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Abstract

There is accumulating evidence for involvement of the prefrontal cortex (PFC) in the pathophysiology of schizophrenia. A primary
function supported by the PFC is working memory (WM). Findings from WM studies in schizophrenia can provide insight into the nature
of clinical symptoms and cognitive deficits associated with this disorder, as well as begin to suggest areas of underlying neuropathology.
T ents (e.g.,
m atients and
t tives, and
n izophrenia-
s ive of WM
d executive
p enia and
h
©

K

d
s
e
d
b
t
t
(
a
i

c

ase
ve
aled
in-

,

-
r
t
enia
ating
,
cade
o,

0
d

o date, studies have not adequately investigated different WM domains (e.g., verbal, spatial, or object) or processing requirem
aintenance, monitoring, or manipulation), shown to be associated with distinct patterns of neural activation, in schizophrenia p

heir well relatives. Accordingly, this study evaluated the performance of schizophrenia patients, their first-degree biological rela
onpsychiatric controls on a comprehensive battery of WM tasks and investigated the association among WM deficits and sch
pectrum psychopathology. The findings indicate that schizophrenia patients are consistently impaired on WM tasks, irrespect
omain or processing requirements. In contrast, their unaffected relatives are only impaired on WM tasks with higher central
rocessing requirements. This pattern of WM performance may further implicate DLPFC dysfunction in the liability for schizophr
as implications for future cognitive, genetic, and neurodevelopmental research.
2004 Elsevier Ltd. All rights reserved.
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Schizophrenia is a debilitating disorder for which, despite
ecades of research, there has been no discovery of a
pecific causal factor. Research has provided accumulating
vidence for involvement of the prefrontal cortex (PFC) in
isorder pathophysiology. For over half a century, it has
een appreciated that a constellation of symptoms central to

he schizophrenia diagnosis (negative symptoms) resembles
he behavior of individuals with frontal lobe dysfunction
Bleuler, 1950; Kraepelin, 1971). For example, avolition,
pathy, inappropriate or flat affect, social withdrawal, and

mpaired judgment characterize both schizophrenia and
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frontal lobe dysfunction secondary to brain injury or dise
(Stuss & Benson, 1984). Subsequently, neurocogniti
investigations of schizophrenia patients have reve
impairment on tasks sensitive to frontal lobe lesions
cluding continuous performance tasks (e.g.,Laurent et al.
1999; Nuechterlein, Dawson, & Green, 1994), delayed
response tasks (DRT) (e.g.,Park & Holzman, 1992; Snitz,
Curtis, Zald, Katsanis, & Iacono, 1999), delayed alter
nation tasks (e.g.,Seidman et al., 1995), and the Towe
of London (e.g.,Morice & Delahunty, 1996). Convergen
evidence for compromised PFC functioning in schizophr
also comes from neurophysiological studies demonstr
smooth pursuit eye movement dysfunction (e.g.,Iacono
1998), and increased rates of reflexive errors on antisac
tasks (e.g., Curtis, Calkins, Grove, Feil, & Iacon
2001).
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Inferences based on clinical phenomenology, neurocog-
nitive performance, and neurophysiological functioning have
been substantiated by more direct measures of neuroanatomy,
including findings from neuroimaging and post-mortem his-
tological studies. For example, some structural neuroimaging
studies (e.g.,Andreasen et al., 1986; Breier et al., 1992; Raine
et al., 1992; but seeAndreasen et al., 1990; Kelsoe, Cadet,
Pickar, & Weinberger, 1988for contrary results) have found
evidence for reduced PF cortical volume in schizophrenia
patients when compared to healthy and psychiatric control
subjects. Further, several functional neuroimaging studies
have reported evidence for reduced frontal lobe activation
(hypofrontality) in schizophrenia patients, especially during
performance of putative frontal lobe tasks (e.g.,Callicott et
al., 1998; Weinberger, Berman, & Zec, 1986; Yurgelun-Todd
et al., 1996). Findings from neuroimaging studies have been
supported at the cellular level. Post-mortem histological stud-
ies indicate neuronal loss and disturbances in neuronal dis-
tribution in the frontal and temporal lobes (e.g.,Benes, 1995;
Bogerts, 1993).

A primary function supported by the frontal lobes is work-
ing memory (WM). WM has been defined as a system used
for the temporary maintenance and manipulation of infor-
mation required for the performance of many complex tasks
(Baddeley, 1998a). Baddeley and Hitch proposed a tripartite
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as complex as schizophrenia. Findings from WM studies in
schizophrenia can provide insight into clinical symptoms and
cognitive deficits associated with this disorder, as well as
suggest areas of underlying neuropathology. The continued
discovery of neuropathological sites is instrumental to flesh-
ing out the etiological picture of schizophrenia, as well as
eventually suggesting rational treatment approaches.

Studies investigating WM performance of schizophre-
nia patients reveal impairment that cuts across WM do-
mains, with patients performing significantly worse than
healthy controls on verbal (e.g.,Carter et al., 1998; Conklin,
Curtis, Katsanis, & Iacono, 2000; Gold, Carpenter, Randolph,
Goldberg, & Weinberger, 1997), spatial (e.g.,Pantelis et al.,
1997; Park & Holzman, 1992; Snitz et al., 1999), and object
(e.g.,Glahn, Cannon, Gur, Ragland, & Gur, 2000; Hutton
et al., 1998; Spindler, Sullivan, Menon, Lim, & Pfefferbaum,
1997) WM tasks. Findings of cognitive deficits in schizophre-
nia, including WM, are sometimes difficult to interpret be-
cause factors associated with mental illness (e.g., active psy-
chotic symptoms, lower education levels, or medication ef-
fects) could potentially influence task performance and are
difficult to disentangle from effects of basic neuropathology.
Provided that cognitive deficits reflect the underlying risk for
schizophrenia, it is beneficial to study first-degree biolog-
ical relatives of schizophrenia patients because they share,
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M model composed of an attentional control system
entral executive, and two slave systems, the phonolo
oop and the visuospatial sketch pad (Baddeley, 1998b). Al-
hough Baddeley was hesitant to make specific predic
bout the neural substrates underlying component proc
f WM, findings from neuroimaging studies have been
arkably consistent with their model. For example, stu
ave reliably identified distinct patterns of neural activa
ssociated with the type of information held in WM (e.g., v
al or spatial), as well as the type of processing perfor
pon such information (e.g., simple storage or rehearsal
review, seeSmith and Jonides (1998).
Opinions diverge when it comes to identifying the n

al substrates supporting central executive processes of
hile most researchers agree that executive process
ediated by the PFC, two competing theories ascribe

erent functions to distinct areas within the PFC, the do
ateral PFC (DLPFC) and ventrolateral PFC (VLPFC).
omain-specificmodelposits that the lateral PFC is organiz
ccording to type of information held in WM, with spatial

ormation mediated by the DLPFC and nonspatial infor
ion mediated by the VLPFC (Goldman-Rakic, 1995). The
rocess-specificmodelposits that the lateral PFC is organiz
ccording to type of processing performed upon informa

n WM, with DLPFC only activated by tasks that require
ive manipulation or monitoring of information, in additi
o maintenance in WM (Petrides, 1995).

Evolution of the WM construct and mapping of neu
ubstrates subserving WM processing are instrumenta
nly in elucidating how the healthy human brain functi
ut also in unraveling processes underlying mental diso
n average, some of the genetic diathesis for this dis
ithout presenting the same experimental difficulties. W

elatives demonstrate less consistent WM impairment
chizophrenia patients, both groups exhibit WM deficit
ultiple domains (i.e., verbal:Conklin et al., 2000; and spa

ial: Park, Holzman, & Goldman-Rakic, 1995).
There continue to be unanswered questions pertaini
M functioning in schizophrenia that warrant experim

al investigation. To date, no identified studies have ex
ned more than a couple WM measures within the s
roup of schizophrenia patients (e.g.,Coleman et al., 2002
pindler et al., 1997) or relatives, necessitating compa
on of measures across research samples that may di
ays that contribute to WM findings (e.g., the composi
f the schizophrenia group). The extant literature exa

ng WM functioning in relatives is especially limited, w
paucity of studies investigating certain WM domains

rocessing demands. For example, no study, of which w
ware, has examined the performance of relatives on
ures of object WM, on verbal WM measures with hig
rocessing demands than Digit Span Tasks, or on mea
equiring substantial monitoring of information within W
i.e., self-ordered orn-back tasks). Finally, studies have fai
o fully investigate the relationship among WM impairm
nd schizophrenia or schizophrenia-spectrum symptom
gy (e.g., positive and negative symptoms in schizoph
atients or schizotypy in relatives).

The primary objective of the current study is to eva
te the performance of schizophrenia patients, their
egree biological relatives, and nonpsychiatric control
battery of WM measures that vary in information
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main and processing requirements. Provided group differ-
ences are revealed, the relationship among WM deficits and
schizophrenia-related symptomatology will be investigated.
We predict that schizophrenia patients will be impaired on
the majority of WM measures and performance will be in-
versely associated with the presence of negative symptoms,
as both are putative indicators of frontal lobe functioning.
In contrast, we hypothesize that nonpsychotic relatives of
schizophrenia patients will only be impaired on a subset of
WM measures, those measures that require greater executive
processing (e.g., reshuffling of information or protection from
interference), irrespective of WM domain. On such tasks, we
predict that the performance of relatives will be intermediate
to patients and controls, as only a subset of relatives likely
has the underlying diathesis for schizophrenia. The investiga-
tion of relationships among WM performance and schizotypy
in the relative group is largely exploratory in nature given
that the research literature does not provide enough evidence
to warrant specific predictions. However, if these neuropsy-
chological and personality measures are tapping the same
schizophrenia diathesis, relatives higher in schizotypal traits
should also demonstrate greater WM impairment.

1. Method
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urine toxicology screen date and testing. Hospital records
containing medication information were obtained in order
to determine specific drug names and dosages.

Normal control participants were recruited from the com-
munity via advertisement posters placed at regional hospi-
tal clinics and community vocational/technical schools, as
well as through announcements at local churches. Control
participants were excluded for the same general and medi-
cal criteria as the patients, as determined by health history
interview. They were additionally excluded if they had any
lifetime diagnoses of major affective, psychotic, or substance
dependence disorder, as determined by the SCID-IV, and if
they or a first-degree biological relative had ever sought men-
tal health treatment.

First-degree biological relatives from 18 families of the
schizophrenia patients were recruited through written corre-
spondence followed by phone contact. Relatives were ex-
cluded for the same general and medical criteria as the
schizophrenia patients. They were also interviewed using the
SCID-IV. Analyses were conducted both with a subgroup
of relatives who met the rigorous diagnostic inclusion crite-
ria established for the normal control participants and with
a larger group that only excluded individuals with lifetime
diagnoses of a psychotic disorder, current mood disorder, or
current substance use disorder (i.e., includes relatives who
m tive
o

1

1
IV

( ent,
t cord-
i com-
p level
s stab-
l pa-
t and
p

-
v sess-
m -
s which
e eding
m the
S on a
s mp-
t prise
t ymp-
t ).

the
S
w
1 D).
T SPD
.1. Participants

The participants in this study represent a subset of ind
als who took part in the Research in Schizophrenia (R
roject, a study investigating psychophysiological, neuro
hological, and behavioral indices of risk for schizophre
he Internal Review Boards of the University of Minnes
nd Regions Hospital approved this protocol in 1995
nnual re-approval was ascertained until study termina
ome methods used in participant selection, diagnost
ignment, and general cognitive assessment have be
cribed previously (Conklin, Calkins, Anderson, Dinzeo,
acono, 2002). All participants provided written informe
onsent prior to study inclusion and were compensate
tudy participation.

Schizophrenia patients were recruited from acute-
nits of a regional metropolitan hospital. All patients met
gnostic and Statistical Manual for Mental Disorders-Fo
dition (DSM-IV; American Psychiatric Association [APA
994) criteria for schizophrenia, based on diagno

nterviewing using the Structured Clinical Interview
SM-IV (SCID-IV; First, Spitzer, Gibbon, & Williams
995) and medical record review. None of the patients
history of neurological disease, systemic disease

nown CNS sequelae, clinically significant head injury
ecent ECT treatment. All patients were between the
f 18 and 65, spoke English fluently, were literate, and w
ever diagnosed with mental retardation. Patients h
egative urine toxicology screen upon hospital admis
r a minimum of 14 days inpatient stay between pos
-

eet lifetime, but not current, diagnoses of major affec
r substance dependence disorder).

.2. Procedure

.2.1. Assessment of psychopathology
All participants were interviewed using the SCID-

Modules A–E). In order to confirm diagnostic assignm
he SCID-IV, chart data and, when necessary, audio re
ngs of interviews, were reviewed by a consensus team
osed of clinical psychologists and advanced doctoral
tudents. A high level of diagnostic agreement was e
ished by a reliability study performed on a group of 50
ients with diagnoses of schizophrenia, schizoaffective,
sychotic mood disorders (κ = 0.84).

A subset of schizophrenia patients (n= 34) was inter
iewed using the Positive and Negative Syndrome As
ent Scale (PANSS;Kay, Fiszbein, & Opler, 1987), a mea

ure added after the study had begun. These questions,
valuate the presence of psychopathology in the prec
onth, were asked during diagnostic interviewing with
CID-IV. The PANSS consists of 30 items that are rated
even-point scale, from symptom not present at all to sy
om present to an extreme degree. The questions com
hree scales: negative symptoms (7 items), positive s
oms (7 items), and general psychopathology (16 items

Control participants and relatives were administered
chizotypal Personality Questionnaire (SPQ;Raine, 1991),
hich is a self-report measure based on DSM-III-R (APA,
987) criteria for schizotypal personality disorder (SP
he SPQ assesses the nine major criterial features of
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in DSM-IIIR that contribute to three factors, as revealed
by confirmatory factor analysis: cognitive-perceptual, social-
interpersonal, and disorganization (Raine et al., 1994). The
SPQ was modified to include 15 items from the L (lie)
Scale and 30 items from the K (defensiveness) Scale of the
Minnesota Multiphasic Personality Interview-Second Edi-
tion (MMPI-2; Butcher, Dahlstron, Graham, Tellegen, &
Kaemmer, 1989), in order to assess under-reporting of symp-
toms and response bias. Seven items from the Jackson In-
frequency Scale were used to detect random responding
(Jackson, 1984). These items were interspersed among the
74 SPQ items to form a 126 item True/False instrument. Par-
ticipants were asked to refrain from considering times when
they were under the influence of drugs or alcohol and peri-
ods when they were just falling asleep or awakening when
responding to items.

1.2.2. Assessment of working memory
In order to assess verbal WM, all participants were ad-

ministered the Wechsler Digit Span Task (Wechsler, 1981)
and Letter-Number Sequencing Task (Wechsler, 1997). The
Digit Span Task is composed of Digit Span Forward and
Digit Span Backward. In both subtasks, the examiner ver-
bally presents specified sequences of random digits at a rate
of one per second. Digit Span Forward requires the partici-
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cross in the center of the screen. After 2 s, a target stimulus
(asterisk) appeared at one of 16 positions evenly distributed
along an imaginary circle 4.5 cm from the fixation point. For
each trial, the participant was required to indicate the lo-
cation of the target stimulus by touching the screen with a
light-pen. For the no-delay condition, the target remained on
the screen while the subject responded; this condition served
as a sensory-motor control. For the delay without distraction
conditions, the target appeared for 200 ms, the screen turned
dark for the delay (0.5 or 8 s), and then the screen lightened
cueing a response. Thirty-two trials were presented, with all
16 target positions paired with either a 0.5 or 8 s delay, and
trials intermixed by delay interval. The 8 s delay with interfer-
ence condition included 16 trials where the participant read
three or four letter words, one word per every 2 s, throughout
the delay period. For each trial, the distance between target
location and subject response was calculated and transformed
into an error score in mm. Approximately halfway through
this study, the DRT was altered to include a fixation cross
that remained on during the delay period of non-distraction
conditions and feedback in the form of the target stimuli re-
appearing after each subject response. These changes were
implemented to increase standardization of participant be-
havior during the delay period (i.e., looking at the fixation
point) and to maximize motivation by providing feedback
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ant to repeat back the digits verbatim. Digit Span Backw
equires the participant to repeat back the digits in rev
rder. The number of digits increases by one until the

icipant consecutively fails two trials of the same length
he Letter-Number Sequencing Task, the examiner ver
resents specified sequences of random digits and lett
rate of one per second. The participant is required t

eat back the numbers first, in order from smallest to lar
ollowed by the letters, in alphabetical order. The numbe
igits and letters increase by one until the participant con
tively fails three trials of the same length.

To assess spatial WM, all participants were administ
he Wechsler Spatial Span Task (Wechsler, 1997) and a com
uterized visual-manual delayed response task adapted
uciana, Depue, Arbisi, and Leon (1992). The Spatial Spa
ask, created to be a visual analogue of the Digit Span

s composed of Spatial Span Forward and Spatial Span B
ard. Both subtasks use a Spatial Span Board that co
f 10 blue cubes fastened to a white plastic board. The e

ner taps specified sequences of blocks of random locat
rate of one per second. Spatial Span Forward require

articipant to repeat the block taps in the same order. S
pan Backward requires the participant to repeat the b

aps in reverse order. The number of blocks increases b
ntil the participant fails two trials of the same length.

For the DRT task, participants were seated in a quiet d
ned room, with their heads stabilized by a chin and head
nd their eyes 27 cm from the computer monitor. Four di
nt DRT conditions were employed: a no-delay control, a
nd 8 s delay without interference, and an 8 s delay with i

erence. Trials began with the participant fixating on a s
t

bout accuracy.
Object WM was assessed by a computerized self-ord

ointing task (SOP) modeled afterPetrides and Milne
1982). Again, participants were seated in a quiet darke
oom, with their heads stabilized by a chin and headrest
heir eyes 27 cm from the computer monitor. Eleven geo
ic line drawings of objects were presented in an imagi
× 4 matrix. Participants were instructed to use the light

o choose each object once, and only once, in any order.
he participant’s response, the objects were randomly
anged in the matrix, cueing initiation of the next respo
he task ended when all objects had been selected or 3
ls had been presented, whichever occurred first. Durin

ask, the location of the most recently selected object
uted with a black square that did not accept a respons

he subsequent trial. This procedure precluded respond
he same location and capitalizing on the randomizatio
bject presentation (Curtis, Zald, & Pardo, 2000). Both the
andom rearrangement of objects and muting of previou
ponses limited spatial mnemonic strategies. Objects
elected that are not readily namable in order to limit the
f verbal mediation.

.2.3. Assessment of general cognitive ability
To obtain an estimate of general cognitive functioning

articipants were administered the WAIS-R Block Des
ubtest, which requires the examinee to replicate mode
ictures of designs with blocks, and the WAIS-R Informa
ubtest, which requires the examinee to respond orally
eries of questions assessing general knowledge (Wechsler
981). IQ was prorated using scores on the Block Design
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Information subtests according to the procedure developed by
Tellegen and Briggs (cited inSattler, 1990). Four patients, but
no relatives or controls, were excluded for having an IQ < 70,
a defining feature of mental retardation.

1.3. Data analytic plan

Group differences in WM performance were investigated
with mulivariate statistics carried out for each WM mea-
sure individually. Appropriate statistics were used to evaluate
group differences in demographic variables and associations
among demographic variables with WM perfromance. Given
that groups differed significantly on demographic variables,
analyses of covariance (ANCOVAs) with age, education,
and IQ, entered separately, as covariates were conducted.
Since relatives were selected for their genetic relationship
to schizophrenia probands and some relatives came from the
same families, some observations included in statistical anal-
yses were not independent. In order to correct for violating
the statistical assumption of independence, the degrees of
freedom used to derivep values in allt-tests, ANOVAs, AN-
COVAs, and post hoc comparisons were adjusted by replac-
ing the number of individuals with the number of families.
Adjustedp-values are presented in the text. For exploratory
analyses, Bonferonni Corrections, using significance values
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2.2. Demographics

Table 1presents the means, standard deviations, and test
statistics for relevant demographic and neuropsychological
variables. The groups did not differ significantly in gender
composition.t-tests comparing the performance of males and
females, within each group separately, were computed for all
dependent variables from the WM tasks. None of theset-tests
revealed significant gender differences. In addition, gender
was not found to correlate with performance on any of the
WM tasks, in any of the groups. Given that gender ratios did
not differ among groups and gender was not related to perfor-
mance on WM tasks, gender was not considered as a factor in
the remaining analyses. Groups differed significantly in age.
Relatives were significantly older than controls and patients,
who did not differ from each other. Education level differed
significantly among groups. Controls had more years of ed-
ucation than relatives and patients, who did not differ from
each other. There was a significant difference among groups
in IQ. Controls had a higher IQ than relatives who had a
higher IQ than patients.

2.3. Working memory performance by separate domains

2.3.1. Verbal working memory
There was a significant difference among groups on Digit
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B than
r igit
S called
f m
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2
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b task.
A .5 s
d t fac-
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erived by dividingp by the number of statistical comp
sons, were used to account for multiple comparisons.

. Results

.1. Exploratory procedures

Within group t-tests comparing the no-fixation and fi
tion mean error scores for each DRT condition (0 s d
.5 s delay, 8 s delay, and 8 s interference) failed to re
ignificant differences between task versions, suggestin
hanges to the task did not systematically affect partic
erformance. Therefore, the within group-within condi
eans and standard deviations of both task versions
sed to convert scores from the no-fixation version to sc
roducing the same mean and standard deviation as the

ion version.1 Following this data transformation procedu
ata from the two tasks were combined. Subsequent di
ions of the DRT (including tabular and graphic prese
ions) reflect this transformed dataset.

1 Data were transformed using the formulax′
1 = (x1 − µ1)/σ1σ2 + µ2,

herex′
1 is the transformed score,x1 is the score on the no-fixation ta

ersion,µ1 is the mean of the no-fixation task version for a particular g
nd condition,σ1 is the standard deviation of the no-fixation task version
particular group and condition,σ2 is the standard deviation of the fixati

ask version for a particular group and condition, andµ2 is the mean of th
xation task version for a particular group and condition.
pan Forwards and Digit Span Backwards. On Digit S
ackwards schizophrenia patients recalled fewer digits

elatives who recalled fewer digits than controls. On D
pan Forwards schizophrenia patients and relatives re

ewer digits than controls, but did not differ significantly fro
ach other. Impaired Backward Digit Span performanc
elatives is a replication of previous findings with an in
endent sample (Conklin et al., 2000). Groups differed sig
ificantly on Letter-Number Sequencing. Schizophrenia

ients recalled fewer items than relatives who recalled fe
tems than controls.

.3.2. Spatial working memory
There was a significant difference among groups on

ial Span Forwards and Spatial Span Backwards. Schizo
ia patients recalled fewer items than relatives and contro
oth tasks. Relatives and controls did not differ on either
repeated-measures ANOVA, with condition (0 s delay, 0
elay, 8 s delay, and 8 s interference) as the within subjec

or and group (schizophrenia, relative, and control) as th
ween subject factor was conducted. There was a signi
nteraction between DRT performance and group mem
hip (F= 8.31, d.f. = 6, 278,p< 0.001). There was also a s
ificant main effect for DRT condition (F= 544.16, d.f. = 3
38,p< .001), indicating poorer performance was assoc
ith longer delay, and a main effect for group (F= 22.70
.f. = 2,p< 0.001), suggesting that the schizophrenia g
erformed worse than the other two groups. There we
ignificant group differences during the 0 s control co
ion nor the 0.5 s delay. For the 8 s delay and 8 s interfer
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Table 1
Demographic, neuropsychological, and clinical information by group

Variable Schizophrenia
(N= 39a)

Relative
(N= 33a)

Control
(N= 56a)

Test statistic Probability Post hoc tests (LSD) Effect size

S v. C R v. C R v. S S v. C R v. C R v. S

Demographics
Gender ratio (% male) 60.0 51.5 41.1 χ2(2) = 3.04 0.22 – – – – – –
Age (years) 37.8± 8.2 43.9± 10.8 33.6± 12.9 F(2,125) = 8.97 <0.001 0.08 <0.01* 0.02* 0.37 0.85* 0.65*

Education (years) 13.1± 1.8 13.9± 2.0 15.9± 2.5 F(2,125) = 20.59 <0.001 <0.01* <0.01* 0.15 −1.24* −0.87* 0.40
Prorated IQ 93.8± 13.4 102.8± 12.5 111.6± 15.4 F(2,125) = 18.40 <0.001 <0.01* 0.01* 0.01* −1.22* −0.61* 0.67*

Neuropsychological test scores
Digit Span Forwardb (Wechsler Raw Score) 7.0± 2.4 8.0± 2.2 9.0± 2.4 F(2,134) = 9.18 <0.001 <0.01* 0.04* 0.06 −0.83* −0.43* 0.43
Digit Span Backwardb (Wechsler Raw Score) 5.6± 2.5 6.9± 2.1 8.2± 2.5 F(2,134) = 14.44 <0.001 <0.01* 0.01* 0.02* −1.04* −0.56* 0.55*

Letter-Number Sequencing (Wechsler Raw Score) 7.8± 2.8 10.4± 2.2 12.2± 2.9 F(2,125) = 30.44 <0.001 <0.01* <0.01* <0.01* −1.55* −0.66* 1.03*

Spatial Span Forward (Wechsler Raw Score) 8.0± 1.8 9.2± 1.8 9.3± 1.6 F(2,125) = 7.05 <0.001 <0.01* 0.86 <0.01* −0.77* −0.06 0.67*

Spatial Span Backward (Wechsler Raw Score) 7.1± 2.4 8.0± 1.4 8.6± 1.3 F(2,125) = 8.62 <0.001 <0.01* 0.16 0.02* −0.82* −0.40 0.48*

DRTc 0 s delay (distance from target (mm)) 2.4± 1.0 2.0± 0.9 2.0± 0.7 F(2,140) = 2.54 0.08 NS NS NS 0.48 0.00 −0.42
DRT 0.5 s delay (distance from target (mm)) 6.8± 1.5 6.4± 2.1 6.3± 1.4 F(2,140) = 1.33 0.27 NS NS NS 0.35 0.06 −0.22
DRT 8 s delay (distance from target (mm)) 11.9± 3.5 9.4± 2.8 9.3± 2.1 F(2,140) = 13.50 <0.001 0.00 0.83 <0.01* 0.96* 0.05 −0.80*

DRT 8 s interference (distance from target (mm)) 16.2± 4.5 11.6± 5.1 10.6± 3.0 F(2,140) = 24.45 <0.001 <0.01* 0.25 <0.01* 1.52* 0.24 −0.96*

Self-ordered pointingd (number of trials to completion) 21.5± 6.4 20.5± 6.5 16.6± 4.6 F(2,124) = 9.66 <0.001 <0.01* <0.01* 0.45 0.91* 0.72* −0.16

Note.Data are presented as means plus or minus the standard deviation, unless otherwise indicated. S v. C: a comparison of schizophrenia patients and controls. R v. C: a comparison of relatives and controls.
R v. S: a comparison of relatives and schizophrenia patients. Effect sizes (d) were calculated using the sample-size weighted pooled within-group standard deviation to provide estimates of group differences
independent of sample size (Hunter & Schmidt, 1990). DRT: delayed response task. The degrees of freedom used to derivep values in allt-tests, ANOVAs, ANCOVAs, and post hoc comparisons were adjusted
by replacing the number of individuals with the number of families. When this conservative statistical procedure was used, all significant analyses remained significant (p< 0.05). ANCOVAs with age, education,
and IQ, entered separately, as covariates were conducted. All previously reported differences on WM tasks between patients and controls remained significant except on Spatial Span Backwards when adjusting
for IQ (p= 0.25). All previously reported differences between relatives and controls remained significant except for the difference on Digit Span Backwards was reduced to a trend after adjusting for education
or IQ (p= 0.13 and 0.09) and the difference on Letter-Number Sequencing was reduced to a trend after adjusting for IQ (p= 0.07). Given the moderate-to-high correlation between IQ and WM (e.g.,Wechsler,
1997), it is likely that meaningful variance is being removed from the comparison of groups on WM tasks when entering IQ as a covariate, thus reducing the interpretability of these secondary findings.

a Sample size unless otherwise noted.
b The Digit Span Backward Task (patientN= 42, relativeN= 37 and contro
c The DRT (patientN= 43, relativeN= 40 and controlN= 60) were added

data for additional subjects.
d One patient was discharged prior to completing testing reducing the
∗ Indicates a significant difference between groups as determined by
–
9
4
2

935

lN= 58).
to the neuropsychological battery before Spatial Span, Letter-Number Sequencing, and the self-ordered pointing tasks, thus providing

number of patient subjects for the self-ordered pointing task to 38.
LSD post hoc tests,p< 0.05.
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conditions, group differences reached significance.
Schizophrenia patients had a larger error score than
relatives and controls, who did not differ from each
other.

2.3.3. Object working memory
There was a significant difference among groups on the

SOP task. Controls required significantly fewer trials to solve
the task than schizophrenia patients and relatives, who did not
differ significantly from each other. Further examination of
the data indicated that 20% of patients and relatives (N= 8
andN= 7, respectively), compared to 2% of controls (N= 1),
failed to reach solution prior to task termination (= 30 tri-
als). These differences in the proportion of individuals reach-
ing solution were statistically significant (X2 = 9.71, d.f. = 1,
p= 0.002 andX2 = 9.58, d.f. = 1,p= 0.002 for patients and
relatives, respectively).

2.4. Working memory performance and psychopathology

Performance of schizophrenia patients on the PANSS and
SCID were used to quantify symptom severity (PANSS,
general scale = 31.9± 7.0, positive scale = 20.9± 5.8 and
negative scale = 14.0± 4.4; GAF 27.7± 11.7). In order to
investigate the relationship among WM performance and
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that this correlation indexes a meaningful relationship.
There were no significant correlations among WM tasks
and the SPQ total and factor scores within the control
group.

Given that Factor 2 (social-interpersonal) was the fac-
tor that best differentiated groups in the previous study
(Calkins et al., 2004), and is most similar to negative symp-
toms in schizophrenia patients, the relative group was sub-
sequently divided into high and low Factor 2 scorers (a
score greater than one standard deviation above the con-
trol mean and within one standard deviation of the con-
trol mean, respectively) and performance on WM tasks was
compared. Theset-tests revealed that relatives endorsing
the greatest number of social-interpersonal schizotypal traits
performed significantly worse on the SOP task than rela-
tives endorsing traits at a level comparable to control par-
ticipants (t= 2.07,p= 0.048). This difference is not signif-
icant when a Bonferonni Correction is used for multiple
comparisons.

2.5. Working memory performance in the restricted
relative group

The preceding analyses were conducted with a relative
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chizophrenia symptomatology, correlations among the
asks and the PANSS scales were examined. Contrary
redictions, within the schizophrenia group, none of the

asks correlated significantly with the negative PANSS s
−0.08 <r’s < 0.26, 0.17 <p’s < 0.66). None of the WM task
orrelated significantly with the positive PANSS scale ei
−0.16 <r’s < 0.30, 0.10 <p’s < 0.88). The only correlatio
o reach significance was between the general PANSS
nd the 8 s delay condition on the DRT (r = 0.34,p= 0.05).
his correlation is not statistically significant after using
onferonni Correction for multiple comparisons, sugges

hat it may be spurious.
It has previously been shown using a larger sample,

ially overlapping with this one, that there is a significant
erence between relatives and control participants in sc
ypal symptoms as measured by the SPQ (Calkins, Curtis
rove, & Iacono, 2004). Individual t-tests between relativ
nd controls failed to reveal significant differences on
f the validity scales (i.e., MMPI-2 L and K scales, Jack

nfrequency Scale). Given that the groups did not d
n measured response biases or random respondin
vailable SPQ scores were considered (one control’s
as excluded because the individual responded both
nd false to multiple items). There was only one signifi
orrelation among the dependent variables from the
asks and the SPQ total and factor scores, performan
etter-Number Sequencing and Factor 3 (disorganiza
= 0.45,p= 0.01). This correlation is not in the predic
irection (i.e., greater disorganization was associated w
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fter a Bonferonni Correction, reducing the likeliho
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group meeting inclusion criteria that were less rigorous t
criteria applied to the control group. Given the possibil
that identified cognitive deficits could reflect the presenc
psychopathology in the relative group, rather than gen
vulnerability for schizophrenia, all analyses were repea
with a relative group that met inclusion criteria establish
with control participants. The relatives omitted from the
analyses all had a prior history of Major Depressive Dis
der (N= 3) or Substance Dependence (N= 3). All statistically
significant findings remained significant within this restrict
relative group.

2.6. Working memory performance and psychotropic
medications

There were no significant correlations among WM d
pendent variables and neuroleptic dose (in chlorproma
equivalents). The performance of patients taking typical n
roleptic medication versus atypical neuroleptic medicat
was compared usingt-tests for each dependent variable (af
excluding individuals taking both typical and atypical ne
roleptics). Two out of eight of theset-tests reached signifi
cance, with patients taking typical neuroleptics perform
worse on the 0.5 and 8 s delay conditions of the DRT t
patients taking atypical neuroleptics. Therefore, patients
ing only typical neuroleptics (N= 4) were removed. Analyse
investigating group differences on these two DRT conditi
were repeated with the same results.t-tests between patien
taking antiparkinsonian and patients not taking antiparkin
nian medication were computed for each dependent varia
None of theset-tests reached significance. Taken togeth
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these findings suggest that medication status is not signifi-
cantly contributing to group differences on WM tasks.

2.7. Results following statistical adjustments

Conservative statistical approaches described in the data
analytic plan (i.e., ANCOVAs to adjust for group differences
in demographic variables and adjusting degrees of freedom
to reflect number of families rather than individuals) had little
effect on results; therefore, outcomes are described in the ta-
ble note only, with footnoted reference to effects that changed
as appropriate. As the probability column inTable 1indicates,
all of the significant test statistics generatedp< 0.001.

3. Discussion

D’Esposito et al. (1998)plotted areas of lateral PFC ac-
tivation on a standardized brain for all neuroimaging stud-
ies investigating WM performance in healthy controls that
provided Talairach coordinates (N= 20). These plots failed
to show a dorsal/ventral dissociation based on WM domain,
with spatial and nonspatial activations distributed through-
out the PFC. In contrast, when tasks were divided into
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In the first-degree relatives of schizophrenia patients, a
more selective pattern of WM deficits emerged. The tasks
in Fig. 1 are ordered based on these findings. Relatives
demonstrated impaired performance on verbal and object
WM tasks, but not spatial tasks. Further, the tasks in this study
that elicited impairment in relatives (i.e., Letter-Number
Sequencing, Digit Span Backwards and Object SOP) are
ones that meet theD’Esposito et al. (1998)criteria for
maintenance-plus tasks, thus suggesting DLPFC involve-
ment. It could be argued that the pattern of deficits in relatives
parallels the level of processing demands (i.e., the amount
of manipulation/monitoring of information within WM or
guarding of information in WM from interference) required
by the working memory tasks. On either end of the continuum
are tasks provided byD’Esposito et al. (1998)as examples of
maintenance-only tasks, a DRT that requires no manipulation
of information or guarding of information from interference,
and maintenance-plus tasks, a SOP task requiring manipu-
lation of 11 pieces of information. In the middle are tasks
that vary in the degree to which they require manipulation of
information, with tasks requiring greater manipulation (e.g.,
Letter-Number Span that requires alphabetization of letters
in addition to ordering of numbers) to the right of tasks re-
quiring less manipulation (e.g., Spatial Span Backwards and
Digit Span Backwards that only require ordering of numbers).
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Functional neuroimaging studies have specifically im
ated DLPFC dysfunction in schizophrenia. For exam
n early report found that control participants, in cont

o schizophrenia patients, demonstrated increased DL
lood flow during completion of the Wisconsin Card Sort
ask (WCST); the DLPFC was the only area of brain
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ith some evidence for this pattern despite normal pe
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Fig. 1. Working memory performance as a function of increasing processing demands. The symbol ‘*’ differs significantly from control mean, LSD post hoc
tests,p< 0.05. The symbol ‘†’ differs significantly from relative mean, LSD post hoc tests,p< 0.05. Signs were reversed on DRT and self-ordered pointing so
lower mean represents worse performance.

et al., 1996). Egan et al. (2001)have proposed a model that
ties together genetic liability for schizophrenia, dopamine
dysregulation, and DLPFC dysfunction, a model with impli-
cations for findings from this study. They found that the pres-
ence of the VAL allele of the catechol-O-methyltransferase
(COMT) gene (an allele associated with increased COMT
enzyme activity resulting in reduced PF dopamine availabil-
ity) in schizophrenia patients and unaffected siblings pre-
dicted impaired PF cognition (performance on the WCST)
and physiology (DLPFC activation during ann-back task)
that may explain increased risk for schizophrenia (Egan et
al., 2001).

Investigation of the relationship between WM per-
formance and schizophrenia-spectrum psychopathology
produced findings less consistent with initial predictions. In
schizophrenia patients, there were no significant correlations
among WM task performance and negative symptoms. The-
oretically, an association among these variables seems likely
given the putative role of the frontal lobe in both: however,
research findings have been inconsistent. While some re-
searchers have reported significant correlations among nega-
tive symptoms and WM performance (e.g.,Carter et al., 1996;
Glahn et al., 2000; Park, Puschel, Sauter, Rentsh, & Hell,
1999), this has not been a ubiquitous finding (e.g.,Fossati,
Amar, Raoux, Ergis, & Allilaire, 1999; Stratta et al., 1997).
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presence ofmultiple negative symptoms that areenduring
andnot considered secondaryto non-disease factors (e.g.,
medication status or comorbid depression;Kirkpatrick,
Buchanan, McKenney, Alphs, & Carpenter, 1989).

Just as there are inconsistencies in the literature concern-
ing the association of negative symptoms with performance
on putative frontal lobe tasks in schizophrenia patients, there
are inconsistencies concerning the association of schizoty-
pal traits with performance on putative frontal lobe tasks in
their relatives. Some studies have found an association in
these relatives (Chen et al., 1998; Franke, Maier, Hardt, &
Hain, 1993; Grove et al., 1991; Laurent et al., 2000) but a
similar number of studies have failed to find such an associ-
ation (Franke, Maier, Hardt, Hain, & Cornblatt, 1994; Keefe
et al., 1997; Laurent et al., 1999, 2000). In this report, there
were no significant correlations among SPQ factors and WM
performance, except for a potentially spurious association
whereby increased disorganization predicted longer Letter-
Number Span. However, dividing the relative group based on
the social-interpersonal factor of the SPQ revealed that rela-
tives endorsing a greater number of items performed worse on
the SOP task; this task was also most sensitive to WM perfor-
mance deficits in relatives. Therefore, although the relation-
ship among schizotypal traits and WM performance may not
have been as strong as desired, these factors could still rep-
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he same relative group (Conklin et al., 2002).
These findings have a number of important implicati

otentially the most interesting stems from the finding of W
mpairment in unaffected relatives of schizophrenia patie
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This impairment cannot be attributed to factors associated
with chronic mental illness, such as lack of motivation or dis-
tractibility due to active psychotic symptoms, to medication
effects, or to lower education levels. Further, the persistence
of these deficits in relatives not meeting diagnostic exclusion
criteria indicates that this pattern of WM impairment is not an
index of other types of psychopathology but rather an index
of the liability for schizophrenia. In contrast to schizophre-
nia patients, their unaffected relatives were not globally im-
paired on WM tasks but rather selectively on tasks requiring
higher central executive processing. While care must be taken
in drawing direct neurophysiological conclusions from be-
havioral measures that tap multi-faceted cognitive processes,
this finding may further implicate DLPFC dysfunction in
the pathophysiology of schizophrenia. Elucidation of specific
neuropathology associated with schizophrenia can enhance
understanding of the origin of psychotic symptoms as well
as begin to suggest targeted treatment approaches.

In addition to beginning to unravel the neurophysiology
of schizophrenia, the identification of cognitive deficits as-
sociated with disorder liability can assist in the search for
susceptibility genes. While family, twin, and adoption stud-
ies have demonstrated the heritability of schizophrenia, the
search for genes has been hindered in part by incomplete ge-
netic penetrance. Both the less than 100% concordance rate
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ber of tasks impaired on, magnitude of impairment, and type
of processing most affected) and subsequently characterize
the performance of relatives for those patients identified as
least and most impaired.

A few study findings are worthy of further explanation.
First, the failure to find spatial WM impairment on the DRT
in our relative sample may appear in conflict with an earlier
report byPark et al. (1995). These researchers found first-
degree relatives of schizophrenia patients to be impaired on
both an oculomotor and a visual-manual DRT. However, their
tasks differed on a number of parameters from the task used
here. The most relevant difference is the nature of their in-
terference condition. They included interference on all tri-
als, which consisted of determining whether words appear-
ing during the delay belonged to the same semantic category.
Their interference task is likely more demanding of central
executive processes within WM than the interference task
employed here. It may be that inclusion of a more demand-
ing interference condition would have revealed impairment
in relatives in this study. Such a finding would be consistent
with the process-specific model. An interference task that
competes in the same WM domain (i.e., a spatial decision
task) might best differentiate groups.

Second, if process is more important than domain in re-
vealing impairment in relatives, it may seem inconsistent that
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or schizophrenia in monozygotic twins (Gottesman, 1991),
nd the similar disorder risk conferred to offspring of d
ordant monozygotic twins (Gottesman & Bertelsen, 1989),

ndicate that there exists non-penetrant carriers among
ives of schizophrenia patients. Having ways to identify th
elatives allows researchers to increase the size of inform
amples for genetic linkage studies. WM impairment ma
more sensitive indicator of genetic liability for schizoph
ia than overt behaviors because the measured perform
ay be closer to the underlying cause (i.e., neuropatholo
enetic variation). Further, relatives exhibiting both WM
airment and schizophrenia-spectrum psychopathology
chizotypal personality traits) may indicate a subgroup o
tives who carry the greatest genetic risk for schizophre

Finally, many schizophrenia researchers believe
rogress in the field has been impeded by diagnostic p
ures that identify not only a phenotypically heterogene
roup but also an etiologically heterogeneous group. It
e that neuropsychological deficits could be used in co
ith traditional diagnostic approaches to hone in on s
amples that are more etiologically homogenous. Neuro
hological assessment, in addition to assessing impairm
loser to disorder cause, provides a more objective me
han the subjective evaluation of symptoms from often u
iable patient sources upon which traditional approaches
hus, this combined data approach has a greater proba
f identifying individuals that share the same genetic va
redisposing to schizophrenia (seeConklin & Iacono, 2003,

or further discussion). It may also be possible to inve
ate etiological heterogeneity by classifying schizophr
atients based on the severity of WM impairment (e.g., n
roup differences were not revealed on Spatial Span B
ards, which was created as a visual analogue to Digit
ackwards. We would like to propose that these tasks d

n a critical way other than WM domain. Namely, Spa
pan Backwards includes the Spatial Span Board tha
erve as an external cue for participants during the resp
eriod. This contrasts with Digit Span Backwards in wh

he participant must manipulate internal representation
espond without available cues. It may be that these ext
ues during recall reduce WM load and thus dependen
entral executive processes. In fact, other researchers
rgued that the board facilitates recall, making Spatial S
ackwards an easier task than Digit Span Backwards (Berch,
rikorian, & Huha, 1998).
Third, there is ongoing debate over how to handle

ographic differences that exist between schizophreni
ients and control participants. Arguments against con
ing for education rest on the idea that patients and rela
ith lower education attainment may be precisely thos
ividuals most neuropsychologically informative. The is

s even more involved when it comes to IQ and WM, a
ay be argued that these are largely overlapping const
herefore, removing IQ from WM performance reduces
onstruct validity of WM tasks and produces findings
re largely uninterpretable. Given that many arguments
een put forth, with no consensus opinion on how to
eed (seeStrauss, 2001for review), statistics both before a
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able 1). Careful examination of the findings with resp
o the arguments provided does not detract from the ov

M findings in relatives.
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While findings from the current study significantly
broaden our understanding of WM function in relatives of
schizophrenia patients, there are remaining questions that
warrant experimental investigation. For example, research is
needed that examines the performance of relatives on tasks
from all WM domains, each matched with specific levels
of executive processing (e.g., span,n-back, and SOP tasks).
Across WM domains, tasks should be matched on task char-
acteristics such as modality of presentation (i.e., visual or au-
ditory), method of presentation (e.g., examiner or computer)
and number of stimuli to be held in WM, which were free
to vary in the current study and may have influenced perfor-
mance. The domain and process specific models make clear
and opposing predictions about performance on such a bat-
tery that could provide convergent evidence for the findings
herein. Further, WM tasks could be carefully matched for
difficulty level. The tasks in this study were not matched on
difficulty. However, neuroimaging studies that have matched
maintenance-only and maintenance-plus tasks on difficulty
have demonstrated dissociation of PFC activation based on
invoked executive processes (e.g.,Owen, Evans, & Petrides,
1996; Owen et al., 1999).

It is also important to consider the role of stimulus per-
ception, or encoding, in WM performance. Impaired encod-
ing precludes maintenance or manipulation of a stimulus
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in life lies dormant until normal maturational events trigger
the onset of psychosis (e.g.,Weinberger, 1987). The PFC is a
brain area that is believed to be developing throughout adoles-
cence. Therefore, it would be useful to consider the cognitive
performance of typically developing children on a battery of
frontal lobe sensitive tasks and compare longitudinal perfor-
mance to children at risk for schizophrenia. Current findings
predict that high-risk children would demonstrate impaired
performance relative to control participants, given that they
are first-degree relatives of schizophrenia patients. However,
it is unclear whether this divergence in performance would
predate or parallel the onset of psychotic symptoms in high-
risk children who later develop schizophrenia. If this perfor-
mance deficit predates psychosis, it may serve as an indicator
for prophylactic treatment.
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