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Abstract
Many adults with schizophrenia have cognitive deficits, and many children who go on to develop
schizophrenia as adults have subtle sub-clinical signs of early developmental deviance. However, the
relationship between early markers of neurodevelopment and later neurocognition remains unclear.
The present thesis principally investigates infant neurodevelopment, adolescent scholastic
function and adult cognition in the Northern Finland 1966 Birth Cohort (n = 12,058). Proxy markers
of neurocognition – developmental milestones and school performance – were collected
prospectively. Individuals who went on to develop schizophrenia were identified. School
performance in pre-schizophrenic individuals was assessed by teacher ratings (n = 100). Cognition in
subjects with schizophrenia was assessed at age 33–35 (n = 61). A representative sample of the
general population at risk was studied as a comparison group (school assessments n = 9351;
neurocognitive assessment n = 104).
The schizophrenia group achieved neuromotor milestones later (p < 0.0001) and performed worse
than the control group on all cognitive measures (p < 0.0025). In pooled analyses there were
associations between infant motor development and adult cognition in executive function (p = 0.006),
verbal learning (p = 0.007) and visuospatial working memory (p = 0.02), (earlier development was
linked to better adult cognition) but not in visual object learning. The pattern of associations between
development and adult cognition was broadly similar in schizophrenia and the general population,
whereas associations between development and adolescent scholastic function were stronger in
schizophrenia than in controls (p < 0.05).
A complementary neuropsychological case study of spontaneous clinical and cognitive
improvement in chronic schizophrenia is also presented, showing that cognitive deficits in
schizophrenia do not always represent a static encephalopathy, but can be subject to marked
improvement. The possibility of using knowledge about premorbid features to help predict and
prevent schizophrenia is also critically reviewed, using the school setting as a practical example. It is
concluded that many obstacles remain before knowledge about premorbid features can be translated
to preventative interventions.
Overall, the results of these investigations are consistent with the hypothesis that in schizophrenia,
mild infant motor developmental delay, adolescent scholastic performance and cognitive deficits may
be age dependent manifestations of the same underlying neural process. Thus, they may be better
considered as part of a single longitudinal syndrome.

Keywords: cognition, infant motor development, longitudinal study, neuropsychology,
schizophrenia
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Tiivistelmä
Skitsofreniaa sairastavilla aikuisilla on kognitiivisten toimintojen puutoksia. Kognitiivisia (tiedon
prosessoinnin) toimintoja ovat esimerkiksi tarkkaavaisuus, huomiokyky, oppiminen, muisti, asioiden
suunnittelu ja ongelmanratkaisu. Monilla lapsilla, jotka sairastuvat aikuisiällä skitsofreniaan, on
vähäisiä, kliinisesti merkityksettömiä varhaisen kehityksen poikkeamia tai hitautta. Varhaisen
kehityksen ja myöhemmän kognition yhteys on toistaiseksi epäselvä. Tämä tutkimus selvittää
varhaisen hermostonkehityksen, nuoruusiän koulunkäynnin ja aikuisiän kognition yhteyttä PohjoisSuomen 1966 syntymäkohortissa (N = 12 058). Tiedot hermoston tietotoimintoja kuvaavista
muuttujista (varhainen kehitys ja koulumenestys) kerättiin prospektiivisesti, samoin tieto
skitsofreniaan sairastumisesta. Opettajat arvioivat tutkittavien (n = 100) koulumenestystä ennen
sairastumista. Skitsofreniaa sairastavien kognitiivinen suorituskyky arvioitiin 33–35 vuoden iässä
(n = 61). Vertailuryhmänä käytettiin edustavaa otosta yleisväestöstä (koulumenestys n = 9351;
kognitiivinen suorituskyky n = 104).
Skitsofreniaryhmä saavutti motoriset kehityskynnykset (kuten seisomaan ja kävelemään
oppiminen) keskimäärin merkittävästi myöhemmin ja suoriutui huonommin kuin kontrolliryhmä
kaikissa kognitiivisen suorituskyvyn mittauksissa. Lisäksi varhaisen motorisen kehityksen ja
aikuisiän kognitiivisen suorituskyvyn välillä havaittiin yhteys. Erityisesti varhainen motorinen
kehitys ennusti hyvää toiminnanohjausta, verbaalista oppimista ja visuospatiaalista työmuistia.
Vastaavaa yhteyttä ei havaittu visuaalisen oppimisen alueella. Varhaisen kehityksen ja aikuisiän
kognitiivisten toimintojen yhteys oli samantyyppinen sekä skitsofreniassa että yleisväestössä, kun
taas varhaisen kehityksen ja nuoruusiän koulumenetyksen yhteys oli vahvempi skitsofreniaan
sairastuneilla kuin verrokkihenkilöillä.
Yhtenä osatyönä esitetään tapausselostus, jossa kaksi kroonista skitsofreniaa sairastavaa henkilöä
toipui spontaanisti sekä kliinisesti ja kognitiivisesti. Tapausselostus osoittaa, että skitsofreniaan
liittyvä kognitiivisen tason lasku ei välttämättä heijasta pysyvää aivojen toiminnantason laskua, vaan
tila voi huomattavasti korjaantua. Tutkimuksen osana on myös katsaus siitä, missä määrin on
mahdollista ennustaa skitsofreniaa sairautta edeltävien piirteiden ja koulussa tehtyjen havaintojen
perusteella. Katsauksen valossa on ilmeistä, että on edelleen hyvin vaikea hyödyntää sairautta
edeltäviä piirteitä tulevan sairauden ennustamisessa ja etenkin ehkäisyssä.
Yhteenvetona voidaan todeta tämän tutkimuksen keskeisten tulosten tukevan hypoteesia, jonka
mukaan skitsofreniaan myöhemmin sairastuneilla havaittu lievä varhaisen motorisen kehityksen
viive, heikko nuoruusiän koulumenestys ja kognitiivisen tason lasku heijastanevat ikäsidonnaista
keskushermoston kehitysprosessia ja voivat olla osa samasta pitkittäisestä oirekokonaisuudesta.

Asiasanat: kognitio, lapsuusiän motorinen kehitys, neuropsykologia, pitkittäistutkimus,
skitsofrenia
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1 Introduction
Schizophrenia is a clinical syndrome of symptoms such as auditory hallucinations and
delusions, as well as social withdrawal, restricted affect and poor motivation. Criteria to
diagnose the disorder continue to develop and evolve over time (Table 1, Table 2). The
estimated lifetime prevalence is about 1%, varying from 0.5% to 1.5% in different parts
of the world, with higher rates in some population isolates (Cannon & Jones 1996). The
risk for schizophrenia was once thought to be equal between the sexes, but the recent
consensus opinion is that men are more commonly affected than women, with the
incidence risk ratio being 1.4 (McGrath et al. 2004). The disorder usually becomes
manifest in adolescence and early adulthood with the onset of positive psychotic
symptoms such as delusional thinking or hearing voices, though it tends to develop
slightly later in women than in men (Häfner et al. 1993, reviewed by Räsänen et al.
2000). However, the beginning of the syndrome is usually difficult to date, and it
develops gradually over time, the psychosis often being preceded by a period of months
or sometimes years of non-specific symptoms of subtly altered thinking or behaviour
(Yung & Jackson 1999). Very often the disorder runs a chronic course, frequently with
severe consequences on social or occupational function.
The causes of schizophrenia remain incompletely understood, but it is known that
there is a substantial hereditary component, and recently several genes have been
identified that increase risk for the disorder. However, the manner of inheritance is not
mendelian, and the aetiology appears to be multifactorial (Harrison and Owen 2003). A
number of environmental risk factors have been identified, including pre-natal or perinatal insults, such as hypoxia, brain trauma in childhood including viral meningitis, and
heavy cannabis use in adolescence (Mäki et al. 2005). Other factors are associated with
schizophrenia, such as winter/spring birth, being a migrant or the offspring of a migrant,
and living in a city (Harrison et al. 1997, Davies et al. 2003, van Os 2004). It remains
poorly understood how all these various risk factors interact, or indeed whether some of
these risk factors are true risk modifiers (on the causal pathway to disease) or merely risk
indictors, not directly involved in causation.
An interesting observation by Bleuler, one of the originators of the concept of
schizophrenia, is that many people who develop schizophrenia in adolescence or
adulthood had in fact always stood out from their peers in terms of their character or
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behaviour since childhood (Bleuler 1911/1950). Subsequent research has confirmed this
observation, and it has been possible to identify a number of ways that individuals with
schizophrenia, when considered as a group, show subtle signs of different development as
far back as infancy, including slightly delayed motor and language development, social
and behavioural difficulties in childhood, and poorer cognitive and intellectual
performance in childhood and adolescence (Jones & Tarrant 2000). For these reasons, it
has been proposed that the pathogenesis of schizophrenia may be, at least in part,
neurodevelopmental (Murray & Lewis 1987, Weinberger 1987). This term had
traditionally referred to the fact that neurological or psychiatric disorders that become
clearly manifest very early in life, such as autism, spina bifida or phenylketoneuria, are
thought (in the case of autism) or known (in the case of phenylketoneuria and spina
bifida) to result from abnormalities in the development of the central nervous system that
lead to manifestations of psychopathology and disordered behaviour or neurological
function in early childhood (Asperger 1979, Little 2000, Surtees & Blau 2000).
A number of different interpretations of neurodevelopmental theories of schizophrenia
have been proposed. Not all schizophrenia patients show evidence of disordered
development. Some authors have therefore proposed that developmental deviance is only
relevant to the pathogenesis of the disorder in a subgroup of schizophrenia patients,
characterised variously by male gender, poor premorbid function, negative symptoms and
winter birth (Goldstein et al. 1990), or early onset, no family history, evidence of
premorbid deficits, cognitive or motor delays, childhood neurological disorder or
congenital abnormality (Lewis 1992). An alternative to the subtype interpretation is a
dimensional interpretation, in which variations in clinical (or other) manifestations of
schizophrenia between individuals represent the expression of a single pathogenesis of
greater or lesser impact (Goldberg & Weinberger 1995). According to this
conceptualisation, there is no affected sub-group of cases, but rather for all of the various
predisposing traits of schizophrenia, the whole population of schizophrenia subjects are
shifted relative to controls (Jones 1997). Evidence in favour of this latter interpretation
comes from cohort studies of premorbid features (David et al. 1997, Reichenberg et al.
2002) and from twin studies (Suddath et al. 1990).
Whilst numerous studies have confirmed that there are premorbid abnormalities in
schizophrenia, much fewer studies have examined the longitudinal course of those
abnormalities in detail. The majority of studies have shown that proxy measures of
disturbed brain development (e.g. childhood IQ, or childhood neuromotor function) are
associated with schizophrenia caseness in adulthood; very few studies have gone on to
examine the relationships between premorbid manifestations of schizophrenia and adult
manifestations of schizophrenia.
The aim of this thesis is to begin to investigate the relationships between markers of
early neurodevelopment (strictly speaking proxy markers of neurodevelopment, namely
developmental milestones) and later measures which, to a degree, reflect neural function,
namely educational performance and performance on neurocognitive tests, as well as
examining the course of cognitive function in adulthood. To understand such phenomena
in schizophrenia, it is of course essential to understand as fully as possible the course and
mechanisms of normal neurodevelopment, and elucidating relevant processes in the
general population has also been a central aim of this thesis. It is hoped that through such
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an approach, insights will be gained into the pathogenesis, and ultimately treatment, of
schizophrenia.
Table 1. DSM-III-R diagnostic criteria for schizophrenia (American Psychiatric
Association 1987). These diagnostic criteria were used for the present study.
Description
A

Characteristic psychotic symptoms of the active phase. Either (1), (2) or (3) for at least one week unless
the symptoms are successfully treated:
1. Two of the following:
delusions
prominent hallucinations
incoherence or marked loosening of associations
catatonic behaviour
flat or grossly inappropriate affect
2. Bizarre delusions
3. Prominent hallucinations of a voice with content having no apparent relation to depression or elation,
or a voice keeping up a running commentary on the person’s behavior or thoughts, or two or more voices
conversing with each other.

B

During the course of the disturbance functioning in such areas as work, social relations, and self-care is

C

Schizoaffective Disorder and Mood Disorder with Psychotic Features have been ruled out.

markedly below the highest level achieved before the onset of the disturbance.
D

Continuous signs of disturbance for at least 6 months. The six month period must include an active
phase during which there were psychotic symptoms characteristic for schizophrenia, with or without a
prodromal or residual phase.

E
F

Not due to any Organic Mental Disorder.
If a history of Autistic Disorder, the additional diagnosis of schizophrenia is made only if prominent
delusions or hallucinations are also present.
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Table 2. DSM-IV diagnostic
Association 1994).

criteria

for

schizophrenia

(American

Psychiatric

Description
A

Characteristic symptoms: Two (or more) or the following, each present for a significant portion of time
during a 1-month period (or less if the symptoms are successfully treated):
delusions
hallucinations
disorganized speech (e.g. frequent derailment or incoherence)
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 behavior or thoughts, or two or more voices
conversing with each other.

B

Social/occupational dysfunction: For a significant portion of time since the onset of the disturbance, one
or more major areas of functioning such as work, inter-personal relations or self-care are markedly
below the level achieved prior to the onset.

C

Duration: Continuous signs of disturbance for at least 6 months. The six month period must include at
least one month of active symptoms (or less if successfully treated) and may include periods of
prodromal or residual symptoms.

D

Schizoaffective Disorder and Mood Disorder Exclusion: Schizoaffective Disorder and Mood Disorder
with Psychotic Features have been ruled out.

E

Substance/general medical 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 Review of the literature
2.1 Premorbid features of schizophrenia
Numerous studies of premorbid function in schizophrenia have revealed abnormalities or
developmental delays in neuromotor, cognitive, language, emotional or social
functioning. (Jones et al. 1994, Davidson et al. 1999, M. Isohanni et al. 2001, Fuller et al.
2002). Jones et al. (1994) studied the British 1946 birth cohort and found evidence of
delayed motor and speech development by the age of 2 years in those children who
developed schizophrenia as adults. M. Isohanni et al. (2001) replicated and extended
these findings in the Northern Finland 1966 Birth Cohort using even earlier
developmental data (year 1). Ages at learning to stand, walk and become potty trained
were related to subsequent risk for schizophrenia and other psychoses (to age 31 years):
earlier milestones reduced, and later milestones increased the risk. These results provided
evidence that the motor developmental effect inferred by that study is linear, specific to
psychosis, and detectable as early as 12 months of age. This effect is also apparent in
other domains of development e.g. in the same cohort markers of enuresis (development
of continence) and bowel control were also associated with adult schizophrenia and other
psychoses.
Neuromotor and cognitive markers of risk of schizophrenia have also been found in
older children. Crow et al. (1995) studied the UK 1958 birth cohort where preschizophrenic children at age 7 had been slower to develop continence and had poor
coordination and vision; at age 7, 11 and 16 they had poorer academic performance, and
at age 16 they were rated as clumsy.

2.1.1 Premorbid features relating to education
Poor school performance has been presented as a pre-morbid sign since Bleuler: “It is
certain that many a schizophrenia can be traced back into the early years of the patient’s
life, and many manifest illnesses are simply intensifications of an already existing
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character… All ten of my own school comrades who later became schizophrenics were
quite different from the other boys." (Bleuler 1911/1950)
Does this astute clinical observation stand up to rigorous scientific scrutiny? In the
Northern Finland 1966 Birth Cohort, Isohanni et al. (1998) studied the association
between school performance and later onset psychiatric morbidity. At the time of the
analysis, the cohort members had reached the age of 28, so the findings may not hold for
those who develop psychiatric morbidity later in life. For the purposes of this study, the
authors divided the psychiatric cases into schizophrenia, other psychoses and nonpsychotic hospital-treated mental disorders, and the cohort members who had not been
treated in hospital for psychiatric disorder were used as a control group. In all diagnostic
groups the proportions of those not in their normal class at the age of 14 were 2 to 8 times
higher than in the control group. Of those children who would later develop
schizophrenia (n=89), 13 were in a lower class or special school, over twice the
proportion in controls. However, it is notable that the majority of these children (76 of
89) were in their normal class, and the fact of being outside the normal class was no more
specific to later schizophrenia than to other later mental disorders.
A number of important caveats about premorbid characteristics are highlighted in this
last study. Firstly, the premorbid features are not specific to schizophrenia (in this case
they were found to hold for all hospital-treated psychiatric disorders). Secondly, it is
notable that the majority of these children who went on to develop schizophrenia (76 of
89) were in their normal class. When considering many premorbid factors, although there
may be differences at the group level when large numbers of patients are studied, the
majority of individual patients are not premorbidly distinguishable from the general
population using the sort of tests and ratings that are generally available.
It might be expected that individuals in the premorbid phase would perform poorly at
school in comparison with their classmates. To examine this hypothesis, the main
research method has been to gather data opportunistically from longitudinal birth cohorts
involving childhood measurements that were not originally designed to examine
psychiatric illness. Researchers working with two Finnish Birth Cohorts – the Northern
Finland Birth Cohort and a Helsinki Birth Cohort – gathered data from routine school
marks (as measured by teacher ratings of performance), which of course are already
collected for the usual educational and academic purposes.
In the Northern Finland 1966 Birth Cohort, the school marks at the age of 16 of
adolescents with future psychotic disorders were essentially the same as in the
comparison group, although amongst those with future substance abuse disorders, or
personality disorders, school marks were significantly lower. Isohanni et al. (2000) had
hypothesised that pre-psychosis adolescents would score lower than controls. In their
discussion of these, perhaps surprising, findings that these preschizophrenic subjects did
no worse than comparison subjects, the authors speculated that one possible explanation
could perhaps have been the rather supportive educational system of Finland in the
1980s, the time of the study, which could perhaps suit children with vulnerabilities for
later psychosis.
Interestingly, these results are very much in accord with the other Finnish study of
school marks discussed above (Cannon et al. 1999). In the Helsinki birth cohort, school
marks for non-academic factors, sports and handicrafts, were significantly lower in
schizophrenia cases compared to controls; however, on academic performance there was
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no significant difference. The authors conclude that this is due to abnormal motor coordination in those individuals who would later be diagnosed with schizophrenia. They
also suggest possible reasons why, against expectation, their study saw cases and controls
scoring equally on academic subjects, in spite of convincing evidence that preschizophrenic subjects show IQ below average. Like Isohanni and colleagues, they
suggest that pre-schizophrenia children may respond well to the highly structured
environment that the Finnish education system presents.
Educational systems vary between, and within, countries, so it is advisable to be
cautious in generalising results derived from one educational system to another. On the
basis of the evidence presented so far, even on a group level, it is not clear that scholastic
underachievement precedes or predicts schizophrenia (Isohanni et al. 2000).
In a series of publications in the 1970s, Watt and colleagues examined premorbid
social behaviour that had been exhibited whilst at school by 39 adult patients who had
been diagnosed with schizophrenia in the 1950s or 1960s, using a comparison group of
101 controls. They examined teachers’ ad lib comments in school records, and devised a
system for coding these comments into dimensions of extraversion, assertiveness,
emotional stability and agreeableness. These researchers obtained school reports covering
a number of years, and so were able to present data suggestive of some group trends of
behavioural change. They found significant sex differences, with pre-schizophrenic girls
being more emotionally unstable, introverted and passive than controls from kindergarten
onwards, whilst among boys, the pre-schizophrenics were initially indistinguishable from
others, but became progressively more disagreeable from grade 7 (about age 13)
onwards.
The authors interpreted these results as consistent with a psychological aetiology for
schizophrenia prevalent at that time. They suggested that early behavioural deviations
might make psychological contributions to later disorder, by mechanisms such as
alienation and low self-esteem (Watt 1978). It should be remembered that the
schizophrenia diagnoses, on which these results rest, date from a time (1950s and 1960s)
before reliable diagnostic procedures had been introduced. It is difficult to know how
many of the patients from this study would meet today’s strict operational criteria for
schizophrenia, and how many would in fact fit criteria for non-schizophrenic psychoses
or personality disorders, for example. Recent years have seen a proliferation of research
into early differences between pre-psychosis patients and the population at large. The
recent fashion has been to interpret the results as supporting not a psychological aetiology
for schizophrenia, but a neuro-developmental aetiology. Ultimately, a combination of
these concepts may prove to be helpful.

2.1.2 Premorbid motor function and associated premorbid features
One of the difficulties in prospectively studying premorbid abnormalities in psychosis is
that, as a relatively rare outcome, studies of very large numbers of individuals are
required in order to gain sufficient information. One way of reducing this difficulty is to
relax diagnostic criteria and broaden the sample to include those with schizophrenia
spectrum disorders. Cannon et al. (2002) showed, in a birth cohort from New Zealand,
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that children who went on to develop schizophreniform disorder had persistently poor
motor function over repeated measurements in childhood. Such abnormalities in early
motor function are consistent with results from innovative studies using home movies
filmed during childhood, in which pre-schizophrenic individuals have been differentiated
from their healthy siblings by viewers who were blind to the psychiatric outcomes
(Walker 1994, Schiffman et al. 2004). Another strategy to investigate premorbid features
is to study populations that are at higher risk of developing psychotic illnesses, such as
offspring from parents with schizophrenia. This approach effectively shortens the odds of
a relatively rare disease; about one in ten offspring will be affected, and all will be at
genetic high risk.
In the New York High-Risk Project, offspring of parents with schizophrenia have been
assessed with neuro-behavioural methods at 7-12 years of age, and followed through
adolescence and into young adulthood with regular assessments for evidence of
psychiatric illness. In one study of this rather special population of the offspring of
schizophrenic parents, childhood deficits in verbal memory, gross motor skills, and
attention identified 83%, 75%, and 58%, respectively, of the subjects who went on to
develop schizophrenia-related psychoses (Erlenmeyer-Kimling et al. 2000). The deficits
were present before clinical symptoms, substantially more prevalent in relatives of
schizophrenic parents than in comparison groups, and comparatively specific to risk for
schizophrenia versus risk for affective disorders. However, in terms of predictive power,
it is not possible to generalise from these findings in individuals at high genetic risk to
individuals with no genetic risk for schizophrenia.

2.1.3 Studies examining persistence of developmental deviance
Few prospective studies have been able to address hypotheses concerning the persistence
of developmental deviance and related phenotypic anomalies. This requires prosepective
data from two time points before onset. The difficulty of obtaining such data mean that
currently we know very little about the longitudinal pattern of developmental dysfunction
in the early and late premorbid phases of schizophrenia: are early deficits associated with
risk for schizophrenia e.g. delayed attainment of milestones associated with later school
performance (teacher ratings)? This would suggest that the same children who exhibit
deficits at one time point, also exhibit deficits at other times – thereby defining a
longitudinal phenotype at risk for adult psychosis. Most evidence uses information from
one source or time-point only or group means in different time points: this makes it
difficult to tell whether it is the same children who are deviant, developmentally, on each
occasion.
However, we do have some important data from longitudinal studies. Walker's (1994)
classic study of ″home movies″ obtained from families where one child later developed
schizophrenia indicated that gross but transient abnormal motor behaviour was most
pronounced during the first two years of life, but found some evidence of “catching-up”
in later years of childhood. In the UK 1958 birth cohort (Crow et al., 1995) problems in
social adjustment and school performance detected in preschizophrenic children at age 7
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were still present (manifest as differences in group means) at follow-up at the age of 11.
In the Philadelphia cohort of the National Collaborative Perinatal Project (Rosso et al.
2000) deviance on motor coordination at age 7 as well as unusual movements at ages 4
and 7 predicted adult schizophrenia, but there was no additional predictive value from
assessments of motor functioning later in childhood (teenage years). In a prospective
longitudinal study in Iowa, test scores in preschizophrenic children dropped significantly
between ages 13-16 years (Fuller et al. 2002). Persistent, pan-developmental
(neuromotor, language, cognition) impairment specifically associated with
schizophreniform disorder was detected in early childhood in the Dunedin
Multidiscliplinary Health and Developmental Survey (Cannon et al. 2002) where cases
performed worse than controls on standard tests of motor skill at ages 3, 5, and 9 years
but not at age 7 years.
There is some evidence of persistence of deviance among children at high genetic risk
for serious psychopathology (reviewed by Cannon et al. 2003) – a phenomenon that Fish
has labelled pandevelopmental retardation or pandysmaturation (Fish et al. 1992).
However, early markers for schizophrenia may be more distinguished by variability than
constancy (Watt 1984): little is known about whether the same children show deviancy in
multiple areas on multiple occasions pre-morbidly. Some evidence of persistence in
deviant neuromotor development in high-risk infants has been reported in motor skills
(Mednick & Schulsinger 1974), or having high frequencies of soft neurological signs
(motor coordination and left-right orientation) during infancy and school age (Marcus et
al. 1993). However, some studies show normal neurological development in high-risk
infants (Marcuse & Cornblatt 1986).

2.2 The course of cognitive functions in schizophrenia
Schizophrenia is associated with cognitive impairment. In a meta-analysis of over 200
studies, Heinrichs and Zakzanis (1998) concluded that schizophrenia is characterised by a
broadly based cognitive impairment that varies in severity in different patients and also
varies in severity across neuropsychological domains. When the neuropsychology of
schizophrenia has been investigated in a manner drawn from work in various brain
diseases, involving the application of batteries of tests measuring function in areas such
as attention, memory, language and perception, a number of findings have emerged.
Many people with schizophrenia show no obvious impairments in terms of passing
statistical thresholds, but on a group level, diffuse deficits are seen, with evidence
pointing towards attention, executive function and memory as particularly implicated
(Rund & Borg 1999).
More controversial is the origin (and course) of schizophrenic cognitive impairment.
Birth cohort studies and studies of armed forces recruits (David et al. 1997, Reichenberg
et al. 2002) have established that some intellectual deficits are present long before
psychosis becomes manifest, supporting the proposition that abnormal neurodevelopment
is implicated in the pathogenesis of schizophrenia, perhaps contributing to vulnerability
to the disease, or perhaps as an early manifestation of the disease process itself. The
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severity of impairment in some patients – a minority of institutionalised patients show
cognitive deficits which are comparable in severity to those seen in dementia (Stevens et
al. 1978, Liddle & Crow 1984, de Vries et al. 2001) – also suggest that there might be an
additional ‘neurodegenerative’ component.
Whilst some studies have suggested intelligence quotient (IQ) decline after the onset
of psychosis (Nelson et al. 1990), many attempts to demonstrate direct evidence of
cognitive decline in schizophrenic have been negative (Russell et al. 1997, Rund 1998,
Heaton et al. 2001). A variation of the theory of gradual cognitive decline in
schizophrenia is the hypothesis of each psychotic relapse having a toxic effect on brain
structure and function, or indeed that medication may exert neurodegenerative effects
(Lieberman 1999, Eberhard et al. 2003, Pantelis et al. 2003, Dorph-Petersen et al. 2005).
One of the problems that has prevented a clearer understanding of the course of
cognitive function is schizophrenia has been the paucity of large longitudinal studies
examining this issue. Much of the evidence has been extrapolated from cross-sectional
studies, or studies without a control group, which has probably been responsible for some
of the difficulty in interpretation. However, recently a number of longitudinal studies
have been completed examining cognition in schizophrenia. Kurtz (2005) reviewed the
field and concluded that two distinct patterns of neurocognitive trajectory seemed to be
operating. A number of studies that examined cognition over time in community patients
appeared to show no progression of cognitive deficits (Censits et al. 1997, Lieh-Mak &
Lee 1997, Gold et al. 1999, Hoff et al. 1999). However, studies that examined elderly,
institutionalised patients, seem to indicate that in this population there is evidence of
cognitive decline (Harvey 2001), though studies have been hampered by lack of adequate
control groups.
Some authors have claimed that cognitive deficits in schizophrenia are immutable, and
that cognitive dysfunction in schizophrenia is akin to a ‘static encephalopathy’ (Goldberg
et al. 1993). However, extrapolation from cross-sectional studies, or looking at change in
mean cognitive scores over time may mask even pronounced changes in cognitive
function at the individual level. If inferences are to be drawn regarding the developmental
pathophysiology of schizophrenia from the course of cognitive function in the disorder,
there is therefore a role for detailed studies of small numbers of patients to consider the
course of cognitive function in schizophrenia at an individual patient level.

2.3 The development of cognitive deficits in schizophrenia
At what stage, or stages, does cognitive impairment in schizophrenia become manifest?
There is conflicting evidence with respect to this question: some studies have inferred IQ
decline after the onset of psychosis (e.g. Nelson et al. 1990); others have not found
significant post-onset decline, but instead have indicated premorbid cognitive
impairments in schizophrenia (Russell et al. 1997). Such evidence is hard to collect, as it
ideally has to have been collected prospectively, before subjects have fallen ill.
Assessments such as the National Adult Reading Test (Nelson 1982), which can be
applied after illness onset to estimate premorbid cognitive ability, provide an alternative
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to costly and time-consuming prospective studies, though interpretation can be
problematic and such studies are inferior substitutes to longitudinal studies.
In a comprehensive review and meta-analysis of IQ in schizophrenia, Aylward et al.
(1984) found that pre-schizophrenic children, adolescents, and young adults perform
below matched controls on a variety of standardised measures of intelligence. Premorbid
IQ deficits were more common among boys. The authors of this thorough review do raise
the methodological problem that the majority of the studies it considers use broader
diagnostic criteria than would be used today.
Some of the conclusions drawn by Aylward et al. (1984) have been supported by more
recent research that uses modern diagnostic classification criteria. The finding that IQ is
lower than might be expected in people with schizophrenia prior to the development of
psychosis appears robust when analysed in a number of different study designs and in
varying populations. However, the sex differences remain obscure.
Jones et al. (1994) used data from the 1946 British birth cohort, in which standardised
assessment of educational ability, akin to IQ, had been measured throughout childhood.
Children who developed schizophrenia as adults performed lower than controls on tests
of verbal, non-verbal and reading abilities at 8 years, 11 years and 15 years. The effect
appeared to become stronger with age. Mean scores in all educational tests at ages 8, 11,
15 were consistently lower for cases than for controls, and the results were independent
of behaviour. There were significant linear trends such that the lower the IQ, the greater
the subsequent risk of disorder; there was no threshold effect or sub-group with very low
scores that accounted for the effect.
Russell et al. (1997) examined a cohort of adults with schizophrenia who had attended
a childhood psychiatric service at which IQ had been routinely measured, and for this
reason premorbid IQ data were available. In this study premorbid IQ was low; the mean
childhood IQ was greater than one standard deviation lower than that of the general
population.
In several countries, army conscripts undergo a series of psychometric tests as part of
a screening program to determine aptitude. The results of these tests lend themselves well
to cohort studies, and have been used opportunistically by some research teams to
elucidate the relationship between premorbid intellectual function in the late teenage
years and later psychosis.
In Israel, Davidson and colleagues (Davidson et al. 1999, Reichenberg et al. 2002)
studied a large number of male adolescents, based on combining examinations made by
the Israeli draft board with hospital discharge registers. They found a number of risk
factors for future cases of (hospitalisations for) schizophrenia. The pre-conscription
examinations involved cognitive tests as well as personality and behavioural trait
measurements. The most pronounced differences between future patients and
comparators were in social functioning, but there were also significant differences in
intellectual functioning, and organisational ability.
Records from conscription screening tests organised by the Swedish army have
confirmed low premorbid IQ as risk factors for future schizophrenia (David et al. 1997,
Zammit et al. 2004). Once again, a dose response relationship was noted, rather than a
discrete cluster of items that was specific to later psychosis.
To summarise, the finding that IQ is lower than might be expected in people with
schizophrenia prior to the development of psychosis appears robust when analysed in a
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number of different study designs and in varying populations. The size of the effect is not
sufficient to be of predictive value, and the nature of the deficit, a shift affecting the
whole group, is not amenable to prediction, because the majority of affected individuals
stay within the normal range.
The association between low IQ and later schizophrenia remains unexplained,
although a variety of different attempts have been made. David (1997) has suggested that
low IQ could be the means by which genetic or environmental factors increase the risk of
schizophrenia. The lower the IQ, the more difficulty a person might have in
understanding complex social interactions, leading to adaptive social withdrawal, and in
addition, low IQ could possibly compromise information processing and eventually lead
to the formation of delusional ideas. This may be as a result of a general lower ability, or
due to some individual cognitive components that contribute to lower IQ; low IQ being a
marker of specific deficits that modify risk. For example, it may be that deficits in
executive function, working memory or perhaps in social cognition could compromise an
individual’s ability to appraise information in the environment, and render that individual
more prone to misinterpreting perceptions, conceivably leading on to psychotic
phenomena. This general possibility may be more likely given that some syndromes with
low IQ, such as trisomy 21 (Down’s syndrome), may have preserved social interaction
and no increased risk of schizophrenia, whereas many low IQ syndromes do increase
risk, possibly through a variety of mechanisms (Doody et al. 1998).
The lower the IQ, the higher the risk of later developing schizophrenia (Jones et al.,
1994, Davidson 1999). Interestingly, this finding of premorbid IQ deficits seems to
differentiate schizophrenia from bipolar disorder. For example, in a New Zealand birth
cohort sample Cannon et al. (2002) showed mild deficits in premorbid IQ (and motor
function) measured in early and middle childhood in individuals who went on to suffer
from schizophreniform disorder, whereas subjects who went on to suffer mania
performed at the same level as controls.

2.4 Associations between premorbid features and
adult cognition in schizophrenia
Attempts have been made to examine the relationships between adult cognitive function
in schizophrenia and a variety of childhood factors. Several studies have shown that
abnormalities in premorbid temperamental and social function, as assessed
retrospectively, are associated with cognitive deficits in some domains, such as executive
function, although not others, such as verbal memory (eg Silverstein et al. 2002);
Neumann et al. (1996) reported that childhood withdrawal at age 4 predicted poor
performance on a broad range of neuropsychological measures in schizophrenia.
Addington and Addington (1993) found that poor premorbid function (assessed
retrospectively) was related to executive deficits and poor verbal IQ in a sample of 39
patients with schizophrenia. In another study that examined premorbid function
retrospectively in a small sample (n=23), DeQuardo and colleagues (1994) found that
better premorbid function was associated with higher IQ in schizophrenia, though
surprisingly, and counter-intuitively, also with large cerebral ventricles.
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The model underpinning such research posits that there may be underlying neural
abnormalities in schizophrenia that are manifest in different ways at different
developmental stages, and that the psychotic schizophrenia syndrome is but another agedependent manifestation. For example, a single functional or structural lesion (if it were a
shared element of multiple neural circuits) might lead to inefficient early development,
poorer general cognitive and social abilities in childhood, and the specific cognitive
deficits that are seen as part of the schizophrenia syndrome in adulthood (Walker et al.
1999).
Testing this model might best be achieved by using the most direct measures available
of early neurodevelopment and later cognition. Prospectively collected information on
infant motor development may be a more direct measure of early neurodevelopment than
retrospectively acquired information on childhood behaviour (cf. Meehl 1989).

2.5 Normal development
Research into the links between neurodevelopment and later cognitive function has, to
date, been concentrated mainly in the field of learning disability/mental retardation where
associations between delayed early developmental milestones and more severe
intellectual disability in later life are established (Schillace 1964, von Wendt et al. 1984).
In contrast, it is widely assumed that, within the normal population, no relationship exists
between the age of passing developmental milestones and later intellectual function (Eliot
2001, Mackintosh 1998), despite the fact that these factors have never been studied in a
longitudinal general population sample. Rose and Feldman (1995) argue that part of the
reason as to why this belief arose may be due to previous theories about the nature of
intellectual development. For example, for many years it was thought that children passed
though a number of qualitatively distinct stages during development in which the
sensorimotor stage of infancy was qualitatively distinct from abstract reasoning that
underpins mature intelligence (Piaget 1954).
However, on careful review of the literature, there is some evidence that the age of
reaching developmental milestones does have important consequences in the healthy
population, at least at a group level. Capute and colleagues (1985) found that age of
learning to walk was significantly associated with IQ aged 3 in a primary care cohort of
213 upper middle-class children; 4-6% of the variance in IQ could be explained with
respect to motor development. They interpreted their data as arguing for a threshold
effect: that children whose cognition is impaired beyond a certain level are likely to be
delayed. This “threshold” argument reflects the orthodoxy in medical thought: that in
abnormal populations there is a link between motor and cognitive domains, but that in the
normal population the relationship is of no account. Von Wendt and colleagues went
further: they examined relationships between infant development in the normal range and
risk of later mental retardation and found a dose-response relationship: the later the age at
which subjects learned to stand or walk, the higher the risk of mental retardation (von
Wendt et al. 1984).
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In a study of 69 school-aged children seen at a paediatrics clinic in Ohio, USA,
retrospectively collected information on developmental milestones explained 34-43% of
the variance in subsequent IQ (Funk et al. 1982). However, this relationship was
considerably attenuated when sociodemographic variables and medical diagnosis were
included in statistical models. In a classic study, Bayley (1968) found that in a sample of
63 subjects followed up from just after birth to 36 years, that speech development was
significantly correlated with subsequent IQ in girls (correlation co-efficients around 0.4
though adolescence and early adulthood) but not in boys.
Given the fact that orthodox medical and psychological opinion seems, at least to an
extent, to differ from the evidence available concerning the cognitive sequelae of
variations in the timing of developmental milestones, it is therefore of interest to
investigate such factors in an epidemiological sample. Is the age at which developmental
milestones are reached associated with cognitive performance in adulthood? If so, in
which domains of cognitive function the association is most marked, and are such
associations are reflected in school performance and educational outcomes? Such
questions are both interesting and important in their own right, and also may be very
relevant to understanding the course of development in various neuropsychiatric
disorders.

3 Aims of the study
The overall aim of the study was to examine cognition in schizophrenia, particularly as
regards to its course over time and its relationship to very early markers of infant
neurodevelopment, so as to shed light on the pathogenesis of schizophrenia. As such, it
was essential to also investigate corresponding phenomena in the general population,
insights from which investigations would not only have implications for the pathogenesis
of schizophrenia, but could also potentially be relevant when considering the
pathogenesis of other neuropsychiatric disorders. The aims of specific component studies
were:
1. To review the premorbid manifestations of schizophrenia that could be detected in
school and discuss the implications for potential preventative interventions for the
disorder (I) .
2. To explore the relationship between infant development and scholastic performance in
adolescence and educational outcomes in the general population (II).
3. To examine the relationship between infant motor development and adult cognitive
function in the general population (III).
4. To examine the relationship between infant development and adolescent scholastic
performance in schizophrenia (IV).
5. To examine the relationship between infant development and adult cognitive functions
in schizophrenia and the general population (V).
6. To examine the longitudinal course of cognition in two patients with chronic severe
schizophrenia who had undergone spontaneous clinical improvements (VI).

4 Material and methods
4.1 Subjects
4.1.1 Subjects in the Northern Finland 1966 Birth Cohort (II-V)
The Northern Finland 1966 Birth Cohort is based upon 12 068 pregnant women and their
12 058 live-born children in the provinces of Lapland and Oulu with an expected delivery
date during 1966, representing 96% of all births in the region (Rantakallio 1969, Isohanni
et al. 1997). Data on biological, socioeconomic and health conditions, living habits and
family characteristics were collected prospectively from pregnancy and is on-going. By
the time the cohort members reached adulthood, a total of 284 had died and 757
emigrated, leaving 11 017 eligible individuals in Finland at the age of 16 years. In the
follow-up survey conducted in 1999-2001, subjects were given a complete description of
the study, its aims and requirements: all subjects had an opportunity to refuse to
participate. A total of 83 individuals did not consent to the use of their data and were
excluded from further participation in the study.
The Finnish Hospital Discharge Register (FHDR) was used to identify cohort
members who had experienced psychosis by the age of 31. The nation-wide Finnish
Hospital Discharge Register (FHDR) covers all hospitals. All cohort members over 16
years appearing on the FHDR until the end of 1997 for any mental disorder (i.e. ICD-8
290-309, DSM-III-R diagnoses 290-316, and ICD-10 F00-F69, F99) were identified. All
case records were scrutinized and diagnoses were re-checked with DSM-III-R criteria
(Isohanni et al. 1997, Moilanen et al. 2003). Inter-rater reliability was good with kappa
values being from 0.6 to 0.9.
160 patients were identified as having suffered a psychotic episode (DSM-III-R
diagnoses of schizophrenia, delusional disorder, mood disorders with psychotic features
or psychotic disorders not elsewhere classified), of whom 146 were alive by the time of
follow-up investigation (1999-2001).
All 146 cohort members who had experienced an episode of psychosis were invited to
participate in a follow-up field study, involving diagnostic interviews, cognitive

33
assessment and structural MRI scan (scan data not included in this thesis). All diagnoses
were re-checked in the field study (1999-2001) using the Structured Clinical Interview
for DSM-III-R (Spitzer et al. 1989) and all available information. A schizophrenia case
was defined as any individual who at any time met DSM-III-R criteria for schizophrenia.
For controls in the follow-up field study, we used a gender stratified, random sample
of cohort members living in the Oulu region who represent the population at risk. The
aim was to recruit approximately two sex-matched control subjects for every patient with
schizophrenia. 187 subjects were randomly selected by computer and invited; 104 agreed
to participate. The only exclusion criterion for membership of the control group was
previous psychiatric hospitalisation due to psychosis.

4.1.2 Subjects for study VI
In this study, we report two patients who had experienced several years of stable, severe
illness, but who have both undergone considerable clinical improvement unrelated to
treatment. Both patients had undergone detailed, neuropsychological assessment when ill,
presenting an opportunity to retest after the improvement had taken place. By using a
neuropsychological cases study approach to examine the cognitive profiles of these two
interesting patients over time, the aim was to achieve insights into the course of cognitive
function in schizophrenia that would not be possible in a large group study (cf. Shallice et
al. 1991).

4.1.2.1 Case 1
Case 1 is a 46 year-old-man who first showed signs of illness at the age of 17: his school
performance fell off and he became increasingly withdrawn. He first saw a psychiatrist at
the age of 19 and had his first hospital admissions in his early twenties. At this time he
believed that he was John Lennon, and also that he would be reincarnated as John
Lennon's son. He also expressed persecutory delusions and described auditory
hallucinations in the form of voices in the second and third person commenting on his
actions. Other schizophrenic symptoms documented during this period included passivity,
he believed that the television was physically controlling his actions, and incoherence of
speech.
Over the years schizophrenic deterioration gradually became evident. For several
years he lived in a hostel with intermittent admissions to hospital. Ultimately, he became
unable to manage outside hospital even with support and at the age of 30 he became
chronically hospitalised. For the last sixteen years he has been resident on a long-stay
ward, continuously symptomatic with poor self-care, incoherence of speech and
fragmentary delusions and hallucinations. Marked cognitive impairment has also been
noted for at least 15 years, with poor orientation, generalised poor test performance and
particularly marked memory and executive impairment. CT and MRI scans were reported
as either normal or showing mild frontal atrophy with no change in the appearances over
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three years. A SPECT scan in 1999 was reported as showing patchy perfusion in right
frontal and parietal regions.
The patient has been on treatment with clozapine for over 15 years. He showed no
more than minimal clinical improvement on this drug, but his parents reported that his
affect seemed warmer and his previous tendency to occasional aggressive behaviour
towards them improved. In 1997 sulpiride augmentation was commenced with little
effect. There have been no subsequent changes in drug treatment or dosage.
Spontaneous clinical improvement was first noticed around 2000-2001. In 1989, he
gave the date as 10th September on 6th December, and underestimated his age by two
years. In 2000 he was fully oriented, apart from making isolated mistakes on the day of
the week or the date. Nursing staff noted that he was less isolated and preoccupied, and
that he interacted more with other patients. He began to spend more time in activities
such as reading rather than lying on his bed doing nothing; he also now talks more about
the future. His self-care has improved, though he still needs encouragement to bathe and
change his clothes.
The patient’s principal symptom, formal thought disorder, has also improved. Having
previously shown completely incoherent speech, he has become able to speak rationally
without immediately drifting off into unrelated topics. However, he still shows evidence
of disorder under some circumstances, for example when asked about his delusions. In
1996, he was asked to enlarge on his early experiences in hospital:
“Um ... well I remember I came into hospital, and I was a patient, and .. I was in, I was
like a, an admission, and I had to talk to people, and .. sort of re-enter the world, and kind
of talk to people and say, “Oh, thank you very much .. that'd be precious, what would you
like? Would you like the sun every morning, all that kind of thing, try to make it a better
world for everyone.” But, I think I probably failed when I first went in there, because I
wasn't quite as prolific, profile a figure as I wanted to be. [Interviewer: Go on, tell me
more about that] Um ... there were very hard times, I think, ’cause you, you, you tend to
lack going out, or centralisation of the poles, you tend not to .. there's sort of confine,
claustrophobic and um .. I didn't really like it, but .. I had to put up with it, you know.”
In contrast in 2002, when asked about his mother’s recent hospitalisation, he replied:
“Well she was at home and she had a few spells. She once fell on the floor when she was
near the door and she was making noises and I was sitting there a bit like P—F—[a
nurse] or somebody guarding and watching over her. She was all right, she got back on
the chair and that, but she was having trouble getting out of bed in the mornings. She kept
falling on her bottom and that. She couldn’t do things quite so well, but then she seemed
to progress and once we had to get the neighbours in. They called for an ambulance and
they took her to - I don’t know what happened exactly but she then had to go into B—[a
ward] because they thought her diabetes blood sugar levels were very high at the
moment. But she expected them to come down and she expected to go home and live
normally again. She has done some cooking with some OT’s and she showed them that
she could cook all right you know egg and chips and egg and sausage you know. She is
quite well, but she is not as well as she used to be as I remember her many years ago,
when she was about 45 but you forget it is ages ago. You don’t realise what it is to be old.
I have learnt a lot from old people.”
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4.1.2.2 Case 2
Case 2 is a 39-year-old woman who, having previously been a normal, if rather timid and
serious child, became increasingly withdrawn between the ages of 10 and 12. By the age
of 15 she was showing disturbed behaviour and often refused to speak. She was
hospitalised at the age of 22 having become a virtual recluse. At that time she spent
almost all her time in bed, frequently smiled inappropriately, only spoke in
monosyllables, wandered aimlessly, needed persuasion to eat and drink and was
occasionally incontinent of urine and faeces. She also showed catatonic phenomena, for
example walking round in circles.
The patient was given a clinical diagnosis of schizophrenia and treated with
neuroleptic medication. She showed some initial improvement to the extent that she
would talk a little to familiar people and her self care improved. She remained in hospital
for 6 years and was then discharged to a 24-hour staffed-hostel, where she has lived for
over 12 years.
In 1995/6 she was investigated as part of a case series of 9 patients who showed the
clinical features of so-called simple schizophrenia (Serra-Mestres et al. 2000). The
diagnosis was considered appropriate in her case because of the presence of clear
evidence of change from mid-childhood, together with typical negative schizophrenic
symptoms and other symptoms such as inappropriate affect and minor catatonic
symptoms; in addition there was no evidence of pervasive developmental disorder. At this
time it was noted that she had recently started to take an interest in her appearance. Since
then, the patient has improved steadily. For the three years or so prior to this study her
self-care has been normal and she has engaged in household chores including shopping,
cooking and cleaning. She smiles and laughs appropriately. She talks freely, although she
shows repetitiveness and impoverishment of thought. She continues to deny all past and
present psychotic symptoms. There had been no changes in her medication or any other
aspects of her care until very recently. Just prior to the completion of the study mild
tardive dyskinesia was observed, and her medication was changed from trifluoperazine to
olanzapine. This change of medication occurred after all of the assessments presented
here had been completed with the exception of one test- the “Silly Sentences”.

4.2 Variables
4.2.1 Variables for original studies II-V
4.2.1.1 Information on childhood development at age 1
Developmental data originally obtained during children’s visits to welfare centres (the
average cohort member made 10 such visits in the first 12 months of life) were collected
and supplemented with a special examination performed at age approximately one year.
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In 96% of the cases the examination was performed and the information collected at an
age of at least 11.5 months or later (Rantakallio et al. 1985). Information was gathered on
the age (in months) on a number of developmental variables:
Motor development Information was recorded on the age (in months) that the child
learned three motor skills: standing without support, walking with support and walking
without support. For some analyses, a continuous summary measure of infant motor
development (IMD) which was approximately normally distributed was then created
using principle components analysis from these three scores as follows:
The three motor development measures were highly correlated over subjects; all
measures loaded positively on the first principal component (PC) and this accounted for
75% of the total variance. There were no between-group differences in eigenvector
loadings; we therefore used data from all participants in a single principal components
analysis (PCA) and defined the resulting first PC score as a summary measure of infant
motor development (IMD) for each subject. Positive scores on the IMD score denote
relatively delayed development and large negative scores denote relatively precocious
development. To illustrate how the IMD score corresponds to traditional developmental
milestones, in the sample used for original study V the mean IMD score for controls was
–0.35, which corresponds to a hypothetical infant who could walk with support at 9.2
months, stand without support at 10.8 months, and walk unsupported at 11.9 months. The
mean IMD score for schizophrenia was 0.6, which corresponds to a hypothetical infant
who could walk with support at 10.2 months, stand without support at 11.8 months, and
walk unsupported at 12.5 months. In a minority of cases (4 schizophrenia patients and 7
controls) there was no record of any developmental assessment being performed and
these cases were excluded from the analysis.
Some individuals were unable to perform one or more of the motor skills at the time of
the developmental assessment. For example, 9 individuals were unable to stand or walk
by the time of the developmental assessment: 7 schizophrenia subjects and 2 general
population controls. In order to include such missing values in analyses their scores were
imputed using an a priori conservative method: a value was attributed equal to the age at
the time of the developmental assessment plus one month. The scores were then entered
into the principal components analysis.
Bowel control Parents were asked whether the child defecated into a potty (always,
mostly, sometimes, or never). This variable was dichotomised: at least sometimes vs.
never.
Day/night-time wetting Parents were asked if the child was dry (mostly dry, always
dry, or wet every day/night). The variable was dichotomized: mostly or always dry vs.
wet every day/night.
Speech Parents were asked how many words the child spoke: no words, one or two
words, three or more.

4.2.1.2 Data on school performance in adolescence
When the children were 14 years of age, in 1980, data on their mental and physical
development and school performance were gathered using a questionnaire filled in by the
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child and his or her parents. The response rate was 97.0% and in the remaining cases data
were completed by interviewing school health nurses and school social workers so that
the final response rate was 97.6%. All the available information (intelligence tests,
records from child guidance centres, from hospitals and from institutions for
intellectually disabled children) was used to calculate the number of children with
intellectual disability (n=140) and subnormal intelligence (n=161) in the cohort. The
information was obtained from all but 14 children, who had emigrated. In the whole
cohort (n=11766), 94% of the children (n=11064) attended school at a level appropriate
for their age (normal class or above) and 3.8% (n=449) a class below their ageappropriate level. 2.2% (n=253) of the children had been released from school or they
attended school for children with intellectual disability or school for children with motor
disabilities, hearing deficits or behavioural problems (Rantakallio et al. 1986).
Information on the children’s school marks (teacher ratings) was obtained from the
national application register for upper secondary education including vocational schools
and upper secondary schools until the age of 16. Compulsory schooling ends when
children are 16 years old and after that all adolescents are advised to take part in the
national application system for upper secondary education. All applications and
preferences for upper secondary education are stored in the national register including
data on school marks as well as mean scores of those school marks. These data were
extracted until the year 1985 (Isohanni 1998).

4.2.1.3 Data on the highest completed education level
at the age of 31 years
Data on the highest completed education level at the age of 31 years were gathered from
the National Educational Register of Statistics Finland from those who were known to be
living in Finland at the beginning of the study in 1997 (N=10631). The classification of
Education Statistics is designed to describe the system of regular school and university
education, which is usually pursued on a full-time basis and with a view to attaining a
certificate, diploma, degree, or qualification for an occupation. The classification
principle is essentially consistent with the Unesco International Standard of Classification
of Education (ISCED 1997, I. Isohanni et al. 2001).

4.2.1.4 Cognitive function at age 33-35
The battery of cognitive tests was run through the Power Laboratory Player on an Apple
5300 laptop computer, with the exception of one paper and pencil neuropsychological
test, the California Verbal Learning Test. Experienced pre-and postdoctoral research
psychiatrists who trained with the cognitive battery administered the tests in a fixed order.
For the computerized tests, instructions were presented on the computer screen for
subjects to read at their own pace, and a number of practice trials were completed for
each task before testing began. Tests were selected to correspond to domains that have
been closely identified with areas of neuropsychological deficit in schizophrenia:
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executive function and memory (particularly verbal learning and working memory).
There is good evidence that the frontal cortex and basal ganglia, in addition to playing
critical roles in motor development and function, also contribute to category learning and
working memory (Ashby & Waldron 2000, Frank et al. 2001), making the use of tests of
such cognitive domains appropriate in the investigation of associations between motor
development and adult cognition.
Executive Functions: categorisation and categorisation with working memory
The Abstraction, Inhibition and Working Memory task (AIM) is a computerized ruleabstraction/category-learning task that requires subjects to use information to group
stimuli in a meaningful way, based on feedback received during the test (Glahn et al.
2000). Participants are shown five objects on the screen, two in the upper left corner, two
in the upper right corner. A target object appears in the centre of the screen below the
other stimuli. Subjects are required to group the target object with the left or right hand
pair (see figure 1). In order to allow examination of category-learning performance with
and without an explicit working memory component, in some trials all the objects are
presented simultaneously, whilst in other trials there is a delay between the presentation
of the target and other objects. Stimuli vary in colour, being red green or blue, and in
shape, being modified circles, squares or triangles. The correct response for each trial is
grouping on the most obvious, least complex set. Participants are given feedback for each
trial.
Visuo-spatial working memory In this computerized task 12 coloured balls (being either
red or blue in a 1:1 ratio, 3:1 ratio or 11:1 ratio) appear on the screen in a circular
distribution. The balls disappear and a single white ball appears in the place of one of the
twelve previous balls. Subjects are required to indicate whether the white ball replaced a
red or a blue ball.
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Fig. 1. The AIM test of categorisation. Subjects are required to group the target object with
the left or right hand pair. Here the correct answer would be the right hand pair.

Visual Object Learning The Visual Object Learning Test (VOLT) is a computerized test
of visual object learning and memory (Glahn et al. 1997). Participants are shown a set of
10 visual objects - the learning set. In a forced choice paradigm, they are then are
required to recognize those stimuli within a group of 20 objects, of which 10 are
distractors. There are 4 trials, each with novel distractors, and after each trial participants
are shown the learning set. The dependent variable is the total number of correct
responses in the four trials summed.
Verbal Learning The California Verbal Learning Test (CVLT) is an auditory verbal
memory test using a 16-item shopping list (the learning set) that is read to the subject five
times (Delis et al. 1983). After each trial subjects must repeat back as many items as they
can remember. The dependent variable is the overall score, achieved by summing the
results of the 5 trials.
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4.2.1.5 Covariates
Table 3. Covariates used in the original papers.
Variables and their categorisation
Gender
Social class based on father’s occupation (mother’s if single) at birth and at age 14.
Dichotomised to non-manual (class 1-3) or manual (class 4-5).

Original Paper
II, III, IV, V
II, IV
III, V

Month of birth

II

Gestational age

II

Birth weight

II

Mother’s marital status

II

Mother’s education <8, 9-11, >12 years

III

Perinatal risk: no/yes (low birth weight <2500g, short gestation < 37 weeks, perinatal

IV

brain damage)
School type at age 14: normal or special school

IV

School class/grade at age 14: in age-appropriate class or not

IV

Genetic risk/family history (first degree relative) of psychosis

IV

4.2.2 Variables for original study VI
Mini-Mental State Exam Commonly used in clinical settings, this brief assessment
provides a summary measure of gross cognitive function. The maximum score is 30, and
normal scores are 27 or above. Scores of under 24 are commonly seen in dementia
(Folstein et al. 1975).
Weschler Adult Intelligence Scale (WAIS) The most commonly used measure of
general intellectual function. It also provides information on 2 subscales, verbal and nonverbal (performance) IQ. It is designed and scored to give a mean score of 100, and
standard deviation of 15 in the general population (Wechsler 1955).
National Adult Reading Test (NART) The NART list consists of 50 phonetically
irregular words; subjects are required to read the words aloud and are scored on their
pronunciation (Nelson 1982). Scores are correlated with intelligence in healthy
individuals and with premorbid intellectual ability in people with brain disorders (Lezac
et al. 2004).
Visual Object and Space Perception Test (VOSP) This battery of tests involves object
perception (such as identification of silhouettes) and space perception (such as position
discrimination) (Warrington & James 1991).
Rey-Figure Copy The subject is required to copy a complex figure (Osterrieth 1944).
Subjects with parietal lobe lesions are impaired on this task.
Graded Naming Test and Boston Naming Test These tests assess confrontational
naming, and involve a series of drawings or pictures of objects which test participants are
required to name (McKenna & Warrington 1980, Goodglass & Kaplan 1983). The left
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temporal lobe is essential for performing this test in most right-handers (Lezac et al.
2004).
Modified Token Test The token test requires auditory comprehension, language
production, memory span for verbal sequences and ability to use syntax (Lezac et al.
2004). Subjects are issued sequential instructions to touch a series of coloured tokens in
particular orders (De Renzi & Faglioni 1978).
Test for Reception of Grammar (TROG) This test of grammar comprehension involves
a number of sentences, each of which subjects have to match to the appropriate picture;
for example, the man is in front of the horse (Bishop 1989).
Forward digit span One of the simplest cognitive tests, it measures immediate verbal
recall.
Backward digit span In addition to immediate verbal recall, backwards span also
requires a degree of working memory in order to manipulate the order of digits.
Corsi Blocks Analogous to digit span, but testing non-verbal immediate recall. The
examiner taps on the blocks in a defined order, which the subject has to copy (Milner
1971).
Rivermead Behavioural Memory Test This test was designed to address practical
memory tasks from everyday life, such as remembering a name associated with a
photograph, or remembering an appointment (Wilson et al. 1985).
Doors and People Test Tests visual and verbal recall and recognition (Baddeley et al.
1994).
Modified Wisconsin Card Sorting Test The classic Wisconsin Card Sorting Test
measures executive function in that it tests the ability to learn categories and shift set. In
Nelson’s modified test the examiner tells the subject when the rule is being changed, and
has the advantage of still being sensitive to executive deficits whilst being less distressing
for patients who are performing poorly (Nelson 1976).
Verbal fluency This frontal lobe test requires the subject to spontaneously generate
words to fit the designated category.
Cognitive Estimates Test This test measures practical judgement, requiring subjects to
estimate answers to questions based upon practical reasoning; for example “how fast do
race horses gallop?” Patients with frontal lobe lesions perform poorly on this test
(Shallice & Evans 1978).
Silly Sentences Test Officially known as The Speed and Capacity of Language
Processing (SCOLP) Test, it is usually referred to as the silly sentences test, and measures
semantic memory. Subjects have to give true or false answers to sentences such as ‘nuns
grow in gardens’ (Baddeley et al. 1992).
Sentence Verification Test Similar to the Silly Sentences Test (Laws et al. 1995).
Pyramids and Palm Trees Test In this semantic memory test the subject has to match
an example to one of several choices (Howard & Patterson 1992).
BORB object decision In the Birmingham Object Recognition Battery (Riddoch and
Humphreys 1993), subjects view line drawings of real and chimeric animals, and have to
decide which is real. It tests conceptual knowledge/semantic memory.
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4.3 Statistical methods
4.3.1 Statistical methods for original studies II-V
In all statistical analysis all the available information from each variable was used and
therefore the total number of subjects varies in different analyses, because data were
missing for some variables for some cases.
In original studies III and IV, associations between infant motor development (as
ordinal variables) and adolescent school function (IV) and adult cognitive function (III),
were examined using analysis of variance with linear contrasts to test for linear trends
across ordered categories (Rosenthal et al. 2000).
In original study (V), due to the construction of a continuous motor variable, multiple
linear regression modelling could be used to examine motor-cognitive associations. In
studies III and V, interaction terms (development by diagnosis) were introduced to
examine whether the associations between the independent variables (developmental
data) and the dependent variables (school performance in IV, cognition in V) differed in
schizophrenia and the general population.
In original study IV, to examine correlations between developmental variables and
scholastic performance, Spearman’s correlation co-efficients were used as the
developmental variables were ordinal. In original study V, to examine correlations
between IMD and adult cognitive performance, Pearson’s correlation co-efficients were
used as IMD is a continuous variable.
In original study II, the continuation ratio model of a polytomous logistic regression
was applied. This method partitions the analysis of the original outcome variable
(educational level) into two different logit models (logistic regression): basic education
vs. the others, and secondary education vs. tertiary education. The model was adjusted for
gestational age, birth weight, gender, mother’s marital status, and father’s social class.
For examining the number of subjects who were or were not in age-appropriate classes
according to development, chi-squared tests were used.
In statistical methodology, a type I error is rejecting null hypothesis when it is true (i.e.
a false positive result); type II error is accepting a null hypothesis when it is false (failing
to detect a real difference). The power of a statistical test is probability of correctly
rejecting a null hypothesis when it is false (i.e the probability of being able to detect a
real difference between groups). Power =1-β, where β is the probability of a type II error.
Specific magnitudes of effects sizes mentioned in the thesis follow Cohen’s proposal’s of
small, medium and large effect sizes equating to effect sizes of 0.2, 0.5 and 0.8
respectively (Cohen 1988).
Various software packages were used for analyses: SAS (version 8.02), SPSS (version
10) and Stata (intercooled Stata version 8). The threshold for statistical significance was
set at p<0.05 for all analyses. In total 90 comparisons were planned and carried out. No
post-hoc tests were undertaken. No adjustments for multiple testing were performed. For
correlation analyses, visual inspection was used to check for non-linear relationships.
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4.3.2 Statistical methods for original study VI
In order to determine whether there was evidence of real change in cognitive
performance between assessments for the two subjects in study VI (as opposed to a
difference merely reflecting measurement error), I used the method of the standard error
of prediction (Harrison & Owen 2002). In this technique, an adjustment to the observed
score to take account of regression to the mean is made, to calculate a ‘true score’, and
then a standard error of prediction is calculated for the score using the reliability
coefficient for the test in question (Brophy 1986). From the standard error of prediction it
is possible to calculate a confidence interval around the first test performance. Scores on
any subsequent test can be compared to this confidence interval; if they fall outside it
provides evidence that the second score represents real change as opposed to merely
reflecting measurement error. Harrison and Owen (2002) recommend using 66%
confidence intervals as, when deciding whether retest change is a real effect or
measurement error, there should be bias towards the view that the change in scores
represents real change. As a futher check, I also applied the method of Jacobson-Truax, in
which performance is expressed as a ratio derived by dividing the difference between test
and retest scores, and then dividing by the standard error of the observed difference
(Jacobson & Truax 1991). Ratios greater than 1.96 are taken as evidence of real change.
These methods were used to determine whether there was real change in general
intellectual function as measured by WAIS IQ and the Mini-Mental State Exam.
However, this method was not used in assessing change in specific neuropsychological
tests in study II because of lack of availability for reliability coefficients for the majority
of such tests.

4.4 Ethical considerations
Permission for gathering data for the entire Northern Finland 1966 Birth Cohort was
obtained from the ministry of Social Welfare and Health Affairs in 1993. The Ethics
Committee of the University Hospital of Oulu keeps the study design of the Northern
Finland 1996 Birth Cohort under review. The research plan for the Northern Finland 1966
Birth Cohort 31 year follow-up study was accepted by the Ethical Committee of Oulu
University, Faculty of Medicine on June 17 1996. Informed consent was obtained from
all participants.

4.5 Personal involvement
I participated in original study VI from December 2000 onwards, being involved in study
design, data collection, analysis and manuscript writing. I participated in original studies
I-V from November 2001 onwards. I had the ideas for studies III and V. As first author, I
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designed (in consultation with co-authors) studies I, III, V, and VI, I performed all
statistical analyses for these studies, interpreted the results and wrote the first drafts and
the manuscripts for these studies. I made a substantial intellectual contribution to studies
II and IV, and was involved (with co-authors) in designing the analyses, interpreting the
results and writing the manuscripts for studies II and IV. Where I was assisted by
colleagues, I personally studied the methods utilised.

5 Results
5.1 Premorbid features of schizophrenia manifest during the school
years, and their relation to possible preventative
interventions for schizophrenia (I)
There are several risk factors for schizophrenia that relate to the school years, including
social and behavioural difficulties (Jones & Done 1997), cognitive and motor
abnormalities (Cannon et al. 2002), and difficulties passing through the school grades
(Isohanni et al. 1998). Can these risk factors be used to predict who will develop the
schizophrenia syndrome? A number of difficulties are involved. The positive predictive
value of a test is dependent on the prevalence of the disorder in question. The relative
rarity of schizophrenia in the general population and the nature of the premorbid
impairments – shifts in the entire group no matter which behavioural or cognitive risk
factors are considered – do not lend themselves to predictive possibilities. Predictions of
later disorder based on the results of psychometric tests of either behaviour or cognition
may be more applicable in special groups of individuals in which the prevalence is
higher, such as those individuals at high genetic risk.

5.2 Infant development and adolescent and adult
educational performance (II)
5.2.1 Developmental milestones and schooling at the age of 14 years
As seen in Table 4, at the age of one year, the psychomotor development of the children
who, at the age of 14, attended a school for intellectually disabled children, a special
school or a normal school in a class below their appropriate age was more likely to be
slower than those attending a normal school at a level appropriate or above for their age.
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Most children who had been able to stand at 9 months, walk without support by the age
of ten months and spoke two or more words at one year were in at least an ageappropriate class at 14 years. As to the gender differences, girls were superior to boys in
all the developmental milestones assessed in this research.
Table 5 shows that for girls the mean scores at age 16 were associated highly
significantly with developmental measures across all domains of development, but for
boys the association was significant only with the following developmental milestones:
standing and walking without support, bowel control and day time wetting. However, in
the model that contains all covariates, the total contribution to the overall variance of
school marks varied for different milestone variables from 6.0% to 6.5% among boys and
from 5.6% to 6.2% respectively in girls.

5.2.2 Educational level at the age of 31 years
The same relationship, which was in sight at the age of 14 and 16, strengthened in the
follow-up study conducted at the age of 31 years (Table 6). In other words, of those who
had been able to stand or walk by the age of 12 months, or could speak three or more
words or had attained a continence, two thirds had achieved a secondary level education
and over a quarter a tertiary level education. There was a statistically significant
probability to remain at a basic level of education for those who could not stand without
support at 9 months and had never defecated in a potty by the age of 12 months. The
possibilities for the slower developers to advance from secondary to tertiary level
education were nearly one and a half times inferior to faster developers (OR 1.42 95% CI
1.26-1.62)
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Table 4. Numbers and proportions of the milestone variables at one year stratified by the
school form at the age of 14 in the Northern Finland 1966 Birth Cohort (II Table 1).
Developmental
milestone

School form at the age of 14
Released

Training

Special

Class below

Normal

Class above

from school

class

class

normal

class

normal

or class for
severely
disabled
N

%

N

%

N

%

N

%

N

%

N

%

Age of standing
without support
(months)
-9

.

.

9

0.42

1

0.05

55

2.54

2055

95.0

43

1.99

10

3

0.13

16

0.68

5

0.21

73

3.12

2215

94.6

30

1.28

11

4

0.15

25

0.93

4

0.15

89

3.32

2523

94.2

34

1.27

12+

65

2.01

67

2.07

17

0.53

154

4.77

2902

89.8

25

0.77

-10

1

0.05

6

0.29

1

0.05

52

2.55

1941

95.3

36

1.77

11

1

0.04

16

0.64

4

0.16

75

2.99

2365

94.4

45

1.80

12+

69

1.18

96

1.64

22

0.38

246

4.20

5367

91.7

52

0.89

3 or more words

13

0.22

46

0.79

12

0.21

191

3.29

5462

93.9

90

1.55

1-2 words

13

0.58

20

0.89

2

0.09

79

3.50

2117

93.9

23

1.02

No words

45

1.87

52

2.16

13

0.54

102

4.24

2175

90.4

20

0.83

Mostly or always

13

0.33

24

0.61

8

0.20

111

2.83

3712

94.5

58

1.48

Sometimes

13

0.39

31

0.92

10

0.30

126

3.74

3145

93.4

44

1.31

Never

44

1.39

63

1.98

9

0.28

128

4.03

2899

91.3

33

1.04

Sometimes dry

7

0.36

14

0.72

1

0.05

55

2.81

1847

94.4

33

1.69

Always wet

63

0.74

105

1.23

26

0.30

311

3.65

7925

92.9

101

1.18

Sometimes dry

14

0.36

38

0.97

9

0.23

132

3.38

3667

93.8

50

1.28

Always wet

56

0.85

80

1.22

18

0.27

235

3.59

6079

92.8

83

1.27

Age of walking
without support
(months)

Speaking at the age
of 1 year

Defecated in a
potty

Day time wetting

Night time wetting
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Table 5. The mean scores of all school subjects by the milestone variables in normal
school attendees (class below, normal class and class above) of the Northern Finland
1966 Birth Cohort (II Table 2).
Developmental

Mean scores of all school subjects

milestone

Analyses of variance

at the age of 16
Boys
Mean

Std

Girls
Mean Std

All
Mean

Std

Boys

Girls

All

F(df1,df2),

F(df1,df2),

F(df1,df2),

(p-value)

(p-value)

(p-value)

Age of standing

3.7 (3,4602),

7.5 (3,4552),

8.4 (3,9174),

without support

(0.011)

(<0.001)

(<0.001)

Age of walking

5.1 (2,4596),

7.8(2,4537),

11.0 (2,9152),

without support

(0.006)

(<0.001)

(<0.001)

0.7 (2,4648),

6.0 (2,4589),

5.0 (2,9254),

(0.522)

(0.003)

(0.007)

(months)
-9

7.57

0.95

8.22

0.88

7.91

0.97

10

7.48

0.96

8.23

0.89

7.85

1.00

11

7.46

0.98

8.15

0.92

7.81

1.01

12+

7.48

0.98

8.07

0.92

7.77

1.00

(months)
-10

7.57

0.93

8.21

0.90

7.90

0.97

11

7.49

0.97

8.23

0.87

7.86

0.99

12+

7.47

0.98

8.11

0.92

7.79

1.00

Speaking at the age
of 1 year
3 or more words

7.51

0.97

8.19

0.92

7.88

1.00

1-2 words

7.50

0.96

8.12

0.89

7.81

0.98

No words

7.45

0.97

8.09

0.88

7.72

0.98

Defecated in a potty

10.3 (2,4646),

at the age of 1 year

(<0.001)

(< 0.001)

(<0.001)

7.9 (1,4659),

8.3 (1,4592),

15.7 (1,9269),

(0.005)

(0.004)

(<0.001)

0.6 (1,4645),

6.2 (1,4580),

5.5 (1,9243),

(0.4349

(0.013)

(0.019)

Mostly or always

7.57

1.00

8.22

0.91

7.94

1.00

Sometimes

7.42

0.96

8.14

0.92

7.76

1.00

Never

7.37

0.97

8.00

0.90

7.65

0.99

Day time wetting at
the age of 1 year
Sometimes dry

7.57

0.99

8.22

0.88

7.96

0.98

Always wet

7.44

0.97

8.11

0.92

7.75

1.01

Night time wetting at
the age of 1 year
Sometimes dry

7.47

0.98

8.17

0.92

7.85

1.00

Always wet

7.45

0.98

8.11

0.91

7.76

1.01

16.8 (2,4588), 24.6 (2,9253),
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Table 6. Numbers and proportions of the milestone variables at the age of one stratified
by the attained educational level at the age of 31 and odd ratios (OR) with 95%
confidence intervals (CI) in the Northern Finland 1966 Birth Cohort (II Table 3).
Developmental
milestone

Educational level at the age of 31
Basic
education

Secondary
education
N

%

Tertiary
education

Basic
(vs. secondary
and tertiary
education)

Secondary
(vs. tertiary
education)

N

%

OR (95% CI)

OR (95% CI)

N

%

-9

213

10.9

1211

62.0

530

27.1

1

1

10

268

12.6

1287

60.4

577

27.1

11

309

12.6

1485

60.5

660

26.9

12+

400

13.6

1863

63.5

671

22.9

1.18
(0.97-1.44)
1.17
(0.96-1.41)
1.25
(1.04-1-50)

1.00
(0.86-1.15)
0.98
(0.85-1.13)
1.20
(1.05-1.38)

-10

223

12.1

1119

60.8

499

27.1

1

1

11

264

11.5

1408

61.3

625

27.2

12+

702

13.2

3302

62.2

1305

24.6

0.93
(0.76-1.13)
1.07
(0.90-1.26)

1.01
(0.87-1.17)
1.10
(0.97-1.25)

3 or more words

627

11.8

3265

61.5

1419

26.7

1

1

1-2 words

275

13.4

1264

61.4

518

25.2

No words

295

13.5

1361

62.4

524

24.0

1.10
(0.94-1.29)
1.06
(0.91-1.24)

1.05
(0.93-1.19)
1.11
(0.98-1.25)

Mostly or always

407

11.3

2122

59.2

1057

29.5

1

1

Sometimes

351

11.4

1909

62.2

809

26.4

Never

442

15.3

1852

64.1

597

20.7

0.93
(0.80-1.09)
1.23
(1.06-1.43)

1.13
(1.01-1.26)
1.42
(1.26-1.62)

Sometimes dry

195

10.9

1077

60.4

512

28.7

1

1

Always wet

1003

12.9

4819

62.0

1955

25.1

1.06
(0.90-1.26)

1.13
(1.00-1.28)

Sometimes dry

430

12.0

2206

61.7

938

26.2

1

1

Always wet

768

12.9

3671

61.6

1523

25.5

1.02
(0.90-1.16)

1.04
(0.94-1.15)

Age of standing without
support (months)

Age of walking without
support (months)

Speaking at the age of 1
year

Defecated in a potty at
the age of 1 year

Day time wetting at the
age of 1 year

Night time wetting at the
age of 1 year
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5.3 Infant motor development and adult cognitive performance
in the general population (III)
5.3.1 Adult cognitive function
A range of adult cognitive performance was seen. After transformation, the results in all
tests were distributed normally. There was a degree of inter-correlation between
performances in certain tests within individuals. The two measures of executive function,
categorisation and categorisation with memory, were highly correlated (R=0.71).
Visuospatial working memory was also to some extent correlated with measures of
executive function (R=0.32 categorisation, R=0.27 categorisation with working memory).

5.3.2 Adult cognition according to age at learning to stand
Table 7 shows the association between age at learning to stand and adult cognitive test
performance. A test for linear trend showed a significant linear relationship between age
of learning to stand with 2 tests of executive function: categorisation and categorisation
with a working memory load. The later the attainment of the milestone, the poorer was
the executive function (F=5.9, df =1, 86, p=0.018 categorisation (Figure 2); F= 7.6, df =1,
86, p=0.007 categorisation with working memory). The effects persisted after taking
gender, social class, and maternal education into account (F=9.5, df=1, 84, p=0.003,
categorisation, F=7.6, df=1, 84, p=0.007 categorisation with working memory). In order
to check that the association was not being unduly dominated by the later developers, we
repeated the analysis having excluded all 21 individuals who were unable to stand at the
time of the developmental assessment: the linear associations between executive
functions and motor development, adjusted for gender, social class and maternal
education, were still significant (F=8.9, df =1, 65, p=0.004 categorisation; F=5.7, df =1,
65, p=0.020 categorisation with working memory). A significant linear trend across
milestone category was not observed in the tests that measured other domains of
cognitive function.
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Table 7. Arithmetic mean scores of adult cognitive tests (standard deviations) according
to age of learning to stand without support and results of statistical tests for linear trend
in test score across categories of age of learning to stand (III Table 1).
Cognitive test

Age of standing (months)

F

≤ 9a

10 b

11 c

≥12 d

Categorisation

25.33

24.32

24.42

23.19

(n=90)

(1.57)

(2.10)

(3.36)

(3.10)

Categorisation with working

24.94

24.00

24.33

22.00

memory (n=90)

(2.86)

(2.53)

(3.67)

(3.60)

Visuospatial working memory

86.25

85.50

85.32

83.41

(n=92)

(6.32)

(5.46)

(5.84)

(9.31)

Visual object learning

68.24

67.88

68.57

69.92

(n=92)

(5.38)

(4.78)

(5.96)

(4.40)

Verbal learning

58.74

61.76

60.60

56.92

(n=88)

(7.42)

(9.14)

(6.63)

(7.11)

a

p -value
for trend

5.87e

0.018

7.57 e

0.007

1.87 e

0.175

1.60 e

0.209

1.23 e

0.271

maximum n=21, b maximum n=25, c maximum n=21, d maximum n=29, e degrees of freedom (df) =1, 86, f

df =1, 88, g df =1, 84
30
28

Categorisation Score

26
24
22
20
18
16
14
12
9

1

1

1

Age at Standing without Support

Fig. 2. Categorisation score according to age of learning to stand in the general population
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5.4 Infant development and adolescent school performance
in schizophrenia (IV)
Table 8 shows the correlations between the age at learning to stand without support and
later school performance in motor, theoretical and all domains stratified by the four
diagnostic groups.

5.4.1 Developmental continuities in the general (unaffected) population
In the unaffected general population without psychiatric hospital treatment (controls) the
developmental gradient at age 1 was related to subsequent function at age 16 as assessed
by teachers’ ratings of school subjects involving motor and theoretical performance. The
magnitude of this long range association was small (-0.05 for theoretical subjects to -0.09
for motor subjects), as might be expected, but highly robust statistically, as revealed by
the confidence limits excluding zero values, due to the large sample size in this group
which enable very precise statements to be made about even small effects.

5.4.2 Developmental continuities in the diagnostic groups
In schizophrenia (with narrow or broad definition) and all psychoses a robust correlation
was observed for motor marks, with a similar pattern for theoretical and all subjects
(Table 8). The strongest correlation was found between the age at learning to stand and
school performance in motor subjects (r=-0.30) among narrow DSM-III-R schizophrenia
cases. The inclusion of theoretical subjects in the score for all subjects seems to dilute the
association observed when only motor subjects are combined.
The results for the cases having hospital-treated non-psychotic disorder were similar to
those observed among controls in terms of pattern, but slightly stronger (greater in
magnitude): Spearman correlations were -0.124 (-243 to -0.002) in the motor domain, 0.081 (-0.202 to 0.042) in the theoretical domain, and -0.090 (-0.210 to 0.032) in
combined domains. However, none of these associations statistically reliable, despite the
larger sample size in this group than the two classifications of schizophrenia.

5.4.3 Linear trends
When associations were examined in terms of linear trends (across the three milestone
categories) only a small (but statistically robust) association existed between
development at age 1 and 16 years (Table 8) in the unaffected, general population
(excluding those hospitalised for non-psychotic psychiatric disorders). In the group
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hospitalised for non-psychotic disorder no association existed (not shown in Table 8) so
linear trends were not relevant.
In narrow and broad schizophrenia and all psychoses the developmental gradient
appeared to persist into the teenage years: age at learning to stand was associated
significantly (Table 8) with school performance in motor subjects, theoretical subjects
and overall score.

9351

8.0 (0.7)

7.4 (1.1)

7.3 (1.1)

7.4 (1.1)

7.5 (1.1)

7.3 (1.1)

7.1 (1.1)

7.3 (1.2)

7.6 (1.1)

7.3 (1.1)

7.1 (1.1)

7.2 (1.2)

7.6 (1.1)

7.3 (1.2)

7.1 (1.1)

7.3 (1.2)

7.5 (0.9)

7.5 (0.9)

7.5 (1.0)

7.6 (0.9)

7.4 (1.0)

7.2 (0.9)

7.4 (1.0)

7.7 (0.9)

7.4 (1.0)

7.3 (0.9)

7.3 (1.0)

7.8 (0.9)

7.4 (1.0)

7.2 (0.9)

7.4 (1.0)

7.8 (1.0)

(sd)

mean

All3

-0.09 (-0.11 to -0.07)
-0.05 (-0.07 to -0.03)
-0.06 (-0.08 to -0.04)

3

-0.23 (-0.38 to -0.06)

3

2

-0.19 (-0.35 to -0.02)

1

-0.26 (-0.41 to -0.10)

-0.21 (-0.37 to -0.02)

3

2

-0.17 (-0.34 to -0.01)

1

-0.27 (-0.43 to -0.09)

-0.25 (-0.43 to -0.05)

3

2

-0.22 (-0.40 to -0.02)

2

1

-0.30 (-0.47 to -0.10)

1

CI)

Spearman correlations (95%

3

0.017

0.033

0.009

0.019

0.034

0.009

0.010

0.017

0.006

<0.001

0.003

<0.001
2

1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

1

3.7, (1,9293) 0.042

3.2, (1,9293) 0.072

4.9, (1,9293) 0.028

3.2, (1,9274) 0.075

2.2, (1,9274) 0.138

5.1, (1,9274) 0.024

4.1, (1,9254) 0.044

3.3, (1,9254) 0.071

4.4, (1,9254) 0.037

F, (df1,df2), p-value

4

linear trend

Test for interaction5

p-value for

Analysis

Motor score (physical education, music, drawing, craft; woodwork/knitting), 2) Theoretical score (native language; reading/literal, second, third, fourth and fifth language;

All

7.9 (0.7)

7.9 (0.7)

8.0 (0.7)

7.8 (0.7)

7.6 (0.7)

7.7 (0.8)

8.1 (0.7)

7.8 (0.7)

7.6 (0.7)

7.7 (0.8)

8.2 (0.7)

7.8 (0.7)

7.6 (0.7)

7.8 (0.8)

7.7 (1.1)

mean (sd)

mean (sd)
8.1 (0.7)

Theoretical2

Motor1

School performance at age 16

contrasted to the category no psychiatric hospital treatment.

controlled for sex, perinatal risk, and school type at the age 14 and grade level, 5) Analysis of variance; linear interaction (trend x diagnosis). Each diagnostic category is

mathematics; chemistry; physics; history; biology; geography; religion and civics), 3) Mean of all school subjects (motor and theoretical scores), 4) Analysis of variance;

1)

(controls)

12 or later

treatment

2848

2421

11 months

hospital

139

All
4082

62

12 or later

before 10

36

11 months

No psychiatric

41

120

All

before 10

54

12 or later

schizophrenia

All psychoses

33

11 months

100

All

DSM-III-R

47

12 or later
33

27

11 months

schizophrenia

before 10

26

before 10

DSM-III-R

Broad

N

support at age 1

Standing without

Age at learning

Diagnosis

Table 8. The relation between motor development at the age 1 (standing without support) and educational performance at the age 16
assessed using mean scores (motor, theoretical and all subjects) of school subjects (IV Table 1).
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5.4.4 Linear interactions
Tests for linear interaction (trend x diagnosis) were significant in the motor domain in
narrow DSM-III-schizophrenia (p=0.037), and for broad DSM-III-R schizophrenia
(p=0.024) and all psychoses (p=0.028). This interaction (narrow schizophrenia) is shown
graphically in Figure 3. There was no such interaction for non-psychotic disorders (not
shown).
Interactions were statistically reliable at the 0.05 level for motor marks, but sample
size and limited power meant that similar patterns of effects for theoretical and all
subjects returned only marginal (trend) significance levels (0.05 < p < 0.14). Nevertheless
we remark on the consistency of the trends, not the absolute levels of the p-values alone.
8.2

Test for linear interaction
F=4.4, (df1=1, df2=9254)
p=0.037

8.1

Mean motor score

8
7.9
7.8

DSM-III-R schizophrenia

7.7

No hospital treated psychiatric
disorder

7.6
7.5
7.4
7.3
10 or earlier

11

12 or later

Age le arne d to s tand w ithout s upport (m onths )

Fig. 3. Adolescent motor score according to age at learning to stand (IV Figure 1).

5.4.5 Other developmental milestones
The analyses were repeated using age of walking without support by one year, bladder
control (urination), potty training (defecation), and age of speaking. There were some
sporadic correlations and linear trends linking slow development at age 1 and poor
performance scores at age 16 (not shown), but they did not achieve statistical
significance.
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5.4.6 Effect of covariates
When boys and girls were analysed separately, the results were essentially the same, even
though school performance was better at age 16 among girls. When the analyses were
repeated selecting by school type and including only those individuals in normal school
(and having no mental retardation), the results were nearly identical with those in Table 8
including all cases. This was also the case when the analysis was restricted to only
schoolchildren in their normal grade.
The results were also similar as in Table 8 and Figure 3 when the sample was stratified
by genetic risk and cases with known familial risk of psychoses were excluded. Spearman
correlation coefficients were -0.323 (-0.513 to -0.104) (motor score), -0.247 (-0.449 to 0.021) (theoretical score, and -0.276 (-0.473 to -0.052) (all). Correspondingly, estimates
of linear interactions were (F (df=1,df=9233), p-value): motor score 4.38, 0.0365;
theoretical score: 3.51, 0.0612, all 4.06, 0.0438.

5.4.7 Missing data
Data on standing, walking, potty training, day wetting or speaking were missing from the
1-year examination in 9% to 12%, and school marks in 2% of cases. There were no
significant differences between diagnostic outcome groups in terms of examination age or
proportions of missing data.

5.5 Infant motor development and adult neurocognition
in schizophrenia (V)
5.5.1 Neurocognitive performance in schizophrenia
and the general population
Of the 61 schizophrenia patients who attended for cognitive testing at age 33-35, 4 were
too unwell at the time to undergo the procedure, leaving 57 patients with at least some
cognitive assessment. Cases performed significantly more poorly on all tests compared
with controls (Table 9).

5.5.2 Determinants of adult neurocognitive function
Multiple linear regression modelling was applied using cognitive test score as the
dependent variable and diagnosis, infant motor development, gender, and social class
as the independent variables (Table 10, V Table 2). A diagnosis of schizophrenia was
associated with poorer cognitive performance in all domains tested. Later infant motor
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development was related to poorer adult cognition in executive functions, verbal
learning and visuospatial working memory, but was unrelated to visual learning.
Gender and social class were significant predictors of adult cognition in some
domains.

5.5.3 Power calculation to determine ability to detect a difference in
motor-cognitive associations between diagnostic groups
We calculated the power available to detect a difference in regression slopes
(cognition as dependent variable, infant motor development as independent variable)
between control and schizophrenia groups. Using regression coefficients determined
from controls in this dataset, we found that there was power of 80% to detect a
difference in regression slopes between diagnostic groups of moderate effect size (0.5
standard deviations). To detect a more subtle difference (e.g. an effect size of 0.25)
between groups with reasonable power (0.8), a sample-size of 205 patients and 410
controls would be required.

5.5.4 Linear interactions in motor-cognitive associations
We then proceeded to examine whether the slope of the regression lines (cognition
regressed on IMD) differed in schizophrenia and control subjects by introducing an
interaction term (diagnosis X IMD). There was no significant interaction effect on
performance in any of the five cognitive tasks (test for interaction, p>0.5 for each
regression), implying that regression lines with the same slope could be fitted in
schizophrenia and the general population (Table 11, V Table 3). The difference
between the two groups lay in their intercepts as opposed to in their slopes (see figure
4). As a further confirmation of this lack of interaction, we proceeded to stratify by
diagnosis and determine correlation coefficients between cognitive variables and IMD
score. Stratifying by diagnosis leads to a reduction in power, especially in the
schizophrenia group as it has a smaller number of subjects, reflecting in nonsignificant p-values in the schizophrenia group. Nevertheless, correlation coefficients
were broadly similar for both groups.
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Table 9. Comparison of subjects with schizophrenia and controls - demographics and
summary scores of developmental milestones and cognitive tests (V Table 1).
Variable
Age in years at cognitive testing
Gender (m:f)
Social Class I-III
Social Class IV-V
Infant motor development score

Schizophrenia

Controls

32.8-35.4

32.7-35.9

36:25

62:42

41/61 (67.2%)

77/104 (74%)

20/61 (32.8%)
0.60 [0.24, 0.96] (1.34)

27/104 (26%)
-0.35 [-0.65, -0.05] (1.47) p<0.0001

Categorisation without working memory

-0.33 [-0.62, -0.05] (1.08)

0.19 [0.01, 0.37] (0.90)

p=0.0025

Categorisation with working memory

-0.51 [-0.73, -0.29] (0.84)

0.29 [0.01, 0.48] (0.97)

p<0.0001

Visuospatial working memory

-0.60 [-0.90, -0.29] (1.13)

0.32 [0.18, 0.47] (0.75)

p<0.0001

Visual learning

-0.80 [-1.08, -0.51] (1.02)

0.41 [0.27, 0.55] (0.70)

p<0.0001

Verbal learning

-0.72 [-1.01, -0.43] (1.04)

0.38 [0.23, 0.53] (0.74)

p<0.0001

Values represent numbers (percentages in parenthesis), or means [95% confidence intervals in square brackets].
(standard deviations in parenthesis). For all cognitive tests a higher score represents better performance. The
infant motor development score is the 1st Principle Component of the measures of ages of standing, of walking
supported and of walking unsupported - a lower score means quicker development. P-values are for t-tests
comparing group means.
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Table 10. Multiple linear regression models for predictors of adult neurocognitive
performance (V Table 2)
Beta (unstandardised)

P

R2(%)

Diagnosis

-0.349

0.035

19

Infant motor development

-0.150

0.006

Gender

0.141

0.357

Social class

-0.617

0.000

Categorisation plus working

Diagnosis

-0.696

0.000

memory

Infant motor development

-0.147

0.006

Gender

0.112

0.456

Social class

-0.398

0.012

Diagnosis

-0.879

0.000

Infant motor development

-0.142

0.007

Gender

0.301

0.037

Social class

-0.377

0.013

Diagnosis

-1.205

0.000

Infant motor development

0.041

0.417

Gender

0.008

0.957

Social class

-0.149

0.319

Diagnosis

-0.843

0.000

Infant motor development

-0.124

0.020

Gender

-0.177

0.247

Social class

-0.191

0.230

Dependent Variable
Categorisation

Verbal learning

Visual object learning

Visuospatial working memory

Independent Variables

24

33

32

24

For all cognitive tests a higher score represents better performance. The infant motor development score is the
1st Principle Component of the measures of ages of standing, of walking supported and of walking unsupported
, - a lower score means quicker development. R2 represents the amount of variance explained by the models
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Table 11. Multiple linear regression models for predictors of adult neurocognitive
performance including interaction term.
Beta (unstandardised)

P

R2(%)

Diagnosis

-0.368

0.031

19

Infant motor development

-0.168

0.012

Gender

0.128

0.412

Social class

-0.618

0.000

Diagnosis X infant motor development

0.056

0.630

Categorisation plus

Diagnosis

-0.711

0.000

working memory

Infant motor development

-0.161

0.014

Dependent Variable Independent Variables
Categorisation

Verbal learning

Gender

0.102

0.506

Class

-0.399

0.012

Diagnosis X infant motor development

0.044

0.703

Diagnosis

-0.860

0.000

Infant motor development

-0.125

0.047

Gender

0.309

0.034

Class

-0.378

0.013

Diagnosis X infant motor development

-0.057

0.609

Visual object

Diagnosis

-1.210

0.000

learning

Infant motor development

0.035

0.565

Gender

0.004

0.980

Class

-0.150

0.317

Diagnosis X infant motor development

0.019

0.863

Visuospatial

Diagnosis

0.673

0.047

working memory

Infant motor development

-0.100

0.116

Gender

-0.161

0.300

Class

-0.189

0.237

Diagnosis X infant motor development

-0.077

0.502

24

34

32

25

61
General Population

0
-1
-2

Verbal Learning

1

2

Schizophrenia

-4

-2

0

2

4

-4

-2

0

2

4

Infant Motor Development
Fig. 4. Verbal learning versus infant motor development score (lower score equals faster
development) in schizophrenia and the general population, with linear fits. The regression
slopes have the same gradient, but in schizophrenia there is a downward shift (due to poorer
cognitive function) and a right shift (due to slower motor development)

Table 12. Correlation coefficients between cognition and infant motor development (V
Table 3).
Variable

General Population
Unadjusted

Schizophrenia
After

Unadjusted

After adjustment

-0.10

-0.18

adjustment
Categorization

-0.24*

-0.28*

(-0.42 to -0.03)
Categorization with
working memory
Verbal learning

-0.22*

(-0.34 to 0.18)
-0.22*

(-0.41 to -0.02)
-0.21*

-0.23*

(-0.40 to -0.01)
Visual object learning

0.09

memory

-0.17
(-0.36 to 0.03)

-0.19

-0.18

-0.24

(-0.44 to 0.12)
0.09

(-0.11 to 0.29)
Visuo-spatial working

-0.16
(-0.42 to 0.12)

0.08

0.06

(-0.21 to 0.35)
-0.19

-0.22

-0.20

(-0.47 to 0.06)

Scores represent Pearson correlation co-efficients (95% confidence intervals). Scores after adjustment represent
partial correlates after adjusting for gender and class. Starred scores are significant at p<0.05.
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5.6 Spontaneous improvement in severe, chronic schizophrenia, and
its neuropsychological correlates (VI)
5.6.1 Case 1
General intellectual function In 1990, Case 1’s WAIS full scale IQ was 68. Eleven years
later, after improvement had taken place, it had risen to 82. His MMSE score also
increased over the same period from 23-25 (on different test occasions) to 28, near the
top of the normal range (Table 13). To examine the possibility that these improvements
could be attributable to measurement error, we used test-retest reliability data in the
WAIS manual and Folstein et al. (1975) to calculate 66% confidence intervals using the
method of standard error of prediction (Harrison & Owen, 2002). This analysis confirmed
that the improvements in general intellectual function could not be attributed to
measurement error and were indeed representative of real change. As a futher
confirmation of this we used a second method of computing individual change (Jacobson
& Truax 1991), and the result was essentially the same, providing further evidence that
real improvement had occurred.
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Table 13. Case 1. Neuropsychological Test Performance Before And After Clinical
Improvement.
Variable
1990-95
2001
Normative score
General Intellectual Function
Estimated premorbid IQ (NART)
113
Current IQ (WAIS)
FSIQ
68
82
WAIS VIQ
73
96
WAIS PIQ
53
66
MMSE
241
28
>24
Visual/visuospatial function
VOSP Incomplete letters (20)
18
20
17+
VOSP Object decision (20)
12*
15
15+
VOSP Silhouettes (30)
13*
15*
16+
VOSP Dot counting (10)
9
10
8+
VOSP Position Discrimination (20)
17*
20
18+
VOSP Cube analysis (10)
10
6+
Rey figure copy (36)
25.5*
35
27+
No of tests failed
4/6
1/7
Language
Graded Naming Test (30)
14*
17
16+
Boston Naming Test (60)
44
42
Modified Token Test (36)
32
32.5
28+
TROG (80)
68*
72*
75+
No of tests failed
2/4
1/4
Memory
Forward span
6
6
Reverse span
3*
5
Corsi blocks
4.67
5
1or 2 less than digit span
RBMT screening score (12)
1*
4*
7+
Doors and people verbal recall (36)
7*
26
21+
Doors and people verbal recognition (24)
13*
18
14+
Doors and People visual recall (36)
15*
13*
26+
Doors and People visual recognition (24)
12*
15
15+
No of tests failed
6/8
2/8
Executive function
Modified WCST (categories achieved) (6)
1*
2*
5+
Verbal fluency (animals/1 min)
12*
12*
14+
Verbal fluency (letter S/1 min)
19
7*
9+
Cognitive Estimates Test (error score)
15*
10
13 or less
No of tests failed
3/4
3/4
Semantic memory
Silly sentences (errors)
19*
1
2 or less
Sentence Verification (56)
34*
41*
52+
Pyramids and Palm Trees Test (52)
34*
48*
49+
BORB object decision (64)
34*
44*
No of tests failed
4/4
3/4
Maximum scores in parentheses. Asterisk indicates test failure. 1MMSE scores in this period ranged from 23-25
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Specific neuropsychological tests As also shown in Table 13, Case 1’s performance on
tests of visual and visuospatial function was patchy. He failed 3 of 5 subtests of the Visual
Object and Space Perception Battery (VOSP, Warrington & James, 1991) but was not
markedly impaired on any. After recovery he was in the normal range on all these tests
apart from Silhouette identification where he fell just below the 5th percentile cut-off. His
performance on the Rey Figure copy (Osterrieth, 1944) on the two occasions is shown in
Figure 5. This shows a marked change from obviously impairment to virtually perfect
performance.

Fig. 5. Original Rey Complex (above centre) and Case 1’s Rey figure copy in 1992 (left) and
2001 (right)

Case 1 did not show any obvious improvement in language. His score on the Graded
Naming Test (McKenna & Warrington 1980) went up by four points whereas his score on
the Boston Naming Test (Goodglass & Kaplan 1983) went down slightly by two points.
His errors were generally consistent: for example turtle as tortoise on both occasions;
tassel as sweeping brush or cord pull; and boar as rhinoceros and antelope. The items he
named successfully after failing them the first time were tweezers (initially tasterboard),
chopsticks (initially wooden spatulas), anteater (initially suburb) and cowl (initially a
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monastic person’s robe). Performance on two tests of syntactic comprehension also did
not change greatly: he was in the normal range on the Modified Token test (De Renzi &
Faglioni 1978) on both occasions and failed the Test for the Reception of Grammar
(TROG) (Bishop 1989) on both occasions.
On a general memory measure, the Rivermead Behavioural Memory Test (RBMT),
Case 1 was in the severely impaired range at original testing (screening scores of 0 and 1
on two parallel forms of the test). At follow-up, he showed improvement, but remained in
the ‘moderately impaired’ range (screening score of 4). He was initially impaired on only
one Short Term Memory measure, reverse digit span, and this was the only short term
memory measure that showed any change – his performance became normal on this test.
His long-term memory as assessed using the Doors and People Test (Baddeley, et al,
1994) showed improvement particularly in the two verbal memory tests, with his score
for verbal recall entering the normal range, having previously been severely impaired (his
score on the prose recall subtest of the RBMT showed similar improvement going up
from 1, impaired to 8, normal).
Case 1’s executive function was severely impaired on three of four tests at original
testing. On retesting, Case 1 was still impaired on three of four tests. Performance on the
modified Wisconsin Card Sort Test (WCST) (Nelson 1976) in particular remained
severely impaired. His error score on the Cognitive Estimates Test (Shallice & Evans,
1978) decreased from 15, in the severely impaired range, to 10, at the lower end of the
normal range. Verbal fluency declined from being impaired originally on letter fluency
but not animal fluency to being impaired in both categories on re-testing.
Case 1 showed a striking impairment on a range of semantic memory measures when
originally tested. He made 19 errors out of 50 on the ‘silly sentences’ of Baddeley et al.
1992), in contrast to normal individuals who rarely make more than 2 errors, and
performed only slightly above chance on a similar but slightly harder test requiring
subjects to respond true or false to sentences like ‘a tiger has stripes’ (Laws et al. 1995).
His performance was at chance on two forced choice non-verbal semantic memory tests,
the Pyramids and Palm Trees test (Howard & Patterson 1992), where the subject has to
decide which of two other pictures is semantically related (eg palm tree or pine tree) to a
target picture (e.g. Egyptian pyramid), and the Object Decision Test (Riddoch &
Humphreys 1993), where subjects have to indicate whether animals and household
objects are real or imaginary. At the second testing session, Case 1 showed considerable
improvement, although he remained impaired on most of these measures. For example
his errors on the ‘silly sentences’ dropped from grossly abnormal to within the normal
range, and his performance on the Pyramids and Palm Trees moved from barely above
chance to just below the lower limit of performance seen in normal subjects.

5.6.2 Case 2
General intellectual function When first assessed in 1995 Case 2 showed marked general
intellectual impairment. Her WAIS IQ was 66, compared to an estimated premorbid level
in the average range, and her MMSE score was 24, like Case 1 just above the cut-off for
dementia. On re-assessment in 2002 her WAIS IQ had gone up by 11 points to 77, with
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greater improvement in performance than verbal IQ. Her MMSE score improved to 29
(Table 14). None of these changes were attributable to measurement error.
Table 14. Case 2 Neuropsychological test performance before and after clinical
improvement.
Variable

1995

2002

Normative scores

General Intellectual Function
Estimated premorbid IQ (NART)

105

Current IQ (WAIS)
FSIQ

66

77

WAIS VIQ

73

79

WAIS PIQ

61

76

MMSE

24

29

>24

Visual/visuospatial function
VOSP Incomplete letters (20)

19

19

17+

VOSP Object decision (20)

12*

18

15+

VOSP Silhouettes (30)

19

20

16+

VOSP Dot counting (10)

7*

9

8+

VOSP Position Discrimination (20)

16*

19

18+
6+

VOSP Cube analysis (10)

4*

4*

No of tests failed

4/6

1/6

Language
Graded Naming Test (30)

2*

4*

No of tests failed

1/1

1/1

Forward span

4*

5

Reverse span

3

16+

Memory

Corsi blocks

4
4

1or 2 less than digit span
7+

RBMT screening score (12)

9

7

Recall of name (4)

4

4

Prose recall (21)

0*

0*

RBMT recognition of pictures (10)

10

10

RBMT recognition of faces (5)
No of tests failed

5

5

2/7

1/8

6+

Executive function
Modified WCST (categories achieved) (6)

6

5

5+

10*

17

14+

Cognitive Estimates Test (error score)

22*

16*

13 or less

No of tests failed

2/3

1/3

Silly sentences (errors)

13*

15*

No of tests failed

1/1

1/1

Verbal fluency (animals/1 min)
Verbal fluency (letter S/1 min)

9+

Semantic memory

Maximum scores in parentheses. Asterisk indicates test failure.

2 or less
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Specific neuropsychological tests On visual/visuospatial function Case 2 originally failed
4 out of 6 subtests of the VOSP. After improvement her performance became normal on
all but one of the tests, cube analysis (Table 14).
Language, as tested by the GNT, was severely impaired at initial testing: she was able
to name only 2 of the 30 items. She showed no evidence of improvement at retesting,
failing 26 items.
The patient differed from Case 1 in that her general memory, as measured by the
RBMT, was in the ‘poor normal’ range at initial testing and remained at this level on
retesting, with if anything slight deterioration. She showed slight improvement on two
short-term memory tests, forward and backward digit span. She originally showed a
pattern of normal recognition but impaired recall, as measured by relevant RBMT
subtests, and this did not change at follow-up. In addition to the severe impairment in
naming, Case 2 showed evidence of semantic memory impairment at initial testing on the
‘Silly Sentences’, where she made 13 errors. This showed no improvement on retesting.
The patient was not impaired on the WCST at original testing and remained normal at
repeat testing. However, she was impaired on two other executive measures, verbal
fluency and the Cognitive Estimates Test. She improved on both these on retesting,
entering the normal range on the verbal fluency but remaining below the cut-off for
extremeness of responding on the latter.

6 Discussion
6.1 Discussion of the results (I-VI)
6.1.1 School and schizophrenia (I)
Premorbid deficits in social adjustment, in progression through the grades at school, in IQ
score, and in some neuropsychological domains are risk factors for later psychotic
disorders, as well as other disorders. These abnormalities have been interpreted in
differing ways, for example as behavioural manifestations of subtly disordered brain
development (M. Isohanni et al. 2001) or as features which render the individual
vulnerable to later psychopathology through psychological processes such as alienation
(Watt 1978). Ultimately, it may be that a combination of these approaches may be
important in understanding the pathogenesis of the disorder.
Schools are sources of both potential support and stress for children and adolescents.
Already, in many countries, schools are used as the location for health interventions,
particularly of the preventative nature, such as health education and vaccination
programmes. In the UK, following the 1907 Education Act, Local Education Authorities
became legally obliged to provide for the periodic medical inspection of all elementary
school children; the Board of Education set out the aims of the inspections as “the early
detection of unsuspected defects”, and of “checking incipient maladies at their onset”
(Department of Education and Science 1975, Whitmore 1985). Schizophrenia may be one
such malady.
No clinical trials have addressed the use of premorbid factors in terms of primary
preventative interventions for schizophrenia, and in general the evidence suggests that
these factors are too non-specific to justify interventions (even if any interventions were
possible) targeted at psychosis prevention. However, most of these factors may precede a
variety of disabling outcomes in adulthood, so large-scale population-based interventions
targeted at individuals with such deficits could in theory result in considerable health
benefits.
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At the moment, the focus in this area of schizophrenia research is on determining if
beneficial interventions in the prodromal phase are possible. Currently, clinical trials are
in place to determine the outcome of such secondary preventative interventions. It has
already been shown that school-based interventions for psychosis are realisable; we await
with interest data on the benefits and detrimental effects of such interventions.
In terms of the aims of school-based health interventions as set out in 1907 by the UK
Board of Education, with respect to the “early detection of unsuspected deficits”,
although it has now been shown that programmes with strong school links can aid the
early detection of psychosis, it is unclear whether this kind of approach can be
successfully extended to the detection of schizophrenia in the pre-psychotic phase;
regarding “checking incipient maladies at their onset”, it remains to be seen whether
school-based interventions can be proven to ameliorate the course of schizophrenia.

6.1.2 Development and adolescent and adult educational
performance (II)
We found, in a large unselected population birth cohort sample, that faster infant
development was associated with better educational outcomes in adolescence and
adulthood, although speed of development only accounted for a modest percentage of the
variance in outcome. This finding is not simply due to the fact the subjects with
developmental delay have poorer educational outcomes, as the associations between
developmental milestones and later outcomes held true across the “normal” range of
development. Although the final, fully adjusted model, accounted for only a small percent
of the variance in school marks (7% for boys, 6% for girls), we found that the difference
in school marks between milestones variables contributed significantly to overall
variance in school marks. In other words, the earlier the development in infancy, the
better the educational outcome in adolescence and adulthood.
There was an evidence of a “dose-response” effect in some domains of development
such as standing without support and language; subjects with 3 or more words at one year
fared better in adulthood than subjects with 1 or 2 words, with subjects with no words
having the poorest outcomes. Similarly, those who were latest in learning to stand
(standing at 12 months or older) had a 1.3 fold increased risk of not progressing beyond
the basic educational level in adulthood. Those who had never defected in a potty by the
age of one were at 1.2 fold risk of not progressing beyond the basic level of education.
The influence of rapid infant development held true after adjusting the models with
factors (gestational age, birth weight, gender, mother’s marital status, and father’s social
class) that have previously been indicated to have an effect on infant psychomotor
development and on later educational achievements.
There are few, if any, previous population-based studies that have addressed the links
between developmental milestones and adult educational outcomes. Previous authors
have speculated that variations in development, within the so-called “normal” range, have
little or no consequence as regards adult outcomes in terms of intellectual performance
(Eliot 2001). Although in the present study we have not directly measured adult
intellectual capacity, previous research has indicated that educational attainment is
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correlated with adult IQ with a correlation coefficient of approximately 0.6 (Mackintosh
1998). Our finding is thus suggestive, although not conclusive, of an association between
developmental milestones and adult intellectual capacity, and it may be that the speed of
attaining developmental milestones reflects some underlying advantageous biological
factors, some efficiencies in certain neural systems perhaps, that also confer benefits in
intellectual or scholastic performance.
To conclude, our research showed that faster infant development is related to better
educational outcomes in adolescence and adulthood. Although at the level of individuals,
subtle variations in speed of development are not influential enough to predict later
educational outcomes (explaining less than 7% of variation in school marks), at the
population/public health level these factors may assume much greater importance. Those
who develop faster during their first year of life have better possibilities of attaining
higher education in adulthood and higher educational attainment is linked with better
health outcomes. In addition, even though most children mildly delayed in developmental
milestones will function normally by their adult life, this research raises the question
whether interventions in infancy that result in faster attainment of neurodevelopmental
milestones may also lead to long-lasting educational and other benefits later in life.

6.1.3 Development and adult cognition in the general population (III)
We found that earlier age of learning to stand was associated with better categorisation
performance at age 33-35 in a representative sample of a general population birth cohort.
Thus, there was a link between early gross motor development and adult executive
function, though not with other domains of neurocognition. We propose that faster
maturation of basic neural circuits involved in infant motor function may lead to a
consequent more favourable development of the more complex cortical-subcortical
circuits involved in higher cognitive processes later in life.
The effects appeared not to be confounded by gender, father’s social class, or maternal
educational level. Moreover, the associations existed across the normal range of
development, and were not reliant on effects purely due to gross motor delay. This is
important as it implicates the involvement of common underlying neural systems without
reference to pathological processes, the likeliest candidate being frontal-striatal circuitry
(see theoretical discussion, below).
Previous studies of continuities of neurocognition across the lifespan have tended to
be drawn from specific populations such as low birth weight, or low IQ. The populationbased and longitudinal design of the present study provides a number of advantages: the
subjects are all the same age, eliminating confounding from this factor. The subjects in
the present study represent only a small subsample (approximately 1%) of the entire
cohort, but they are representative in many important respects. One exception is gender
ratio. However, the effects persisted when gender was considered as a confounding factor
in the analysis, so this is unlikely to have affected the results of the study. An advantage
of the present study is that our developmental data were prospectively collected, and the
fact that the data were collected at a time contemporaneous with motor milestones is
likely to have resulted in increased accuracy of measurement.
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6.1.4 Development and adolescent scholastic performance in
schizophrenia and the general population (IV)
In the unaffected general population development at age 1 was associated with
subsequent functioning in late adolescence as assessed by teachers’ ratings of
performance in school for subjects involving motor coordination and general academic
performance. In schizophrenia (narrowly and broadly defined) and all psychoses gross
neuromotor development (age learned to stand) at about age 1 was related to subsequent
performance at age 16 in school subjects in the motor and the theoretical domain.
Persistent developmental deviance appears stronger in the motor domain but also extends
to theoretical, academic abilities. Regarding diagnostic specificity, linear relationships
between the age of learning to stand and adolescent school performance existed both in
narrow and broad schizophrenia and all psychoses. When sex, genetic or perinatal risk, or
severe handicap (mainly learning disability) were taken into account the effect persisted
and these factors appear not to confound the association.
In other developmental domains (learning to walk, attainment of bladder and bowel
control, speech) no consistent persistence was found. It is likely that the examination age
at 1-year was too early to detect an effect.
In accordance with previous reports (Isohanni et al. 1998), an excess of children
destined to develop severe mental disorders were not in normal schools or grades, at least
partly due to low intelligence. The criteria of marks are not necessary identical in
different schools. However, when only cases in normal school were analysed or school
type and grade level were controlled in analysis of variance, the interaction between
diagnosis and development persisted.
Adulthood psychoses seem to be complex in their developmental trajectory. Individual
risk markers in neuromotor development are not powerful, and seem to be most
detectable and persistent in schizophrenic psychoses and extensively in the motor and
theoretical domain, as was demonstrated by Cannon et al. (2002).
The selection of variables to calculate a scholastic motor performance score was
performed in an ad hoc manner based on a priori assumptions regarding those school
subjects that require motor skills; factor analysis did not identify any “motor factor”, and
marks for all subjects were strongly interrelated. We were not able to use any
standardized neurological and psychological examinations in adolescence such as Rosso
et al. (2000) or Cannon et al. (2002). However, in contrast to earlier studies we were able
to expand the observation time from age 1 to 16 years and calculate correlations between
two time points.
To our knowledge, two general population studies have examined the relationship
between development and school performance at younger ages. In a non-selected study
population, Werner et al. (1968) indicated that the faster learners during the first year of
life were superior to the others in their educational capacity at age 10 and Rantakallio et
al. (1985) found out similar associations when children in the Northern Finland 1966
Birth Cohort were 14 of age.
Persistence existed between gross motor development at age 1 and general school
performance at age 16 although the latter does reflect many other aspects than
adolescent’s motor and cognitive capacity and environment; that may be one reason why
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the magnitude of persistence was modest. In an ideal study, multiple repeated measures
of specific neuromotor function would permit time-dependent, longitudinal analyses on
the determinants of change in neuromotor areas. As far as we know this kind of study
does not exist, and we must rely on data mainly collected for other purposes being more
or less valid proxy markers for neuromotor development. In this study data on
development at age 1 and performance at school at age 16 were collected to analyse
general development. We speculate that our markers only partly reflect neuromotor
development, and this may explain why the effects (correlations and trends) were modest.
High risk studies have indicated that early motor deviance may mark the disorder’s
hereditary basis. The earliest developmental research of risk markers involved the followup of high-risk samples, and most studies showing some persistence of risk markers are
high-risk studies (Watt 1978, Marcus et al. 1993, Erlenmeyer-Kimling et al. 2000). Our
results support the hypothesis that in an unselected sample the persistence of
developmental delay is independent of known genetic risk of psychoses. When we
stratified by genetic risk, motor delay/impairments persisted in pre-schizophrenic subjects
without known genetic risk for psychosis. This suggests that the persistence of markers of
abnormal neurodevelopment in schizophrenia is not specific for persons at high familial
risk. The persistent phenotypic motor deviance we found is thus not necessarily an
indicator of susceptibility genes, at least such that are manifested in 1st degree relatives
with psychosis. One limitation of our approach is that it is unclear what precise biological
factors our definition of genetic risk reflects: familiality is not necessarily a good proxy
of genetic risk although currently there are no better alternatives for use in
epidemiological research. The effect of genetic risk on the persistence of motor
developmental deviances thus remains open to further investigation but our results
support the hypothesis that persistent developmental deviance is not an expression of
genetic risk.
To our knowledge this is the fourth study of psychosis where the persistence of risk
markers is analyzed in a population sample. Crow et al. (1995) observed some continuity
in academic abilities in pre-schizophrenic children at age 7, 11 and 16 years and Cannon
et al. (2002) in motor and also other domains between ages 3 and 11. Rosso et al. (2000)
demonstrated that deviance on motor coordination at age 7 as well as unusual movements
at ages 4 and 7 predicted adult schizophrenia. This study extends some persistence from
age 1 to 16 and specifies the continuity to the motor area at age 1 and also to other areas
around academic skills at age 16. We could also demonstrate that the persistence is
present in all psychoses; Cannon et al. (2002) linked persistent developmental
impairment to schizophreniform disorder. Premorbid persistence of these minor,
subclinical impairments may be independent of genetic and perinatal exposures.
In summary, the markers of adulthood schizophrenic psychoses appear to have some
persistence in their developmental trajectory. Our data identify long range associations
among two diverse, prospectively rated markers of vulnerability to schizophrenia that
span early childhood through to the end of school age. It is possible that delay (within
normal limits) in gross motor milestones at age 1 and poor performance at age 16 is a
persistent marker of vulnerability to schizophrenia even in a population sample. These
findings are in line with hypothesis that a neural diathesis is present during postnatal
brain development in the epigenesis of schizophrenia, and also support the longitudinal
dimension and life span models of schizophrenia (Isohanni et al. 2004, Cannon et al.

73
2003). This early diathesis is subtle, confined to selected domains, and does not lend
itself for use in predictive or early intervention purposes. However, in future it may be
possible to develop more specific methods than developmental speed at age 1 and
performance at school at 16 for identifying persistent deviation as a marker of risk for
schizophrenia.

6.1.5 Development and adult cognition in schizophrenia (V)
We found that there were associations between motor development assessed in infancy
and some areas of cognitive function in adult life. Different cognitive domains exhibited
differential patterns of associations with development and diagnosis. For all cognitive
domains assessed, diagnosis was an independent predictor of adult neurocognitive
performance, whereas infant motor development was an independent predictor of adult
cognition in some, but not all, domains.
The finding that diagnosis is associated with poorer cognitive function in tests of
categorization, visuospatial working memory and visual and verbal learning is in
accordance with extensive previous research (Heinrichs & Zakzanis 1998). Of more
interest is the finding of associations between infant motor development and adult
cognition. These results are consistent with previous research that has shown not only
that infant neuromotor abnormalities (rated via review of home movies) are predictive of
behaviour problems in later childhood and adolescence, but that neuromotor
abnormalities in early childhood are more strongly predictive of adolescent behavioural
problems than they are of contemporaneous behavioural problems (Neumann & Walker
1996). Such findings are consistent with continuities in functions of specific
neurobiological systems underlying the observed associations between early childhood
markers of neural function and adult cognitive performance.
Another key finding from our study is that we found that the associations between
motor development and cognition in schizophrenia did not differ qualitatively from those
associations in the general population. One caveat, though, is that this study only had
sufficient power to detect large or moderate differences in such associations. These data
do not discount the possibility that a small but important interaction between
development and diagnosis is operating to determine cognitive outcomes, but either a
much larger study, or the use of more sensitive measures of neural function would be
required to detect it. Some previous studies have investigated motor-cognitive or motorbehavioural associations in schizophrenia across the lifespan, though few have included a
control group or, for those that do include a control group, have been sufficiently
powered to examine whether the associations differ in schizophrenia and controls.

6.1.6 Spontaneous recovery and its neuropsychological correlates (VI)
CASE 1 When originally tested, Case 1 showed a profile of impairment that was
reasonably typical of severe, chronic schizophrenia – general intellectual impairment
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associated with neuropsychological deficits which are most marked in long-term memory
and executive function (McKenna 1994, Goldberg & Gold 1995). Thus his current IQ
was in the learning disability range, having previously been above average, and he had a
MMSE score that was just above the cut-off for dementia. While he showed generalised
poor neuropsychological test performance, the deficits on tests of visual, visuospatial
function and language were patchy and often mild, in contrast to his more consistent and
often severe memory and executive impairment. Short-term memory was relatively
preserved except for reverse digit span (which requires the central executive), but the
long-term deficit affected both episodic and semantic memory.
After improvement, Case 1 showed significant improvement in general intellectual
function, though not to anywhere near his estimated premorbid level. This was associated
with a general tendency to improvement in all domains of neuropsychological function –
his total number of test failures fell from 19 out of 26 to 10 out of 27. Just as his many
original test failures would be expected on the basis of his overall intellectual
impairment, his improved performance on many of the specific neuropsychological tests
is perhaps most plausibly interpreted as reflecting his general intellectual improvement.
Nevertheless, there were suggestions that the pattern of improvement was not uniform:
for example his memory showed striking improvement, but his executive function
showed little change.
CASE 2 Like Case 1, Case 2 showed severe impairment in general intellectual
function when originally tested. Her pattern of performance on specific tests was less
typical of that seen in schizophrenia, however, in the sense that she showed impairment
that appeared to be relatively distributed across all domains of function, rather than being
clustering in/concentrated in memory and executive function. Case 2 was perhaps most
strikingly impaired in semantic memory: she showed a very marked naming deficit
coupled with severe impairment on a semantic memory test. In this respect she shows
some similarities to a neuropsychological profile occasionally seen in schizophrenic
patients, which has been documented by Shallice et al. (1991) and McKenna and Laws
(1997).
After clinical improvement took place Case 2, like Case 1, showed significant
improvement in general intellectual function. Once again this was accompanied by a
decrease in the number of specific neuropsychological tests failed. In her case, the
improvements were concentrated in visual and visuospatial function, with little consistent
improvement in tests of memory and executive function. Her semantic memory
impairment appears to have remained essentially unchanged.
Cognitive impairment is a common finding in patients with schizophrenia, and may
sometimes be severe, with a minority of chronically hospitalised patients showing a
degree of impairment that approaches that seen in dementia (de Vries et al. 2001, Liddle
& Crow 1984). This study documents that such severe states of cognitive impairment can
improve along with the spontaneous clinical improvement that occasionally takes place
after years of unrelenting illness. The two patients in this study both had severe, chronic
illness and underwent gradual clinical improvement unrelated to any changes in
treatment. In both cases this was associated with IQ increases from the mentally
handicapped range to low normal levels and MMSE scores that rose from just above the
cut-off for mild dementia to the upper end of the normal range.
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It is not likely that these two patients’ general intellectual improvement was merely a
reflection of the fact that they had become less symptomatic, and so were less subject to
distraction by psychotic symptoms, were able to concentrate better, etc. It is true that
Case 1 showed severe incoherence of speech when first tested, which became much less
evident when he improved. However, Case 2 did not show positive psychotic symptoms
at either testing occasion. The argument that poor motivation and co-operation affected
the patients’ performance when first tested is equally difficult to sustain – both patients
showed improvement in IQ, where testing is demanding of attention and concentration,
but continued to perform badly on easy tests such as the Sentence Verification Test.
Both patients showed improvement in some but not all areas of specific
neuropsychological function. The simplest and perhaps the most plausible interpretation
of the pattern of improvement in the two patients is that it was secondary to improvement
in general intellectual function. Just as general intellectual impairment would be expected
to result in poor performance non-specifically on a wide range of neuropsychological
tests, giving rise to test failures depending on factors like task difficulty, premorbid
ability, and individual areas of strength and weakness, so general intellectual
improvement should be associated with the reverse tendency. Consistent with this
account is the fact that the patients showed normalisation of performance in areas that are
relatively spared in schizophrenia, such as visual and visuospatial function, but continued
to show impairment in areas considered to be disproportionately affected, namely
memory and executive function. Both patients also continued to show a marked semantic
memory deficit after improvement, another area where there is evidence of
disproportionate impairment in schizophrenia (McKay et al. 1995, McKenna et al. 2002).
However, it is noteworthy that neither of the patients showed any clear evidence of
change in executive function, which is often considered to be the core
neuropsychological deficit in schizophrenia, and to underlie key symptoms of the
disorder (Goldberg & Gold, 1995).
Clinical improvement was not complete in either patient: Case 1 continues to show
obvious evidence of positive and negative schizophrenic symptoms and still resides in
hospital. Case 2 currently shows a picture of chronic residual schizophrenia and needs
some supervision to live in the community. While it is a matter of conjecture whether
greater degrees of clinical improvement could be associated with more complete
normalisation of cognitive function, there is at least one piece of evidence to suggest that
this would not be the case. One of the patients with late improvement originally described
by M Bleuler (1978) had previously spent years on a ward for the most seriously ill
chronic patients. She began to improve at the age of 49 (without treatment) until by the
age of 55 it was considered that a ‘diagnosis of schizophrenia is no longer applicable’.
Nevertheless, Bleuler commented that her memory remained very much impaired for
someone her age.
That cognitive function in schizophrenia has the potential to improve has implications
for the current debate about its neurodevelopmental versus neurodegenerative origins. By
showing that cognitive impairment is not immutable in schizophrenia, our findings imply
that it is neither simply neurodevelopmental – since this is not compatible with any
postmorbid fluctuation – nor simply neurodegenerative – since this would not permit
improvement. Some recent studies are also beginning to suggest that the trajectory over
time of brain structure and function in schizophrenia are complex. By longitudinally
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examining a group of adolescents and young adults at ultra-high clinical risk of
schizophrenia, Pantelis and colleagues have been able to show that the transition to
schizophrenia is associated with progressive brain changes, for example in the temporal
lobe (Pantelis et al. 2003). At the other end of the age range, it has become clear that up
to two-thirds of institutionalised schizophrenic patients are demented (Davidson et al.
1995, Arnold & Trojanowski 1996) prompting Dwork and colleagues (1998) to suggest
that a subtle neurological pathology interacts with normal processes of aging to cause
clinical cognitive impairment to appear at a lower age and greater rate than in the general
population.
The fact that severely impaired cognitive function in schizophrenia may be to some
extent reversible is surprising, but it is not entirely without precedent. According to
Berrios, at the end of the 19th century dementia was considered to be a terminal state not
only for a number of organic disorders but also for chronic psychosis (Berrios 1996).
These latter ‘vesanic dementias’ were then separated from senile dementias for a number
of historical reasons, one of which was an argument they were in reality chronic
confusions. Bleuler (1911) echoed this view when he speculated that the mental
symptoms of schizophrenia might result in the release of toxic agents that affected brain
function and ultimately caused permanent pathological changes. A not dissimilar idea has
recently resurfaced as the concept that a long duration of untreated psychosis can
adversely affect the prospects for recovery (McGorry 2000) - of which cognitive
impairment has been found to be a powerful determinant (Green 1996). A speculative
interpretation of our findings might be that the cognitive impairment of schizophrenia
(over and above that which is neurodevelopmental in origin) has a basis that is more
closely related to a delirious process than a dementing one. In essence, the cognitive
deficit (in part) reflects a reversible, functional abnormality as opposed to a structural
degenerative process, which this is (in part) related to the severity of the clinical
symptoms, and hence is not completely irreversible if and when symptomatic
improvement takes place.

6.2 Theoretical discussion
The finding that in the general population, and in schizophrenia, infant development,
particularly infant motor development, is linked to adolescent school performance (II),
educational attainment as assessed in adulthood (II), and adult cognitive performance in
some, but not all, domains of neurocognition (III), is suggestive of continuities at the
level of one or more neural systems, the likeliest candidates being fronto-striatal systems.
It could be objected that the association between cognition and infant motor
development is purely secondary to continuities in performance at a very general level of
neural efficiency, leading to faster infant development and better non-specific cognitive
outcomes. However, if this were the sole explanation, one would expect association
between infant motor development and all domains of adult cognition, whereas visual
learning was unrelated to infant development.
When all subjects were pooled for analysis, we found that categorisation tasks,
working memory and verbal learning were related to infant motor development (V).
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Performance on categorisation and working memory tasks, as well as motor control, is
known to be sensitive to both frontal and basal ganglia function (Wise et al. 1996,
Robbins et al. 1998, Ashby & Waldron 2000, Haber et al. 2000).
Superficially, there may appear to be some contradiction in the results of studies III
and V concerning associations between infant development and adult verbal learning and
working memory in the general population: in study III no such associations were
identified, whereas in study V the associations were statistically significant. However,
such differences are understandable when we consider the differences in the methodology
used in the analysis in the two studies. In study III, using the ordinal measures of age in
months of learning to stand, we did not find that infant motor development was
associated with adult verbal learning in the general population. However, in study V,
using the maximum possible motor developmental data to create a summary continuous
motor measure (IMD), we were able to identify a significant correlation between motor
development and adult verbal learning in the general population. We were also able to
detect a near significant correlation between infant motor development and adult visuospatial working memory in the general population, an association that was statistically
significant when tested using the more powerful analysis of all subjects pooled using
multiple linear regression. The later study (V), using improved techniques, is more likely
to be reliable in this regard.
Sub-optimal function in frontal cortex-basal ganglia circuits in the infant would be
likely to result in later attainment of developmental milestones compared with their peers
as well to result in poorer performance in specific adult cognitive domains if the suboptimal function persisted into adult life. Thus variations in the performance of frontostriatal circuitry could provide a parsimonious explanation of a relationship between early
development in the motor domain and adult performance in executive function and other
tests such as working memory. The finding that adult verbal, but not visual object,
learning is related to infant motor development may be due to the fact that verbal learning
can be subject to strategic thinking, and accordingly draw more on frontal processes than
the visual object learning test used in our study. Visual learning is more closely related to
temporal cortex function, and as such it is not surprising that motor development was
unrelated to cognitive performance in this domain.
Specifically, our results could be explained by rapid or more efficient maturation of
basic neural circuits leading to favourable development of more complex corticalsubcortical circuits involved in higher cognitive process later in life. Prior studies indicate
that early connectivity between regions imparts sustained, mutually trophic or protective
effects to such regions (Sherrard & Bower 1998). Thus, early establishment of functional
connectivity between the frontal cortex and basal ganglia could lead not only to early
development of motor skills, but also, through such trophic effects, to subsequent
improved frontal and subcortical structure and, consequently, enhanced function in later
childhood and indeed adulthood. In such a model, some of the determinants of later
cognitive performance may have exerted their effects on the early development of motor
systems, rather than directly on cognition, per se.
Previous studies on links between motor performance and executive function in
adulthood have provided inconsistent results. However, due to developmental changes,
infant measures of neurological function may be more pertinent than adult measures
when considering associations between different cognitive processes. Research in
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experimental animals has established that early focal lesions can lead to later impairments
in function of distant neural systems (Saunders et al. 1998). It is likely that neural
systems subserve different functions at different stages of development (Stiles 2000), and
the behavioural expression of neural impairment is not only dependent on the properties
of the lesion itself, but is at least partially determined by the maturational status of
surrounding neural circuitry. In infancy, because the motor region is more myelinated and
metabolically active than other parts of the cortex (Sampaio and Truwit 2001), Walker
(1994) has argued that at this age abnormalities of cortico-subcortical circuits are likely to
be manifest in motor dysfunction. As development progresses the motor cortex becomes
less metabolically active relative to other areas, and the frontal and limbic cortices
become increasingly dominant (Chugani et al. 2001). Thus, as age increases,
abnormalities of cortical-subcortical loops are increasingly likely to manifest themselves
in cognitive abnormalities subserved by cortical-basal ganglia circuits. Our results are
consistent with the theory that in schizophrenia subtle infant motor delays and adult
cognitive deficits are age-dependent manifestations of the same underlying process.
Furthermore, the particular nature of the behavioural expression of this underlying
process (or endophenotype) is determined by the maturational status of the brain at a
given time (Walker et al. 1999), explaining the associations found in these studies
between later infant motor development and poorer adult cognition.
On the basis of a number of longitudinal and cross-sectional studies, Neumann and
Walker (2003) claimed that in schizophrenia, neuromotor functioning across the life-span
is associated with childhood precursors of the disorder as well as adult cognitive deficits.
For example, in a study of schizotypal adolescents, adolescents with other personality
disorders and healthy controls, perseverations on a card sorting task were correlated with
motor force variability (Neumann & Walker 2003). In another study, early childhood
attention problems as reported retrospectively by parents were predictive of impaired
motor function in adult schizophrenia (Neumann et al. 1996). Such studies are consistent
with other data that suggests that not only in schizophrenia, but in fact on a more
generalised level, there are close interrelations between motor and cognitive
development, with consequent associations in function in these domains (Diamond 2000).
There is a seeming inconsistency between the results of studies IV and V, in that in
study IV, the associations between infant motor development and later sequelae were
stronger in schizophrenia than in the general population, whereas in study V, associations
between infant motor development and later sequelae were similar in schizophrenia and
in the general population. There are a number of possible reasons for this discrepancy.
Firstly, the discrepancy may result from the fact that differing measures that were used in
the two studies. School performance draws on a number of contributory processes, of
which cognitive function is certainly important, but other skills, such as social skills,
motivation etc, are also critical in determining the performance of a pupil as rated by a
teacher. Studies to assess the associations between school performance and
contemporaneous cognitive functions would help elucidate this possibility. Secondly, the
discrepancy may be due to chance. Thirdly, the discrepancy may be due to the fact that
the measures were collected at differing time-points: school marks were collected in
adolescence (thought to be a critical period in the pathogenesis of major psychopathology
in general and in schizophrenia in particular) whilst cognitive function was assessed in
adulthood. This third scenario is perhaps the most interesting possibility, which has
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potentially important implications for understanding of the developmental
pathophysiology of schizophrenia.
The implication of study VI is that cognitive function in schizophrenia may, at least in
some patients, to some degree, be variable over time, and thus there are contributions to
cognitive function schizophrenia that are not simply neurodevelopmental (or
neurodegenerative) in nature. The implication of other studies in this thesis is that a
proportion, at least, of the variance in cognitive function in schizophrenia (and in the
general population) is explicable in terms of developmental factors.
A neurodevelopmental perspective of schizophrenia provides one major theoretical
explanation for early precursors of the schizophrenia syndrome (Weinberger 1995). In
section 1, competing interpretations of the neurodevelopmental theory were outlined
(subtype interpretation vs dimensional interpretation). As the studies described here
demonstrate that in schizophrenia there exist the same kind of associations between
premorbid and later cognitive features as exist in the general population, on balance they
provide further evidence in support of the dimensional interpretation. This model
suggests that the clinical syndrome known as schizophrenia results from abnormalities in
early brain development that are manifest in different ways according to the stage of
brain maturation; in this context psychosis is an age-dependent manifestation. In
conclusion, the study demonstrates associations between infant motor development and
adult cognitive function, and that these associations are similar in schizophrenia and the
general population. This is consistent with the theory that in schizophrenia subtle infant
motor delays and adult cognitive deficits are differing age-dependent manifestations of
the same underlying neural process.

6.3 Methodological discussion
6.3.1 Limitations of paper I – school and schizophrenia
The main limitation of this review was that it was not a systematic review of the
literature, but rather a selective review, focussed upon evidence of premorbid
abnormalities in schizophrenia and discussed in relation to their putative use in early
detection and preventative programs. This limitation is also, from another perspective, a
strength, and the results of this review are relevant to the interpretation and clinical
implications of the other studies in this thesis.

6.3.2 Advantages of papers II-V
These studies from the Northern Finland 1966 Birth Cohort have a number of strengths,
stemming from the Cohort’s population-based and longitudinal design. Selection,
information and recall bias were minimized by the use of a large, unselected,
geographically representative, general population sample with small attrition and high
rates of follow-up over three decades combined with use of record linkage; our
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longitudinal data are unique and extensive. The emigration of 757 cohort members and
the death of 284 individuals before age 16 is unlikely to have introduced any systematic
bias. All the subjects are the same age, eliminating confounding from this factor. The case
finding procedures were independent of sample attrition.
Previous studies of the sequelae of variations in development have tended to be drawn
from specific populations such as groups with low birth weight, low IQ or disabilities
(Larroque et al. 2001, Hollo et al. 2002), whereas the Cohort sample is drawn from the
general population. Being drawn from Northern Finland, the sample shows ethnic
homogeneity (Rantakallio 1969) and, because of the egalitarian Finnish class structure, a
degree of socio-economic homogeneity.
An advantage of the present study is that our developmental data were prospectively
collected at the time the motor milestones were being reached, resulting in increased
accuracy of measurement. The developmental data were gathered from the children’s
welfare centres and supplemented with information obtained in a special examination
performed by public health nurses, reducing recall bias. The only developmental
variables that were reported by mothers without objective validation were speaking and
bowel and bladder control.
Our sample is comparatively free from selection bias. In the majority of
neuropsychological studies into psychiatric illness, investigators recruit a healthy control
group, resulting in selection bias that can prejudice the results and their interpretation
(Smith & Iacono 1988). The control subjects in the present study were randomly selected
in a gender-stratified manner from a geographically determined area; the only exclusion
criteria was having previously been hospitalized with psychosis, something that would
have led to inclusion in the case group. In addition, our patient group, having also been
selected from the population cohort, is much more likely to be representative of the wider
population of subjects with schizophrenia than the patients in many studies.

6.3.3 Limitations of papers II-V
A limitation of our work is that we have information from only three time-points, infancy,
adolescence and adulthood, using different measures at each point, so our results can be
considered as initial steps towards the overall aim of investigating development over the
lifespan. Ideally, our work should be extended by the use of longitudinal studies with
multiple measures of neurological and intellectual function repeated throughout
childhood, adolescence and adulthood to build a more complete model of development
over time.
Limitations include that the cognitive tests used in this study did not test all domains
of cognitive function. In particular, tests of language and perception were not included in
the battery, so no conclusions can be drawn on the links between neurodevelopmental
markers and adult performance in these domains. Tests were not administered blind to
diagnostic status, though the use of computerised tests keeps this potential source of bias
to a minimum. The sample size of the birth cohort is large, but, due to the comparative
rarity of schizophrenia, the final sample size is modest.
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The timing of the developmental assessments, at approximately 12 months of age,
limits the interpretation of some of the results. Whilst this timing is ideal for motor
developmental variables, it is earlier than would ideal for assessment of the development
of speech, bladder and bowel control. However, it is impossible to stipulate an ideal
timing for developmental assessments. For the purposes of looking at the effects of
variation in the speed of development measures must be used that spread the sample into
a variety of (preferably) ordered categories. Measures that only identify very late
developers from the majority of their peers are not helpful for these kinds of analysis. In
1967, when these Cohort children were one year old, the normal upbringing practice was
to teach a child to sit on a pot; if the mothers reported that they had succeeded in this job,
it can be considered as reliable, and is not as surprising a phenomena as it would be
considered today or in other cultures. Moreover, previous studies (eg Von Wendt 1984,
M. Isohanni et al. 2001) utilising the same sample and these same developmental
measures to investigate the neuropsychiatric sequelae of infant development have been
extremely consistent with results from other longitudinal birth cohorts (Jones et al. 1994,
Cannon et al.2002), providing increased face validity for the developmental measures
used. Whilst the findings are more reliable concerning motor developmental measures,
the analyses presented here regarding other developmental variables are harder to
interpret: for example, in looking at an association involving speech as assessed at one
year and another variable, if no association is found it is difficult to determine whether
this was simply due to measurement error or whether there really is no association.

6.3.4 Advantages and limitations of paper VI - spontaneous
improvement in severe, chronic schizophrenia and its
neuropsychological correlates
The advantages of the neuropsychological case study approach presented in original
publication VI is that a great deal of detail concerning the individuals concerned – the
kind of detail that is obscured when looking a group means in large studies – can be
scrutinised in a scientific manner. Whilst the two cases described in detail in this paper
may not be typical patients with schizophrenia, the information that can be learnt from
careful study of their cognitive performance over time is extremely valuable. The
application of non-inferential statistical analysis to give some added confidence in
judging the magnitude of the change in scores over time is another strength of this study.
Practice effects are unlikely to have been relevant in this study given that the vast
majority of neuropsychological tests used were only repeated once, several years after
originally being applied.
The limitation of this case study approach is of course that it can never replace a large
group study. The frequency of spontaneous substantial cognitive and symptomatic
improvement in severe, chronic schizophrenia is unknown, and it remains unclear how
representative the patients in this study are of the wider community of schizophrenia
patients as a whole.

7 Conclusions
7.1 Main results
In the general population, infant development, particularly infant motor development, is
linked to adolescent school performance (II), educational attainment as assessed in
adulthood (II), and adult cognitive performance in some, but not all, domains of
neurocognition (III). Earlier development is linked with better outcomes in all of these
measures from adolescence and adulthood.
Regarding schizophrenia, it appears that the associations between infant development
and adult cognition are at least broadly similar to those in the general population (V),
though the association between infant motor development and adolescent school
performance appears stronger in schizophrenia than it is in the general population (IV).
Cognitive function in schizophrenia is not a ‘static encephalopathy’, but can improve
spontaneously to an extent, even in severe, chronic schizophrenia where cognitive
function has been previously been substantially impaired (VI).

7.2 Clinical implications and implications for future research
As discussed in original paper I, there are major challenges to utilising information
regarding premorbid precursors of schizophrenia in terms of preventative interventions.
This is not to say that such information cannot be of use in clinical settings in the present
day. Patients and families are often keen for information as to why an illness has
developed in a particular person. It can be useful to develop a model of possible aetiology
in a particular case, drawing on information such as premorbid development and how this
relates to vulnerability to later disorder; such a model can be of help to patients and their
families in understanding how an illness develops (Yung et al. 2004). In addition, once an
individual does present to mental health services, all available information concerning
premorbid development can provide supportive (not definitive) aids to clinical decision
making.
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Cognitive impairment in schizophrenia is known to be associated with adverse
outcomes at a functional level in both social and occupational spheres (Green 1996). The
fact that cognitive deficits can improve in schizophrenia is important, as for a number of
years it was suggested that cognition in schizophrenia was immutable, and this prevented
the development of treatments to improve it. However, both Wykes and colleagues
(Wykes et al. 1999), and Medalia and colleagues (Bark et al. 2003), have shown posttreatment and follow up durability of benefits of cognitive remediation (Wykes et al.
2003). The results of our study show that improvement can been seen, even in very
severe cases of cognitive impairment, and it is important for clinicians to be aware that
such improvements may, occasionally, occur spontaneously, as any improvements may of
course have substantial implications for treatment.
One interesting speculation that is invited by the results of these investigations is that,
given that later motor development is associated with poorer subsequent cognitive
function in schizophrenia and the general population, whether interventions to improve
early motor function could conceivably result in consequent improvements in later
cognition. My hypothesis is that earlier infant development reflects the earlier
establishment of connectivity between brain regions, and the consequence of this is
release of growth factors which have later trophic effects on component brain regions,
which is reflected in later beneficial effects on brain functions subserved by such
component regions. It is therefore conceivable at least that in later developers, stimulation
of activity in brain circuits (through behavioural interventions in childhood, say, to help
develop motor skills) could help establish and reinforce connectivity between brain
regions, which in the long term might lead to beneficial effects on cognition and
behaviour. If it could be shown that such interventions did bring long-term beneficial
consequences, then individuals at high risk of later development, such as those suffering
perinatal complications, or individuals at high genetic risk of schizophrenia, could be
candidates to receive such interventions.
Research presented in this thesis has shown that it is possible to investigate
neurodevelopment in schizophrenia by examining the relationship between premorbid
measures and later (continuous) outcomes such as cognitive or scholastic performance,
rather than by using simple dichotomous outcomes such as caseness or not. In the future,
studies relating adult or adolescent brain structure and function to proxy markers of early
brain development in infancy and childhood, ideally incorporating several measures over
time, may further elucidate the pathogenesis of schizophrenia and other psychiatric
disorders.
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