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Schizotypal traits and cognitive disturbances are known to
be present in first-degree relatives of people with schizo-
phrenia. However, there is little understanding of how these
endophenotypes are related to each other. We explored the
nature of this relationship in individuals with schizophrenia,
their full siblings, community controls, and their siblings.
All participants were assessed in the domains of working
memory, attention, episodic memory, and executive func-
tion, as well as in their level of positive, negative, and
disorganization symptoms. Schizophrenia probands were
significantly impaired on all cognitive domains, as com-
pared with the other 3 groups, and displayed the highest
levels of positive, negative, and disorganization symptoms.
Proband siblings performed significantly worse than con-
trols on tasks of working memory, episodic memory, and
executive function, and they displayed significantly more
positive and negative symptoms as compared with controls.
Poorer task performance across all 4 cognitive domains
was most strongly correlated with increased negative symp-
toms. Mediation analyses revealed that working memory,
episodic memory, and executive function deficits partially
mediated increases in negative symptoms among proband
siblings. Negative symptoms fully mediated deficits in
working memory and episodic memory but only partially
mediated deficits in executive function. Results suggest
that there is a complex relationship between cognitive
and clinical factors in this high-risk population.
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Introduction

One of the primary goals of research on schizophrenia
is the identification of vulnerability factors related to
increased risk for developing this disorder. In the search
for such intermediate endophenotypic markers, relatives
of individuals with schizophrenia are often a population of
interest, as they carry a genetic liability toward developing
schizophrenia. In fact, the risk of developing schizophre-
nia is directly associated with the degree of relatedness to
an affected individual.1 Further, subtle disturbances in
cognition and subthreshold clinical symptoms, such as
schizotypal traits, are present in the relatives of patients
with schizophrenia. However, there is relatively little un-
derstanding of how these 2 types of potential endopheno-
types may be related to each other. The extent to which we
can clarify the relationship between deficits in cognition
and subthreshold psychopathology may help to reveal
the genetic susceptibility to schizophrenia.2 For example,
cognitive deficits and subclinical psychopathology may be
independent phenomena with separable genetic sub-
strates. Alternatively, they may be correlated, perhaps be-
cause they share a common genetic liability. The goal of
the current study is to assess these differing possibilities
by exploring the relationship between cognitive function
and schizotypal symptoms in the first-degree relatives of
individuals with schizophrenia.

Prior studies have demonstrated a variety of cognitive
deficits among first-degree relatives of individuals with
schizophrenia. Kremen et al.3 provides a review of early
studies of neuropsychological abnormalities among re-
latives of schizophrenia probands. More recently, results
from the Edinburgh High Risk Study have indicated that
high-risk relatives (those with at least 2 family members
diagnosed with schizophrenia) performed significantly
worse than age- and sex-matched controls on tests of
executive function, learning, and memory.4 Staal and
colleagues5 also reported deficits in executive functioning
and sensory-motor functioning among nonpsychotic
siblings of individuals with schizophrenia. A number
of different studies have reported deficits in sustained
attention,6,7 as well as episodic memory8–14 among first-
degree relatives of individuals with schizophrenia. Further,
Wolf et al.15 established that these impairments are
specific to relatives of individuals with schizophrenia,
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as compared with relatives of individuals with other psy-
chiatric disorders. Taken together, these studies suggest
that relatives of individuals with schizophrenia show im-
pairment in multiple cognitive domains. These impair-
ments are qualitatively similar to those found in
individuals with schizophrenia (for a review, see Hein-
richs and Zakzanis16), although the severity of impair-
ment is attenuated.17 Furthermore, research suggests
that various neurocognitive domains may be intercorre-
lated in relatives of schizophrenia probands.18

Data from longitudinal studies of relatives of individ-
uals with schizophrenia suggest that the severity of cog-
nitive deficits can predict later development of psychosis.
For example, Niendam and colleagues19 found that chil-
dren who later developed schizophrenia had more severe
deficits on selected subtests of the Wechsler Intelligence
Scale for Children than their siblings who did not go on
to develop a psychotic disorder. Similarly, the severity
of deficits on an attentional task (Continuous Perfor-
mance Test-Identical Pairs [CPT-IP]) predicted the devel-
opment of adult schizophrenia spectrum disorders in the
offspring of individuals with schizophrenia.20 Thus, the
presence and severity of cognitive deficits in child rela-
tives of schizophrenia probands may predict the eventual
onset of the disorder.

In another line of research, relatives of schizophrenia
probands have been shown to have schizotypal traits.21

These traits are often regarded as subclinical forms of
symptoms characteristic of schizophrenia. Cadenhead22

provides a brief review of the early literature on how
the concept of schizophrenia spectrum disorders origi-
nally stemmed from observations of family members
of schizophrenia patients, who often displayed odd or ec-
centric behaviors without having overt psychotic symp-
toms. Kety et al.23 provided systematic evidence for
the genetic basis of this phenomenon by showing that
the biological relatives of adoptees with chronic schizo-
phrenia, but not their adoptive family members, had
an increased frequency of schizophrenia spectrum disor-
ders. Although schizophrenia spectrum disorders can be
present in individuals without a known family history of
schizophrenia, patient relatives are more likely to have
spectrum disorders (eg, schizotypal personality disorder)
than relatives of healthy individuals.24

Longitudinal studies to assess the predictive power of
schizotypal traits among first-degree relatives of individ-
uals with schizophrenia are scarce, but there is some ev-
idence to suggest that the presence of such traits predicts
the later development of psychosis. For example, in the
Edinburgh High Risk Study, Miller et al.25 found that
individuals who later developed psychosis scored signif-
icantly higher on all 4 factors of the Structured Interview
for Schizotypy at their initial assessment than those who
remained well. Among schizotypal traits, social with-
drawal appeared to have the greatest predictive power.
In another report from the same study, Miller et al.26

found that maternal ratings on the Child Behavior Check-
list for withdrawn behavior and delinquent-aggressive
behavior in adolescents aged 13–16 were also predictive
of the later development of schizophrenia.

Despite evidence that both schizotypal traits and cog-
nitive deficits predict the later onset of psychosis in the
first-degree relatives of individuals with schizophrenia,
there have been few studies on the relationship between
these 2 phenomena. In psychometrically ascertained
schizotypal populations, high levels of negative symp-
toms have been related to poor performance on tests
of executive function,27–30 and high levels of disorganiza-
tion symptoms have been related to poor performance on
tests of attention.31 However, in studies of first-degree
relatives of individuals with schizophrenia, results have
been less consistent. For example, Conklin et al.32 found
that performance on a task of episodic memory was in-
versely correlated with scores on the Schizotypal Person-
ality Questionnaire. However, Laurent et al.33 found
virtually no significant correlations between self-report
measures of schizotypal traits and various measures of
neurocognitive functioning in first-degree relatives of
schizophrenia probands. Similarly, Byrne et al.34 also
found that neuropsychological deficits in high-risk indi-
viduals were not associated with psychopathology, as
measured by the Present State Examination. Finally,
Johnson et al.35 reported an inverse correlation between
schizotypal traits and poor performance on tasks of
attention, memory, and executive function among non-
psychotic co-twins of schizophrenia probands. However,
they also reported poor working memory performance
amongprobandco-twinsascomparedwithcontrols,regard-
less of the presence or absence of schizotypal symptoms.

These findings suggest that deficits in some, but not all,
cognitive domains might be related to the presence and
severity of schizotypal symptoms among first-degree rel-
atives of individuals with schizophrenia. This type of re-
lationship could occur for several reasons. First, specific
types of cognitive deficits and schizotypal traits may be
caused by a common underlying neurobiological factor.
For example, an abnormality in prefrontal dopaminergic
function could (1) impair working memory and executive
function and (2) interfere with subcortical reward systems
and alter motivation and hedonic function. In the case of
such a relationship, specific cognitive deficits and schiz-
otypal traits would be correlated in relatives, but there
would be no direct cause-and-effect relationship between
the two. Second, an underlying neurobiological abnor-
mality could cause a deficit in cognitive function, which
in turn gives rise to schizotypal pathology. For example,
dopaminergic abnormalities in the prefrontal cortex
could produce deficits in the ability to use goal represen-
tations to guide discourse planning and motivated behav-
iors, which directly lead to disorganized speech36–38 and
negative symptoms.39 Third, an underlying neurobiolog-
ical factor could produce psychopathology, which in turn
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interferes with performance on tests of specific elements
of cognition. Although this last explanation seems less
intuitive, an increase in negative symptoms (eg, motiva-
tion abnormalities) could lead to apparent cognitive
dysfunction.

Although previous research suggests that there are at
least some relationships between cognitive deficits and
schizotypal traits in relatives of individuals with schizo-
phrenia, the findings are inconsistent across studies. One
reason for this may be variations in the way in which
schizotypal traits have been assessed. In some studies
a variety of schizotypal traits are combined into a single
estimate of schizotypy.34,35 However, separate dimen-
sions of schizotypy may exist,40–42 and specific elements
of schizotypy may be differentially related to specific cog-
nitive deficits. For example, Dinn et al.28 found that only
negative symptoms of schizotypy were associated with
cognitive deficits. Notably, similar relationships between
negative symptoms and cognitive deficits have been
found in studies of schizophrenia patients.43–45

The goals of the present study were to examine the
relationship between various types of schizotypal traits
and performance on tests of several different domains
of cognition and to determine whether cognitive impair-
ment mediates schizotypal traits or whether schizotypal
traits mediate impaired performance on cognitive tasks
in siblings of individuals with schizophrenia. Participants
included individuals with schizophrenia, their full sib-
lings who had not yet passed the age of risk for develop-
ment of schizophrenia (ie, mean age<25), and community
controls. We examined 3 components of schizotypal
symptoms—positive symptoms, negative symptoms, and
disorganization symptoms—and 4 broad domains of cog-
nitive functioning—working memory, episodic memory,
attention, and executive function. Based on previous
studies in individuals with schizophrenia, as well as psy-
chometrically identified schizotypes, we hypothesized
that cognitive test performance across all domains would
be inversely related to negative symptoms and disorga-
nization symptoms but not with positive symptoms.

Methods

Participants

Participants were recruited through the Conte Center for
the Neuroscience of Mental Disorders (CCNMD) at
Washington University in St. Louis and included (1)
27 individuals with DSM-IV schizophrenia (25 male, 2
female) (SCZ); (2) 31 siblings of individuals with schizo-
phrenia (16 males, 15 female) (SCZ-SIB); (3) 39 healthy
control participants (21 male, 18 female) (CON); and (4)
42 siblings of healthy controls (30 male, 12 female)
(CON-SIB). SCZ participants were recruited from local
inpatient and outpatient treatment facilities. CON partic-
ipants were recruited using local advertisements from the

same community. Exclusion criteria for CON partici-
pants included a lifetime history of any Axis I psychiatric
disorder and having a first-degree relative with a psy-
chotic disorder. Both SCZ-SIB and CON-SIB were
excluded for a lifetime history of Axis I psychotic dis-
orders (including bipolar disorder) and current major
depression, but not other Axis I disorders. Participants
from any of the 4 groups were excluded if they (1) met
DSM-IV criteria for substance abuse or dependence
within the past 6 months; (2) had a clinically unstable
or severe medical disorder, or a medical disorder that
would confound the assessment of psychiatric diagnosis
or render research participation dangerous; (3) had head
injury (past or present) with documented neurological se-
quelae or resulting in loss of consciousness; and (4) met
DSM-IV criteria for mental retardation (mild or greater
in severity). The SCZ group had significantly more male
participants than the other groups [v2(3) = 27.01, p< .01],
but the SCZ-SIB group did not differ from CON. CON
and CON-SIB groups had significantly more Caucasians
[v2(3) = 8.1, p < .05] than did SCZ and SCZ-SIB groups.
CON and CON-SIB participants had more years of
education than SCZ participants, but not more education
than SCZ-SIB participants (F3,137 = 4.6, p < .01). The
groups did not differ significantly on age (F3,137 = 0.9,
p = .45) or parental socioeconomic status (F3,137 = 0.8,
p = .48). See Table 1 for demographic information. Given
the similarity of the groups on parental socioeconomic
status, we did not attempt to control for education in
the analyses presented herein, as cognitive disturbances
associated with risk for schizophrenia may impair educa-
tional achievement.46,47 All analyses remained significant
when gender and race were entered as covariates. How-
ever, for clarity and ease of presentation, only the pri-
mary analyses are presented.

Diagnoses for all participant groups were determined
using the Structured Clinical Interview for DSM-
IV (SCID-IV).48 These interviews were conducted by a
master’s-level research assistant, who had completed
SCID-IV training and participated in regular diagnostic
training sessions as part of the CCNMD. The SCID-IV
interviewer had access to all data from present and
past hospital records and corroborative family sources.
In addition, an expert clinician (in most cases, author
Csernansky) conducted a semistructured interview, also
using DSM-IV criteria and all available records. A con-
sensus meeting between the SCID-IV interviewer and
the expert clinician determined the participant’s final
diagnosis. SCZ participants were stabilized on antipsy-
chotic medication for at least 2 weeks before participat-
ing in the study.

Clinical Rating Scales

Psychopathology was assessed in all participants using
the Scale for the Assessment of Negative Symptoms

527

Cognitive and Clinical Indicators of Schizophrenia Vulnerability



(SANS),49 the Scale for the Assessment of Positive Symp-
toms (SAPS),50 and the Structured Interview for Prodro-
mal Syndromes (SIPS).51 These ratings were completed
by a master’s-level research assistant who regularly
participated in training and reliability sessions. All par-
ticipants also completed the Chapman Psychosis Prone-
ness Scales,52 which included the Perceptual Aberration
Scale, the Magical Ideation Scale, the Physical Anhedo-
nia Scale, and the Social Anhedonia Scale. For analysis,
3 clusters of symptoms were quantified—positive symp-
toms, negative symptoms, and disorganization symptoms.
All rating scale scores were z-scored using the mean and
standard deviation of the current sample and averaged
within symptom clusters. Internal consistency analyses
were performed by computing Cronbach’s alpha. The pos-
itive symptom cluster (a = .89) was composed using the
item scores for hallucinations and delusions on the
SAPS, unusual thought content, suspiciousness, grandios-
ity, and perceptual abnormalities on the SIPS, the Percep-
tual Aberration Scale, and the Magical Ideation Scale.
The negative symptom cluster (a = .93) was composed us-
ing the item scores for affective flattening, alogia, anhedo-
nia, avolition, and attention on the SANS, social isolation,
avolition, decreased expression of emotion, decreased
experience of self, decreased ideational richness, and dete-
rioration in role functioning on the SIPS, the Physical
Anhedonia Scale, and the Social Anhedonia Scale. The
disorganization symptom cluster (a = .72) was composed
using the item scores for formal thought disorder and
bizarre behavior on the SAPS, and odd behavior, bizarre
thinking, trouble with attention, disorganized communi-
cation, and personal hygiene on the SIPS.

Neuropsychological Scales

All participants were administered a neuropsychological
battery, which consisted of several measures across 4
broad cognitive domains—working memory, episodic
memory, executive function, and attention. Prior research
has demonstrated that individuals with schizophrenia

show performance deficits in all of these domains. The
score for each cognitive domain was formed using group-
ings of individual cognitive tasks. The task groupings were
developed using previous reports of the factor structure
of cognitive impairment associated with schizophrenia.53

Further, these individual cognitive tasks have been found
to have moderate effect sizes, ranging from .20 to .68, in
first-degree relatives of schizophrenia probands.54 Raw
scores were converted to z-scores using the mean and stan-
dard deviation of the current sample and averaged within
domains. The working memory domain (a = .59) consisted
of scaled scores on letter-number sequencing and digit
span, subtests from the Wechsler Memory Scale—Third
Edition,55 as well as percentage correct on the 2-back ver-
sion of the N-back task.56 The episodic memory domain
(a = .75) consisted of scaled scores on immediate recall on
family pictures and logical memory (also subtests of
Wechsler Memory Scale—Third Edition), and the free
recall score for trials 1–5 on the California Verbal Learn-
ing Test.57 The executive function domain (a = .70) in-
cluded time to completion on Trails B,58 number of
novel words generated on the category and verbal fluency
tasks,59 and scaled score on the matrix reasoning subtest
from the Wechsler Adult Intelligence Scale—Third Edi-
tion (WAIS-III).60 The attention domain (a = .60)
consisted of 2 different versions of the Continuous Perfor-
mance Task (CPT)—AX and Degraded. In the AX-CPT
task, participants were instructed to respond to a target
(X) when it was followed by a cue (A) and to withhold
their response to the target in the absence of the cue. In
the degraded condition the stimulus was degraded by ran-
domly removing 85% of the pixels that make up the letters.
Details regarding the administration and characteristics of
these tasks are described in greater detail elsewhere.61

Data Analysis

Group differences in the cognitive and clinical symptom
domains were examined using mixed-model methods
that took into account correlations due to familial

Table 1. Demographic Information

Controls Control Siblings Schizophrenia Patients Schizophrenia Patient Siblings
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 21.3 (3.3) 20.8 (3.4) 22.1 (3.2) 20.9 (3.6)

Sex (% male)a 53.8% 28.6% 92.6% 51.6%

Race (% Caucasian)b 92.3% 90.5% 77.4% 70.4%

Socioeconomic status rating 3.0 (0.9) 3.1 (0.8) 3.4 (1.2) 3.1 (1.2)

Education (years)a 13.6 (2.7) 13.1 (2.4) 11.3 (2.0) 12.3 (2.8)

WAIS—Vocabulary scaledc 12.6 (2.7) 11.8 (2.6) 8.4 (2.9) 10.6 (3.1)

aSchizophrenia < Control/Control Siblings/Patient Siblings (p < .01).
bControl/Control Siblings > Schizophrenia/Patient Siblings (p < .05).
cControl/Control Siblings > Patient Siblings > Schizophrenia (p < .05); WAIS = Wechsler Adult Intelligence Scale.
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relationships (ie, sibling relationship). The family identi-
fier was used as a grouping factor for the Level 2 analysis,
while ID was used for the Level 1 identifier. Planned
a priori contrasts examined differences comparing SCZ vs
CON and CON-SIB, SCZ vs SCZ-SIB, and SCZ-SIB vs
CON and CON-SIB. To examine the relationship be-
tween the 4 cognitive domains and the 3 clinical factors,
partial correlations were computed between the various
pairs of indices, controlling for group status. To assess
group status, 3 dichotomous contrast codes were used
(SCZ vs all others, SCZ-SIB vs all others, and CON-
SIB vs all others). To protect against false positives,
only correlations with a p-value less than .01 were con-
sidered significant.

We next examined whether the different symptom
domains accounted for common or unique variance in
the cognitive domains, and whether there were group
differences in the strength of the relationship between
the clinical factors and cognitive domains. To do so,
we used mixed-model hierarchical regression methods
that accounted for familial relationships. In this method,
variables are entered in a predetermined order, and sig-
nificance is assessed by examining the test of the factor in
the context of those already in the model. The order of
entry was (1) contrast code for SCZ vs others; (2) contrast
code for SCZ-SIB vs others; (3) contrast code for CON-
SIB vs others; (4) disorganization symptom score and
negative symptom score; and (5) group 3 symptom in-
teraction terms. Lastly, a 2-step procedure was used to
determine whether the differences in cognitive domain
function between SCZ-SIB and CON mediated the sev-
erity of symptoms in SCZ-SIB. First, for each cognitive
domain found to be impaired in SCZ-SIB (executive
function, working memory, and episodic memory),
a Sobel test62 was conducted to determine whether
the cognitive domain mediated any of the group-related
differences in negative symptoms. If the Sobel test was

significant, a hierarchical regression procedure was
used to determine if this mediation were full or partial.

Results

Group Differences

As shown in Figure 1, we found significant main effects
of group for the working memory domain (F3,83 = 18.11,
p < .01), the episodic memory domain (F3,83 = 22.03,
p < .01), the attention domain (F3,83 = 10.99, p < .01),
and the executive function domain (F3,83 = 17.60,
p < .01). SCZ performed significantly worse than
CON and CON-SIB across all 4 cognitive domains (all
p < .01) and performed worse than their own siblings
across all 4 cognitive domains (all p < .01). SCZ-SIB
performed worse than CON and CON-SIB on the execu-
tive function, working memory, and episodic memory
domains (all p < .05) but did not differ significantly
from CON on the attention domain.

As shown in Figure 2, there were main effects of
group for positive (F3,83 = 65.72, p < .01), negative
(F3,83 = 125.50, p < .01), and disorganization symptoms
(F3,83 = 70.13, p < .01). As expected, SCZ had higher
scores on all 3 clinical factors as compared with CON,
CON-SIB, and SCZ-SIB (all p < .01). SCZ-SIB also
reported significantly more negative symptoms than
CON and CON-SIB (all p < .05), but they did not differ
significantly from CON or CON-SIB on disorganization
(p = .36) or positive symptoms (p = .11).

Relationship Between Cognitive Function and
Clinical Symptoms

As predicted, the severity of negative symptoms was
significantly associated with poorer performance in all
4 cognitive domains (Table 2). In addition, the severity
of disorganization symptoms was significantly associated

Fig. 1. Graph Plotting the Average Z-score for Each Cognitive
Domain, Separately for Each of the 4 Groups.

Fig. 2. Graph Plotting the Average Z-score for Each Clinical
Domain, Separately for Each of the 4 Groups.
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with poorer performance in working memory and
episodic memory. In contrast, positive symptoms were
not significantly correlated with performance on any
of the cognitive domains. As shown in Table 2, negative
symptoms and disorganization symptoms were strongly
positively associated, but positive symptoms were not
significantly correlated with either negative or disorgani-
zation symptoms. The cognitive domains were, for the
most part, strongly intercorrelated. However, there
was no significant relationship between the attention do-
main and either executive function or episodic memory.

We next examined whether the symptom domains
accounted for common or unique variance in the cogni-
tive domains, and whether there were group differences in
the strength of the relationship between clinical symp-
toms and cognitive function. We only examined negative
and disorganization symptoms since these were the only 2
symptom domains related to cognition in the correla-
tional analyses presented above. As shown in Table 3,
for the attention domain, the contrast coding for ‘‘SCZ
vs others’’ (but neither of the other 2 contrast codes)
accounted for significant variance. Additionally, negative
symptom severity, but not disorganization symptom se-
verity, accounted for a significant increase in variance.
The interaction terms did not account for a significant
increment in explained variance. For the episodic mem-
ory domain, the contrast codes for ‘‘SCZ vs others’’ and
for ‘‘SCZ-SIB vs others’’ (but not ‘‘CON-SIB vs others’’)
added significantly to the explained variance. There was
also a significant main effect of negative symptoms and a
trend level effect of disorganization symptoms (p < .10).
However, the interaction terms were not significant. For
the working memory and executive function domains, the
contrast codes for ‘‘SCZ vs others’’ and for ‘‘SCZ-SIB vs
others’’ (but not ‘‘CON-SIB vs others’’) were significant.
Negative symptoms, but not disorganization symptoms,
were also significant in both of these domains. The inter-
action terms were not significant.

Figure 3 illustrates the relationships between negative
symptoms and cognitive domains across groups. Al-

though the magnitude of the relationship between the
cognitive domains and negative symptoms (the symptom
factor most strongly related to cognitive function) is
somewhat smaller in CON and CON-SIB, all 4 groups
fall on a similar regression line.

Mediation Analyses

We focused these mediation analyses on negative symp-
toms, as this was the domain most strongly associated
with cognitive deficits (eg, positive symptoms were not
correlated with cognitive function, and disorganization
symptoms only demonstrated a unique association
with episodic memory). The Sobel tests indicated that
the working memory (z = 2.3, p< .05), executive function
(z = 2.2, p < .05) and episodic memory (z = 2.0, p < .05)
significantly mediated the SCZ-SIB contrast code in-
crease in negative symptoms. However, the attention
domain did not significantly mediate the SCZ-SIB in-
creases in negative symptoms (z = 0.1, p > .5). Follow-
up hierarchical regressions for the working memory,
executive function, and episodic memory domains re-
vealed that group status still accounted for significant
variance in negative symptoms in Step 2 (all p< .01), indi-
cating that these cognitive deficits partially, but not fully,
mediated the increase in negative symptoms.

To evaluate the reverse relationship between cogni-
tion and negative symptom severity, we determined
whether increase in negative symptoms mediated perfor-
mance deficits in any of the 3 cognitive domains found to
be impaired in these relatives (working memory, epi-
sodic memory, and executive function). The Sobel tests
indicated that negative symptoms significantly mediated
SCZ-SIB deficits in working memory (z = 3.3, p < .01),
episodic memory (z = 2.5, p < .05), and executive func-
tion (z = 2.6, p < .05). The follow-up hierarchical regres-
sions for working memory and episodic memory
revealed that the effect of group was no longer sig-
nificant in Step 2 (p > .10), indicating that negative
symptoms fully mediated the deficits in working mem-
ory and episodic memory found in SCZ-SIB. Finally,

Table 2. Partial Correlation Coefficients for Cognitive and Clinical Variables, Controlling for Group Status

Working
Memory

Episodic
Memory

Executive
Function Attention

Positive
Symptoms

Negative
Symptoms

Disorganization
Symptoms

Working Memory —

Episodic Memory .57* —

Executive Function .49* .38* —

Attention .41* .18 .19 —

Positive Symptoms �.12 �.03 �.01 .09 —

Negative Symptoms �.40* �.32* �.26* �.30* .14 —

Disorganization
Symptoms

�.23* �.32* �.14 �.18 .04 .54* —

*p < .01.
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the hierarchical regression for executive function re-
vealed that group status still accounted for significant
variance in Step 2 (F1,79 = 6.1, p < .05), indicating
that negative symptoms partially mediated the deficits
in executive function among SCZ-SIB.

Vocabulary and IQ

The groups differed on WAIS-III vocabulary scores,
which are often used as a proxy for crystallized IQ.
One hypothesis is that reduced IQ in schizophrenia
somehow leads to changes in cognitive processes such
as working memory and executive function. However,
it may also be the case that the cognitive processes in-
volved in working memory, executive function, and epi-
sodic memory are the building blocks of crystallized
IQ such as vocabulary. If so, controlling for vocabulary

would eliminate variance in the cognitive process of
interest. To examine the relationship between deficits
in verbal IQ and deficits in other cognitive domains
among the individuals with schizophrenia and their sib-
lings, we conducted 2 sets of analyses. First, we computed
a hierarchical regression for each of the cognitive
domains in which vocabulary scores were entered in
Step 1, and then the contrast codes for SCZ vs others
and SCZ-SIB vs others were entered in Steps 2 and 3.
For all 4 cognitive domains, the deficits among SCZ
remained significant even after accounting for group dif-
ferences in vocabulary scores (all p < .0001). The effect
for SCZ-SIB showed trend level significance for episodic
memory (p = .10), executive function (p = .07), and work-
ing memory (p = .07) after accounting for group differ-
ences in vocabulary scores. For the attention domain,

Table 3. Regression Analyses

Model Step Predictor Variables Beta F Change R2 Change Significance

Dependent Variable: Attention
1 c1 (schizophrenia) �0.96** 34.54 0.202 p < .01
2 c2 (schizophrenia

siblings)
0.00 0.00 0.000 NS

3 c3 (control siblings) �0.23 2.04 0.007 NS
4 Negative Symptoms �0.55** 4.25 0.074 p < .01

Disorganization
Symptoms

�0.02

5 Group 3 Symptom 0.47 0.024 NS

Dependent Variable: Episodic Memory
1 c1 (schizophrenia) �1.04** 66.45 0.316 p < .01
2 c2 (schizophrenia

siblings)
�0.34* 6.09 0.030 p < .05

3 c3 (control siblings) 0.04 0.09 0.001 NS
4 Negative Symptoms �0.32* 6.25 0.086 p < .05

Disorganization
Symptoms

�0.25

5 Group 3 Symptom 0.32 0.013 NS

Dependent Variable: Executive Function
1 c1 (schizophrenia) �0.81** 42.10 0.257 p < .01
2 c2 (schizophrenia

siblings)
�0.42** 9.47 0.054 p < .01

3 c3 (control siblings) 0.05 0.19 0.000 NS
4 Negative Symptoms �0.42** 2.80 0.044 p < .01

Disorganization
Symptoms

0.05

5 Group 3 Symptom 0.17 0.008 NS

Dependent Variable: Working Memory
1 c1 (schizophrenia) �0.82** 47.98 0.263 p < .01
2 c2 (schizophrenia

siblings)
�0.36** 7.55 0.036 p < .01

3 c3 (control siblings) 0.07 0.40 0.002 NS
4 Negative Symptoms �0.56** 8.17 0.115 p < .01

Disorganization
Symptoms

0.00

5 Group 3 Symptom 0.74 0.030 NS

Note: df = 83, *p < .05, **p < .01.
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the effect of SCZ-SIB was not significant, but this effect
was not significant in the original analysis. We then com-
puted a hierarchical regression in which vocabulary
scores were the dependent measure. We entered the 4
cognitive domain scores in Step 1, and the contrast codes
for SCZ vs others in Step 2 and the contrast code for
SCZ-SIB vs others in Step 3. Neither the SCZ nor
SCZ-SIB contrast codes were significant at even a trend
level (p > .30) for vocabulary scores when group differ-
ences in the cognitive variables were taken into account.

Discussion

The goal of the current study was to clarify the relation-
ships between deficits in specific cognitive domains and
schizotypal traits in first-degree relatives of individuals
with schizophrenia. We found group differences in both

cognitive function and symptom severity, with SCZ dem-
onstrating the worst performance and SCZ-SIB showing
impairments intermediate between SCZ and CON/CON-
SIB. Consistent with our hypotheses, we found that the
negative symptoms and disorganization symptoms, but
not positive symptoms, were correlated with deficits in
several cognitive domains. Hierarchical regression analy-
ses revealed that the 4 cognitive domains had different
relationships with the negative and disorganization symp-
tom clusters.

Group Differences: Clinical Symptoms

As expected, SCZ had significantly more positive symp-
toms, negative symptoms, and disorganization symptoms
than SCZ-SIB, CON, and CON-SIB. Also, SCZ-SIB had
higher levels of negative symptoms, but not disorganiza-
tion symptoms, as compared with CON and CON-SIB.

Fig. 3. Graphs Plotting the Relationships Between Negative Symptoms and Each of the 4 Cognitive Domains. Separate regression
lines are plotted for each group, and the R2 values from the regression for each group are shown on the graph.
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SCZ-SIB had numerically higher scores on positive
symptoms as compared with CON and CON-SIB, but
this effect was only a mild trend (p = .11). These results
are partially consistent with prior work that first identi-
fied the concept of schizotypy in first-degree relatives of
individuals with schizophrenia.1,63 In addition, these
results are consistent with more recent work separately
examining the positive, negative, and disorganization
factors of schizotypal traits. There have been consistent
reports of elevations in negative symptoms,33,40,64,65 as
well as some evidence for enhanced positive symp-
toms,33,65,66 among relatives of schizophrenia probands.

Group Differences: Neuropsychological Functioning

As expected, SCZ were significantly impaired in all 4
cognitive domains as compared with SCZ-SIB, CON,
and CON-SIB. This finding is consistent with previous
reports of cognitive dysfunction in SCZ.16 SCZ-SIB gen-
erally performed in an intermediate range between their
ill siblings and CON and CON-SIB and were signifi-
cantly impaired on tasks of executive function, working
memory, and episodic memory. Several previous studies
have documented impairment in executive function,4,5,54,67

working memory,35,54,68 and episodic memory8–14 among
first-degree relatives of individuals with schizophrenia.

Notably, the SCZ-SIB group did not differ signifi-
cantly from CON or CON-SIB on measures of attention.
A number of previous studies have documented an atten-
tion deficit in relatives of schizophrenia probands, espe-
cially as indexed by the CPT-IP.7,54 The discrepancy
between our results and these prior reports could be
due to several factors. First, in the current study we ex-
amined variants of the degraded CPT and the AX-CPT as
measures of the attention domain. Although both of
these tasks have been found to elicit impairments in
first-degree relatives in prior studies,69 it is possible
that these tasks may not have been sufficiently challeng-
ing to elicit deficits in our relatively young group of
SCZ-SIB. We did not examine performance on the
CPT-IP, perhaps the most classic task used to study at-
tentional function in individuals at risk for schizophrenia.
Although some would consider the CPT to be a measure
of working memory as well as attention, we felt it would
be more sensitive to attention deficits in our participants.
Notably, other studies of first-degree relatives have found
variable results using similar versions of the CPT. For
example, in a group of 193 siblings of individuals with
schizophrenia, Egan et al.70 reported no differences on
the CPT, 1–9 version as compared with normal compar-
ison subjects. Similarly, Cosway et al.71 found no differ-
ences on the CPT-IP between relatives of schizophrenia
individuals and matched controls, examining an age
range similar to our study (ages 16–25). Further, Avila
et al.72 found that CPT-IP deficits were observed only
in those relatives who met criteria for a schizophrenia
spectrum disorder. Finally, in a prospective, longitudinal

study of the children of parents with schizophrenia,
Cornblatt et al.20 reported attentional deficits in a sample
of high-risk children on the CPT-IP. However, these def-
icits were only present in a subgroup of individuals who
later met criteria for a schizophrenia spectrum disorder.
The entire group of high-risk children was not signifi-
cantly different on CPT-IP performance as compared
with normal controls. In our data, only 5% of SCZ-SIB
scored 1 standard deviation below the mean of the CON/
CON-SIB group. Taking our findings together with the
results of these previous studies, it appears that signifi-
cant attentional deficits may be present only in a sub-
group of those relatives of schizophrenia probands
with perhaps a particularly high genetic liability.

Our groups differed on education and vocabulary
scores, though they did not differ in parental socioeco-
nomic status. We did not control for educational differ-
ences, as the cognitive deficits associated with risk for
schizophrenia may themselves impair educational
achievement.46,47 A common assumption is that vocabu-
lary scores are a proxy for IQ, and reduced IQ among
individuals at risk for schizophrenia somehow leads to
changes in cognitive processes such as working memory
and executive function. However, it is also possible that
the cognitive processes involved in working memory,
executive function, and episodic memory are the building
blocks of IQ, particularly of measures of crystallized IQ
such as vocabulary. If so, controlling for vocabulary
would also eliminate variance in the cognitive process
of interest. Our results are more consistent with the
idea that deficits in working memory, episodic memory,
and executive function lead to reduced IQ in individuals
with schizophrenia and their siblings, rather than the
other way around. If we use vocabulary scores as cova-
riates, all of the differences between SCZ and CON
remain significant, and the differences between SCZ-
SIB and CON either remain significant or are marginal
(p < .10). In contrast, there are no remaining group dif-
ferences in vocabulary when we enter the 4 cognitive
domains as covariates. Such results do not rule out the
possibility that a general factor is leading to deficits in
a range of cognitive domains in those at risk for schizo-
phrenia (eg, a generalized deficit). However, such results
are not consistent with the hypothesis that deficits in
working memory, episodic memory, and executive func-
tion among those at risk for schizophrenia are simply an
artifact of lower IQ.

Relationship Between Neuropsychological Functioning
and Clinical Symptoms

Consistent with our hypothesis, deficits in all 4 cognitive
domains were inversely related to negative symptoms
and disorganization symptoms but were not significantly
correlated with positive symptoms. This pattern is con-
sistent with previous reports suggesting that cognitive
impairment in SCZ is related to both negative and
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disorganization symptoms.43,73–75 Moreover, the strength
of the relationship to negative versus disorganization
symptoms differed across the 4 cognitive domains. Re-
gression analyses revealed that when negative symptoms
were in the model, disorganization symptoms did not
account for additional variance in the working memory,
executive function, and attention domains. For the ep-
isodic memory domain, regression analysis showed
that in addition to negative symptoms accounting for
unique variance, variance accounted for by disorganiza-
tion symptoms was significant at a trend level (p < .10).
Our results are partly consistent with the results of prior
studies of SCZ, which themselves have been mixed.
O’Leary et al.74 found that negative symptoms were
correlated with a wide range of cognitive deficits after
controlling for disorganization symptoms, but that dis-
organization symptoms remained associated with low
verbal IQ and poor concept attainment only after con-
trolling for negative symptoms. In contrast, Cuesta and
Peralta75 found that after accounting for the effect of
negative symptoms, disorganization symptoms were
still significantly correlated with verbal memory. Daban
et al.76 found that disorganization symptoms were cor-
related with working memory and executive function af-
ter controlling for negative symptoms. Further, other
studies have found that disorganization symptoms,
but not negative symptoms, are related to working mem-
ory or executive function deficits.77,78 The fact that dis-
organization symptoms were not as strongly related to
cognitive function as negative symptoms in the current
study may be related to our examination of SCZ-SIB as
well as SCZ individuals. Though the general pattern of
the relationship between disorganization symptoms and
cognitive function was similar across groups (see below),
reduced variance in disorganization symptoms among
SCZ-SIB may have truncated the strength of the rela-
tionship ofdisorganizationsymptomstocognitive function.
In fact, if we examine just the individuals with schizo-
phrenia, disorganization symptoms (–.28 > r > –.55)
are just as strongly correlated with cognition function
as negative symptoms (–.36 > r > –.52).

We also examined the question of whether there were
differential relationships between cognitive deficits and
psychopathology across groups. Our data suggests that
all 4 groups showed similar relationships between cog-
nitive domains and clinical factors, although the magni-
tudes of these relationships were less in CON and CON-
SIB. This reduced magnitude of correlations may be re-
lated to the reduced variance in clinical symptomatology
in CON and CON-SIB. Our results differ from those
reported by Johnson et al.,35 who reported a significant
correlation between schizotypal symptoms and cognitive
deficits among individuals with a genetic liability toward
schizophrenia but not in healthy subjects. However, these
authors used 1 composite score to measure schizotypy,
while we measured 3 schizotypal symptom clusters in-

dependently. Further, our findings are consistent with
a large body of research on individuals with schizotypy
drawn from the general population (ie, individuals
who display schizotypal symptoms but do not have
a known family history of schizophrenia).27–29,31,79

The last goal of our study was to examine whether
the clinical symptoms shown by SCZ-SIB were either
partially or fully mediated by cognitive deficits (or vice
versa). These analyses were correlational; therefore,
a cause-and-effect relationship cannot be established.
However, they are informative about the degree of shared
variance among these constructs. Our data show that
positive symptoms are unrelated to cognitive function.
However, in the case of negative symptoms, the answer
is less clear. Mediation analyses suggest that cognitive
function may partially mediate increased negative symp-
tomsamongSCZ-SIB,astheincreaseinnegativesymptoms
among SCZ-SIB remains significant after accounting
for variance associated withcognitive function. In contrast,
mediation analyses show that negative symptoms fully
mediate deficits in working memory and episodic memory
and partially mediate deficits in executive function in
SCZ-SIB. Taken together, these results suggest that there
is a complex relationship between cognitive deficits and
schizotypal traits in individuals who are at increased gene-
tic risk for developing schizophrenia (see Figure 4). First,
there appear to be vulnerability factors that contribute to
increases in positive symptoms that do not share variance
with vulnerability factors for cognitive deficits. Second,
there are common vulnerability factors that contribute to
increases in both negative and disorganization symptoms,
as well as deficits in executive function, working memory,
and episodic memory. However, negative symptoms may
beamoresensitiveindicatorofthecommongeneticvulnera-
bility factor, or an additional factor may contribute to
increases in negative symptoms over and above those that
contribute to cognitive deficits. Third, although executive

Fig. 4. Figure Illustrating the Relationships Among Clinical and
Cognitive Variables.
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function shares much variance with working memory,
episodic memory, and negative symptoms, there is
some variance in executive function deficits that is not
shared by these other factors. Again, this may indicate
that executive function is a more sensitive indicator of
a common genetic vulnerability factor or that an addi-
tional factor contributes to deficits in executive function
over and above those that contribute to negative symp-
toms or deficits in other cognitive domains. It may also
be the case that the processes assessed by the executive
function factor are more diverse and therefore able to
capture more variance in cognitive function among
those at risk for schizophrenia.

The specific vulnerability factors that are common or
unique to memory and executive function deficits and to
negative symptoms are not yet known. However, a likely
candidate is a deficit in dorsolateral prefrontal cortex
function. Many lines of research indicate that the dorso-
lateral prefrontal cortex is involved in all of the cognitive
domains shown to be impaired in relatives of individuals
with schizophrenia.80–82 Also, a number of theorists have
suggested that negative symptoms in SCZ may reflect def-
icits in prefrontal cortex function.39 The emergence of psy-
chotic symptoms following puberty has also been related
to neurodevelopmental processes occurring in the prefron-
tal cortex during late adolescence.83,84 At a different level
of analyses, disturbances in dopaminergic85 and GABAer-
gic function86 within the prefrontal cortex have been linked
to both negative symptoms and cognitive deficits.87–89 In
addition, dopamine’s role in reward processing and mo-
tivation90,91 provides a plausible mechanism by which
deficits in dopamine function could cause negative symp-
toms, such as motivation and hedonic disturbances.39

In conclusion, we found that schizotypal symptoms
were related to cognitive function in SCZ, SCZ-SIB,
and CON/CON-SIB. Further, SCZ-SIB displayed signif-
icant increases in negative symptoms, as well as signifi-
cant deficits in working memory, episodic memory, and
executive function. We also found that increases in nega-
tive symptoms among SCZ-SIB were not fully mediated
by cognitive deficits and that deficits in executive function
were not fully mediated by negative symptoms. These
results suggest that both negative symptoms and deficits
in executive function are sensitive indicators of the genetic
liability to develop schizophrenia. Future research in
which markers of underlying genetic and neurobiological
factors are assessed in combination with cognition and
psychopathology can shed further light on the mecha-
nisms by which cognitive deficits and schizotypal traits
are related in various populations.
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