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Siblings and offspring of persons with schizophrenia carry
elevated genetic risk for the illness and manifest attentional
and memory impairments. Because less is known about
other neuropsychological functions and their specificity
in adolescents, we conducted a genetic high-risk (HR) study
of schizophrenia (HR-SCZ) and affective psychosis (HR-
AFF). Participants (ages 12–25) were from the Harvard
Adolescent High-Risk and Hillside Family studies, includ-
ing 73 HR-SCZ, 18 HR-AFF, and 84 community controls
(CCs) recruited in metropolitan Boston and New York.
Groups were compared on overall neurocognitive function-
ing, 6 domains, and 13 test scores, controlling for age, pa-
rental education, and correlated data within families. The
HR-SCZ group was significantly impaired overall, while
the HR-AFF group demonstrated a trend toward overall
impairment. HR-SCZ subjects showed significantly lower
Verbal Ability (d = .73) and Executive Functioning/Work-
ing Memory (d = .47) than CCs. HR-AFF subjects showed
reduced Verbal Ability (d = .64) compared to CCs. Exclud-
ing 12 CCs with a parental history of depression (without
psychosis) led to larger differences between HR and CC
groups across domains. Moreover, HR-SCZ and CC group
differences in Verbal Memory (d = .39) and Visual-Spatial

(d = .34) became statistically significant. There were no
significant differences between HR-SCZ and HR-AFF
groups. Data support a modest neuropsychological deficit
in persons at genetic HR for psychosis, with a broader
range of deficits in HR-SCZ. Future work should assess
the relationship of neurocognition to adaptive functioning
and possible onset of psychosis in HR samples. Ascertain-
ment criteria for controls may markedly influence results
and interpretation of group differences.
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Introduction

Schizophrenia is a neurobiologically based disorder with
a multifactorial etiology that includes both genetic and
environmental influences.1 Family, twin, and adoption
studies provide compelling evidence for a spectrum of
disorders in which schizophrenia is the most severe ex-
pression of an illness that includes nonpsychotic features
in addition to symptoms of psychosis.2,3 One of these fea-
tures, neuropsychological dysfunction, has come to be
regarded as a core component of the disorder4–7; notably,
cognitive deficits were considered central to the illness
when it was first described by Kraepelin8 and Bleuler.9

Among individuals with schizophrenia, neuropsycholog-
ical deficits contribute to overall levels of dysfunction and
significantly influence functional outcome.4,10 Moreover,
the relatively modest improvement in neurocognition
after either typical11 or atypical12,13 antipsychotic treat-
ment, despite reasonably effective reduction in positive
symptoms (eg, hallucinations), suggests the relative inde-
pendence of neurocognition from positive symptoms in
people with schizophrenia. Thus, understanding the na-
ture of neurocognition in schizophrenia is relevant to
providing clues to the etiology and pathophysiology of
the disorder and improving treatment.

The view that schizophrenia is a neurodevelopmental
disorder14,15 originating at conception or during preg-
nancy is increasingly well accepted. The presence of neu-
rodevelopmental features does not rule out the possibility
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that deterioration and even degeneration also take place
during the premorbid period, around the first psychotic
episode, or later in life. In fact, some have proposed that
schizophrenia involves both neurodevelopmental and
neurodegenerative processes.16 Such a model accords
well with a nascent literature focusing on the ‘‘prodro-
mal’’ period—that is, the phase of descent into psychosis
marked by increasing impairments in cognition and
adaptive functioning as the illness develops.17–19 Such
conceptualizations posit the notion that some neurocog-
nitive deficits precede the onset of frank psychosis.

The assessment of neurocognitive deficit as a risk or
vulnerability factor that can be observed independent
of psychosis in persons with schizophrenia or their rela-
tives has been studied using at least 6 different popula-
tions: biological relatives at genetic high risk (HR)
including twins, clinical HR (‘‘prodromal’’) cases, spec-
trum cases such as those having schizotypal personality
disorder, psychometric ‘‘at-risk’’ subjects identified using
questionnaires with empirical cutoff scores, prospective
population birth cohorts, and follow-back studies of
people with schizophrenia. While all of these approaches
have made important contributions to identifying and
understanding the neurocognitive risk factors for schizo-
phrenia, herein we focus on genetic HR approaches, as
they form the basis for the data presented in this article.

The genetic HR approach is based on the fact that
genetic influences are among the best-established risk
factors for schizophrenia, with heritability estimated at
approximately 60–90%.20 Nonpsychotic first-degree rel-
atives of people with schizophrenia (either offspring or
siblings), who on average share 50% of genes with their
ill relatives but are free of confounds associated with
psychosis (eg, they are typically unmedicated), provide
a unique opportunity to study genetic risk for the path-
ophysiology of schizophrenia over the life course. Assess-
ment of relatives who have passed through the age of
peak risk for schizophrenia (> age 30) allows identifica-
tion of components of the syndrome that are independent
of psychosis. The study of younger HR relatives (< age
30) provides an opportunity to identify the neurobiolog-
ical differences present prior to typical onset of schizo-
phrenia in a subset of relatives.

A large number of neuropsychological studies of schizo-
phrenia families have targeted older adults (ages 30–60)
who have passed through the peak period of risk for
schizophrenia without developing psychosis, and these
data have been well reviewed elsewhere.21–26 Meta-
analyses document that adult relatives manifest deficits
on tasks of sustained attention, declarative and working
memory, perceptual-motor speed, verbal fluency, and
some executive functions,25,26 supporting other qualita-
tive reviews that have emphasized impaired attentional
processing.5,27 These data are consistent with a model
that suggests a common difficulty in high-load executive
control processing. Related studies show that deficits in

executive control processes and memory dysfunctions
are stable over time in adulthood28 and are associated with
degree of genetic loading,29 thus index genetic liability.

There is also a substantial literature on genetic HR
studies of young relatives, usually offspring, using cogni-
tive measures. There are at least 20 genetic HR studies,
most of them summarized by Niemi et al. (2003)30, with
the exception of the 4 most recently conducted studies
that are just beginning to yield data: the Pittsburgh,31

Harvard,32,33 and Hillside Hospital studies34 of teenagers
and young adults and the Colorado study of children ages
6–15.35 The previous studies have yielded substantial
neurocognitive data that are summarized in Table 1.
These studies have used numerous tests, are based on dif-
ferent sample sizes, tested people at different ages ranging
from age 4 to 29, and employed different ascertainment
approaches to identify HR and control samples, thus lim-
iting firm conclusions. However, there is reasonably
strong support for impairments in the following neuro-
cognitive functions in relation to genetic risk for schizo-
phrenia: attention and working memory (including
sustained attention and vigilance, perceptual-motor
speed, short-term and working memory), concept forma-
tion and abstract reasoning, verbal-linguistic ability
(including receptive language), general intelligence, and
declarative memory, especially verbal memory. These
deficits are similar to those observed in older relatives
ascertained mainly from family studies and are milder
than those observed in persons with schizophrenia. Sus-
tained attention on high-load information-processing
tasks, in particular, has been shown to remain stably
impaired throughout late childhood and adolescence in
those who go on to develop schizophrenia.36

It is important to recognize that increasing interest has
developed in applying similar endophenotypic or genetic
HR strategies to the risk and neuropsychological vulner-
ability for affective psychoses, especially bipolar (BP) dis-
order.37 This HR literature is much smaller but is
growing. Schizophrenia and affective psychoses have tra-
ditionally been considered nonoverlapping illnesses.8

However, more recent studies of BP psychoses have sug-
gested that there are some overlapping genes that may
create similar neurobiological susceptibilities,38–40 a de-
velopment consistent with calls for identifying the com-
monalities and differences among the psychoses.1 At
present, the literature is more developed in the area of
BP than unipolar psychotic disorders. Some limited
data also suggest that patients with chronic BP psychoses
have somewhat similar but milder neuropsychological
profiles than patients with schizophrenia.41 Within
some cognitive domains, however, such as spatial work-
ing memory, impairments in BP patients have not been
documented to date.42,43

In contrast to the picture in schizophrenia, most stud-
ies of families of adults with affective psychosis, including
twin studies, have not observed robust differences
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Table 1. Neuropsychological Performance in Persons (Age < 30) at Genetic Risk for Schizophrenia

Neuropsychological Function and Cognitive Tasks Significance Reference

Attention Functions
Perceptual-Motor Speed

Digit Symbol/Coding þ Mednick and Schulsinger (1968)91

þ Landau et al. (1972)92

þ Byrne et al. (2003)78

þ Niendam et al. (2003)79

� Asarnow et al. (1978)93

Reaction Time—simple and warned þ Schreiber et al. (1992)94

Reaction Time—crossover effect þ Maier et al. (1994)95

Reaction Time—modality shift effect � Maier et al. (1994)95

Reaction Time � Schubert and McNeil (2005)51

Spokes Test (B) þ Asarnow et al. (1978)93

Stroop � Asarnow et al. (1978)93

þ Byrne et al. (2003)78

Trail Making � Schubert and McNeil (2005)51

Visual Cancellations (Omissions) þ Lifshitz et al. (1985)96

þ Schreiber et al. (1992)94

Visual Search þ Winters et al. (1981)97

Short-Term or Working Memory
Arithmetic þ Mednick and Schulsinger (1968)91

þ Landau et al. (1972)92

6 Byrne et al. (1999)77 (only in males)
Thurstone Number Facility þ Sohlberg (1985)98

Thurstone Number Series þ Sohlberg (1985)98

Attention Span Test 6 Erlenmeyer-Kimling and Cornblatt (1978)99 (only on the
5-letter sequence with fast rate of presentation)

Auditory Constant Trigrams þ Rutschmann et al. (1980)100

Digit Span (with distraction) þ Cornblatt and Erlenmeyer-Kimling (1985)50

þ Harvey et al. (1981)101

Digit Span � Mednick and Schulsinger (1968)91

� Lifshitz et al. (1985)96

� Cosway et al. (2000)76

� Niendam et al. (2003)79

� Schubert et al. (2005)51

Dichotic Listening � Asarnow et al. (1978)93

� Orvaschel et al. (1979)102

þ Hallett et al. (1986)103 (abnormal asymmetry)
Information Overload þ Cornblatt and Erlenmeyer-Kimling (1984)104

Intentional Learning þ Driscoll (1984)105 (with distraction)
Working Memory Span

Counting Span þ Davalos et al. (2004)35

Sentence Span þ Davalos et al. (2004)35

Hayling Sentence Completion Test, Section A Time þ Byrne et al. (2003)78

Vigilance and Sustained Attention
Simple CPTs � Grunebaum et al. (1974)106 (6 year olds)

� Asarnow et al. (1977)107

� Cohler et al. (1977)108 (small sample)
� Rutschmann et al. (1986)109

� Nuechterlein (1983)110

Difficult CPTs
‘‘X’’ task (colors) þ Grunebaum et al. (1974)106 (difficult for 5 year olds)
Degraded Stimulus CPT þ Nuechterlein (1983)110

Playing Card CPT þ Rutschmann et al. (1977)111 (difficult for < 11 year olds)
þ Erlenmeyer-Kimling and Cornblatt (1992)112

Double Digit CPT þ Rutschmann et al. (1986)109 (ages 7–12)
CPT-IP þ Erlenmeyer-Kimling and Cornblatt (1982)113

þ Cornblatt et al. (1992)86

� Cosway et al. (2002)85

Other Attention Tasks
Selective Attention þ Schubert and McNeil (2005)51

Stop Task þ Davalos et al. (2004)35
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Table 1. Continued

Neuropsychological Function and Cognitive Tasks Significance Reference

Span of Apprehension þ Asarnow et al. (1978)93 (10 elements only)

Executive Functions
Concept Formation and Abstraction

Concept Attainment þ Asarnow et al. (1978)93

Object Sorting Test þ Winters et al. (1981)97

� Neale (1982)114 (trend for deviant subgroup)
Picture Arrangement þ Niendam et al. (2003)79

Wisconsin Card Sort þ Wolf et al. (2002)115

� Schubert and McNeil (2005)51

Verbal-Linguistic Ability
Comprehension � Niendam et al. (2003)79

Grammatical Reasoning þ Schubert and McNeil (2005)51

Information � Niendam et al. (2003)79

NART Reading þ Byrne et al. (2003)78

Speech Sounds Perception þ Hallett and Green (1983)116

Token Test þ Byrne et al. (2003)78

Verbal Fluency � Schubert and McNeil (2005)51

FAS � Byrne et al. (2003)78

Category Fluency þ Byrne et al. (2003)78

WAIS-R Vocabulary þ Byrne et al. (2003)78

WISC Vocabulary þ Niendam et al. (2003)79

þ Davalos et al. (2004)35

Thurstone Verbal Memory � Sohlberg (1985)98

Thurstone Word Grouping � Sohlberg (1985)98

Thurstone Letter Series þ Sohlberg (1985)98

Visual-Spatial Ability
Block Design þ Cosway et al. (2000)76

� Niendam et al. (2003)79

� Davalos et al. (2004)35

� Schubert and McNeil (2005)51

Paper Folding � Davalos et al. (2004)35

Thurstone Spatial Relations þ Sohlberg (1985)98

Bender Gestalt � Sohlberg (1985)98

Taylor Perceptual Closure Test þ Sohlberg (1985)98

General Intelligence (IQ)
Full-Scale or Estimate 6 Rieder et al. (1977)117

þ Neale et al. (1984)114

6 Goodman (1987)118 (youngest group only)
þ Schreiber et al. (1992)94 (especially VIQ)
þ Dworkin et al. (1993)119

þ Byrne et al. (2003)78

þ Cannon et al. (2000)120

þ Goldstein et al. (2000)49

� Klein and Salzman (1984)121

� Worland et al. (1984)122

� Sameroff et al. (1984)123

� Sohlberg and Yaniv (1985)124 (Raven’s Matrices)
� Sohlberg (1985)98

Declarative Memory
Verbal Story and List Recall

Story Recall with Distraction þ Lifshitz et al. (1985)96

Rey Auditory Verbal Learning þ Byrne et al. (2003)78

Rivermead Story þ Byrne et al. (2003)78

Word Pairs Test þ Schubert and McNeil (2005)51

Visual Recall
Memory for Designs � Orvaschel et al. (1979)102

Visual Reproductions þ Byrne et al. (2003)78

Motor Function
Individual Rhythm � Lifshitz et al. (1985)96

Mirror Drawing þ Lifshitz et al. (1985)96
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compared to controls.43–47 However, Ferrier et al.48

reported impairments on verbal and visual span tasks
in relatives of BP patients. In genetic HR studies of chil-
dren, the Harvard birth cohort study49 did not find sig-
nificant IQ deficits in HR-AFF children. Cornblatt and
Erlenmeyer-Kimling50 found some degree of attentional
deficits in those at HR-AFF, but it was of smaller
magnitude and less stable than that seen in HR-SCZ
offspring. Schubert and McNeil51 detected more
neuropsychological impairment in young adults at
HR-SCZ than HR-AFF but found comparable impair-
ment between groups in grammatical reasoning. Thus,
the extant literature suggests weaker neurocognitive
impairments in HR-AFF than HR-SCZ. Nevertheless,
more research is needed to clarify the neurocognitive
associations with HR-AFF and to identify what may
be specific to HR-SCZ.

Exploring neuropsychological differences in HR rela-
tives during adolescence is an important strategy for at
least 2 reasons. First, because it has been hypothesized
that HR subjects may be undergoing critical neuroma-
turational changes during adolescence,52–54 intensive
studies during this period could provide clues about
the pathophysiology and/or premorbid predictors of psy-
chosis. Second, because the period of maximal risk for
psychosis occurs during ages 20–30, studies beginning
shortly before this period, during the teen years, could
allow active assessment into the period when approxi-
mately 5–10% of genetically HR subjects are likely to
develop illness. In contrast, studies beginning in early
childhood have the complexity and financial expense
of a 15–25 year interval before participants enter the pe-
riod of highest risk.55 Studying premorbid differences
holds the potential to identify predictors of illness and
inform targets for prevention or early intervention.56

To enhance statistical power and generalizability, this
study combined baseline data from 2 genetic HR studies
that employed reasonably comparable ascertainment and
assessment methodologies: the Harvard Adolescent High
Risk Study (HAHRS) and the Hillside Family Study

(HFS). Moreover, as both studies have ascertained small
samples at HR for affective psychoses, combining the
samples allowed the creation of a modest sample of
HR-AFF to test specificity of neurocognitive deficits
for types of psychosis. Two primary hypotheses guided
our analyses. First, participants at HR for schizophrenia
would be significantly impaired in their neuropsycholog-
ical profile compared to community controls. Based on
the literature, we predicted that persons at HR for schizo-
phrenia would be significantly impaired compared to
controls on 4 dimensions: verbal ability, verbal declara-
tive memory, executive function/working memory, and
sustained attention. Second, in a more exploratory
vein (due in part to limited sample size and power), we
hypothesized that participants at HR for affective psy-
chosis would fall intermediate, between people at HR
for schizophrenia and controls, in these same domains
of neurocognitive functioning.

Method

Harvard Adolescent High Risk Study

Data collected in the HAHRS were ascertained from the
metropolitan Boston area between 1998 and 2004 (MH
43518; Tsuang and Seidman, PI). The subjects of this
study comprised 3 groups: biological children and sib-
lings of schizophrenia patient probands (HR-SCZ), bio-
logical children and siblings of affective psychosis patient
probands (HR-AFF), and biological children and sib-
lings of community control subject probands (CC). All
HR and CC participants were between the ages of 13
and 25 at the time of their neurocognitive assessments.
The HR-SCZ group consisted of 35 children and siblings
of 26 adult probands who were diagnosed according to
DSM-IV criteria57 with either schizophrenia (n = 22)
or schizoaffective disorder, depressed type (n = 4), using
the Diagnostic Interview for Genetic Studies (DIGS)58

and the Family Interview for Genetic Studies
(FIGS).59 Twenty-nine HR-SCZ were relatives of

Table 1. Continued

Neuropsychological Function and Cognitive Tasks Significance Reference

Finger Tapping � Schubert and McNeil (2005)51

Cerebral Asymmetry
Story Comprehension and Recall þ Hallet and Green (1983)116 (impaired binaural)

þ Hallet et al. (1986)103

Verbal Dichotic Listening � Hallet et al. (1986)103

Handedness þ Hallet and Green (1983)116

� Byrne et al. (1999)77

Note: þ indicates p < .05, genetic risk for schizophrenia group differed significantly from a control group; 6 = mixed results, with at
least one significant difference between groups on a number of scores from the same test; – indicates p > .05, no significant differences
between the genetic high risk and control group.
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persons with schizophrenia and 6 of persons with schizo-
affective disorder, depressed type. Seventeen of the
schizophrenia probands had diagnoses of paranoid
schizophrenia (with 20 HR-SCZ), and 5 had diagnoses
of undifferentiated schizophrenia, including one whose
other parent had schizoaffective disorder, depressed
type (with 9 HR-SCZ). The HR-AFF group consisted
of 6 children and siblings of 4 adult probands who
were diagnosed according to DSM-IV criteria with either
bipolar disorder with psychotic features (n = 2), schizo-
affective disorder, bipolar type (n = 1), or major depres-
sion with psychotic features (n = 1). The probands were
ascertained through hospitals and outpatient clinics in
and around Boston.

The community control group consisted of 54 children
of 34 control parent probands. The parents were diag-
nosed according to DSM-IV criteria with no mental ill-
ness (n = 24), major depressive disorder (n = 8), mood
disorder due to a general medical condition (n = 1), or
cannabis abuse (n = 1), using the DIGS and FIGS.
The adult control probands were drawn from respond-
ents to local newspaper advertisements and announce-
ments posted in the sites from which HR-SCZ probands
were recruited. The children and siblings of both sets
of probands were subsequently ascertained through their
related adult probands to determine their eligibility,
availability, and willingness to participate as subjects in
the study.

HR participants were excluded if they had any lifetime
diagnosis of psychotic illness, substance dependence, or
neurological disease, a history of head injury or medical
illness with documented cognitive sequelae, sensory
impairments, current psychotropic medication use, or
a full-scale IQ estimate of less than 70. Participants in
the control group were screened with the same criteria,
with an additional exclusion criterion of any first- or
second-degree biological relatives with lifetime history
of a psychotic disorder.

Offspring and siblings of control and schizophrenia
probands were screened for presence of psychosis with
the Washington University Kiddie Schedule for Affective
Disorders and Schizophrenia (WASH-U-KSADS).60

The Psychosis, Mood Disorders, and Substance Abuse
modules of the WASH-U-KSADS were administered
along with a Neurodevelopmental Questionnaire (a rat-
ing scale which has excellent reliability—intraclass corre-
lations above 0.95) to establish other inclusion and
exclusion criteria.

Subjects 18 and older gave informed consent, while
subjects younger than 18 years of age gave assent in con-
junction with informed consent provided by a parent.
Subjects received an honorarium for participating. The
study was approved by the human research committees
of the Massachusetts Mental Health Center, Massachu-
setts General Hospital, Harvard Medical School, and
other recruitment sites.

Hillside Family Study

Data collected in the HFS were ascertained from the
metropolitan New York area between 1995 and 2001
(Cornblatt, PI). The study was conducted at 2 sites,
the Elmhurst Hospital Center in Jackson Heights, NY,
between July 1, 1995 and July 1, 1996, and the Zucker
Hillside Hospital at the Long Island Jewish Medical
Center in Glen Oaks, NY, between July 1, 1996, and
June 30, 2001. The subjects of this study comprised 3
groups: 38 biological siblings of 29 schizophrenia patient
probands, 12 biological siblings of 11 affective psychosis
patient probands, and 63 biological siblings of 49 control
subject probands. The schizophrenia sample consisted
of patients with the following diagnoses: undifferentiated
type (n = 10), paranoid type (n = 7), disorganized type
(n = 3), schizoaffective disorder (n = 8), and schizophreni-
form disorder (n = 1). All HR participants were between
the ages of 12 and 22 at the time of ascertainment and
testing. Patient probands were diagnosed according to
the same criteria as in HAHRS for a current DSM-IV
Axis I diagnosis of schizophrenia, any subtype, schizoaf-
fective disorder (depressed subtype), or mood disorder
with psychosis at the time of ascertainment and enroll-
ment. HFS patient probands were primarily recruited
from the adolescent inpatient units at Elmhurst Hospital
and the Zucker Hillside Hospital in Queens, NY.

HFS participants who served as control subjects were
recruited in 2 ways: (1) by study staff using a modified
acquaintanceship method (ie, siblings of probands
were asked to refer friends, which yielded 4 participants);
and (2) as part of a department-wide effort to recruit
control subjects that included newspaper advertisements
and community flyers. The diagnostic exclusion criteria
for CC and HR participants were the same as in the
HAHRS, including no family history of psychosis for
CC. The nonpsychotic siblings of probands were subse-
quently ascertained through their related probands to de-
termine their eligibility and willingness to participate in
the study.

HFS diagnostic procedures included standard admin-
istration of the Kiddie Schedule for Affective Disorders
and Schizophrenia, Epidemiologic Version for DSM-IV
(K-SADS-E)61 to parents and probands in separate inter-
views. Interviewers were at the master’s level (or equiva-
lent, relevant professional experience) and trained in the
use of the K-SADS-E in consultation with Dr Orvaschel.
Both parental and proband report of history and symp-
toms, as well as all available clinical information (typi-
cally from inpatient evaluation and treatment records),
were used to make diagnoses. Consensus ratings on all
Axis I diagnoses were made with Dr Jeremy Silverman,
Ph.D., a study-independent consulting expert diagnosti-
cian experienced with family studies of schizophrenia
and schizotypal personality disorder. Dr Silverman met
with interviewers after the interview was completed,
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reviewed a detailed report of the interview, and con-
firmed or altered the diagnosis assigned by the study
interviewer. Local institutional review boards (IRB)
approved the projects conducted at their site. IRB
assent and consent procedures were comparable to the
HAHRS.

Combined Study Sample

The principal investigators (Drs Seidman and Cornblatt)
obtained IRB permission from their respective sites to
combine data from the sites after removing any identify-
ing information. The final de-identified samples were cre-
ated by combining data from the 2 studies after excluding
a number of subjects because of missing data (detailed
below). Neuropsychological test performance data
were available for 208 participants: 73 HR-SCZ, 18
HR-AFF, and 117 ‘‘low-risk’’ CC. Secondary analyses
contained a smaller sample of controls to better equate
groups on demographics (see data analysis below). All
participants were English-speaking and between the
ages of 12 and 25.

Neuropsychological Measures

Each study site contained distinct and overlapping tests
in their neuropsychological battery. Of the 22 measures
administered by the HAHRS and the 26 measures admin-
istered by the HFS, 10 tests were regarded as sufficiently
comparable in terms of their administration and scoring
procedures to be included in data combination and anal-
yses. To facilitate the interpretation of results, differences
in test forms and administration procedures between
study sites for these tests are described.

Both sites administered 4 subtests from different ver-
sions of the Wechsler Intelligence Scales, including Vo-
cabulary, Block Design, Digit Span, and Digit Symbol.
Both sites employed the Wechsler Intelligence Scale for
Children—Third Edition (WISC-III)62 when assessing
youth (HAHRS < 17 years old; HFS < 16 years old).
The HAHRS used the Wechsler Adult Intelligence
Scale–Third Edition (WAIS-III)63 for participants age
17 and older, while the HFS, having been initiated earlier,
employed the Wechsler Adult Intelligence Scale–Revised
(WAIS-R)64 version of these subtests for participants age
16 and older. Both sites employed the Wide Range
Achievement Test—Revision 3 (WRAT-3)65 Reading
subtest; however, the HAHRS used the Blue form for
all participants, while the HFS alternated its use of
Blue and Tan forms.

Both sites used the same model of the Grooved Peg-
board (Lafayette Model 32025), with minor differences
in administration procedures. Regarding the computer-
administered Continuous Performance Test—Identical
Pairs (CPT-IP),66 the HAHRS used extended trials of

the shapes and 4-digit conditions (ie, 300 of each instead
of the more standard 150 trials), while the HFS admin-
istered its standard battery in addition to other condi-
tions. Thus, only the first 150 trials of each condition
(which were the initial trials in both tests at both sites)
were included for the purpose of combining and analyz-
ing data. Stimulus presentation and interstimulus interval
times were equivalent, as were other standard task ad-
ministration procedures. (Dr Cornblatt was a consultant
to the HAHRS from the beginning of the study for the
CPT-IP to ensure comparability between sites.) For
the Trail Making Test (TMT), both Parts A and B
were administered in standard fashion by both study
sites,67 and time to completion was recorded; however,
the HAHRS used the Adult version of the task for all par-
ticipants, while the HFS used the Intermediate version of
the TMT for participants younger than 15 years old.
Data from the TMT Parts A and B were combined by
creating z-scores for each subgroup based on site- and
age-specific control subjects.

For the domain of verbal declarative memory, the sites
employed different versions of story memory measures.
The HAHRS used Logical Memory I and II subtests
from the Wechsler Memory Scale—Third Edition
(WMS-III)68 for participants 17 years or older and the
Story Memory (Immediate and Delayed) subtests from
the Children’s Memory Scale (CMS)69 for participants
age 13–16. Given that the HFS study was initiated earlier,
the HFS used the Logical Memory I and II subtests from
the Wechsler Memory Scale—Revised (WMS-R)70 for all
subjects. Each measure requires administration of 2 sto-
ries. However, the WMS-III requires a second adminis-
tration of its second story, and the WMS-R/III and CMS
make use of stories with a different number of total
‘‘units’’ for which raw score credit can be earned. To
maximize comparability of measurement across studies,
only the immediate recall condition for each story (heard
the first time) was included in the data combination.
Moreover, since the adult and child tests present a
different number of story details, participants’ total
raw scores on each measure were calculated as a percent-
age of story units recalled from both stories (‘‘percentage
recalled’’).

Lastly, each study site employed a slightly different
version of the Controlled Oral Word Association test
(COWA), a measure of phonemic verbal fluency. The
HAHRS employed the letters FAS71 in its administration
of the test, while the HFS used PRW or CFL72 in alter-
nating fashion. Despite these differences, it was regarded
as reasonable to combine the data between sites for 3 rea-
sons: administration procedures were entirely equivalent;
the PRW and CFL conditions were designed to be com-
parable; and the few studies that have been conducted
comparing the PRW/CFL conditions to the FAS condi-
tion in psychiatric and nonpsychiatric samples generally
document little difference between them.73
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Data Analyses: Multivariate Data Reduction of
Neuropsychological Measures

The 13 scores from the 10 tests used in this study were
combined into 6 summary domains, using a similar
grouping structure for domains that have been used in
studies focusing on adult relatives of patients with schizo-
phrenia.74 The 13 variables were standardized using the
means and standard deviations of the CC group, which
resulted in z-scores with the CC having a mean of 0 and
a standard deviation of 1. The variables were then orga-
nized as unweighted linear combinations into the 6 neu-
rocognitive domains: Verbal Ability (based on the
average of the WRAT-3 Reading and Wechsler Vocab-
ulary z-scores), Visual-Spatial Ability (consisting of
Wechsler Block Design), Verbal Memory (consisting of
the Logical or Story Memory I immediate story recall
percentage), Executive Functioning/Working Memory
Functioning (composed of Trail Making Test B time
to completion, total words generated on the Controlled
Oral Word Association test, Wechsler Digit Symbol and
Digit Span subtest z-scores divided by 4), Motor Func-
tioning (based on the average of Trail Making Test A
time to completion and the Grooved Pegboard Right
and Left z-scores), and Sustained Attention (consisting
of the average of the 2 CPT-IP z-scores).

Final Sample Composition

After deletion of 6 cases with greater than 50% missing
data on neurocognitive measures, the majority (87.9%)
of the remaining 208 cases in the combined data set
had complete data on all 13 individual neurocognitive
variables. Preliminary analyses comparing groups on de-
mographics using this sample revealed that there were
significant differences on age and parental education in
which controls were younger (F(2,205) = 5.13, p = .007)
and their parents were significantly more educated
(F(2,205) = 12.3, p < .001) than HR groups. In testing
the effects of age and parental education on neuropsy-
chological outcomes, age had minor effects on statistical
significance, but not surprisingly, parental education had
a highly significant attenuating effect on group differen-
ces. Given the fact that we initially had a large control
group (n = 117), we chose to systematically delete the con-
trols with the highest parental education in order to de-
mographically match controls with HR participants. Our
criteria included the goal of maintaining matching on
other demographics (eg, sex), reasonable parity between
the 2 sites in regard to percentage of controls excluded
from the sites, and blindness to the level of neuropsycho-
logical performance. We deleted 33 CCs, leaving a control
group (n = 84) roughly comparable to the total number of
HR participants (n = 91). Although our deletion strategy
took into account the contributions of the 2 sites such
that we attempted to delete equal percentages, we
retained a slightly higher percentage of CCs from the

HFS site (77.8%) than the HAHRS site (64.8%). Finally,
because a subset of CCs (n = 12) had a parent with a his-
tory of depression that could potentially affect neurocog-
nitive functioning, we compared groups with and without
these subjects.

Replacement of Missing Data

Because a small amount of data was missing on some
neuropsychological tests (2.4% overall), with the highest
percentage on the only computerized test, the CPT-IP
(with 6.9–8.0% missing on the shapes and digits trials, re-
spectively), data imputation methods were employed to
control case deletion in multivariate analyses. Data
were imputed by individually regressing the incomplete
variables on predictors including demographic variables
(ie, age, sex, and mean parental education), Vocabulary
and Block Design scaled scores, and related variables
(based on significant bivariate correlations). Nine sub-
jects were missing parental education data (7 from the
HR-SCZ group and 1 each from the HR-AFF and CC
groups), and these were replaced by the group mean.

Statistical Analyses

Continuously distributed demographic variables, includ-
ing age, education, and mean parental education (calcu-
lated as the average of both parents’ highest years of
education completed or a parent’s highest level of educa-
tion completed in those cases with only 1 parent’s level of
education available), were compared between high-risk
and control groups and across study sites using 2-way
analysis of variance, while categorical demographic var-
iables, including sex, handedness, and ethnicity, were
compared between the groups using chi-square tests.
In addition, site was entered in the initial models to ex-
amine site difference effects on the neurocognitive varia-
bles. While there were significant site effects for a few
tests, there were no group by site interactions, and site
was thus dropped from subsequent analyses to maintain
optimal statistical power and simplify the presentation of
results.

Comparison of the 3 groups on overall neuropsycho-
logical functioning was conducted by using multivariate
analysis of variance (MANOVA) followed by analysis of
covariance (MANCOVA). Although group matching
eliminated significant group differences on age and pa-
rental education, we continued to test effects controlling
for these variables, as they are associated with neurocog-
nitive functioning. The 6 cognitive domain scores were
subsequently analyzed by analysis of variance (ANOVA).
Analyses addressed the nonindependence of observa-
tions within families by adjusting variance estimates us-
ing a mixed model procedure (PROC MIX) in Statistical
Analysis System (SAS) Version 8.01 that assumed that
the covariance within a family is the same for each fam-
ily member (ie, compound symmetry) with Huber’s
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(1967) formula,75 a theoretical bootstrap procedure that
computes accurate estimates of variance for clustered
data. This method enters cluster scores (ie, the sum ofscores
within families) instead of individual scores into the for-
mula for the estimate of the variance in the general linear
model. Univariate analyses of individual domains and
test scores followed the same procedures as above,
controlling for nonindependence of observations within
families. Statistical significance was set at p < .05 using
2-tailed tests. Effect size estimates were calculated with
Cohen’s d (mean of the control group minus mean of the
HR group divided by the pooled standard deviation).

Results

Demographic Characteristics

As Table 2 shows, comparing HR participants with CCs
revealed no significant group differences (p > .05) in

either site or in the combined sample, and there were
no site by group interactions on any of the demographic
variables (ie, age, education, sex, ethnicity, handedness,
or parental education). There were site differences in
that HFS participants had significantly more parental ed-
ucation than HAHRS participants. Because we were in-
terested in maximizing power by assessing the combined
sample, we did not enter site into the analyses of neuro-
psychological data that are presented. However, we con-
trolled for parental education and age. Demographic
characteristics are summarized in Table 2.

Neuropsychological Functioning (Overall Profile
Analysis)

AsTable3shows,resultsofMANOVArevealedthat,com-
pared with the CC group, the HR-SCZ group was signif-
icantly impaired in the neurocognitive domains, while the
HR-AFF group showed a trend toward neurocognitive

Table 2. Demographic Characteristics of HR-SCZ, HR-AFF, and CC Groups

Total Sample

HR-SCZ HR-AFF CC
(n = 73) (n = 18) (n = 84)
Mean (SD) Mean (SD) Mean (SD) Test Statistic p

Age 18.1 (3.5) 17.7 (3.7) 16.9 (3.2) F = 2.03 .135
Subject Education 10.8 (2.4) 11.2 (3.6) 10.9 (2.9) F = .066 .937
Parental Education 13.2 (2.8) 13.8 (3.7) 14.2 (2.4) F = 2.65 .073
Female (%) 42 (57.5%) 14 (77.8%) 47 (56.0%) v2 = 3.01 .222
Caucasian (%) 38 (52.1%) 11 (61.1%) 42 (50.0%) v2 = .733 .693
Right-handed (%) 61 (83.6%) 16 (88.9%) 72 (85.7%) v2 = 2.12 .715

Harvard Adolescent High Risk Study

HR-SCZ HR-AFF CC
(n = 35) (n = 6) (n = 35)
Mean (SD) Mean (SD) Mean (SD) Test Statistic p

Age 19.1 (3.8) 17.6 (3.6) 17.7 (4.0) F = 1.13 .328
Subject Education 10.9 (2.5) 9.8 (3.3) 11.3 (3.4) F = .627 .537
Parental Education 12.7 (2.7) 11.2 (4.3) 13.5 (2.7) F = 1.94 .151
Female (%) 20 (57.1%) 4 (66.7%) 20 (57.1%) v2 = 1.09 .579
Caucasian (%) 20 (57.1%) 3 (50.0%) 20 (57.1%) v2 = .044 .978
Right-handed (%) 31 (88.6%) 5 (83.3%) 30 (85.7%) v2 = 2.60 .627

Hillside Family Study

HR-SCZ HR-AFF CC
(n = 38) (n = 12) (n = 49)
Mean (SD) Mean (SD) Mean (SD) Test Statistic p

Age 17.1 (2.9) 17.7 (3.9) 16.3 (2.3) F = 2.42 .174
Subject Education 10.7 (2.3) 11.8 (3.7) 10.5 (2.4) F = 1.29 .280
Parental Education 13.7 (2.8) 14.7 (3.1) 14.6 (2.2) F = 1.62 .204
Female (%) 22 (57.9%) 10 (83.3%) 27 (55.1%) v2 = 2.03 .362
Caucasian (%) 18 (47.4%) 8 (75.0%) 22 (44.9%) v2 = 1.14 .566
Right-handed (%) 30 (78.9%) 11 (91.7%) 42 (85.7%) v2 = .822 .935

Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community control.
For the Total Sample analyses, there is a site effect for parental education (F = 11.78, p = .001). There were no other significant site or
group by site interactions.
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impairment. There were no significant differences be-
tween HR-SCZ and HR-AFF groups across neurocog-
nitive domains. These results remained significant when
covarying age and mean parental education.

Neuropsychological Functioning (Specific Domain and
Individual Test Analyses) for n = 84 Community
Control Sample

Table 4 displays means and standard deviations for the 6
neurocognitive factors (in z-score units), and means and
standard deviations for individual test scores by group (in
their original metric based on original, nonimputed data,
so n’s are reduced slightly for the individual test score
analyses). As Table 4 and Figure 1 show, compared
with controls, participants at HR-SCZ were significantly
impaired in Verbal Ability (d =.73) and Executive Func-
tioning/Working Memory (d =.47). Performance was
nonsignificantly poorer in Verbal Memory (d = .27)
and Visual-Spatial Ability (d =.22). The HR-SCZ and
CC groups were virtually identical on the Motor (d =
.03) and Sustained Attention (d = .08) domains. Perfor-
mance between groups on the individual component tests
in the Verbal Ability domain, the WRAT-3 Reading and
Wechsler Intelligence Scale Vocabulary subtests, and the
verbal fluency test of the Executive Functioning/Working
Memory domain was significantly lower in the HR-SCZ
group than in CCs.

Compared with controls, participants at HR-AFF
were significantly impaired only in the Verbal Ability do-
main (d = .64). At the individual test level, HR-AFF par-
ticipants were impaired on the Vocabulary (d =.73) and
Digit Span (d = .47) subtests, and marginally better (p =
.063) than CCs on the Digit Symbol subtest (d = .51).

There were no significant domain differences between
HR-SCZ and HR-AFF groups; however, at the individ-
ual test level the HR-AFF group performed significantly
better than the HR-SCZ group on the Digit Symbol sub-
test (d = .79).

Neuropsychological Functioning for n = 72 Community
Control Sample

Analyses used parental education and age as covariates
(parental education was significantly higher in CCs after
excluding controls with a parent with a diagnosis of de-
pression: F(2,160) = 3.49, p = .033). Compared with CCs,
HR-SCZ remained significantly different on Verbal Abil-
ity (d =.84) and Executive Functioning/Working Memory
(d =.54) (see Table 5). In addition, members of the HR-
SCZ group performed significantly lower on Verbal
Memory (d =.39) and marginally less well on Visual-
Spatial Ability (p = .061). Consistent with prior analyses,
individuals at HR-AFF performed significantly lower on
Verbal Ability than CCs (d =.76). Although the HR-AFF
individuals were not significantly lower than controls on
overall Executive Functioning/Working Memory, they
were now significantly lower on Digit Span performance
(d = .53).

Discussion

As predicted, HR-SCZ subjects were significantly
impaired on neuropsychological functioning compared
with low-risk community controls after statistically
adjusting for age, parental education, and correlated
data within families. HR-AFF participants showed
slightly less impairment overall but were not significantly
different when compared with HR-SCZ. Those at HR-
SCZ demonstrated an overall difference in neurocogni-
tive function, marked especially by impairments in
Verbal Ability and Executive Functioning/Working
Memory. HR-AFF showed reliable deficits in Verbal
Ability only, and there were no significant differences be-
tween the high-risk groups at the domain level, though
the HR-SCZ group performed worse than the HR-AFF
group on the Digit Symbol/Coding task. HR-SCZ
performed significantly worse than controls in Verbal

Table 3. Overall Neurocognitive Functioning Between Groups: Multivariate Comparisons With and Without Covarying (on Group Only)
Age and Parental Education

HR-SCZ vs CC HR-AFF vs CC HR-SCZ vs HR-AFF

Group Comparison F df p F df p F df p

Group 5.80 6/150 <.001 1.81 6/95 .106 .516 6/82 .795

Study Site 3.01 6/148 .008 2.19 6/93 .051 2.14 6/82 .058

Group 3 Site .951 6/148 .461 .920 6/93 .485 .992 6/82 .436

Group Effects After Covariates

Age 6.31 6/149 <.001 1.73 6/94 .123 .687 6/83 .661

Parental Education 4.70 6/149 <.001 1.82 6/94 .104 .494 6/83 .811

Age and Parental
Education

5.05 6/148 <.001 1.65 6/93 .142 .647 6/82 .692

Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls.
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Memory and marginally worse in Visual-Spatial func-
tions in analyses modified by excluding subjects who
had parents with diagnoses of depression. The effects
for these differences were large for Verbal Ability
(d> .70) and medium for Executive Functioning/Working
Memory, Visual-Spatial Ability, and Verbal Memory
(d = .30 to .54). Surprisingly, and contrary to our a priori
hypothesis, this study found no group differences on the
CPT-IP; the CPT-IP had been identified as a robust in-
dictor of genetic risk for schizophrenia in several prior
studies26 with the notable exception of the Edinburgh
HR study.76

Neuropsychological Functioning in HR-SCZ

Based on prior genetic HR studies, the impairments in
verbal-linguistic functions are expected for those at
HR-SCZ. A number of recent studies have documented
impairments in verbal expressive functions such as
Vocabulary or single word reading,35,77–79 and adult

relatives also tend to be impaired on WRAT-3 Reading

(d = .50).26 At the same time, it is important to note that

our HR groups’ mean Vocabulary and WRAT-3 Read-

ing standard scores were in the average range and do not

necessarily represent clinically significant impairments in

most subjects. The difficulty in verbal fluency has been

less frequently studied in HR children, but it has a robust

effect size in adult relatives (d = .48), and it is one of the

most severe impairments in patients with schizophrenia.7

Reduced ability to access semantic information storage

systems with normal efficiency is typically regarded as

the basis of this deficit.80 In addition, a number of other

HR studies reported impaired full-scale IQ, with larger

effects in verbal than visual-spatial abilities. This pattern

is consistent with Crow’s (1990)81 long-standing hypoth-

esis of temporal lobe asymmetries in the etiology of

schizophrenia and associated greater verbal impairment

in the risk for schizophrenia.

Table 4. Neurocognitive Domain and Individual Test Scores Among High-Risk and Community Control (n = 84) Groups

Domaina/Individual
Test Variableb

HR-SCZ (1) HR-AFF (2) CC (3) Pairwise Comparisonsc

n Mean (SD) n Mean (SD) n Mean (SD) 1–2 dd 1–3 dd 2–3 dd

Verbal Ability 73 �.64 (.77) 18 �.51 (1.24) 84 0.0 (.91) .661 .09 <.001 .73 .015 .64
WRAT-3 Reading SS 73 99.5 (11.4) 18 101.9 (17.5) 84 107.2 (11.6) .602 .14 <.001 .57 .102 .44
Vocabulary ScS 73 9.2 (2.6) 18 9.4 (3.7) 83 11.3 (3.5) .841 .02 <.001 .73 .005 .73

Visual-Spatial 73 �.22 (.66) 18 �.19 (1.03) 84 0.0 (1.00) .961 .02 .179 .22 .421 .24
Block Design ScS 72 9.4 (2.4) 18 9.4 (3.6) 83 10.1 (3.5) .961 .02 .179 .22 .421 .24

Verbal Memory 73 �.24 (.97) 18 .04 (.93) 84 �.001 (1.00) .321 .28 .067 .27 .978 .01
Story Recall

Percentage
72 .47 (.13) 18 .50 (.13) 84 .50 (.13) .321 .28 .067 .26 .978 .01

Executive Functioning/
Working Memory

73 �.31 (.64) 18 �.09 (.64) 84 0.0 (.74) .207 .31 .006 .47 .540 .16

COWA Raw Score 73 34.2 (10.8) 18 35.2 (11.5) 84 37.4 (10.9) .780 .08 .034 .37 .271 .29
Digit Span ScS 73 10.3 (2.9) 18 9.6 (2.2) 82 11.0 (3.4) .326 .25 .158 .22 .047 .47
Coding/Digit Symbol ScS 72 9.2 (2.9) 18 11.5 (2.9) 82 10.0 (3.0) .004 .79 .067 .29 .063 .51
TMT-B (sec) 73 65.9 (25.0) 18 60.3 (31.7) 83 58.8 (36.3) .558 .12 .347 .13 .831 .01

Motor 73 .02 (.85) 18 �.04 (1.13) 84 .01 (.72) .967 .10 .844 .03 .643 .07
Grooved Pegboard

R (sec)
69 71.7 (17.7) 18 73.2 (17.9) 79 70.6 (13.5) .847 .13 .709 .06 .395 .19

Grooved Pegboard
L (sec)

69 78.3 (19.1) 18 75.2 (19.4) 79 78.7 (16.8) .556 .15 .603 .10 .415 .24

TMT-A (sec) 73 27.2 (8.5) 18 27.5 (12.9) 83 27.6 (12.4) .568 .08 .312 .15 .643 .06

Sustained Attention 73 �.0007 (.76) 18 .22 (.79) 84 0.0 (.92) .296 .30 .668 .08 .534 .21
CPT-IP Digits d’ 66 1.6 (.92) 18 1.8 (.76) 77 1.6 (1.01) .473 .20 .706 .09 .641 .11
CPT-IP Shapes d’ 66 1.7 (.83) 18 1.9 (.90) 79 1.7 (.97) .271 .33 .674 .08 .490 .25

Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls.
aNeurocognitive domain scores are z-scores.
bIndividual test scores reflect the actual number of subjects prior to the imputation of missing data. WRAT-3 score is a standard score
(SS); subtests of the WISC-III/WAIS-R/WAIS-III (Vocabulary, Block Design, Coding/Digit Symbol) are (age-corrected) scaled scores
(ScS); Story Recall Percentage is the percentage of units recalled on immediate recall condition for CMS Stories/WMS-R and WMS-III
Logical Memory I; COWA (Controlled Oral Word Association test) is a raw score (total words generated); Grooved Pegboard and
TMT raw scores are in seconds; CPT-IP values are d’.
c1–2 = HR-SCZ vs HR-AFF; 1–3 = HR-SCZ vs CC; 2–3 = HR-AFF vs CC, controlling for subject age, mean parental education, and
correlated data in a mixed model; statistically significant comparisons (p < .05) are in boldface.
dd = Cohen’s d based on least squared means, controlling for subject age and mean parental education.
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The results regarding group differences in Verbal
Memory were somewhat equivocal. That is, the impair-
ment in HR-SCZ ranged from an effect size of d = .27
with the full group of controls to d = .39 with the smaller
control group, which excluded participants with a family
history of depression. The literature suggests an average
effect size of about .5–.6 for verbal declarative memory
tests in adult relatives of SCZ, which would have pro-
duced significant findings in this study. It is likely that
a number of issues may have played a role in attenuating
the results. These include combining different tasks and
operationalizing the variable as immediate recall percent-
age (rather than as standard scores whose associated raw
score values are not linearly distributed). In addition, an
inability to make use of the delayed recall condition may
have reduced sensitivity to deficit. Finally, the HAHRS
and HFS studies used different types of word list-learning
tasks that could not be combined. This was a limitation as
the list-learning task used in HAHRS yielded significant
results. Thus, we were limited in being able to use tasks
that may have optimally stressed a vulnerable declarative
memory system.

The small to moderate effect sizes in the Motor and
Visual-Spatial domains (although the latter showed
a trend in group comparisons based on the modified con-
trol group) is not unexpected as these tasks have been
shown to have small to modest effect sizes in adult studies
and in children at risk for psychosis (see Table 1): Peg-
board tasks (d = .18 and .26 for dominant and nondom-
inant hands, respectively) and Block Design (d = .34).26 In
general, motor abnormalities, which tend to be robust in
young HR children, are not typically impaired in teen-
agers and young adults at genetic risk.23

The results for the CPT-IP were particularly surpris-
ing. No differences were found on the major performance
indices for either of the 2 HR groups when compared
with normal controls or with each other. In past studies,
impaired sustained attention, as measured by numerous
variants of the Continuous Performance Test, has been
found to be one of the most robust cognitive dysfunctions
associated with schizophrenia (see Cornblatt and Keilp
1994 for a review27). In particular, the Identical Pairs ver-
sion of the CPT (CPT-IP) was very successful in identi-
fying attentional vulnerability markers in children,
adolescents, and young adults; this was especially true
in first generation (1970s–1990s) of schizophrenia high-
risk studies.27,34,82–84 More recently, however, inconsis-
tent findings have been reported, including those pre-
sented here and by Cosway et al. (2002).85

A number of speculative possibilities may account for
the recent negative CPT-IP findings. First, and perhaps
most significantly, the results reported here (and from the
Edinburgh study) are cross-sectional. The CPT-IP has
been most effective in predicting later behavioral difficul-
ties, particularly emerging social impairments and adult
social isolation.34,50,86 The mix of true positives to false
positives in the current sample is as yet unknown. As a re-
sult, predictive accuracy cannot be evaluated and awaits
later follow-up. Another possibility includes the opera-
tion of significant cohort effects. Computerized visual at-
tention tasks were novel when introduced in the first
generation of HR studies. However, it is possible that
these tasks tap a now relatively overlearned and well-
developed skill set (derived from high exposure to
visually based computer games that reward reaction
time and accurate visual discrimination/working

Standardized Neurocognitive Domain Scores:

Community Controls (CC) v. HR-SCZ v. HR-AFF 
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Fig. 1. Group Standardized Neurocognitive Domain Scores: Community Controls (CC) vs HR-SCZ vs HR-AFF.
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memory), thus obscuring subtle deficits; this may be
especially true of adolescents and young adults in the cur-
rent generation. In addition, there is a substantial differ-
ence in the way IQ is managed in the most recent wave of
HR studies. From a neurocognitive perspective, first-
generation HR studies employed the perspective that
a normal control group matched for the low IQ that char-
acterizes many HR individuals was not representative of
the general population, and this matching was therefore
problematic in its own right. In the newer generation HR
studies perspectives have changed, and it is now consid-
ered important to match on IQ or some measure of po-
tential ability. Since attention is one of the building
blocks of IQ, by controlling for IQ, attention may be
highly affected and group differences minimized. Al-
though we did not match for IQ per se, our matching
for parental education is a reasonable proxy for this
strategy.

Neuropsychological Functioning in HR-AFF

Results with persons at HR-AFF suggest that neurocog-
nitive impairments may be part of the vulnerability to af-

fective psychoses and that further research is required to
clarify this association. While only the Verbal Ability
function was significantly impaired, the pattern was quite
similar to that observed in HR-SCZ, but to a lesser de-
gree. Regarding the Digit Span task, on which the HR-
AFF group differed significantly from the modified
control group, the HR-AFF had a slightly lower perfor-
mance than HR-SCZ. This is interesting because earlier
findings from the New York HR study showed greater
attention deficits in those at HR-SCZ than HR-AFF.
While the HR-AFF sample size is too small to draw
firm conclusions, if these results hold up with larger
samples or in other samples, one may look to changes
in diagnostic practices as a possible explanation. One
probable difference between current and earlier genera-
tion HR studies is that diagnostic criteria and practices
used to distinguish schizophrenia from affective psycho-
ses changed significantly with the inception of the DSM-
III in 1980. Most first-generation HR studies (reviewed in
Table 1 of Niemi et al.30) began selection of HR subjects
prior to 1980. It is possible that probands formerly con-
sidered to have schizophrenia have a higher likelihood of
an affective psychosis diagnosis today.

Table 5. Neurocognitive Domain and Individual Test Scores Among High-Risk and Community Control (n = 72) Groups

Domaina/Individual Test
Variableb

HR-SCZ (1) HR-AFF (2) CC (3) Pairwise Comparisonsc

n Mean (SD) n Mean (SD) n Mean (SD) 1–2 dd 1–3 dd 2–3 dd

Verbal Ability 73 �.79 (.79) 18 �.64 (1.3) 72 0.0 (.91) .661 .09 <.001 .84 .007 .76
WRAT-3 Reading SS 73 99.5 (11.4) 18 101.9 (17.5) 72 108.1 (11.8) .602 .13 <.001 .61 .071 .48
Vocabulary ScS 73 9.2 (2.6) 18 9.4 (3.7) 71 11.8 (3.2) .841 .02 <.001 .91 .001 .90

Visual-Spatial 73 �.35 (.71) 18 �.32 (1.1) 72 0.0 (1.0) .961 .02 .061 .34 .294 .36
Block Design ScS 72 9.4 (2.4) 18 9.4 (3.6) 71 10.4 (3.3) .961 .01 .061 .35 .294 .36

Verbal Memory 73 �.36 (1.0) 18 �.08 (.98) 72 0.0 (1.0) .321 .29 .020 .39 .747 .11
Story Recall Percentage 72 .47 (.13) 18 .50 (.13) 72 .51 (.13) .321 .29 .020 .38 .747 .11

Executive Functioning/
Working Memory

73 �.36 (.64) 18 �.14 (.64) 72 0.0 (.73) .207 .23 .003 .54 .378 .32

COWA Raw Score 73 34.2 (10.8) 18 35.2 (11.5) 72 38.0 (10.9) .780 .09 .020 .43 .250 .34
Digit Span ScS 73 10.3 (2.9) 18 9.6 (2.2) 70 11.2 (3.4) .326 .25 .140 .28 .034 .53
Coding/Digit Symbol ScS 72 9.2 (2.9) 18 11.5 (2.9) 70 10.2 (3.0) .004 .79 .048 .34 .104 .44
TMT-B (sec) 73 65.9 (25.0) 18 60.3 (31.7) 71 54.5 (30.1) .558 .14 .137 .27 .648 .13

Motor 73 �.07 (.88) 18 �.11 (1.2) 72 0.0 (.71) .967 .08 .790 .03 .523 .11
Grooved Pegboard R (sec) 69 71.7 (17.7) 18 73.2 (17.9) 67 69.9 (13.6) .847 .13 .718 .09 .333 .22
Grooved Pegboard L (sec) 69 78.3 (19.1) 18 75.2 (19.4) 67 77.4 (15.2) .556 .15 .748 .05 .572 .20

TMT-A (sec) 73 27.2 (8.5) 18 27.5 (12.9) 71 25.9 (11.4) .568 .08 .715 0.0 .733 .08
Sustained Attention 73 �.06 (.78) 18 .17 (.82) 72 0.0 (.92) .296 .30 .443 .17 .720 .13

CPT-IP Digits d’ 66 1.6 (.92) 18 1.8 (.76) 65 1.6 (.97) .473 .20 .640 .11 .677 .09
CPT-IP Shapes d’ 66 1.7 (.83) 18 1.9 (.90) 67 1.8 (.95) .271 .33 .346 .18 .742 .15

Note: HR-SCZ = genetic high-risk for schizophrenia; HR-AFF = genetic high-risk for affective psychosis; CC = community controls.
aNeurocognitive domain scores are z-scores.
bIndividual test scores reflect the actual number of subjects prior to the imputation of missing data. WRAT-3 score is a standard score
(SS); subtests of the WISC-III/WAIS-R/WAIS-III (Vocabulary, Block Design, Coding/Digit Symbol) are (age-corrected) scaled scores
(ScS); Story Recall Percentage is the percentage of units recalled on immediate recall condition for CMS Stories/WMS-R and WMS-III
Logical Memory I; COWA (Controlled Oral Word Association test) is a raw score (total words generated); Grooved Pegboard and
TMT raw scores are in seconds; CPT-IP values are d’.
c1–2 = HR-SCZ vs HR-AFF; 1–3 = HR-SCZ vs CC; 2–3 = HR-AFF vs CC, controlling for subject age, mean parental education, and
correlated data in a mixed model; statistically significant comparisons (p < .05) are in boldface.
dd = Cohen’s d based on least squared means, controlling for subject age and mean parental education.
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Strengths and Limitations of the Study

This study has a number of strengths, including a rela-
tively large sample size of people at HR for schizophrenia
and community controls, and a relatively extensive neu-
ropsychological battery covering a range of functions.
Moreover, our combined control group ascertainment
was not ‘‘asymmetric’’ with respect to our HR ascertain-
ment, an issue addressed in some detail by Snitz et al.26

That is, controls at both sites were selected for participa-
tion by differing from HR subjects only on 1 exclusion
criterion: controls could not have a family history of psy-
chosis in first- or second-degree relatives. There were no
additional exclusion criteria that were typically imposed
in past studies, such as ruling out controls with Axis I
disorders, a criterion that tends to yield a ‘‘super-normal’’
control group. The latter ascertainment method is likely
to (1) exaggerate group differences and inflate associated
effect sizes and (2) leave the scientific community unable
to interpret the findings as related specifically to HR sta-
tus rather than the nonspecific psychopathology that is
typically greater in HR relatives. In the HAHRS the con-
trol group consisted of offspring of parents, one-third of
whom had an Axis I diagnosis, mainly a history of major
depression. In the HFS a number of controls had nonpsy-
chotic psychiatric diagnoses. Thus, the studies’ subject se-
lection strategy supports increased confidence that any
differences are more likely due to HR status and not non-
specific psychopathology. On the other hand, some might
argue that our rate of major depression in the parents was
higher than expected in the general population and that
our original control group, in essence, contained cases
too similar to the affected groups. We addressed these
issues by carrying out analyses with both broad and nar-
rower control samples, which yielded somewhat different
and informative outcomes. These results underscore the
importance of control selection criteria and add to the
general conclusion that genetic risk for affective disorder,
including nonpsychotic types, has a negative effect on
neurocognitive function. This provides further support
for the importance of studying this group.

The actual performance of the controls on the mea-
sures reported in this article was generally in the average
range, also arguing against a super-normal control
group. Moreover, our results are quite comparable in
many respects to those derived from the Edinburgh
HR study, a project that is part of the more recent gen-
eration of HR projects. Most notable are the comparable
verbal deficit and absence of impairment on the CPT-IP
in the 2 studies.

Another strength of this study was the inclusion of an
HR-AFF comparison group. While the small sample size
likely reduced power to detect statistically significant be-
tween-group differences at p < .05, Figure 1, which shows
standardized scores, supports the notion that the HR-
AFF group was only slightly less impaired than HR-

SCZ. Moreover, the MANCOVA directly comparing
HR-SCZ and HR-AFF was clearly nonsignificant. These
pilot results support the importance of further study of
neuropsychological vulnerabilities in risk for affective
psychosis. A limitation was the relatively small sample
and the combination of HR-AFF subjects from bipolar
and unipolar psychotic probands. Larger samples of ho-
mogeneous subgroups would be more informative by
helping to address more clearly the specificity question
in neurocognitive research. A small but growing litera-
ture suggests that HR-SCZ may be more impaired, but
that there are also some verbal deficits in HR-AFF.51

It is reasonable to speculate that the overlapping
impairments in persons at HR-SCZ and HR-AFF may
stem from overlapping susceptibility genes. For example,
schizophrenia and bipolar disorder are both highly her-
itable disorders, with genetic factors accounting for
approximately 60–90% of the risk for each illness.87

Moreover, recent research by our groups and others
strongly suggests that these disorders do not separate
clearly along the DSM-IV categorical boundaries.
Schizophrenia and bipolar disorder patients have been
found to share 65% of RNA, protein, and neurochemical
abnormalities in postmortem brains from the Stanley
Neuropathology Consortium.88 From twin studies it
has also been shown that each disorder shares some por-
tion of genetic variance in common with the other.89 Re-
cent results from genetic linkage and association studies
suggest even greater overlap in potential etiologic factors
for schizophrenia and bipolar disorder than has been pre-
viously suspected, including regions of shared genetic
linkage on chromosomes 13q and 22q 90 and allelic asso-
ciations with several genes including Dysbindin,
DAOA(G72), DISC1, BDNF and NRG1.39,40 Craddock
et al.39 have argued that these results ‘‘suggest an overlap
in genetic susceptibility across the traditional classifica-
tion systems that dichotomised psychotic disorders
into schizophrenia or bipolar disorder.’’(p200) The results
of this preliminary study must also be interpreted in light
of some methodological limitations. First, the absence of
follow-up data limits our ability to deal with heterogene-
ity of outcomes and limits our ability to understand the
heterogeneity of neurocognitive functioning within the
HR samples. Second, while combining study samples
has the advantage of increased statistical power and gen-
eralizability, it also limited the scope of neurocognitive
variables that could be examined. A little more than
half of each study’s neurocognitive measures were not in-
cluded in these analyses, potentially attenuating this
study’s sensitivity to neurocognitive deficits in its com-
bined genetic HR sample. Some important tests (eg, ver-
bal list-learning tasks) had to be left out because they
were not comparable across sites. Moreover, the subtle
differences in test administration may have created
more error variance, thus attenuating the results. Given
that differences in verbal ability represent a key finding,
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this study is limited by its inability to determine if all sub-
jects are native English speakers or learned English as
a second language in childhood. Lastly, as noted previ-
ously, the analyses involving HR-AFF were regarded
as preliminary given the relatively modest sample size
of this group and associated limited power. Given the dis-
parate between-group sample sizes, comparisons between
the HR-SCZ and HR-AFF groups would roughly require
a high-moderate effect size (of about 0.67) to be detected
with an alpha of 0.5 and beta of 0.8.

Conclusions

Despite these considerations, we found that adolescents
and young adults at HR-SCZ have a very similar set of
neuropsychological dysfunctions to those previously de-
scribed in adult first-degree relatives, and that the find-
ings are largely consistent with recent HR studies
(Edinburgh) and with our literature review. The presence
of roughly similar but somewhat milder verbal deficits in
persons at HR-AFF is consistent with an emerging body
of literature documenting overlapping susceptibility
genes in schizophrenia and bipolar psychosis. Further re-
search focusing on HR-AFF and comparison with HR-
SCZ is necessary to determine specificity. These data
need to be incorporated into early identification and in-
tervention strategies regarding the prevention and early
treatment of people at risk for psychosis.
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