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Sustained Attention Deficits as Markers of Genetic
Susceptibility to Schizophrenia
WEI J. CHEN* AND STEPHEN V. FARAONE

This article reviews recent evidence regarding the potential of the visual sustained attention deficits as
measured by the Continuous Performance Test (CPT) as an endophenotype of the genetic susceptibility to
schizophrenia. Findings in community subjects indicate that sustained attention develops during the pri-
mary school ages, reaches its maximum around early adolescence, and declines with age after adulthood.
The assertion that CPT performance deficits, and especially on the more difficult versions, are reliable and
valid genetic susceptibility indicators of schizophrenia is supported by the following results: 1) CPT deficits
are present in schizophrenic patients, are particularly associated with negative and disorganized symptoms,
and deficits on the more difficult CPT versions are not amenable to neuroleptic treatment; 2) subjects with
schizotypal personality features also exhibit CPT deficits, which are specifically associated with the negative
factor of schizotypy; 3) a substantial proportion of nonpsychotic relatives of schizophrenic patients (19–
34%) have CPT deficits, which can also be predicted from their probands’ CPT performance. Thus, using a
CPT deficits as an endophenotype of schizophrenia would not only provide a valuable measure of genetic
risk, but would also greatly enhance our understanding of etiology, and may help identify susceptibility
genes for schizophrenia. Am. J. Med. Genet. (Semin. Med. Genet.) 97:52–57, 2000 Q 2000 Wiley-Liss, Inc.
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INTRODUCTION

Although previous family, twin, and
adoption studies have consistently
shown that there is genetic contribution
to the risk for schizophrenia, the search
for genes that influence the predisposi-
tion toward schizophrenia has so far
been unsuccessful. One obstacle to
gene finding is that we cannot identify
carriers of genes in the absence of mani-
fest symptoms. Also, psychiatric diag-
noses are likely to be heterogeneous in
that not all people with the same diag-
nosis carry the same susceptibility genes
[Faraone et al., 1999]. One possible
way to surpass the limitations posed by
clinical phenotype is through the iden-
tification of neurobiological or neuro-

behavioral characteristics associated
with schizophrenia, or endopheno-
types, that may be more closely linked
to gene expression [Moldin and Erlen-
meyer-Kimling, 1994]. We could then
use heritable endophenotypes to iden-
tify people who carry schizophrenia
genes but do not show symptoms of the
disorder. This could lead to increased
statistical power when conducting ge-
netic analyses [Faraone et al., 1995].

We review evidence regarding the
potential of the visual sustained atten-
tion deficits as measured by the Con-
tinuous Performance Test (CPT) [Ros-
vold et al., 1956] as an endophenotype
of the genetic susceptibility to schizo-
phrenia. Studies before 1994 have been
reviewed thoroughly by Nuechterlein
[1991] and Cornblatt and Keilp [1994].

Sustained Attention Deficits
Measured by the Continuous
Performance Test

The evolution of various versions of the
CPT have been described in more de-
tail elsewhere [Nuechterlein, 1991;
Cornblatt and Keilp, 1994]. Common
features of the CPT include participants
responding to predesignated targets

among stimuli that are presented at a
rapid fixed rate. The discrimination
vigilance task of the CPT may consist of
a single stimulus (CPT-X, single char-
acter or number as the target) or two
successive stimuli (CPT-AX, a charac-
ter or number preceded by another
character or number as the target). The
difficulty level of the CPT can be raised
further by blurring the stimuli (de-
graded CPT) or using a relative target,
i.e., requiring a response to the second
stimulus in any pair of identical stimuli
(CPT-Identical Pairs Version or CPT-
IP). It is worth noting that, compared
with the simple CPT-X, the CPT-AX
or CPT-IP increases the load on work-
ing memory, and the degraded CPT in-
creases the load on early sensory pro-
cessing. The performance indices of the
CPT have evolved from the hit rate or
false alarm rates alone to indices derived
from signal detection theory. Sensitivity
(d8) refers to an individual’s ability to
discriminate target stimuli from non-
target stimuli, whereas the response cri-
terion (lnb) measures the amount of
perceptual evidence that the person re-
quires to decide that a stimulus is a tar-
get. Given a person’s discrimination
ability (d8), if he or she adopts a less
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stringent lnb, the hit rate will increase
whereas the false alarm rate increases at
the same time. Because of its joint con-
sideration of both the hit and false alarm
rates, d8 is usually the variable of interest
in studies on sustained attention. Alter-
natively, a nonparametric sensitivity in-
dex that estimates the area under the
curve, A8, can be computed when the
parametric assumptions of d8 can not be
assured or the hit and false alarm rates
are near perfect performance level.
Generally speaking, the reliability of
both the hit rate and d8 of the CPT are
excellent (>0.70), whereas that of lnb is
less satisfactory (around 0.5).

Effects of Demographic Features
on CPT Performance

Well-established norms for the CPT are
essential for choosing a threshold for
defining impaired performance. For
adults, however, most previous studies
have examined only a limited number
of normal subjects. The only normative
study of CPT performance in the gen-
eral population was by Chen et al.
[1998a], who examined 345 adults ran-
domly selected from a community us-
ing both the undegraded and the 25%
degraded CPT-‘1–9’. The results of
multiple linear regression showed that
older ages were associated with a de-
creasing hit rate and sensitivity (d8),
whereas higher levels of education were
associated with an increasing hit rate
and d8. Men had higher hit rates and d8
than women for the degraded CPT.

For children, Greenberg and
Waldman’s [1993] study of 775 chil-
dren 6–16 years of age was ideal for
describing CPT normal values. The
stimuli used in that study, however,
were two visual shapes that were easily
discriminated . One was designated as
the target. This method is different
from the CPT versions used in most
previous studies. Recently, Lin et al.
[1999] examined the relationships of
age and gender with CPT-‘1–9’ perfor-
mance among 341 randomly selected
school children 6–15 years of age. Mul-
tiple regression analyses revealed that
the hit rate and sensitivity of both the
undegraded and the degraded CPT in-
creased with age, whereas the false

alarm rate decreased with age. Boys had
higher hit rate and sensitivity on the
degraded CPT than girls.

Taken together, the findings indi-
cate that sustained attention develops

during the primary school ages, reaches
its maximum around early adolescence,
and declines with age after adulthood.
These data highlight the necessity of
standardization with adjustment for age,
education, and gender in assessing CPT
performance among relatives of schizo-
phrenic patients [Chen et al., 1998b].

CPT Deficits in
Schizophrenic Patients

The first criterion for CPT deficits to
be an endophenotype of schizophrenia
is that they should be present and stable
in schizophrenic patients. Early cross-
sectional studies reported that schizo-
phrenic patients exhibited CPT perfor-
mance deficits whether they were
chronically hospitalized or in remission
[Nuechterlein, 1991]. What has been
less clear is whether CPT deficits in
schizophrenic patients are mediating
vulnerability indicators (performance
becomes poorer during overt symptoms
than during remission) or stable vulner-
ability indicators (not amenable to neu-
roleptic treatment). Cross-sectional
studies have produced conflicting re-
sults. Several studies found significant
differences in CPT performance be-
tween medicated and unmedicated pa-
tients but others failed to detect such
differences [Nuechterlein, 1991; Corn-
blatt and Keilp, 1994].

A rigorous examination of the im-
pact of course and neuroleptic treat-

ment requires longitudinal studies. Sev-
era l s tudies that employed the
undegraded CPT-X or degraded
CPT-X showed worse CPT perfor-
mance during active psychotic states
compared with periods of remission
[Orzack et al., 1967; Spohn et al., 1977;
Nuechterlein et al., 1991]. One study
failed to detect such differences, prob-
ably because of small sample sizes and
young age [Erickson et al., 1984].
When a working memory component
was added to the task, however, as in
the case of CPT-AX [Nuechterlein et
al., 1991; Epstein et al., 1996; Finkel-
stein et al., 1997] or CPT-IP [Cornblatt
et al., 1997], CPT performance was
stable between psychotic and remitted
states.

A randomized, double-blind, clini-
cal trial showed that schizophrenic pa-
tients’ performance on both the unde-
graded and degraded CPT-‘1-9’ did not
change significantly from baseline to
the end of 12-weeks’ antipsychotic
treatment with risperidone or haloper-
idol, despite significant reductions in
symptom severity [Liu et al., 2000].
Overall, these findings indicate that the
different CPT versions might tap differ-
ent components of sustained attention:
the vers ions requir ing working
memory (e.g., the undegraded CPT-
AX, degraded CPT-AX, and CPT-IP)
are stable vulnerability indicators,
whereas the other versions (e.g., unde-
graded or degraded CPT-X) might be
mediating vulnerability indicators.

CPT Deficits and Clinical
Symptom Dimensions
of Schizophrenia

Among studies specifically examining
the relationships between CPT perfor-
mance indexes and clinical symptom
dimensions, one of the most consistent
findings is that CPT deficits are associ-
ated with negative symptoms [Nuech-
terlein et al., 1986; Hain et al., 1993;
Johnstone and Frith, 1996; Liu et al.,
1997; Roitman et al., 1997]. But one
study that employed hypothesized
rather than empirical negative factors
failed to find such an association
[Strauss et al., 1993]. Buchanan et al.

Taken together, the
findings indicate that

sustained attention develops
during the primary school
ages, reaches its maximum
around early adolescence,

and declines with age after
adulthood.
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[1997] found that schizophrenic pa-
tients with the deficit syndrome
showed more impaired performance on
the CPT compared with other schizo-
phrenic patients. Many studies also
found that poorer performance on the
CPT were associated with thought dis-
order [Nuechterlein et al., 1986; Strauss
et al., 1993; Pandurangi et al., 1994;
Nelson et al., 1998] or disorganized
symptoms [Liu et al., 1997]. Mean-
while, all these studies have found that
positive symptoms do not correlate
with either d8 or lnb on the CPT.

CPT Deficits in Other
Psychiatric Disorders

If CPT deficits are vulnerability indica-
tors of schizophrenia, they should not
be present in patients with other psy-
chiatric disorders, unless some suscepti-
bility genes for schizophrenia are also
susceptibility genes for other disorders.
Previous studies have shown worse
CPT performance in schizophrenic pa-
tients compared with alcoholic patients
[Mussgay and Hertwig, 1990], schizoaf-
fective patients [Walker, 1981], and pa-
tients with depressive disorders [Corn-
blatt et al., 1989]. Two studies,
however, suggested that CPT perfor-
mance of bipolar patients did not sig-
nificantly differ from that of schizo-
phrenic patients [Rund et al., 1992;
Addington and Addington, 1997].
Similarly, Nelson et al. [1998] found
no difference in CPT performance
between patients with major depres-
sion with psychosis and schizo-
phrenia. Thus, whether the CPT
deficit in schizophrenic patients and
that in patients with other psychoses
can be differentiated warrants further
investigation.

A related issue in younger popula-
tions is the CPT deficits found among
children with attention deficit hyperac-
tivity disorder (ADHD). An early study
reported that children with ADHD dif-
fered from normal controls in having
lower lnb on the CPT, whereas off-
spring of schizophrenic mothers dif-
fered from normal controls in having
lower d8 [Nuechterlein, 1983]. In a
meta-analysis of 26 studies, however,
children with ADHD were found to

perform significantly worse than nor-
mal controls on the CPT in terms of
both commission and omission errors as
well as signal-detection indices [Losier
et al., 1996]. How to differentiate chil-
dren with ADHD from children at in-
creased risk for schizophrenia warrants
further investigation.

CPT Deficit and Schizotypy

Genetic vulnerability to schizophrenia
may manifest itself in schizophrenia-
like personality disorders (e.g., schizo-
typy) rather than a full syndrome of
schizophrenia [Gottesman and Shields,
1982; Kendler et al., 1993]. Thus, CPT
deficits should be present in persons
with schizotypal personality disorder if
it is a vulnerability indicator of schizo-

phrenia. Indeed, subjects with a high
score on schizotypal scales [Lenzen-
weger et al., 1991; Obiols et al., 1993;
Chen et al., 1998a] or a diagnosis of

schizotypal personality disorder [Con-
dray and Steinhauer, 1992; Harvey et
al., 1996] have been found to have
poorer CPT performance as compared
to nonschizotypal controls.

Interestingly, the relationship be-
tween types of schizotypal symptoms
and CPT performance in adults is par-
allel to that between the types of
schizophrenic symptoms and CPT per-
formance. The interpersonal or nega-
tive features of schizotypy are associated
with lower d8 on the degraded CPT
[Kendler et al., 1991; Chen et al.,
1997]. Symptoms of schizotypal disor-
ganization are associated with lower d8
on the undegraded CPT [Chen et al.,
1997]. Cognitive-perceptual schizo-
typal symptoms, however, are not asso-
ciated with d8 [Kendler et al., 1991;
Chen et al., 1997].

The relationship between schizo-
typy and CPT performance has also
been examined in adolescents. Among
randomly selected adolescents, higher
scores on the Perceptual Aberration
Scale (PAS) was associated with lower
d8 scores but no symptom dimensions
from the Schizotypal Personality
Questionnaire were associated with d8
on the CPT [Chen et al., 1997]. Obiols
et al. [1997] screened for schizotypal
adolescents using CPT performance
and found that subjects in the lowest
decile of CPT performance had higher
PAS score than those having better
CPT performance.

CPT Deficits in Relatives of
Schizophrenic Patients

Another criterion for CPT deficits to be
vulnerability markers for schizophrenia
is that they should be evident among
the non-psychotic relatives of schizo-
phrenic patients. Several issues can be
addressed in studies examining CPT
performance among such relatives.
First, the CPT performance in relatives
of schizophrenic patients should be
poorer than that in normal controls.
Early studies comparing children of
schizophrenic mothers to children of
normal mothers using the CPT-X or
CPT-AX did not find significant differ-
ences. In contrast, studies using a more
difficult CPT could detect such deficits

Genetic vulnerability to
schizophrenia may manifest
itself in schizophrenia-like
personality disorders (e.g.,
schizotypy) rather than a

full syndrome of
schizophrenia. Thus, CPT
deficits should be present in

persons with schizotypal
personality disorder if it is
a vulnerability indicator of

schizophrenia. Indeed,
subjects with a high score
on schizotypal scales or a
diagnosis of schizotypal
personality disorder have
been found to have poorer

CPT performance as
compared to nonschizotypal

controls.
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in the children of schizophrenic moth-
ers [Nuechterlein, 1991]. Lately, there
have been more studies examining
CPT performance among adult non-
psychotic relatives of schizophrenic pa-
tients, whom have been found to have
deficits on the degraded CPT [Grove et
al., 1991] or both the undegraded and
degraded CPT [Mirsky et al., 1995;
Chen et al., 1998b].

Finding CPT differences between
relatives of schizophrenia patients and
normal controls alone, however, does

not necessarily make the measure useful
for genetic analysis of schizophrenia. A
phenotype that leads to a higher ratio (l
index) of prevalence among relatives of
patients versus the general population
would be more powerful for linkage
analysis [Risch, 1990]. In a review of
reported rates of the putative spectrum
phenotype among first-degree relatives
of schizophrenic patients, Faraone et al.
[1995] found that the ls of the P300
latency measure, two assessments of
schizotypal personality disorder, and

two measures of neuromotor impair-
ment were between 11–15, whereas
that of a composite attention deficit (in-
cluding the CPT) was 30.

Using data from 148 nonpsychotic
relatives and 345 community adults,
Chen et al. [1998b] found that l was
>15 for the undegraded CPT and >30
for the degraded CPT with the choice
of 3 standard deviations below the
population mean as the cutoff point.
Thus, the CPT performance deficit
might be more useful than other
schizophrenia spectrum definitions in
linkage analyses. In that study, the pro-
portion of relatives with deficits in d8
ranged from 19% (undegraded CPT) to
34% (degraded CPT). These percent-
ages are much higher than the morbid-
ity risk for schizophrenia or schizophre-
nia-related psychoses (about 10%)
among the relatives of schizophrenic
patients [Gottesman and Shields, 1982;
Kendler et al., 1993].

The idea that CPT deficits reflect
the action of schizophrenia susceptibil-
ity genes predicts that schizophrenic
probands’ having CPT deficits should,
compared with other schizophrenic
probands, have a higher rate of CPT
deficits in relatives. When Chen et al.
[1998b] divided schizophrenic pro-
bands into CPT-deficit and CPT-non-
deficit subgroups, their relatives’ CPT
performance was consistent with this
prediction.

Additional studies show that the
CPT is heritable. In normal families,
the heritability of d8 for the CPT-IP
ranged from 0.39–0.49 [Cornblatt et
al., 1988]. The heritability of d8 was
0.79 in a study of nonpsychotic siblings
of schizophrenic patients [Grove et al.,
1991], whereas estimates of 0.48 –0.62
(undegraded CPT) and 0.51–0.57 (de-
graded CPT) were found in a study of
non-psychotic parents and schizo-
phrenic offspring [Chen et al., 1998b].
Also if CPT scores measure the genetic
predisposition to schizophrenia, then
CPT performance should be associated
with schizotypal features among rela-
tives. In a study of relatives of schizo-
phrenic probands, Chen et al. [1998b]
found that CPT performance correlated
with schizotypal symptoms of inter-

personal dysfunction and disorganiza-
tion, but not cognitive-perceptual
symptoms.

Future Perspectives and Summary

Several issues must be addressed before
CPT deficits can be fruitfully incorpo-
rated into the future genetic dissection
of schizophrenia. First, the modes of in-
heritance of CPT performance in
schizophrenic families can be explored
through segregation analyses. Second,
the relative contribution of genetic fac-
tors, shared environmental factors and
non-shared environmental factors on
CPT performance can be estimated
from twin studies. Third, the genetic
relationship between schizotypy and
CPT performance could be elucidated
through bivariate analyses in twins.

In summary, the accumulated evi-
dence to date supports the idea that
CPT performance deficits, especially on
the more difficult versions (with work-
ing memory demand plus increased
loads on early sensory processing), are
reliable and valid genetic susceptibility
indicators of schizophrenia. Among

these, the most comprehensively stud-
ied version of the CPT has been the
CPT-AX with or without stimulus
degradation. In support of this assertion
are the following points: 1) CPT defi-
cits are present in schizophrenic pa-
tients, are particularly associated with
negative and disorganized symptoms,
and deficits on the more difficult CPT

In summary, the
accumulated evidence to

date supports the idea that
CPT performance deficits,

especially on the more
difficult versions (with

working memory demand
plus increased loads on

early sensory processing),
are reliable and valid
genetic susceptibility

indicators of schizophrenia.
Among these, the most
comprehensively studied
version of the CPT has

been the CPT-AX with or
without stimulus

degradation.

Using CPT deficits as an
endophenotype of

schizophrenia would not
only provide a valuable

measure of genetic risk, but
would also greatly enhance

our understanding of
etiology, and may help

identify susceptibility genes
for schizophrenia.
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versions are not amenable to neurolep-
tic treatment; 2) subjects with schizo-
typal personality features also exhibit
CPT deficits, that are specifically asso-
ciated with the negative factor of
schizotypy; and 3) a substantial propor-
tion of nonpsychotic relatives of schizo-
phrenic patients (19–34%) have CPT
deficits, that can also be predicted from
their probands’ CPT performance. Us-
ing CPT deficits as an endophenotype
of schizophrenia would not only pro-
vide a valuable measure of genetic risk,
but would also greatly enhance our
understanding of etiology, and may
help identify susceptibility genes for
schizophrenia.
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