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Objective: Impaired attention has fre-
quently been observed in studies of unaf-
fected siblings of patients with schizophre-
nia. To assess the suitability of impaired
attention for use as an intermediate phe-
notype in genetic studies, the authors esti-
mated the relative risk of impaired atten-
tion in a large group of siblings.

Method: The authors used the Continu-
ous Performance Test, 1-9 version, with
and without a distraction condition, to
study 147 patients with schizophrenia, 193
of their siblings, and 47 normal compari-
son subjects. Relative risk (λ) was esti-
mated by using cutoff scores that were
one, two, and three standard deviations
below the mean sensitivity index value (d′)
of the normal comparison group in both
Continuous Performance Test conditions.

Results: Patients but not their siblings
performed worse than the normal com-
parison subjects in both conditions. Fifty
percent of the patients, 24% of their sib-
lings, and 18% of the normal comparison
subjects scored one standard deviation be-
low the mean score of the comparison

group for the more difficult distraction ver-
sion of the Continuous Performance Test.
The patients with Continuous Performance
Test scores one standard deviation below
the mean score of the comparison group
had a total of 97 siblings. Compared with
the comparison group, this subgroup of
siblings had significantly lower Continuous
Performance Test scores. Relative risk was
also significantly higher for the siblings of
patients whose scores were one standard
deviation (λ=2.1) and two standard devia-
tions (λ=3.3) below the mean of compari-
son subjects. Attempts to assess ascertain-
ment bias suggest that this may be an
underestimate.

Conclusions: Poor performance on the
Continuous Performance Test appears to
be familial and, possibly, genetic. Relative
risk estimates were in the moderate
range. Given the ease of administering
the Continuous Performance Test, the use
of impaired attention as an intermediate
phenotype could increase the power of
genetic studies of schizophrenia.

(Am J Psychiatry 2000; 157:1309–1316)

Numerous studies have provided strong evidence of
a major genetic component to schizophrenia (1). Despite
intensive efforts, linkage studies have generally yielded
only weak evidence for minor susceptibility loci (e.g., ref-
erences 2–5). Positional cloning of such minor genes is, at
present, difficult and will require very large numbers of af-
fected sibling pairs (6). Because many genes may be in-
volved in schizophrenia, the role that any single locus may
play in affecting the most disabling features of the illness
could be relatively unimportant.

An alternative approach is to use neurobiological traits
associated with schizophrenia as phenotypes (7–9). The
underlying assumption of this approach is that different
susceptibility loci produce distinct, measurable neurobio-
logical phenotypes that may each increase the risk for de-
veloping schizophrenia. An analogy would be heart dis-
ease, where obesity, hyperlipidemia, and smoking are
separate traits, each with its own genetics and each of
which increases the risk of heart disease. This approach
offers several advantages for genetic studies of schizo-
phrenia. First, it may be possible to identify subgroups

that are genetically more homogeneous. Second, interme-
diate neurobiological phenotypes may have a simpler ge-
netic architecture. Third, traits such as cognitive impair-
ment may be more directly associated with the most
incapacitating features of the illness (10–12). Using differ-
ent aspects of cognitive dysfunction as phenotypes may
facilitate the identification of susceptibility loci directly
relevant to the severe functional impairment found in
schizophrenia.

Cognitive function has been studied in patients with
schizophrenia and their relatives. These studies suggest
that cognitive dysfunction in general and poor attention
in particular are familial and could be genetically related
to the risk of schizophrenia (7, 13, 14). Measures of atten-
tion appear to be stable over time, are not worsened by
neuroleptic medications, and are relatively independent
of clinical state (13, 15–17). Prospective studies suggest
that impaired attention is present from early childhood,
before diagnostic symptoms appear, and persists for de-
cades (13). Heritability estimates, however, have been
lacking, making it difficult to know whether this pheno-
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type is useful for genetic studies. To our knowledge, only
one study of impaired attention—by Chen et al. (18), who
studied a Taiwanese cohort—has examined this issue.
Chen et al. reported relative risk estimates ranging from
9.6 to 130.3 for a combined group of parents and siblings
of patients with schizophrenia.

Relative risk is a measure used in genetics and epidemi-
ology to quantify, among other things, familial similarity. It
can be used to estimate upper limits of heritability by us-
ing the James identity (19). Relative risk has also been used
to estimate the feasibility and design of genetic studies for
locating genes (20–22). The very high relative risk for im-
paired attention found by Chen et al. in the Taiwanese co-
hort suggests that this phenotype is highly heritable and a
compelling candidate for genetic studies. Indeed, if the es-
timates of Chen et al. are accurate, it may be easier to find
genes for impaired attention than for schizophrenia, for
which the relative risk is 10.

Relative risk estimates are sensitive to ascertainment
bias and require large numbers of subjects (23). Replica-
tion in a large, independent cohort, preferably with sub-
jects of different ethnicity and including one type of first-
degree relative (e.g., siblings alone) is critical for evaluat-
ing the utility of this phenotype. Different ethnic groups
may have different genetic and environmental compo-
nents of phenotypic variance for cognitive abilities (e.g.,
see references 24 and 25). In addition to ethnicity, the type
of relative evaluated can have important effects on esti-
mates of relative risk and heritability (23, 26, 27). Correla-
tions with parents and siblings can be affected by different
environmental, genetic, and gene-environment interac-
tions. For this reason, genetic studies normally distinguish
these relative types (e.g., see references 23, 26, and 28).

We investigated attention deficits in a relatively large
group of siblings of patients with schizophrenia to estimate
relative risk. We tested the following hypotheses: 1) siblings
of patients with schizophrenia have impaired Continuous
Performance Test performance, 2) siblings of patients with
schizophrenia who have impaired Continuous Per-

formance Test performance also have a higher rate of
impaired Continuous Performance Test performance, and
3) relative risk for poor Continuous Performance Test per-
formance is moderate or higher in siblings of patients with
schizophrenia. Furthermore, we attempted to evaluate as-
certainment bias. On the basis of pilot data, we hypothe-
sized that healthier siblings would participate, biasing rel-
ative risk estimates downward.

Method

One hundred forty-seven index patients with a history of
schizophrenia, 193 of their full siblings, and 47 normal compari-
son subjects who had no first-degree relatives with schizophrenia
participated in a family study of neurobiological phenotypes as-
sociated with schizophrenia. Subjects were recruited from local
and national sources.

Preliminary diagnoses of the index patients were established
by a research social worker through review of psychiatric records
and interview with family members. Applicants with alcohol or
drug abuse within the last 6 months, alcohol or drug dependence
within the last year, or more than a 5-year history of alcohol or
drug abuse or dependence were not recruited. The 147 patients
represented a fraction of the potential index patients and/or their
families who initially inquired about the project. Reasons for non-
participation of the potential index families for a representative
12-month period are listed in Table 1. During this period, 23.5% of
inquiring families were eventually studied.

All study procedures were approved by the Institutional Review
Board of the National Institute of Mental Health. Participants had
to be from 18 to 60 years of age, above 70 in premorbid IQ, and
able to give informed consent.

Comparison subjects were recruited through the NIH Normal
Volunteer Office and screened according to the same criteria with
the additional requirement that they not have a first-degree rela-
tive with schizophrenia. Written informed consent was obtained
from all study participants after complete description of the
study.

Participants were interviewed and videotaped by a research
psychiatrist (blind to comparison group or sibling status) using
the Structured Clinical Interview for DSM-IV Axis I Disorders Re-
search Version (SCID-I) (29) (patient or nonpatient version as in-
dicated) and the Structured Clinical Interview for DSM-IV Axis II
Disorders (SCID-II) (30). All available psychiatric records were re-
viewed. A second psychiatrist reviewed all SCID and family data;
disagreements in diagnosis were reviewed by a third psychiatrist
who was the tie breaker. Interrater reliability was assessed in in-
dependent interviews with 14 to 17 probands. In all cases, raters

TABLE 1. Reasons for Nonparticipation in a Study of Sib-
lings of Patients With Schizophrenia Among Potential In-
dex Patients and Their Families (N=217) During a Repre-
sentative 12-Month Period

Reason N %

Application not completed, withdrawn, or insufficient 89 41.0
No eligible sibling 10 4.6
Low IQ or English as a second language 14 6.5
Chart review did not support diagnosis of schizophrenia 10 4.6
Ethical issuesa 4 1.8
Neurological illness 13 6.0
Medical illness 6 2.8
Substance abuse 9 4.1
Management/logistical problemsb 11 5.1
Total 166 76.5
a Patient was unable to give informed consent or was hospitalized

under civil commitment law, for example.
b Patient was too ill to participate, unable to cooperate, or paranoid,

for example.

TABLE 2. Reasons of 90 Siblings From Families of 147 In-
dex Patients for Not Participating in a Study of Siblings of
Patients With Schizophrenia

Reason Number of Siblings

Unavailable or refused 44
Age 3
Ethical issuesa 8
Neurological problems 1
Medical problems 3
Substance abuse 4
Logistical issuesb 27
Total 90
a Index patient withdrew consent to have five siblings contacted, for

example.
b Sibling’s scheduling conflict, living overseas, and child care issues,

for example.
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agreed on the diagnosis of schizophrenia or schizoaffective disor-
der. All subjects received a neurological examination, EEG, mag-
netic resonance imaging scan of the brain, and a screening bat-
tery of blood tests. Two subjects were excluded due to central
nervous system pathology.

Families of the 147 index patients had a total of 283 siblings;
193 of these siblings were examined. Reasons of the 90 siblings for
not participating are described in Table 2. To assess ascertain-
ment bias, we evaluated the psychiatric diagnosis of nonpartici-
pating siblings using two informants (a parent and a well sibling)
and the Family Interview for Genetic Studies (31). Of 50 randomly
selected families, 28 had 52 untested siblings; 22 families had
100% participation. Psychiatric diagnoses based on the Family In-
terview for Genetic Studies for the 52 nonparticipating siblings
are listed in Table 3.

Data from a number of participants were excluded. For 19 fam-
ilies, complete data on both the index patient and one of the pa-
tient’s siblings were not available because of problems with test-
ing or logistics. Twelve index patients were excluded for failing to
meet diagnostic criteria. Of 147 index patients and 193 siblings,
data for 116 patients and 183 siblings were analyzed. Two com-
parison subjects were excluded for substance abuse and family
history of psychosis not otherwise specified in a sibling. The final
study group included 183 sibling pairs.

We used the Continuous Performance Test from Gordon Di-
agnostic Systems (32). The procedure has been described in de-
tail elsewhere (17). Briefly, patients were tested on two versions,
the 1-9 task without distractors (vigilance version) and the 1-9
task with distractor numbers flashing adjacent to the target
numbers (distraction version). Subjects were required to press a
button every time a number 1 was followed by number 9 in se-
quence. Stimuli were presented every second, with a stimulus
duration of 200 msec and an interstimulus interval of 800 msec.
Each task lasted 6 minutes; 360 trials were presented with 30 tar-
gets. Three parameters were examined: commission errors,
omission errors, and overall number correct. IQ (from the WAIS-
R) and reading comprehension (Wide Range Achievement Test,
Revised [WRAT-R] [33]) were also determined. The sensitivity in-
dex (d′) was derived from the hit rate and false alarm rate (16).
Response bias (beta) was calculated by using the ratio of the hit
rate to the false alarm rate (16). The log of beta was analyzed to
derive a linear distribution.

Data analysis was performed with Statistica (Statsoft Corp,
Tulsa, Okla.). Demographic data were compared by using t tests
(paired or unpaired as appropriate) and chi-square tests for non-
parametric data. Correlations were assessed with Pearson’s corre-
lation coefficient. Because no age or sex effects were seen in this
group, uncorrected dependent measures were used in all analy-
ses. Four dependent variables (d′ and log beta for vigilance and
distractibility conditions) were compared with t tests. Because
data for related family members may be correlated, we conserva-
tively chose to use only one randomly selected sibling from each
family for these analyses. Analysis of variance with all three
groups was not used because of possible violation of the assump-
tion of independence between groups.

Several criteria were used to calculate relative risk. Subjects
were designated as affected if their Continuous Performance Test
scores fell below specific cutoff values. These values were defined
as one, two, and three standard deviations below the mean score
of the subjects in the normal comparison group. The number of
affected siblings of index patients who were themselves affected
with impaired attention was determined; these were concordant
pairs for impaired attention. Unaffected siblings of index patients
who were affected with impaired attention were defined as non-
concordant pairs.

Relative risk was calculated as (concordant pairs/[concordant
+ nonconcordant pairs])/percent affected in the comparison

group. Chi-square was used to test for significance of relative risk
values by comparing distributions of affected status in siblings
compared with the subjects in the normal comparison group. All
siblings were included in this analysis to test the null hypothesis
of no correlation between family members (34).

An alternative method to estimating relative risk based on lo-
gistic regression (35) was not used because such methods are ei-
ther 1) asymptotic and assume large numbers or 2) require
matching families to comparison subjects. This latter approach
would require omitting families and would markedly reduce
power.

Results

Diagnoses and demographic data of the participating
index patients, their siblings, and the normal comparison
subjects are shown in Table 4 and Table 5. Briefly, the com-
parison subjects were slightly younger than patients and
siblings, but the difference was not significant. No correla-
tion was found between age and Continuous Performance
Test variables in any group or overall. There were more
men in the patient group than in either the sibling or the
comparison group. No differences between sexes were ob-
served in any group for any Continuous Performance Test
measure. There was no difference between siblings and
the normal comparison subjects in IQ, WRAT-R score, sex,
age, or education. There were significantly more African
Americans in the comparison group than in the group of
siblings and the group of patients. Within the comparison
group, there was no significant effect of race on any Con-
tinuous Performance Test measure, suggesting that this
should not affect relative risk estimates. Rates of depres-
sion were comparable between the sibling and normal
groups (χ2=0.23, df=1, p=0.63) (Table 4) and are similar to
lifetime prevalence data in large community samples (36).
The group of siblings had a higher rate of past alcohol
abuse and dependence than the normal comparison
group (χ2=5.0, df=1, p=0.03) (Table 4). When we used a di-
agnosis of past alcohol abuse or dependence as a grouping
factor, however, we noted no differences for any attention
variable for the entire study group.

Continuous Performance Test results are given in Table
6. Briefly, index patients were significantly worse than sib-
lings and normal subjects for the sensitivity index in both
test conditions. No differences were seen between the
group of siblings and the normal subjects on any measure.

TABLE 3. Diagnoses of Siblings (N=52) Who Did Not Partici-
pate in a Study of Siblings of Patients With Schizophreniaa

Siblings With Diagnosis
Diagnosisb N %
Schizophrenia or schizoaffective disorder 3 5.8
Bipolar disorder 4 7.7
Personality disorder, cluster A 3 5.8
Depression or dysthymia 7 13.5
Substance abuse 2 3.8
Insufficient information 1 1.9
None 32 61.5
a Data from 50 randomly selected families.
b Based on Family Interview for Genetic Studies.
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The number and percentage of patients, siblings, and nor-
mal subjects affected with attention deficits on the basis of
different Continuous Performance Test cutoff criteria as
well as the number of concordant and nonconcordant sib-
ling pairs and the relative risk estimates are given in Table
7. Significant differences were seen only for the distraction
version sensitivity index when one and two standard devi-
ations below the mean were used as the cutoff. Because
more sibling pairs met criteria for the former, subsequent
analysis will focus on this group.

Fifty percent of the index patients were considered af-
fected with attention deficits because they had scores that
were one standard deviation below the comparison group
mean on the distraction version sensitivity index. These 55
affected patients had 97 siblings. The scores of these 97
siblings were significantly lower than those of the compar-
ison group (t=–2.18, df=98, p=0.03), and 37 of these 97 sib-
lings had scores that were one standard deviation below
the comparison group mean, giving a relative risk of 2.1
(Table 7). Relative risks based on other cutoff criteria and
data for the vigilance version are also presented in Table 7.

The patients who were not affected with attention defi-
cits had 86 siblings whose mean sensitivity index (d′) was
4.53, not significantly different than the comparison
group mean. In these families, only eight (9.3%) of the sib-
lings had scores that were one standard deviation below
the comparison group mean.

The 37 siblings with poor Continuous Performance Test
performance showed few differences on other measures
compared with other siblings and the comparison group.
Their mean age was 36.2; 13 were men and 24 were
women. Their mean IQ was 104, and their WRAT-R mean
was 102. Twenty-two had no psychiatric diagnosis, six had
schizophrenia or schizoaffective disorder, and six had de-
pression or dysthymia (in remission). Eight (21.6%) had a
previous history of drug or alcohol abuse, compared with
11 (18.3%) of nonconcordant siblings.

When we excluded the siblings with schizophrenia or
schizoaffective disorder, we found that the remaining 31
siblings (concordant/well) with poor Continuous Perfor-
mance Test performance were not significantly different
from the normal subjects or other siblings in the same

TABLE 4. Diagnoses of All Index Patients, Their Siblings, and Normal Comparison Subjects Participating in a Study of Sib-
lings of Patients With Schizophreniaa

Diagnosis

Patients (N=147) Siblings (N=193) Normal Subjects (N=47)

N % N % N %

Schizophrenia or schizoaffective disorder 137 93.2 9 4.7 0 0.0
Psychosis not otherwise specified 2 1.4 0 0.0 0 0.0
Bipolar disorder, in remission 2 1.4 2 1.0 0 0.0
Depression, in remission 8 5.4 29 15.0 6 12.8
Depression, active 0 0.0 1 0.5 0 0.0
Dysthymia, in remission 3 2.0 8 4.1 0 0.0
Anxiety disorder 1 0.7 9 4.7 0 0.0
Past alcohol abuse/dependence 41 27.9 39 20.2 2 4.3
Past substance abuse/dependence 32 21.8 23 11.9 1 2.1
Possible current abuse/dependence 2 1.4 6 3.1 1 2.1
Personality disorder, cluster A 1 0.7 8 4.1 2 4.3
Other personality disorder 2 1.4 7 3.6 2 4.3
Pervasive developmental disorder 1 0.7 0 0.0 0 0.0
Attention deficit or learning disorder 5 3.4 0 0.0 0 0.0
None 0 0.0 140 72.5 34 72.3
a Column totals may be higher than actual total because some participants had more than one diagnosis.

TABLE 5. Demographic Characteristics of Index Patients With Schizophrenia, Their Siblings, and Normal Comparison Sub-
jects Included in Analyses of Continuous Performance Test Results

Characteristic Patients (N=116)
Patients Compared 

With Normal Subjects Siblings (N=183)
Siblings Compared 

With Normal Subjects
Normal Subjects

(N=45)

Mean SD t (df=156) p Mean SD t (df=226) p Mean SD

Age (years) 35.6 8.0 1.66 0.09 36.3 8.1 0.64 0.07 33.5 8.7
Education (years) 13.4 2.3 –3.58 <0.0005 15.0 2.4 –0.02 0.98 15.1 2.3
IQ 93.3 13.3 –6.71 <0.0001 107.7 11.0 –0.25 0.80 107.9 11.0
Score on Wide-Range 

Achievement Test, Revised 102.2 11.3 –1.38 0.17 105.6 11.1 0.64 0.52 104.5 12.1

N % χ2 (df=1) p N % χ2 (df=1) p N %

Male sex 97 83.6 34.2 <0.0001 81 44.3 0.62 0.43 17 37.8
Employed 42 36.2 13.9 <0.0005 159 86.9 6.3 0.01 31 68.9
Never married 86 74.1 16.6 <0.0001 55 30.1 1.64 0.20 18 40.0
Ethnicity 11.4 <0.001 19.0 <0.001

African American 2 1.7 2 1.1 7 15.6
Caucasian 111 95.7 173 94.5 38 84.4
Hispanic American 3 2.6 8 4.4 0 0.0
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family (i.e., nonconcordant siblings) demographically or
on other measures. These 31 concordant/well siblings had
13.2 years of education, which was not significantly differ-
ent from the 14.8 years for both the normal comparison
subjects and other nonconcordant siblings in these same
families. The 31 siblings had an employment rate of 79%,
similar to 89% for nonconcordant siblings and 69% for the
comparison subjects. Global Assessment of Functioning
Scale scores (axis V, DSM-IV) were similar between groups
as well (concordant/well=83.6, nonconcordant=82.9,
comparison subjects=87.3).

We attempted to evaluate ascertainment bias for sib-
lings indirectly using several approaches. Of initial inquir-
ies, the majority of families were not tested (Table 1). Of
families that participated, more than 30% of siblings did
not. Psychiatric diagnoses of those who did not participate
are given in Table 3. When schizophrenia, bipolar disorder,
and cluster A personality disorders are combined, nonpar-
ticipating siblings had a 19.2% prevalence, compared with
9.8% for participating siblings (χ2=3.46, df=1, p=0.06).

Discussion

To our knowledge, this is the first study to report the rel-
ative risk of impaired attention in a large cohort of siblings
of patients with schizophrenia. The main finding is that
the prevalence of impaired attention is greater in siblings
of patients who themselves have impaired attention, with

relative risk estimates in the moderate range. Attention
deficits were more prominent in the more difficult, dis-
traction version of the Continuous Performance Test. The
rate of poor Continuous Performance Test performance in
siblings was increased when cutoff scores of both one and
two standard deviations below the comparison group
mean were used to define who had attention deficits. Al-
though no differences were found between the entire
group of siblings and the normal comparison group, the
subgroup of siblings of patients with poor Continuous
Performance Test performance did have lower scores on
the distraction version than the comparison group.

Most siblings with attention deficits did not have a psy-
chiatric disorder and were similar to the comparison
group and siblings with normal attention on a variety of
nonattentional measures, such as IQ, the WRAT-R, and
years of education. This suggests that poor attention is not
simply an epiphenomenon of psychiatric disorder or
lower general cognitive ability and does not invariably
produce such disorders.

Regarding ascertainment bias, several indirect mea-
sures (IQ and psychiatric diagnosis) suggest that the total
group of tested siblings may be above average. This could
potentially bias relative risk estimates downward. The
higher rate of poor attention suggests that this phenotype
could be useful in the attempt to find susceptibility loci as-
sociated with schizophrenia.

TABLE 6. Analysis of Continuous Performance Test Results of Index Patients With Schizophrenia, Their Siblings, and Nor-
mal Comparison Subjects

Continuous Performance 
Test Variable

Test Results

Patients
(N=116)

Siblings
(N=183)

Normal 
Subjects 
(N=45)

Group Comparisons

Patients Compared 
With Normal Subjects

Siblings Compared 
With Normal Subjects

Patients Compared 
With Siblings

Mean SD Mean SD Mean SD t (df=159) p t (df=159) p t (df=115) p

Sensitivity index (d′)a
Vigilance version 4.28 0.85 4.78 0.48 4.80 0.43 –3.79 <0.0001 –0.45 0.65 12.20 <0.001
Distraction version 3.50 1.16 4.25 1.00 4.47 0.67 –4.94 <0.0001 –1.07 0.28 14.30 <0.001

Response bias (log beta)b

Vigilance version 0.69 0.40 0.63 0.25 0.65 0.30 0.63 0.52 –0.15 0.87 1.12 0.26
Distraction version 0.96 0.37 0.79 0.35 0.80 0.37 2.46 <0.02 –0.25 0.79 8.60 <0.001

a Derived from the hit rate and false alarm rate (16).
b Calculated by using the ratio of the hit rate to the false alarm rate (16). The log of beta was analyzed to derive a linear distribution.

TABLE 7. Number of Affected Subjects and Relative Risk Estimates Based on Different Cutoff Values of the Continuous Per-
formance Test Sensitivity Index (d′) for Index Patients With Schizophrenia, Their Siblings, and Normal Comparison Subjects

Test Version and Cutoff 
Criterion for d′ (Number of 
Standard Deviations From 
Mean of Normal Subjects)a

Subjects Affected With Attention Deficit Siblings of Affected Patientsb
Compared With 
Normal SubjectsPatients Siblings Normal Subjects

Number of
Concordant Pairs

Number of Non-
concordant Pairs

Relative
RiskN % N % N % χ2 (df=1) p

Vigilance version 
SD=1 50 43.1 25 13.7 7 15.6 11 87 0.7 0.50 0.47
SD=2 33 28.4 13 7.1 1 2.2 6 52 4.7 2.64 0.10
SD=3 23 19.8 5 2.7 1 2.2 4 33 4.9 2.62 0.10

Distraction version
SD=1 58 50.0 44 24.0 8 17.8 37 60 2.1 5.89 0.02
SD=2 37 31.9 21 11.5 3 6.7 14 50 3.3 4.64 0.03
SD=3 21 18.1 10 5.5 1 2.2 4 37 4.4 2.22 0.14

a Criterion used to define whether subject was affected with attention deficit.
b These analyses include only siblings who had attention deficits.
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The relative risk estimates in this study are substantially
lower than those found by Chen et al. (18), which ranged
from 9.6 to 130.3. There are several possible reasons for
this difference, such as the use of slightly different versions
of the Continuous Performance Test or different ascertain-
ment strategies for comparison subjects. A more likely ex-
planation, however, is the different ascertainment strategy
for probands and relatives. Chen et al. studied patients re-
cently admitted to acute inpatient wards. Continuous Per-
formance Test performance in these patients was mark-
edly worse than the performance of the patients in the
current study. Hospitalized patients may be a sicker group
and come from families with greater attention deficits
than the families of outpatients participating in our study;
thus, each ascertainment strategy could bias relative risk
in the opposite direction.

A second difference involves the first-degree relatives
who were studied. The current study used only siblings
who were very close in age and premorbid IQ (i.e., WRAT-
R scores) to index patients; Chen et al. used both siblings
and parents. The use of parents may have confounded
their results by means of significant age or cohort effects,
despite attempts to correct for this. Furthermore, it is un-
clear how much siblings contributed to the higher relative
risk. Their entire cohort of first-degree relatives also had a
much lower education level than our subjects, again pos-
sibly biasing their results in favor of families with impaired
attention. It is unclear whether these or other factors, such
as ethnic or cultural differences, could account for such
markedly worse performance by their families.

The findings of previous studies of attention in siblings
of patients with schizophrenia have been mixed. The larg-
est such study, that of Chen et al. (18), found significant
group differences, as have several others (17, 37); on the
other hand, many (13, 16) have found differences only
with more difficult versions of the Continuous Perfor-
mance Test. Most previous studies have tested small num-
bers of siblings and have not distinguished between sib-
lings of patients with and without poor Continuous
Performance Test performance. Furthermore, with the ex-
ception of the study of Chen et al., most previous studies
have used markedly biased ascertainment strategies that
resulted in either high rates of schizophrenia spectrum
disorders in the sibling group (14, 17, 37, 38) or low rates in
the comparison group, who are typically selected for hav-
ing no psychiatric disorder (14, 39). The former overesti-
mates impaired attention in the sibling group, while the
latter underestimates it in the comparison group.

Another factor is the type of Continuous Performance
Test employed. Although the 1-9 version is commonly
used, it is somewhat easier than others, such as the iden-
tical pairs version (13, 40). One disadvantage of the 1-9
version is that performance scores are not distributed
normally because there is a ceiling effect. This could
make finding group differences more difficult and reduce
relative risk calculations. Differences between siblings

and the comparison group appear to be more robust with
more difficult versions. On the other hand, these other
versions include substantial visual perceptual or working
memory loads (13, 16). The correlation between attention
and working memory deficits, for example, is weak; a
greater percentage of siblings score poorly when impair-
ments in both domains are included (11). Thus, to the de-
gree that attention and working memory are physiologi-
cal independent measures that can be deconstructed, the
1-9 version of the Continuous Performance Test could
have some advantages over the identical pairs version
and other versions.

Despite the higher relative risk, we did not find differ-
ences between the sibling group as a whole and the com-
parison group. Differences from the normal subjects were
found only in the subgroup of siblings of patients who
themselves had poor Continuous Performance Test per-
formance. There are several possibilities consistent with
these data. First, our study group may have consisted of a
relatively small number of families with impaired atten-
tion. Finding differences between all siblings and the
comparison group depends in part on the mix of families
ascertained. If siblings from families with normal atten-
tion make up a relatively high proportion, the overall
means for siblings may not be different in spite of substan-
tial heritability of impaired attention and in spite of the
overrepresentation of impaired attention in the patient
group as a whole. To use an analogy, obesity is known to
have a substantial genetic component and to be a risk fac-
tor for heart disease, but whether a specific group of sib-
lings of patients with heart disease are obese depends on
the mix of families studied.

Alternatively, the data are also consistent with the con-
clusion that impaired attention is familial but unrelated to
greater liability for schizophrenia. In this case, familial/ge-
netic factors that lead to impaired attention would not in-
crease the risk of developing schizophrenia but would
modify its clinical and cognitive manifestations.

We attempted to estimate ascertainment bias using
several indirect measures, including IQ and diagnosis.
Siblings had above-average IQ (107.7). Although Continu-
ous Performance Test performance is weakly correlated
with IQ (r=0.22 to r=0.25, p<0.001, in the current study),
siblings and the comparison group were well matched for
IQ, which should control for this. Regarding diagnosis,
siblings who participated in the study had a lower rate of
schizophrenia spectrum disorders by roughly 50% (Table
4) than has been reported in other studies with systematic
ascertainment (41, 42). Furthermore, siblings who did not
participate may have had a slightly higher rate of severe
psychiatric disorders than those who did, suggesting a
bias toward healthier siblings (Table 3). Continuous Per-
formance Test performance has been shown in many
studies to be correlated with some aspects of psychopa-
thology (14, 43–47).
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Finally, the majority of families who inquired about the
study did not participate (Table 1). The most common rea-
son for this was not our exclusionary criteria but, presum-
ably, personal reasons such as lack of interest, feelings
about research, motivation, or other factors. Overall, the
data indicate that ascertainment was skewed toward
healthier families and siblings, potentially biasing relative
risk estimates downward. Thus, the true relative risk may
be higher than our estimates.

Could Continuous Performance Test performance be a
useful phenotype for finding susceptibility loci underly-
ing schizophrenia? Estimates of relative risk from this
study suggest that it may be. Although relative risk is only
moderate, and the genetic architecture is uncertain, a
clear advantage is that it distinguishes a subgroup of pa-
tients and families. Impaired attention is not redundant
with diagnosis and provides additional information re-
garding an important phenotype linked to psychosocial
disability in schizophrenia (10, 11). Impaired attention
may thus be one of many possible intermediate pheno-
types, similar to sensory gating and eye tracking dysfunc-
tion, that could be closer to the molecular effects of
susceptibility loci and, as a result, could assist with the ge-
netic dissection of schizophrenia.

Several methods could be used to find susceptibility loci
underlying impaired attention and other intermediate
phenotypes that increase the risk for schizophrenia. For
example, with an affected sibling pair approach and the
assumption of a single locus mode (a best-case scenario),
only 200 to 300 sibling pairs with poor attention would be
required for 80% power (48). If only 20% of all sibling pairs
tested are concordant for poor attention, up to 1,500 sib-
ling pairs would need to be tested with the Continuous
Performance Test. Sibling pairs in this analysis would in-
clude at least one sibling with schizophrenia; the second
sibling would not be selected on the basis of diagnosis.

A second approach using Continuous Performance Test
scores as a quantitative trait would likely require testing a
similar or somewhat larger number of sibling pairs (20,
49). Alternatively, extremely discordant siblings could of-
fer even higher power in a quantitative trait loci analysis
(20). The number of subjects needed to find susceptibility
loci for impaired attention may not be large compared
with the number needed for studies using schizophrenia
as phenotype, given the probable phenotypic and genetic
heterogeneity. It is important to note, however, that it is
difficult to estimate how much power is affected because
the genetic architecture of both phenotypes is unknown.
The impaired attention associated with schizophrenia
could also be genetically complex.

In conclusion, patients with schizophrenia have marked
impairments on tests of attention. Impaired attention ap-
pears to be a familial trait with moderate relative risk.
Given the relative ease of administering the Continuous
Performance Test, the use of impaired attention as an in-
termediate neurobiological phenotype may improve the

power of genetic studies for finding genes that increase
the risk for or modify the expression of schizophrenia.
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