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Abstract
Genetic diathesis to schizophrenia may involve alterations of adolescent neurodevelopment
manifesting as cognitive deficits. Brain regions mediating executive function (fronto-striatal
circuits) develop during adolescence while those supporting elementary aspects of attention (e.g.
sustained focused attention) have a more protracted maturation beginning in childhood. We hence
predicted that adolescents at risk for schizophrenia would show a failure of normal maturation of
executive function. We prospectively assessed 18 offspring and 6 siblings of schizophrenia
patients (HR) and 28 healthy controls at baseline, year-1 and year-2 follow-up using the
Continuous Performance Test [visual-d′] and Wisconsin Card Sort Test (WCST). Perseverative
errors on the WCST in HR remained stable but decreased in controls over the follow-up (study-
group by assessment–time interaction, p = 0.01, controlling for IQ). No significant study-group by
assessment-time interactions were seen for sustained attentional performance. HR may not
improve while healthy subjects progressively improve on executive function during adolescence
and early adulthood. Our results suggest an altered maturational trajectory of executive function
during adolescence in individuals at familial risk for schizophrenia.
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1. Introduction
Schizophrenia may involve heritable alterations of neurodevelopment during adolescence
and young adulthood (Keshavan et al., 2004). These alterations may manifest as cognitive
deficits in areas including executive function and attention (Gur et al., 2007) and brain
structural deficits (Keshavan et al., 2003, 1997) in schizophrenia patients, and in their
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genetically predisposed relatives. While maturation of the ability to sustain focused
attention, as evaluated by continuous performance tests (Gur et al., 2007) begins in
childhood (Levin et al., 1991; Lin et al., 1999), higher executive functions mature
throughout adolescence and early adulthood (Levin et al., 1991). Executive function deficits
are noted in schizophrenia patients, may precede the illness and have been shown to
manifest in relatives of patients ‘at risk’ for the illness (Diwadkar et al., 2006; Shad et al.,
2006). Executive function deficits in schizophrenia patients have been commonly indexed
using perseverative error, non-perseverative error scores and lack of set-maintenance during
performance of the Wisconsin Card Sorting test (WCST) (Bell et al., 1997). Of these
measures, perseverative errors in relatives of patients, at familial risk for the illness, have
been thought to represent vulnerability to the illness (Caldu et al., 2007; Egan et al., 2001;
Franke et al., 1992; Gooding et al., 1999). As increased perseverative errors may be a
relatively specific marker of schizophrenia, when compared to bipolar disorder (Wobrock et
al., 2009) this deficit in relatives at risk may be an endophenotypic marker of schizophrenia
(Prasad and Keshavan, 2008). Executive function, as assessed by perseverative errors on the
WCST in normal individuals and schizophrenia patients may critically depend on prefrontal
function and structure (Diwadkar et al., 2006; Kawada et al., 2009; Keshavan et al., 2002;
Prasad and Keshavan, 2008; Shad et al., 2004, 2006). The number of perseverative errors
has been linked to poor prefrontal regulation of striatal dopaminergic activity in patients
(Meyer-Lindenberg et al., 2002) and may depend on prefrontal cortical dopaminergic and
glutamatergic transmission (Caldu et al., 2007; Enomoto and Floresco, 2009; Krystal et al.,
2000; Meyer-Lindenberg et al., 2002; Siegel et al., 1996). While executive function may
depend on prefrontal and striatal function, sustained focused attention to visual information
depends on a wider network including fronto-parietal regions (Posner and Dehaene, 1994).
Brain structural studies show fronto-striatal regions to continue development during late
adolescence and young adulthood (Sowell et al., 1999a), while parietal regions appear to
mature earlier, during childhood (Gogtay et al., 2004; Sowell et al., 1999b). Functional
imaging studies also suggest that while prefrontal cortical function begins in childhood and
continues to mature through adolescence into young adulthood, maturation of parietal
cortical function progresses more rapidly in childhood than in adolescence (Luna et al.,
2001). The development of attention during childhood and of executive function throughout
adolescence and young adulthood (Levin et al., 1991; Lin et al., 1999) may reflect
maturation of parietal regions predominantly during childhood and the continuing
maturation of frontal regions during adolescence. Executive function may however partly
depend on extra-prefrontal regions (Abdullaev et al., 1998; Corbetta et al., 1995; Gur et al.,
2007; Tomasi et al., 2008), hence undergoing some maturation during childhood.

Genetic diathesis for schizophrenia may involve neurodevelopmental alterations during
adolescence (Eack et al., 2008; Keshavan et al., 2004). These may specifically compromise
the maturation of prefrontal and fronto-striatal circuits during adolescence, sparing parietal
cortical maturation which is completed by adolescence. Studies have shown altered
prefrontal function and structure (Keshavan et al., 2003; Keshavan et al., 1997; Macdonald
et al., 2008) in adolescent relatives of patients. Selective alterations of prefronto-striatal
development in at-risk relatives may manifest as dysmaturation of executive function during
adolescence and early adulthood in the context of a relatively less impaired development of
sustained attention, the brain structures mediating which may mature before adolescence.

This prediction may be examined by prospective assessment of perseverative errors on the
WCST, a putative marker of prefrontal cortical function (Caldu et al., 2007; Diwadkar et al.,
2006; Egan et al., 2001; Enomoto and Floresco, 2009; Kawada et al., 2009; Keshavan et al.,
2002; Krystal et al., 2000; Meyer-Lindenberg et al., 2002; Shad et al., 2004; Shad et al.,
2006; Siegel et al., 1996) and of sustained attention, in first degree adolescent relatives of
patients with familial liability to schizophrenia. Further, as perseverative errors on the
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WCST may not significantly correlate with attention (Chen et al., 1997), they may serve to
assess executive function deficits per se, without the confound of attention deficits, common
in relatives of patients (Keshavan et al., 2009). Cross-sectional deficits of executive function
are noted in adult relatives of schizophrenia patients (Wolf et al., 2002). Longitudinal
studies of attention and executive function have assessed adolescent relatives showing sub-
threshold psychotic symptoms (Keefe et al., 2006) and post-adolescent relatives
(Erlenmeyer-Kimling et al., 1995; Johnstone et al., 2005; Lencz et al., 2006; Niendam et al.,
2007). Studies assessing relatives showing subthreshold psychotic symptoms may be
confounded by interaction effects of symptoms with genetic risk on cognition and
neurodevelopment (Eack et al., 2008; Keshavan et al., 2004). A study did not find a
longitudinal change in attention or executive function but was limited by a low sample size
and by assessment of second degree relatives who may have a reduced familial loading for
schizophrenia compared to first-degree relatives (Whyte et al., 2006). Progressive decline of
scholastic performance and IQ occurs in the premorbid phase, suggesting a declining course
for executive function during this phase (Fuller et al., 2002; Kremen et al., 1998). Although
cross sectional studies show poor attention and executive function in adolescent relatives of
patients during asymptomatic phases of schizophrenia (Bove, 2008; Keefe et al., 1994a;
Keshavan et al., 2004; Wood et al., 2003), the longitudinal course of these deficits has not
been examined.

However, previous studies using this strategy are limited by the cross-sectional nature of
assessments (Keefe et al., 1994b) and inclusion of second degree relatives, which may dilute
the genetic loading for schizophrenia (Whyte et al., 2006).

We prospectively assessed sustained attention and executive function using the Continuous
Performance Test (CPT) (Gur et al., 2007; Lin et al., 1999) and WCST respectively in non-
psychotic adolescent and young adult offspring and siblings of parents with schizophrenia
(HR) at baseline, one-year and two-year follow-up. We predicted that executive function,
but not attention in HR would fail to improve or decrease over time compared to controls
suggesting, respectively, either a lag of the maturational improvement of executive function
or an emerging decline.

2. Methods
2.1. Participants

The study was conducted at the Western Psychiatric Institute and Clinic, Pittsburgh.
Participants were 18 young adult and adolescent offspring and 6 siblings [age (mean, S.D) =
14.94 years, 3.26 years, range = 6.4 to 24.7 years] of schizophrenia and schizoaffective
probands (HR) and 28 healthy controls (HC) [age (mean, S.D) = 15.48 years, 3.04 years,
range = 6.9 to 25.3 years]. The first-degree relatives (offspring and siblings) of patients with
schizophrenia or schizoaffective disorder were recruited by approaching patients and
through advertisements. Diagnoses of schizophrenia or schizoaffective disorder in the index
relatives were confirmed using the Structured Clinical Interview for DSM Disorders (SCID)
(First et al., 1995) and/or consensus meetings led by senior diagnosticians (M.K and D.M).
Co-morbid with these psychotic disorders, 12 had major depressive disorder, one proband
had depression not-otherwise-specified (NOS) and one proband was diagnosed with
generalized anxiety, at baseline or within the past month. HR and HC were assessed at
baseline, year 1 and year 2 using the SCID for the possible emergence of psychopathology.
One offspring subject was diagnosed with psychotic illness at the year-1 follow-up and
another converted to psychosis at the year-2 assessment. HC were included only if they did
not have a first- or second-degree relative with psychotic illness. Those participants with
DSM Mental Retardation, lifetime evidence of a psychotic disorder or lifetime exposure to
antipsychotic medications at baseline, recent substance use disorder, neurological or medical
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condition were excluded. All participants signed informed consent after the study was fully
explained to them. For participants <18 years of age, the consent was provided by the parent
or guardian, and the subjects provided informed assent. The study was approved by the
University of Pittsburgh Institutional Review Board.

2.2. Cognitive assessments
Percentage of perseverative errors committed on the WCST (Heaton et al., 1993)and visual
d′ scores on the CPT-IP (Cornblatt et al., 1988)were used to assess executive function and
sustained attention respectively. Assessments were conducted at baseline, and subjects were
re-evaluated one and two years later. One of the subjects was briefly treated with an anti-
psychotic (aripiprazole for 9 days) during the study.

2.3. Statistical analysis
Analysis of covariance (ANCOVA) and analysis of variance (ANOVA) were used to
compare attention (visual d′ scores) and executive function (percentage of perseverative
errors) between HR and controls at baseline. Repeated-measures tests with study-group
(control/HR) as a between-subject factor and assessment-time (baseline/year 1/year 2) as a
within-subject factor, were used to compare the longitudinal trajectories of attention and
executive function between HR and controls. IQ deficits in schizophrenia may confound
analyses of attention and executive function in schizophrenia (Dickinson et al., 2008). IQ
decline is seen in schizophrenia, and controlling IQ when assessing cognitive deficits has
been debated (Dickinson et al., 2008), as there are potential overcorrection and
undercorrection problems with either strategy. Therefore, we conducted all comparisons
using both ANCOVA and ANOVA, controlling and not controlling for IQ at baseline
respectively. Significant interactions on the repeated-measures tests were interrogated by
separate repeated-measures ANOVAs for controls and HR with assessment-time as the
within-subject factor. Longitudinal analyses of executive function and sustained attention
indices were repeated using repeated measures mixed-model designs with assessment-time
as the random factor and group and gender as the fixed factors and age and IQ as covariates.
This method might better account for correlations of the longitudinal, within-subject
cognitive performance indices and has been used for longitudinal analyses of cognitive
performance (Maurice-Stam et al., 2009).

3. Results
At baseline, HR had lower IQ than controls [Mean (S.D), controls: 113.6 (10.6), HR: 102.4
(11.2), F(1,50) = 12.09, p = .00] and did not differ from controls on education (in years
educated) [Mean (S.D), controls: 9.82 (3.98), HR: 9.06 (3.55), F(1,50) = 0.58, p = 0.425],
age (in years) [Mean (S.D), controls: 15.48 (3.04), HR: 14.94 (3.26), F(1,50) = 0.44, p =
0.43] or gender (45.2% males in HR, 43.6% males in control groups Chi-square = 0.04, p =
0.84). As the percentage of perseverative errors and visual-d' scores were not normally
distributed (see Table 1), all raw scores were rank transformed before being analyzed by
ANCOVA and ANOVA tests.

At baseline assessment, percentage of perseverative errors did not differ across groups.
Repeated measures ANOVAs revealed a group by assessment-time interaction suggesting a
differential longitudinal course for executive function in HR relative to controls. Main
effects of assessment-time on the within-group repeated-measures ANOVAs revealed that
controls progressively decreased [F(2,54) = 3.54, p = 0.035] while HR did not change
[F(2,46) = 1.8, p = 0.17] on perseverative errors over follow-up (see Figs. 1 and 2). A main
effect of study-group was also noted showing HR to commit more errors during the study.
These findings for executive function deficits survived controlling for IQ (see Tables 2 and
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3, Figs. 1 and 2). A repeated measures mixed-model ANCOVA with assessment-time as the
random factor, group and gender as the fixed factors and age as the covariate also revealed a
significant group × assessment-time interaction [F = 3.40, p = 0.035] but no main effect of
group. The group × assessment-time interaction remained significant [F = 3.71, p = 0.026]
after adding IQ as a covariate to this model. All above deficits, noted in HR using
percentage of perseverative errors maintained statistical significance on reanalyses using the
number of perseverative errors to index executive function. No deficits of attention were
observed at baseline assessment or longitudinally. Without controlling for IQ, HR were seen
to have poorer attention compared to controls although no longitudinal effects were noted
(see Tables 2 and 3). Analyses using a mixed model design similar to that used for executive
function did not reveal longitudinal sustained attention deficits [group × assessment-time, F
= 1.12, p = 0.31 without controlling for IQ and F = 1.09, p = 0.31 after including IQ as a
covariate] All above results maintained significance after controlling for age and gender.

4. Discussion
We show an altered maturational trajectory of executive performance in adolescent and
young adult non-psychotic offspring and siblings of schizophrenia patients compared to
controls. Executive function in controls progressively improved and that in HR remained
stable over the follow-up. This finding survived controlling for IQ suggesting that the
arrested development of executive function in HR is independent of generalized intellectual
deficit (Byrne et al., 1999; Dickinson et al., 2008). Although we note a failure of executive
function maturation, inspection of means (Fig. 1 and Table 3) suggested a non-significant
decline of executive function in HR. A subtle decline in executive function in HR could
have missed statistical significance due to the low sample size. Reduced ability to sustain
focused attention in HR did not survive controlling for IQ (Dickinson et al., 2008) and
changed similarly for HR and controls over time.

Neurodevelopmental alterations in schizophrenia emerge during adolescence and may have
genetic bases (Harrison, 2007). Maturation of fronto-striatal dopaminergic circuits,
including the progressively increasing prefrontal cortical regulation of striatal dopaminergic
transmission may occur during adolescence and young adulthood (Sowell et al., 1999a). The
maturation of these circuits involves a progressive increase of top–down prefrontal
influences on striatal dopaminergic transmission (Meyer-Lindenberg et al., 2002; Sowell et
al., 1999a).The fronto-striatal circuits subserve executive function and the progressive
maturation of prefrontal regulation of striatal processing (Sowell et al., 1999a) may
contribute to the normative development and emergence of executive function during
adolescence. We have found structural, functional and metabolic abnormalities (Diwadkar et
al., 2001; Keshavan et al., 2003, 2002, 1997) of prefrontal regions in adolescent relatives of
schizophrenia patients suggesting that enduring prefrontal neuropathology may play a
critical role in the familial diathesis to schizophrenia. Alterations of adolescent
neurodevelopment are implicated in genetic diathesis to schizophrenia and may interfere
with fronto-striatal and consequently executive function maturation. Adolescent carriers of
genetic polymorphisms thought to interfere with fronto-striatal dopaminergic activity show
compromised executive performance (Harrison, 2007; Weinberger et al., 2001). Altered
maturation of prefrontal and striatal regions may explain the altered developmental
trajectory of executive function we observed in HR.

Maturation of parietal and thalamic circuits mediating sustained attention may be completed
by adolescence (Gogtay et al., 2004; Sowell et al., 1999b), hence pre-dating the
neurodevelopmental alterations in adolescent HR subjects. This may explain the absence of
longitudinal alterations in attention in adolescent HR subjects as suggested by a non-
significant study-group × time effect for CPT scores. Further, while attention deficits in

Bhojraj et al. Page 5

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2011 August 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



schizophrenia are moderately heritable (heritability = 0.48–0.62 (Gur et al., 2007)),
executive function may correlate with both genetic and environmental influences (Gur et al.,
2007) and may be vulnerable to environmental stressors and gene–environment interaction
effects during adolescence (Harrison, 2007).

Our study adds to recent evidence implicating a familial basis for deficits in WCST
performance in schizophrenia. A study showed relatives with a family history of
schizophrenia patients to commit more errors on the WCST compared to those without
familial predisposition, implicating genetic risk in executive function deficits (Birkett et al.,
2008). Executive function as assessed by the trail-making test may also be a heritable
marker of schizophrenia (Quinones et al., 2009). Recent studies have suggested that genes,
including those on chromosome 22 and genetic variants of the catechol-O-methyl-
transferase (COMT) gene may be involved in WCST performance abnormalities (Liao et al.,
2009; Liu et al., 2008) in schizophrenia. Dopamine transporter genetic polymorphisms in
schizophrenia may also be related to WCST performance deficits (Rybakowski et al., 2005),
as would be expected from the central role for dopaminergic transmission in the fronto-
striatal circuits which may subserve executive performance (Meyer-Lindenberg et al., 2002).
WCST performance deficits, in light of no CPT performance abnormalities in HR subjects
may support previous evidence of differential deficits of specific neurotransmitter systems in
schizophrenia (Bosia et al., 2009). Our study is limited by lack of data regarding sub-
threshold (prodromal) psychotic symptoms, which may emerge in young subjects at familial
risk for schizophrenia and which may be related to executive function deficits (Berman et
al., 1997). Our results of executive function deficits may be confounded by working
memory and general intelligence impairments, common in HR (Gur et al., 2007). As
working memory performance was not assessed, it remains unclear whether our findings of
increased perseverative errors in HR represent working memory alterations rather than
executive function deficits per se (Hartman et al., 2003). Although our findings survived
controlling for IQ, the role of general intelligence deficits in executive function deficits
cannot be ruled out, as statistically controlling for IQ may undercorrect the findings for
those executive function deficits correlated with general intelligence (IQ) deficits
(Dickinson et al., 2008). Practice effects may be seen for the WCST and may occur due to
processes like development of memory for the testing procedures and materials, procedural
learning and increasing familiarity with the testing settings due to repeated exposure to the
test (Goldberg et al., 2007). These effects lead to a progressive improvement in performance
on repeatedly (e.g. longitudinally) administered cognitive tests. Differential practice effects
in control compared to HR subjects may have confounded our findings. Schizophrenia
patients may show smaller practice effects compared to healthy individuals possibly due
poor initial encoding (Gold et al., 2000; Goldberg et al., 2007) of information and reduced
non-declarative (procedural) learning capacities (Weickert et al., 2002). The evidence for
reduced practice effects in schizophrenia is however conflicting, as a study showed
procedural (non-declarative) memory capacities to be relatively spared in patients (Goldberg
et al., 2007; Heaton et al., 1994). Further, although the WCST performance decline we show
in HR subjects may reflect reduced efficacy of practice effects rather than a deterioration of
executive function per se, reduced practice effects have not been as yet documented in
relatives of schizophrenia patients to our knowledge.

Our findings suggest an impaired development of executive function in adolescent offspring
and siblings at genetic risk for schizophrenia. This may reflect dysmaturation of prefrontal
cortices and fronto-striatal circuits in the genetic diathesis to schizophrenia (Harrison, 2007;
Krystal et al., 2000; Weinberger et al., 2001). However, a progressive, albeit subtle, decline
in executive functioning during the premorbid phase of schizophrenia consistent with a
neurodegenerative model cannot be ruled out (DeLisi, 2008).
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Abbreviations

WCST Wisconsin Card Sorting test

CPT-IP Continuous Performance Test-Identical Pairs version

IQ Intelligence Quotient

HC Healthy control subjects

HR Subjects at high risk for schizophrenia

SD Standard Deviation

ANCOVA Analysis of covariance

ANOVA Analysis of variance

DSM Diagnostic and Statistical Manual of Mental Disorders

SCID Structured Clinical Interview for DSM Disorders
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Fig. 1.
Percentage of perseverative errors (raw scores) are plotted on the Y-axis against follow-up
time. Bars denote 95% confidence intervals about the group mean. See Fig. 2 for subject-
wise raw score distribution for the percentage of perseverative errors.
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Fig. 2.
Raw scores (percentage of perseverative errors) for each HC and HR subject are plotted.
Baseline, year-1 and year-2 raw scores for each subject are plotted on the Y-axis and are
presented from left to right for each group.
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