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Abstract
Background—Working memory deficits abound in schizophrenia and attention deficits have
been documented in schizophrenia and bipolar disorder. Adolescent offspring of patients may
inherit vulnerabilities in these brain circuits and may show deficit performance in these cognitive
domains. Here we assess impairments in offspring of schizophrenia (SCZ-Offspring) or bipolar
(BP-Offspring) patients compared to controls (HC) with no family history of mood or psychotic
disorders to the second degree.

Methods—Three groups (n=100 subjects; range:10–20 yrs) of HC, SCZ-Offspring and BP-
Offspring gave informed consent. Working memory was assessed using a delayed spatial memory
paradigm with two levels of delay (2s & 12s); sustained attention processing was assessed using
the Continuous Performance Task-Identical Pairs version.

Results—SCZ-Offspring (but not BP-Offspring) showed impairments in working memory
(relative to HC) at the longer memory delay indicating a unique deficit. Both groups showed
reduced sensitivity during attention but only BP-Offspring significantly differed from controls.

Conclusions—These results suggest unique (working memory/dorsal frontal cortex) and
potentially overlapping (attention/fronto-striatal cortex) vulnerability pathways in adolescent
offspring of patients with schizophrenia and bipolar disorder. Working memory and attention
assessments in these offspring may assist in the clinical characterization of the adolescents
vulnerable to SCZ or BP.
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1. Introduction
The distinction between schizophrenia and bipolar disorder appears unclear from the
perspective of neurobiology. For example, studies in molecular genetics suggest significant
overlap in genetic vulnerability for each (Craddock & Owen, 2005) thereby implying a
common aetiological bases. If the genetic aetiology is overlapping across phenotypes, it is
plausible that neurodevelopment plays a critical role in the pathways toward each disorder.
The idea that neurodevelopmental trends may distinguish between these disorders has been
advanced (Murray et al., 2004), as has the general idea that complementary developmental
trajectories contribute to distinct phenotypes post-adolescence (Keshavan et al., 2005a; Paus,
2005; Paus et al., 2008). In this view, complex interactions between programmed genetic
development and environmental factors combine to alter or derail neurodevelopmental
pathways during critical periods such as adolescence. This is now the modal view for all
developmental hypotheses in schizophrenia (Lewis & Levitt, 2002), though its relevance for
bipolar disorder is not yet established. These pathways may be realized through the
disordered development of specific cortical systems in the brain, and therefore of cognitive
domains that are closely tied to these cortical systems. Because both schizophrenia and
bipolar disorder aggregate in families (Pavuluri et al., 2005), adolescent offspring of
schizophrenia and bipolar patients are at increased risk for impaired cognition and
psychopathology (Birmaher et al., In Press; Birmaher et al., 2009; Keshavan et al., 2005b)
and are increasingly vulnerable to the disorders themselves. Estimates indicate that nearly
10%–15% of offspring of schizophrenia patients will be diagnosed with schizophrenia
(Erlenmeyer-Kimling et al., 1997), and that 5%–15% of offspring of bipolar patients will
develop a mood disorder in their lifetimes (Lapalme et al., 1997). Furthermore, increasing
evidence suggests alterations in cortical systems in these subjects (Diwadkar et al., 2006),
supporting the idea of neurodevelopmental derailment during adolescence. Therefore,
understanding unique or non-specific patterns of cognitive impairment in these groups may
prove informative.

1.1 Working Memory and Sustained Attention: Distinct and Overlapping Components
Working memory and sustained attention have been closely mapped to prefrontal and
striatal circuitry (Cohen et al., 1997; Corbetta et al., 1998). Working memory in particular is
heavily dependent on sustained activity in prefrontal circuitry that is necessary for the
temporary maintenance of information (Braver et al., 1997; Fuster, 1989). Sustained
attention or vigilance is tied to interactions between cortico-striatal circuitry (Buchel &
Friston, 1997; Luna et al., 2001). In general, the development of frontal and striatal circuitry
is particularly dynamic during adolescence (Booth et al., 2003; Rubia et al., 2006), marked
by both increased coordination during attention and working memory in particular (Edin et
al., 2007), and increased frontal engagement with age (Rubia et al., 2000). Developmental
deviations in regional function in SCZ- and/or BP-Offspring may affect working memory
and sustained attention.

Prefrontal dysfunction is a central correlate of schizophrenia pathophysiology (Lewis, 1997)
and delayed working memory paradigms elegantly elucidate the bases of disordered
prefrontal function in the diathesis (Goldman-Rakic, 1994). Electrophysiological studies in
primates indicate that when memoranda must be maintained in memory over a delay,
maintenance is sub-served by tonic activity of prefrontal neurons that persists over the
duration of the memory interval (Goldman-Rakic, 1988). Furthermore, the duration of this
activity scales with the duration of the memory interval indicating a direct parametric effect
on the demands of the prefrontal cortex. SCZ-offspring are in fact characterized by
disordered fronto-striatal function during working memory that scales with increased
memory demand (Bakshi et al., In Press), and errors in memory in offspring are most
apparent at increased memory delays (Diwadkar et al., 2001). Thus, parametric effects of
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working memory load are a useful metric for distinguishing between SCZ-Offspring and
controls. By comparison, the relationship of working memory deficits to bipolar disorder is
less well established. Early studies indicated that bipolar patients performing similarly to
controls (Park & Holzman, 1992), though recent data present a more heterogeneous pattern.
Working memory deficits in bipolar subjects may be mediated by the presence of psychosis
(Glahn et al., 2006) or manic symptoms (Sweeney et al., 2000). fMRI studies suggest that
working memory in bipolar disorder is characterized by aberrant increases in engagement of
the frontal cortex (Adler et al., 2004; Chang et al., 2004; Monks et al., 2004), though the
value of working memory as a vulnerability marker in the mood spectrum is not established.
Also, the relationship of working memory to neurophysiological processes such as
dopaminergic neurotransmission (Vijayraghavan et al., 2007) or reduced synchrony between
GABA-ergic neurons (Lewis et al., 2005) is hypothesized as central in schizophrenia,
though this translational angle appears absent in bipolar disorder. Thus, it is plausible that
working memory deficits may reflect essential aspects of altered prefrontal circuitry in
schizophrenia that may be inherited in, and unique to SCZ-Offspring.

Attentional processes are not dependent on sustained maintenance by prefrontal neurons but
may depend on cortico-striatal structural and functional connectivity (Graham et al., 2008;
Haber & Calzavara, 2009). Other studies indicate that neural activity in key striatal regions
such as the caudate are central to attention, and translating attention into motor outputs
(Hikosaka & Sakamoto, 1986), suggesting that the striatum and its constituents are more
central in the brain’s attention pathway. Sustained attention has in fact emerged as a
common marker of deficit in both adult schizophrenia and bipolar populations (Cornblatt &
Erlenmeyer-Kimling, 1989; Strakowski et al., 2004). Attention deficits appear to be stable
and enduring, have been documented in adolescent offspring of schizophrenia patients
(Michie et al., 2000), and may result from disordered fronto-striatal function (Diwadkar et
al., In Press), suggesting that such deficits may be markers of genetic vulnerability for
schizophrenia. Young bipolar offspring (age<25) endorse attention deficits but objective
measures of attention deficits have provided mixed results (Klimes-Dougan et al., 2006).
Nevertheless, several reasons motivate the idea that attention deficits would reflect
neurodevelopmental vulnerability in both groups. For example, striatal abnormalities are
noted in the earliest phases of the illness in both schizophrenia (Lawrie et al., 2001) and
bipolar disorder (Strakowski et al., 2005), and have been associated with deficits in
attention.

Here we investigated working memory and sustained attention deficits in age-matched HC,
SCZ-Offspring and BP-Offspring using established measures of working memory
(Diwadkar et al., 2001) and sustained attention (Salgado-Pineda et al., 2004). Based on the
emerging literature, we expected SCZ-Offspring (but not BP-Offspring) would show unique
impairments in working memory reflected in greater error in a delayed match to sample
spatial working memory task as a function of increased memory delay. By comparison, we
expected offspring of both schizophrenia and bipolar patients to demonstrate non-specific
impairments in sustained attention reflected in lower sensitivity to detect targets in a
sustained attention task.

2. Methods
2.1 Subjects

One hundred subjects (10 ≤ Age ≤ 20 yrs) gave informed consentor assent to participate. All
protocols were cleared by the Institutional Review Boards at the University of Pittsburgh
and Wayne State University. Groups did not differ in age overall (F2,97=.95, p>.35) or Full
Scale IQ (F2,97=.40, p>.65). Table 1 provides a characterization of subjects, with age,
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gender and Full Scale IQ scores. All subjects were free from medications at the time of
assessments.

2.2 Clinical Characterization
SCZ-Offspring and BP-Offspring were recruited through contacts in in-patient and out-
patient services at the Western Psychiatric Institute and Clinic (WPIC) of the Dept. of
Psychiatry at the University of Pittsburgh, from the greater Detroit area through
advertisements, and patient services at the Wayne State University School of Medicine. HC
were recruited from the same communities as the SCZ- and BP-Offspring through
community based advertisements. Rule outs were achieved through telephone and personal
interview, and screening questionnaires, to ascertain if subjects had a history of psychotic
illness in first-degree relatives. Diagnoses for parents of offspring were reached using the
Structured Clinical Interview for DSM-IV (SCID)(First et al., 1997). Subjects younger than
15 years were clinically evaluated using the Schedule for Affective Disorders and
Schizophrenia -Child Version (K-SADS)(Kaufman et al., 1997); those aged 15 years or
above were assessed using the SCID. Assessments were administered by trained
interviewers and neuropsychological assessments were conducted in a dedicated testing
laboratory testing room in an out-patient setting. Diagnosis information for the sample is
presented in Table 2 and reflects the prevalence of these disorders across all subjects.

Observed incidence of at least one Axis I disorder in our offspring samples (roughly 20% in
SCZ-Offspring and roughly 45% in BP-Offspring) is consistent with other published reports
in the literature with estimates of >50% prevalence in adolescent bipolar offspring (Hillegers
et al., 2005) and >60% in adolescent schizophrenia offspring samples (Keshavan et al.,
2004).

2.3 Working Memory and Sustained Attention
Working memory was assessed using a spatial memory paradigm previously shown to
discriminate between SCZ-Offspring and HC (Diwadkar et al., 2001). The paradigm
(www.cogtest.com) required subjects to maintain spatial information for a peripherally
presented location in working memory over short (2s) or long (12s) delay periods. Subjects
touched an on-screen start button to initiate trials, followed by a center fixation stimulus
prior to presentation of the target stimulus. During the delay between presentation and recall,
a number of distracters of variable location appeared that need to be actively touched by the
subject. The distracter interval prevented the subject from physically encoding the location
of the target using visual or motor fixation. At the end of the delay, subjects signaled the
location of the item by a finger press on a touch screen. Twenty four trials were employed.
The dependent variable was error extent (mm) that is the distance between the indicated
location on the touch screen and the actual location to be remembered. The task is a human
analogue of basic working memory tasks employed in primates (Chafee & Goldman-Rakic,
2000; Fuster, 1989).

Sustained attention was assessed using the Continuous Performance Task (CPT) (Cornblatt
et al., 1989). The CPT-IP measures ability to discriminate between targets (shapes) and
distracters in a rapid presentation paradigm and d’ a measure of sensitivity, has been shown
to discriminate between HC and SCZ-Offspring in previous studies (Cornblatt & Malhotra,
2001). During the experiment, subjects remained seated in front of a computer monitor.
Shapes were rapidly presented at the center of the monitor (50 ms) with an inter-stimulus
interval of 1000 ms. Subjects indicated with a key press when the identity of the shape was
repeated. A total of 150 trials were employed. The dependent variable was visual d’, a
measure of sensitivity to detect sequentially presented identical shapes and reject distracters
(Rutschmann et al., 1977).
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All univariate analyses were conducted using the general linear model framework in SPSS
(SPSS, 2007). Analyses of co-variance were employed to assess independent main effects of
Group (HC vs. SCZ-Offspring vs. BP-Offspring), Memory Delay (Short vs. Long; modeled
as a repeated measure for the working memory paradigm) and Gender. In addition, age,
FSIQ and the presence of ADHD were modeled as co-variates.

Preliminary univariate analyses demonstrated no effects of Site, or Site X Group interactions
for either of the measures of interest (.17 < F1,87 <.63 across all effects). Subsequent
analyses therefore were conducted by collapsing across this variable.

3. Results
3.1 Working memory

As seen in Figure 1a, relative to control subjects, impairments in delayed working memory
(12 s) appeared in SCZ-Offspring but not BP-Offspring, specifically at the long delay
period. Consistent with this, a Group x Delay interaction was significant, F2,86=6.42, p<.
003, MSe=217.71 (Effect size: partial η2=.13)(Cohen, 1988). In addition, a main effect of
group was observed, F2,86=4.39, p<.02, MSe=348.03 (partial η2=.09). Differences between
groups at the longer delay were investigated using the Dunn-Šidák test for multiple
comparisons among means (Dunn, 1961). SCZ-Offspring differed from both HC (tD =3.73,
p<.05) and BP-Offspring (tD =3.60, p<.05) respectively. Two additional effects were
significant; a main effect of delay, F1,86=6.84, p<.01 (partial η2=.08) indicated increases in
errors as a function of delay, and a significant effect of age, F1,86=8.77, p<.004 (partial
η2=09), indicated a decrease in working memory errors with age. As seen in Figure 1b, the
effects of age were particularly pronounced at the longer delay.

3.2 Sustained Attention
As seen in Figure 2, relative to control subjects, reductions in sensitivity appeared in both
SCZ-Offspring and BP-Offspring. A significant effect of Group, F2,86=7.03, p<.001, MSe=.
544 (partial η2=.14). Differences between groups assessed with the Dunn-Šidák test revealed
significant differences between BP-Offspring and HC (tD=4.26, p<.05), but not between
SCZ-Offspring and HC (tD=1.98, one-tailed for two post-hoc comparisons). Observed
power for the main effect of group was adequate (1-β=.92).

4. Discussion
This is one of the few studies directly comparing parametric working memory and attention
performance in age- and gender-comparable adolescent offspring of schizophrenia and
bipolar patients. The principle results were these: a) Working deficits were observed in
SCZ-Offspring, specifically at the longer memory delay, reflecting the unique impact of
memory demand on this subgroup. These results replicate previous demonstrations in SCZ-
Offspring and suggest that impairments in working memory and by implication working
memory-related prefrontal function are characteristic trait- and vulnerability markers of the
schizophrenia diathesis; b) Significant deficits in sustained attention were observed and were
statistically robust between BP-Offspring and HC, but marginally significant between SCZ-
Offspring and HC. In either analysis, significant effects were independent of FSIQ and the
presence of ADHD diagnoses in the offspring groups. Also, no gender effects were
observed.

These results suggest that working memory deficits are highly specific to SCZ-Offspring
reflecting the proposed relevance of working memory dysfunction in the schizophrenia
diathesis (Goldman-Rakic, 1994). These deficits may reflect the relatively large pre-frontal
demands placed on maintaining tokens in working memory for long periods of time, and
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may be related to the hypothesized convergence of prefrontal dopamine, working memory
and schizophrenia (Gore et al., 2010; Henze et al., 2000; Vijayraghavan et al., 2007). If
working memory deficits in the mood spectrum are primarily state-related as has been
suggested (Sweeney et al., 2000), it is unlikely that these impairments are markers of
vulnerability in the mood spectrum. By comparison, significant sustained attention deficits
were robust in BP-Offspring and marginal in SCZ-Offspring relative to HC.

4.1 Schizophrenia- and Bipolar-Offspring – Divergent Findings
The bio-behavioral literature in schizophrenia and bipolar relatives and offspring is marked
by significant variability. This variability in part reflects the inherent heterogeneity
associated with study vulnerable, but healthy groups of subjects (Diwadkar et al., In Press).
In general, structural MRI and fMRI studies convergently suggest disordered fronto-striatal
structure and function in SCZ-Offspring. Reduced gray matter integrity in the frontal cortex
appears to mediate working memory deficits (Diwadkar et al., 2006), and may be related to
inefficient cortico-cortical interactions during working memory (Bakshi et al., In Press).
Developmental dysmaturation of the prefrontal cortex associated with vulnerability to the
illness (Lewis & Levitt, 2002) also appears to characterize working memory deficits in this
population (Diwadkar et al., 2001; Seidman et al., 2006). If exaggerated loss of prefrontal
gray matter characterizes the developmental phase of schizophrenia (Keshavan et al., 1994),
deficits in spatial working memory would be a likely unique vulnerability marker in
schizophrenia offspring. The heavy reliance of working memory at short time scales on the
phasic activity of prefrontal dopaminergic neurons (Dreher & Burnod, 2002), and the
relevance of prefrontal dopamine for schizophrenia pathology (Gao & Goldman-Rakic,
2003) point to the convergence between molecular and behavioral studies in the
schizophrenia diathesis. Recent studies suggest evidence of these deficits in adolescent
offspring of mothers with bipolar disorder but not in offspring of mothers with depression
(Klimes-Dougan et al., 2006), and in pediatric bipolar populations (Bearden et al., 2007).
However, extensive evidence is lacking, as is a lack of evidence of dorsal prefrontal
pathology in BP disorder in general (Frangou et al., 2005; Gallelli et al., 2005; Singh et al.,
2008).

Sustained attention is in particular linked to fronto-striatal function and structure, and
disordered structural development of these structures has been extensively documented in
ADHD (Castellanos et al., 1996; Shaw et al., 2007). The reports of striatal dysfunction in
ADHD converge with investigations in both schizophrenia (Morey et al., 2005) and bipolar
disorder (Strakowski et al., 2005). In general, attention deficits have emerged as an
important genetic marker for schizophrenia pathophysiology (Cornblatt & Keilp, 1994) and
studies have documented deficits in attention processing in schizophrenia offspring.
Attention has also been proposed as an important target for high-risk studies in bipolar
disorder (Correll et al., 2007), consistent with reports of attention-related problems in
adolescent offspring of bipolar parents (Duffy et al., 2001), increased vulnerability to
ADHD (Birmaher et al., In Press), and to the onset of disorders in the bipolar spectrum
(Birmaher et al., 2009). The convergence with deficits in sub-cortical pathways in a model
of pure attentional deficit, specifically ADHD, and the noted increased in vulnerability to
ADHD in BP-Offspring suggest that impairments in cortico-striatal networks may be
characteristic of the mood spectrum, and may be generally non-specific to a number of
childhood psychiatric disorders and vulnerable populations. The weak effects we observed
in SCZ-Offspring may reflect the frequently encountered heterogeneity in these subjects.
Furthermore, purely behavioral metrics can greatly under-approximate group differences
between neuro-circuitry function as has been demonstrated in recent fMRI studies of
attention and working memory in SCZ-Offspring (Diwadkar et al., In Press; Bakshi et al., In
Press).
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Working memory and attention share overlapping neurocircuitry, but the implementation of
function within these circuits differs. The maintenance and manipulation components
associated with working memory are largely associated with dorsal prefrontal processing
(Wager & Smith, 2003). A hierarchical organization of prefrontal function is evident in
healthy subjects, and the disruption of this organization is observed in schizophrenia. For
example, whereas increased proficiency in working memory is reflected in greater dorsal
prefrontal engagement in healthy subjects, this pattern is absent in schizophrenia patients
(Schneider et al., 2007; Tan et al., 2006). Recent studies of working memory related
dysfunction of dorsal prefrontal cortex in bipolar disorder appear to affirm the idea that such
dysfunction is related to emotional state in patients (Passarotti et al., In Press; Townsend et
al., In Press), that this dysfunction does not particularly generalize to adult first-degree
relatives (Thermenos et al., In Press), and that this dysfunction would not in fact generalize
to vulnerable offspring.

The sample size of our current studies, while notable given the study design, is nevertheless
limited compared to large multi-site studies. Additional limitations include the reliance on
neuro-cognitive and therefore the absence of in vivo imaging data, and by the study’s cross-
sectional design. Further elaboration will be unquestionably warranted. For instance, fMRI
studies in adult relatives have been published, but are conspicuously limited in adolescent
offspring, and therefore disordered patterns of brain function and functional brain
development are not well understood in the period of vulnerability. Further, longitudinal
studies will clarify whether these impairments are enduring or progressive, further
elucidating whether trajectories of the development of fronto-striatal systems distinguish
between vulnerability in schizophrenia and bipolar offspring.

5. Conclusions
The expansion of biological psychiatry as a discipline has placed increased scrutiny of the
Kraepelinian dichotomy, and of its value as a fundamental tenet of psychiatric classification.
Current psychiatric classification schemes such as DSM IV that are an extension of the
Kraepelinian dichotomy, categorically distinguish between schizophrenia and bipolar
disorder, assuming these disorders to be distinct entities with clearly differentiable
aetiologies, symptoms and treatments. Emerging behavioral studies are beginning to
elucidate shared and unique patterns of impairment in schizophrenia and bipolar disorder
(Brambilla et al., In Press; Frangou et al., 2006). Furthermore, understanding disordered
development and its contribution to the emergence of distinct psychiatric phenotypes is
emerging as a central question in scientific psychiatry. Studies in adolescent offspring can
contribute significant insights into developmental precursors of schizophrenia and bipolar
disorder, and offer the promise of understanding how development and vulnerability interact
in shaping the evolution of the Kraepelinian dichotomy (Curtis et al., 2000; Murray et al.,
1992; Murray et al., 2004).

Highlights

1. We examined memory and attention performance in adolescent offspring of
schizophrenia or bipolar patients

2. Schizophrenia offspring were selective impaired at working memory; both
groups performed worse during attention though only bipolar offspring were
significantly impaired.

3. Data suggest unique and partially overlapping vulnerability markers in the
schizophrenia and mood spectra.
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Abbreviations

SCZ-Offspring Offspring of patient with schizophrenia

BP-Offspring Offspring of patient with bipolar disorder

HC Healthy Control

FSIQ Full Scale Intelligence Quotient

SCID Structured Clinical Interview for Diagnostic Statistical Manual for
Mental Disorders-IV

K-SADS Schedule for Affective Disorders and Schizophrenia -Child Version

CPT-IP Continuous Performance Task – Identical Pairs

ADHD Attention Deficit Hyperactivity Disorder
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Figure 1.
(a) Group and age-related differences in spatial working memory (2s and 12 s delay) are
depicted. As seen, impairment in SCZ-Offspring is evident at the longer delay interval
where SCZ-Offspring differed from both HC and BP-Offpsring. Error bars are ± s.e.m. (b)
Working memory decreases with age across groups are evident at the 12 s delay. A single
regression function (with mean confidence interval) collapsing across groups was
significant, F1,90=7.01, p<.01, β=−.27. (c) By comparison, at the easier level of memory,
age-related effects were weaker, (F1,90=4.35, p<.05, β=−.2).
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Figure 2.
Reductions in sensitivity during sustained attention are depicted in SCZ-Offspring and BP-
Offspring relative to HC. A main effect of group was primarily driven by differences
between BP-Offspring and HC (see Results). Error bars are ± s.e.m..

Diwadkar et al. Page 14

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Diwadkar et al. Page 15

Table 1

Age, Full Scale IQ (± sd) and gender information for the samples.

SCZ-Offspring (n=36) BP-Offspring (n=23) HC (n=41)

Age (yrs) ± sd 14.5 ± 2.7 14.0 ± 2.4 14.9 ±2.7

M/F 22/14 13/10 25/16

FSIQ 98.7 ± 14.9 101.5 ± 12.9 101.8 ± 18.2
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Table 2

Existence of Axis 1 diagnoses in SCZ-Offspring and BP-Offspring samples. Because of co-morbidity, the
numbers reflect observed incidence, not unique instances. Some psychopathology was observed in ∼30% of
SCZ-Offspring and ∼50% of BP-Offspring.

SCZ-Offspring ADHD (Inattentive subtype) n=3
ADHD (Combined type) n=2
ADHD (NOS)=1
Conduct Disorder n=2
PTSD n=1
MDD Recurrent (Full remission) n=2
Oppositional Defiance Disorder n=2

BP-Offspring ADHD (Combined type) n=4
Social Phobia n=2
Specific Phobia n=1
Adjustment Disorder n=1
MDD Single Episode (Full remission) n=3
PTSD n=1
Generalized Anxiety Disorder n=1
Enuresis n=2
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