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Schizophrenia is widely regarded as the clinical outcome of aberrant neurodevelopment caused
by a combination of genetic and non-genetic factors. Early Onset Schizophrenia (EOS) manifests
in childhood or adolescence and represents a more severe variant of the Adult Onset form of
the disorder (AOS). EOS offers a unique opportunity of exploring the impact of disease related
mechanisms on the developmental trajectory of cognitive function. The present review focused
on the domains of general intellectual ability (IQ), attention, executive function and memory.
Significant methodological variability was noted across the different studies that examined
these aspects of cognition in EOS patients. Despite this, a consistent pattern emergent from
the data suggesting that (a) EOS patients compared to healthy children and adolescents show
impairments of medium to large effect size in 1Q, attention, memory and executive function (b)
despite increased clinical severity, the cognitive profile of EOS patients is comparable to that of
AQOS patients (c) healthy adolescents show age-related improvement in their ability to perform
tests of attention, memory and executive function; this is not present in EOS patients thus
resulting in increased age-related deviance in patients’ performance. This apparent decline is
mostly attributable to patients’ failure to acquire new information and to use more sophisticated
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INTRODUCTION

Early Onset Schizophrenia (EOS), regardless of whether it
presents in childhood (childhood onset schizophrenia; COS) or
adolescence (adolescent onset schizophrenia; AdOS) lies on the
same diagnostic continuum with the adult onset (AOS) form
of the disorder (Asarnow et al., 1994; Nicolson and Rapoport,
1999); longitudinal studies have confirmed the phenotypical
continuity of EOS with adult onset cases since schizophrenia
diagnosed in childhood and adolescent shows high diagnostic
stability even over 40 years of follow-up (Remschmidt et al.,2007).
Similarly brain imaging studies have also established a neurobio-
logical continuum between early and adult onset schizophrenia
(Thompson et al., 2001; Greenstein et al., 2006; Burke et al., 2008;
Kyriakopoulos et al., 2009).

However, EOS is associated with more severe clinical course
(Werry etal., 1991; Eggers and Bunk, 1997), greater premorbid
abnormalities (Watkins et al., 1988; Cannon et al., 2002; Vourdas
et al., 2003), greater genetic loading (Asarnow, 1999) and develop-
mental deviance (Hollis, 1995; Vourdas et al., 2003).

For more than two decades, the neurodevelopmental model
has been the prevailing explanatory theory for the aetiology of
schizophrenia. In its simplest form this model posits that schizo-
phrenia is the behavioural outcome of aberrant neurodevelop-
ment that begins long before the onset of clinical symptoms and
is caused by a combination of environmental and genetic factors
(Rapoport et al., 2005). In this context the study of EOS offers
an opportunity to explore how disease related mechanisms may
impact on facets of cognitive function and their developmen-
tal trajectories. This article presents a selective review of the

relevant literature focusing on four key aspects of cognition,
namely general intellectual ability, attention, executive function
and memory.

GENERAL INTELLECTUAL ABILITY

In clinical EOS samples general intellectual ability has been most
commonly assessed using the Intelligence Quotient (IQ) obtained
from the full or short versions of the Wechsler Intelligence Scale for
Children-Revised (WISC-R) (Wechsler, 1974) (ages 6-16 years) or
Wechsler Adult Intelligence Scale — Revised (WAIS-R) (Wechsler,
1981) (17 years and older). In contrast epidemiological studies
have used a variety of measures, their findings however appear
consistent across studies and independent of the choice of test
(Woodberry et al., 2008).

CROSS-SECTIONAL STUDIES

General Intellectual ability is compromised in EOS. Mean IQ in
EOS patients has been consistently found to be about 1-1.5 standard
deviations below the normative mean (Bedwell et al., 1999; Kumra
et al., 2000; Kravariti et al., 2003b; Gochman et al., 2005; Fagerlund
et al., 2006; White et al., 2006).

LONGITUDINAL STUDIES

Premorbid and prodromal phase

Epidemiological studies of healthy children and adolescents have
established that (a) deviance from cognitive norm for general intel-
lectual ability significantly increases the risk of schizophrenia and,
that (b) schizophrenia patients as a group have lower premorbid IQ
scores (Cannon et al., 2002; Reichenberg et al., 2005). This has been
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confirmed further by a meta-analysis by Woodberry et al. (2008);
the effect size of premorbid IQ decrement was medium but inde-
pendent of any methodological considerations relating to sample
characteristics such as age at the time of testing. They also reported
1Q decline associated with the onset of psychotic symptoms. Bedwell
etal. (1999) were amongst the first to report this observation in
COS patients from the National Institute of Mental Health (NIMH)
cohort. They noted a decline in the age-corrected (but not raw) IQ
scores which began about 2 years prior to the onset of frank psycho-
sis and continued for up to 2 years post-onset. The authors suggested
that this apparent decline was related not to loss of function but to
the inability of EOS patients to acquire new skills and information
in line with their healthy adolescent counterparts.

Longitudinal, post-psychosis onset studies

Most of the evidence available suggests that general intellectual
ability in EOS remains largely stable after the onset of psychosis.
Gochman et al. (2005) analysed IQ data from 70 COS patients from
the NIMH cohort. With the exception of 13 patients for whom
earlier IQ scores were available, baseline IQ measures were obtained
after the onset of psychosis during the patients’ initial assessment
at the NIMH. Patients were followed up for 8 years with further IQ
evaluations at 2-year intervals. Over this lengthy follow-up period,
1Q scores fluctuated but there was no significant overall change.
In contrast to earlier observations by Bedwell et al. (1999), in this
larger NIMH sample raw scores for the information, comprehen-
sion and picture arrangement subscales increased significantly
over time. Frangou et al. (2008) reached very similar conclusions
when examining longitudinal IQ data from 20 EOS patients and
their matched healthy controls from the Maudsley Early Onset
Schizophrenia Study. In this cohort, IQ was assessed on two occa-
sions, once within the first two years from the onset of psychosis
and then on average 4 years later. Both patients and controls showed
a small but statistically significant improvement in their IQ score
between baseline and follow-up assessments.

COMPARISON TO ADULT ONSET SCHIZOPHRENIA

Despite increased illness EOS patients appear to have comparable
deficits to AOS patients with respect of general intellectual ability. A
study of Indian EOS patients is the only one to have found greater
IQ impairment in COS than adult onset schizophrenia with AdOS
patients occupying an intermediate position (Biswas et al., 2006).
In all other studies no significant differences in IQ were reported
between COS, AdOS (Rhinewine et al., 2005) and AOS samples
(White et al., 2006). White et al. (2006) have undertaken the only
study to date to directly contrast the cognitive profiles of EOS of AOS
patients. Their study sample comprised of 49 adolescents with COS
or AdOS, 139 AOS patients with first episode schizophrenia and 272
healthy volunteers (32 adolescents and 240 adults). General intel-
lectual function was evaluated with the WAIS-R which yielded nearly
identical IQ scores for both patient groups; these were approximately
1 standard deviation below the mean IQ of the healthy controls.

ATTENTION

The nature and degree of attentional impairment in EOS remain
unclear due to significant between-study variability. This prob-
ably relates both to the sensitivity of the neuropsychological tests

used and the size and clinical features of study samples. Although
attention underpins cognitive function in general there are sev-
eral tests that are conventionally construed as relatively specific
assays of different aspects of attention. In the literature reviewed
here attention was commonly assessed using the Trails Making
Test (TMT; Reitan, 1995) and particular subtests of the WISC-R
and WAIS-R. Versions of the Continuous Performance Test (CPT)
and the dichotic listening test were used to evaluate sustained and
selective attention respectively.

CROSS-SECTIONAL STUDIES

Kumra et al. (2000) reported that COS patients from the NIMH
cohort showed marked attentional dysfunction. Their observation
was based on data from the TMT and the Coding, Digit Symbol
and Digit Span subtests of the WAIS-R or WISC-R which were
used to form a composite measure of attention. Patients scored
about two standard deviations below the normative mean. Qie and
Rund (1999) reported that their sample of 19 EOS patients were
not significantly impaired in sustained attention, as measured by
the Degraded Symbol CPT (DS-CPT; Nuechterlein and Dawson,
1984), or in selective attention as assessed using a dichotic listening
task. The TMT and the Digit Symbol subtest of the WISC-R were
used to form a summary measure of “visuomotor processing and
attention”. Patients scored about two standard deviations below the
control mean on this particular variable. Brickman et al. (2004)
grouped the Digit Span subtest of the Wechsler intelligence scales
and the TMT to form a composite variable for attention. Their sam-
ple comprised of 39 never medicated adolescents with first episode
psychosis whose score was nearly 3 standard deviations below that
of controls on this particular variable. Additionally,an impairment
of nearly two standardar deviations compared to controls was noted
in a version of the Digit Span in a sample of 34 young people with
schizophrenia and related disorders (Karatekin et al.,2008). In con-
trast, data from the Maudsley Early Onset Schizophrenia Study did
not reveal attentional deficits in EOS patients compared to matched
controls (Kravariti et al., 2003a). Attention in this study was meas-
ured using the Attention/Concentration factor of the WMS-R and
selective attention was evaluated using a dual task paradigm.

LONGITUDINAL, POST-PSYCHOSIS ONSET STUDIES

The issue of age-related changes in attention in EOS patients has
been explored in three different samples. Thaden et al. (2006)
administered the Continuous Performance Test-Identical Pairs (IP-
CPT; Cornblatt et al., 1988) to 59 EOS adolescents and 55 matched
normal controls. Across the age span of the sample (10-20 years
of age) healthy adolescents improved in task performance and this
was particularly true for task conditions with high processing load.
This was not present in patients, suggesting a failure in the devel-
opmental trajectory that underpins increased attentional capac-
ity with age. Frangou et al. (2008) and @ie and colleagues (Qie
and Hugdahl, 2008; Qie et al., 2008) examined longitudinal data
from the Maudsley Early Onset Schizophrenia Study and from a
Norwegian sample of EOS patients followed-up over an average
period of 4 and 13 years respectively. Both studies reported that
EOS patients showed a decline in attentional measures. Their age-
matched healthy counterparts showed age-related improvements
in attentional processing which was absent in EOS patients.
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COMPARISON TO ADULT ONSET SCHIZOPHRENIA

When contrasting EOS and AOS patients to healthy controls,
White et al. (2006) combined four tasks to compose the summary
variable corresponding to the domain of attention; these were the
CPT (Conners and Staff, 1995), the Circle A Letter-cancellation
task (Talland and Schwab, 1964), the Stroop Color and Word Test
(Golden, 1978), and the TMT. Both EOS and AOS patients per-
formed worse than healthy controls in this domain but there was
no difference between the two patient groups.

EXECUTIVE FUNCTION

Executive function emerged as a concept in neuroscience mostly
based on the association between frontal lobe integrity and behav-
iours such as problem solving, response inhibition, strategy devel-
opment and implementation and working memory. Elliott (2003)
proposed that executive functioning can be defined as the complex
process of coordinating multiple sub-processes to achieve a par-
ticular goal. Given that multiple facets of cognition are currently
considered constituent aspects of executive function it is not sur-
prising that many different tests have been used to examine execu-
tive function in EOS. There are two issues that become apparent
when reviewing the literature which are not specific to EOS but
are pervasive in the field of cognitive research. Firstly, individual
studies only test a limited range of cognitive processes that comprise
executive function. However the presentation and interpretation
of the results often refers to executive function as a whole thus
potentially obscuring informative differences regarding aspects of
executive function that may be affected or preserved. Secondly,
there is no consensus with respect to tests of executive control
of attention or memory which are attributed to specific cognitive
domains depending on the authors’ preferences.

CROSS-SECTIONAL STUDIES

Kenny et al. (1997) compared 17 EOS patients to an equal number
of matched healthy adolescents using a broad neurocognitive
battery. Test relevant to executive function included the tests of
abstraction and perseveration, namely the Wisconsin Card Sorting
Test (WCST; Heaton et al., 1993 and the maze subtest of the WISC-
R, the Trigram Recall with Interference Test (Baddeley, 1986) and
the coding subtest of the WISC-R (both considered tests of work-
ing memory) as well the Controlled Oral Word Retrieval (Benton,
1968) and Category Instance Retrieval Tests (Perret, 1974) that
measure verbal fluency. The biggest effect size was noted for work-
ing memory (effect size 1.65-1.79), followed by abstraction and
perseveration (effect size 0.61-0.68) and category retrieval (effect
size 0.66). Oie and Rund (1999) in their sample of adolescent
schizophrenics also found deficits in the WCST. Similar deficits
in abstraction and cognitive set were also reported by the NIMH
group (Kumra et al., 2000). In the Maudsley Early Onset schizo-
phrenia study executive function was assessed using the Tower
of London Test (TOL; Shallice, 1982) to measure planning and
problem-solving and the Executive Golf task to measure spatial
working memory (Kravariti et al., 2003a). In the TOL patients
showed deficits in planning accuracy and reduced subsequent
planning time (a measure of time spent planning and thinking
about the next problem solving move), which may suggest greater
impulsivity. This pattern was also observed by Fagerlund et al.

(2006). Deficits in spatial working memory related mostly to EOS
patients’ inability to generate an efficient strategy and less so in
maintaining information in working memory.

LONGITUDINAL STUDIES

Cervellione et al. (2007) found adolescent schizophrenic patients to
have significant impairment in executive function which remained
unchanged over a 2-year follow-up period. Similarly, Frangou et al.
(2008) evaluated the stability of executive function in the Maudsley
Early Onset Schizophrenia study with respect to planning as prob-
lem solving as reflected by the TOL. Although planning accuracy
was lower in EOS patients, both groups’ maintained the same level
of performance over the 4-year follow-up period. Qie et al. (2008)
focused on abstraction and perseveration using the WCST. The per-
formance of EOS patients did not change over the 13-year follow-
up period but they failed to show the improvements in perseverative
errors that were noted in their healthy counterparts.

COMPARISON TO ADULT ONSET SCHIZOPHRENIA

White et al. (2006) examined two aspects of executive function,
namely working memory and problem solving when comparing
EOS to AOS patients and to controls. The composite measure of
working memory comprised the arithmetic and digit span subtests
from the WAIS-R and it was the only domain where EOS patients
underperformed compared to AOS patients. The functional domain
of problem solving included test performance on the Wisconsin
Card Sorting Test (WCST) (Heaton et al., 1993), the abstractions
subtest from the Shipley Institute of Living Scale (Shipley, 1946) and
the comprehension, similarities, picture completion and picture
arrangement subtests from the WAIS-R. No differences between
the patients groups were noted for the above variables.

MEMORY

Memory impairment is consistently reported in schizophrenia
regardless of age of onset. Most studies assessing memory and learn-
ing in EOS have used versions of the Wechsler Memory Scales while
the California Verbal Learning test (CVLT) (Delis et al., 1994) or
similar list learning tasks have been widely used to measure verbal
learning. Visual memory and learning are less commonly assessed,
with the Kimura Recurring Figures Test (Kimura, 1980) being the
most popular instrument employed.

CROSS-SECTIONAL STUDIES

Kenny etal. (1997) were amongst the first to report significant
impairment in verbal memory and leaning in AOS patients com-
pared to healthy adolescents. In their study verbal memory and
learning were assessed using list learning tests (Buschke and Fuld,
1974) while immediate and delayed recall were assessed using the
Logical Memory I and II subtests of the WMS-R (Wechsler, 1987).
EOS patients underperformed in all measures of verbal learning
and memory and in delayed (effect size range 0.68-0.96) but not
immediate recall. The study by @ie and Rund (1999) suggested that
visual memory (assessed using the Kimura Recurring Figures Test) is
also significantly impaired in EOS; the performance of their sample
of AOS patients was on average two standard deviations below that
of healthy adolescents. Ueland et al. (2004) also observed signifi-
cant visual memory impairment in adolescents with schizophrenia
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spectrum disorder also using the Kimura Recurring Figures Test.
However, visual memory (as assessed with the Wechsler Memory
Scale-Revised; WMS-R) was only minimally affected in EOS patients
from the Maudsley Early Onset Schizophrenia Study (Kravariti et al.,
2003b) while significant impairment was again noted for verbal
memory. Brickman et al. (2004) confirmed this finding in a sam-
ple of 29 never-medicated first-episode adolescents with psychosis
where verbal memory and learning was assessed with a list learning
task and was found to be significantly impaired in patients com-
pared to controls. A similar finding was also reported by Landre
and Ueland (2008) who also examined verbal memory and learning
using a list learning test when comparing 21 adolescents with schizo-
phrenia spectrum disorders to healthy adolescents. Furthermore, the
authors observed that the impairment primarily affected learning
rather than recognition or recall. Roofeh et al. (2006) used the CVLT
to further delineate the nature of the verbal memory and learning
deficits in adolescents with schizophrenia and schizophrenia spec-
trum disorders. They found large impairments in patients compared
to healthy controls in verbal learning, immediate and delayed recall,
recognition memory and consistency of recall, but not in measures
of rate of forgetting, proactive or retroactive interference or serial
order effects in recall such as primacy and recency. Furthermore,
in healthy individuals there was an age related switch in encoding
and retrieval from serial recall to semantic clustering. Young patients
with EOS and spectrum disorders failed to make this developmental
change in memory organisation and retrieval.

LONGITUDINAL, POST-PSYCHOSIS ONSET STUDIES

Cervellione et al. (2007) found verbal learning and memory (as
assessed with the CVLT) to be impaired in adolescents with schizo-
phrenia but stable over a 2-year follow-up period. However, in
the 4-year follow-up of the EOS sample from the Maudsley Early
Onset Schizophrenia Study (Frangou et al., 2008), patients showed
evidence of decline in the verbal memory index of the WMS-R
while healthy adolescents performed at the same level on both
assessments. Careful examination revealed that this decline affected
primarily acquisition of new information rather than consolidation
and recall. Qie et al. (2008) reached the same conclusions using the
CVLT; over a 13-year follow-up period healthy controls showed no
change in their performance while EOS patients’ performance in
the total learning trials declined.

COMPARISON TO ADULT ONSET SCHIZOPHRENIA

Accordingto Basso et al. (1997) verbal memory performance differ-
entiated AdOS from AOS patients and controls being significantly
more impaired in AdOS particularly in measures of immediate
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