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Despite the consistent presence of performance deficits on  Key words: executive function/recurrence risk ratio/heri-
the Wisconsin Card Sorting Test (WCST) in schizophre-  tability/endophenotype/familial aggregation/prefrontal
nia patients, whether poorer performance is also present in  cortex

their nonpsychotic relatives is not certain. This study aimed
to estimate both the recurrence risk ratio (As) and the heri-
tability of WCST scores in simplex and multiplex fami-
lies, respectively, and to examine the influence of familial = The Wisconsin Card Sorting Test (WCST) is one of
loading on these estimates. Participants were patients with ~ the most widely used neurocognitive tests for assessing
schizophrenia and their nonpsychotic first-degree relatives ~ executive function that has been strongly linked to
from 168 simplex families and 653 multiplex families as  prefrontal cortical function,'? reflecting an integrated
well as 440 normal comparisons. On the basis of adjusted 7  ability for the purpose of planning and executing goal-

Introduction

scores, both the As at a series of cutoff points and heritabil-  directed activities.* WCST performance deficits have been
ity estimates based on variance component modeling in the  consistently detected in patients with schizophrenia, with
nonpsychotic relatives of schizophrenia patients were esti-  a mean effect size of 0.95 in a meta-analysis of 43 studies.*

mated. The WCST deficits in schizophrenia patients were = An increasing number of studies have applied the WCST
more prominent in multiplex families than in simplex ones.  in exploring the association of genetic variants to the
Among relatives, WCST deficits were limited to parents of  neurocognitive deficits of schizophrenia.>” Despite the
multiplex families for most WCST scores and siblings from  popular use of the WCST, the empirical results on whether
multiplex families for total errors, perseverative responses, its performance deficits represent endophenotypic
and perseverative errors. Pertaining to As, the estimates  markers for schizophre-nia susceptibility have been
for multiplex families (highest estimates ranging from 7.9  conflicting. Early studies using small sample sizes
to 11.0) were greater than those for simplex ones (<2.5).  examining the WCST performance among nonpsychotic
Nevertheless, the heritability estimates were very similar  relatives of patients with schizophrenia indicated a deficit
between simplex (ranging from 0% to 17%) and multiplex =~ of moderate effect size around 0.26-0.40, as revealed in
(ranging from 0% to 21%) families, with the latter hav- 3 meta-analytic studies.> ' A subsequent study of a large
ing slightly greater values than the former. There is only  sample failed to support the presence of WCST deficits
a small-to-modest familial aggregation on part of WCST  among relatives of schizophrenia patients,!! whereas
scores in families of schizophrenia patients, and this may  another study in relatives of first-episode schizophrenia
limit its use as endophenotypic markers to schizophrenia  patients reported greater effect sizes of 0.61 (categories
susceptibility. achieved) to 0.87 (perseverative errors).!? Thus, it remains
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uncertain if there is familial aggregation of WCST deficits
among families of patients with schizophrenia.

To evaluate the magnitude of familial aggregation,
either recurrence risk ratios or heritability can be used.
The recurrence risk ratio (L) is a commonly used index
for binary outcomes that is often used as an indicator of
genetic effect.!® For executive dysfunction to be a useful
endophenotype, the magnitude of its A should be greater
than that of the schizophrenia diagnosis itself. To date,
only one study reported A estimates for WCST scores, !4
with a sibling recurrence risk ratio of 2.2-4.9 for per-
severative errors and 2.4-7.5 for categories achieved,
depending on 1 or 2 SDs below the reference mean were
used as the threshold.

Estimates of heritability, the proportion of the variance
explained by genetic factors, are usually derived for con-
tinuous outcomes from either twin or family studies. Two
studies among discordant monozygotic twins of schizo-
phrenia patients found no evidence of genetic influence
on WCST performance,'>!® whereas another study found
that unaffected monozygotic cotwins of schizophrenia
patients had more perseverative errors than unaffected
dizygotic twins.!” Although these twin studies provide
useful clues, they are limited by small sample sizes. The
only family study examining the heritability of WCST
performance reported a heritability of 0.14 for catego-
ries achieved and 0.28 for perseverative errors, though
the estimates became nonsignificant after adjustment for
intelligence quotient. '8

An important factor that might influence the magni-
tude of familial aggregation for a schizophrenia-related
trait is the familial loading of schizophrenia, with the
rationale that patients with negative family history (spo-
radic cases) would have less genetic loading for schizo-
phrenia than those with positive family history (familial
cases).!”? The utility of this approach has been dem-
onstrated in detecting the association of higher genetic
loading with more severe neurocognitive deficits?"? or
impaired flush response to niacin.?* In the 2 studies that
examined nonpsychotic relatives of familial vs nonfamil-
ial schizophrenia on WCST performance, one failed to
show any deficits in both groups of relatives,”! whereas
the other one reported deficits on 2 scores for familial
relatives as well as 1 score for nonfamilial relatives.”
However, the numbers of families in these 2 studies
were small.

To address the gap in literature on the magnitude of
familial aggregation in WCST performance, we examined
families having different familial loadings for schizophre-
nia. We hypothesized that families with a high familial
loading for schizophrenia would show a stronger famil-
ial aggregation on WCST performance. In this study, we
aimed to estimate both the recurrence risk ratio and the
heritability of WCST scores in simplex and multiplex
families, respectively, and to examine the influence of
familial loading on these estimates.
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Methods
Subjects

Participants in this study consisted of 3 groups: (1)
patients with schizophrenia and their nonpsychotic first-
degree relatives from 168 simplex families (having 149
patients, 205 nonpsychotic parents, and 77 nonpsychotic
siblings with information on the WCST), (2) 653 multiplex
families (having 985 patients, 601 nonpsychotic parents,
and 283 nonpsychotic siblings with information on the
WCST), and (3) 440 unrelated, normal comparison
subjects. The schizophrenia probands and their relatives
were recruited from 3 programs: the Multidimensional
Psychopathology Study of Schizophrenia (MPSS)*
from 1998 to 2001, the Taiwan Schizophrenia Linkage
Study (TSLS)* from 1998 to 2002, and the Study on
Etiological Factors of Schizophrenia (SEFOS) from
2002 to 2005. Both the MPSS and the TSLS aimed to
collect schizophrenia families with at least 2 siblings
fulfilling the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV), criteria
for schizophrenia or schizoaffective disorder depressive
type. The affected sib-pair probands were identified from
either the inpatient wards or the outpatient clinics of the
National Taiwan University Hospital and the Provincial
Tao-Yuan Psychiatric Center for the MPSS or 6 data
collection field research centers throughout Taiwan for
the TSLS. The third program, SEFOS, aimed to recruit
families of schizophrenia patients of different familial
loadings, including both simplex (ie, without affected
siblings) and multiplex families (ie, at least 2 affected
siblings), from National Taiwan University Hospital
and Ju-Shan Psychiatric Hospital (a private hospital in
Tao-Yuan County, Taiwan). Thus, our simplex families
were recruited mainly from northern Taiwan, whereas
our multiplex families were recruited from throughout
the country. In terms of the normal comparison subjects,
they were recruited via different venues: subjects attending
health checkup at National Taiwan University Hospital
in 2000, hospital or university staff members as well as
factory employees from 2002 to 2005, and senior high
school students in 2007. All normal subjects reported a
negative history of major psychiatric disorders.

All participants in this study, regardless of the mul-
tiplex, simplex, or control group, were Taiwanese Han
Chinese in ethnic origin and had to meet the following
criteria to be eligible for taking the WCST: no history of
alcohol and drug abuse, no neurologic disease or damage,
no brain surgery, no mental retardation, and no medi-
cal illnesses that may significantly impair neurocognitive
function. All participants aged 18 years or older were
included in the present study. This study was approved
by the institutional review boards of the participating
hospitals and College of Public Health, National Taiwan
University. Written informed consent was obtained from
all subjects after complete description.



Interview Instruments and Diagnostic Procedure

All participants were interviewed by well-trained assis-
tants using the Chinese version of the Diagnostic
Interview for Genetic Studies (DIGS),>” which was
designed specifically for family-genetic studies of schizo-
phrenia and bipolar disorder with good interrater reli-
abilities.” The Chinese version of the Family Interview
for Genetic Studies (FIGS)? was used to collect relevant
information on relatives who were not interviewed for the
study. Meanwhile, the screening sections of the DIGS
as well as the FIGS were used in the screening for nor-
mal comparison subjects. Best estimate final diagnosis
according to DSM-IV criteria was made independently
by 2 board-certified psychiatrists using all available infor-
mation, including the DIGS, the FIGS, the hospital
records, and the interviewers’ notes.

Wisconsin Card Sorting Test

A computerized version of the WCST?%3! was adminis-
tered to each participant, who was instructed to match
a “response” card to 1 of the 4 “stimulus”™ cards on the
basis of 3 dimensions (color, form, or number) by press-
ing 1 of the 1-4 number keys on the computer keyboard.
Subjects neither were informed of the correct sorting prin-
ciple nor were they told when the principle would shift
during the test, but they were given feedback (“Right”
or “Wrong”) on the screen after each trial. The testing
continued until all 128 cards were sorted. According to
the WCST manual,? the following performance indexes
can be derived—(1) total errors: total number of perse-
verative and nonperseverative errors, (2) perseverative
responses: number of responses that were perseverative,
regardless of whether they were correct or not, (3) perse-
verative errors: number of errors that were perseverative,
reflecting tendency toward perseveration, (4) nonperse-
verative errors: number of errors that were not persevera-
tive, (5) categories achieved: number of times 10 correct
responses in a row were made, reflecting overall success,
(6) conceptual level response: proportion of consecutive
correct responses occurring in runs of 3 or more, reflect-
ing insight into the correct sorting principles, (7) trials to
complete first category: number of trials to successfully
complete the first category (counted as 129 if no category
was completed), reflecting initial conceptual ability, (8)
failure to maintain set: number of times subject makes
between 5 and 9 correct responses in a row, reflecting
efficiency of sorting, and (9) learning to learn: average
difference in percent errors between successive categories,
reflecting the average change in conceptual efficiency dur-
ing the test. The adjusted z scores of the WCST scores
for the subjects from the simplex and multiplex families
were obtained with adjustments for sex, age, and educa-
tion level against the group of 440 normal comparison
subjects following the method of Chen et al?’ Briefly, the
predictive score of a subject was calculated by use of the
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regression coefficients obtained from the regression of the
scores on these covariates among the normal comparison
subjects. The difference between the raw score and the
predictive score was then standardized by the root mean
error of the regression and was defined as the adjusted z
score of the subject.

Statistical Analysis

Group comparisons in demographic features were con-
ducted using the y? test for sex and mixed-effect models
for age and education level. We also used mixed-effect
models to compare WCST scores among different groups
(ie, patients, parents, siblings, and normal comparisons)
with control for familial dependence.

For both recurrence risk ratio and heritability estima-
tion, we used the adjusted z scores of the WCST scores
to eliminate the influence of sex, age, and education level
simultaneously against an external norm. For recurrence
risk ratio analyses, affection status was defined as having
WCST deficit, operationally as with an adjusted z score
of the WCST score below a prespecified cutoft value. The
A coefficient was calculated as the ratio of the recurrence
risk among a certain type of relatives to the prevalence of
the general population as follows:!*3

A = Pr(relatives with the WCST deficit\having a
proband with the WCST deficit)/Pr (the general
population with the WCST deficit ).

Because the original sample was recruited on the
basis of at least one sibling affected with schizophrenia,
the recurrence risk in relatives was estimated using the
methods with correction for complete ascertainment.*
According to this method, a family has at least one person
with the specified WCST deficit. Thus, only relatives of a
proband with the specified deficit on the WCST would be
included for the recurrence risk estimation. Because the
cutoff value moved, the number of families included for
the recurrence risk estimation changed. If a family had
2 schizophrenia patients with the specified deficit on the
WCST, the family would be repeated twice; each time 1
patient with the specified WCST deficit was treated as
the proband and the other patient counted as relatives in
the estimation of the recurrence risk. Using sibling recur-
rence risk (K) as an example,

A zm: ES: ala — l)ns(a)

K __ s=1 a=1

s o0 s

Z Z a(s — l)ns(a) ’

s=1 a=l1

where n  is the number of sibships of size s with a
affected with the specified WCST deficit. This estima-
tor of K has been shown to be unbiased and consistent

539



S.-H. Lin et al.

when the ascertainment is complete.®* For example,
among 985 schizophrenia patients of multiplex families,
625 were impaired at or beyond the cutoff value of—1
for total errors, including 282 families with only 1 deficit
patient, 158 families with 2 deficit patients, and 9 fami-
lies with 3 deficit patients. If a family had » patients with
the specified deficit on the WCST, the family would be
repeated n times (in this example, n = 1, 2, or 3); each time
1 patient with the specified WCST deficit was treated as
the proband and the other patients counted as relatives
in the estimation the recurrence risk. Of these included
relatives, 720/1371 (ie, 52.5%) demonstrated such impair-
ment in comparison to the 15.5% of controls. Thus, A was
estimated to be 3.4. In the estimation of recurrence risk,
the estimates of some cutoff points were not presented if
the numerator < 6 or the denominator < 30 because they
could not provide a stable estimate.

In terms of heritability, the continuous adjusted z
scores of individual WCST performance indexes were
subjected to estimation using the variance component
methods* as implemented in software package SOLAR
(version 4.2.0. for Linux; Southwest Foundation for
Biomedical Research). By dividing the overall variance of
the trait into portions due to genetic factors determined
by the pedigree relationships and environmental factors,
the program uses an iterative process in which genetic and
environmental variances are changed until a combination
is found which has the maximum likelihood value. Under
this circumstance, the heritability of a WCST perfor-
mance index is the proportion of overall variance due to
the summed additive genetic effects of genes at unspeci-
fied loci throughout the genome. The SOLAR-based
heritability estimation was performed with ascertainment
correction by specifying the proband status in each fam-
ily. In this case, the patient with schizophrenia of simplex
families and the affected sibling-pair of multiplex fami-
lies were designated as the proband. We did not include
age, sex, or educational level as covariate in the SOLAR
models to avoid overcorrection '8 because the adjusted z
scores had been corrected for these demographic features.
All the statistical analyses except heritability estimates
were performed using the SAS statistical package (ver-
sion 9.1.3 for Windows; SAS Institute Inc).

Results

Participants from simplex families, multiplex families,
and normal comparisons were examined for differences
in demographic features (table 1). There were greater
proportions of males for schizophrenia patients and
their nonpsychotic siblings compared with normal
comparisons. Participants from multiplex families were
older than their counterparts from simplex ones. Parents
had lower educational levels than their offspring, and
both parents and siblings of multiplex families had lower
educational level than their counterparts of simplex
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families. The distributions of raw WCST scores are
displayed in the lower part of table 1. Schizophrenia
patients and their nonpsychotic parents from both
simplex and multiplex families appeared to have poorer
performance than their nonpsychotic siblings or normal
comparisons on most WCST scores. Furthermore,
participants from multiplex families also showed poorer
performance than their counterparts from simplex ones.

In making group comparisons, we used adjusted z
scores to adjust for the demographic differences among
groups (figure 1). The patients from both multiplex and
simplex families had deficits on most WCST scores
compared with normal comparisons, with varying mag-
nitudes of deficit. If the 2 types of patients were com-
pared, those from multiplex families had greater deficits
on most scores. In particular, the deficits of multiplex
patients were greater than 1.5 SDs on total errors, perse-
verative responses, perseverative errors, and conceptual
level response, whereas the deficits of simplex patients
on these scores were less than 1 SD. For nonpsychotic
parents, those from multiplex families showed significant
deficits in a pattern similar to that of patients but with a
less magnitude of deficit, whereas those of simplex fami-
lies did not show any deficits (even better performance
than normal comparisons on nonperseverative errors
and trials to complete first category). For nonpsychotic
siblings, only those from multiplex families showed defi-
cits on 3 scores (total errors, perseverative responses,
and perseverative errors) as compared with normal
comparisons.

The recurrence risk ratios of WCST scores for parents
and siblings, respectively, were estimated for a series of
cutoff points (figure 2, upper panel). For multiplex fami-
lies, the risk ratios of siblings were greater than those of
parents on most WCST scores, with the 3 greatest ratios
of siblings being 11.0 (using the cutoff point of —2 for
total errors), 8.5 (using —2 for conceptual level response),
and 7.9 (using —2 for perseverative responses). For sim-
plex families, most risk ratios ranged from 1 to 2 for both
parents and siblings, with the greatest one being 2.4 (using
—1.25 for perseverative errors in parents). When 2 types
of families were compared, most risk ratios for the par-
ents from multiplex families were higher than their coun-
terparts from simplex ones. The differences were most
striking for perseverative responses, perseverative errors,
and nonperseverative errors when a cutoff point of less
than —1 was adopted. More detailed results of the recur-
rence risk ratios by different cutoff points are provided in
Supplementary table S1.

When the whole family was subjected to heritability
estimation, theestimates ranged from 0% (nonperseverative
errors and learning to learn) to 17% (total errors) in
simplex families and from 0% (learning to learn) to 21%
(perseverative responses) in multiplex ones (figure 2,
lower panel). Intriguingly, for those scores that showed
relatively greater deficits in schizophrenia patients, ie, total
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Fig. 1. Adjusted z Scores of the Wisconsin Card Sorting
Test (WCST) Indexes for Simplex and Multiplex Families of
Schizophrenia, Respectively: (a) Patients, (b) Parents, and
(c) Siblings. Scores are presented in the direction of deficit
against normal comparisons, in which TE = — total errors,
PR = — perseverative responses, PE = — perseverative errors,
NE = — nonperseverative errors, CA = categories achieved,

CL = conceptual level response, TC = — trials to complete first

category, FM = failure to maintain set, and LL = learning
to learn. A vertical bar indicates the standard error of the
mean WCST index. TP <.006 for the comparison with normal

comparisons, indicating a significant difference with adjustment
for the multiple testing of 9 indexes (ie, 0.05/9). * P <.006 for the
comparison between simplex and multiplex groups, indicating a
significant difference with adjustment for the multiple testing of

9 indexes (ie, 0.05/9).
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errors, perseverative responses, perseverative errors, and
conceptual level response, their heritability estimates were
among the greatest ones and both multiplex and simplex
families had very similar estimates, with the former having
slightly greater values than the latter.

For comparison, age and education level were added as
covariates in the SOLAR models for the heritability esti-
mation of the adjusted z scores of WCST performance
indexes (model 2 in Supplementary table S2). In general,
the estimates were very similar to those shown in figure 1
(listed as model 1 in Supplementary table S2).

Discussion

To our knowledge, this is the largest sample size study
that has assessed the familial aggregation on the WCST
performance for both simplex and multiplex families of
patients with schizophrenia. Through comprehensive
evaluations of all 9 WCST scores, our findings suggest
that there exists a small-to-modest familial aggregation
for WCST scores in these families and that a higher famil-
ial loading of schizophrenia is associated with greater
recurrence risk ratio and heritability. These findings have
important implications for the application of WCST per-
formance deficits as endophenotypic markers for schizo-
phrenia susceptibility.

Despite a strong genetic contribution to schizophre-
nia suggested by evidence from family, twin, and adop-
tion studies,®3¢ the distinction between sporadic and
familial subtypes of schizophrenia is complicated by
the low pen-etrance of disease genes as well as the thor-
oughness of diagnostic assessment.’”® One challenging
issue in the familial-sporadic grouping of schizophre-
nia is the misclassification due to small number of rela-
tives or unavailable information.' In this study, patients’
familial loading was classified based mainly on direct
interviews in relatives. In contrast, many previous fam-
ily studies of WCST in schizophrenia patients did not
indicate whether patients had a family history, which is
around 10% for the morbidity risk among first-degree
relatives.® Intermingling of these 2 groups of relatives
in varying proportions might account for the inconsis-
tency in previous family studies, in which some reported
impairment on the WCST in relatives,® whereas the oth-
ers did not.!'** Another important issue is how to cor-
rect for ascertainment. In this study, a correction for
complete ascertainment was adopted in the estimation
of recurrence risk, and a conditional likelihood on each
family’s probands was used in the estimation of herita-
bility. These formal corrections for ascertainment in the
analysis of familial aggregation help render our results
more robust.

Before comparing the WCST performance between
relatives of 2 types of families, it is important to note that
there were differences in demographic features between
them, particularly in educational level. Owing to the
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Fig. 2. Recurrence Risk Ratios at Various Cutoff Points in Adjusted z Score and Heritability Estimates on the Wisconsin Card Sorting
Test for Simplex and Multiplex Families, Respectively. Scores are presented in the direction of deficit against normal comparisons. The
estimates of the recurrence risk at some cutoff points were not presented if the numerator <6 or the denominator <30 because they could

not provide a stable estimate.

limited educational resources for the parents’ generation
when it came of age in Taiwan, their educational levels
were lower than that of their offspring as in the general
population. Meanwhile, educational attainment might
also be part of the predisposition to psychopathology
because the educational levels of multiplex families were
lower than those of simplex families. Nevertheless, the
comparisons in the WCST performance were made using
the adjusted z scores that were obtained against an exter-
nal normative sample to eliminate the influence of such
demographic features. Despite the consistent presence of
WCST performance deficits on most indexes in schizo-
phrenia patients, in which the deficit in multiplex families
was more prominent than those for simplex ones, simi-
lar deficits do not appear universally in relatives of both
types of families. Such deficits were limited to parents
from multiplex families on most WCST scores, as well
as siblings from multiplex families on a small number of
indexes, including total errors, perseverative responses,
and perseverative errors. Meanwhile, neither parents nor
siblings of simplex families exhibited any WCST deficits
as compared with normal comparisons, except for par-
ents’ failure to maintain set. The differential familiality of
WCST scores is further supported by the As, with greater
estimates for multiplex families than those for simplex
families and the heritability estimates were also slightly
higher for multiplex families than for simplex ones. Thus,
our results demonstrate that the familial aggregation on

WCST performance depends on several factors, includ-
ing type of indexes, type of relatives, and familial loading
of schizophrenia patients.

Among 2 previous family studies of WCST perfor-
mance that did classify patients into simplex vs multi-
plex, one failed to find any deficits in either probands
or relatives,?! whereas the other reported deficits in both
pro-bands and relatives of either type of families on cat-
egories achieved.® It needs to be noted that the sample
sizes of these 2 studies were small (about 30-50 subjects
in each type of families); particularly, the number of con-
trols that were used for the standardization of z score was
relatively small (40 and 100, respectively, vs 440 in this
study). Furthermore, the administration of the WCST in
Birkett et al*® was different from conventional way in that
the examiners told the subject when the matching prin-
ciple changed. Whether this change of test administra-
tion of the WCST helps increase the discrimination of
simplex relatives from normal comparisons needs further
investigation.

Among the 9 WCST scores examined, our results sug-
gest that indexes such as perseverative response or per-
severative errors are more useful in terms of familial
aggregation. Deficits on these indexes are not only greater
than the other indexes in schizophrenia patients but also
consistently present in both parents and siblings of mul-
tiplex families. This is further supported by the stable esti-
mates of their heritability across 2 types of families. In

543



S.-H. Lin et al.

contrary, another traditional index, categories achieved,
did not show much familial aggregation in this study.
One possible explanation is that categories achieved have
a very limited range of score (from 0 to 12), which may
not fully capture the variability in different individuals’
performance.

Although the As for several WCST scores were
found to be significantly greater than 1, the trends
depend highly on the cutoff points chosen. Some of
the estimates are equivalent to those reported by a for-
mer study in the United States.!* Even under a liberal
choice of cutoff points, the magnitudes of these As do
not indicate that incorporation of them in phenotype
definition might increase the statistical power in genetic
dissection for schizophrenia because these ratios did
not exceed that of schizophrenia alone (around 10).4!
Furthermore, for those As with greater values at more
deficit cutoff points of WCST indexes, their 95% ClIs
tended to be very wide because the number of subjects
with these deficits was small. In comparison, the As of
several neurocognitive tests were higher than those of
the WCST, such as the Continuous Performance Test
(CPT) of sustained attention*? and Trails B of oculo-
motor scanning/psychomotor speed.!* For example,
the As of the degraded CPT 4" at a cutoff point of —2.5
SD was 12.4 for parents and 8.6 for siblings in sim-
plex families.*” The low level of familial aggregation on
the WCST is further supported by the heritability esti-
mates (<24%), which is similar to that of 1 recent study
in multiplex families of schizophrenia.'® The lack of
familial aggregation on WCST performance has also
been reported in many twin studies among nonclinical
populations, in which no significant difference in cor-
relations between monozygotic and dizygotic twins*4
or a low level of contribution from either genetic or
shared environmental factors* was found.

Taken together, there is only a small-to-modest famil-
ial aggregation on part of WCST scores in families of
patients with schizophrenia, particularly in multiplex
families. One possible explanation is that assessment
using the WCST might be complicated by the problem
of task impurity because it is a very complex and multi-
determined test.***’ Although the associations of wors-
ened deficits as well as increased As or heritability with
familial loading do indicate that there is some genetic
contribution to certain WCST performance indexes, the
low level of the familial aggregation may limit their use as
endophenotypic markers for schizophrenia susceptibility.
This does not necessarily suggest lack of genetic influ-
ences on the construct of executive functions in general
because many other tests that consist of simpler tasks in
executive function do have empirical evidence of genetic
contribution.*#

Some limitations of this study should be kept in mind
in interpreting our results. First, a mean age of 33 years
in siblings of simplex families in our sample implied that
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some of them had not passed through the age of risk
for schizophrenia, and this might lead to misclassifica-
tion of family type. Second, the relatively low participa-
tion rate of the relatives in the multiplex families might
bias the mean WCST performance in this group of rela-
tives. Third, most of the patients with schizophrenia in
this study were receiving medication treatment, and this
might influence our results because some antipsychotics
may be associated with WCST performance. Fourth, the
adjustment for age and education level on WCST perfor-
mance might not be adequate for the parents because rel-
atively few controls were at the age and educational level
seen in the parents, particularly for the multiplex group.
Thus, the adjusted z scores from the sibling group, while
smaller in sample size, might be more robust and reliable
than that from the parent group. Finally, because our
analyses did not distinguish patients with first episode
or not, we do not know whether relatives of first-episode
schizophrenia patients would increase the magnitude of
familial aggregation on the WCST performance, as indi-
cated in a previous study.?
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