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ABSTRACT

Background. Executive dysfunctions in relatives of schizophrenic patients may be trait markers of
genetic liability and thus help us to elucidate the actiology of schizophrenia. As a large amount
of data has been published, a synthesis through a meta-analysis was needed to demonstrate
the existence of executive impairments in relatives of schizophrenic patients and to assess their
magnitude.

Method. We conducted a meta-analysis of articles that compared performances of controls and
relatives of schizophrenic patients on the four tests most frequently used to assess executive func-
tions: the Wisconsin Card Sorting Test (WCST), the Trail Making Test (TMT), the Stroop Test and
the Verbal Fluency (VF) Test. When needed and possible, published data were supplemented with
information from the authors. After assessing the homogeneity of the data, effect sizes were esti-
mated and publication bias was tested by use of funnel plots.

Results. Relatives of schizophrenic patients performed less well than controls on all executive
tests analysed. Effect estimates were in the small to moderate range (from 0-26 to 0-49) for
Stroop, WCST and TMT, but were greater for the fluency tests (0-65 for phonological and 0-87 for
semantic VF).

Conclusion. Relatives of schizophrenic patients appear to have wide, although not severe, executive
dysfunctions. As the sensitivity of the different tests for impairments in relatives is not the same, the
choice of test and method used should be carefully assessed.

INTRODUCTION 1998) have argued that this situation is due
to the clinical-phenotypical and aetiological-
genetic complexity of schizophrenia. One of the
ways proposed to overcome these difficulties
(Gottesman & Shields, 1973; Leboyer et al.
1998; Freedman et al. 1999; Gottesman &
Gould, 2003; Leboyer, 2003) is the use of endo-
phenotypes, i.e. trait markers of genetic liability
that are present not only in patients but also in
* Address for corrAespondencez Dr And'rei’ Szoke, Service de subjects at genetic risk.
Psychiatrie Adulte, Hopital ‘Albert Chenevier’, 40 rue de Mesly, Cognitive deficits are putative endopheno-

94000 Créteil, France. N
(Email: Andrei.szoke@ach.ap-hop-paris.fr) types because they have often been found in
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Genetic epidemiology studies have provided
strong evidence that genetic factors play an
important role in the actiology of schizophrenia.
However, molecular genetics studies have failed
to identify susceptibility genes reliably. Several
authors (Tsuang et al. 1990; Leboyer et al.
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Table 1. Characteristics of studies selected for meta-analysis
Controls with
psychotic
first-degree  Exclusion criteria®  Differences in ~ WCST® VFe¢
Study Diagnosticin  Type of relatives demographic
(first author, year)  probands® relatives®  excluded  Relatives Controls  variables! ~ PEf C& TMT® S" L' Stroop®
1 Asarnow (2002) N P No 1 1 Yes X
2 Chen (2000) S S Yes 5 5 No x X X
3 Condray (1992) S S Yes 1/2/5 5 No X X
4 Dollfus (2002) N P Yes 2 1 Yes X X X X X
5 Egan (2001a) S & SA S Yes 0 1 No x X x X
6 Egan (2001b) S & SA S Yes 0 1 No X
7 Faraone (2003) S M Yes 1 1 Yes Xk xk
8 Franke (1992) S S/M No 5 5 No X X
9 Franke (1993) N S No 5 5 No X X X X
10 Goldberg (1995) S & SA T No 2 5 No X X X X X
11 Harris (1996) N P No 0 0 No X
12 Keefe (1994) N M Yes 12 4 Yes X X X X X
13 Keri (2001) S S Yes 5 5 No X X X
14 Koren (1998 S & SA M Yes 1 1 No X X
15 Krabbendam S & SA M Yes 1 1 No X Xk
(2001)
16 Laurent (1999) N M Yes 4 3 No X X X X
17 Laurent (2000a) S M Yes 3 5 No X
18 Laurent (20005) S M Yes 3 3 No X X X X X
19 Mirsky (1995) S M No 0/5 2 Yes X
20 Rybakowski S M Yes 0/5% 5k No x X X X
(2002)
21 Saoud (2000) S S Yes 4 4 Yes X X
22 Scarone (1993) N S No 5 5 Yes X X
23 Stratta (1997) N M Yes 2 2 Yes X X
24 Wolf (2002) N C No 1 0 Yes X X
25 Yurgelun-Todd S S No 1 5 Yes X X X
(1993)

28, schizophrenia; SA, schizoaffective disorder. ® P, parents; S, siblings; C, children; T, twins; M, mixed. ¢ Exclusion criteria [1, psychosis; 2,
psychosis and schizotypal personality disorder (SPD); 3, all DSM Axis I diagnostics; 4, all DSM Axis I diagnostics and SPD (or cluster I
personality disorders), 5, all DSM Axis I and II diagnostics]. ¢ Demographic variables are age, gender, school grades or socio-economic status
[Yes =difference present or unspecified; No=absent (or adjusted for)]. ©Bold, capital letter (‘X’) for studies in which controls performed
significantly better than relatives. { Perseverative errors. & Categories. " Semantic fluency. ' Letter fluency. I Criteria from Faraone e al. (1995)
but age not limited to 60 years. ¥ Personal communication by the first author of the study.

schizophrenic patients (see Heinrichs &
Zakzanis, 1998 and Johnson-Selfridge &
Zalewski, 2001 for meta-analytical reviews), in
subjects from high-risk samples which later
developed psychotic disorders (Erlenmeyer-
Kimling ez al. 2000) and because their measures
are reliable and stable over long periods of
time (Rund, 1998). The strict demonstration
of a specific deficit in schizophrenic patients is
precluded by psychometric considerations (see
Chapman & Chapman, 2001 for discussion).
However, based on the extensive accumulated
data (see e.g. Goldberg et al. 2003 for a synthesis
on the subject), most authors consider that
executive functions are, along with attention
and memory, one of the most impaired cognitive
domains. Although there is not a unique defi-
nition of executive functions current consensus

regards them as processes whose primary pur-
pose is to facilitate adaptation to novel situ-
ations by means of modulation and control of
more fundamental or routine cognitive skills
(Burgess, 1997).

For the reasons outlined above, many studies
have been conducted to assess executive func-
tions in relatives of schizophrenic patients and
to determine whether executive dysfunctions
can be used as endophenotypes. A large amount
of data has accumulated with discrepant results
(Table 1). This could be due to the small sample
sizes which could lead to false-negative results
(because of limited statistical power) or to false-
positive results due to sampling variation
(coupled with a publication bias towards posi-
tive results). To assess the existence and magni-
tude of executive impairments in relatives of
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schizophrenic patients, using all available data,
and to help us understand the causes of differ-
ences in effect-size estimates (use of different
tests of executive functions, differences in in-
clusion criteria, etc.) a synthesis through meta-
analysis was needed.

Several authors (Schroder et al. 2002;
Sitskoorn et al. 2003; Snitz et al. 2003) have
recently published meta-analyses of studies that
assessed cognitive functions in relatives of
schizophrenic patients. However, these studies
have been published only as abstracts meaning
that little information is available regarding
the complete articles, the meta-analytical pro-
cedures used and the neurocognitive tests
analysed. As both article selection and meta-
analytical procedures may influence results, it
is difficult to judge the extent to which these
findings can be generalized in the absence of
this information. Furthermore, mean effect
estimates are only available for wide cognitive
domains (executive, attention, memory, etc.),
which is a major limitation for two reasons.
First, as there is no general agreement concern-
ing the correspondence between specific neuro-
cognitive tests and the cognitive domains
explored, it is not clear which tests were used to
evaluate differences between relatives and con-
trols for different cognitive domains. Second,
sensitivity may vary considerably even between
tests thought to explore the same cognitive
functions. Thus, global estimates do not offer
clues about which tests are most sensitive to the
impairments exhibited by the relatives of
schizophrenic patients.

In this context, we decided to carry out a
meta-analytical review of studies that assessed
executive functions in relatives of schizophrenic
patients, with detailed methodological con-
siderations, and report the effect estimates for
each test.

As pointed by Goldberg et al. (2003) execu-
tive functions involve use of the information
rather than fundamental processing of infor-
mation. As such, executive performance de-
pends on ‘lower processes’ which provide input
(perception, memory, etc.) or express the output
(motor ability). This is reflected in ‘task im-
purity’ (Rabbit, 1997) and explains the existence
of controversies on which tasks are (mainly)
executive or not. As our main goal in this paper
was to summarize current research rather than
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express a theoretical point of view, we decided
to select the tests to be included in our meta-
analysis empirically, as the tests most often used
in articles dealing with executive function as-
sessment.

As the results of different executive tasks
usually show little correlation (Rabbit, 1997),
we chose to analyse tasks separately and not to
include articles that reported only composite
scores from multiple tasks.

The main purpose of our study was to find
out whether, taken as a whole, published studies
of executive functions provide reliable evidence
for impairments in relatives of schizophrenic
patients.

Our study also created the opportunity to
answer several related questions:

(a) What tests are the most commonly used
in the medical literature to evaluate executive
functions?

(b) Are the results of different studies com-
paring relatives of schizophrenic patients and
controls homogeneous? If not, which study
characteristics can explain the heterogeneity?

(¢) Do the different tests of executive func-
tions reveal differences of a similar magnitude
between relatives and controls? If not, which
tests are the most sensitive?

METHOD
Literature search

First, we performed a literature search to
identify the cognitive tasks most often used in re-
cent studies of executive functions. To do this, we
analysed abstracts of medical articles concerned
with the assessment of executive functions,
published during the last 5 years. Articles were
found by performing a literature search in
Medline for:

(test OR assessment) AND (executive)

in title or abstract,

limited to: Human, Adult and Publication Date
from 1998 to 2003.

After the selection of articles, available abstracts
were searched for the tests used. The number of
studies in which each test was used was calcu-
lated.

Once the most frequently used tests had been
identified, we searched for articles relevant to
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our meta-analysis. To do this, we used three
complementary strategies.
First, we searched the Medline database for:

(schizo* or psychotic) AND (relatives or children
OR parents OR sib*) AND (executive)

limited to: Human, Adult and Publication Date
from 1978 to 2003.

The “*’ symbol stands for all possible endings
(for example schizo* means that the database
is searched for schizophrenia, schizophrenic,
schizoaffective, schizophreniform, etc.). The last
term (executive) was replaced successively by
the names of the tests selected in the previous
step and all their usual abbreviations (for
example for the Trail Making Test, ‘trail’ and
‘TMT’ were also used). The year 1978 was
chosen as the date limit because this is the date
when the research diagnostic criteria (RDC)
were published (Spitzer et al. 1978).

Second, to avoid omissions due to articles not
yet indexed on Medline, a manual search was
done, for the last 2 years, in the seven journals
judged to be the most relevant for our meta-
analysis (Schizophrenia Research, Schizophrenia
Bulletin, Archives of General Psychiatry,
American Journal of Psychiatry, Psychological
Medicine, British Journal of Psychiatry and
Psychiatry Research).

Third, all references in the articles previously
identified were screened to find other relevant
publications.

The literature search was performed at the
beginning of September 2003 and did not,
therefore, include articles published after August
2003.

Selection of articles included in meta-analysis

To be included in our meta-analysis, articles had
to meet the following criteria:

(a) diagnosis of schizophrenia (or schizo-
affective disorder) in patients according to the
RDC, DSM-III (or a later version), ICD-9 or
ICD-10;

(b) inclusion of a group of first-degree re-
latives;

(¢) inclusion of a control group;

(d) age of subjects above 18 years;

(e) results of tests reported individually (i.e.
not only composite scores);

() statistics convertible to effect size (i.e.
mean and standard deviation, or For 7 statistics);
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(g) data for relatives and controls were
independent from other published data; when
several studies were done in non-independent
populations, we included only the study with the
largest sample size.

In addition, we excluded studies that only
included psychotic relatives of schizophrenic
patients.

When insufficient details were provided to
allow us to decide whether to include or to
exclude a study, the authors were contacted for
further information.

Recorded variables

For each article included, we recorded the fol-
lowing variables:

(1) principal author’s name, date of publi-
cation and journal name;

(2) tests used and, for tests for which more
than one method exists, the method used;

(3) proposant’s diagnosis (i.e. schizoaffective
patients included or not);

(4) exclusion or not of controls that have
psychotic first-degree relatives;

(5) type of relatives included in the relatives
group (i.e. sibs, parents, children, twins or
mixed sample);

(6) exclusion criteria, based on lifetime psy-
chiatric diagnosis in the relatives or control
groups;

(7) presence or absence of demographic dif-
ferences between the two groups that could af-
fect neuropsychological functions (age, gender,
educational level or socio-economic status);

(8) results of tests (recorded as mean and
standard deviation or F and ¢ statistics).

When results were provided for several
subsamples of relatives and/or controls, we
included only the largest samples that complied
with the inclusion/exclusion rules with the fol-
lowing exception: when we had the choice, we
preferentially used samples of relatives that
did not include psychotic subjects. The rationale
to exclude psychotic relatives, when possible,
is based on the aim of this meta-analysis which
is to assess differences in executive perform-
ances between controls and unaffected re-
latives. From this point of view, inclusion of
psychotic subjects in the group of relatives could
artificially exaggerate differences between
groups.
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When means and standard deviations were
available only in subsamples, we also calculated
these statistics for the total samples using
classical procedures (Armitage et al. 2002).

To avoid errors in variables transcription, all
variables were independently recorded by two of
us and in case of disagreement data were re-
analysed to reach agreement.

Meta-analytical procedures

For all executive function tests that we analysed,
we used the following procedure:

(1) Effect-size estimates were calculated as
Hedges’ unbiased g (Hedges & Olkin, 1985). To
facilitate comparison between effect sizes across
studies and across different executive tests,
positive effect sizes always reflect better per-
formance in controls. If necessary, data were
transformed for this purpose.

(2) Homogeneity of data was tested as
described by Hedges (1994). Homogeneity of
effect-size estimates is an essential prerequisite
in order to combine them in a global estimate.
The absence of statistical heterogeneity between
studies means that, despite differences in study
design, variation in effect-size estimates is not
greater than expected by chance.

(3) In presence of heterogeneity, recorded
study characteristics [variables (2)—(7)] that
could explain the extra variance were used to
identify homogeneous subgroups of studies.
Homogeneity was then tested in subgroups
using a one-factor, fixed-effect model (Hedges,
1994).

(4) Forest plots were used to summarize data.
To facilitate finding solutions for the previous
step, studies were represented in ascending order
of their effect estimates.

(5) For homogeneous data, effect sizes were
combined to obtain an estimate of the global
effect size. The pooled estimator of the popu-
lation effect size, across all studies included in
the meta-analysis, was obtained by weighting
each effect-size estimate against the inverse of its
variance (Wang & Bushman, 1999, p. 155).

(6) Funnel plots were used to evaluate the
existence of publication bias as described by
Sterne & Egger (2001).

Statistical analyses were performed using the
SAS™ V8 package as described by Wang &
Bushman (1999).
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RESULTS
Selection of executive tests to be analysed

Our procedure identified 100 abstracts of studies
assessing executive functions. The tests used
were cited in 63 of these abstracts. Four out of
the 20 tests cited were cited 15 or more times:
Wisconsin Card Sorting Test (WCST) (41
times), fluency tests (27 times), Trail Making
Test (TMT) (22) and Stroop Test (15 times). The
16 other tests were cited no more than five times
each (details available on request).

According to these data, we decided to con-
centrate our data analysis on the four tests most
often used.

Selection of articles to be included in our
meta-analysis

Our search identified 58 articles referring to the
four tests selected (list of references available
on request). Only 25 of these articles met
the inclusion criteria for our meta-analysis. The
selection process is summarized by the flow
diagram in Fig. 1.

Table 1 summarizes the characteristics of the
studies retained for analysis.

Analysis of effect sizes
Wisconsin Card Sorting Test

We found 20 studies that compared WCST
performance in relatives of schizophrenic
patients and controls. As the most commonly
reported measures were number of categories
completed (reported in 19 studies) and per-
severative errors (reported in all 20 studies), we
analysed these two variables.

Perseverative errors. Analysis of homogeneity
demonstrated that data from the 20 studies were
heterogeneous (p=0-009). The first factor that
could explain this heterogeneity is the use of
different forms of the WCST. A one-factor
model (fixed effects) was used to assess the abil-
ity of this variable to explain data heterogeneity.
Four different forms of the WCST were used
but only one of them —the classical method
(Heaton, 1981) — was used in enough studies to
allow a separate meta-analysis. For this reason,
we grouped the studies according to the method
used: ‘classic’ and ‘other’. The ‘other’ category
included studies that used the computerized
version, Nelson’s method or Milner’s method.
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v
Independent studies (n = 43) ‘

#} Part of other reports (n = 15) ‘

A 4

={ Did not use a control group (n =5) ‘

Studies comparing relatives of schizophrenic patients and controls (n = 38) ’

»

» Included subjects younger than 18 years (n = 3) ‘

A 4

Studies comparing adult relatives of schizophrenic patients and controls (n = 35) ‘

h 4

Did not meet inclusion criteria for the relatives group (n =4)
[Included only psychotic relatives (n = 2);

Patients were not diagnosed using standardized criteria (n = 1)
Included relatives other than first-degree (n = 1)]

v

Potentially appropriate studies to be included in the meta-analysis (n = 31)

provided (n=06)

h 4

Information needed to assess effect sizes for each test was not

[Results were not reported separately for each test (n = 2);
Data reported were not sufficient to calculate effect sizes (n =4)]

v
Studies included in the meta-analysis (n = 25) |

FiG. 1.

Analysis showed that this classification system
was relevant as it identified two homogeneous
groups of studies (p>0-05), differing from each
other (p<0-05). However, the homogeneity of
the ‘other’ group could be artefact as the num-
ber of studies included was small (n=6), and it
also contains three different methods. For this
reason, we restricted our analysis to ‘classic’
studies.

In this group of studies, relatives performed
less well than controls: estimated effect 0-26
(95% CI 0-14-0-38).

Fig. 2 shows the effect estimates in the studies
(and subgroups) selected for meta-analysis.
Studies are classified as ‘classic’ or ‘other’

Flow diagram of the process used to select the articles included in the meta-analysis.

according to the method used and sorted by the
size of the estimated effect.

Number of categories. The heterogeneity test
revealed that data from the 19 studies were not
homogeneous (p=0-003). Grouping the studies
according to the method used revealed a sig-
nificant difference between studies using the
classic method and studies using other methods
(»p=0-01).

For the reasons outlined above, we included
in our analysis only studies that used the
classic method. Homogeneity testing revealed
that these studies were not heterogeneous

(p=0-10).
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First authorlyear Method  Ne/Ne  Effect (95% Cl) -2 _|1 0 1| 2
Laurent (1999) Classic 37/37 -0.15 (-0.61t0 0.30) : :
Stratta (1997) Classic 25/60 -0.13 (-0.60 t0 0.33) | |
Scarone (1993) Classic 35/35 -0.11 (-0.58 t0 0.36) : :
Laurent (20006) Classic 5146  -0.10(-050100.30) | |
Keefe (1994) Classic 5418 0.21(-032100.75) | :
Koren (1998) Classic 9114 0.27(0.0110 0.54) : :
Keri (2001) Classic 25/20 0.27 (-0.32 to 0.87) A sl
Egan (2001b) Classic 219/55 0.45 (0.15t0 0.74) : . :
Goldberg (1995) Classic 19/12 0.50 (-0.23 to 1.24) | T
Chen (2000) Classic 21/26 0.51 (<0.01 to 1.10) . e
Wolf (2002)2 Classic 60120  0.58 (0.26to 0.89) | . 3
Condray (1992) Classic 4014 063 (0.011t01.25) | —--

| |
Combined 677/584  0.26 (0.1410 0.38) | ¢ !

| |
Yurgelun-Todd (1993) ~ Milner's 15/35 0.28 (-0.33t0 0.89) : T :
Rybakowski (2002)° Computerized 33/20 0.51 (-0.06 to 1.07) : _._:
Dollfus (2002) Nelson’s 23/23 0.56 (-0.03 to 1.15) : _._1'
Saoud (2000) Computerized 18/15 0.67 (-0.03t0 1.37) : _._:_
Franke (1992) Nelsor's  61/35 0.88 (0.4 to 1.31) | _-‘
Franke (1993) Nelso's 3232 094 (04310 1.46) ! —

Fic. 2. WCST effect sizes of the primary studies included in our meta-analysis. Each study is represented by a square proportional
to sample size and a horizontal line that corresponds to the confidence intervals. The centre of the square indicates the point
estimate. Ng/Nc represents number of relatives and number of controls respectively. ® Only relatives without psychotic disorders.

®Only relatives without Axis I or II diagnosis.

The effect estimate was 031 (95% CI
0-21-0-42), with controls performing better than
relatives of schizophrenic patients.

Stroop Test

Six studies provided data on performances
on the interference (colour-word) trial of the
Stroop Test. The data from these studies were
not heterogeneous (p=0-15). The effect estimate
in the total sample was 038 (95% CI
0-21-0-55), with controls outperforming re-
latives.

Fluency tests

Phonological (letter) fluency. We found eight
studies reporting results of letter fluency tests.
The reported results were not heterogeneous

(p=0-12). The estimated effect for the total
sample was 0:65 (95% CI 0-48—0-82).

Semantic (category) fluency. Seven studies pro-
vided data on category verbal fluency. Analysis
demonstrated a high degree of heterogeneity
(p<0-001). To solve this problem, we plotted
effect estimate and 95% confidence intervals in
parallel with the characteristics of the studies
(Fig. 3). As all these studies excluded controls
having first-degree relatives with psychotic dis-
orders, the corresponding column is not shown
in Fig. 3.

Two studies gave clearly different effect-size
estimates from the five others. The only
characteristic that differentiates these two
studies from the other studies was the inclusion
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Prob  Type Excl crite ) | 0 | 5
First author/year ~ diag2 relP R C Diffd Ng/Nee  Effect (95% Cl) - _I |
Krabbendam (2001)S&SA M 1 1 No 50550 -0.26(-0.66100.13 1
rabbendam (2001) o ( 00.13) | |
| |
Egan (20014 S8A S 0 1 No  189/43 -0.09(0.24100.42 ' '
gan (2001a) ( ) | -.- |
| |
Laurent (2000b) S M 3 3 No 51/46  0.74(0.33t0 1.15 |
(2000b) ( ) | —.J-I
| |
Chen (2000) S S 5 5 No 2126 0.81(0.22to 1.41) : +I
| |
Keefe (1994)f S M 2 4 Yes 46/18  0.83(0.27 to 1.39) | ——
| |
| |
Keefe (1994) S M 1 4 Yes 54/18  0.83(0.28 to 1.38) | ——
| |
| |
Laurent (1999) S M 4 3 No 37/37  0.92 (0.44 to 1.40) | 3
| |
| |
Dollfus (2002) S P 2 1 Yes 23/23  1.18(0.55t0 1.80) | —i—
| |
| |
| |
| |
|
Combined 471/261  0.87 (0.64t0 1.1) | @
| |
Fic. 3. Category Verbal Fluency effect sizes of the primary studies included in our meta-analysis. Each study is represented by a

square proportional to sample size and a horizontal line that corresponds to the confidence intervals. The centre of the square
indicates the point estimate. ® Proband’s diagnostic (S, only schizophrenic patients; S&SA, schizoaffective patients also included).
®Type of relative sample (S, siblings; P, parents; M, mixed). ¢ Exclusion criteria in relatives (R) and controls (C) [1, psychosis; 2,
psychosis and SPD; 3, all DSM Axis I diagnostics; 4, all DSM Axis I diagnostics and SPD (or cluster I personality disorders); 5, all
DSM Acxis I and II diagnostics]. 4 Demographic variables are age, gender, school grades or socio-economic status [1, difference
present or unspecified; 0, absent (or adjusted for)]. © Ng/Nc represents number of relatives and number of controls respectively.
"Without relatives with SPD, not included in the meta-analysis.

of relatives of probands with either schizo-
phrenia or schizoaffective disorder. When this
characteristic was entered in a one-factor model
(fixed effects), the two groups of studies were
homogeneous (p=0-83 for the ‘only relatives of
schizophrenic probands’ group and respectively
0-18 the two studies including relatives of
schizoaffective patients) but differed from one
another (p <0-001).

When only studies reporting data in relatives
of schizophrenic subjects (186 relatives and 150
controls) were analysed, the estimated effect was
0-87 (95% CI 0:64-1-10), with relatives per-
forming less well than controls.

Trail Making Test, part B

For the TMT, two variables are usually con-
sidered as measures of executive function: time
to complete part B of the TMT and the

difference between the times taken to complete
parts B and A of the test. As the difference
between the two parts of the TMT was rarely
reported, we restricted our analysis to part B.
Twelve studies reported data on part B of the
TMT. Results from these studies were not
heterogeneous (p=0-47). The estimated effect
for the combined studies was 049 (95% CI
0-37-0-62), with better performance for controls
than for relatives.

Results from all meta-analyses are summar-
ized in Table 2. The funnel plots did not suggest
publication bias for any of the six measures of
executive functions.

DISCUSSION

We quantitatively reviewed studies that com-
pared the performances of relatives of schizo-
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Table 2. Principal results of the meta-analysis of executive functions in relatives of
schizophrenic probands

Subsample No. of Estimated
(for heterogeneous Studies No. of control effect
Test total sample) included relatives subjects 95% CI)
WCST perseverative errors Classic method 12 677 584 0-26 (0-14-0-38)
WCST categories Classic method 13 846 773 0-31 (0-21-0-42)
Stroop Test 6 294 269 0-38 (0-21-0-55)
Verbal Fluency — phonologic 8 431 233 0-65 (0-48-0-82)
Verbal Fluency — semantic Relatives of 5 186 150 0-87 (0-64-1-10)
schizophrenic patients

TMT, part B 11 672 507 0-49 (0-37-0-62)

phrenic patients and controls for the four
tests of executive functions most used in the
medical literature (WCST, TMT, VF and
Stroop). Our results show that relatives of
schizophrenic patients are impaired in all
analysed measures of executive functions, but
the estimated effect differs depending on the
test used.

Our literature search identified 58 articles
dealing with this subject. Only 25 of these arti-
cles met our inclusion criteria. The main reason
for exclusion was inclusion of the same subjects
in multiple reports (15 out of the 33 articles
excluded). When necessary and possible, infor-
mation in published articles was supplemented
by contacting the authors.

Several of our methodological choices deserve
discussion. First, rather than subjectively
choosing the tests to be included in our meta-
analysis, we decided to select the most fre-
quently used tests of executive functions in the
medical literature over the last 5 years. As we
analysed only the abstracts and as one third of
the abstracts contained no information con-
cerning the tests used, our figures clearly do not
reliably reflect the frequency of the tests used.
However, our aim was not to determine the
exact use of each test, but to obtain a simple,
although rough, estimate of the most frequently
used tests. The sizable gap between the fourth
and the fifth most commonly used tests makes
it improbable that other tests were used more
frequently than the four we selected for our
meta-analysis.

Second, we included only data from pub-
lished studies, supplemented when necessary,
with information from the authors concerning
inclusion/exclusion criteria, data on individual

tests (when only composite scores were re-
ported) or statistics convertible to effect sizes
(when only p values were available). It is a
matter of debate whether unpublished data
should, or should not, be used in meta-analyses.
As data may not have been published because
they show non-significant differences, not in-
cluding them favour greater differences between
the experimental (i.e. relatives) group and the
control group. However, unpublished data may
not have been published because the studies in
question did not comply with scientific stan-
dards needed for publication, meaning that
these data are less reliable. Inclusion of only in-
formation that complemented published studies
allowed us to supplement information without
including less reliable data. In addition, to test
the existence of a publication bias, we used
funnel plots.

For the four tests (and six measures) that
we analysed, relatives of schizophrenic patients
were more impaired than controls. The effect
estimates were small to moderate (from 0-26 to
0-49) for three of the tests (Stroop, WCST,
TMT) but were greater for the fluency tests (0-65
and 0-87). These results suggest that fluency
tests are more sensitive to impairments in re-
latives of schizophrenic patients than the other
three tests. However, for some of the tests
(Stroop and VF) the total number of studies and
subjects was small and there is some overlap in
the 95% confidence intervals of the effect esti-
mates for the different tests (Table 2) suggesting
that more research is needed before firm con-
clusions could be drawn. The presence of deficits
in all the tests analysed does not allow us to
draw conclusions regarding the existence of a
specific deficit in executive functions (for more
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extensive discussion on the problem of specific
versus generalized deficit see Chapman & Chap-
man, 2001). Two previous studies (Sitskoorn
et al. 2003; Snitz et al. 2003) found that the
effect sizes for tests of executive functions were
in the small to moderate range (0-2—0-5). This is
concordant with our results for WCST, Stroop
and TMT — B, but not for fluency tests. Unfor-
tunately, as these studies were published only as
abstracts, there are insufficient details to allow
us to explain these partially discordant findings.

Our study revealed that three measures, from
two executive tasks (semantic fluency, WCST
preservative errors and categories), were not
homogeneous. For the WCST measures, the
use of four different methods (i.e. classical,
Nelson’s, Milner’s and computerized) is the
most probable explanation for this heterogen-
eity. It is noteworthy that Nelson’s method and
the computerized version of the WCST seem to
be more sensitive than the classical method at
detecting impairments in relatives of schizo-
phrenic patients. However, before a firm con-
clusion can be draw, more studies must be done
using these two methods.

For semantic fluency, heterogeneity of studies
is more problematic to explain. Entering pro-
band diagnosis in a one-factor model solved this
heterogeneity by excluding from the analysis
two studies (Egan er al. 2001a; Krabendam
et al. 2001) with particularly low effect estimates.
However, several indices suggest that our meta-
analytical findings on semantic fluency should
be interpreted with caution. First, the two ex-
cluded studies were not only those that included
relatives of schizoaffective probands, but also
those with the smallest standard error and lar-
gest total samples, thus suggesting the existence
of a potential publication bias. Second, the
number of studies before, but especially after,
exclusion of those studies was small. Finally,
unless the proportion of relatives of schizo-
affective probands was very high, this expla-
nation seems fairly unlikely. More studies are
needed to explore the degree of impairment
in verbal semantic fluency among relatives of
schizophrenic patients. In addition, it seems
important for future studies to separate relatives
of schizoaffective patients from relatives of
schizophrenic patients.

Our study was restricted to the four most used
tests in the medical literature and, as a matter of

A. Szoke et al.

fact, the only tests for which sufficient studies
exist to merit a meta-analysis. As more data will
accumulate it will be interesting to compare
results from these classical neurocognitive tests
with results from newer tests designed to assess
more specific executive processes: planning (e.g.
the Tower of London; Shallice, 1982), initiation
and suppression of response (the Hayling test;
Burgess & Shallice, 1996), cognitive estimation
(Shallice & Evans, 1978), etc.

As separate data for non-psychotic relatives
were not available in some studies we also in-
cluded in our analysis samples of relatives con-
taining psychotic subjects. However, because
there were only two such studies (Harris et al.
1996; Egan et al. 2001a), the percentage of
psychotic relatives included was small, and their
results were homogeneous with those of studies
not including psychotic relatives, we consider
that the global effect estimates were not signifi-
cantly influenced by this issue.

It is somewhat surprising that results were not
more heterogeneous in spite of major differences
in study designs. In particular, it should be
noted that differences in inclusion criteria for
relatives (affected relatives included or not, type
of relatives, etc.) or controls (taking into account
positive family history or not) did not affect the
homogeneity of results. This suggests that if
these variables affect test results, the effect is not
very large. However, an alternative explanation
could be limited statistical power due to the
small number of studies included in the meta-
analysis.

In conclusion, our meta-analysis suggests that
relatives of schizophrenic patients have widely,
although not severely, impaired executive func-
tions. As the sensitivity of the different tests for
impairments in relatives is not the same, the
choice of test and method used should be care-
fully assessed.
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