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Psychotic disorders are associated with neurocognitive
alterations that aggregate in unaffected family members,
suggesting that genetic vulnerability to psychotic disorder
impacts neurocognition. The aim of the present study was to
investigate whether selected schizophrenia candidate single
nucleotide polymorphisms (SNPs) are associated with (1)
neurocognitive functioning across populations at different
genetic risk for psychosis (2) and psychotic disorder. The
association between 152 SNPs in 43 candidate genes and
a composite measure of neurocognitive functioning was examined in 718 patients with psychotic disorder. Follow-up
analyses were carried out in 750 unaffected siblings and 389
healthy comparison subjects. In the patients, 13 associations between SNPs and cognitive functioning were significant at P < .05, situated in DRD1, DRD3, SLC6A3,
BDNF, FGF2, SLC18A2, FKBP5, and DNMT3B.
Follow-up of these SNPs revealed a significant and directionally similar association for SLC18A2 (alternatively
VMAT2) rs363227 in siblings (B 5 20.13, P 5 .04) and
a trend association in control subjects (B 5 20.10,
P 5 .12). This association was accompanied by a significantly increased risk for psychotic disorder associated
with the T allele (linear OR 5 1.51, 95% CI 1.10–2.07,
P 5 .01), which was reduced when covarying for cognitive
performance (OR 5 1.29, 95% CI 0.92–1.81, P 5 .14), suggesting mediation. Genetic variation in VMAT2 may be
linked to alterations in cognitive functioning underlying psychotic disorder, possibly through altered transport of monoamines into synaptic vesicles.
Key words: cognition/single nucleotide polymorphism/
psychosis/schizophrenia/siblings/vesicular monoamine
transporter 2 (VMAT2)

Introduction
Generalized cognitive alterations, extending across most
domains of cognitive functioning, present themselves as
a stable trait-related aspect of schizophrenia that appears
to be present before the onset of the disorder. Similar,
though attenuated, cognitive alterations have been
reported in unaffected biological relatives of schizophrenia patients, suggesting these changes may reflect the
expression of genetic vulnerability for schizophrenia.1,2
Several studies have provided evidence for significant
heritability of cognitive functioning in patients with
schizophrenia3 and in healthy controls,4 in particular
for general cognitive functioning rather than specific cognitive skills.5 Furthermore, Toulopoulou and colleagues6
reported shared genetic variance accounting for 92% of
the covariance between intelligence and schizophrenia.
However, despite substantial evidence for cognitive functioning as intermediate phenotype for psychotic disorder,
little is known about the underlying molecular-genetic
variation. For example, the COMT Val158Met polymorphism has been implicated in both risk for schizophrenia
and cognitive functioning, but the evidence for association with neurocognition is weak.7 Another putative
risk allele that has been implicated in psychosis susceptibility by genome-wide association studies and is located
in the Zinc Finger Protein 804A gene (ZNF804A) has
been associated with relatively spared cognitive ability.8
A recent meta-analysis suggests that another gene previously linked to psychosis, DTNBP1, influences general
cognitive ability in healthy subjects.9
The aim of the present study was to examine common
molecular-genetic variation underlying general cognitive
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Methods
Sample and Measures
The full GROUP sample consisted of 1120 patients with
nonaffective psychotic disorder, 1057 siblings of these
1120 patients, 919 parents of the patients and their
siblings, and 590 unrelated control subjects. Inclusion
criteria were: (1) age range 16–50 years, (2) diagnosis
of nonaffective psychotic disorder, and (3) good
command of Dutch language. Control subjects had
no first- or second-degree relative with a psychotic
disorder as established by the Family Interview for
Genetic Studies13 with the control subject as the
informant. Diagnosis was based on the Diagnostic
and Statistical Manual of Mental Disorder, Fourth Edition (DSM-IV) criteria,14 assessed with the Comprehensive Assessment of Symptoms and History (CASH)
interview15 or Schedules for Clinical Assessment for
Neuropsychiatry (SCAN 2.1).16 DSM-IV diagnoses of
the patients were schizophrenia and related disorders
(DSM-IV 295.x; n = 945, 84%), other psychotic disorders (DSM-IV 297/298; n = 149, 13%), and psychotic
illness in the context of substance abuse or somatic
illness (n = 9; 1%) (see GROUP17 for further details).
2

Cognitive Functioning
All subjects were assessed with a comprehensive neurocognitive test battery containing the following tasks
(intended cognitive domains of focus are placed between
brackets): Wechsler Adult Intelligence Scale (WAIS)-III
Digit Symbol—Coding (processing speed),18 Continuous
Performance Test-HQ (attention/vigilance),19,20 Word
Learning Task (verbal learning and memory),21 WAISIII Arithmetic (working memory),18 WAIS-III Block
Design (reasoning and problem solving),18 ResponseShifting Task (set shifting), which is a modified version
of the Competing Programs Task,22,23 and WAIS-III
Information (verbal comprehension).18 To calculate a
measure of global cognitive functioning, raw test scores
were converted into standardized z scores against the
means and SDs of the healthy control group. Z scores
were calculated for each cognitive domain and were
recoded if necessary such that more negative z scores
reflected worse performance for all measures. For verbal
learning and memory, the z score was based on the mean
value of the z scores for immediate recall and retention
rate. For attention/vigilance, the z score was based on
the mean value of the z scores for reaction time and
for a sensitivity index defined as the number of correct
detections of targets minus the number of false alarms
for nontarget Q stimuli. For set shifting, the z score
used in the analyses was based on the decrement in accuracy during a reversal response rule condition compared
with an imitation response rule condition.23,24 The final
composite measure of neurocognition was based on the
mean of the 7 domain scores (speed of information
processing, attention/vigilance, verbal learning and
memory, working memory, reasoning and problem
solving, set shifting, and verbal comprehension), while
allowing for 4 missing values.25 The coefficient alpha
for this composite cognition measure was adequate
(a = .76 for patient sample; a = .74 for overall sample).
Genotyping
A previous study in the GROUP sample, which examined
molecular-genetic interactions with cannabis, selected
a total of 179 SNPs.26 Gene selection in this study was
based on previous evidence of association with schizophrenia, involvement in dopamine or endocannabinoid
signaling or an involvement in the regulation of environmental influences including epigenetic mechanisms (see
online supplementary table S1). Because plausible
hypotheses with regard to effects on cognition are
possible for most of these SNPs and reporting bias
(selective reporting of interesting or significant findings)
is a considerable concern in psychiatric genetics, the
entire set of SNPs was also selected for the present study.
These SNPs were selectively determined by Sequenom
(Hamburg, Germany) using the Sequenom MassARRAY iPLEX platform at the facilities of the
849
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functioning associated with psychotic disorder. That is, if
cognitive functioning truly represents an intermediate
phenotype, the genes associated with cognitive alterations in patients would be expected to be identical to
the genetic determinants of general cognitive ability in
healthy control subjects.10 This is in agreement with
the liability-threshold model describing genetic risk for
schizophrenia as the sum of possibly thousands of common single nucleotide polymorphisms (SNPs), each of
them having individually small effects.11,12 This model
also states that, despite the fact that underlying genetic
risk for schizophrenia is the linear additive function of
individual SNPs, the actual phenotype only becomes
expressed once a certain threshold of risk (when interconnected systems can no longer compensate the effects of
individual SNPs) is reached. Following this reasoning,
it may be argued that the examination of associations
between cognition and individual SNPs can be most
efficiently explored against a background of aboveaverage genetic risk. Thus, SNPs were first tested for association with cognitive performance alterations in a large
sample of patients, recruited as part of the Genetic Risk
and OUtcome of Psychosis (GROUP) study. Significantly associated SNPs were subsequently reexamined
for their effects on cognition in unaffected siblings of
these patients and in healthy control subjects. Their association with psychotic disorder was studied as well,
in order to further investigate whether these SNPs truly
increase risk for psychotic disorder by altering cognitive
performance across populations at different genetic risk.
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manufacturer; SNPs, therefore, were not selected from
a larger set of genome-wide markers. In accordance
with a priori quality control criteria of the GROUP
study, SNPs with more than 10% genotyping errors
were excluded, as were SNPs in marked Hardy-Weinberg
disequilibrium (P < .001). Of the 179 SNPs originally
included, 23 SNPs were excluded because they had
more than 10% genotyping errors, and an additional 3
SNPs were excluded because they were in marked
Hardy-Weinberg disequilibrium in the control subjects;
no variation was found for 1 variant, leaving a final
set of 152 SNPs in 43 genes suitable for analysis.

Associations between SNPs and cognition in patients were
examined using linear regression analyses. SNP genotypes
were coded 0, 1, or 2 and modeled as linear effects, such that
a positive regression coefficient indicated that the minor
allele was associated with better cognitive performance.
Linear models were used because this method can
deal with different genotype distributions, including distributions with a low minor allele frequency, avoiding stratification into small subgroups.27 Given the fact that some
families contributed more than one subject, hierarchical
clustering of data was taken into account by including a
family random effect in the model, using the multilevel random regression XTREG routine in STATA, version 11.28
Given the fact that 152 SNPs were tested; a strategy to
deal with multiple testing is necessary. The Bonferroniadjusted significance level for the number of SNPs tested
would result in a corrected alpha of a = .05/152 = .0003.
Power analysis, however, revealed only a 17.6%, 57.6%,
and 85.6% power to detect an effect of, respectively,
r2 = .01, .02, and .03 at this alpha (Quanto program version
1.2.4, http://hydra.usc.edu/GxE), indicating that the
efforts to reduce the chance for type I error would, for
SNPs that are expected to individually have small effects,
also result in a substantial risk for type II error. Therefore,
consistency of associations across the different samples
and statistical approaches was used to reduce the risk
for type I error rather than stringent Bonferroni correction. Thus, the analyses of SNPs with a P value < .05
in the patient group were repeated in the sample of unaffected siblings of these patients as well as in the control
sample. Associations that were replicated in the unaffected
sibling and control samples where further explored using
logistic regression, to test for potential enrichment of the
allele associated with worse cognitive functioning in
patients with psychotic disorder, or their unaffected
siblings, in comparison with control subjects. See figure 1
for an overview of the multistage design. Age and sex were
a priori entered into all of the regression analyses as covariates. Subjects with more than 10% genotyping errors
were excluded from the analyses.
850

Results
Patients
Genetic data were available for 801 patients, of which 43
(5.4%) had more than 10% genotyping errors. Of the 758
remaining subjects, composite cognition scores were
available for 718 patients (stage I in figure 1). Patients
had significantly lower composite cognition scores
than control subjects (table 1).
Nominal associations with cognitive functioning at
P < .05 were found for 13 SNPs (8.7%) in DRD1,
DRD3, SLC6A3, BDNF, FGF2, SLC18A2, FKBP5,
and DNMT3B (see table 2). Therefore, further analyses
were conducted with these SNPs in the sibling and
control samples (stage II in figure 1). Notably, 8 of
the 13 associations identified in stage I were situated in
genes that encode proteins implicated in the regulation
of synaptic dopamine (DRD1, DRD3, VMAT2,
and DAT), out of 32 SNPs tested (in the following
genes: COMT, DRD1, DRD2, DRD3, VMAT2,
and DAT), significantly more than expected by chance
(v2 (df 1) = 4.3, P < .039).
Follow-Up in Sibling and Control Samples
Genetic data were available for 813 siblings, of which 44
(5.4%) had more than 10% genotyping errors. Of these
769 subjects, composite cognition scores were available
for 750 siblings. For control subjects, genetic data
were available for 413 individuals, of which 19 (4.6%)
had more than 10% genotyping errors. Of these 394 subjects, composite cognition scores were available for 389
control subjects. Siblings had significantly lower composite cognition scores than control subjects (table 1).
In siblings, there was a significant association between
SNP rs363227 in SLC18A2 and cognitive functioning,
with the thymine (T) allele conferring risk for poorer
cognitive functioning (B = 0.10, P = .04), parallel to
the findings in the patient group (B = 0.13, table 2).
In controls, the results were suggestive of an additive effect of the T allele resulting in poorer cognitive functioning, although the results were not statistically significant
(B = 0.10, P = .12). No other associations were found
for the 13 SNPs in siblings and controls, except for
a trend association in siblings between SNP rs2424913
in DNMT3B and cognitive functioning (B = 0.06,
P = .06), parallel to the findings in the patient group
(B = 0.08, table 2). Figure 2 displays the mean composite cognition scores for SLC18A2 rs363227 and
DNMT3B rs2424913 genotypes in patients, sibling,
and controls. To estimate the proportion of the variance
in neurocognitive composites scores explained by these
genotypes individually, effect size estimates (partial
eta2) were calculated based on linear regression models
allowing for the use of observations that are not independent within clusters (families) and adjusted for age and
sex. These estimates suggested that SLC18A2 rs363227
3
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as well as DNMT3B rs2424913 explained just under 1%
of the variation in cognitive performance, both in the patient sample and in the combined sample with group entered as covariate in the model.

Since the sibling sample is not independent of the
patient sample, sensitivity analyses were run for the
sibling group, with genotype of the affected family member as a covariate. These analyses yielded similar results

Table 1. Demographic and Clinical Characteristics of Patients, Siblings, and Control Subjects For Whom Both Genetic and Cognitive Data
Were Available

Age (SD)
Sex (% male)
IQ (SD)
Composite cognition score
Age at onset of psychosis (SD)
Duration of illness in years (SD)
Recent onset psychosis (<1 y)
Psychotic episodes (number)
PANSS score
Positive
Negative
General
Current antipsychotics
Mean dose a

Patients
n = 718

Siblings
n = 750

Controls
n = 389

Between-Group Comparisons
Test Statistic

P

28.0 (8.2)
75.8
95.4 (16.5)
0.60
22.5 (6.8)
4.4 (4.2)
17.1%
1.73 (1.12)

27.4 (8.0)
46.4
102.6 (15.7)
0.20

30.0 (10.4)
44.5
109.9 (14.8)
0.01

F = 12.22
v2 = 162.7
F = 112.8
F = 133.5

<.001
<.001
<.001
<.001

1.81 (.77)
2.03 (.84)
1.76 (5.3)
79.0%
5.49 (20.44)

Note: PANSS, Positive and Negative Syndrome Scale.
Mean dose of antipsychotics in milligram per day haloperidol equivalents.

a

4
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Fig. 1. Study design. Overview and outcome of multistage study design utilized, including all samples and single nucleotide polymorphisms
(SNPs) analyzed in each stage.
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Table 2. Associations (P < .05) Between Genetic Polymorphisms and Cognitive Functioning in Patients With Psychotic Disorder
Single Nucleotide Polymorphism

Chromosome

Functional Relevance

Risk Allelea

B

P

DRD1
DRD3
SLC6A3
SLC6A3
SLC6A3
BDNF
FGF2
SLC18A2
SLC18A2
SLC18A2
FKBP5
DNMT3B
DNMT3B

5
3
5
5
5
11
4
10
10
10
6
20
20

5# UTR
Exonic missense
Intronic
Intronic
Intronic
Intronic
Intronic
Intronic
Intronic
Intronic
Intronic
Intronic
3# UTR

G
C
C
G
C
G
C
A
C
T
G
T
C

0.11
0.09
0.09
0.09
0.09
0.10
0.11
0.13
0.11
0.13
0.13
0.08
0.14

.010
.031
.047
.047
.028
.027
.025
.011
.008
.017
.005
.035
.017

a

Allele associated with worse cognitive performance in patients.

for SLC18A2 rs363227 (B = 0.12, P = .04) while the
association for DNMT3B rs2424913 became larger and
statistically significant when entering genotype of
affected family member as a covariate into the regression
(B = 0.10, P = .01).
Association With Psychotic Disorder
To investigate whether SLC18A2 rs363277 was also
associated with psychosis liability, logistic regression
was used to calculate ORs for the frequency of the T allele
for the patient and sibling groups compared with the
control group (stage III in figure 1). Patients had higher
T allele rates than control subjects (P = .01) (table 3).
Siblings did not differ in frequency of the T allele compared with control subjects (P = .38). Furthermore, when
entering neurocognitive composite scores into the logistic
regression analysis, the T allele was no longer significantly enriched in patients (OR = 1.29, 95% CI 0.92–
1.81, P = .14), suggesting that the association between
SLC18A2 rs363227 and psychotic disorder was mediated
by cognitive functioning.
DNMT3B rs2424913, on the other hand, did not show
evidence for association with psychosis liability, as the
risk of having a T allele was not higher in either the
patient (OR = 1.06, 95% CI 0.81–1.41, P = .66) or the
sibling group (OR = 1.05, 95% CI = 0.80–1.38, P = .71).
Discussion
In a large sample of patients with psychotic disorder,
a range of associations between SNPs and cognitive functioning was identified at the P < .05 level. The association
between cognitive functioning and one of these SNPs,
rs363227, located in the SLC18A2 gene, replicated in
unaffected siblings of the patients, and a trend for association was also found in healthy control subjects.
Furthermore, the risk (T) allele of this SNP was also
852

associated with risk for psychotic disorder, an association
that was mediated by its effects on cognition. These findings suggest that SLC18A2 may impart an increased risk
for psychosis through its effect on cognitive functioning.
Solute carrier family 18, member 2 (SLC18A2), also
called vesicular monoamine transporter 2 (VMAT2),
encodes for the VMAT protein that is located in the
membranes of presynaptic vesicles of monoamine
neurons where it mediates the reuptake of monoamines
into the synaptic vesicle of the presynaptic neuron.29
There are very few studies analyzing VMAT in psychoses
or in relation to cognitive functioning. Although 2 studies
have failed to find a direct link between VMAT2 gene and
susceptibility for schizophrenia spectrum disorders,30,31
Gutiérrez and colleagues32 found evidence for a risk
haplotype for schizophrenia and bipolar disorder in
this gene. Furthermore, Zubieta and colleagues33
reported higher ventral brainstem VMAT binding in
patients with schizophrenia and patients with bipolar disorder compared with healthy control subjects. In another
study, Zubieta and colleagues34 found that VMAT binding in the thalamus and ventral brainstem of euthymic
bipolar patients not only was higher than the expression
of VMAT in healthy controls but that VMAT concentrations in these regions also correlated with performance on
tests of frontal executive functioning. The findings by
Talkowski and colleagues35 indicate that a network of
dopaminergic gene variations appears to be implicated
in schizophrenia, variants at VMAT2 individually and
jointly with other dopaminergic genes conferring the
risk for schizophrenia. These studies suggest that
VMAT2 may be a candidate gene for psychotic disorder.
The present study not only adds further support to this
suggestion but also suggests that the VMAT2 gene may
exert its impact on psychosis liability through its impact
on brain processes affecting cognitive functioning. It may
be speculated that VMAT2 expression may exert is effects
on cognitive functioning through its impact on the
5
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T/T
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-.4
-.8

-.6

cognition z-score

-.2

0
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C/T

controls

T/T

C/C

C/T

siblings

T/T

C/C

C/T

T/T

patients

Strengths and Limitations
Fig. 2. Association between cognitive functioning and (a) SLC18A2
rs363227 (controls: C/C n 5 316, C/T n 5 70, T/T n 5 3; siblings: C/C
n 5 594, C/T n 5 144, T/T n 5 11; patients: C/C n 5 544, C/T, n 5 159,
T/T n 5 15) and (b) DNMT3B rs2424913 (controls: C/C n 5 118, C/T
n 5 192, T/T, n 5 78; siblings: C/C n 5 218, C/T n 5 318, T/T n 5 148;
patients: C/C n 5 210, C/T n 5 360, T/T n 5 147) (a) SLC18A2
rs363227 (b) DNMT3B rs2424913.

functional integrity of the striatal presynaptic dopamine
system that has been shown to be compromised before
the onset of schizophrenia36 and may be associated
with cognitive mechanisms.36,37 However, increased
levels of VMAT2 in schizophrenia have been found in
the ventral brainstem,33 but not in the striatum,38 nor
did VMAT2 expression correlate with clinical data
such as duration of illness, number of hospitalizations,
and positive or negative symptoms.38 Furthermore, given
that the proportion of variance in cognitive performance
explained by rs363227 in VMAT2 was small, and
epistatic interactions likely exist,35 further examination
at the level of the implicated pathways is justified. The
results of this study suggest that pathway-based analysis
of genes coding for proteins that regulate synaptic dopamine concentrations may be fruitful, as the number of
6

The present study is unique in that it assessed a large sample of patients with psychotic disorder and their unaffected siblings, using a comprehensive list of a priori
candidate SNPs. Nevertheless, some limitations need
to be taken into account.
Not all subjects had complete cognitive test scores,
which was predominantly caused by computer errors.
However, patient status was associated with number of
missing test results, patients having significantly more
missing values than control subjects. Patients who failed
to complete the whole battery may have been more
compromised cognitively than those without missing
values. The affected individuals in the present sample
will constitute a healthier group than the population of
patients with a psychotic disorder as a whole, as they
were able to participate in the study. This selection is
common and will apply to most studies focusing on
cognitive functioning in patients with psychotic disorder,
likely shifting results toward the null.
Second, the use of SDs of the healthy control subject
group to generate z scores for the cognitive domains in
the patient group may spuriously inflate z scores if the
SDs in the control subject group are smaller than those
in the patient group.40 Larger between- and within853
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C/C

reported associations in this pathway significantly
exceeded chance level expectations.
A second SNP, rs2424913 in DNMT3B, that was
associated with cognitive functioning at nominal significance level in patients, replicated in siblings at trend level.
In contrast, there was no association between DNMT3B
rs2424913 and cognitive functioning in control subjects.
Furthermore, the T allele of DNMT3B rs2424913, which
corresponded to worse cognitive functioning in schizophrenia patients, was not enriched in the patient sample
compared with the control sample. These findings
suggest that, whereas VMAT2 may increase the risk for
psychotic disorder by impacting on intermediate cognitive
processes, DNMT3B may not be directly associated with
risk for psychotic disorder through mediation of altered
cognitive functioning. It should be noted that functional
effects of the 2 intronic SNPs in VMAT2 and DNMT3B
have not been elucidated and that they could be tagging
a functional variant within the gene. Additional efforts
will be needed to identify the putative functional loci.
The most studied hypothesis-driven candidate genes
(COMT, DRD3, DRD2, HTR2A, NRG1, BDNF,
DTNBP1, and SLC6A4) did not show evidence of
reliable association with altered cognitive performance
across populations at different genetic risk for psychosis.
This is in agreement with a recent study reporting no support that these genes are enriched for common genetic
variation in schizophrenia,39 arguing against a notable
contribution of these genes to risk for psychosis.

C. J. P. Simons & R. van Winkel
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Table 3. SLC18A2 rs363227 Allele and Genotype Frequency Per Subject Group
Allele, n (%)
Group
Patients
Siblings
Controls

Genotype, n (%)

C

T

C/C

C/T

T/T

OR

95% CI

1247 (86.8)
1332 (88.9)
702 (90.2)

189 (13.2)
166 (11.1)
76 (9.8)

544 (75.8)
594 (79.3)
316 (81.2)

159 (22.1)
144 (19.2)
70 (18.0)

15 (2.1)
11 (1.5)
3 (0.8)

1.51a
1.15a

1.10–2.07
0.84–1.57

a

Comparing group with control subjects (logistic regression adjusted for age and sex).
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pothesis that VMAT2 genotype influences variation in
cognitive performance merits further investigation. Although the results suggest the hypothesis that VMAT2
may be a candidate gene for cognitive alterations encountered in psychotic disorder, the proportion of explained
variance in cognitive performance was small.
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subject variation on cognitive tests has often been observed in patient groups. Although this may have impact
on the magnitude of the impairments comparing patients
with control subjects, it is hard to see how this could have
affected associations with SNPs within-subject groups.
The effects of genetic variation on cognitive functioning were studied across the schizophrenia disorder
spectrum with most patients currently taking antipsychotic medication, thereby raising the possibility that
the observed effects in the patient sample may be
confounded by severity of schizophrenia spectrum
disorder or medication effects. However, the finding of
similar results in the sibling and control samples for
the SNP in the VMAT2 gene suggest that the association
between genetic variation in VMAT2 and cognitive functioning in patients is not solely related to illness-related
factors that do not confer psychosis vulnerability.
Furthermore, post hoc analyses revealed that mean
dose of antipsychotic medication (B = 0.25, P = .75)
and symptoms (positive: B = 0.32, P = .60, negative:
B = 0.10, P = .13) were not significantly associated
with the VMAT2 SNP, and covarying for antipsychotic
dose and positive and negative symptoms in the linear regression model did not attenuate the effect of rs363227 on
cognitive functioning in patients (B = 13, P = .02).
Selection of molecular-genetic variation was based on
published literature prior to the major genome-wide association studies of schizophrenia. Nevertheless, the selected
SNPs are a fair and comprehensive representation of the
most widely studied candidate genes for schizophrenia.
Although the sibling and control samples provided
replication of the findings of the patient sample, the replication in siblings was not strictly independent as siblings
shared 50% of their genetic variation with the patient
sample. However, a sensitivity analysis in siblings, covarying for SNP genotype in the affected family member,
yielded similar results. Furthermore, the control sample
did provide a directional replication independent of the
findings in the patient sample.
In conclusion, an association was found between
VMAT2 and general cognitive ability in patients with
psychotic disorder and in their unaffected siblings, that
replicated directionally at trend level in an independent
cohort of healthy control subjects, suggests that the hy-
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