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Impairments in neuropsychological functioning have been
described in subjects clinically at high risk for psychosis,
but the specific cognitive deficits in different clinical
high-risk groups remain to be elucidated. The German
Research Network on Schizophrenia employs a heuristic
2-stage model: a putatively late prodromal state (LPS),
characterized by the onset of attenuated positive or brief
psychotic symptoms, and an early prodromal state
(EPS), mainly characterized by the presence of basic symp-
toms, which are predictive for psychosis within the next 10
years.
A total of 205 subjects met the criteria for either an EPS

or an LPS of psychosis and were assessed with a compre-
hensive neuropsychological test battery. Neurocognitive
profiles of high-risk groups were compared with data of
87 healthy controls comparable with regard to gender,
age, and premorbid verbal IQ.
Patients in the LPS were impaired in all neurocognitive

domains (memory/learning, executive control/processing
speed, and working memory) examined, with memory being
the worst. Deficits were less pronounced in patients in
the EPS, with a specific deficit in the executive control/
processing speed domain. Consistent with a progressive
neurodevelopmental disorder, some cognitive abilities
were already impaired in patients in the EPS, followed
by further deterioration in the LPS. Specifically, deficits
in executive control functioning were related to the pres-
ence of basic symptoms, indicating a vulnerability for psy-
chosis. Memory deficits were associated with the onset of
psychotic symptoms indicating further disease progression
in the trajectory to psychosis and, thus, may be useful in
predicting psychosis and targeting early intervention.
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Introduction

Prospective longitudinal studies of birth cohorts and ge-
netic high-risk samples have elucidated the following risk
factors and predisposing signs of schizophrenia: family
history, obstetric complications (OCs), urban residence,
season of birth, low IQ, and delayed developmental mile-
stones.1 Retrospective studies suggest that subjects with
a first episode of schizophrenia typically have passed
through 3 successive prodromal stages2,3: (1) a nonspe-
cific phase with affective and anxiety symptoms, (2) an
early prodromal phase with prominent negative symp-
toms (mean duration of 5 years), and (3) a late prodromal
phase with subthreshold psychotic symptoms (1.1 years
on average).

The ultra-high-risk (UHR) criteria outlined by Yung
and McGorry4 correspond to the late prodromal phase,
which is characterized by attenuated positive symptoms
(APS) or brief limited intermittent psychotic symptoms
(BLIPS). Patients meeting the UHR criteria have a tran-
sition rate to psychosis of approximately 30%–35%
within a follow-up period of 1–3 years.5–7

The work of Huber, Gross, and Klosterkötter suggests
that some cognitive basic symptoms allow the identifica-
tion of subjects in an even earlier prodromal state.8,9 Basic
symptoms describe subtle, self-experienced, and self-
reported deficits in thought and perception. In a clinical
sample, Huber’s basic symptoms had high positive predic-
tive values (0.71–0.91) and high specificity. Seventy
percent of individuals who showed basic symptoms at
baseline developed schizophrenic psychosis in a mean
time of 5.6 years.10 Thus, Huber’s basic symptoms are
manifested during the early prodromal phase of psychosis.

Neurocognitive investigations have provided further
evidence about the developmental course of the disease.
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Neurocognitive deficits, considered an integral part of the
illness,11 are present at the beginning of the first psychotic
episode in patients with schizophrenia.12 They are stable
over time,13–16 largely independent of positive symp-
tomatology,17,18 and partly independent of medication
treatment.19–21 Furthermore, neurocognitive deficits
are present in patients before the presence of psychotic
symptoms. Prospective birth cohort studies22–25 and ge-
netic high-risk studies26–32 have found specific deficits in
measures of verbal memory, working memory, executive
function, and attentional functioning in individuals who
developed schizophrenia.

Therefore, neurodevelopmental models have become
the dominant hypotheses used to explain the pathogen-
esis of schizophrenia,33,34 which indicate that neuromo-
tor deficits, cognitive abnormalities, and physiological
alterations are already present early in life and vary qual-
itatively and quantitatively with brain development and
disease progression.

The aim of the German Research Network on
Schizophrenia (GRNS) is to study in depth the appear-
ance of deficits and symptoms in the early course of the
illness. It has aimed to replace the established pragmatic
(treatment-oriented) definition of subjects at UHR with
definitions of an early prodromal state (EPS) and a late
prodromal state (LPS), respectively, thereby integrating
the basic symptom and the UHR approaches.

The present study focuses on the neurocognitive
profiles of these 2 groups. Previous studies of clinical
high-risk subjects indicated that they perform at an
intermediate level between healthy controls and first-
episode psychosis patients in multiple cognitive func-
tional domains.35–39 In particular, patients who fulfilled
UHR criteria have shown impairments in tasks involving
executive control, verbal learning/memory, motor con-
trol, and general intellectual functioning.36,40–43

However, the generalizability of the results and the abil-
ity to draw conclusions about specific deficits were limited
because of several methodological issues. Most studies
used healthy control groups that were not comparable
with regard to premorbid intellectual functioning, educa-
tional level, or demographical characteristics,37,40,42,43

whereas others used population norms of individual tests
obtained from different normative samples.36,41 Further-
more, some used small and selective test batteries38,42,43 or
compared data of single tests35,36,40,42 or composite scores
with unconfirmed factor structures.38,41 In addition, sam-
ple sizes were small and consisted mainly of patients with
APS. Possible differences between patients with APS and
those with BLIPS and the effects of psychotropic medica-
tion on neuropsychological functioning were not gener-
ally addressed in previous studies. Finally, the issue of
specific and generalized impairments has received little at-
tention so far in UHR studies. Lencz et al44 addressed
many of the above-mentioned criticisms in their study.
They found lower current estimated IQ scores than pre-

dicted from premorbid IQ scores in UHR individuals. In
addition, they reported generalized deficits across cogni-
tive domains and specific deficits in verbal learning and
executive functions, whereas visual–spatial functions
were relatively spared in UHR patients compared with
individuals in a healthy control group, who were compa-
rable with regard to years of education and demograph-
ical characteristics. Verbal memory deficits in UHR
patients predicted psychosis within a mean follow-up
time of 2 years.

To summarize, previous studies with subjects fulfilling
UHR criteria provide clear evidence for cognitive
dysfunction; however, the time point at which the gener-
alized or specific deficit emerges is unclear. Only 2 recent
studies considered neuropsychological functioning of
subjects in a putatively earlier prodromal state and
compared their performances with UHR subjects in an
LPS.37,45 Both failed to find substantial differences be-
tween high-risk groups. Pukrop et al37 reported signifi-
cant impairments in the EPS compared with controls
in measures of verbal learning and verbal fluency; how-
ever, Simon et al45 did not find neurocognitive impair-
ments compared with help-seeking patient controls.
Small sample sizes and small effect sizes might account
for these conflicting results.

Thus, it is not clear whether high-risk individuals in an
EPS have any cognitive deficits at all and, if so, whether
these deficits are qualitatively similar to those found in
UHR individuals in an LPS. This study expands the
scope of previous investigations by addressing the neuro-
cognitive functions of 2 different high-risk groups in com-
parison to a healthy control group (comparable with
respect to demographical data and general intellectual
ability) and by investigating whether generalized or spe-
cific cognitive deficits exist and whether these deficits are
related to current medication treatment, current (nega-
tive, positive, or depressive) symptoms, and general func-
tioning in everyday life.

Our hypotheses are as follows:

1. High-risk subjects in an EPS and those in an LPS have
generalized neurocognitive deficits compared with
subjects in the healthy control group.

2. Measures of executive function and verbal memory are
more impaired than those of other domains in the
LPS.

3. Individuals in an EPS of psychosis perform intermedi-
ate between the subjects in the healthy control group
and individuals in the LPS of psychosis.

Methods

Data presented here were collected at the Early Recogni-
tion and Intervention Centers of the Departments of Psy-
chiatry at the Universities of Bonn, Cologne, Düsseldorf,
and Munich as part of the GRNS. The basic design of this
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early detection and intervention study has been outlined
elsewhere.46

Briefly, a 2-step approach was employed to identify
individuals with a high risk to develop psychosis. A screen-
ing instrument was used to help seek people who had
approached general practitioners or mental health profes-
sionals, followed by a detailed assessment at the Early
Recognition and Intervention Centers using the Early
Recognition Inventory/Interview for the Retrospective
Assessment of the Onset of Schizophrenia (ERIraos).46

Patients were included in the study trial if they met the
criteria for the EPS or LPS (Appendix A) and did not ful-
fill exclusion criteria (Appendix B). All participants spoke
German fluently and had normal or corrected-to-normal
vision, normal hearing, and normal motor limb function.

Subjects

A total of 205 subjects fulfilled the inclusion criteria for
either an EPS (n = 116) or an LPS (n = 89). Eighty-seven
healthy controls who were comparable with subjects in
the clinical high-risk groups with regard to age, sex,
and verbal intelligence were recruited from the same geo-
graphical region by advertising in local newspapers or
through word of mouth. Controls were screened to ex-
clude subjects with any past or present psychiatric, neu-
rological, or somatic disorder possibly affecting
cognition, and all negated current use of psychotropic
medication or illicit drugs. Moreover, none of the control
subjects fulfilled inclusion criteria for an EPS or LPS
(Appendix A).

After a complete description of the recognition and in-
tervention study was provided, written informed consent
was obtained from all participants. This study was ap-
proved by the institutional review boards of all partici-
pating universities.

Psychopathological Assessment

Following inclusion, subjects underwent a detailed
assessment of psychopathological symptoms with the

ERIraos.46A Global Assessment of Functioning (GAF47)
score was obtained on a 100-point numeric scale that pro-
vides an index of overall psychological, social, and occupa-
tional functioning. The Positive and Negative Syndrome
Scale (PANSS) was employed to evaluate the presence
and absence of positive, negative, and general psychopa-
thology of schizophrenia.48 The Montgomery-Åsberg De-
pression Rating Scale (MADRS), scored on the basis of
semi-structured interviews, was used to assess the affective,
cognitive, and vegetative dimensions of depression.49 To
ensure eligibility for the study, participants were inter-
viewed by trained psychiatrist or psychologist using the
Structured Clinical Interview for the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV).50

Neuropsychological Assessment

The assessment procedure consisted of the administra-
tion of 8 tests in a fixed order. The tests measured neuro-
psychological functions that are known to be impaired in
patients with schizophrenia.51,52 In addition, a short mo-
tor examination was conducted. Verbal IQ was examined
with a word recognition test.53 The tests and cognitive
functions under examination are outlined in table 1.
Most of the tests are well described elsewhere,55,61 and
brief descriptions of the tests and measures are given
in the Supplementary materials.

Data Analysis

Clinical and neuropsychological data at baseline assess-
ment were analyzed in this study. Statistical analyses were
performed with the Statistical Package for the Social Sci-
ences (SPSS 14.0; SPSS Inc, Chicago, Illinois). The SPSS
Missing Value Analysis was performed to estimate miss-
ing data. Subjects with more than 3 missing values of 30
neuropsychological measures were excluded from the
analyses. Each variable in the analysis had no more
than 3% missing values. Missing values were estimated
with the expectation maximization algorithm.62

Table 1. Neuropsychological Assessment Battery

Functional Domain (A Priori) Test Variable Employed

Premorbid verbal IQ Vocabulary test (Mehrfachwahl-Wortschatz-Intelligenztest53) Raw score correct

Executive control/processing speed
Visual motor speed Trail-Making Test, parts A and B54 Time to completion
Verbal fluency Verbal Fluency55 Sum of correct responses
Perceptual motor speed Digit Symbol Coding Test56 Raw score correct

Working memory
Sustained attention Continuous Performance Test—Identical Pairs57 Signal detection indices D#
Working memory Letter-Number Sequencing56 Raw score correct

Memory/learning
Visual memory Self-ordered Pointing Task, 12-item version58 Number of errors
Verbal learning and memory Rey Auditory Verbal Learning Test T1, +T1–T5, Delayed

Recall, and Recognition59
Number of correct words

Motor control Brief Motor Scale60 Grades
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The distribution of variables was examined within and
between groups. Scaling procedures were applied to im-
prove psychometric properties before subjecting varia-
bles to variance analytic procedures or to the
computation of cognitive domain scales. Each variable
was examined for outliers. Outliers were replaced by
a score of 3.5 SDs below or above the mean. Neuropsy-
chological test scores were standardized by computing z
scores based on the performance of the control group
separately for each center. Negative z scores indicate
worse performance than controls.

For the purposes of data reduction and the examina-
tion of generalized and specific deficits across cognitive
domains, 12 neuropsychological test variables were
selected and grouped according to neuropsychological
conventions and previous literature findings (eg, Lencz
et al44). Three cognitive domains were constructed:
memory/learning, executive control/processing speed,
and working memory. Scores for each cognitive domain
were computed by averaging the z scores on contribut-
ing variables. Domain scores were then subjected to z
transformation so that deficits in high-risk patients
could be displayed relative to control group perfor-
mance. Factor analysis was used to assess the validity
of the a priori assignments of variables to scales. Using
the correlation matrix (Supplementary table 1), we eval-
uated neuropsychological test results to assess relation-
ships among neuropsychological measures. Principal
component analysis (PCA), followed by varimax rota-
tion and an eigenvalue cutoff of 1, was performed to ex-
tract components. The following measures were selected
for analysis:

1. Trail-Making Test (TMT): time taken to complete
each part of this 2-part neuropsychological test
(TMT-A and TMT-B),

2. Verbal fluency: sum of correctly produced words be-
ginning with the letters S, A, B, and N, respectively,

3. Continuous Performance Test—Identical Pairs: the
signal detection indices D# for the number and shapes
subtest,

4. Self-Ordered Pointing Task (SOPT): errors in the 12-
item version of the SOPT,

5. Letter-Number Sequencing (Wechsler Adult Intelli-
gence Scale III [WAIS-III]): number of correctly or-
dered sequences,

6. Digit Symbol Coding Test (WAIS-III): number of cor-
rect symbols drawn within 90 s, and

7. Auditory Verbal Learning Test: 4 measures were se-
lected: the delayed recall score, the recognition score,
the verbal learning score (+T1–T5), and the number of
words recalled after the first learning trial (T1).

Following the PCA, 3 components emerged from these
12 variables, which explained 60% of the variance. The
loadings of the test scores on the varimax-rotated factors

confirmed the a priori assignment of the test to the 3 cog-
nitive domains (Supplementary table 2).

In addition, a motor control score was computed by
summing up the scores (each ranging from 0 to 2) of 2
selected motor tasks of the Brief Motor Scale (BMS).

Statistical Analyses

Demographic information and psychopathological
scores were compared among the 2 high-risk groups
and the control group using chi-square tests for categor-
ical variables and 1-way analysis of variance (ANOVA)
for continuous variables. Post hoc comparisons between
study groups were conducted by performing least signif-
icant difference tests.

Two-way multivariate analysis of variance
(MANOVA)—with the cognitive domain scale as the
repeated measures factor and the group as the be-
tween-subject factor—was conducted to assess overall
differences between groups and profile shapes. If a signif-
icant interaction between the cognitive domain and the
group factor emerged, deviations from flatness in the
high-risk group profiles could be assumed. The devia-
tions were assessed to examine relative impairment within
a high-risk group by contrasting the mean for each cog-
nitive domain with the mean of the remaining domains
using paired t tests. The purpose was to show impairment
relative to the other scales in the high-risk groups. In
cases of such a relative impairment, we further examined
whether the impairment (compared with controls) was in-
dependent of performance in other cognitive domains by
using analysis of covariance, with the domain scale as the
dependent variable and the other cognitive domain scales
as covariates.

Following the repeated measures analysis, a univariate
ANOVA was performed for each individual domain
score. Multiple pairwise contrasts were carried out and
the Bonferroni correction for multiple comparisons
was applied (familywise a of 5%) if significant main
effects for a group were found. Group differences in
our motor coordination scale were analyzed using contin-
gency tables and the Fisher exact test.

The relationships between cognitive domain scales and
psychopathological scales were examined within patient
groups using Pearson’s correlation coefficients. To limit
multiple testing, correlation analysis was restricted to the
3 cognitive domain scores and to scales measuring de-
pression (MADRS) and positive and negative symptoms
(PANSS), respectively. To avoid false-positive results
without being overly conservative, we employed an a er-
ror of 1% (2-tailed) for these correlations.

The possible confounds of current psychotropic med-
ication were analyzed by adding psychotropic medication
(yes/no) to the MANOVA model. In addition, group
sizes permitted us to examine differences between sub-
groups of patients in the EPS who were included because
they either fulfilled the combined trait and state criteria
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outlined by Yung and McGorry4 or possessed basic
symptoms only. In the LPS group, we compared individ-
uals with BLIPS and those with APS only.

Results

Demographic and Clinical Characteristics

Demographic and clinical data of the study groups are dis-
played in table 2. The 3 groups did not significantly differ
in terms of mean age, gender distribution, and mean pre-
morbid intellectual functioning. Most patients (;95%) in
both EPS and LPS groups reported at least 1 basic symp-
tom. In the LPS group, most patients (;95%) had APS.
However, only about half of the LPS group (;55%) had
ever experienced a BLIPS episode.

A total of 25 patients (21.6%) in the EPS group and 17
patients (19.1%) in the LPS group had a first-degree rel-
ative with schizophrenia spectrum disorder. Pregnancy or
delivery complications, termed collectively as OCs, were
reported in 26 patients (22.4%) of the EPS sample and in
10 patients (11.2%) of the LPS sample. A GAF score
reduction of about 30 points was common in both
high-risk groups. A combination of genetic risk plus
GAF reduction was present in 19 participants (16.4%)
in the EPS sample. The distribution and overlap of
risk factors in the study sample are illustrated in Supple-
mentary figure 1.

Patients in the LPS group had higher positive, nega-
tive, and global PANSS scores than those in the EPS

group. These differences are expected because there is
some overlap between symptoms on these scales and
group assignment criteria; however, the focus of group
assignment criteria is on lifetime appearance rather
than the acute expression of symptoms.

The level of depressive symptoms was not significantly
different between high-risk groups. In the EPS and LPS
groups, the majority of subjects did not receive any psy-
chotropic medication at the time of testing (75.9% and
76.4%, respectively) or over the lifetime (67.2% and
70%, respectively). In the EPS group, 22 patients were
currently treated with antidepressants, 3 patients with
tranquilizer, and 6 patients with other psychotropic
medications. In the LPS group, 9 patients were treated
with neuroleptics, 11 patients with antidepressants, and
6 patients with tranquilizer.

Cognitive Domain Scales

Neuropsychological profiles for the high-risk groups are
illustrated in figure 1. The LPS group was impaired rel-
ative to the healthy control group for every cognitive do-
main score, with effect sizes (z scores) ranging from �1.12
to �0.52. The EPS group performed intermediate to the
LPS group and the control group, with effect sizes rang-
ing from �0.52 to �0.17.

The MANOVA of all 3 domain scores revealed a signif-
icant main effect for group factor, which indicated that
groups differed with regard to cognitive functioning
(F(2, 289) = 25.15, P < .001, g2 = .15). Both the LPS

Table 2. Demographic and Clinical Characteristics of the Study Sample (N = 292)

Control Group
Early Prodromal
State

Late Prodromal
State Test Statistic P

N 87 116 89

Age, mean (6SD; range) 25.5 (64.4; 18–39) 25.6 (66.1; 17–40) 25.3 (66.4; 17–41) F(2, 289) = 0.09 .918

Gender (male/female), N (%) 49/38 (56.3/43.7) 76/40 (65.5/34.5) 53/36 (59.6/40.4) v2
(2) = 1.87 .392

Premorbid verbal intelligence, mean (6SD) 108.8 (613.1) 108.5 (612.6) 106.2 (613.8) F(2, 289) = 1.11 .331

ERIraos, N (%)
Brief limited intermittent psychotic

symptoms
— 0 (0) 49 (55.1)

Attenuated positive symptoms — 0 (0) 85 (95.5)
Basic symptoms — 112 (96.6) 84 (94.4)
Genetic risk — 25 (21.6) 17 (19.1)
Obstetric risk — 26 (22.4) 10 (11.2)
GAF reduction — 78 (67.2) 58 (65.2)

PANSS, mean (6SD)
PANSS positive — 9.1 (62.3) 12.9 (63.9) F(1, 188) = 70.5 <.001
PANSS negative — 10.8 (63.6) 15.0 (64.8) F(1, 188) = 45.8 <.001
PANSS global — 29.1 (66.5) 32.4 (67.4) F(1, 188) = 10.7 .001

Montgomery-Åsberg Depression Rating
Scale, mean (6SD)

— 19.5 (67.9) 17.6 (67.2) F(1, 188) = 2.98 .086

GAF, mean (6SD) — 58.9 (610.7) 59.1 (612.2) F(1, 179) = 0.01 .914

Note: GAF, Global Assessment of Functioning; PANSS, Positive and Negative Syndrome Scale; ERIraos, Early Recognition
Inventory/Interview checklist.
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(Cohen’s D = �1.0) and the EPS (Cohen’s D = �0.48)
groups showed a significant general cognitive deficit rel-
ative to healthy controls. Additionally, the LPS group
performed worse than the EPS group when averaged
over cognitive domains (all simple contrasts between
groups with P < .001).

The profile of the high-risk groups deviated signifi-
cantly from flatness as indicated by the significant inter-
action between group and cognitive domain factors
(F(4, 578) =2.675, P = .031, g2 = .018). This finding suggests
a selective pattern of impairment. In the EPS group, the
executive control domain was significantly more im-
paired (paired t(115) = �1.98, P =.025) and the working
memory scale was significantly less impaired (paired
t(115) = 2.76, P < .001) in comparison to the mean of
the remaining domains. In the LPS group, the memory
domain was more impaired (paired t(88) = �2.74, P =
.007) and the working memory domain was less impaired
(paired t(88) = 3.87, P < .001) in comparison to the mean
of the remaining domains.

Results from univariate ANOVA for each cognitive
domain demonstrated that effect sizes were medium on
the memory (g2 = .12) and executive control (g2 = .10)
scales and small on the working memory (g2 = .038) scale
(table 3). Simple comparisons revealed that on the mem-
ory and executive control scales, the EPS group had
lower scores than the healthy control group. However,
the working memory performance values did not differ
between the EPS and control subjects. The impairment
on the executive control scale in the EPS group relative
to controls remained significant after the domain score
was residualized against performance on the other cogni-
tive domains, but the significant difference on the verbal
memory scale disappeared (figure 2).

The LPS group had significantly lower scores than the
EPS and healthy control groups on the verbal memory
and executive control scales. Working memory perfor-
mance scores of the LPS group significantly differed
from those of the healthy control group but not from
those of the EPS group. The relative impairment of ver-
bal memory function in the LPS group remained signif-
icantly relative to the healthy control group and the EPS
group even when the verbal memory score was controlled
for performance on other cognitive scales (figure 2).

Neuropsychological Test Scores

The performances of both high-risk groups are compared
with those of healthy controls for each individual neuro-
psychological test in table 4. This table also summarizes
results of univariate ANOVA, together with paired con-
trasts for multiple comparisons. The nonparametric anal-
ysis of the motor control scale showed that more subjects
in the EPS (27%, V = 8.0, P = .017) and LPS (24.6%, V =
6.6, P = .033) had motor control impairments in compar-
ison to healthy controls (13.3%).

Moderator Variable Analysis

Depressive symptoms were not correlated with memory,
executive control, and working memory scores in either
patient group (all |r| < .10). In the EPS group, memory

Fig. 1. The Mean Scale Scores for the 3 Cognitive Domains of
Subjects in the Early Prodromal State (EPS) and of Those in the Late
Prodromal State (LPS), Presented as z Score Deficits Relative to
Healthy Control Group (CGR) Subjects (Mean Set to 0 and SD Set
to 1).

Table 3. Comparison of Cognitive Domain Scales Among EPS and LPS Patients and CGR

Cognitive Domain

High-Risk Subjects

One-way ANOVAScale EPS (n = 116) LPS (n = 89)

Alpha SEM Mean SD Mean SD F df P Significant Post Hoc Test

Memory/learning .83 0.26 �0.45 1.21 �1.12 1.37 19.296 2.289 <.001 LPS < EPS < CGR

Executive control/processing speed .76 0.22 �0.52 1.19 �0.95 1.02 16.758 2.289 <.001 LPS < EPS < CGR

Working memory .60 0.13 �0.17 1.02 �0.52 1.11 5.663 2.289 .004 LPS < CGR

Note: Healthy comparison group (CGR) has by definition of scales means and SD of 0 6 1 and were omitted from table; 1-way
ANOVA was computed for each measure with group (CGR, EPS, and LPS) as between-subject factor. For a familywise significance
level of a = .05, testwise significance level was Bonferroni corrected to a = .0042. EPS, early prodromal state; LPS, late prodromal state;
CGR, control group; ANOVA, analysis of variance; SEM, standard error of the mean.
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was related to the PANSS positive symptom scale
(r =�.26, P = .006). In the LPS group, executive control
was correlated with the PANSS negative symptom scale
(r = �.30, P = .007). No other association reached
significance.

When we repeated the MANOVA and included med-
ication as a factor, we did not find a significant main ef-

fect of medication (P > .5). We also did not detect
significant interactions with the neuropsychological do-
main factor (P > .5) or the group factor (P > .5)
Thus, no differences in neurocognitive functioning
were detected between subjects who were currently trea-
ted with a psychotropic substance and those who were
not treated.

Subgroups of High-Risk Individuals

No significant differences were revealed between individ-
uals with basic symptoms only in the EPS group and
those with genetic risk plus GAF reduction over all cog-
nitive domains in the EPS group (F(1, 112) = 0.336,
P = .563, g2 = .003). We also did not detect any interac-
tions between the group and cognitive domain factors
(F(2, 224) = 1.054, P = .316, g2 = .010). In the LPS group,
ANOVA revealed no significant differences between indi-
viduals with BLIPS and those with APS only, neither to
the overall effect (F(1, 87) = 0.006, P = .939, g2 < .001) nor
to the interaction between factors (F(2, 174) = 0.918, P =
.401, g2 = .010).

Discussion

This study, which employs one of the largest systemati-
cally obtained samples of putatively prodromal subjects
thus far, sheds new light on the neurocognitive profiles of
at-risk mental states in presumably subsequent stages of

Fig. 2.Profiles of the Mean Scale Scores for Each Cognitive Domain
of Subjects in the Early Prodromal State (EPS) and of Those in the
Late Prodromal State (LPS), Calculated as z Scores Relative to
Healthy Control Group (CGR) Subjects, Taking Into Account the
Influence of the 2 Remaining Scores.

Table 4. Scores, z Values, and Univariate ANOVAs on Neuropsychological Tests Among EPS and LPS Group and Healthy CGR

Measure

CGR (n = 87)

High-Risk Groups

One-way ANOVAEPS (n = 116) LPS (n = 89)

Mean SD Mean SD z Score Mean SD z Score F df P
Significant Post Hoc
Test (Uncorrected)

Memory/learning
AVLT_RE 14.27 1.15 14.29 1.26 �0.02 13.67 1.59 �0.59 5.485 2.289 .005 LPS < EPS, CGR
AVLT_DR 13.05 2.13 12.71 2.56 �0.27 11.60 3.00 �0.84 9.802 2.289 <.001 LPS < EPS, CGR
AVLT_+T1–T5 61.47 7.90 58.59 8.34 �0.63 54.49 8.84 �1.20 24.697 2.289 <.001 LPS < EPS < CGR
AVLT_T1 8.84 2.61 8.12 2.04 �0.65 7.47 1.99 �1.00 21.78 2.289 <.001 LPS < EPS < CGR
SOPT 2.64 1.96 2.45 1.94 �0.06 3.08 2.15 �0.54 5.261 2.289 .006 LPS < EPS, CGR

Executive control/
processing speed

TMT-B 56.61 15.74 65.25 21.30 �0.68 74.89 23.95 �1.44 21.868 2.289 <.001 LPS < EPS < CGR
TMT-A 23.76 6.12 26.23 8.55 �0.56 28.81 9.97 �1.13 13.984 2.289 <.001 LPS < EPS < CGR
DSC 62.69 10.67 60.97 11.09 �0.36 57.31 11.71 �0.77 11.282 2.289 <.001 LPS < EPS, CGR
Verbal fluency 60.60 13.83 53.85 12.64 �0.51 50.13 11.71 �0.81 18.333 2.289 <.001 LPS, EPS < CGR

Working memory
CPT-Shapes_D# 2.00 0.72 2.02 0.70 0.01 1.78 0.71 �0.29 2.692 2.289 .069 —
CPT-Numbers_D# 1.77 0.73 1.62 0.71 �0.20 1.40 0.75 �0.47 5.062 2.289 .007 LPS < CGR
LNS 17.62 2.85 17.34 3.08 �0.18 16.73 3.15 �0.36 2.492 2.289 .085 —

Note: One-way ANOVA was computed for each measure with group (CGR, EPS, and LPS) as between-subject factor. Simple contrasts
were uncorrected for multiple testing. EPS, early prodromal state; LPS, late prodromal state; CGR, control group; AVLT, Auditory
Verbal Learning Test; RE, Recognition; DR, Delayed Recall; TMT, Trail-Making Test; DSC, Digit Symbol Coding Test; CPT,
Continuous Performance Test; LNS, Letter-Number Sequencing.
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schizophrenia. There are 3 main findings of the study.
First, both EPS and LPS subjects had some general cog-
nitive dysfunction with respect to healthy controls, which
was more pronounced in the LPS compared with the
EPS. Second, specific executive control deficits were pres-
ent in the EPS, which were over and above deficits in
other cognitive domains. Third, the verbal memory def-
icit was specifically increased in the LPS, independent of
impairments in other cognitive domains.

Neuropsychological Impairments

Averaged over all cognitive domains, performance was
impaired in both high-risk groups in comparison to
the control group and in the LPS group in comparison
to the EPS group. The effect size of impairment relative
to controls was large (Cohen’s D ; 1.0) for the LPS and
medium (Cohen’s D ; 0.5) for the EPS, despite group
matching for verbal (premorbid) IQ.

Our findings are in general agreement with those of
several previous studies, which examined samples of indi-
viduals comparable to our LPS group.36,38,40,43,44 The
moderate deficits in the EPS are significant in the current
large sample and are similar in size to the deficits de-
scribed in 2 previous smaller studies, which examined
subjects with basic symptoms.37,45

Beyond this deficit, we found that executive control,
verbal memory, and working memory performance def-
icits are present in late high-risk stages (LPS).35,36,38,40,44

Patients in the EPS of psychosis performed intermediate
between patients in the LPS and control subjects on tasks
measuring executive control and verbal memory func-
tion. The working memory performance of subjects in
the EPS did not differ from those in the control group.
In addition, verbal memory and executive control per-
formances were more impaired in the LPS than in the
EPS. Within the limits imposed by the cross-sectional de-
sign, this pattern is consistent with the hypothesis that the
trajectory through the prodromal stages of psychosis is
associated with increasing levels of cognitive impairment.
Furthermore, in partly overlapping samples, additional
differences among patients in an EPS and patients in
an LPS related to neurophysiological measures of infor-
mation processing63,64 and structural brain abnormalities
were found.65

The hypothesis of increased impairments during pro-
dromal states is also supported by prospective longitudi-
nal studies, which have revealed small to medium deficits
during childhood and adolescence in subjects who later
developed schizophrenia.30,66 For example, 1 study found
that conscripts at 17 years who had lower than expected
IQ scores compared with estimated IQ scores during
childhood (based on reading and spelling abilities) had
an increased risk for hospitalization for schizophrenia.67

Other studies revealed that intellectual deficits are greater
in those closer to psychosis onset.25,68,69

Taken together, these findings suggest mild cognitive
impairments early in childhood as manifestation of neu-
rodevelopmental abnormalities70,71 and an increase of
neurocognitive impairment in successive stages with
the appearance of prodromal symptomatology.34

These neuropsychological impairments could be the
consequences of the presence of depressive symptoms
in high-risk individuals. However, we did not detect a cor-
relation between depressive symptoms (assessed with the
MADRS) and cognitive performance.

The verbal IQ appears to be slightly above average in
all groups with means ranging from 106 to 108. Most
likely, this is a consequence of outdated test norms. We
employed the Mehrfachwahl-Wortschatztest-Intelligenztest
(MWT-B), which had been standardized in a representative
German population in 1975. Satzger et al72 showed that the
MWT-B overestimates verbal IQ, relative to the verbal IQ
obtained with the German Wechsler Adult Intelligence
Scale-Revised. This underlines the importance of studying
control groups rather than relying on published test norms
to identify cognitive deficits and deficit profiles in clinical
groups.

ExecutiveControl Impairment as aPutativeVulnerability
Marker

The executive control domain score was already impaired
in the EPS of psychosis relative to healthy controls. This
deficit in executive control was greater than—and inde-
pendent of—impairments in other cognitive domains.
Following the adjustment of the executive control do-
main scores for deficits in both the other cognitive
domains, the differences between healthy controls and
both high-risk groups remained significant. However,
the differences between the high-risk groups disappeared,
indicating that executive control is affected early in the
prodromal state (before the appearance of first positive
symptoms). We also found that executive performance
did not differ between individuals with only basic symp-
toms and patients with a genetically high risk and GAF
reduction, suggesting that both sets of criteria for EPS
identify risk groups with similar slight cognitive deficits.

The executive control/processing speed domain scale in
this study comprised a variety of tasks that require the
rapid coordination of internal and external stimulus pro-
cessing, response selection, and execution. Deficits in
similar tasks have been reported in subjects as early ante-
cedents of psychosis. In the Dunedin study, Cannon
et al73 found impairments on the TMT, a verbal fluency
task, and a motor coordination task (Pegboard) in
subjects aged 13 years who later developed a schizophre-
niform disorder. Such deficits were not found in adoles-
cents who developed affective disorder. In another birth
cohort study, Niendam et al22 analyzed 7 subtests of the
Wechsler Intelligence Scale for Children, which had been
administered to 32 individuals aged 7 years who
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developed schizophrenia in adulthood and to 25 of their
nonschizophrenic siblings. Compared with their non-
schizophrenic siblings, patients exhibited more severe
deficits only on the digit symbol coding task. As found
with individuals in the EPS, these studies indicate that
executive control impairments occur many years before
the onset of overt psychosis.

Correlations between cognitive performance and
PANSS symptoms were generally low and nonsignifi-
cant. One exception to this was that executive control
performance was associated with the severity of negative
symptoms in the LPS group but not in the EPS group.
Because the most prominent deficits in the LPS group
were in the memory domain, this may seem counterintu-
itive. However, executive dysfunctions tend to correlate
most closely with negative symptoms also in patients
with schizophrenia, despite patients tend to have marked
memory impairments.74–77 As a group, LPS can be con-
sidered to be closer to the onset of schizophrenia, or to be
more likely to convert, than EPS. The specific correlation
between poor executive control and more negative symp-
toms found both in patients with schizophrenia and in
patients in LPS further underlines the similarity between
these groups.

Antecedents of deficits in the control of execution seen
in clinical high-risk individuals, as well as in birth cohort
studies indicating abnormalities in brain development,
might include early motor developmental deviances.78,79

In our study, both high-risk groups showed abnormal
motor control performance measured with the BMS,
which is consistent with findings in subjects with an at-
risk mental state.42

Memory Impairment as a Putative Marker of Disease
Progression

Verbal memory deficit has been regarded as one of the
major deficits in schizophrenia. Meta-analyses of verbal
memory deficits in patients with schizophrenia report ef-
fect sizes of 1.21–1.41 in measures of learning and effect
sizes of 0.90–1.20 in measures of delayed free recall.51,80,81

Clinical high-risk studies have consistently found verbal
memory impairments in the LPS of psychosis38,40,41 and
that the presence of these deficits predicts who later devel-
ops psychosis.44

We found that verbal memory performance was im-
paired in the LPS group compared with the EPS and
healthy control groups even if the verbal memory deficit
was controlled for the performance in the other cognitive
domains. Thus, our study suggests that a verbal memory
deficit may be a marker of disease progression in clinical
high-risk individuals. This agrees with the finding that
verbal memory performance was inversely correlated
with the severity of positive symptoms in individuals in
an EPS of psychosis. The lack of such a correlation in
the LPS group, despite prominent memory deficits, is
again reminiscent to findings in schizophrenia, where ver-

bal memory deficits are largely independent of psychotic
symptoms and stable over time.82 However, in individu-
als in a high-risk state of psychosis, the presence of pos-
itive symptoms may indicate disease progression, which
might be related to the severity of the verbal memory
dysfunction. Cosway et al28 found that an increase in psy-
chotic symptoms between repeated assessments of neuro-
psychological function in genetic high-risk individuals
was related to a decline in verbal memory performance
and general IQ. Furthermore, volumetric reductions in
prefrontal-hippocampal networks subserving verbal
memory functions have been shown to mark the transi-
tion to psychosis in UHR individuals.83–85

Verbal memory performance is influenced by numer-
ous neuropsychological functions.82 As shown in table 4,
individuals in the EPS also had deficits in some mem-
ory parameters, indicating an encoding deficit rather
than a recall deficit. By contrast, recognition and recol-
lection were also impaired in subjects in the LPS, suggest-
ing a deficit in storage or retention. In a recent structural
magnetic resonance imaging study of a subgroup of the
EPS and LPS subjects included in the present study, we
found evidence of reduced hippocampal volume in both
the EPS and the LPS.86 However, a low hippocampal vol-
ume was related to poor recall performance only in the
LPS. This finding suggests that subjects in the EPS are
still able to compensate functionally for a mediotemporal
structural vulnerability, whereas those in the LPS no lon-
ger possess this ability.

In our present study, the number of prodromal subjects
with BLIPS was relatively high (55%). The proportion of
subjects with BLIPS varies considerably between studies,
and the sources of this variation are largely unclear.
For example, Yung et al6 reported 24.5% UHR subjects
with BLIPS, while in another larger sample of the
Melbourne group, no subject met BLIPS criteria.87

The North American Prodrome Longitudinal Study7

reported 3.7% with BLIPS, while Mason et al88 in their
UHR sample in Canberra, Australia, reported 31% with
BLIPS. In our study, the high proportion of subjects with
BLIPS in the LPS group may have been due to a higher
age of prodromal subjects, different recruitment path-
ways, and the grouping of subjects with a genetic risk fac-
tor plus functional deterioration (but without APS, n =
25) into EPS. Importantly, however, we found no neuro-
psychological differences between LPS subjects with or
without BLIPS, suggesting that the prior occurrence of
BLIPS is not related to cognitive functioning.

Working Memory Deficits

Among the 3 domains examined, working memory
appears to be least affected in high-risk individuals. Com-
pared with controls, individuals in the EPS were not im-
paired, and the impairment was only moderate in those in
the LPS. The negative finding in the EPS is in-line with
some other data.37,45 Implications of impairments in
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working memory and sustained attention in individuals
in the LPS and their putative roles as neurocognitive
markers and predictors of later outcomes are comprehen-
sively discussed elsewhere.26,27,43,89,90

Conclusions

We found the cognitive abilities of subjects in 2 putatively
sequential prodromal stages of psychosis to be differen-
tially impaired. Executive control seems to be compro-
mised in the EPS (prior to the onset of positive
symptoms), whereas verbal memory dysfunctions appear
to evolve during a later prodromal stage. The qualitative
differences between deficits in the early and late high-risk
subjects cannot be explained by assuming that a larger pro-
portion of ‘‘true’’ prodromal subjects exist in the LPS
group, as a result of more valid clinical risk criteria. Rather,
the overall pattern of findings suggests that progressive
cognitive deficits exist in parallel with supposed disease pro-
gression. However, the cross-sectional nature of this study
limits conclusions regarding the temporal sequence of im-
pairment. Together with small-scale longitudinal data,85

the present findings contribute to the emerging view of
the prodrome as a period of time when marked dynamic
brain changes occur.91 Additional longitudinal studies, in-
cluding those involving neuroimaging,92–94 are needed to
understand, and possibly combat, the dynamic biological
changes that occur during this critical time window.

Some data indicate that cognitive deficits are more pro-
nounced in ‘‘true prodromals,’’ which develop frank psy-
chosis.39,44,95 The longitudinal clinical data of our study
will reveal whether different patterns of cognitive impair-
ment predict psychosis in early or late prodromal stages.

In patients with schizophrenia, neurocognitive deficits,
more than negative or positive symptoms, determine so-
cial and vocational outcome.96 Therefore, cognition has
become a treatment target in itself. The present results,
together with prior evidence, imply that many subjects
at risk for psychosis already have substantial cognitive
deficits, and these deficits most likely limit the ability
of patients to achieve their personal goals. A cognitive
assessment should therefore be offered to help-seeking
subjects with ‘‘prodromal symptoms’’ in order to detect
problems that might compromise educational or occupa-
tional success. In addition, treatment trials in this popu-
lation should consider cognition as an outcome in order
to improve deficits or even to prevent cognitive decline,
which apparently occurs very early in the prodrome.97

Supplementary Material

Supplementary materials are available at http://
schizophreniabulletin.oxfordjournals.org.

Funding

Bundesministerium für Bildung und Forschung (BMBF
01 GI 9934, 01 GI 0234).

Acknowledgments

We thank Mrs Gabi Herrmann, who assisted with the
acquisition of data. The funding source had no further
role in the study design; the collection, analysis, and
interpretation of data; the writing of the report; and
the decision to submit the paper for publication.
Contributors
Frommann, Brinkmeyer, Ruhrmann (MD), Pukrop
(MD), Berning, Decker, Bechdolf (MD), Wölwer (PhD),
Klosterkötter (MD), Maier (MD), and Wagner (PhD).
W.W., W.M., and J.K. conceived the study and obtained
funding. M.W. and I.F. supervised the study. Frommann
was responsible for data management and analysis and
wrote the first draft of the manuscript. All authors
have contributed to data acquisition and to revising the
manuscript and have approved the final manuscript.

Appendix A. Inclusion Criteria for the Intervention Studies

Inclusion Criteria for EPS

Self-Experienced Cognitive Thought and Perception
Deficits (Basic Symptoms)

One or more of the following basic symptoms appeared in
the last 3 months, several times a week:

1. Thought interferences
2. Thought perseverations
3. Thought pressure
4. Thought blocking
5. Disturbances of receptive language, either heard or

read
6. Decreased ability to discriminate between ideas and

perception, fantasy, and true memory contents
7. Tendency to delusion of reference (‘‘subject cen-

trism’’)
8. Derealization
9. Visual perception disturbances
10. Acoustic perception disturbances

and/or

One of the following risk factors plus a reduction in the
GAF score (DSM-IV) of at least 30 points (within the
past year)

1. First-degree relative with a lifetime diagnosis of
schizophrenia or a schizophrenia spectrum disorder
and

2. Pre- or perinatal complications.

Inclusion Criteria for LPS

Subsyndromal Psychotic Symptoms Like BLIPS and/or
APS

BLIPS, defined as appearance of one of the following
psychotic symptoms more than twice for less than 1
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week (interval between episodes at least 1 week), sponta-
neous remission:

1. Ideas of reference
2. Unusual thoughts and magical ideation
3. Unusual perceptual experiences
4. Odd thinking or speech
5. Suspicion or paranoid ideation

and/or

Presence of at least one of the following APS within the
last 3 months, appearing several times per week for a pe-
riod of at least 1 week:

1. Hallucinations
2. Delusions
3. Formal thought disorder
4. Gross disorganized or catatonic behavior

Appendix B. Exclusion Criteria

1. DSM-IV diagnosis of schizophrenia, schizophreni-
form, schizoaffective, delusional or bipolar disorder
at any time of life,

2. DSM-IV diagnosis of brief psychotic episode with
a duration of more than 1 week at any time of life
or overt psychotic symptoms within 1 week before in-
clusion (inclusion was possible if a spontaneous remis-
sion within the BLIPS time frame occurred),

3. DSM-IV diagnosis of delirium, dementia, amnestic and
other cognitive disorders, mental retardation, mental
disorders due to a general medical condition or mental
disturbances due to psychotropic substances,

4. Abuse of alcohol or drugs within the last 3 months prior
to the study; in case of drug abuse, it had to be deter-
mined whether present prodromal symptoms appeared
before any drug abuse; if not, symptoms had to persist
after a drug-free period of at least 3 months (hallucino-
gens, amphetamines) or at least 4 weeks (cannabis),

5. Continuous treatment with high potency neuroleptics
for more than 1 week at any time of life or any use of
neuroleptics during 6 months prior to the study,

6. Any contraindication as described for amisulpride,
7. Women of childbearing risk not practicing contracep-

tion, and
8. Additional exclusion criteria were related to somatic

disturbances like pathological electrocardiogram
aberrations.
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9. Huber G, Gross G, Schüttler R. Schizophrenie. Eine Verlaufs-
und sozialpsychiatrische Langzeitstudie. Berlin, Germany:
Springer; 1979.

10. Klosterkötter J, Hellmich M, Steinmeyer EM, Schultze-
Lutter F. Diagnosing schizophrenia in the initial prodromal
phase. Arch Gen Psychiatry. 2001;58:158–164.

11. Heinrichs RW. The primacy of cognition in schizophrenia.
Am Psychol. 2005;60:229–242.

12. Mesholam-Gately RI, Giuliano AJ, Goff KP, Faraone SV,
Seidman LJ. Neurocognition in first-episode schizophrenia:
a meta-analytic review. Neuropsychology. 2009;23:315–336.

13. Hoff AL, Sakuma M, Wieneke M, et al. Longitudinal neuro-
psychological follow-up study of patients with first-episode
schizophrenia. Am J Psychiatry. 1999;156:1336–1341.

14. Hoff AL, Svetina C, Shields G, Stewart J, DeLisi LE. Ten
year longitudinal study of neuropsychological functioning
subsequent to a first episode of schizophrenia. Schizophr
Res. 2005;78:27–34.

15. Gold S, Arndt S, Nopoulos P, O’Leary DS, Andreasen NC.
Longitudinal study of cognitive function in first-episode and
recent-onset schizophrenia. Am J Psychiatry. 1999;156:
1342–1348.

16. Heaton RK, Gladsjo JA, Palmer BW, Kuck J, Marcotte TD,
Jeste DV. Stability and course of neuropsychological deficits
in schizophrenia. Arch Gen Psychiatry. 2001;58:24–32.

17. Lucas S, Fitzgerald D, Redoblado-Hodge MA, et al. Neuro-
psychological correlates of symptom profiles in first episode
schizophrenia. Schizophr Res. 2004;71:323–330.

18. Rhinewine JP, Lencz T, Thaden EP, et al. Neurocognitive
profile in adolescents with early-onset schizophrenia: clinical
correlates. Biol Psychiatry. 2005;58:705–712.

19. Weickert TW, Goldberg TE. First- and second-generation an-
tipsychotic medication and cognitive processing in schizo-
phrenia. Curr Psychiatry Rep. 2005;7:304–310.

20. Goldberg TE, Goldman RS, Burdick KE, et al. Cognitive im-
provement after treatment with second-generation antipsy-
chotic medications in first-episode schizophrenia: is it
a practice effect? Arch Gen Psychiatry. 2007;64:1115–1122.

21. Sergi MJ, Green MF, Widmark C, et al. Social cognition
[corrected] and neurocognition: effects of risperidone, olanza-
pine, and haloperidol. Am J Psychiatry. 2007;164:1585–1592.

22. Niendam TA, Bearden CE, Rosso IM, et al. A prospective
study of childhood neurocognitive functioning in schizo-
phrenic patients and their siblings. Am J Psychiatry. 2003;
160:2060–2062.

23. Cannon M, Jones P, Huttunen MO, et al. School perfor-
mance in Finnish children and later development of

871

Neuropsychological Profiles in At-Risk States of Psychosis



schizophrenia: a population-based longitudinal study. Arch
Gen Psychiatry. 1999;56:457–463.

24. Cannon TD, Bearden CE, Hollister JM, Rosso IM,
Sanchez LE, Hadley T. Childhood cognitive functioning in
schizophrenia patients and their unaffected siblings: a pro-
spective cohort study. Schizophr Bull. 2000;26:379–393.

25. Gunnell D, Harrison G, Rasmussen F, Fouskakis D,
Tynelius P. Associations between premorbid intellectual per-
formance, early-life exposures and early-onset schizophrenia.
Cohort study. Br J Psychiatry. 2002;181:298–305.

26. Cornblatt B, Obuchowski M, Roberts S, Pollack S,
Erlenmeyer-Kimling L. Cognitive and behavioral precursors
of schizophrenia. Dev Psychopathol. 1999;11:487–508.

27. Erlenmeyer-Kimling L, Rock D, Roberts SA, et al. Attention,
memory, and motor skills as childhood predictors of
schizophrenia-related psychoses: the New York High-Risk
Project. Am J Psychiatry. 2000;157:1416–1422.

28. Cosway R, Byrne M, Clafferty R, et al. Neuropsychological
change in young people at high risk for schizophrenia: results
from the first two neuropsychological assessments of the
Edinburgh High Risk Study. Psychol Med. 2000;30:1111–1121.

29. Schubert EW, McNeil TF. Neurobehavioral deficits in young
adult offspring with heightened risk for psychosis who devel-
oped schizophrenia-spectrum disorder. Schizophr Res. 2007;
94:107–113.

30. Niemi LT, Suvisaari JM, Tuulio-Henriksson A, Lonnqvist JK.
Childhood developmental abnormalities in schizophrenia: evi-
dence from high-risk studies. Schizophr Res. 2003;60:239–258.

31. Byrne M, Clafferty BA, Cosway R, et al. Neuropsychology,
genetic liability, and psychotic symptoms in those at high
risk of schizophrenia. J Abnorm Psychol. 2003;112:38–48.

32. Whyte MC, Brett C, Harrison LK, et al. Neuropsychological
performance over time in people at high risk of developing
schizophrenia and controls. Biol Psychiatry. 2006;59:730–739.

33. Woods BT. Is schizophrenia a progressive neurodevelopmen-
tal disorder? Toward a unitary pathogenetic mechanism. Am
J Psychiatry. 1998;155:1661–1670.

34. Lencz T, Cornblatt B, Bilder RM. Neurodevelopmental mod-
els of schizophrenia: pathophysiologic synthesis and direc-
tions for intervention research. Psychopharmacol Bull. 2001;
35:95–125.

35. Hambrecht M, Lammertink M, Klosterkotter J, Matuschek E,
Pukrop R. Subjective and objective neuropsychological
abnormalities in a psychosis prodrome clinic. Br J Psychiatry
Suppl. 2002;43:s30–s37.

36. Hawkins KA, Addington J, Keefe RS, et al. Neuropsycholog-
ical status of subjects at high risk for a first episode of psycho-
sis. Schizophr Res. 2004;67:115–122.

37. Pukrop R, Schultze-Lutter F, Ruhrmann S, et al. Neurocog-
nitive functioning in subjects at risk for a first episode of
psychosis compared with first- and multiple-episode schizo-
phrenia. J Clin Exp Neuropsychol. 2006;28:1388–1407.

38. Eastvold AD, Heaton RK, Cadenhead KS. Neurocognitive
deficits in the (putative) prodrome and first episode of psy-
chosis. Schizophr Res. 2007;93:266–277.

39. Brewer WJ, Wood SJ, Phillips LJ, et al. Generalized and spe-
cific cognitive performance in clinical high-risk cohorts:
a review highlighting potential vulnerability markers for
psychosis. Schizophr Bull. 2006;32:538–555.

40. Brewer WJ, Francey SM, Wood SJ, et al. Memory impair-
ments identified in people at ultra-high risk for psychosis
who later develop first-episode psychosis. Am J Psychiatry.
2005;162:71–78.

41. Niendam TA, Bearden CE, Johnson JK, et al. Neurocogni-
tive performance and functional disability in the psychosis
prodrome. Schizophr Res. 2006;84:100–111.

42. Gschwandtner U, Pfluger M, Aston J, et al. Fine motor function
and neuropsychological deficits in individuals at risk for schizo-
phrenia. Eur Arch Psychiatry Clin Neurosci. 2006;256:201–206.

43. Pflueger MO, Gschwandtner U, Stieglitz RD, Riecher-
Rossler A. Neuropsychological deficits in individuals with
an at risk mental state for psychosis—working memory as
a potential trait marker. Schizophr Res. 2007;97:14–24.

44. Lencz T, Smith CW, McLaughlin D, et al. Generalized and
specific neurocognitive deficits in prodromal schizophrenia.
Biol Psychiatry. 2006;59:863–871.

45. Simon AE, Cattapan-Ludewig K, Zmilacher S, et al. Cogni-
tive functioning in the schizophrenia prodrome. Schizophr
Bull. 2007;33:761–771.
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