeding (Hovatta et al., 1999), and the estimated kinship coefficient, a measure
of relatedness that represents the probability that two alleles, one sampled at random
from each individual, are identical by descent, is 1.43 times higher than expected
(Paunio et al., 2009). Some differences between the isolate and the rest of the
country have been found in susceptibility loci and in the frequency of risk alleles
(Hennah et al., 2003, Paunio et al., 2001, Paunio et al., 2004, Wedenoja et al., 2008,
Wedenoja et al., 2010, Wessman et al., 2009). For example, an intragenic short
tandem repeat allele in the Reelin gene, which has been associated with moderate
cognitive impairment, is almost absent within the isolate, but can be found in the rest
of Finland (Wedenoja et al., 2008, Wedenoja et al., 2010). Comparison of symptoms
between schizophrenia patients from the isolate and the rest of Finland has shown
that patients from the isolate have less positive symptoms than persons from the rest
of Finland (Arajérvi et al., 2004, Arajérvi et al., 2006). If cognitive functions are
more proximal to the biological aetiology of schizophrenia, as the theory of
endophenotypes suggests, the differences between the isolate and the rest of Finland
in the genetic aetiology of schizophrenia might be reflected as differences in
cognitive functioning, too.
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3 Aims of the study

The first aim of the thesis was to characterize cognitive functioning in people with
schizophrenia or schizoaffective disorder, their unaffected first-degree relatives and
controls. The second aim was to explore if male sex, lower or higher than average
birth weight or belonging to a genetic isolate, with high schizophrenia prevalence of
previously reported risk factors for schizophrenia, are related to cognitive
impairment in schizophrenia families and if the relationship is modified by the
illness or high genetic loading for the illness.

The specific aims of the study were:

To compare cognitive functioning in schizophrenia, in schizoaffective disorder and
in unaffected controls. In addition, the association between clinical characteristics
and cognitive functions in these illnesses was examined. Accordant with earlier
studies, the hypotheses were that persons with schizoaffective disorder perform
better than persons with schizophrenia and worse than controls in cognitive tasks.
Based on earlier studies, a correlation of negative symptoms, age of onset and
functional level with cognitive functioning was also expected, which may explain
differences between persons with schizophrenia and schizoaffective disorder.

To compare the effects of sex on cognitive functioning in persons with
schizophrenia, their first-degree relatives and controls. Based on earlier studies, the
expectation was either that men would have more severe cognitive impairment than
women, or that sex differences in cognition would be preserved. More severe
impairment in men than women with schizophrenia would fit well with the
hypothesis of men being more vulnerable to adversities affecting neurodevelopment
and with findings of more negative symptoms and earlier age of onset in men than in
women with schizophrenia. Preserved sex differences in cognitive functions in
schizophrenia would accord with many studies finding preserved sex differences in
schizophrenia.

To explore the effects of birth weight on cognitive functioning in persons with
schizophrenia and their unaffected first-degree relatives. Based on the earlier results
in the study project that low and high birth weight are associated with increased
schizophrenia risk and the severity of negative and disorganized symptoms
(Wegelius et al., 2011; Wegelius et al., 2012), it was expected that both low and
high birth weight would impair cognitive functioning and that the effect may differ
between persons with schizophrenia and their first-degree relatives.
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To investigate if persons with schizophrenia, their first-degree relatives and controls
from the Finnish genetic isolate differ from the rest of the country in cognitive
functioning. The aim was then to study whether the possible differences could be
explained by some factors, such as illness characteristics, genetic loading for
schizophrenia or the earlier reported differences in the frequency of the intragenic
Reelin short tandem repeat allele, previously associated with cognitive impairment.
Finally, it was investigated if the possible differences are also reflected in the
occurrence of mental retardation in the families. The assumption was that high
prevalence of schizophrenia may result from the accumulation of some, genetic or
environmental, risk factors for schizophrenia in the isolate. Since many
schizophrenia risk factors have in earlier studies been associated with impaired
cognitive functioning, the accumulation of risk factors might also appear as
pronounced cognitive impairment within the isolate.
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4 Method

4.1 Project description

The present thesis is a part of the Genetic Epidemiology and Molecular Genetics of
Schizophrenia in Finland project. The study protocol was accepted by the Ministry
of Social Affairs and Health and by the ethics committees of the National Public
Health Institute (since January 1, 2009, the National Institute for Health and Welfare)
and the Hospital District of Helsinki and Uusimaa. The principal investigators of the
project were Professors Jouko Lonnqvist and Leena Peltonen-Palotie. Numerous
peer-reviewed articles in international journals (Arajérvi et al., 2004, Ekelund ef al.,
2000, Hennah et al., 2009, Hovatta et al., 1998, Hovatta et al., 1999, Paunio et al.,
2004, Tuulio-Henriksson et al., 2003, Wedenoja et al., 2008) and doctoral theses
(Arajarvi, 2006, Ekelund, 2001, Hennah, 2005, Hovatta, 1998, Tuulio-Henriksson,
2005, Wedenoja, 2010) have been published from the project.

The project has largely focused on the genetic aetiology of schizophrenia. In
addition to genetic studies in general, variables from the neuropsychological test
methods have been successfully used as endophenotypes in many studies (Hennah et
al., 2005, Palo et al., 2007, Paunio et al., 2004, Tomppo et al., 2009, Wedenoja et
al., 2008). Major genetic findings of the project have been the association of DISC1
and other genes in the DISCI pathway, such as Nuclear distribution gene E homolog
1 (NDEI), with schizophrenia and cognitive functioning, and the association of
Dysbindin with psychotic disorders with generalized cognitive deficits (Hennah et
al., 2007, Hennah et al., 2005, Hennah et al., 2003, Wessman et al., 2009). In
addition, a genome-wide linkage of a locus on chromosome 7q22 with schizophrenia
(Ekelund et al., 2000) resulted in the detection that short tandem repeats within the
Reelin gene are associated with schizophrenia symptoms and cognitive functioning
(Wedenoja et al., 2008, Wedenoja et al., 2010). An internal isolate has been utilized
in genetic studies and the place of origin has been shown to influence the genetic
actiology of the illness (Hovatta et al., 1999, Paunio et al., 2009). In addition,
differences in the prevalence of schizophrenia and some small differences in the
clinical characteristics of schizophrenia between the internal isolate and the rest of
Finland have been detected (Arajarvi et al., 2004, Arajérvi et al., 2006, Hovatta et
al., 1997). Neuropsychological deficits in schizophrenia patients and their family
members have also been characterized in the project (Tuulio-Henriksson, 2005,
Tuulio-Henriksson et al., 2009). The findings have suggested that
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neuropsychological impairment is heritable in families with schizophrenia and mild
impairment is also present in unaffected first-degree relatives of the patients (Kuha
et al., 2007, Tuulio-Henriksson et al., 2003, Tuulio-Henriksson et al., 2002). Studies
into schizophrenia epidemiology have suggested that high birth weight may increase
the risk of schizophrenia and both low and high birth weight may increase the
symptoms of schizophrenia (Wegelius et al., 2012, Wegelius et al., 2011).

4.2 Participants

4.2.1 Schizophrenia family samples

The participants were identified from three nationwide health care registers in
Finland: the Finnish Hospital Discharge Register, the Pension Register and the
Medication Reimbursement Register. The persons born between years 1940 and
1976 with a schizophrenia, schizoaffective disorder or schizophreniform disorder
diagnosis made between 1969 and 1998 were identified in the 1990s (n = 33731).
The first-degree relatives of the identified persons were searched from the National
Population Register.

Two samples with presumably high genetic loading for schizophrenia spectrum
illness from the identified families were compiled: the isolate and the rest of Finland
sample (Figure 2). The rest of Finland sample consisted of parents and siblings from
families with at least two siblings with schizophrenia, schizoaffective disorder or
schizophreniform disorder from the whole geographical area of Finland. The isolate
sample comprised families with at least one member with schizophrenia from an
isolated region in the north-eastern part of the country with an exceptionally high
lifetime risk of schizophrenia (3.2%) (Hovatta et al., 1997). From the majority of
families, only siblings and parents were invited to participate in the study.

The proband identified from the registers was contacted through the treating
physician, who was the most familiar to the proband. After receiving permission
from the proband to contact other family members, they were invited to participate.
After a complete description of the study to the subjects, written informed consent
was obtained from all participants.

All participants gave blood samples, and medical records from all treatment contacts
were collected from participants with any mental health care contacts. In addition,
all families from the isolate and a random sample of families from the rest of
Finland sample were asked to participate in a clinical assessment that consisted of a
structured clinical interview with the Structured Clinical Interview for DSM-IV
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(SCID-I and SCID-II), assessment of symptom severity with the Scale for the
Assessment of Positive Symptoms (SAPS) and the Scale for the Assessment of
Negative Symptoms (SANS) and neuropsychological testing.

Altogether, 1016 persons were interviewed and administered a neuropsychological
test battery in the project. Of the persons who had participated in
neuropsychological testing, 280 persons received a schizophrenia diagnosis, 76
persons a schizoaffective disorder diagnosis and 565 did not receive a diagnosis of
psychotic disorder or bipolar disorder. The exclusion criteria in studies assessing
cognitive functioning were: over 70 years of age, severe neurological disorder,
mental retardation, or severe somatic illness, current alcohol or substance use
disorder, and untestability due to, for example, severe disorganized symptoms with
difficult attentional problems. In addition, the included relatives were not allowed to
have any current psychiatric disorder.

The final sample consisted of 218 persons with schizophrenia, 62 persons with
schizoaffective disorder and 438 healthy relatives. Of these, 145 (66%) persons with
schizophrenia, 43 (69%) persons with schizoaffective disorder and 304 (69%)
healthy first-degree relatives originated from the isolate. Of the persons with
schizoaffective disorder, ten had depressive type and 52 had bipolar type.

Cognitive Impairment in

THL — Research 107 « 2013 39 . .
Schizophrenia



Method

The Finnish Hospital
Discharge Register

The Pension Register

The Medication
Reimbursement Register

1940 and 1976

33731 patients with schizophrenia spectrum diagnosis born between

First-degree relatives of the patients from the National Population
Register (27652 patients with family information)

/\

<

At least one parent born within the
isolate region (658 patients)

>

Families with at least two siblings with
schizophrenia spectrum diagnosis (4904
patients)

v

v

Isolate sample with 708 persons tested

- 180 persons with schizophrenia

- 52 persons with schizoaffective
disorder

- 403 relatives without psychotic
disorder or bipolar disorder

- Relatives with other psychotic or
bipolar disorder 73 (not included)

Rest of Finland sample with 308
persons tested
- 100 persons with schizophrenia
- 24 persons with schizoaffective
disorder
- 162 relatives without psychotic
disorder or bipolar disorder
- Relatives with other psychotic or
bipolar disorder 22 (not included)

v

Exclusion criteria:

- over 70 years of age (n = 59)

- severe neurological disorder, mental
retardation or severe somatic illness
(n=21)

- current alcohol or substance use
disorder (n = 22)

- untestability (n = 12)

- relatives with any current psychiatric
disorder (n =31)

Exclusion criteria:

- over 70 years of age (n = 22)

- severe neurological disorder, mental
retardation or severe somatic illness
(n=13)

- current alcohol or substance use
disorder (n = 10)

- untestability (n = 10)

- relatives with any current psychiatric
disorder (n =5)

v

v

Final sample:
- 145 participants with schizophrenia
- 43 participants with schizoaffective
disorder
- 304 relatives

Final sample:
- 73 participants with schizophrenia
- 19 participants with schizoaffective
disorder
- 134 relatives

Figure 2. Collection of schizophrenia family samples
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4.2.2 Control sample

The control sample consisted of people who had participated in the mental health
substudies of the Health 2000 study. The Health 2000 study sample was selected
using a 2-stage stratified cluster sampling from the Finnish population (Aromaa &
Koskinen, 2004). The fieldwork for the Health 2000 study was carried out during
years 2000-2001. The adult sample consisted of 8028 participants aged 30 years or
over at the point of selection and the young adult sample of 1894 persons aged 18 -
29 years (Aromaa & Koskinen, 2004). A comprehensive health examination
including the Composite International Diagnostic Interview (CIDI) (Wittchen et al.,
1998) was administered to the adult sample, while a more narrow health interview
was conducted in the young adult sample.

In the Psychoses in Finland (PIF) substudy, the adult sample was screened for
possible psychotic disorder using information from the CIDI interview, self-reported
diagnoses, health examination and health care registers (Perdld et al., 2007, Tuulio-
Henriksson et al., 2011). Screen positives and a nationwide random sample of
screen negatives were invited for a SCID interview and neuropsychological
assessment. In addition, to obtain a control group from the isolate region, all
consenting screen negatives from the isolate region were invited to participate in the
study. In the Mental Health in Early Adulthood (MEAF) substudy, the Health 2000
young adult sample was screened for multiple psychiatric disorders using several
screening scales and health care registers. Screen positives and a random sample of
screen negatives were invited for a SCID interview and neuropsychological
assessment (Castaneda et al., 2008, Suvisaari ef al., 2009a).

The control group was formed from the screen negatives in the PIF study. In Studies
I and II, in order to obtain a control group that would match the schizophrenia
family samples in age, a random sample of 39 participants from the screen negatives
of the MEAF study was included, of whom one person originated from the isolate.
In Study IV, 28 participants from the MEAF study with genotyping information
were included in the control group. The assessment procedure and exclusion criteria
were similar as in the schizophrenia family samples. In addition, controls were
excluded if they reported having a first-degree relative with psychotic disorder or
bipolar disorder. The control group comprised 123 participants in Studies I and II
and of 112 participants in Study IV of whom 32 (29 %) were born within the isolate.
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Health 2000

Adults (> 30 years old) Young adults (18 — 29 years old)

v v

Psychoses if Finland (PIF) Mental Health in Early Adulthood (MEAF)
4 v

A screen for psychiatric disorders

A screen for psychotic disorders

L Screen L Screen
positives positives
Random sample All screen Random sample
of screen negatives from of screen
negatives the isolate negatives
n =53 after n =31 after n =39 to match controls
exclusion exclusion with schizophrenia family
criteria criteria sample in age
\'4 A4 A4
Control group (n = 123)
Figure 3. Formation of the control group in Studies | and Il

4.3 Assessment methods
4.3.1 Diagnostic and clinical evaluation

The participants were interviewed with the Structured Clinical Interview for DSM-
IV Axis I Diagnosis (SCID-CV; First et al., 1996). The DSM-IV diagnoses were
made on the basis of the interview and case records from all lifetime inpatient and
outpatient psychiatric treatments. Two psychiatrists assigned the diagnoses
independently, and in case of disagreement, a third psychiatrist assessed diagnoses
and a consensus diagnosis was reached.

Positive and negative symptoms were assessed in the interview with the Scale for
the Assessment of Positive Symptoms (SAPS; Andreasen, 1984) and with the Scale
for the Assessment of Negative Symptoms (SANS; Andreasen, 1982), respectively.
Level of psychological, social and occupational functioning was evaluated with the
Global Assessment of Functioning (GAF; American Psychiatric Association, 2000).
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The Operational Criteria (OPCRIT) checklist (McGuffin et al., 1991) was filled
based on case records. Age at illness onset was defined as the earliest age in which
medical advice was sought for psychiatric reasons or in which symptoms began to
cause subjective distress or impair functioning and was recorded in the OPCRIT.
OPCRIT items were also used for analysing premorbid social and work adjustment
and affective symptoms. Manic and depressive symptoms (Study I) were defined as
the number of DSM-IV symptoms during the most severe episode. The method is
based on earlier studies that have used a similar approach to reach a continuous
depression and mania score (Regeer et al., 2006, van Rossum et al., 2011).

The use of medication was inquired in the interview. The dose of antipsychotics was
converted to chlorpromazine equivalents (CPZE) according to the Schizophrenia
Patient Outcomes Research Team (PORT) treatment recommendations (Lehman et
al., 2004). If an antipsychotic was not mentioned in the PORT recommendations, the
conversion was based on the instructions from the Finnish Psychiatric Association
(Isohanni et al., 2007) or from the pharmaceutical industry.

4.3.2 Neuropsychological test administration

Most of the participants were assessed in local work offices (e.g. in health care
centres) or in participants’ home. The participants were interviewed and tested by
psychologists or psychiatric nurses, who received intensive training in the use of the
methods. Experienced psychologists scored all tests. The test battery administered to
the control group did not include all tests given to the participants from the families
with schizophrenia (Table 3). Within groups, the tests were administered in a fixed
order.

Verbal ability was evaluated with the Vocabulary subtest from the Wechsler Adult
Intelligence Scale - Revised (WAIS-R; Wechsler, 1981). The correlation of the
subtest with full scale intelligence quotient is approximately 0.90 (Wechsler, 1992).
Verbal ability and concept formation were analysed with the Similarities subtest of
the WAIS-R (Wechsler, 1981). Visuospatial reasoning was assessed with the Block
Design from the WAIS-R (Wechsler, 1981).
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Table 3. Description of neuropsychological tests. All tests were performed in the family
sample but only a part in the control group (marked with x).

Performed in

Test Description the control group

Verbal ability and Visuospatial Reasoning

WAIS-R Vocabulary Explaining the meaning of words X
WAIS-R Similarities Stating how two words are alike
WAIS-R Block Design Assembling displayed patterns from
blocks as fast as possible
Processing speed and executive functions
WAIS-R Digit Symbol Drawing corresponding symbols under X
digits according to a key provided
as fast as possible in 90 seconds
Trail Making part A Drawing a line to connect numbers in X
circles in an ascending order as fast
as possible
Trail Making part B Drawing a line to connect numbered X
and lettered circles alternating between
two sequences and in an
ascending order as fast as possible
Stroop colour task Naming the colour of inks as fast as
possible
Stroop colour-word task Naming the ink colour independent of
written words as fast as possible
Attention and working memory
WMS-R Digit Span Forward Immediate recall of digit series X
increasing in length
WMS-R Digit Span Backward Immediate recall of digit series in X
reverse order increasing in length
WMS-R Visual Span Forward Immediate recall of spatial location X
patterns increasing in length
WMS-R Visual Span Backward  Immediate recall of spatial location X
patterns in reverse order increasing in
length
Verbal learning
CVLT Immediate recall Learning and recall of a list of 16 X
words on five trials
CLVT Short delay recall Recall of the original list after a recall X
of an interference list
X

CVLT Long delay recall

Recall of the original list after a
delay of 20 to 30 minutes
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Processing speed and executive functions were tapped with three tests. Digit symbol
subtest from the WAIS-R (Wechsler, 1981) evaluated processing speed. Trail
Making Test parts A and B (Reitan & Wolfson, 1985) were used to assess
processing speed and cognitive flexibility, respectively. Speed of processing and
selective attention were evaluated with the Stroop (Golden, 1978, MacLeod, 1991).
The times to complete the Trail Making Test and the Stroop tasks were recorded.
The interference score was calculated from the Stroop performance according to the
instruction by Golden (Golden, 1978).

Color Task*Word Task
Color Task+Word Task

Interference score = Colour-Word Task —

Verbal attention span and verbal working memory were assessed with the Digit
Span forward and backward of the Wechsler Memory Scale - Revised (WMS-R),
respectively, and visual attention span and visual working memory with the Visual
Span forward and backward of the WMS-R (Wechsler, 1987), respectively. Verbal
learning and memory were measured with the California Verbal Learning Test
(CVLT; Delis et al., 1987). Of the CVLT, immediate recall (sum of trials 1-5), short
delay recall, long delay recall and the ratio of semantic clustering were used in the
present study.

4.3.3 Collection of birth weights

From the schizophrenia families, birth weights and the type of delivery (hospital vs.
home with professional assistance vs. home without professional assistance) were
collected from obstetric and health-care records. Birth weight information was
available for 142 (65%) persons in the schizophrenia group and 277 (63%) persons
in the relatives group.

4.3.4 Genotyping

In Study IV, previously genotyped RELN intragenic short tandem AATA repeat
located in RELN intron 27 was used (Wedenoja et al., 2008, Wedenoja et al., 2010).
This short tandem repeat, termed RELNSAT6, was selected due to its previously
reported effect on cognition and lower frequency within than outside the internal
isolate (Wedenoja et al., 2008, Wedenoja et al., 2010). For genotyping, the flanking
DNA sequences for RELNSAT6 were derived from the UCSC Genome Browser
(Kent et al., 2002), and PCR primers were designed with the Primer3 software
(Rozen & Skaletsky, 2000). Genotyping was performed in single-plex reactions in
96-well plates by using the ABI3730x]I DNA analyser platform (Applied
Biosystems, Foster City, California). The total reaction volume was 15 pl including
10 ng of genomic DNA. Two water controls and two duplicated DNA samples in
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each plate served as quality controls. Genotype calling was performed automatically
with ABI GeneMapper 4.0 software and verified manually. The RELNSAT6 short
tandem repeat passed the quality control criteria of genotyping success rate > 95%,
HWE p value > 0.01 (calculated from unrelated individuals by using PEDSTATS
0.6.10 (Wigginton & Abecasis, 2005)), and the number of Mendelian errors < 5 in
PedCheck 1.1 (O'Connell & Weeks, 1998). All genotypes for individuals with > 3
Mendelian errors or genotyping success rate < 90% were removed from analysis.

4.3.5 Statistical analyses

To control for within-family correlation in cognitive performance (Davis et al., 2009,
Lee et al, 2012) and to estimate unbiased population averaged regression
coefficients, statistical analyses of cognitive functioning were performed with
generalized estimating equations (GEE) (Zeger & Liang, 1986). The raw scores of
the neuropsychological tests were used in the statistical analyses. Statistical analyses
were conducted with Intercooled Stata 9.2 for Windows (StataCorp, 2007). P-values
under 0.05 were considered statistically significant. All GEE analyses were adjusted
for sex and age. The effect sizes were assessed with Cohen’s d on the basis of means
and standard deviations (Cohen, 1988). Effect sizes of = 0.20, == 0.50 and = 0.80

reflected small, medium and large, respectively.
Study I

To compare cognitive functioning in schizophrenia, in schizoaffective disorder and
in unaffected controls, the cognitive performance of the schizophrenia group and the
schizoaffective disorder group was first compared to the control group with the GEE
models. Then, the schizophrenia and the schizoaffective disorder groups were
compared to each other with the Wald test for evaluating linear hypotheses after
model estimation. To examine if clinical characteristics are associated with
cognitive performance and if clinical characteristics explain the group differences in
cognitive performance, illness characteristics were included in the GEE models as
covariates, and the control group was excluded. The used clinical characteristics
were: SANS sum scores, SAPS sum scores, number of depressive symptoms (that
had been present in the most severe depressive episode), number of manic
symptoms (that had been present in the most severe manic episode), GAF, age of
illness onset, poor premorbid social adjustment (yes / no), poor premorbid work
adjustment (yes / no), use of antidepressants (yes / no), use of mood stabilizers (yes /
no), CPZE and any lifetime substance use disorder (yes / no). The final predictor
variables were selected using backward selection, in which the least significant
variables were removed from the analysis one by one.
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Study II

Sex differences in the schizophrenia, the first-degree relatives and the control groups
were analysed with the GEE models. To compare the sex differences in cognitive
functioning in the schizophrenia and healthy relatives groups to the control group,
sex X group interaction was used. The Wald test for evaluating linear hypotheses
after model estimation was used in the testing of the group differences and sex x
group interaction between the schizophrenia and the relatives groups. In addition,
sex differences in illness characteristics in the schizophrenia group were assessed
with the GEE models.

Study I1I

When assessing the effects of birth weight on cognitive functioning in the
schizophrenia and the relatives groups, birth weight was entered in the GEE models
as a continuous variable in kilograms. Squared birth weight was entered to assess
nonlinear effects. If squared birth weight term was statistically significant, the
association of birth weight with cognitive functioning was considered to be
curvilinear, which means that at some value of birth weight, the association of birth
weight with cognitive functioning changes from positive to negative or vice versa.
Squared birth weight x group interaction and birth weight x group interaction were
used to assess if the effect of birth weight on cognitive functioning is different in the
schizophrenia and relatives groups. The factors that might have an effect on
cognitive functions based on the results of Studies I and IV were controlled for
(GAF score, number of affected siblings per family, place of birth meaning isolate
vs. rest of Finland, age and sex). Besides these, the type of delivery (hospital vs.
home with professional assistance vs. home without professional assistance) was
added as a covariate, to control for its potential role in the association of birth weight
with cognitive functioning (because people born at home may have suffered from
more complications).

Study IV

To investigate if persons with schizophrenia, their first-degree relatives and controls
from the Finnish genetic isolate differ from the rest of the country in cognitive
functioning, GEE models comparing the isolate and the rest of Finland samples were
conducted in each group separately. Firstly, the schizophrenia patients from the
isolate were compared with the patients from the rest of the country with GEE
models and by calculating effect sizes with Cohen’s d. In GEE model 1 only age
and sex were controlled for. In GEE model 2, illness characteristics that may have
an impact on cognitive functioning on the basis of Study I (positive symptoms,
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negative symptoms, dose of antipsychotic medication and GAF) were controlled for.
The number of affected siblings was controlled for to investigate whether genetic
loading for the illness explained differences between the isolate and the rest of the
country. In GEE model 3, the presence of the longest RELNSAT6 allele was
controlled for. The same analyses were repeated in the relatives and control groups,
but in GEE model 2 the number of affected siblings and GAF in the relatives group
and GAF in the control group were controlled for.
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5 Results

5.1 Demographic and clinical characteristics

Sociodemographic characteristics of the groups are presented in Table 4. Men were
over-represented in the schizophrenia group, but in the other groups the proportion
of men and women was close to equal. Education was highest in the control group
and lowest in the patient groups. Further, the level of global functioning (GAF) was
highest in the control group and lowest in the patient groups. Persons with
schizoaffective disorder had a higher level of functioning than persons with
schizophrenia. With regard to clinical characteristics (Table 5), the persons with
schizophrenia had more negative symptoms and higher antipsychotic medication
dose than the persons in the schizoaffective group, but in other characteristics the
groups did not differ.

Table 4. Sociodemographic characteristics of the study groups

Schizoaffective
Variables Schizophrenia  disorder Relatives Controls *
Sex, Female / Male 76 /142 31/31 144 /133 62 /61
Age, M (SD) 46 (8) 45 (6) 46 (8) 45 (13)
Range 26-66 28-55 24-67 27-70
Education (years), M (SD) 10 (2) 11(2) 12 (3) 13 (4)
GAF, M (SD) 37 (11) 47 (15) 78 (12) 84 (9)
Range 20-90 27-90 36-98 50-95

Note: * The control group used in Studies I and I1. The smaller control group used in the Study IV
did not differ in sociodemographic characteristics from the one used in Studies I and II, and
therefore only the characteristics of the larger group are demonstrated.

Table 5. Clinical characteristics of the schizophrenia and the schizoaffective groups and
the results of GEE models comparing the patient groups

Schizoaffective
Variables Schizophrenia  disorder Coefficient p
Age of onset, M (SD) 23 (6) 24 (7) 0.91 0.33
Range 11-48 12-44
Negative symptoms, M (SD) 54 (22) 36 (19) -16.9 <0.001
Positive symptoms, M (SD) 44 (21) 42 (19) -1.9 0.49
Medication use
Antipsychotics, n (%) 204 (95) 54 (95) 0.01 0.77
CPZE, M (SD) 570 (557) 410 (385) -162 0.009

Note: CPZE = chlorpromazine equivalents
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5.2 Cognitive performance in schizophrenia and
schizoaffective disorder (Study I)

Cognitive performance was worse in the schizophrenia and schizoaffective groups
than in the control group in all the variables measured (Figure 4 and Study I, Tables
3 and 4, page 319). The effect size of difference was large between the
schizophrenia group and the control group in all the variables and medium to large
between the schizoaffective group and the control group. Persons in the
schizoaffective group outperformed persons in the schizophrenia group in the
Vocabulary, the Digit Symbol, the Trail Making part A, the Visual Span backward
and immediate recall, short delay recall and long delay recall in the CVLT (Study I,
Tables 3 and 4, page 319). The schizophrenia and schizoaffective groups did not
differ in the Trail Making Test part B, in the Digit Span or in the Visual Span
Forward. The effect sizes ranged between small and medium.
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Figure 4. Mean performance and 95% confidence intervals of relatives,

schizoaffective and schizophrenia groups in the Vocabulary, the Digit
Symbol, the Visual Span backward and the CVLT immediate recall tests
as Z-scores. Values were standardized based on control group
performance.

When clinical characteristics were included in the models to examine if clinical
characteristics were associated with cognitive performance and if clinical
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characteristics explained the group differences in cognitive performance, severe
negative symptoms were related to impairment in all investigated variables except
the Trail Making part B, and high antipsychotic medication dose was related to
impairment in the Vocabulary, in the Trail Making Test part B and in all included
variables of the CVLT (Study I, Table 4, page 319). In addition, positive symptoms
were related to impaired performance in the Digit Span backward and age of onset at
trend level to the Visual Span backward. After controlling for clinical characteristics,
schizophrenia and schizoaffective groups did not differ significantly. The number of
depressive symptoms, the number of manic symptoms, use of antidepressants, the
use of mood stabilizers, GAF, premorbid social adjustment, premorbid work
adjustment and any lifetime substance use disorder did not have a statistically
significant effect on cognitive functioning.

5.3 Sex differences in cognitive functions (Study Il)

When investigating sex differences in cognitive functions, women outperformed
men in the Digit Symbol, the Trail Making part B, and in short delay recall, long
delay recall and recognition in the CVLT in all groups (Figure 5 and Study II,
Tables 3 and 4, page 10). Men outperformed women in the Visual Span forward and
backward (Figure 5 and Study II, Tables 3 and 4, page 10). Comparison of sex
differences between the groups produced statistically significant sex x group
interaction between the schizophrenia and the relatives groups in immediate recall
and semantic clustering in the CVLT (Figure 5 and Study II, Table 4, page 10). In
the relatives group, women outperformed men but, in the schizophrenia group, sex
difference was smaller. The relatives performed worse than controls in the Digit
Symbol and in the Trail Making part A and B (Study II, Tables 3 and 4, page 10).

Of clinical characteristics, men with schizophrenia had more severe negative
symptoms and lived less frequently independently than women (Study 1V, Table 2,
page 9). Men and women with schizophrenia did not differ in positive symptoms,
course of illness, age of onset, GAF or in medication use.
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Figure 5. Mean performance and 95% confidence intervals of men and women in

the schizophrenia, the relatives and the control groups in the Digit
Symbol, Trail Making part B, Visual Span backward and immediate recall
in the CVLT. Short time in the Trail Making part B indicated good
performance.

5.4 The effects of birth weight on cognitive functioning
(Study IlI)

The association of birth weight and cognitive performance was statistically
significant and followed a curvilinear trajectory in the Block Design test, the Digit
Symbol test, the Trail Making test part A and B, the Digit Span backward and the
Visual Span backward when controlling for the type of delivery (hospital vs. home
with professional assistance vs. home without professional assistance), GAF score,
number of affected siblings per family, place of birth (isolate vs. rest of Finland),
age and sex (Figure 6 and Study III, Table 2, page 5). Both low and high birth
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weights were associated with lower cognitive performance. Birth weight of
approximately 3500-4000 g was associated with the highest performance. Place of
birth was also associated with cognitive performance. Compared to delivery in a
hospital, delivery at home without professional assistance associated with lower
performance in the Digit Span forward (f = -0.7, p = 0.03) and the Digit Span
backward (f = -0.6, p = 0.05) and with professional assistance associated with lower
performance in the Trail Making part B (5 = -0.002, p = 0.02). The group x birth
weight interactions were nonsignificant.
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Figure 6. Scatter plots and regression lines on the basis of GEE models of the

effects of birth weight on the performance in the Digit Symbol task and in
the CVLT immediate recall
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5.5 Cognitive performance in the isolate and the rest of
Finland (Study IV)

The comparison of the isolate and the rest of Finland samples in cognitive
functioning showed that in the schizophrenia groups, patients from the isolate
outperformed patients from the rest of the country in the Vocabulary, the Trail
Making part B and the CVLT immediate recall (Figure 7 and Study IV, Table 3,
page 4). Controlling for clinical characteristics (positive symptoms, negative
symptoms, dose of antipsychotic medication, GAF and the number of affected
siblings) strengthened the findings, and differences in the Digit Symbol and the
Stroop Colour-Word task also became statistically significant. When the patients
from the isolate and the rest of Finland were compared by illness characteristics,
persons from the isolate had higher dose of antipsychotic medication. In other illness
characteristics, the patients from the two samples did not differ (Study IV, Table 2,
page 3). Controlling for RELN risk allele did not change the results from the
analyses with only age and sex as covariates.

In the relatives groups, the persons from the isolate outperformed the persons from
the rest of Finland in the Stroop Colour task, the Stroop Colour-Word task and in all
used CVLT variables (Figure 7 and Study 1V, Table 4, page 4). When the number of
affected siblings and GAF score were controlled for, the differences in the
Vocabulary, the Stroop Interference and the Digit Span backward were also
statistically significant. The Reelin risk allele controlled for, the differences
remained significant in the Stroop Colour task and in the all used CVLT variables.
In the control group, the isolate and the rest of Finland did not differ significantly
and this finding did not change when GAF or RELN risk allele were controlled for
(Figure 7 and Study IV, Table 5, page 5). Despite differences in the level of
cognitive impairment in the schizophrenia families, the number of families with
mental retardation was similar in the samples (8% in the isolate vs. 11% in the rest
of Finland, = 0.33, p = 0.49).
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6 Discussion

The general aim of this thesis was to characterize cognitive impairment in people
with schizophrenia, schizoaffective disorder and their unaffected first-degree
relatives, and to explore if some of the previously reported schizophrenia risk factors
are also related to cognitive impairment. First, cognitive impairment in
schizophrenia and schizoaffective disorder was compared, and the association
between clinical characteristics and cognitive functions was studied in these
illnesses. Next, the relationship of birth weight and male sex, both previously
reported risk factors of schizophrenia, with cognitive impairment in schizophrenia
was explored. Then, differences in cognitive functions between families with
schizophrenia from the Finnish internal isolate, which is genetically more
homogeneous than the Finnish general population and has high schizophrenia
prevalence, and families with schizophrenia from the rest of Finland were
investigated. A large population-based schizophrenia family sample with high
genetic loading for schizophrenia spectrum disorders and a population-based control
sample comprised the study population of the thesis.

Persons with schizoaffective disorder exhibited broad cognitive impairment, with
effect sizes varying between moderate to large, but the impairment was milder than
in schizophrenia. The noticed differences were mostly accounted for by differences
in the severity of negative symptoms and antipsychotic medication dose. The
schizophrenia risk factors had distinct associations with cognitive functioning. Low
and high birth weight were associated with slightly lower cognitive performance
than intermediate birth weight, and originating from the isolate with better cognitive
performance than originating from the rest of Finland both in persons with
schizophrenia and their first-degree relatives. Men with schizophrenia did not have
more severe cognitive impairment than women, but sex differences in cognitive
functions were preserved both in persons with schizophrenia and their first-degree
relatives.

6.1 Cognitive impairment in schizophrenia and schizoaffective
disorder (Study I)

Cognitive impairment was large in schizophrenia, which is in agreement with
previous studies (Dickinson et al., 2007). In schizoaffective disorder, cognitive
impairment was observed to be broad and the effect sizes of differences were from
medium to large when compared to unaffected controls, which is in line with the
results of a recent meta-analysis (Bora et al., 2009). The impairment was milder in
schizoaffective disorder than in schizophrenia in verbal ability, processing speed,
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visual working memory and verbal learning. The effect sizes of the differences
between people with schizophrenia and schizoaffective disorder varied between
small and medium, which is in the same range as in previous studies (Bora et al.,
2009).

When illness characteristics were controlled for (negative symptoms, antipsychotic
medication dose, positive symptoms and age of onset), the statistically significant
differences in cognitive functions between schizophrenia and schizoaffective
disorder disappeared. This result is consistent with the suggestion that symptom
dimensions explain more variance in cognitive functioning as well as in clinical
characteristics and outcome than the diagnoses (Lewandowski et al., 2011, Peralta &
Cuesta, 2008, Rosenman et al., 2003). Many authors agree that the symptoms of
psychosis should be viewed as a continuum (van Os & Kapur, 2009). Schizophrenia
spectrum disorders may differ mainly in the severity of illness characteristics rather
than being qualitatively distinct entities.

Negative symptoms and antipsychotic dose were observed to be crucial in predicting
cognitive functioning. In previous research, the association of negative symptoms
with cognitive impairment has been a robust finding (Dominguez et al., 2009,
Harvey et al., 2006, Hawkins et al., 1997). However, cognitive functions and
negative symptoms have been suggested to be separable dimensions (Bell &
Mishara, 2006, Foussias & Remington, 2010). The dimensions may correlate
because they may have partly similar or related aetiology or because the definition
of negative symptoms includes symptoms that may affect cognitive performance or
may also be a component of cognitive functions (e.g. motivational or attentional
impairment) (Foussias & Remington, 2010, Harvey et al, 2006). Further, some
naturalistic studies have found that large medication dose is related to impaired
cognition and increased brain tissue loss (Bornstein et al., 1990, Elie et al., 2010, Ho
etal., 2011, Hori et al., 2006). The effect may also be related to extrapyramidal side
effects related to high medication dose and to the treatment of those side effects with
anticholinergics (Leucht et al., 2009, Ogino et al, 2011). Interestingly, mood
symptoms did not have a statistically significant effect on cognitive impairment,
despite their significance in diagnostic process. Earlier studies support the
conclusion that mood symptoms are not related to cognitive impairment in
schizophrenia spectrum disorders (Dominguez et al., 2009, Simonsen et al., 2011).

6.2 Effects of sex on cognitive impairment (Study Il)

In the general population, women outperform men in processing speed and in some
of the verbal skills, whereas men may outperform women in spatial skills (Burton et
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al., 2005, Jorm et al., 2004, Lynn & Irwing, 2008, Voyer et al., 1995). Accordingly,
in this study, women outperformed men in processing speed, in set-shifting and in
verbal learning and memory, whereas men outperformed women in visual working
memory in all groups.

Sex differences appeared to be mostly preserved in schizophrenia. Only in verbal
learning and in the use of semantic clustering as a learning strategy, sex differences
apparent in the relatives group were reduced in the schizophrenia group. Some often
cited studies have suggested that men with schizophrenia have larger cognitive
impairment than women with schizophrenia, but this view is challenged by the fact
that studies reporting more severe cognitive impairment in women with
schizophrenia also exist (Goldstein et al., 1998, Lewine ef al., 1996, Roesch-Ely et
al., 2009, Seidman et al., 1997). The findings are mostly concordant with the
hypothesis of preserved sex differences in cognitive functioning in persons with
schizophrenia. Preserved sex differences in unaffected first-degree relatives is also
consistent with the conclusion. Support for this conclusion comes from studies
finding preserved sex differences in cognitive functions in schizophrenia (Bozikas et
al., 2010, Gur et al., 2001, Halari et al., 2006, Hoff et al., 1998). The reduced sex
differences in verbal learning and in the use of semantic clustering in the persons
with schizophrenia could also be interpreted as a support for the hypothesis of
diminished sex differences in schizophrenia (Mendrek, 2007, Shipman et al., 2009).
The finding could also result from multiple testing or reflect other factors, such as,
floor effect, because both men and women used semantic clustering very poorly.

Men had more negative symptoms, concordant with earlier studies (Galderisi et al.,
2012, Thorup et al., 2007), and lived less frequently independently than women.
Negative symptoms are correlated with cognitive impairment (Dominguez et al.,
2009). Nevertheless, earlier studies suggest that cognitive impairment and negative
symptoms are separable constructs and they may have at least partly separate
actiologies (Harvey et al., 2006). Sex may have a different effect on the aetiology of
negative symptoms and cognitive functions in schizophrenia.

In many other psychiatric disorders and in developmental disorders, large sex
differences have been detected. Depression and anxiety disorders are more common
in women than in men, and substance disorders and developmental disorders, such
as autism, are more common in men than in women (Idring et al., 2012, Seedat et al.,
2009). Culture may especially influence sex differences in depression and substance
disorders (Seedat et al., 2009), but in schizophrenia sex differences may be more
biological.
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There may be separate mechanisms how sex influences the risk of schizophrenia and
related phenotypic features at different time points. The hypothesis that female sex
protects against schizophrenia is supported by the findings of men having higher risk
of schizophrenia, earlier age of illness onset, more severe negative symptoms and
possibly, in the general population, more prevalent subclinical psychotic experiences
and negative symptoms than women (Aleman et al., 2003, Eranti et al., 2013,
Miettunen & Jaidskeldinen, 2010, Thorup et al., 2007, van Os ef al., 2009). If female
sex raised the threshold of having the symptoms of schizophrenia, despite risk
factors and neurodevelopmental deviations, women should have more pronounced
cognitive impairment in the groups of persons with schizophrenia and their first-
degree relatives. This view is supported by the observation that women have less
psychotic symptoms when oestrogen level is high (Markham, 2012). In contrast, if
female sex protected only from neurodevelopmental deviations causing
schizophrenia and cognitive impairment, women with schizophrenia should have
better preserved cognitive functions than men with schizophrenia. Earlier studies
have shown that men may have an increased risk for other neurodevelopmental
disorders and be more vulnerable to neurodevelopmental insults (Markham, 2012,
Spinillo et al., 2009, Suren et al, 2012). These mechanisms are not mutually
exclusive and the finding of preserved cognitive functions may imply that both of
these possible mechanisms for the protective role of female sex may take place, or
that the effects are so small that a very large sample size would be required to detect
the effect.

6.3 Effects of birth weight on cognitive impairment (Study Ill)

Previous studies from the same sample as in this study found that the risk of
schizophrenia and, of schizophrenia symptom dimensions, the severity of negative
and disorganized symptoms were increased in persons with either low or high birth
weight (Wegelius et al., 2012, Wegelius et al., 2011). In agreement with this, lower
performance in persons with low or high birth weight were noticed in visuospatial
reasoning, processing speed, set-shifting, and verbal and visual working memory,
while persons with the birth weight of 3500-4000 g had the best cognitive
performance. However, the effect of birth weight on cognitive functioning was small.

The findings of this study are in accordance with general population studies. Many
studies have shown that low birth weight is associated with many adversities, such
as slightly impaired cognitive functioning (Bergvall ez al., 2006, Boulet et al., 2011).
Although research has mostly concentrated on the effects of low birth weight, some
studies have detected that cognitive functioning as well as other neurodevelopmental
and health outcomes may be impaired in persons with high birth weight (Leonard et
al., 2008, Shenkin et al., 2004, Van Lieshout & Boyle, 2011).
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Intermediate birth weight appears optimal in relation to neurodevelopment and
cognitive functioning. Adverse effects causing intrauterine growth restrictions (e.g.
inadequate supply of nutrition, placental pathology or infections) may cause
adaptations, for example, in endocrine and metabolic processes, referred to as “fetal
programming” (Barker, 1995, Fowden et al., 2006). These effects may impair brain
growth and affect cognitive functioning (Morgane et al., 1993). Similarly, persons
with high birth weight may have had a suboptimal intrauterine environment, which
may affect neurodevelopment, but little is known about the mechanisms explaining
the association between high birth weight and cognitive functioning (Van Lieshout
& Boyle, 2011). Possibly, adaptations to a suboptimal environment caused, for
example, by abnormal metabolic environment or levels of hormones may occur in
the same way as in low birth weight (Freeman, 2010). Maternal obesity or diabetes,
which are risk factors for high birth weight, may also increase, for example, the
level of pro-inflammatory cytokines and oxidative stress (Challier et al., 2008,
Freeman, 2010). High birth weight is also associated with birth complications, the
risk of prolonged second stage of labour is increased and Caesarean section is more
often needed (Henriksen, 2008, Koskela, 1965). These factors may be especially
problematic if the child is born outside a hospital, or in a local hospital where
personnel are rarely required to perform Ceasarean sections, a situation that was
common in rural areas at the time the study population was born. In addition, the
association between birth weight and cognitive functioning may partly be explained
by genetic effects or by family socioeconomic status (Bergvall et al., 2006, Power et
al., 2006).

The probands of the schizophrenia family sample were born during years 1940-1976.
In 1940, Finland was still an agricultural country and rather undeveloped especially
in the countryside, but after that living standards and health care have developed
rapidly (Palmgren, 1964). Likewise, maternal health care and the management of
delivery have improved. In 1940, only 30% of the deliveries occurred at hospitals,
but in 1960 it was 90% (Hemminki, 1983, Suomen virallinen tilasto XI, 1955).
Nowadays, most of the deliveries occur in large, specialized maternity units
(Hemminki, 1983). Since 1940, perinatal and infant mortality have dropped
(Hemminki, 1983, Piekkala et al., 1985, The official statistics of Finland XI: 62,
1962). Still, during years 1811-1870, infant mortality rate was 19%, during years
1950-1951 4% and during years 1991-1995 infant mortality rate was only 0.5%
(Pitkdnen et al., 2000). These changes may have implications for applying the
results to the present. The survival of low birth weight infants has increased
(Heinonen et al., 1988), which may increase the significance of low birth weight on
cognitive functioning. Further, the effects of high birth weight on cognitive
functioning may have changed. The prevalence of overweight in the general
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population and the proportion of infants with high birth weight have increased
(Kinnunen et al., 2003, Lahti-Koski et al., 2010), but on the other hand, modern
specialized maternity units are prepared for handling complications associated with
the delivery of a high birth weight infant. In addition, the antenatal care of pregnant
women in maternity centres has improved, which enables better management of
conditions causing low or high birth weight (Hemminki, 1983, The official statistics
of Finland XI: 62, 1962).

6.4 Cognitive functioning in persons from the isolate and the
rest of Finland (Study V)

In comparing the Finnish genetic isolate to the rest of Finland in cognitive
functioning, persons with schizophrenia from the isolate were noticed to perform
slightly better than persons with schizophrenia from the rest of Finland in verbal
learning, verbal ability and cognitive flexibility. Similar effect was detected in the
unaffected first-degree relatives: the persons from the isolate outperformed the
persons from the rest of Finland in verbal learning and in processing speed.
However, the controls from the isolate did not differ from the controls from the rest
of the country.

The clinical characteristics of schizophrenia appeared mostly similar in both samples,
but persons from the isolate had higher antipsychotic dose and, in a previous study
with larger sample size (Arajarvi et al., 2004, Arajarvi et al., 2006), less severe
positive symptoms. However, differences in clinical characteristics or in the number
of affected siblings in families did not explain the differences between the samples.
RELN risk allele (the longest RELNSAT6 allele) has been shown to be associated
with severe cognitive impairment in schizophrenia families and to be relatively
absent from the isolate (Wedenoja et al., 2008, Wedenoja et al., 2010). However, the
differences in the frequency of the allele did not explain the noticed differences
between the samples. Lastly, the number of families with a sibling with mental
retardation was studied as an indicator of the proportion of families where there
could be a rare inherited variant, for example a copy number variation, predisposing
to both schizophrenia and mental retardation. The proportion of families with mental
retardation was noticed to be equal within the isolate and in the rest of Finland. The
proportions were relatively high, which is accordant with studies reporting co-
segregation of schizophrenia and mental retardation (Greenwood et al, 2004,
Morgan et al., 2008b).

Higher prevalence of schizophrenia and slightly better preserved cognitive functions
in schizophrenia families within the isolate compared to the rest of Finland suggest
that some risk factors for schizophrenia, that do not expose for severe cognitive
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impairment, may be enriched within the isolate. The lack of differences between the
control groups from the isolate and the rest of the country may suggest that the
difference is not some general genetic or environmental difference between the
regions. Many earlier identified environmental risk factors for schizophrenia are
related to slightly impaired cognitive functioning (Jefferis et al., 2002, Lawlor et al.,
2006, Nolin & Ethier, 2007, Saha et al., 2009, Seidman et al., 2000), which might
suggest that environmental risk factors are not the basis of the difference in
cognitive functioning. Earlier studies have discovered that risk alleles for
schizophrenia may affect cognitive functioning differently. Some risk alleles, such
as Neuregulin 3 (NRG3) and ZNF804A4, may predispose to schizophrenia with
relatively spared cognitive functioning, whereas several others are related to severe
cognitive impairment (Chen et al., 2012, Green et al., 2012, Greenwood et al., 2011,
Jablensky et al., 2011, Morar et al., 2011, Walters et al., 2010, Wessman et al.,
2009). Accordingly, the difference between the schizophrenia families within the
isolate and outside the isolate may result from the enrichment of genetic risk factors
for schizophrenia with relatively spared cognitive function in the isolate.

6.5 Methodological considerations

The purpose of the study project was to collect two samples with high genetic
loading for schizophrenia in order to investigate the genetic epidemiology and
aetiology of the disorder. From the isolate, the purpose was to identify and assess all
available families with schizophrenia at the recruiting time period. Most of the
families with schizophrenia within the isolate are related, and there are multiple
links between the families of the isolate (Hovatta et al., 1999). When an extensive
genealogical study was done of 48 families with schizophrenia, a common founder
couple born around 1650 was found for 39 families (Hovatta et al., 1999). Because
of this, and because of the threefold risk of schizophrenia in the isolate compared
with the rest of Finland (Hovatta et al., 1997), the patients with schizophrenia from
the isolate are considered as representing familial schizophrenia. From the rest of
Finland, families with high genetic loading for schizophrenia were assessed, which
was defined as families with at least two siblings with schizophrenia. High familial
loading for the illness is not expected to have a strong effect on the results in
cognitive functioning, because in earlier studies, familial loading has had no or only
minimal effect on cognitive functioning and illness characteristics (Birkett et al.,
2008, Esterberg et al., 2010, Roy & Crowe, 1994, Tuulio-Henriksson et al., 2003).

Of the families from the isolate, 60% had only one sibling with schizophrenia
spectrum illness. Because the familial loading for schizophrenia differed between
the isolate and the rest of Finland schizophrenia family samples, the number of
affected siblings in the families was controlled for when assessing the differences
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between the isolate and the rest of Finland samples in cognitive functioning (Study
IV). In addition, it was confirmed that the inclusion of only the families with at least
two affected siblings does not affect the results. Therefore, the differences between
the family samples should not result from differences in familial loading for the
illness.

Sex differences in age of onset do not appear in persons with high genetic loading
for schizophrenia (Esterberg et al., 2010, Suvisaari et al., 1998), such as in this study
sample. This finding has led to the suggestion that genetic loading for schizophrenia
attenuate the protective effect of female sex (Albus et al., 1994, Konnecke et al.,
2000). In contrast to the assumption by Esterberg et al. (2010) of lack of sex
differences in negative symptoms in persons with high genetic loading for
schizophrenia, in this study, men with schizophrenia had more severe negative
symptoms than women. This sex difference with strong support of preserved sex
differences in cognitive functions in earlier studies may suggest that the lack of sex
differences in samples with high familial loading could be limited to the age of onset,
even though familial loading may also possibly decrease sex differences in other
illness characteristics.

The sample size in the control group was smaller than in the schizophrenia group or
in the relatives group. The small sample size may hinder the observation of the
differences between the isolate and the rest of Finland in cognitive functioning
(Study IV). If the effect size of differences in the schizophrenia families is small to
medium, the study did not have good statistical power to detect differences when p-
values under 0.05 are considered statistically significant. However, the means in the
control samples did not show a similar trend as in the schizophrenia family samples.
The trend appeared to be mostly that the controls from the isolate performed slightly
lower than the controls from the rest of Finland, which is opposite to the differences
in the patient and the relatives groups. Therefore, there was no reason to assume that
also controls born within isolate would perform better than controls from the rest of
Finland.

After the other exclusion criteria, 20 (8%) persons with schizophrenia out of 238
were untestable, for example due to severe disorganized symptoms. In the
schizoaffective group, only 1 out of 63 persons was untestable. The persons who
were untestable may, on average, have larger cognitive impairment than persons
who could be tested. If all persons could have been tested, the differences between
schizophrenia and schizoaffective groups could possibly have been somewhat larger
than how they turned out to be (Study I). Of patients with schizophrenia, from the
isolate 7% were untestable and 11% from the rest of Finland. The small, statistically
nonsignificant difference in the proportion of the untestable persons was in the same
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direction as the finding of more severe cognitive impairment in the rest of Finland
than in the isolate (Study IV). Of women with schizophrenia, 6% were untestable,
whereas 10% of men with schizophrenia. The difference is small, and if all the
persons could have been assessed, the conclusion of preserved sex differences would
probably not change (Study II).

The exclusion of the persons with the most severe acute symptoms may affect the
correlations between cognitive functioning and schizophrenia symptoms (Study I).
Another limitation, which may affect the correlations of symptoms and cognitive
functioning, was that the measures of mood symptoms were based on the number of
the symptoms during the most severe mood episode and not on the current severity
of the symptoms.

The strengths of this study include a control group representative of the Finnish
population. In addition, the schizophrenia family sample was identified from
nationwide health care registers. The method enables better representativeness than
if the samples were collected from a treatment facility, such as a hospital. This way
patients with good outcome and without a current treatment contact could also be
included.

Birth weight data were not collected for the control group. Therefore, it was not
possible to investigate whether the effect of birth weight on cognitive functioning
was larger in the schizophrenia family sample than in the control group without
familial loading for schizophrenia (Study III). Birth weight data were collected from
obstetric records, which improves the reliability compared to relying on maternal
recall.

The neuropsychological test methods that were used in the data collection are among
those that have been commonly used in international schizophrenia research.
Previous meta-analyses have shown that these test methods are sensitive to cognitive
impairment related to schizophrenia (Dickinson et al., 2007, Mesholam-Gately ef al.,
2009), although not specific in this application. The MATRICS project defined
speed of processing, verbal learning, visual learning, working memory, reasoning
and problem solving, attention/vigilance and social cognition as the most relevant
cognitive domains in schizophrenia, and The Consortium on the Genetics of
Schizophrenia (COGS) used measures of sustained attention, verbal memory,
working memory, abstraction and mental flexibility, face memory, spatial memory,
spatial processing, sensorimotor dexterity and emotion processing in their cognitive
assessment battery (Gur et al, 2007, Nuechterlein et al.,, 2008). The
neuropsychological battery administered in the schizophrenia family samples
covered most of the basic cognitive functions. Sustained attention and visual or
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spatial learning tasks are sensitive to cognitive impairment in schizophrenia and
have been included both in the MATRICS battery and in the COGS battery, and
therefore might have been worthwhile to assess. Motor performance and perception
are among the basic neuropsychological function; however, these functions have not
appeared as sensitive as the used tests for the assessment of cognitive impairment in
schizophrenia (Dickinson et al., 2007). In addition, social cognition deficits in
schizophrenia have lately been recognized (Savla et al., 2012), but the test battery in
the present thesis study did not include tests assessing social cognition. Due to
limitations in resources, it was not possible to perform the similar comprehensive
neuropsychological assessment for the control group that was used in the family
sample.

6.6 Conclusions and future implications

As in schizophrenia, cognitive impairment also appeared broad and severe in
schizoaffective disorder. Although the impairment appeared milder in
schizoaffective disorder than in schizophrenia, the diagnostic groups cannot be
separated on the basis of cognitive functioning, because the distributions of
cognitive impairment in schizophrenia and schizoaffective disorder were largely
overlapping. Differences in negative symptoms and medication dose explained most
of the differences in the level of cognitive impairment. The result suggested that
schizophrenia and schizoaffective disorder are not essentially qualitatively distinct,
but only have some differences in the severity of symptoms. Future studies are
required to clarify if the assessment of mood symptoms (Boks et al, 2007),
cognitive impairment (Hoti et al., 2004) or negative symptoms (Carpenter et al.,
1988, Kirkpatrick & Galderisi, 2008) can be used in dividing psychotic disorders
into groups that might be less heterogeneous than at present relative to aetiology and
treatment needs, or if the dimensional representation of psychosis (Peralta & Cuesta,
2008) can meet these needs.

Since many persons with schizoaffective disorder had severe, broad cognitive
impairment, the assessment and treatment of cognitive impairment in schizoaffective
disorder is similarly important as it is in schizophrenia. Persons with schizoaffective
disorder may benefit from cognitive remediation in the same way as persons with
schizophrenia (Anaya et al., 2012, Wykes et al., 2011). The association of large
antipsychotic medication dose with cognitive impairment in schizophrenia gives
further support for the proposition that lowest effective dose should be used in the
long-term treatment of schizophrenia (Buchanan et al., 2010).
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Of the previously established schizophrenia risk factors, both low and high birth
weight were associated with exacerbated cognitive impairment in persons with
schizophrenia and their first-degree relatives. The illness did not change the
relationship between birth weight and cognitive functioning in persons with high
genetic loading for schizophrenia. Previous studies have detected a similar
association in general population samples (Shenkin et al., 2004) suggesting that the
association is not restricted only to persons with high genetic loading for
schizophrenia.

The effect of birth weight on cognitive functioning was only small, and therefore
information on birth weight does not have clinical significance in the assessment and
treatment of individuals with schizophrenia. Even though the effect is small at the
individual level, at the population level the prevention of adverse factors causing
low or high birth weight may be worthwhile. Research on specific mechanisms how
birth weight is associated with cognitive functioning and increased schizophrenia
risk may inform about some of the aetiological factors underlying schizophrenia and
cognitive impairment in schizophrenia. The exacerbation of cognitive impairment in
persons with low or high birth weight may result from suboptimal intrauterine
environment or complications, which are related to both low and high birth weight.

Although schizophrenia is more common in men than in women and some of the
schizophrenia symptoms are more severe in men than in women (McGrath et al.,
2004, Thorup et al., 2007), cognitive impairment was not more severe in men than
in women with schizophrenia. Sex differences in cognitive functions in persons with
schizophrenia and their first-degree relatives were similar as in the control group.
Even though sex did not affect the level of cognitive impairment, the possible
protective role of some factor related to female sex (e.g. oestrogen) and especially
the mechanism of how the protection may be delivered deserves further studies.

Within the Finnish internal isolate, schizophrenia risk is high compared to the rest of
Finland (Hovatta et al., 1997). However, schizophrenia patients and their first-
degree relatives from the isolate slightly outperformed the patients and the relatives
from the rest of Finland in cognitive functioning. A similar difference was not
noticed in the unrelated control groups. The result suggests that some, possibly
genetic, schizophrenia risk factors that do not expose to severe cognitive impairment
may be enriched within the isolate. The suggested differences in the aetiology of
schizophrenia support the use of population isolates in the genetic research into
schizophrenia.

The association of schizophrenia risk factors with cognitive impairment has thus far
been little studied. Many risk factors may impair cognitive functioning, but the
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severity of cognitive impairment that the risk factors cause may vary. The
schizophrenia risk factors assessed in the present thesis had different effects on
cognitive functioning. Low and high birth weight were associated with more severe
cognitive impairment than intermediate birth weight, originating from the internal
genetic isolate with better cognitive functioning in schizophrenia families than
originating from the rest of Finland, and sex was not associated with the level of
cognitive impairment. More research on the relationship between cognitive
impairment and schizophrenia risk factors is required, in order to elucidate the
aetiology of cognitive impairment in schizophrenia and to support the development
of treatments to alleviate cognitive impairment in schizophrenia.

Cognitive Impairment in

THL — Research 107 « 2013 67 . .
Schizophrenia



/ Acknowledgements

This work was carried out at the Department of the Mental Health and Substance
Abuse Services of the National Institute of Health and Welfare. The Director
General of the institute, Professor Pekka Puska, the former Head of the Department
of Mental Health and Substance Abuse Services, Professor Jouko Lonnqvist and the
current Head of the Department of Mental Health and Substance Abuse Services,
Professor Mauri Marttunen are thanked for providing excellent research facilities
during the project.

I wish to express my greatest gratitude to my supervisors Docents Annamari Tuulio-
Henriksson and Jaana Suvisaari. 1 highly appreciate that you gave me the
opportunity to work with my PhD in the project. I also want to warmly thank you for
your support throughout the PhD project and for always finding time to answer my
questions, which, especially in the beginning of the project, were numerous. You
have been excellent guides when exploring the world of research into psychoses and
neuropsychology and in growing up as a researcher.

I want to thank my co-authors Asko Wegelius and Juho Wedenoja and, for help with
statistical analyses, Maiju Pankakoski. It has been a pleasure working with you and I
have learned a lot from co-operating with you. I also want to thank the other co-
authors of the articles for their constructive comments on the manuscripts and for
their important work in the study project before I joined in: Jouko Lonnqvist, Timo
Partonen, Anu Castaneda, Annamaria Wikstrom, Jonna Perild, Samuli Saarni, Jaana
Suokas, Teppo Varilo and Laura Hakkinen. I also want to thank Marjut Grainger for
data management, Ulriika Lehto for collecting the birth weight data and field
workers in the study project for collecting the data on the families: Tuula Mononen,
Merja Nissi, Outi McDonald, Porkko Levon, Pilvi Kujala, Silva Ruoppila, Liisa
Moilanen, Saara Heusala, Marjukka Heikkinen, Merja Blom, Helena Kurru and
Margit Keindnen-Guillaume. Besides, I am grateful to all families attending the
study, without whom the study would not have been possible to conduct.

I also want to thank for many pleasant conversations and collegial support: Elina
Siltanen, Maiju Pankakoski, Ulriika Lehto, Krista Partti, Johanna Salo, Marko
Manninen, Sebastian Therman, Maija Lindgren, Anu Castaneda, Antti Latvala,
Annamaria Wikstrom, Mervi Antila, Teemu Maintyld, Tuula Mononen, Ulla
Mustonen, Satu Viertid, Kirsi Niinistd, Noora Berg, Olli Kiviruusu, Virpi Taxell-
Lassas, Niina Kaplas, Sharon Grimaldi, Jonna Perild, Teija Kansteenpohja, Anne

Cognitive Impairment in

THL — Research 107 « 2013 68 . .
Schizophrenia



Acknowledgements

Salonen and many others. It has been pleasure to work in a group with such a good
spirit.

I also want to acknowledge the Academy of Finland and the Juselius foundation for
financial support.

My warmest thanks go to my parents Leena and Asko for being always supportive
and encouraging and my brothers, Anssi and Ville, for just being there. I also want
to thank my dear friends. I probably could have done this thesis without you (and
maybe even faster), but then this period of my life would not have been as full of joy
and laughter.

Cognitive Impairment in

THL — Research 107 « 2013 69 . .
Schizophrenia



8 References

Aarnoudse-Moens, C.S., Weisglas-
Kuperus, N., van Goudoever, JB. &
Oosterlaan, J. (2009). Meta-analysis of
neurobehavioral outcomes in very preterm
and/or very low birth weight children.
Pediatrics 124, 717-728.

Aas, M., Steen, N.E., Agartz, I., Aminoff,
SR., Lorentzen, S., Sundet, K,
Andreassen, O.A. & Melle, 1. (2012). Is
cognitive impairment following early life
stress in severe mental disorders based on
specific or general cognitive functioning?
Psychiatry Res. 198, 495-500.

Abel, K.M., Wicks, S., Susser, E.S.,
Dalman, C., Pedersen, M.G., Mortensen,
P.B. & Webb, R.T. (2010). Birth weight,
schizophrenia, and adult mental disorder:
is risk confined to the smallest babies?
Arch. Gen. Psychiatry 67, 923-930.

Albert, N., Bertelsen, M., Thorup, A.,
Petersen, L., Jeppesen, P., Le Quack, P.,
Krarup, G., Jorgensen, P. & Nordentoft,
M. (2011). Predictors of recovery from
psychosis Analyses of clinical and social
factors associated with recovery among
patients with first-episode psychosis after
5 years. Schizophr. Res. 125, 257-266.

Albus, M., Scherer, J., Hueber, S.,
Lechleuthner, T., Kraus, G., Zausinger, S.
& Burkes, S. (1994). The impact of
familial loading on gender differences in
age at onset of schizophrenia. Acta
Psychiatr. Scand. 89, 132-134.

Aleman, A., Kahn, R.S. & Selten, J.-P.

(2003). Sex differences in the risk of
schizophrenia: evidence from meta-

THL — Research 107 - 2013

analysis. Arch. Gen. Psychiatry 60, 565-
571.

Allen, A.J., Griss, M.E., Folley, B.S,
Hawkins, K.A. & Pearlson, G.D. (2009).
Endophenotypes in schizophrenia: a
selective review. Schizophr. Res. 109, 24-
37.

American Psychiatric Association (2000).
Diagnostic and Statistical Manual of
Mental Disorders, 4th ed., Text Revision.
American Psychiatric Association:
Washington, DC.

Anaya, C., Martinez Aran, A., Ayuso-
Mateos, J.L., Wykes, T., Vieta, E. &
Scott, J. (2012). A systematic review of
cognitive remediation for schizo-affective
and affective disorders. J. Affect. Disord.
142, 13-21.

Andersen, L.G., Angquist, L., Eriksson,
J.G., Forsen, T., Gamborg, M., Osmond,
C., Baker, J.L. & Sorensen, T.I. (2010).
Birth weight, childhood body mass index
and risk of coronary heart disease in
adults: combined historical cohort studies.
PLoS One 5, e¢14126.

Andreasen, N.C. (1982). Negative
symptoms in schizophrenia. Definition
and reliability. Arch. Gen. Psychiatry 39,
784-788.

Andreasen, N.C. (1984). The Scale for the
Assessment of Positive Symptoms (SAPS).
The University of lowa: lowa City.

Andreasen, N.C., Arndt, S., Alliger, R,
Miller, D. & Flaum, M. (1995). Symptoms
of schizophrenia. Methods, meanings, and
mechanisms. Arch. Gen. Psychiatry 52,
341-351.

Andreasen, N.C., Nopoulos, P., Magnotta,
V., Pierson, R., Ziebell, S. & Ho, B.C.

Cognitive Impairment in
Schizophrenia



References

(2011). Progressive brain change in
schizophrenia: a prospective longitudinal
study of first-episode schizophrenia. Biol.
Psychiatry 70, 672-679.

Andreasen, N.C. & Olsen, S. (1982).
Negative v positive  schizophrenia.
Definition and validation. Arch. Gen.
Psychiatry 39, 789-794.

Angermeyer, M.C. & Kuhn, L. (1988).
Gender differences in age at onset of
schizophrenia. An overview. Eur. Arch.
Psychiatry Neurol. Sci. 237, 351-364.

Arajarvi, R. (2006). Clinical phenotype

and genetic epidemiology of
schizophrenia in a Finnish isolate.
Doctoral  dissertation.  University  of

Helsinki. National Public Health Institute:
Helsinki.

Arajarvi, R., Haukka, J., Varilo, T,
Suokas, J., Juvonen, H., Suvisaari, J.,
Muhonen, M., Suominen, K., Tuulio-
Henriksson, A., Schreck, M., Hovatta, 1.,
Partonen, T. & Lonnqvist, J. (2004).
Clinical phenotype of schizophrenia in a
Finnish isolate. Schizophr. Res. 67, 195-
205.

Arajérvi, R., Varilo, T., Haukka, I,
Suvisaari, J., Suokas, J., Juvonen, H.,
Muhonen, M., Suominen, K., Hintikka, J.,
Schreck, M., Tuulio-Henriksson, A.,
Partonen, T. & Lonnqvist, J. (20006).
Affective flattening and alogia associate
with the familial form of schizophrenia.
Psychiatry Res. 141, 161-172.

Arango, C., Rapado-Castro, M., Reig, S.,
Castro-Fornieles, J., Gonzalez-Pinto, A.,
Otero, S., Baeza, 1., Moreno, C., Graell,
M., Janssen, J., Parellada, M., Moreno, D.,
Bargallo, N. & Desco, M. (2012).
Progressive brain changes in children and

THL — Research 107 - 2013

adolescents with first-episode psychosis.
Arch. Gen. Psychiatry 69, 16-26.

Aromaa, A. & Koskinen, S. eds. (2004).
Health and functional capacity in Finland.
Baseline results of the Health 2000 health
examination survey. National Public
Health Institute. Available in English at
http://www.terveys2000.fi/julkaisut/baseli
ne.pdf: Helsinki.

Ayalew, M., Le-Niculescu, H., Levey,
D.F., Jain, N., Changala, B., Patel, S.D.,
Winiger, E., Breier, A., Shekhar, A.,
Amdur, R., Koller, D., Nurnberger, J.I.,
Corvin, A., Geyer, M., Tsuang, M.T.,
Salomon, D., Schork, N.J., Fanous, A.H.,
O'Donovan, M.C. & Niculescu, A.B.
(2012). Convergent functional genomics
of schizophrenia: from comprehensive
understanding to genetic risk prediction.
Mol. Psychiatry 17, 887-905.

Baddeley, A. (2012). Working memory:
theories, models, and controversies. Annu.
Rev. Psychol. 63, 1-29.

Bardenstein, K.K. & McGlashan, T.H.
(1990). Gender differences in affective,
schizoaffective, and schizophrenic
disorders. A review. Schizophr Res 3, 159-
172.

Barker, D.J. (1995). Fetal origins of
coronary heart disease. BMJ 311, 171-
174.

Bayer, T.A., Falkai, P. & Maier, W.
(1999).  Genetic and  non-genetic
vulnerability factors in schizophrenia: the
basis of the "two hit hypothesis". J.
Psychiatr. Res. 33, 543-548.

Bell, M.D. & Mishara, A.L. (2006). Does
negative symptom change relate to
neurocognitive change in schizophrenia?

Cognitive Impairment in
Schizophrenia



References

Implications for targeted treatments.

Schizophr. Res. 81, 17-27.

Bendall, S., Jackson, H.J., Hulbert, C.A.
& McGorry, P.D. (2008). Childhood
trauma and psychotic disorders: a
systematic, critical review of the evidence.
Schizophr. Bull. 34, 568-579.

Bergvall, N., Iliadou, A., Tuvemo, T. &
Cnattingius, S. (2006). Birth
characteristics and risk of low intellectual
performance in early adulthood: are the
associations confounded by
socioeconomic factors in adolescence or
familial effects? Pediatrics 117, 714-721.

Bilder, RM., Goldman, R.S., Robinson,
D., Reiter, G., Bell, L., Bates, J.A.,
Pappadopulos, E., Willson, D.F., Alvir,
JM., Woerner, M.G., Geisler, S., Kane,
JM. & Lieberman, J.A. (2000).
Neuropsychology of first-episode
schizophrenia: initial characterization and
clinical correlates. Am. J. Psychiatry 157,
549-559.

Birkett, P., Sigmundsson, T., Sharma, T.,
Toulopoulou, T., Griffiths, T.D., Reveley,
A. & Murray, R. (2008). Executive
function and genetic predisposition to
schizophrenia--the =~ Maudsley  family
study. Am. J  Med. Genet. B
Neuropsychiatr. Genet. 147, 285-293.

Boks, M.P., Leask, S., Vermunt, J K. &
Kahn, R.S. (2007). The structure of
psychosis revisited: the role of mood
symptoms. Schizophr. Res. 93, 178-185.

Bora, E., Fornito, A., Radua, 1],
Walterfang, M., Seal, M., Wood, S.J,,
Yucel, M., Velakoulis, D. & Pantelis, C.
(2011). Neuroanatomical abnormalities in
schizophrenia: a multimodal voxelwise
meta-analysis and meta-regression
analysis. Schizophr. Res. 127, 46-57.

THL — Research 107 - 2013

Bora, E., Yucel, M. & Pantelis, C. (2009).
Cognitive functioning in schizophrenia,
schizoaffective disorder and affective
psychoses: meta-analytic study. Br. J.
Psychiatry 195, 475-482.

Bora, E., Yucel, M. & Pantelis, C. (2010).
Cognitive  impairment in  affective
psychoses: a meta-analysis. Schizophr.
Bull. 36, 112-125.

Bornstein, R.A., Nasrallah, H.A., Olson,

S.C., Coffman, J.A., Torello, M. &
Schwarzkopf, S.B. (1990).
Neuropsychological deficit in
schizophrenic subtypes: paranoid,
nonparanoid, and schizoaffective

subgroups. Psychiatry Res. 31, 15-24.

Bottlender, R., Strauss, A. & Moller, H.J.
(2010). Social disability in schizophrenic,
schizoaffective and affective disorders 15
years after first admission. Schizophr. Res.
116, 9-15.

Boulet, S.L., Schieve, L.A. & Boyle, C.A.
(2011). Birth weight and health and
developmental outcomes in US children,
1997-2005. Matern. Child Health J. 15,
836-844.

Bowie, C.R., Leung, W.W., Reichenberg,
A., McClure, M.M., Patterson, T.L.,
Heaton, R.K. & Harvey, P.D. (2008).
Predicting schizophrenia patients' real-
world behavior with specific
neuropsychological and functional
capacity measures. Biol. Psychiatry 63,
505-511.

Boyce, P. & Barriball, E. (2010).
Puerperal psychosis. Arch. Womens Ment.
Health 13, 45-47.

Bozikas, V.P., Kosmidis, M.H.,
Kioperlidou, K. & Karavatos, A. (2004).

Cognitive Impairment in
Schizophrenia



References

Relationship between psychopathology

and cognitive functioning n
schizophrenia. Compr. Psychiatry 45,
392-400.

Bozikas, V.P., Kosmidis, M.H., Peltekis,
A., Giannakou, M., Nimatoudis, I,
Karavatos, A., Fokas, K. & Garyfallos, G.
(2010). Sex differences in
neuropsychological functioning among
schizophrenia patients. Aust. N. Z. J.
Psychiatry 44, 333-341.

Brebion, G., Gorman, J.M., Malaspina, D.
& Amador, X. (2005). A model of verbal
memory impairments in schizophrenia:
two systems and their associations with
underlying cognitive processes and
clinical symptoms. Psychol. Med. 35, 133-
142.

Brown, G.G. & Thompson, W.K. (2010).
Functional brain imaging in
schizophrenia:  selected results and
methods. Curr. Top. Behav. Neurosci. 4,
181-214.

Buchanan, R.W., Davis, M., Goff, D.,
Green, M.F., Keefe, R.S., Leon, A.C.,
Nuechterlein, K.H., Laughren, T., Levin,
R., Stover, E., Fenton, W. & Marder, S.R.
(2005). A summary of the FDA-NIMH-
MATRICS workshop on clinical trial
design for neurocognitive drugs for
schizophrenia. Schizophr. Bull. 31, 5-19.

Buchanan, R.W., Keefe, R.S., Umbricht,
D., Green, M.F., Laughren, T. & Marder,
S.R. (2011). The FDA-NIMH-MATRICS
guidelines for clinical trial design of
cognitive-enhancing drugs: what do we
know 5 years later? Schizophr. Bull. 37,
1209-1217.

Buchanan, R.W., Kreyenbuhl, J., Kelly,

D.L., Noel, J.M., Boggs, D.L., Fischer,
B.A., Himelhoch, S., Fang, B., Peterson,

THL — Research 107 - 2013

E., Aquino, P.R. & Keller, W. (2010). The

2009 schizophrenia PORT
psychopharmacological treatment
recommendations and summary

statements. Schizophr. Bull. 36, 71-93.

Burns, N.R. & Nettelbeck, T. (2005).
Inspection time and speed of processing:
Sex differences on perceptual speed but
not IT. Pers. Individ. Dif. 39, 439-446.

Burton, L.A., Henninger, D. & Hafetz, J.
(2005). Gender differences in relations of
mental rotation, verbal fluency, and SAT
scores to finger length ratios as hormonal
indexes. Dev. Neuropsychol. 28, 493-505.

Bustillo, J.R., Chen, H., Gasparovic, C.,
Mullins, P., Caprihan, A., Qualls, C.,,
Apfeldorf, W., Lauriello, J. & Posse, S.
(2011). Glutamate as a marker of
cognitive function in schizophrenia: a
proton spectroscopic imaging study at 4
Tesla. Biol. Psychiatry 69, 19-27.

Byrne, M., Hodges, A., Grant, E., Owens,
D.C. & Johnstone, E.C. (1999).
Neuropsychological assessment of young
people at high genetic risk for developing
schizophrenia compared with controls:
preliminary findings of the Edinburgh
High Risk Study (EHRS). Psychol. Med.
29, 1161-1173.

Camarata, S. & Woodcock, R. (2006). Sex
differences in  processing  speed:
Developmental effects in males and
females. Intelligence 34, 231-252.

Cannon, M. (2002). Evidence for early-
childhood, pan-developmental impairment
specific to schizophreniform disorder:
results from a longitudinal birth cohort.
Arch. Gen. Psychiatry 59, 449-456.

Cannon, M., Jones, P., Huttunen, M.O.,
Tanskanen, A., Huttunen, T., Rabe-

Cognitive Impairment in
Schizophrenia



References

Hesketh, S. & Murray, R.M. (1999).
School performance in Finnish children
and later development of schizophrenia: a
population-based longitudinal study. Arch.
Gen. Psychiatry 56, 457-463.

Cannon, M., Jones, P.B. & Murray, R.M.
(2002). Obstetric  complications and
schizophrenia:  historical and meta-
analytic review. Am. J. Psychiatry 159,
1080-1092.

Cannon, T.D., Mednick, S.A., Parnas, J.,
Schulsinger, F., Praestholm, J. &
Vestergaard, A. (1993). Developmental
brain abnormalities in the offspring of
schizophrenic mothers. I. Contributions of
genetic and perinatal factors. Arch. Gen.
Psychiatry 50, 551-564.

Cantor-Graae, E. & Selten, J.P. (2005).
Schizophrenia and migration: a meta-
analysis and review. Am. J. Psychiatry
162, 12-24.

Cardno, A.G., Rijsdijk, F.V., West, RM.,
Gottesman, II, Craddock, N., Murray,
RM. & McGuffin, P. (2012). A twin
study of schizoaffective-mania,
schizoaffective-depression, and  other
psychotic syndromes. Am. J. Med. Genet.
B Neuropsychiatr. Genet. 159B, 172-182.

Carpenter, W.T., Jr., Heinrichs, D.W. &
Wagman, A.M. (1988). Deficit and
nondeficit forms of schizophrenia: the
concept. Am. J. Psychiatry 145, 578-583.

Carroll, L.S. & Owen, M.J. (2009).
Genetic  overlap  between  autism,
schizophrenia and bipolar disorder.

Genome Med. 1, 102.

Castaneda, A.E., Suvisaari, J., Marttunen,
M., Perala, J., Saarni, S.I., Aalto-Setala,
T., Aro, H., Koskinen, S., Lonngvist, J. &
Tuulio-Henriksson, A. (2008). Cognitive

THL — Research 107 - 2013

functioning in a population-based sample
of young adults with a history of non-
psychotic unipolar depressive disorders
without psychiatric comorbidity. J. Affect.
Disord. 110, 36-45.

Castle, D.J.,, Abel, K., Takei, N. &
Murray, R.M. (1995). Gender differences
in schizophrenia: hormonal effect or
subtypes? Schizophr. Bull. 21, 1-12.

Caughey, R.W. & Michels, K.B. (2009).
Birth weight and childhood leukemia: a
meta-analysis and review of the current
evidence. Int. J. Cancer 124, 2658-2670.

Challier, J.C., Basu, S., Bintein, T.,
Minium, J., Hotmire, K., Catalano, P.M.
& Hauguel-de Mouzon, S. (2008). Obesity
in pregnancy stimulates macrophage
accumulation and inflammation in the
placenta. Placenta 29, 274-281.

Chen, M., Xu, Z., Zhai, J., Bao, X,
Zhang, Q., Gu, H., Shen, Q., Cheng, L.,
Chen, X., Wang, K., Deng, X., Ji, F., Liu,
C., Li, J., Dong, Q. & Chen, C. (2012).
Evidence of IQ-modulated association
between ZNF804A gene polymorphism
and cognitive function in schizophrenia
patients. Neuropsychopharmacology 37,
1572-1578.

Cheniaux, E., Landeira-Fernandez, .,
Lessa Telles, L., Lessa, J.L., Dias, A.,
Duncan, T. & Versiani, M. (2008). Does
schizoaffective disorder really exist? A
systematic review of the studies that
compared schizoaffective disorder with
schizophrenia or mood disorders. J. Affect.
Disord. 106, 209-217.

Chun, M.M., Golomb, JD. & Turk-
Browne, N.B. (2011). A taxonomy of
external and internal attention. Annu. Rev.
Psychol. 62, 73-101.

Cognitive Impairment in
Schizophrenia



References

Church, S.M., Cotter, D., Bramon, E. &
Murray, R.M. (2002). Does schizophrenia
result from developmental or degenerative
processes? J. Neural Transm. Suppl., 129-
147.

Cohen, J. (1988). Power Analysis for the
Behavioral sciences, second ed. Lawrence
Erlbaum Associates: New Jersey.

Collins, A.L., Kim, Y. Sklar, P.,
O'Donovan, M.C. & Sullivan, P.F. (2012).
Hypothesis-driven candidate genes for
schizophrenia compared to genome-wide
association results. Psychol. Med. 42, 607-
616.

Colom, R., Juan-Espinosa, M., Abad, F. &
Garcia, L.F. (2000). Negligible Sex
Differences in General Intelligence.
Intelligence 28, 57-68.

Costello, E.J., Worthman, C., Erkanli, A.
& Angold, A. (2007). Prediction from low
birth weight to female adolescent
depression: a test of competing
hypotheses. Arch. Gen. Psychiatry 64,
338-344.

Dalman, C., Allebeck, P., Cullberg, J.,
Grunewald, C. & Koster, M. (1999).
Obstetric complications and the risk of
schizophrenia: a longitudinal study of a
national  birth cohort. Arch. Gen.
Psychiatry 56, 234-240.

Davidson, M., Galderisi, S., Weiser, M.,

Werbeloff, N., Fleischhacker, W.W.,
Keefe, R.S., Boter, H., Keet, ILP.,
Prelipceanu, D., Rybakowski, J.K,,

Libiger, J., Hummer, M., Dollfus, S,
Lopez-Ibor, J.J., Hranov, L.G., Gaebel,
W., Peuskens, J., Lindefors, N., Riecher-

Rossler, A. & Kahn, R.S. (2009).
Cognitive effects of antipsychotic drugs in
first-episode schizophrenia and

schizophreniform disorder: a randomized,

THL — Research 107 - 2013

open-label clinical trial (EUFEST). Am. J.
Psychiatry 166, 675-682.

Davis, O.S., Haworth, C.M. & Plomin, R.
(2009). Dramatic increase in heritability
of cognitive development from early to
middle childhood: an 8-year longitudinal
study of 8,700 pairs of twins. Psychol. Sci.
20, 1301-1308.

de Lauzon-Guillain, B., Balkau, B.,
Charles, M.A., Romieu, I.,, Boutron-
Ruault, M.C. & Clavel-Chapelon, F.

(2010). Birth weight, body silhouette over
the life course, and incident diabetes in
91,453 middle-aged women from the
French Etude Epidemiologique de
Femmes de la Mutuelle Generale de
I'Education Nationale (E3N) Cohort.
Diabetes Care 33, 298-303.

Delis, D.C., Kramer, J.H., Kaplan, E. &
Ober, B.A. (1987). California Verbal
Learning Test. Manual. Research Edition.
The Psychological Corporation, Harcourt
Brace & Company: San Antonio, TX.

DeLisi, L.E., Mesen, A., Rodriguez, C.,
Bertheau, A., LaPrade, B., Llach, M.,
Riondet, S., Razi, K., Relja, M., Byerley,
W. & Sherrington, R. (2002). Genome-
wide scan for linkage to schizophrenia in a
Spanish-origin cohort from Costa Rica.
Am. J. Med. Genet. 114, 497-508.

Der, G. & Deary, 1.J. (2006). Age and sex
differences in reaction time in adulthood:
results from the United Kingdom Health
and Lifestyle Survey. Psychol. Aging 21,
62-73.

Dickerson, F., Stallings, C., Origoni, A.,
Vaughan, C., Khushalani, S. & Yolken, R.
(2012). Additive effects of elevated C-
reactive protein and exposure to Herpes
Simplex Virus type 1 on cognitive

Cognitive Impairment in
Schizophrenia



References

impairment in individuals with
schizophrenia. Schizophr. Res. 134, 83-88.

Dickinson, D. & Gold, J.M. (2008). Less
unique variance than meets the eye:
overlap among traditional
neuropsychological dimensions in
schizophrenia. Schizophr. Bull. 34, 423-
434,

Dickinson, D. & Harvey, P.D. (2009).
Systemic  hypotheses for generalized
cognitive deficits in schizophrenia: a new
take on an old problem. Schizophr. Bull.
35,403-414.

Dickinson, D., Ragland, J.D., Gold, J.M.
& Gur, R.C. (2008). General and specific
cognitive  deficits in  schizophrenia:
Goliath defeats David? Biol. Psychiatry
64, 823-827.

Dickinson, D., Ramsey, M.E. & Gold,
J.M. (2007). Overlooking the obvious: a
meta-analytic comparison of digit symbol
coding tasks and other cognitive measures
in schizophrenia. Arch. Gen. Psychiatry
64, 532-542.

Dixon, L.B., Dickerson, F., Bellack, A.S.,
Bennett, M., Dickinson, D., Goldberg,
R.W., Lehman, A., Tenhula, W.N.,
Calmes, C., Pasillas, R.M., Peer, J. &
Kreyenbuhl, J. (2009). The 2009
schizophrenia PORT psychosocial
treatment recommendations and summary
statements. Schizophr. Bull. 36, 48-70.

Dominguez, M.d.G., Viechtbauer, W,
Simons, C.J., van Os, J. & Krabbendam,
L. (2009). Are psychotic psychopathology
and neurocognition orthogonal? A
systematic review of their associations.
Psychol. Bull. 135, 157-171.

Eichenwald, E.C. & Stark, A.R. (2008).
Management and outcomes of very low

THL — Research 107 - 2013

birth weight. N. Engl. J. Med. 358, 1700-
1711.

Eide, M.G., Oyen, N., Skjaerven, R. &
Bjerkedal, T. (2007). Associations of birth
size, gestational age, and adult size with
intellectual performance: evidence from a
cohort of Norwegian men. Pediatr. Res.
62, 636-642.

Ekelund, J. (2001). Molecular genetics of
schizophrenia and comorbid and related
traits. Doctoral dissertation. National
Public Health Institute & University of
Helsinki: Helsinki.

Ekelund, J., Lichtermann, D., Hovatta, 1.,
Ellonen, P., Suvisaari, J., Terwilliger, J.D.,
Juvonen, H., Varilo, T., Arajarvi, R.,
Kokko-Sahin, M.L., Lonnqvist, J. &
Peltonen, L. (2000). Genome-wide scan
for schizophrenia in the Finnish
population: evidence for a locus on
chromosome 7q22. Hum. Mol. Genet. 9,
1049-1057.

Elie, D., Poirier, M., Chianetta, J.,
Durand, M., Gregoire, C. & Grignon, S.
(2010). Cognitive effects of antipsychotic
dosage and polypharmacy: a study with
the BACS in patients with schizophrenia
and schizoaffective disorder. J
Psychopharmacol. 24, 1037-1044.

Ellison-Wright, I. & Bullmore, E. (2009).
Meta-analysis of diffusion tensor imaging
studies in schizophrenia. Schizophr. Res.
108, 3-10.

Ellison-Wright, I. & Bullmore, E. (2010).
Anatomy of bipolar disorder and
schizophrenia: a meta-analysis. Schizophr.
Res. 117, 1-12.

Ellison-Wright, I., Glahn, D.C., Laird,
A.R., Thelen, SM. & Bullmore, E.
(2008). The anatomy of first-episode and

Cognitive Impairment in
Schizophrenia



References

chronic schizophrenia: an anatomical
likelihood estimation meta-analysis. Am.
J. Psychiatry 165, 1015-1023.

Elvevag, B. & Goldberg, T.E. (2000).
Cognitive impairment in schizophrenia is
the core of the disorder. Crit. Rev.
Neurobiol. 14, 1-21.

Eranti, S.V., Maccabe, J.H., Bundy, H. &
Murray, R.M. (2013). Gender difference
in age at onset of schizophrenia: a meta-
analysis. Psychol. Med. 43, 155-167.

Ergaz, Z., Avgil, M. & Ornoy, A. (2005).
Intrauterine growth restriction-etiology
and consequences: what do we know
about the human situation and
experimental animal models? Reprod.
Toxicol. 20, 301-322.

Esterberg, M.L., Trotman, H.D,,
Holtzman, C., Compton, M.T. & Walker,
E.F. (2010). The impact of a family
history of psychosis on age-at-onset and
positive and negative symptoms of
schizophrenia: a meta-analysis. Schizophr.
Res. 120, 121-130.

Evans, J.D., Heaton, R.K., Paulsen, J.S.,
McAdams, L.A., Heaton, S.C. & Jeste,
D.V. (1999). Schizoaffective disorder: a
form of schizophrenia or affective
disorder? J. Clin. Psychiatry 60, 874-882.

Fan, Y., Gur, RE., Gur, R.C., Wu, X,
Shen, D., Calkins, M.E. & Davatzikos, C.
(2008). Unaffected family members and

schizophrenia  patients share  brain
structure patterns: a high-dimensional
pattern  classification  study.  Biol.

Psychiatry 63, 118-124.

Fett, A.K., Viechtbauer, W., Dominguez,
M.D., Penn, D.L., van Os, J. &
Krabbendam, L. (2011). The relationship
between neurocognition and  social

THL — Research 107 - 2013

cognition with functional outcomes in
schizophrenia: a meta-analysis. Neurosci.
Biobehav. Rev. 35, 573-588.

Fineberg, A.M., Ellman, L.M., Buka, S,
Yolken, R. & Cannon, T.D. (2012).
Decreased Birth Weight in Psychosis:
Influence of Prenatal Exposure to
Serologically Determined Influenza and
Hypoxia. Schizophr. Bull., Published
online before print September 10, 2012,
doi: 2010.1093/schbul/sbs2084.

First, M.B., Spitzer, R.L., Gibbon, M. &
Williams, J.B.W. (1996). Structured
Clinical Interview for DSM-IV Axis [
Disorders, Clinician Version (SCID-CV).
American  Psychiatric Press, Inc.,
Washington, D.C.

Fiszdon, J.M., Richardson, R., Greig, T. &
Bell, M.D. (2007). A comparison of basic
and social cognition between
schizophrenia and schizoaffective
disorder. Schizophr. Res. 91, 117-121.

Forsyth, J.K., Ellman, L.M., Tanskanen,
A., Mustonen, U., Huttunen, M.O.,
Suvisaari, J. & Cannon, T.D. (2012).
Genetic Risk for Schizophrenia, Obstetric
Complications, and Adolescent School
Outcome: Evidence for Gene-
Environment Interaction. Schizophr. Bull.,
Published online before print September
1,2012, doi: 2010.1093/schbul/sbs2098.

Foussias, G. & Remington, G. (2010).
Negative symptoms in schizophrenia:
avolition and Occam's razor. Schizophr.
Bull. 36, 359-369.

Fowden, A.L., Giussani, D.A. & Forhead,
AJ. (2006). Intrauterine programming of
physiological ~ systems: causes and
consequences. Physiology (Bethesda) 21,
29-37.

Cognitive Impairment in
Schizophrenia



References

Freedman, D., Bao, Y., Kremen, W.S.,
Vinogradov, S., McKeague, LW. &
Brown, A.S. (2012). Birth Weight and
Neurocognition in Schizophrenia
Spectrum Disorders. Schizophr. Bull.,
Published online before print February 29,
2012, doi: 2010.1093/schbul/sbs2008.

Freeman, D.J. (2010). Effects of maternal
obesity on fetal growth and body
composition: implications for
programming and future health. Semin.
Fetal Neonatal Med. 15, 113-118.

Galderisi, S., Bucci, P., Ucok, A. &
Peuskens, J. (2012). No gender
differences in social outcome in patients
suffering  from  schizophrenia.  Eur.
Psychiatry 27, 406-408.

Gamborg, M., Byberg, L., Rasmussen, F.,
Andersen, P.K., Baker, J.L., Bengtsson,
C., Canoy, D., Droyvold, W., Eriksson,
J.G., Forsen, T., Gunnarsdottir, 1.,
Jarvelin, M.R., Koupil, I., Lapidus, L.,
Nilsen, T.I., Olsen, S.F., Schack-Nielsen,
L., Thorsdottir, 1., Tuomainen, T.P. &
Sorensen, T.I. (2007). Birth weight and
systolic blood pressure in adolescence and
adulthood: meta-regression analysis of
sex- and age-specific results from 20
Nordic studies. Am. J. Epidemiol. 166,
634-645.

Gebicke-Haerter, P.J. (2012). Epigenetics
of schizophrenia. Pharmacopsychiatry 45
Suppl 1, S42-48.

Giuliano, A.J., Li, H., Mesholam-Gately,
R.L., Sorenson, S.M., Woodberry, K.A. &
Seidman, L.J. (2012). Neurocognition in
the psychosis risk  syndrome: a
quantitative and qualitative review. Curr.
Pharm. Des. 18, 399-415.

Gladsjo, J.A., McAdams, L.A., Palmer,
B.W., Moore, D.J., Jeste, D.V. & Heaton,

THL — Research 107 - 2013

R.K. (2004). A six-factor model of
cognition in schizophrenia and related
psychotic disorders: relationships with
clinical symptoms and functional capacity.
Schizophr. Bull. 30, 739-754.

Godfrey, K.M. & Barker, D.J. (2001).
Fetal programming and adult health.
Public Health Nutr. 4, 611-624.

Goldberg, T.E., Gold, J.M., Torrey, E.F.
& Weinberger, D.R. (1995). Lack of sex
differences in the neuropsychological
performance of patients with
schizophrenia. Am. J. Psychiatry 152,
883-888.

Goldberg, T.E., Goldman, R.S., Burdick,
K.E., Malhotra, A.K., Lencz, T., Patel,
R.C., Woerner, M.G., Schooler, N.R.,
Kane, J.M. & Robinson, D.G. (2007).
Cognitive improvement after treatment
with  second-generation antipsychotic
medications in first-episode
schizophrenia: is it a practice effect? Arch.
Gen. Psychiatry 64, 1115-1122.

Golden, C. (1978). Stroop Color and
Word Test: Manual for Clinical and
Experimental Uses. Stoelting: Chicago.

Goldstein, J.M., Cohen, L.S., Horton, N.J.,
Lee, H., Andersen, S., Tohen, M.,
Crawford, A. & Tollefson, G. (2002a).
Sex differences in clinical response to
olanzapine compared with haloperidol.
Psychiatry Res. 110, 27-37.

Goldstein, J.M., Seidman, L.J., Goodman,
JM., Koren, D., Lee, H., Weintraub, S. &

Tsuang, M.T. (1998). Are there sex
differences in neuropsychological
functions among patients with

schizophrenia? Am. J. Psychiatry 155,
1358-1364.

Cognitive Impairment in
Schizophrenia



References

Goldstein, J.M., Seidman, L.J., O'Brien,
L.M., Horton, N.J., Kennedy, D.N,,
Makris, N., Caviness, V.S., Jr., Faraone,
S.V. & Tsuang, M.T. (2002b). Impact of
normal sexual dimorphisms on sex
differences in structural brain
abnormalities in schizophrenia assessed
by magnetic resonance imaging. Arch.
Gen. Psychiatry 59, 154-164.

Gonzalez-Blanch, C., Rodriguez-Sanchez,
J.M., Perez-Iglesias, R., Pardo-Garcia, G.,
Martinez-Garcia, O., Vazquez-Barquero,
J.L. & Crespo-Facorro, B. (2010). First-
episode schizophrenia patients
neuropsychologically within the normal
limits: evidence of deterioration in speed
of processing. Schizophr. Res. 119, 18-26.

Gonzalez-Burgos, G., Hashimoto, T. &
Lewis, D.A. (2010). Alterations of cortical
GABA neurons and network oscillations
in schizophrenia. Curr. Psychiatry Rep.
12, 335-344.

Gottesman, I.I. & Gould, T.D. (2003). The
endophenotype concept in psychiatry:
etymology and strategic intentions. Am. J.
Psychiatry 160, 636-645.

Grant, P.M., Huh, G.A., Perivoliotis, D.,
Stolar, N.M. & Beck, A.T. (2012).
Randomized trial to evaluate the efficacy
of cognitive therapy for low-functioning
patients with schizophrenia. Arch. Gen.
Psychiatry 69, 121-127.

Green, M.F., Kern, R.S., Braff, D.L. &
Mintz, J. (2000). Neurocognitive deficits
and functional outcome in schizophrenia:

are we measuring the '"right stuff"?
Schizophr. Bull. 26, 119-136.
Green, M.J., Cairns, M.J., Wu, .,

Dragovic, M., Jablensky, A., Tooney,
P.A., Scott, RJ. & Carr, V.J. (2012).
Genome-wide supported variant MIR137

THL — Research 107 - 2013

and severe negative symptoms predict
membership of an impaired cognitive
subtype of schizophrenia. Mol. Psychiatry.
Published online before print June 26,
2012, doi:10.1038/mp.2012.84.

Greene, T. (2007). The Kraepelinian
dichotomy: the twin pillars crumbling?
Hist. Psychiatry 18, 361-379.

Greenwood, C.M., Husted, J., Bomba,
M.D., Hodgkinson, K.A. & Bassett, A.S.
(2004). Elevated rates of schizophrenia in
a familial sample with mental illness and
intellectual disability. J. Intellect. Disabil.
Res. 48, 531-539.

Greenwood, T.A., Lazzeroni, L.C.,
Murray, S.S., Cadenhead, K.S., Calkins,
M.E., Dobie, D.J., Green, M.F., Gur, R.E.,
Gur, R.C., Hardiman, G., Kelsoe, J.R.,
Leonard, S., Light, G.A., Nuechterlein,
K.H., Olincy, A., Radant, A.D., Schork,

N.J., Seidman, L.J., Siever, L.J,,
Silverman, J.M., Stone, W.S., Swerdlow,
N.R., Tsuang, D.W., Tsuang, M.T.,

Turetsky, B.I., Freedman, R. & Braff,
D.L. (2011). Analysis of 94 candidate
genes and 12 endophenotypes for
schizophrenia from the consortium on the
genetics of schizophrenia. Am. J.
Psychiatry 168, 930-946.

Greenwood, T.A., Light, G.A., Swerdlow,
N.R., Radant, A.D. & Braff, D.L. (2012).
Association analysis of 94 candidate genes
and schizophrenia-related
endophenotypes. PLoS One 7, €29630.

Grossman, L.S., Harrow, M., Rosen, C.,
Faull, R. & Strauss, G.P. (2008). Sex
differences in schizophrenia and other
psychotic disorders: a 20-year longitudinal
study of psychosis and recovery. Compr.
Psychiatry 49, 523-529.

Cognitive Impairment in
Schizophrenia



References

Gur, R.C., Ragland, J.D., Moberg, P.J.,
Bilker, W.B., Kohler, C., Siegel, S.J. &
Gur, R.E. (2001). Computerized
neurocognitive scanning: II. The profile of
schizophrenia. Neuropsychopharmacology
25,777-788.

Gur, R.E., Calkins, M.E., Gur, R.C.,
Horan, @ W.P., Nuechterlein, K.H.,
Seidman, L.J. & Stone, W.S. (2007). The
Consortium on the Genetics of
Schizophrenia: neurocognitive
endophenotypes. Schizophr. Bull. 33, 49-
68.

Gustavsson, A., Svensson, M., Jacobi, F.,
Allgulander, C., Alonso, J., Beghi, E.,
Dodel, R., Ekman, M., Faravelli, C.,
Fratiglioni, L., Gannon, B., Jones, D.H.,
Jennum, P., Jordanova, A., Jonsson, L.,
Karampampa, K., Knapp, M., Kobelt, G.,
Kurth, T., Lieb, R., Linde, M.,
Ljungcrantz, C., Maercker, A., Melin, B.,
Moscarelli, M., Musayev, A., Norwood,
F., Preisig, M., Pugliatti, M., Rehm, J,,
Salvador-Carulla, L., Schlehofer, B.,
Simon, R., Steinhausen, H.C., Stovner,
L.J., Vallat, JM., den Bergh, P.V., van
Os, J., Vos, P., Xu, W., Wittchen, H.U.,
Jonsson, B. & Olesen, J. (2011). Cost of
disorders of the brain in Europe 2010.
Eur. Neuropsychopharmacol. 21, 718-
779.

Haijma, S.V., Van Haren, N., Cahn, W,
Koolschijn, P.C., Hulshoff Pol, H.E. &
Kahn, R.S. (2012). Brain Volumes in
Schizophrenia: A Meta-Analysis in Over
18 000 Subjects. Schizophr. Bull.,
Published online before print October 5,
2012, doi: 2010.1093/schbul/sbs2118.

Halari, R., Mehrotra, R., Sharma, T., Ng,
V. & Kumari, V. (2006). Cognitive
impairment but preservation of sexual
dimorphism in cognitive abilities in

THL — Research 107 - 2013

chronic schizophrenia. Psychiatry Res.
141, 129-139.

Hans, S.L., Marcus, J., Nuechterlein,
K.H., Asarnow, R.F. Styr, B. &
Auerbach, J.G. (1999). Neurobehavioral
deficits at adolescence in children at risk
for schizophrenia: The Jerusalem Infant
Development  Study.  Arch. Gen.
Psychiatry 56, 741-748.

Harder, T., Roepke, K., Diller, N,
Stechling, Y., Dudenhausen, JW. &
Plagemann, A. (2009). Birth weight, early
weight gain, and subsequent risk of type 1
diabetes: systematic review and meta-
analysis. Am. J. Epidemiol. 169, 1428-
1436.

Harrison, G., Hopper, K., Craig, T,
Laska, E., Siegel, C., Wanderling, I,
Dube, K.C., Ganev, K., Giel, R., an der
Heiden, W., Holmberg, S.K., Janca, A.,
Lee, P.W., Leon, C.A., Malhotra, S.,
Marsella, A.J., Nakane, Y., Sartorius, N.,
Shen, Y., Skoda, C., Thara, R., Tsirkin,
S.J., Varma, V.K., Walsh, D. & Wiersma,
D. (2001). Recovery from psychotic
illness: a 15- and 25-year international
follow-up study. Br. J. Psychiatry 178,
506-517.

Harvey, P.D. (2009). Pharmacological
cognitive enhancement in schizophrenia.
Neuropsychol. Rev. 19, 324-335.

Harvey, P.D., Koren, D., Reichenberg, A.
& Bowie, C.R. (2006). Negative
symptoms and cognitive deficits: what is
the nature of their relationship? Schizophr.
Bull. 32,250-258.

Hawkins, K.A., Hoffman, R.E., Quinlan,
D.M., Rakfeldt, J., Docherty, NM. &
Sledge, W.H. (1997). Cognition, negative
symptoms, and diagnosis: a comparison of
schizophrenic, bipolar, and control

Cognitive Impairment in
Schizophrenia



References

samples. J.  Neuropsychiatry  Clin.
Neurosci. 9, 81-89.

Heinonen, K., Hakulinen, A. & Jokela, V.
(1988). SURVIVAL OF THE
SMALLEST: Time Trends and
Determinants of Mortality in a Very
Preterm Population During the 1980s. The
Lancet 332, 204-207.

Heinrichs, R.W., Ammari, N., McDermid
Vaz, S. & Miles, A.A. (2008). Are
schizophrenia and schizoaffective disorder
neuropsychologically distinguishable?
Schizophr. Res. 99, 149-154.

Heiskanen, N., Raatikainen, K. &
Heinonen, S. (2006). Fetal macrosomia--a
continuing obstetric challenge. Biol.
Neonate 90, 98-103.

Hemminki, E. (1983). Obstetric practice
in Finland, 1950-1980. Changes in
technology and its relation to health. Med.
Care 21, 1131-1143.

Hennah, W. (2005).
schizophrenia: The 1q42 locus in finnish
families. National Public Health Insitute &
University of Helsinki: Helsinki.

Hennah, W., Thomson, P., McQuillin, A.,
Bass, N., Loukola, A., Anjorin, A,
Blackwood, D., Curtis, D., Deary, LJ,,
Harris, S.E., Isometsa, E.T., Lawrence, J.,
Lonngvist, J., Muir, W., Palotie, A,
Partonen, T., Paunio, T., Pylkko, E.,
Robinson, M., Soronen, P., Suominen, K.,
Suvisaari, J., Thirumalai, S., St Clair, D.,
Gurling, H., Peltonen, L. & Porteous, D.
(2009). DISC1 association, heterogeneity
and interplay in schizophrenia and bipolar
disorder. Mol. Psychiatry 14, 865-873.

Hennah, W., Tomppo, L., Hiekkalinna, T.,

Palo, O.M., Kilpinen, H., Ekelund, J,,
Tuulio-Henriksson, A., Silander, K.,

THL — Research 107 - 2013

Genetics  of

Partonen, T., Paunio, T., Terwilliger, J.D.,
Lonngvist, J. & Peltonen, L. (2007).
Families with the risk allele of DISCI
reveal a link between schizophrenia and
another component of the same molecular
pathway, NDE1. Hum. Mol. Genet. 16,
453-462.

Hennah, W., Tuulio-Henriksson, A.,
Paunio, T., Ekelund, J.,, Varilo, T.,
Partonen, T., Cannon, T.D., Lonngqvist, J.
& Peltonen, L. (2005). A haplotype within
the DISC1 gene is associated with visual
memory functions in families with a high
density of schizophrenia. Mol. Psychiatry
10, 1097-1103.

Hennah, W., Varilo, T., Kestild, M.,
Paunio, T., Arajarvi, R., Haukka, J.,
Parker, A., Martin, R., Levitzky, S,
Partonen, T., Meyer, J., Lonnqvist, J.,
Peltonen, L. & Ekelund, J. (2003).
Haplotype transmission analysis provides
evidence of association for DISCI to
schizophrenia and suggests sex-dependent
effects. Hum. Mol. Genet. 12, 3151-3159.

Henriksen, T. (2008). The macrosomic
fetus: a challenge in current obstetrics.
Acta Obstet. Gynecol. Scand. 87, 134-145.

Ho, B.C., Andreasen, N.C., Ziebell, S.,
Pierson, R. & Magnotta, V. (2011). Long-
term antipsychotic treatment and brain
volumes: a longitudinal study of first-

episode  schizophrenia. Arch. Gen.
Psychiatry 68, 128-137.

Hoff, A.L., Svetina, C., Shields, G.,
Stewart, J. & DeLisi, L.E. (2005). Ten
year longitudinal study of
neuropsychological functioning

subsequent to a first episode of
schizophrenia. Schizophr. Res. 78, 27-34.

Hoff, A.L., Wieneke, M., Faustman,
W.O., Horon, R., Sakuma, M., Blankfeld,

Cognitive Impairment in
Schizophrenia



References

H., Espinoza, S. & DeLisi, L.E. (1998).
Sex differences in neuropsychological
functioning  of  first-episode  and
chronically ill schizophrenic patients. 4m.
J. Psychiatry 155, 1437-1439.

Hori, H., Noguchi, H., Hashimoto, R.,
Nakabayashi, T., Omori, M., Takahashi,
S., Tsukue, R., Anami, K., Hirabayashi,
N., Harada, S., Saitoh, O., Iwase, M.,
Kajimoto, O., Takeda, M., Okabe, S. &
Kunugi, H. (2006). Antipsychotic
medication and cognitive function in
schizophrenia. Schizophr. Res. 86, 138-
146.

Hoti, F., Tuulio-Henriksson, A., Haukka,
J., Partonen, T., Holmstrom, L. &
Lonnqvist, J.  (2004). Family-based
clusters of cognitive test performance in
familial schizophrenia. BMC Psychiatry 4,
20.

Hovatta, 1. (1998). Molecular genetics of
familial  schizophrenia and PLO-SL.
Doctoral dissertation. National Public
Health Institute & University of Helsinki:
Helsinki.

Hovatta, 1., Lichtermann, D., Juvonen, H.,
Suvisaari, J., Terwilliger, J.D., Arajarvi,
R., Kokko-Sahin, M.L., Ekelund, 7.,
Lonngvist, J. & Peltonen, L. (1998).
Linkage analysis of putative schizophrenia
gene candidate regions on chromosomes
3p, 5q, 6p, 8p, 20p and 22q in a
population-based sampled Finnish family
set. Mol. Psychiatry 3, 452-457.

Hovatta, L, Terwilliger, 1.D.,
Lichtermann, D., Mékikyr6, T., Suvisaari,
J., Peltonen, L. & Lonngvist, J. (1997).
Schizophrenia in the genetic isolate of
Finland. Am. J. Med. Genet. 74, 353-360.

Hovatta, 1., Varilo, T., Suvisaari, J.,
Terwilliger, J.D., Ollikainen, V., Arajarvi,

THL — Research 107 - 2013

R., Juvonen, H., Kokko-Sahin, M.L.,
Vaisanen, L., Mannila, H., Lonnqvist, J. &
Peltonen, L. (1999). A genomewide
screen for schizophrenia genes in an
isolated Finnish subpopulation, suggesting
multiple susceptibility loci. Am. J. Hum.
Genet. 65, 1114-1124.

Howes, O.D. & Kapur, S. (2009). The
dopamine hypothesis of schizophrenia:
version III--the final common pathway.
Schizophr. Bull. 35, 549-562.

Huang, G.H., Tsai, H.H., Hwu, H.G,,
Chen, C.H., Liu, C.C., Hua, M.S. & Chen,
W.J. (2011). Patient subgroups of
schizophrenia based on the Positive and
Negative Syndrome Scale: composition
and transition between acute and subsided
disease states. Compr. Psychiatry 52, 469-
478.

Hultman, C.M., Sparen, P., Takei, N,
Murray, R.M. & Cnattingius, S. (1999).
Prenatal and perinatal risk factors for
schizophrenia, affective psychosis, and
reactive psychosis of early onset: case-
control study. BMJ 318, 421-426.

Hafner, H. (2003). Gender differences in
schizophrenia. Psychoneuroendocrinology
28 Suppl 2, 17-54.

Hafner, H., an der Heiden, W., Behrens,
S., Gattaz, W.F., Hambrecht, M., Loffler,
W., Maurer, K., Munk-Jorgensen, P.,
Nowotny, B., Riecher-Réssler, A. & Stein,
A. (1998). Causes and consequences of
the gender difference in age at onset of
schizophrenia. Schizophr. Bull. 24, 99-
113.

Héfner, H., an der Heiden, W. & Maurer,
K. (2008). Evidence for separate diseases?
Stages of one disease or different
combinations of symptom dimensions?

Cognitive Impairment in
Schizophrenia



References

Eur. Arch. Psychiatry Clin. Neurosci. 258
Suppl 2, 85-96.

Héafner, H., Riecher-Réssler, A., An Der
Heiden, W., Maurer, K., Fatkenheuer, B.
& Loffler, W. (1993). Generating and
testing a causal explanation of the gender
difference in age at first onset of
schizophrenia. Psychol. Med. 23, 925-940.

Idring, S., Rai, D., Dal, H., Dalman, C.,,
Sturm, H., Zander, E., Lee, B.K.,,
Serlachius, E. & Magnusson, C. (2012).
Autism  spectrum  disorders in the
Stockholm  Youth  Cohort:  design,
prevalence and validity. PLoS Omne 7,
e41280.

Insel, T.R. (2010). Rethinking
schizophrenia. Nature 468, 187-193.

Isohanni, M., Honkonen, T., Vartiainen,
H. & Lonngvist, J. (2007). Skitsofrenia. In
Psykiatria  (ed. J. Lonngvist, M.
Heikkinen, M. Henriksson, M. Marttunen
and T. Partonen), pp. 73-139. Kustannus
Oy Duodecim: Helsinki.

Isohanni, M., Miettunen, J., Maki, P.,
Murray, G.K., Ridler, K., Lauronen, E.,
Moilanen, K., Alaraisanen, A., Haapea,
M., Isohanni, 1., Ivleva, E., Tamminga, C.,
McGrath, J. & Koponen, H. (2006). Risk
factors for schizophrenia. Follow-up data
from the Northern Finland 1966 Birth
Cohort Study. World Psychiatry 5, 168-
171.

Jablensky, A., Morar, B., Wiltshire, S.,
Carter, K., Dragovic, M., Badcock, J.C.,
Chandler, D., Peters, K. & Kalaydjieva, L.
(2011). Polymorphisms associated with
normal memory variation also affect
memory impairment in schizophrenia.
Genes Brain Behav. 10, 410-417.

THL — Research 107 - 2013

Jaenisch, R. & Bird, A. (2003). Epigenetic
regulation of gene expression: how the
genome integrates intrinsic and
environmental signals. Nat. Genet. 33
Suppl, 245-254.

Jakkula, E., Rehnstrom, K., Varilo, T.,
Pietildinen, O.P., Paunio, T., Pedersen,
N.L., deFaire, U., Jarvelin, MR,
Saharinen, J., Freimer, N., Ripatti, S.,
Purcell, S., Collins, A., Daly, M.J,
Palotie, A. & Peltonen, L. (2008). The
genome-wide patterns of variation expose
significant substructure in a founder
population. Am. J. Hum. Genet. 83, 787-
794.

Jefferis, B.J., Power, C. & Hertzman, C.
(2002). Birth  weight,  childhood
socioeconomic environment, and
cognitive development in the 1958 British
birth cohort study. BMJ 325, 305.

Jolly, M.C., Sebire, N.J., Harris, J.P.,
Regan, L. & Robinson, S. (2003). Risk
factors for macrosomia and its clinical
consequences: a study of 350,311
pregnancies. Eur. J. Obstet. Gynecol.
Reprod. Biol. 111, 9-14.

Jones, P., Rodgers, B., Murray, R. &
Marmot, M. (1994). Child development
risk factors for adult schizophrenia in the
British 1946 birth cohort. Lancet 344,
1398-1402.

Jorm, A.F., Anstey, K.J., Christensen, H.
& Rodgers, B. (2004). Gender differences
in cognitive abilities: the mediating role of
health state and health habits. Intelligence
32, 7-23.

Jurado, M.B. & Rosselli, M. (2007). The
elusive nature of executive functions: a
review of our current understanding.
Neuropsychol. Rev. 17,213-233.

Cognitive Impairment in
Schizophrenia



References

Jaaskeldinen, E., Juola, P., Hirvonen, N.,
McGrath, J.J., Saha, S., Isohanni, M.,
Veijola, J. & Miettunen, J. (2012). A
Systematic Review and Meta-Analysis of
Recovery in Schizophrenia. Schizophr.
Bull., Published online before print
November 20, 2012, doi:
2010.1093/schbul/sbs2130.

Kannan, G. & Pletnikov, M.V. (2012).
Toxoplasma gondii and cognitive deficits
in schizophrenia: an animal model
perspective. Schizophr. Bull. 38, 1155-
1161.

Kantrowitz, J. & Javitt, D.C. (2012).
Glutamatergic transmission in
schizophrenia: from basic research to
clinical practice. Curr. Opin. Psychiatry
25, 96-102.

Karayiorgou, M., Motris, M.A., Morrow,
B., Shprintzen, R.J., Goldberg, R,
Borrow, J.,, Gos, A., Nestadt, G.,
Wolyniec, P.S., Lasseter, V.K. & et al.
(1995).  Schizophrenia  susceptibility
associated with interstitial deletions of
chromosome 22ql1. Proc. Natl. Acad. Sci.
U.S. A.92,7612-7616.

Keefe, R.S., Bilder, R.M., Harvey, P.D.,
Davis, S.M., Palmer, B.W., Gold, J.M.,
Meltzer, H.Y., Green, M.F., Miller, D.D.,
Canive, J.M., Adler, L.W., Manschreck,
T.C., Swartz, M., Rosenheck, R., Perkins,
D.O., Walker, T.M., Stroup, T.S,,
McEvoy, J.P. & Lieberman, J.A. (2006).
Baseline neurocognitive deficits in the

CATIE schizophrenia trial.
Neuropsychopharmacology 31, 2033-
2046.

Kent, W.J., Sugnet, C.W., Furey, T.S.,
Roskin, K.M., Pringle, T.H., Zahler, A.M.
& Haussler, D. (2002). The human
genome browser at UCSC. Genome Res.
12, 996-1006.

THL — Research 107 - 2013

Keshavan, M.S., Tandon, R., Boutros,
N.N. & Nasrallah, H.A. (2008).
Schizophrenia, "just the facts": what we
know in 2008 Part 3: neurobiology.
Schizophr. Res. 106, 89-107.

Kinnunen, T.I., Luoto, R., Gissler, M. &
Hemminki, E. (2003). Pregnancy weight
gain from 1960s to 2000 in Finland. Int. J.
Obes. Relat. Metab. Disord. 27, 1572-
1577.

Kirkbride, J.B., Errazuriz, A., Croudace,
T.J., Morgan, C., Jackson, D., Boydell, J.,
Murray, R.M. & Jones, P.B. (2012).
Incidence of schizophrenia and other
psychoses in England, 1950-2009: a
systematic review and meta-analyses.
PLoS One 7, e31660.

Kirkpatrick, B. & Galderisi, S. (2008).
Deficit schizophrenia: an update. World
Psychiatry 7, 143-147.

Kirov, G., Rujescu, D., Ingason, A.,
Collier, D.A., O'Donovan, M.C. & Owen,
M.J. (2009). Neurexin 1 (NRXNI)
deletions in schizophrenia. Schizophr.
Bull. 35, 851-854.

Kiviniemi, M., Suvisaari, J., Pirkola, S.,
Hakkinen, U., Isohanni, M. & Hakko, H.
(2010). Regional differences in five-year
mortality after a first episode of
schizophrenia in Finland. Psychiatr. Serv.
61,272-279.

Koskela, O. (1965).
geographic  modification.
Gynaecol. Fenn. 54, 461-471.

Large fetus; a
Ann.  Chir.

Krabbendam, L., Arts, B., van Os, J. &
Aleman, A. (2005). Cognitive functioning
in patients with schizophrenia and bipolar
disorder: a quantitative review. Schizophr.
Res. 80, 137-149.

Cognitive Impairment in
Schizophrenia



References

Kremen, W.S., Faraone, S.V., Toomey,
R., Seidman, L.J. & Tsuang, M.T. (1998).
Sex  differences in self-reported
schizotypal traits in relatives of
schizophrenic probands. Schizophr. Res.
34, 27-37.

Kremen, W.S., Goldstein, J.M., Seidman,
L.J., Toomey, R., Lyons, M.J., Tsuang,
M.T. & Faraone, S.V. (1997). Sex
differences in neuropsychological function
in non-psychotic relatives of
schizophrenic probands. Psychiatry Res.
66, 131-144.

Kremen, W.S., Seidman, L.J., Faraone,
S.V., Toomey, R. & Tsuang, M.T. (2004).
Heterogeneity of schizophrenia: a study of
individual neuropsychological profiles.
Schizophr. Res. 71, 307-321.

Kuehner, C. (2003). Gender differences in
unipolar depression: an update of
epidemiological findings and possible
explanations. Acta Psychiatr. Scand. 108,
163-174.

Kuha, A., Tuulio-Henriksson, A., Eerola,
M., Perilé, J., Suvisaari, J., Partonen, T. &
Lonnqgvist, J. (2007). Impaired executive
performance in healthy siblings of
schizophrenia patients in a population-
based study. Schizophr. Res. 92, 142-150.

Kiihn, S. & Gallinat, J. (2011). Resting-
State Brain Activity in Schizophrenia and
Major Depression: A Quantitative Meta-
Analysis. Schizophr. Bull., Published
online before print November 10, 2011,
doi: 2010.1093/schbul/sbr2151.

Konnecke, R., Héfner, H., Maurer, K.,
Loffler, W. & An der Heiden, W. (2000).
Main risk factors for schizophrenia:
increased familial loading and pre- and
peri-natal complications antagonize the

THL — Research 107 - 2013

protective effect of oestrogen in women.
Schizophr. Res. 44, 81-93.

Lahti-Koski, M., Seppanen-Nuijten, E.,
Mannisto, S., Harkanen, T., Rissanen, H.,
Knekt, P., Rissanen, A. & Heliovaara, M.
(2010). Twenty-year changes in the
prevalence of obesity among Finnish
adults. Obes. Rev. 11, 171-176.

Lake, C.R. (2007). Schizoaffective
disorder merges schizophrenia and bipolar
disorders as one disease--there is no
schizoaffective disorder. Curr.t opin.
psychiatry 20, 365-379.

Lauronen, E., Miettunen, J., Veijola, J.,
Karhu, M., Jones, P.B. & Isohanni, M.
(2007). Outcome and its predictors in
schizophrenia within the Northern Finland
1966 Birth Cohort. Eur. Psychiatry 22,
129-136.

Laursen, T.M., Labouriau, R., Licht,
R.W., Bertelsen, A., Munk-Olsen, T. &
Mortensen, P.B. (2005). Family history of
psychiatric illness as a risk factor for
schizoaffective  disorder: a  Danish
register-based cohort study. Arch. Gen.
Psychiatry 62, 841-848.

Laursen, TM.,  Munk-Olsen, T,
Nordentoft, M. & Mortensen, B.P. (2007).
A comparison of selected risk factors for
unipolar depressive disorder, bipolar
affective disorder, schizoaffective
disorder, and schizophrenia from a danish
population-based  cohort. J.  Clin.
Psychiatry 68, 1673-1681.

Lawlor, D.A., Clark, H., Ronalds, G. &
Leon, D.A. (2006). Season of birth and
childhood intelligence: findings from the
Aberdeen Children of the 1950s cohort
study. Br. J. Educ. Psychol. 76, 481-499.

Cognitive Impairment in
Schizophrenia



References

Lee, T., Mosing, M.A., Henry, J.D.,,
Trollor, J.N., Lammel, A., Ames, D.,
Martin, N.G., Wright, M.J. & Sachdev,
P.S. (2012). Genetic influences on five
measures of processing speed and their
covariation with general cognitive ability
in the elderly: the older Australian twins
study. Behav. Genet. 42, 96-106.

Lehman, A.F., Kreyenbuhl, J., Buchanan,
R.W., Dickerson, F.B., Dixon, L.B.,
Goldberg, R., Green-Paden, L.D.,
Tenhula, W.N., Boerescu, D., Tek, C.,
Sandson, N. & Steinwachs, D.M. (2004).

The Schizophrenia Patient Outcomes
Research Team  (PORT): updated
treatment recommendations 2003.
Schizophr. Bull. 30, 193-217.

Lemons, J.A., Bauer, C.R., Oh, W.,

Korones, S.B., Papile, L.A., Stoll, B.J,,
Verter, J., Temprosa, M., Wright, L.L.,
Ehrenkranz, R.A., Fanaroff, A.A., Stark,
A., Carlo, W., Tyson, J.E., Donovan, E.F.,
Shankaran, S. & Stevenson, D.K. (2001).
Very low birth weight outcomes of the
National Institute of Child health and
human development neonatal research
network, January 1995 through December
1996. NICHD Neonatal Research
Network. Pediatrics 107, E1.

Leonard, H., Nassar, N., Bourke, J., Blair,
E., Mulroy, S., de Klerk, N. & Bower, C.
(2008). Relation between intrauterine
growth and subsequent intellectual
disability in a ten-year population cohort
of children in Western Australia. Am. J.
Epidemiol. 167, 103-111.

Leucht, S., Arbter, D., Engel, RR,
Kissling, W. & Davis, J.M. (2009). How
effective are second-generation
antipsychotic drugs? A meta-analysis of
placebo-controlled trials. Mol. Psychiatry
14, 429-447.

THL — Research 107 - 2013

Lewandowski, K.E., Cohen, B.M.,
Keshavan, M.S. & Ongur, D. (2011).
Relationship of neurocognitive deficits to
diagnosis and symptoms across affective
and non-affective psychoses. Schizophr.
Res. 133,212-217.

Lewine, R.R.J., Walker, E.F., Shurett, R.,
Caudle, J. & Haden, C. (1996). Sex
differences in neuropsychological
functioning among schizophrenic patients.
Am. J. Psychiatry 153, 1178-1184.

Lezak, M.D., Howieson, D.B., Bigler,
E.D. & Tranel, D. (2012).
Neuropsychological assessment. Oxford
University press: New York.

Lichtenstein, P., Yip, B.H., Bjork, C,,
Pawitan, Y., Cannon, T.D., Sullivan, P.F.
& Hultman, CM. (2009). Common
genetic determinants of schizophrenia and
bipolar disorder in Swedish families: a
population-based study. Lancet 373, 234-
239.

Logan, S. & Johnston, R. (2009). Gender
differences in reading ability and attitudes:
examining where these differences lie. J.
Res. Read. 32, 199-214.

Longenecker, 1., Genderson, ],
Dickinson, D., Malley, J., Elvevag, B.,
Weinberger, D.R. & Gold, J. (2010).
Where have all the women gone?:
participant gender in epidemiological and
non-epidemiological research of
schizophrenia. Schizophr. Res. 119, 240-
245.

Lynn, R. & Irwing, P. (2008). Sex
differences in mental arithmetic, digit
span, and g defined as working memory
capacity. Intelligence 36, 226-235.

Lysaker, P.H., Meyer, P., Evans, J.D. &
Marks, K.A. (2001). Neurocognitive and

Cognitive Impairment in
Schizophrenia



References

symptom correlates of self-reported
childhood sexual abuse in schizophrenia
spectrum disorders. Ann. Clin. Psychiatry
13, 89-92.

Maccabe, J.H. (2008). Population-based
cohort studies on premorbid cognitive
function in schizophrenia. Epidemiol. Rev.
30, 77-83.

MacLeod, C.M. (1991). Half a century of
research on the Stroop effect: an
integrative review. Psychol. Bull. 109,
163-203.

Malhi, G.S., Green, M., Fagiolini, A.,
Peselow, E.D. & Kumari, V. (2008).
Schizoaffective disorder: diagnostic issues
and future recommendations. Bipolar
Disord. 10, 215-230.

Malhotra, D. & Sebat, J. (2012). CNVs:
harbingers of a rare variant revolution in
psychiatric genetics. Cell 148, 1223-1241.

March, D., Hatch, S.L., Morgan, C.,
Kirkbride, J.B., Bresnahan, M., Fearon, P.
& Susser, E. (2008). Psychosis and place.
Epidemiol. Rev. 30, 84-100.

Maric, N., Krabbendam, L., Vollebergh,
W., de Graaf, R. & van Os, J. (2003). Sex
differences in symptoms of psychosis in a
non-selected, general population sample.
Schizophr. Res. 63, 89-95.

Markham, J.A. (2012). Sex steroids and
schizophrenia. Rev. Endocr. Metab.
Disord. 13, 187-207.

Matheson, S.L., Shepherd, A.M., Laurens,
K.R. & Carr, V.J. (2011). A systematic
meta-review grading the evidence for non-
genetic risk factors and putative
antecedents of schizophrenia. Schizophr.
Res. 133, 133-142.

THL — Research 107 - 2013

Matheson, S.L.,  Shepherd, A.M,,
Pinchbeck, R.M., Laurens, K.R. & Carr,
V.J. (2012). Childhood adversity in
schizophrenia: a systematic meta-analysis.
Psychol. Med., Published online before
print April 30, 2012, doi:
http://dx.doi.org/2010.1017/S0033291712
000785.

McGrath, J., Saha, S., Chant, D. &
Welham, J. (2008). Schizophrenia: a
concise overview of incidence,

prevalence, and mortality. Epidemiol. Rev.
30, 67-76.

McGrath, J., Saha, S., Welham, J., El
Saadi, O., MacCauley, C. & Chant, D.
(2004). A systematic review of the
incidence of  schizophrenia: the
distribution of rates and the influence of
sex, urbanicity, migrant status and
methodology. BMC Med. 2, 13.

McGuffin, P., Farmer, A. & Harvey, L
(1991). A polydiagnostic application of
operational criteria in studies of psychotic
illness. Development and reliability of the
OPCRIT system. Arch. Gen. Psychiatry
48, 764-770.

McGurk, S.R., Twamley, E.W., Sitzer,
D.I., McHugo, G.J. & Mueser, K.T.
(2007). A meta-analysis of cognitive
remediation in schizophrenia. Am. J.
Psychiatry 164, 1791-1802.

Medalia, A. & Choi, J. (2009). Cognitive
remediation in schizophrenia.
Neuropsychol. Rev. 19, 353-364.

Meier, M.H., Caspi, A., Ambler, A,
Harrington, H., Houts, R., Keefe, R.S.,
McDonald, K., Ward, A., Poulton, R. &
Moffitt, T.E. (2012). Persistent cannabis
users show neuropsychological decline
from childhood to midlife. Proc. Natl.
Acad. Sci. U. S. A. 109, E2657-2664.

Cognitive Impairment in
Schizophrenia



References

Mendrek, A. (2007). Reversal of normal
cerebral sexual dimorphism in
schizophrenia: evidence and speculations.
Med. Hypotheses 69, 896-902.

Mesholam-Gately, R.I., Giuliano, A.J,,
Goff, K.P., Faraone, S.V. & Seidman, L.J.
(2009). Neurocognition in first-episode
schizophrenia: a meta-analytic review.
Neuropsychology 23, 315-336.

Mick, E., Biederman, J., Prince, 7.,
Fischer, M.J. & Faraone, S.V. (2002).
Impact of low birth weight on attention-
deficit hyperactivity disorder. J. Dev.
Behav. Pediatr. 23, 16-22.

Miettunen, J. & Jadskeldinen, E. (2010).
Sex differences in Wisconsin Schizotypy
Scales--a meta-analysis. Schizophr. Bull.
36, 347-358.

Miller, B., Messias, E., Miettunen, J.,
Alaraisanen, A., Jarvelin, M.R., Koponen,
H., Rasanen, P., Isohanni, M. &
Kirkpatrick, B. (2011). Meta-analysis of
paternal age and schizophrenia risk in
male versus female offspring. Schizophr.
Bull. 37, 1039-1047.

Minzenberg, M.J., Laird, A.R., Thelen, S.,
Carter, C.S. & Glahn, D.C. (2009). Meta-
analysis of 41 functional neuroimaging
studies of executive function in
schizophrenia. Arch. Gen. Psychiatry 66,
811-822.

Mirsky, A.F., Anthony, B.J., Duncan,
C.C.,, Ahearn, M.B. & Kellam, S.G.
(1991). Analysis of the elements of
attention: a neuropsychological approach.
Neuropsychol. Rev. 2, 109-145.

Mishara, A.L. & Goldberg, T.E. (2004). A

meta-analysis and critical review of the
effects of conventional neuroleptic

THL — Research 107 - 2013

treatment on cognition in schizophrenia:
opening a closed book. Biol. Psychiatry
55,1013-1022.

Mittal, V.A., Ellman, L.M. & Cannon,
T.D. (2008). Gene-environment
interaction and covariation in
schizophrenia: the role of obstetric
complications. Schizophr. Bull. 34, 1083-
1094.

Miyake, A., Friedman, N.P., Emerson,
M.J., Witzki, A.H., Howerter, A. &
Wager, T.D. (2000). The unity and
diversity of executive functions and their
contributions to complex "Frontal Lobe"
tasks: a latent variable analysis. Cogn.
Psychol. 41, 49-100.

Moilanen, K., Jokelainen, J., Jones, P.B.,
Hartikainen, A.L., Jarvelin, M.R. &
Isohanni, M. (2010). Deviant intrauterine
growth and risk of schizophrenia: a 34-
year follow-up of the Northern Finland
1966 Birth Cohort. Schizophr. Res. 124,
223-230.

Molloy, C., Conroy, R.M., Cotter, D.R. &
Cannon, M. (2011). Is traumatic brain
injury a risk factor for schizophrenia? A
meta-analysis of case-controlled
population-based studies. Schizophr. Bull.
37,1104-1110.

Moore, T.H., Zammit, S., Lingford-
Hughes, A., Barnes, T.R., Jones, P.B.,
Burke, M. & Lewis, G. (2007). Cannabis
use and risk of psychotic or affective
mental health outcomes: a systematic
review. Lancet 370, 319-328.

Morar, B., Dragovic, M., Waters, F.A.,
Chandler, D., Kalaydjieva, L. &
Jablensky, A. (2011). Neuregulin 3
(NRG3) as a susceptibility gene in a
schizophrenia  subtype  with  florid

Cognitive Impairment in
Schizophrenia



References

delusions and relatively spared cognition.
Mol. Psychiatry 16, 860-866.

Morgan, V.A., Castle, D.J. & Jablensky,
A.V. (2008a). Do women express and
experience psychosis differently from
men? Epidemiological evidence from the
Australian National Study of Low
Prevalence (Psychotic) Disorders. Aust. N.
Z. J. Psychiatry 42, 74-82.

Morgan, V.A., Leonard, H., Bourke, J. &
Jablensky, A. (2008b). Intellectual
disability co-occurring with schizophrenia
and other psychiatric illness: population-
based study. Br. J. Psychiatry 193, 364-
372.

Morgane, P.J., Austin-LaFrance, R.,
Bronzino, J., Tonkiss, J., Diaz-Cintra, S.,
Cintra, L., Kemper, T. & Galler, J.R.
(1993).  Prenatal  malnutrition  and
development of the brain. Neurosci.
Biobehav. Rev. 17, 91-128.

Myles-Worsley, M., Coon, H., Tiobech,
J., Collier, J.,, Dale, P., Wender, P.,
Reimherr, F., Polloi, A. & Byerley, W.
(1999). Genetic epidemiological study of
schizophrenia in Palau, Micronesia:
prevalence and familiality. Am. J. Med.
Genet. 88, 4-10.

Myles-Worsley, M., Ord, LM,
Ngiralmau, H., Weaver, S., Blailes, F. &
Faraone, S.V. (2007a). The Palau Early
Psychosis Study: neurocognitive
functioning in high-risk adolescents.
Schizophr. Res. 89, 299-307.

Myles-Worsley, M., Tiobech, J., Blailes,
F., Yano, V.M. & Faraone, S.V. (2007b).
Recurrence risk to offspring in extended
multiplex schizophrenia pedigrees from a
Pacific Island isolate. Am. J. Med. Genet.
B Neuropsychiatr. Genet. 144, 41-44.

THL — Research 107 - 2013

Nolin, P. & Ethier, L. (2007). Using
neuropsychological profiles to classify
neglected children with or without
physical abuse. Child Abuse Negl. 31,
631-643.

Nuechterlein, K.H., Green, M.F., Kern,
R.S., Baade, L.E., Barch, D.M., Cohen,
J1.D., Essock, S., Fenton, W.S._, Frese, F.J.,
3rd, Gold, J.M., Goldberg, T., Heaton,
RK. Keefe, R.S., Kraemer, H,,
Mesholam-Gately, R., Seidman, L.J,
Stover, E., Weinberger, D.R., Young,
A.S., Zalcman, S. & Marder, S.R. (2008).
The MATRICS Consensus Cognitive
Battery, part 1: test selection, reliability,
and validity. Am. J. Psychiatry 165, 203-
213.

O'Connell, JR. & Weeks, D.E. (1998).
PedCheck: a program for identification of
genotype incompatibilities in linkage
analysis. Am. J. Hum. Genet. 63,259-266.

O'Donovan, M.C., Craddock, N., Norton,
N., Williams, H., Peirce, T., Moskvina,
V., Nikolov, I., Hamshere, M., Carroll, L.,
Georgieva, L., Dwyer, S., Holmans, P.,
Marchini, J.L., Spencer, C.C., Howie, B.,
Leung, H.T., Hartmann, A.M., Moller,
H.J., Morris, D.W., Shi, Y., Feng, G,
Hoffmann, P., Propping, P., Vasilescu, C.,
Maier, W., Rietschel, M., Zammit, S.,
Schumacher, J., Quinn, E.M., Schulze,
T.G., Williams, N.M., Giegling, 1., Iwata,
N., Ikeda, M., Darvasi, A., Shifman, S.,
He, L., Duan, J., Sanders, A.R., Levinson,
D.F., Gejman, P.V., Cichon, S., Nothen,
M.M., Gill, M., Corvin, A., Rujescu, D.,
Kirov, G., Owen, M.J., Buccola, N.G.,
Mowry, B.J., Freedman, R., Amin, F.,
Black, D.W., Silverman, J.M., Byerley,
W.F. & Cloninger, C.R. (2008).
Identification of loci associated with
schizophrenia by genome-wide
association and follow-up. Nat. Genet. 40,
1053-1055.

Cognitive Impairment in
Schizophrenia



References

Ogino, S., Miyamoto, S., Tenjin, T.,
Kitajima, R., Ojima, K., Miyake, N.,
Funamoto, Y., Arai, J., Tsukahara, S., Ito,
Y., Tadokoro, M., Anai, K., Tatsunami,
S., Kubota, H., Kaneda, Y. & Yamaguchi,
N. (2011). Effects of discontinuation of
long-term biperiden use on cognitive
function and quality of life in
schizophrenia. Prog.
Neuropsychopharmacol. Biol. Psychiatry
35, 78-83.

Olabi, B., Ellison-Wright, 1., MclIntosh,
A.M., Wood, S.J., Bullmore, E. & Lawrie,
S.M. (2011). Are there progressive brain
changes in schizophrenia? A meta-
analysis of structural magnetic resonance
imaging studies. Biol. Psychiatry 70, 88-
96.

Orfei, M.D., Spoletini, I., Banfi, G,
Caltagirone, C. & Spalletta, G. (2010).
Neuropsychological correlates of
cognitive  insight in  schizophrenia.
Psychiatry Res. 178, 51-56.

Palmer, B.W., Heaton, R.K., Paulsen, J.S.,
Kuck, J., Braff, D., Harris, M.J., Zisook,
S. & Jeste, D.V. (1997). Is it possible to
be schizophrenic yet neuropsychologically
normal? Neuropsychology 11, 437-446.

Palmgren, K. (1964). Kehittyneisyyden
alueittaisista  eroavuuksista  Suomessa

(Regional Differences in the Degree of

Development in  Finland). National

Planning Bureau: Helsinki.

Palo, O.M., Antila, M., Silander, K.,
Hennah, W., Kilpinen, H., Soronen, P.,
Tuulio-Henriksson, A., Kieseppa, T.,
Partonen, T., Lonnqvist, J., Peltonen, L. &
Paunio, T. (2007). Association of distinct

allelic  haplotypes of DISC1 with
psychotic and bipolar spectrum disorders
and with underlying cognitive

THL — Research 107 - 2013

impairments. Hum. Mol. Genet. 16, 2517-
2528.

Paunio, T., Arajarvi, R., Terwilliger, J.D.,
Hiekkalinna, T., Haimi, P., Partonen, T.,
Lonngvist, J., Peltonen, L. & Varilo, T.
(2009). Linkage analysis of schizophrenia
controlling for population substructure.
Am. J. Med. Genet. B Neuropsychiatr.
Genet. 150B, 827-835.

Paunio, T., Ekelund, J., Varilo, T., Parker,
A., Hovatta, 1., Turunen, J.A., Rinard, K.,
Foti, A., Terwilliger, J.D., Juvonen, H.,
Suvisaari, J., Arajirvi, R., Suokas, J.,
Partonen, T., Lonnqvist, J., Meyer, J. &
Peltonen, L. (2001). Genome-wide scan in
a  nationwide study sample  of
schizophrenia families in Finland reveals
susceptibility loci on chromosomes 2q and
5q. Hum. Mol. Genet. 10, 3037-3048.

Paunio, T., Tuulio-Henriksson, A.,
Hiekkalinna, T., Perola, M., Varilo, T.,
Partonen, T., Cannon, T.D., Lonngqvist, J.
& Peltonen, L. (2004). Search for
cognitive trait components of
schizophrenia reveals a locus for verbal
learning and memory on 4q and for visual
working memory on 2q. Hum. Mol. Genet.
13, 1693-1702.

Peltonen, L., Palotie, A. & Lange, K.
(2000). Use of population isolates for
mapping complex traits. Nat Rev Genet 1,
182-190.

Peralta, V. & Cuesta, M.J. (2008).
Exploring  the  borders of  the
schizoaffective spectrum: a categorical
and dimensional approach. J. Affect.
Disord. 108, 71-86.

Perez-Iglesias, R., Tordesillas-Gutierrez,
D., McGuire, P.K., Barker, G.J., Roiz-
Santianez, R., Mata, 1., de Lucas, EM.,
Rodriguez-Sanchez, J.M., Ayesa-Arriola,

Cognitive Impairment in
Schizophrenia



References

R., Vazquez-Barquero, J.L. & Crespo-
Facorro, B. (2010). White matter integrity
and cognitive impairment in first-episode
psychosis. Am. J. Psychiatry 167, 451-
458.

Perdld, J., Saarni, S.I., Ostamo, A.,
Pirkola, S., Haukka, J., Harkdnen, T.,
Koskinen, S., Lonngvist, J. & Suvisaari, J.
(2008).  Geographic  variation  and
sociodemographic  characteristics  of
psychotic disorders in Finland. Schizophr.
Res. 106, 337-347.

Perdlda, J., Suvisaari, J., Saarni, S.,
Kuoppasalmi, K., Isometsd, E., Pirkola,
S., Partonen, T., Tuulio-Henriksson, A.,
Hintikka, J., Kieseppd, T., Harkénen, T.,
Koskinen, S. & Lonnqvist, J. (2007).
Lifetime prevalence of psychotic and
bipolar I disorders in a general population.
Arch. Gen. Psychiatry 64, 19-28.

Petersen, S.E. & Posner, M.I. (2012). The
attention system of the human brain: 20
years after. Annu. Rev. Neurosci. 35, 73-
89.

Piekkala, P., Erkkola, R., Kero, P.,
Tenovuo, A. & Sillanpad, M. (1985).
Declining perinatal mortality in a region
of Finland, 1968-82. Am. J. Public Health
75, 156-160.

Pitkédnen, K., Koskinen, S. & Martelin, T.
(2000). Kuolleisuuden alue-erot ja niiden
historia. Duodecim 116, 1697-1710.

Pope, H.G., Jr., Lipinski, J.F., Cohen,
BM. & Axelrod, D.T. (1980).
"Schizoaffective disorder": an invalid
diagnosis? A comparison of
schizoaffective disorder, schizophrenia,
and affective disorder. Am. J. Psychiatry
137,921-927.

THL — Research 107 - 2013 91

Power, C., Jefferis, B.J., Manor, O. &
Hertzman, C. (2006). The influence of
birth weight and socioeconomic position
on cognitive development: Does the early
home and learning environment modify
their effects? J. Pediatr. 148, 54-61.

Rahu, K., Rahu, M., Pullmann, H. &
Allik, J. (2010). Effect of birth weight,
maternal education and prenatal smoking
on offspring intelligence at school age.
Early Hum. Dev. 86, 493-497.

Rajji, T.K., Ismail, Z. & Mulsant, B.H.
(2009). Age at onset and cognition in

schizophrenia: meta-analysis. Br. J.
Psychiatry 195, 286-293.
Rapoport, J.L., Addington, A.M,,

Frangou, S. & Psych, M.R. (2005). The
neurodevelopmental model of
schizophrenia:  update  2005. Mol
Psychiatry 10, 434-449.

Rapoport, J.L., Giedd, J.N. & Gogtay, N.
(2012). Neurodevelopmental model of
schizophrenia:  update  2012. Mol
Psychiatry 17, 1228-1238.

Rees, E., Moskvina, V., Owen, M.J.,
O'Donovan, M.C. & Kirov, G. (2011). De
novo rates and selection of schizophrenia-
associated copy number variants. Biol.
Psychiatry 70, 1109-1114.

Regeer, E.J., Krabbendam, L., de Graaf,
R., ten Have, M., Nolen, W.A. & van Os,
J. (2006). A prospective study of the
transition rates of  subthreshold
(hypo)mania and depression in the general
population. Psychol. Med. 36, 619-627.

Reichenberg, A., Caspi, A., Harrington,
H., Houts, R., Keefe, R.S., Murray, R.M.,
Poulton, R. & Moffitt, T.E. (2010). Static
and dynamic cognitive deficits in
childhood preceding adult schizophrenia:

Cognitive Impairment in
Schizophrenia



References

a 30-year study. Am. J. Psychiatry 167,
160-169.

Reichenberg, A., Harvey, P.D., Bowie,
C.R., Mojtabai, R., Rabinowitz, J.,
Heaton, R.K. & Bromet, E. (2009).
Neuropsychological function and
dysfunction in  schizophrenia  and
psychotic affective disorders. Schizophr.
Bull. 35,1022-1029.

Reitan, R M. & Wolfson, D. (1985). The
Halstead Reitan Neuropsychological Test
Battery. Neuropsychology Press: Tuscon,
AZ.

Rieckmann, N., Reichenberg, A., Bowie,
C.R., Parrella, M., White, L., Friedman,
J.I. & Harvey, P.D. (2005). Depressed
mood and its functional correlates in
institutionalized schizophrenia patients.
Schizophr. Res. 77, 179-187.

Rifkin, L., Lewis, S., Jones, P., Toone, B.
& Murray, R. (1994). Low birth weight
and schizophrenia. Br. J. Psychiatry 165,
357-362.

Ripke, S., Sanders, A.R., Kendler, K.S.,
Levinson, D.F., Sklar, P., Holmans, P.A.,
Lin, D.Y., Duan, J., Ophoff, R.A,
Andreassen, O.A., Scolnick, E., Cichon,
S., St Clair, D., Corvin, A., Gurling, H.,
Werge, T., Rujescu, D., Blackwood, D.H.,
Pato, C.N., Malhotra, A.K., Purcell, S.,
Dudbridge, F., Neale, B.M., Rossin, L.,
Visscher, P.M., Posthuma, D., Ruderfer,
D.M., Fanous, A., Stefansson, H.,
Steinberg, S., Mowry, B.J., Golimbet, V.,
De Hert, M., Jonsson, E.G., Bitter, I.,
Pietilainen, O.P., Collier, D.A., Tosato, S.,
Agartz, 1., Albus, M., Alexander, M.,
Amdur, R.L., Amin, F., Bass, N., Bergen,
S.E., Black, D.W., Borglum, A.D., Brown,
M.A., Bruggeman, R., Buccola, N.G,,
Byerley, W.F., Cahn, W., Cantor, R.M.,
Carr, V.J., Catts, S.V., Choudhury, K.,

THL — Research 107 - 2013

Cloninger, C.R., Cormican, P., Craddock,
N., Danoy, P.A., Datta, S., de Haan, L.,
Demontis, D., Dikeos, D., Djurovic, S.,
Donnelly, P., Donohoe, G., Duong, L.,
Dwyer, S., Fink-Jensen, A., Freedman, R.,
Freimer, N.B., Friedl, M., Georgieva, L.,
Giegling, 1., Gill, M., Glenthoj, B.,
Godard, S., Hamshere, M., Hansen, M.,
Hansen, T., Hartmann, A.M., Henskens,
F.A., Hougaard, D.M., Hultman, C.M,,
Ingason, A., Jablensky, A.V., Jakobsen,
K.D., Jay, M., Jurgens, G., Kahn, R.S,,
Keller, M.C., Kenis, G., Kenny, E., Kim,
Y., Kirov, G.K., Konnerth, H., Konte, B.,
Krabbendam, L., Krasucki, R., Lasseter,
V.K.,, Laurent, C., Lawrence, J., Lencz, T.,
Lerer, F.B., Liang, K.Y., Lichtenstein, P.,
Lieberman, JA., Linszen, D.H.,
Lonngvist, J., Loughland, C.M., Maclean,
A.W., Maher, B.S., Maier, W., Mallet, J.,
Malloy, P., Mattheisen, M., Mattingsdal,
M., McGhee, K.A., McGrath, J.J.,
Mclntosh, A., McLean, D.E., McQuillin,
A., Melle, 1., Michie, P.T., Milanova, V.,
Morris, D.W., Mors, O., Mortensen, P.B.,
Moskvina, V., Muglia, P., Myin-Germeys,
1., Nertney, D.A., Nestadt, G., Nielsen, J.,
Nikolov, I., Nordentoft, M., Norton, N.,
Nothen, M.M., O'Dushlaine, C.T., Olincy,
A., Olsen, L., O'Neill, F.A., Orntoft, T.F.,
Owen, M.J., Pantelis, C., Papadimitriou,
G., Pato, M.T., Peltonen, L., Petursson,
H., Pickard, B., Pimm, J., Pulver, A.E.,
Puri, V., Quested, D., Quinn, E.M,,
Rasmussen, H.B., Rethelyi, J.M., Ribble,
R., Rietschel, M., Riley, B.P., Ruggeri,
M., Schall, U., Schulze, T.G., Schwab,
S.G., Scott, R.J., Shi, J., Sigurdsson, E.,
Silverman, JIM., Spencer, C.C,
Stefansson, K., Strange, A., Strengman,
E., Stroup, T.S., Suvisaari, J., Terenius,
L., Thirumalai, S., Thygesen, J.H., Timm,
S., Toncheva, D., van den Oord, E., van
Os, J., van Winkel, R., Veldink, J., Walsh,
D, Wang, A.G, Wiersma, D,
Wildenauer, D.B., Williams, H.J,,
Williams, N.M., Wormley, B., Zammit,

Cognitive Impairment in
Schizophrenia



References

S., Sullivan, P.F., O'Donovan, M.C., Daly,
M.J. & Gejman, P.V. (2011). Genome-
wide association study identifies five new
schizophrenia loci. Nat. Genet. 43, 969-
976.

Roesch-Ely, D., Hornberger, E., Weiland,
S., Hornstein, C., Parzer, P., Thomas, C.
& Weisbrod, M. (2009). Do sex
differences affect prefrontal cortex
associated cognition in schizophrenia?
Schizophr. Res. 107, 255-261.

Rosenman, S., Korten, A., Medway, J. &
Evans, M. (2003). Dimensional vs.
categorical diagnosis in psychosis. Acta
Psychiatr. Scand. 107, 378-384.

Roy, M.A. & Crowe, R.R. (1994).
Validity of the familial and sporadic
subtypes of schizophrenia. Am. J.
Psychiatry 151, 805-814.

Roy, M.A., Maziade, M., Labbe, A. &
Merette, C. (2001). Male gender is
associated with deficit schizophrenia: a
meta-analysis. Schizophr. Res. 47, 141-
147.

Rozen, S. & Skaletsky, H. (2000). Primer3
on the WWW for general users and for
biologist programmers. Methods Mol.
Biol. 132, 365-386.

Saha, S., Barnett, A.G., Foldi, C., Burne,
T.H., Eyles, D.W., Buka, S.L. & McGrath,
J.J. (2009). Advanced paternal age is
associated with impaired neurocognitive
outcomes during infancy and childhood.
PLoS Med. 6, €40.

Saha, S., Chant, D. & McGrath, J. (2007).
A systematic review of mortality in
schizophrenia: is the differential mortality
gap worsening over time? Arch. Gen.
Psychiatry 64, 1123-1131.

THL — Research 107 - 2013

Saha, S., Chant, D., Welham, J. &
McGrath, J. (2005). A systematic review
of the prevalence of schizophrenia. PLoS
Med. 2, el41.

Salthouse, T.A. (1996). The processing-
speed theory of adult age differences in
cognition. Psychol. Rev. 103, 403-428.

Saracco-Alvarez, R., Rodriguez-Verdugo,
S., Garcia-Anaya, M. & Fresan, A. (2009).
Premorbid adjustment in schizophrenia
and schizoaffective disorder. Psychiatry
Res. 165, 234-240.

Sarter, M., Lustig, C. & Taylor, S.F.
(2012). Cholinergic contributions to the
cognitive symptoms of schizophrenia and
the viability of cholinergic treatments.
Neuropharmacology 62, 1544-1553.

Savla, G.N., Vella, L., Armstrong, C.C.,
Penn, D.L. & Twamley, E-W. (2012).
Deficits in Domains of Social Cognition
in Schizophrenia: A Meta-Analysis of the
Empirical Evidence. Schizophr. Bull.,
Published online before print September
4,2012, doi: 2010.1093/schbul/sbs2080.

Schendel, D. & Bhasin, T.K. (2008). Birth
weight and gestational age characteristics
of children with autism, including a
comparison with other developmental
disabilities. Pediatrics 121, 1155-1164.

Schulz, K.M., Molenda-Figueira, H.A. &
Sisk, C.L. (2009). Back to the future: The
organizational-activational hypothesis
adapted to puberty and adolescence.
Horm. Behav. 55, 597-604.

Seedat, S., Scott, K.M., Angermeyer,
M.C., Berglund, P., Bromet, E.J., Brugha,
T.S., Demyttenaere, K., de Girolamo, G.,
Haro, J.M., Jin, R., Karam, E.G., Kovess-
Masfety, V., Levinson, D., Medina Mora,
M.E., Ono, Y., Ormel, J., Pennell, B.E.,

Cognitive Impairment in
Schizophrenia



References

Posada-Villa, J., Sampson, N.A,
Williams, D. & Kessler, R.C. (2009).
Cross-national ~ associations  between
gender and mental disorders in the World
Health Organization World Mental Health
Surveys. Arch. Gen. Psychiatry 66, 785-
795.

Seeman, M.V. & Lang, M. (1990). The
role of estrogens in schizophrenia gender
differences. Schizophr. Bull. 16, 185-194.

Seidman, L.J., Buka, S.L., Goldstein,
JM., Horton, N.J.,, Rieder, R.O. &
Tsuang, M.T. (2000). The relationship of
prenatal and perinatal complications to
cognitive functioning at age 7 in the New
England Cohorts of the National
Collaborative Perinatal Project. Schizophr.
Bull. 26, 309-321.

Seidman, L.J., Cherkerzian, S., Goldstein,
J.M., Agnew-Blais, J., Tsuang, M.T. &
Buka, S.L. (2013). Neuropsychological
performance and family history in
children at age 7 who develop adult
schizophrenia or bipolar psychosis in the
New England Family Studies. Psychol.
Med. 43, 119-131.

Seidman, L.J., Goldstein, J.M., Goodman,
JM., Koren, D., Turner, W.M., Faraone,
S.V. & Tsuang, M.T. (1997). Sex
differences in olfactory identification and
Wisconsin Card Sorting performance in
schizophrenia: relationship to attention
and verbal ability. Biol. Psychiatry 42,
104-115.

Service, S., DeYoung, J., Karayiorgou,
M., Roos, J.L., Pretorious, H., Bedoya, G.,
Ospina, J., Ruiz-Linares, A., Macedo, A.,
Palha, J.A., Heutink, P., Aulchenko, Y.,
Oostra, B., van Duijn, C., Jarvelin, M.R.,
Varilo, T., Peddle, L., Rahman, P., Piras,
G., Monne, M., Murray, S., Galver, L.,
Peltonen, L., Sabatti, C., Collins, A. &

THL — Research 107 - 2013

Freimer, N. (2006). Magnitude and
distribution of linkage disequilibrium in
population isolates and implications for
genome-wide association studies. Nat.
Genet. 38, 556-560.

Shamsi, S., Lau, A., Lencz, T., Burdick,
K.E., DeRosse, P., Brenner, R,
Lindenmayer, J.P. & Malhotra, A.K.
(2011). Cognitive and symptomatic
predictors of functional disability in
schizophrenia. Schizophr. Res. 126, 257-
264.

Shenkin, S.D., Starr, JM. & Deary, LJ.
(2004). Birth weight and cognitive ability
in childhood: a systematic review.
Psychol. Bull. 130, 989-1013.

Shifman, S., Johannesson, M., Bronstein,
M., Chen, S.X., Collier, D.A., Craddock,
N.J., Kendler, K.S., Li, T., O'Donovan,
M., O'Neill, F.A., Owen, M.J., Walsh, D.,
Weinberger, D.R., Sun, C., Flint, J. &
Darvasi, A. (2008). Genome-wide
association identifies a common variant in
the reelin gene that increases the risk of
schizophrenia only in women. PLoS
Genet. 4, e28.

Shipman, S.L., Baker, E.K., Pearlson, G.
& Astur, R.S. (2009). Absence of
established sex differences in patients with
schizophrenia on a two-dimensional
object array task. Psychiatry Res. 166,
158-165.

Silva, A., Metha, Z. & O'Callaghan F, J.
(2006). The relative effect of size at birth,
postnatal growth and social factors on
cognitive function in late childhood. Ann.
Epidemiol. 16, 469-476.

Simonsen, C., Sundet, K., Vaskinn, A.,
Birkenaes, A.B., Engh, J.A., Faerden, A.,
Jonsdottir, H., Ringen, P.A,,
Opjordsmoen, S., Melle, 1., Friis, S. &

Cognitive Impairment in
Schizophrenia



References

Andreassen, O.A. (2011). Neurocognitive
Dysfunction in Bipolar and Schizophrenia
Spectrum Disorders Depends on History
of Psychosis Rather Than Diagnostic
Group. Schizophr. Bull. 37, 73-83.

Sitskoorn, M.M., Aleman, A., Ebisch,
S.J., Appels, M.C. & Kahn, R.S. (2004a).
Cognitive deficits in relatives of patients
with schizophrenia: a meta-analysis.
Schizophr. Res. 71, 285-295.

Sitskoorn, M.M., Ebisch, S.J., Appels, M.,
Nuyen, J. & Kahn, R.S. (2004b). Memory
profiles in parents of patients with
schizophrenia. Psychiatry Res. 128, 27-37.

Sorensen, H.J., Mortensen, E.L.,
Schiffman, J., Reinisch, J.M., Maeda, J. &
Mednick, S.A. (2010). Early
developmental milestones and risk of
schizophrenia: a 45-year follow-up of the
Copenhagen Perinatal Cohort. Schizophr.
Res. 118, 41-47.

Sota, T.L. & Heinrichs, R.W. (2003). Sex
differences in verbal memory in
schizophrenia  patients treated  with
"typical" neuroleptics. Schizophr. Res. 62,
175-182.

Spinillo, A., Montanari, L., Gardella, B.,
Roccio, M., Stronati, M. & Fazzi, E.
(2009). Infant sex, obstetric risk factors,
and 2-year neurodevelopmental outcome
among preterm infants. Dev. Med. Child
Neurol. 51, 518-525.

Squire, L.R. & Zola, S.M. (1996).
Structure and function of declarative and
nondeclarative memory systems. Proc.
Natl. Acad. Sci. U. S. 4. 93, 13515-13522.

StataCorp (2007). Intercooled Stata 9.2
Jfor Windows. StataCorp: Texas.

THL — Research 107 - 2013

Stefansson, H., Ophoff, R.A., Steinberg,
S., Andreassen, O.A., Cichon, S., Rujescu,
D., Werge, T., Pietilainen, O.P., Mors, O.,
Mortensen, P.B.,  Sigurdsson, E.,
Gustafsson, O., Nyegaard, M., Tuulio-
Henriksson, A., Ingason, A., Hansen, T.,
Suvisaari, J., Lonnqvist, J., Paunio, T.,
Borglum, A.D., Hartmann, A., Fink-
Jensen, A., Nordentoft, M., Hougaard, D.,
Norgaard-Pedersen, B., Bottcher, Y.,
Olesen, J., Breuer, R., Moller, H.J.,
Giegling, 1., Rasmussen, H.B., Timm, S.,
Mattheisen, M., Bitter, 1., Rethelyi, J.M.,
Magnusdottir, B.B., Sigmundsson, T.,
Olason, P., Masson, G., Gulcher, J.R.,
Haraldsson, M., Fossdal, R., Thorgeirsson,
T.E., Thorsteinsdottir, U., Ruggeri, M.,
Tosato, S., Franke, B., Strengman, E.,
Kiemeney, L.A., Melle, 1., Djurovic, S.,
Abramova, L., Kaleda, V., Sanjuan, J., de
Frutos, R., Bramon, E., Vassos, E., Fraser,
G., Ettinger, U., Picchioni, M., Walker,
N., Toulopoulou, T., Need, A.C., Ge, D.,
Yoon, J.L., Shianna, K.V., Freimer, N.B.,
Cantor, R.M., Murray, R., Kong, A,
Golimbet, V., Carracedo, A., Arango, C.,
Costas, J., Jonsson, E.G., Terenius, L.,
Agartz, 1., Petursson, H., Nothen, M.M.,
Rietschel, M., Matthews, P.M., Muglia,
P., Peltonen, L., St Clair, D., Goldstein,
D.B., Stefansson, K. & Collier, D.A.
(2009). Common variants conferring risk
of schizophrenia. Nature 460, 744-747.

Stip, E. & Mancini-Marie, A. (2004).
Cognitive function and depression in
symptom resolution in schizophrenia
patients  treated with an  atypical
antipsychotic. Brain Cogn. 55, 463-465.

Stotland, N.E., Caughey, A.B., Breed,
E.M. & Escobar, G.J. (2004). Risk factors
and obstetric complications associated
with macrosomia. Int. J. Gynaecol.
Obstet. 87,220-226.

Cognitive Impairment in
Schizophrenia



References

Strauss, R.S. (2000). Adult functional
outcome of those born small for
gestational age: twenty-six-year follow-up
of the 1970 British Birth Cohort. JAMA
283, 625-632.

Sullivan, E.V., Shear, P.K., Lim, K.O.,
Zipursky, R.B. & Pfefferbaum, A. (1996).
Cognitive and motor impairments are
related to gray matter volume deficits in
schizophrenia. Biol. Psychiatry 39, 234-
240.

Sullivan, P.F., Kendler, K.S. & Neale,
M.C. (2003). Schizophrenia as a complex
trait: evidence from a meta-analysis of
twin studies. Arch. Gen. Psychiatry 60,
1187-1192.

Suomen virallinen tilasto XI (1955).
Lddkintolaitos. Lddkintohallituksen
kertomus vuosilta 1939-1952. Helsinki.

Suren, P., Bakken, 1.J., Aase, H., Chin, R.,
Gunnes, N., Lie, K.K., Magnus, P.,
Reichborn-Kjennerud, T., Schjolberg, S.,
Oyen, A.S. & Stoltenberg, C. (2012).
Autism  spectrum  disorder, ADHD,
epilepsy, and cerebral palsy in Norwegian
children. Pediatrics 130, e152-158.

Suvisaari, J., Aalto-Setdld, T., Tuulio-
Henriksson, A., Héarkdnen, T., Saarni, S.I.,
Perdld, J., Schreck, M., Castaneda, A.,
Hintikka, J., Kestild, L., Lahteenmaki, S.,
Latvala, A., Koskinen, S., Marttunen, M.,
Aro, H. & Lonngvist, J. (2009a). Mental
disorders in young adulthood. Psychol.
Med. 39, 287-299.

Suvisaari, J., Partti, K., Peréla, J., Viertio,
S., Saarni, S.E., Lonnqvist, J., Saarni, S.I.
& Hirkénen, T. (2012a). Mortality and its
determinants in people with psychotic
disorder. Psychosom. Med., Published
online before print December 20, 2012,

THL — Research 107 - 2013

doi: 2010.1097/
PSY.2010b2013e31827ad31512

Suvisaari, J., Perdld, J., Saarni, S.I,
Juvonen, H., Tuulio-Henriksson, A. &
Lonngvist, J. (2009b). The epidemiology
and descriptive and predictive validity of
DSM-IV delusional disorder and sutypes
of schizophrenia. Clin. Schizophr. Relat.
Psychoses 2,289-297.

Suvisaari, J.M., Haukka, J., Tanskanen, A.
& Lonngvist, J. K. (1998). Age at onset
and outcome in schizophrenia are related
to the degree of familial loading. Br. J.
Psychiatry 173, 494-500.

Suvisaari, J.M., Taxell-Lassas, V.,
Pankakoski, M., Haukka, J.K., Lonnqvist,
JK. & Hikkinen, L.T. (2012b). Obstetric
Complications as Risk Factors for
Schizophrenia Spectrum Psychoses in
Offspring of Mothers With Psychotic
Disorder. Schizophr. Bull., Published
online before print September 20, 2012,
doi: 2010.1093/schbul/sbs2109.

Szoke, A., Meary, A., Trandafir, A.,
Bellivier, F., Roy, I., Schurhoff, F. &
Leboyer, M. (2008). Executive deficits in
psychotic and bipolar disorders -
implications for our understanding of
schizoaffective disorder. Eur. Psychiatry
23, 20-25.

Szyf, M., McGowan, P. & Meaney, M.J.
(2008). The social environment and the
epigenome. Environ. Mol. Mutagen. 49,
46-60.

Takayanagi, Y., Kawasaki, Y., Nakamura,
K., Takahashi, T., Orikabe, L., Toyoda,
E., Mozue, Y., Sato, Y., Itokawa, M.,
Yamasue, H., Kasai, K., Kurachi, M.,
Okazaki, Y., Matsushita, M. & Suzuki, M.
(2010). Differentiation of first-episode
schizophrenia patients from healthy

Cognitive Impairment in
Schizophrenia



References

controls using ROI-based multiple
structural ~ brain  variables.  Prog.
Neuropsychopharmacol. Biol. Psychiatry
34, 10-17.

The International Schizophrenia
Consortium (2008). Rare chromosomal
deletions and duplications increase risk of
schizophrenia. Nature 455, 237-241.

The official statistics of Finland XI: 62
(1962). Public health and medical care
1960. Helsinki.

Thorup, A., Petersen, L., Jeppesen, P.,
Ohlenschlaeger, J., Christensen, T.,
Krarup, G., Jorgensen, P. & Nordentoft,
M. (2007). Gender differences in young
adults with first-episode schizophrenia
spectrum disorders at baseline in the
Danish OPUS study. J. Nerv. Ment. Dis.
195, 396-405.

Tomppo, L., Hennah, W., Lahermo, P.,
Loukola, A., Tuulio-Henriksson, A.,
Suvisaari, J., Partonen, T., Ekelund, J.,
Lonngvist, J. & Peltonen, L. (2009).
Association between genes of Disrupted in
schizophrenia 1 (DISC1) interactors and
schizophrenia supports the role of the
DISC1 pathway in the etiology of major
mental illnesses. Biol. Psychiatry 65,
1055-1062.

Torrent, C., Martinez-Aran, A., Amann,
B., Daban, C., Tabares-Seisdedos, R.,
Gonzalez-Pinto, A., Reinares, M.,
Benabarre, A., Salamero, M., McKenna,
P. & Vieta, E. (2007). Cognitive
impairment in schizoaffective disorder: a
comparison with non-psychotic bipolar
and healthy subjects. Acta Psychiatr.
Scand. 116, 453-460.

Tuulio-Henriksson, A. (2005). Cognitive

dysfunction in schizophrenia: a familial
and  gemetic  approach.  Doctoral

THL — Research 107 - 2013

dissertation.  University of Helsinki.
National Public Health Institute: Helsinki.

Tuulio-Henriksson, A., Arajdrvi, R,
Partonen, T., Haukka, J., Varilo, T.,
Schreck, M., Cannon, T. & Lonnqvist, J.
(2003). Familial loading associates with
impairment in visual span among healthy
siblings of schizophrenia patients. Biol.
Psychiatry 54, 623-628.

Tuulio-Henriksson, A., Haukka, 7.,
Partonen, T., Varilo, T., Paunio, T.,
Ekelund, J., Cannon, T.D., Meyer, J.M. &
Lonngvist, J. (2002). Heritability and
number of quantitative trait loci of
neurocognitive functions in families with
schizophrenia. Am. J. Med. Genet. 114,
483-490.

Tuulio-Henriksson, A., Perdld, 7.,
Gottesman, L.I. & Suvisaari, J. (2009).
Neuropsychological endophenotypes in
schizophrenia and bipolar [ disorder:
yields from the Finnish family and twin
studies. In The  Handbook  of
Neuropsychiatric Biomarkers,
Endophenotypes, and Genes (ed. M.S.
Ritsner), pp. 125-140. Springer Verlag.

Tuulio-Henriksson, A., Perild, J., Saarni,
S.I, Isometsi, E.  Koskinen, S.,
Lonnqvist, J. & Suvisaari, J. (2011).
Cognitive functioning in severe
psychiatric disorders: a general population
study. Eur. Arch. Psychiatry Clin.
Neurosci. 261, 447-456.

Uhlhaas, P.J. & Singer, W. (2010).
Abnormal  neural oscillations and
synchrony in schizophrenia. Nat. Rev.
Neurosci. 11, 100-113.

Wahlbeck, K., Forsen, T., Osmond, C.,
Barker, D.J. & Eriksson, J.G. (2001).
Association of schizophrenia with low
maternal body mass index, small size at

Cognitive Impairment in
Schizophrenia



References

birth, and thinness during childhood.
Arch. Gen. Psychiatry 58, 48-52.

Walder, D.J., Seidman, L.J., Makris, N.,
Tsuang, M.T., Kennedy, D.N. &
Goldstein, J.M. (2007). Neuroanatomic
substrates of sex differences in language

dysfunction in schizophrenia: a pilot
study. Schizophr. Res. 90, 295-301.
Valdimarsdottir, U., Hultman, C.M.,

Harlow, B., Cnattingius, S. & Sparen, P.
(2009). Psychotic illness in first-time
mothers with no previous psychiatric
hospitalizations: a population-based study.
PLoS Med. 6, el3.

Walker, E.F. & Lewine, R.R.J. (1993).
Sampling biases in studies of gender and
schizophrenia. Schizophr. Bull. 19, 1-7;.

Walters, J.T., Corvin, A., Owen, M.J,,
Williams, H., Dragovic, M., Quinn, E.M.,
Judge, R., Smith, D.J., Norton, N.,,
Giegling, I., Hartmann, A.M., Moller,
H.J., Muglia, P., Moskvina, V., Dwyer, S.,
O'Donoghue, T., Morar, B., Cooper, M.,
Chandler, D., Jablensky, A., Gill, M.,
Kaladjieva, L., Morris, D.W., O'Donovan,
M.C., Ruyjescu, D. & Donohoe, G. (2010).
Psychosis susceptibility gene ZNF804A
and cognitive performance in
schizophrenia. Arch. Gen. Psychiatry 67,
692-700.

van der Sluis, S., Posthuma, D., Dolan,
C.V., de Geus, EJ.C.,, Colom, R. &
Boomsma, D.I. (2006). Sex differences on
the Dutch WAIS-III. Intelligence 34, 273-
289.

Van Lieshout, R.J. & Boyle, M.H. (2011).
Is Dbigger better? Macrosomia and
psychopathology later in life. Obes. Rev.
12, e405-411.

THL — Research 107 - 2013

van Os, J. & Kapur, S. (2009).
Schizophrenia. Lancet 374, 635-645.

van Os, J., Linscott, R.J., Myin-Germeys,
1., Delespaul, P. & Krabbendam, L.
(2009). A systematic review and meta-
analysis of the psychosis continuum:
evidence for a psychosis proneness-
persistence-impairment model of
psychotic disorder. Psychol. Med. 39, 179-
195.

van Os, J., Rutten, B.P. & Poulton, R.
(2008). Gene-environment interactions in
schizophrenia: review of epidemiological
findings and future directions. Schizophr.
Bull. 34, 1066-1082.

van Rossum, 1., Dominguez, M.D., Lieb,
R., Wittchen, H.U. & van Os, J. (2011).
Affective  dysregulation and reality
distortion: a 10-year prospective study of
their association and clinical relevance.
Schizophr. Bull. 37, 561-571.

Varilo, T., Paunio, T., Parker, A., Perola,
M., Meyer, J., Terwilliger, J.D. &
Peltonen, L. (2003). The interval of
linkage disequilibrium (LD) detected with
microsatellite and SNP markers in
chromosomes of Finnish populations with
different histories. Hum. Mol. Genet. 12,
51-59.

Vaskinn, A., Sundet, K., Simonsen, C.,
Hellvin, T., Melle, I. & Andreassen, O.A.
(2011). Sex differences in
neuropsychological  performance and
social functioning in schizophrenia and
bipolar disorder. Neuropsychology 25,
499-510.

Vassos, E., Pedersen, C.B., Murray, R.M.,
Collier, D.A. & Lewis, C.M. (2012).
Meta-analysis of the association of
urbanicity with schizophrenia. Schizophr.
Bull. 38, 1118-1123.

Cognitive Impairment in
Schizophrenia



References

Wechsler, D. (1981). Wechsler Adult
Intelligence Scale — Revised (WAIS-R),
Manual. The Psychological Corporation:
Cleveland.

Wechsler, D. (1987). Wechsler Memory
Scale — Revised (WMS-R), Manual. The
Psychological Corporation: San Antonio.

Wechsler, D. (1992). WAIS-R Kisikirja
(in Finnish). Psykologien Kustannus:
Helsinki.

Wedenoja, J. (2010). Molecular genetics
of schizophrenia and related intermediate
phenotypes in a founder population.
Doctoral  dissertation.
Helsinki. National Institute for Health and
Welfare: Helsinki.

Wedenoja, J., Loukola, A., Tuulio-
Henriksson, A., Paunio, T., Ekelund, J.,
Silander, K., Varilo, T., Heikkila, K.,
Suvisaari, J., Partonen, T., Lonnqvist, J. &
Peltonen, L. (2008). Replication of
linkage on chromosome 7q22 and
association of the regional Reelin gene
with working memory in schizophrenia
families. Mol. Psychiatry 13, 673-684.

Wedenoja, J., Tuulio-Henriksson, A.,
Suvisaari, J., Loukola, A., Paunio, T.,
Partonen, T., Varilo, T., Lonngvist, J. &
Peltonen, L. (2010). Replication of
association between working memory and
Reelin, a potential modifier gene in
schizophrenia. Biol. Psychiatry 67, 983-
991.

Wegelius, A., Pankakoski, M., Lehto, U.,
Suokas, J., Hakkinen, L., Tuulio-
Henriksson, A., Lonnqvist, J., Paunio, T.
& Suvisaari, J. (2012). An association
between both low and high birth weight
and increased disorganized and negative
symptom severity in schizophrenia and

THL — Research 107 - 2013

University  of

other  psychoses.  Psychiatry  Res.,
Published online before print September
19, 2012, doi:
2010.1016/j.psychres.2012.2008.2026.

Wegelius, A., Tuulio-Henriksson, A.,
Pankakoski, M., Haukka, J., Lehto, U.,
Paunio, T., Lonnqvist, J. & Suvisaari, J.
(2011). An association between high birth
weight and schizophrenia in a Finnish
schizophrenia family study sample.
Psychiatry Res. 190, 181-186.

Ventura, J., Hellemann, G.S., Thames,
A.D., Koellner, V. & Nuechterlein, K.H.
(2009). Symptoms as mediators of the
relationship between neurocognition and
functional outcome in schizophrenia: a
meta-analysis. Schizophr. Res. 113, 189-
199.

Ventura, J., Thames, A.D., Wood, R.C.,
Guzik, L.H. & Hellemann, G.S. (2010).
Disorganization and reality distortion in
schizophrenia: a meta-analysis of the
relationship between positive symptoms
and neurocognitive deficits. Schizophr.
Res. 121, 1-14.

Wessman, J.,, Paunio, T., Tuulio-
Henriksson, A., Koivisto, M., Partonen,
T., Suvisaari, J., Turunen, J.A., Wedenoja,
J., Hennah, W., Pietildiinen, O.P.,
Lonnqvist, J., Mannila, H. & Peltonen, L.
(2009). Mixture model clustering of
phenotype features reveals evidence for
association of DTNBP1 to a specific
subtype of schizophrenia. Biol. Psychiatry
66, 990-996.

Viertio, S., Tuulio-Henriksson, A., Perild,
J., Saarni, S.I., Koskinen, S., Sihvonen,
M., Lonngvist, J. & Suvisaari, J. (2012).
Activities of daily living, social
functioning and their determinants in
persons with psychotic disorder. Eur.
Psychiatry 27, 409-415.

Cognitive Impairment in
Schizophrenia



References

Wigginton, J.E. & Abecasis, G.R. (2005).
PEDSTATS: descriptive statistics,
graphics and quality assessment for gene
mapping data. Bioinformatics 21, 3445-
3447.

Wilk, C.M., Gold, J.M., McMahon, R.P.,
Humber, K., Tannone, V.N. & Buchanan,
R.W. (2005). No, it is not possible to be
schizophrenic yet neuropsychologically
normal. Neuropsychology 19, 778-786.

Wittchen, H.U., Lachner, G., Wunderlich,
U. & Pfister, H. (1998). Test-retest
reliability of the computerized DSM-IV
version of the Munich-Composite
International Diagnostic Interview (M-
CIDI). Soc.  Psychiatry  Psychiatr.
Epidemiol. 33, 568-578.

Woodberry, K.A., Giuliano, AlJ. &
Seidman, L.J. (2008). Premorbid IQ in
schizophrenia: a meta-analytic review.
Am. J. Psychiatry 165, 579-587.

Woodward, N.D., Purdon, S.E., Meltzer,
HY. & Zald, D.H. (2005). A meta-
analysis of neuropsychological change to
clozapine, olanzapine, quetiapine, and
risperidone in schizophrenia. Int. J.
Neuropsychopharmacol. 8, 457-472.

Voyer, D., Voyer, S. & Bryden, M.P.
(1995). Magnitude of sex differences in
spatial abilities: a meta-analysis and
consideration  of  critical  variables.
Psychol. Bull. 117,250-270.

Wright, I.C., Rabe-Hesketh, S., Woodruff,
P.W., David, A.S., Murray, RM. &
Bullmore, E.T. (2000). Meta-analysis of
regional brain volumes in schizophrenia.
Am. J. Psychiatry 157, 16-25.

THL — Research 107 - 2013

100

Vuori, E. & Gissler, M. (2012). Perinatal
statistics in the Nordic countries. National
Institute for Health and Welfare: Helsinki.

Wykes, T., Huddy, V., Cellard, C.,
McGurk, S.R. & Czobor, P. (2011). A
meta-analysis of cognitive remediation for
schizophrenia: methodology and effect
sizes. Am. J. Psychiatry 168, 472-485.

Yucel, M., Bora, E., Lubman, D.IL,
Solowij, N., Brewer, W.J., Cotton, S.M.,
Conus, P., Takagi, M.J., Fornito, A.,
Wood, S.J., McGorry, P.D. & Pantelis, C.
(2012). The impact of cannabis use on
cognitive functioning in patients with
schizophrenia: a meta-analysis of existing
findings and new data in a first-episode
sample. Schizophr. Bull. 38, 316-330.

Zeger, S.L. & Liang, K.Y. (1986).
Longitudinal data analysis for discrete and
continuous outcomes. Biometrics 42, 121-
130.

Aberg, K., Axelsson, E., Saetre, P., Jiang,
L., Wetterberg, L., Pettersson, U,
Lindholm, E. & Jazin, E. (2008). Support
for schizophrenia susceptibility locus on
chromosome 2q detected in a Swedish
isolate using a dense map of
microsatellites and SNPs. Am. J. Med.
Genet. B Neuropsychiatr. Genet. 147B,
1238-1244.

Cognitive Impairment in
Schizophrenia



	Cognitive Impairment inSchizophrenia: Related RiskFactors and ClinicalCharacteristics
	Abstract
	Tiivistelmä
	Contents
	List of original papers
	Abbreviations
	1 Introduction
	2 Review of the literature
	2.1 Schizophrenia
	2.2 Schizoaffective disorder and other schizophreniaspectrum psychoses
	2.3 Cognitive functions
	2.4 Cognitive functioning in schizophrenia
	2.4.1 Correlation of cognitive impairment with clinical characteristics ofschizophrenia

	2.5 Cognitive functioning in schizoaffective disorder
	2.6 Brain abnormalities in schizophrenia
	2.7 Aetiology of schizophrenia
	2.7.1 Biological and psychosocial risk factors for schizophrenia andtheir relationship to cognitive impairment
	2.7.1.1 Sexdifferencesinschizophrenia
	2.7.1.2 Birthweight

	2.7.2 Genetic risk factors for schizophrenia and their relationship tocognitive impairment
	2.7.2.1 Isolatesintheresearchintoschizophrenia



	3 Aims of the study
	4 Method
	4.1 Project description
	4.2 Participants
	4.2.1 Schizophrenia family samples
	4.2.2 Control sample

	4.3 Assessment methods
	4.3.1 Diagnostic and clinical evaluation
	4.3.2 Neuropsychological test administration
	4.3.3 Collection of birth weights
	4.3.4 Genotyping
	4.3.5 Statistical analyses


	5 Results
	5.1 Demographic and clinical characteristics
	5.2 Cognitive performance in schizophrenia andschizoaffective disorder (Study I)
	5.3 Sex differences in cognitive functions (Study II)
	5.4 The effects of birth weight on cognitive functioning(Study III)
	5.5 Cognitive performance in the isolate and the rest ofFinland (Study IV)

	6 Discussion
	6.1 Cognitive impairment in schizophrenia and schizoaffectivedisorder (Study I)
	6.2 Effects of sex on cognitive impairment (Study II)
	6.3 Effects of birth weight on cognitive impairment (Study III)
	6.4 Cognitive functioning in persons from the isolate and therest of Finland (Study IV)
	6.5 Methodological considerations
	6.6 Conclusions and future implications

	7 Acknowledgements
	8 References



