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Abstract
Background
The T allele of rs1800497 SNP of ANKK1 gene has been linked to a poorer performance on prefrontal

cognitive processes. There is the lack of studies investigating the effect of this variant on cognition in
schizophrenia. Our main aim therefore was to investigate its impact on cognition in a sample of subjects with
a recent diagnosis of psychosis

Methods
We included 128 patients with recent –onset psychosis (ROP) and 70 healthy controls (HC) with both

complete neuropsychological assessment by MATRICS Consensus Cognitive Battery (MCCB) and blood
specimen drawn for DNA analysis. Genotypes were grouped following an additive model. We explored main
effects of disease (ROP and HC) and genetics (T+ and T-) and their interaction term on cognition.

Results
Two-way ANOVAs showed a significant genetic and disease interaction effect in WMS –SS (non-verbal

working memory) (F=10.32, p=0.002, partial eta squared =0.05) and on MCCB total score (F=5.02, p=0.02,
partial eta squared =0.03). When sample was stratified by allele status, ROP- T+ performed poorly than HC-T+ in
WMS-SS, while that difference was not found among T-. Within ROP, T carriers presented a worse cognitive
profile than non-carriers but within HC, cognitive profile did not differ as a function of allele status. When
adjusting for clinical confounders both WMS-SS (F=9.53, p=0.003, partial eta squared =0.09) and total MCBB
scores (F=7.09, p=0.009, partial eta squared=0.08) continued to be lower in ROP-T+ compared with ROP-T–.

Conclusion
This is the first study to report an association of the vulnerability allele of Taq1A with cognitive impairment

in psychosis assessed by a standardized instrument as the MCCB battery. Our study therefore, provides
preliminary evidence for the potential role of the ANNK1 gene in modulating cognitive performance in
psychosis.
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Introduction

The dopaminergic neurotransmitter system (DAS)
has been implicated in the etiopathogenesis of
schizophrenia since antipsychotics were found to

reduce psychotic symptoms by blocking D2/D3
dopamine receptors [1].Findings from both animal
[2] and human in vivo and postmortem studies
[3-4] have provided further evidence for structural
and functional abnormalities in the DAS in
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schizophrenia. Since its first description, it is an
ongoing reformulation of the dopamine hypothesis
of schizophrenia [5]. The genes involved in DAS
pathways therefore, are a major focus of attention
[6].

Figure 1: Differences in cognitive Profile between ROP and
HC, Standardized scores: HC mean=O, SD= 1; t = t student
test; ***Pvalue < 0.000, Abbreviations: ROP= recent onset
psychosis; HC= Healthy control; TMT-A: Trail Making Test
Part A; BACS=the Brief Assessment of Cognition in
Schizophrenia; Fluency= Category Fluency: Animal
Naming; CPT-IP=Continuous Performance Test-Identical
Pairs; WMS-SS Wechsler Memory Scale-Ill Spatial Span;
LNS= Letter number span; HVLT-R= Hopkins Verbal
Learning Test- Revised; BVMT-R Brief Visuospatial Memory
Test-Revised; NAB= Neuropsychological Assessment
Battery (NAB); MSCEIT ME=Mayer-Salovey-Caruso
Emotional Intelligence Test, Managing Emotions subscale.

As a consequence, one of the most studied
candidate genes for schizophrenia risk is the gene
encoding the D2 dopamine receptor (DRD2). In
this respect, the findings from the Schizophrenia
Working Group of the Psychiatric Genomics
Consortium have supported the association of
DRD2 with schizophrenia [7]. Individual
differences in DRD2 expression may contribute to
the risk of neuropsychiatric disorders such as
schizophrenia and those differences may be related
to the effect of the combination of environmental
and genetic factors.

The ankyrin repeat and kinase domain containing
-1-gene (ANNK1) is closely linked to the DRD2
gene on chromosome 11. The single nucleotide
polymorphism (SNP) rs1800497 C>T, also known
as Taq1A, is located in exon 8 of the ANNK1 gene
and causes a non-conservative amino acid change
(glu713Lys) [8]. This gene is a member of an
extensive family of proteins involved in signal
transduction pathways and the Taq1A, while
unlikely to affect the structural integrity may affect
substrate-binding [9]. In this respect, a recent meta-

analysis [10] of molecular imaging studies
including healthy and clinical samples reported
that rs1800497 strongly influenced the striatal D2
binding, so that the T-allele carriers (T+) showed a
30 to 40% reduction of striatal binding compared
to the T-allele non-carriers (T-) [11,12]. This SNP

therefore, may alter the expression and function of
the gene encoding DRD2 due its proximity and
ANKK1 has been described as a candidate gene for
schizophrenia risk [13,14].

The DAS plays a role in modulating cognitive
processes [15]. DRD2and ANKK1 is expressed
predominantly in striatum which is interconnected
with numerous brain areas including dorsolateral
prefrontal cortex, limbic cortex and hippocampus
[16]. It is well known that this complex network is
crucial to human cognition and particularly
relevant to higher order cognitive functions such as
executive function (EF) and working memory
(WM) [17,18]. Evidence from healthy and clinical
samples suggests a relationship between rs1800497
allele status of the ANKK1 and cognitive function.
The T allele has been linked to a lower mean
general cognitive ability in general population [19]
and difficulties in WM, EF and speed processing in
healthy subjects [20-23]. Moreover, studies of
trauma brain injury (TBI) have demonstrated that
T+ performed worse in WM tasks than T- after a
TBI [24–26]. In addition to this, in the field of
addiction research, the mutant allele has also been
implicated in deficits in EF performance [27].

There is a large body of evidence indicating that
cognitive deficits are enduring, persistent and
stable core features of schizophrenia [28].These
deficits are observable even before the onset of first
psychotic symptoms, are closely related to
functional outcome, persist when psychotic
symptoms remit and do not respond accurately to
current antipsychotic treatment [29,30]. It has
been largely described a “global cognitive
impairment “ across a wide range of higher order
cognitive domains such as speed processing,
working memory, attention/vigilance, visual and
verbal learning, executive functions and social
cognition [31,32]. However, the heterogeneity of
the wide range of cognitive tests used in assessing
neuropsychological performance in schizophrenia
have restricted comparison between studies and
have hindered the development of treatment
strategies targeting those deficits. In order to make
the assessment more homogeneous, the National
Institute of Mental Health’s (NIMH) Measurement
and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) group developed the
MATRICS Consensus Cognitive Battery (MCCB),
which has been translated and validated across the
world [33]. Given that both schizophrenia and
cognition have heritability ranging between 70 to
90% and 24 to 55%, respectively [34,35],
cognitive deficits might be valuable
endophenotypes for genetic research. Consensus in
cognitive assessment, therefore, may facilitate the
study of cognitive domains as intermediate
phenotypes in genetic studies [36].
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In the search for associations of dopamine-related
genes with cognitive domains, the Val158Met SNP
of the catechol-O-methyltransferase (COMT) has
received a major focus of attention [37]. Some
DRD2 variants have been also associated with
cognitive deficits in schizophrenia [38-43].

Thus, our aims were to determine whether there is
an interaction between allele and disease status on
cognitive function and to examine the impact of
carrying the vulnerability allele on cognition in the
psychosis group.

Methods

Participants

We selected 198 caucasian subjects with both
complete neuropsychological assessment and blood
specimen drawn for DNA analysis. Sample

included 128 recent onset psychosis (ROP)
(defined as onset of full psychotic symptoms within
the last 12 months) and 70 healthy controls (HC).
ROP were outpatients aged between 18 to 35 years
attending the Early Psychosis Program (EIP) from
University Hospital, Pere Mata Institute of Reus,
Spain. Exclusion criteria were: psychosis induced
by substances or other medical conditions,
intellectual disability, severe head injury and not
understanding or speaking Spanish fluently. HC
included patient’s friends and non-genetic relatives.
HC status was established by screening for past or
current history of psychiatric disorders. All
participants gave written informed consent to
participate in the study. The study was approved by
Committee for Ethical Clinical Investigation of the
Hospital Sant Joan of Reus.

Figure 2: Group X allele status effect on WMS-SS. Adjusted for age, sex and years of education, Abbreviations: WMS-SS:
Wechsler Memory Scale-ΙΙΙ Spatial Span; HC: Healthy control; ROP= Recent onset psychosis.

Procedures

Clinical assessments: All assessments were
administered on the same day or within two days
at the same week by two experienced psychiatrists
of the EIP team. Socio-demographic and clinical
variables related to psychosis such as the duration
of untreated psychosis and current pharmacological
treatment were assessed by a direct interview. Each
antipsychotic dose was transformed into
chlorpromazine equivalents in mg/day [44].
Diagnosis of psychosis was confirmed by means of
the Schedules for Clinical Assessment of
Neuropsychiatry (SCAN) [45] following DSM-IV
criteria (Diagnostic and Statistical Manual of
Mental Disorders). The severity of psychotic
symptoms was assessed by the Positive and
Negative Symptom Scale (PANSS) [46] and
severity of depressive symptoms by the Calgary
Depression Scale (CDS) Level of functioning was
assessed by The Global Assessment of Functioning
(GAF) on a scale from 1 to 100 [47].

Cognitive assessment: Neuropsychological
functioning was assessed by the MATRICS
Consensus Cognitive Battery (MCCB) [33]
administered by a single experienced psychologist.
MCCB was administered when patients were
clinically stable enough to undergo cognitive
assessment. The MCCB contains 10 tests to
measure cognitive performance grouped by 7
cognitive domains: i) Processing Speed was
measured by the Trail Making Test Part A (TMT-
A): a test of visual scanning and visuomotor
tracking; the Brief Assessment of Cognition in
Schizophrenia (BACS)−symbol coding: a measure
of visuomotor speed and Category Fluency:
Animal Naming: a verbal index of speed of
Processing; ii) Attention/Vigilance by the
Continuous Performance Test−Identical Pairs
(CPT-IP); iii) Working Memory by the Wechsler
Memory Scale-III (WMS-III)− Spatial Span
forward and backward (WMS-SS): a measure of
nonverbal working memory in which respondent
taps cubes in same (or reverse) sequence as test
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administrator asks and Letter number span ( LNS):
a measure of verbal working memory in which
respondent mentally reorders strings of number
and letters and repeats them to administrator; iv)
Verbal Learning by the Hopkins Verbal Learning
Test− Revised (HVLT-R): a list of 12 words
presented 3 times, which must be recalled from
memory; v)Visual Learning by the Brief
Visuospatial Memory Test−Revised (BVMT-R): a
test in which the participant is required to draw 6
geometrical figures as accurately as possible from
memory; vi) Reasoning and Problem solving by the
Neuropsychological Assessment Battery (NAB)

Mazes: seven timed paper-and-pencil mazes of
increasing difficulty that measure foresight and
planning and vii) Social cognition by the Mayer
−Salovey−Caruso Emotional Intelligence Test,
Managing Emotions subscale (MSCEITME): this
test measures how well people solve emotional
problems. Higher scores represent better
performance with the exception of TMT-A which
score is reversed, thus high values indicated worse
performance. A total score was obtained by
averaging the raw scores of all tests transformed
into z-scores.

Figure 3: Group x a llele status on MCCB total score. Adjusted for age, sex and years of education, Abbreviations: MCCB:
MATRICS Consensus Cognitive Battery; ROP: recent onset psychosis; HC: healthy control.

Finally, premorbid intellectual quotient (IQ) was
estimated by the vocabulary subtest of the
Wechsler Adult Intelligence Scale-III (WAIS-III).

DNA processing and genotyping: Total DNA was
obtained from the peripheral blood, isolated using
the Gentra® PureGene reagents (Qiagen, Barcelona,
Spain). The rs1800497 variant was genotyped by
the SequenomiPlex® MassARRAY platform,
according to manufacturer’s instructions
(Sequenom, San Diego, CA). All assays included
negative controls and a trio of Coriell samples
(Na10830, Na10831 and Na12147) for quality
control. The obtained genotyping rate for the
rs1800497 was 97.25%.

Statistical analysis

Demographic, genetic and cognitive data between
groups were tested with t student test or U-Mann
Whitney test for quantitative variables and chi-

square test or Fisher’s exact test for categorical
variables. Raw-scores of neuropsychological tests
were transformed into standard scores (z-scores)
based on data of the HC group. For each
neuropsychological test an analysis of covariance
(ANCOVA) was further conducted. Based on
previous findings discussed above, genotypes were
grouped into two groups, that is, those with any T
allele or T+ (including TT and TC genotypes) and
those with homozygote CC genotype or T-. Both
the allelic (T+ and T-) and disease status (ROP and
HC) and their interaction term were included as
factors and age, sex and years of education as
covariates. The interaction model examined
whether differences in cognitive domains between
ROP and HC differ as a function of allele status.
Significant main effects of genetics of interaction
effects were further explored separately in ROP and
HC.
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Table 1: Socio-demographical and clinical characteristics of participants.

Further, the impact of allele status on cognitive
data among the clinical group was explored.
Differences in cognitive tests between carriers
(ROP-T+) and non-carriers (ROP-T-) were
explored using ANCOVA’s controlling for clinical
variables on which they differed (p value <0.10).

Bonferroni correction for multiple comparisons
was applied and the significance threshold was set
at p<0.005 (corrected for 10 tests included in
MCCB) . All analyses were conducted using IBM
SPSS Statistics for Windows (version 18).

Results

Characteristics of participants

As it can be seen in Table 1, groups differed in
years of education and sex distribution. There was a
higher proportion of males in the ROP group and
lesser years of education. The genotype data of
groups and whole sample was consistent with those
expected from Hardy-Weinberg equilibrium
(X2=0.68; p=0.40). Frequency of T+ was not
significantly different between ROP and HC (X2
=0.22; p=0.88).

Effect of group and allelic status on cognition
performance

ROP patients showed significant impairment
relative to HC on each of the 10 cognitive tests of
the MCCB battery and in the total score (all p

values <0.001) (see Figure 1). As it is shown in
Table 2, we did not find significant effects of
diagnosis or genetics on premorbid IQ. However, a
significant main effect of group was found in tests
encompassing all cognitive domains with the
exception of working memory domain that not
survived to Bonferroni correction. We did not find
a significant a main effect of genetics on cognitive
performance, however there was a significant
interaction effect between disease and genetics on
WMS –SS (F=10.32, p=0.002, partial eta
squared=0.05) and on MCCB total score(F=5.02,
p=0.02, partial eta squared =0.03)( see figures 2
and 3).

To determine the nature of this interaction,
differences in WMS–SS and MCCB total
performance were further explored stratifying the
sample by allele and disease status. ROP- T+

performed worse in WMS-SS than HC-T+ (t=4.70,
p<0.000) while that difference was not found
among T-(t=0.95, p=0.34). With regards MCCB
total score, both ROP T+ and T- performed poorly
than HC-T+ (t=6.53, p<0.001) and HC- T-

(t=4.99, p<0.001), respectively. When sample was
stratified by disease status WSM-III and MCCB
total scores were lower in ROP-T+ compared to
ROP-T- (table 3) while that difference was not
found between HC-T+ and HC-T-. In addition,
the entire cognitive profile did not differ in HC as
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a function of allele status (table 1 supplementary
material).

Cognitive differences between ROP-T+ and ROP-T-

As we can see in table 3, ROP-T+ performed
significantly worse in MCCB total score, BACS,
WMS-SS, LNS and HVLT tests, however only
total MCCB and WMS-SS scores remained
significantly lower after applying a Bonferroni
correction (p=0.005).

In order to investigate whether differences in
WMS-SS and MCCB total scores between carriers
and non-carriers were influenced by other
demographic or clinical variables, differences with
a p value < 0.10 were included as covariates. ROP-

T+ were more frequently male and tended to be
more frequently treated with higher doses of
antipsychotics. In addition, ROP-T+ presented
higher scores in the general and negative subscales
of the PANSS and in the total PANSS score.
Because of the skewed nature of chlorpromazine
equivalent dose, it was logarithmically transformed
to normalize it for the analysis. Correlation analysis
between potential covariates revealed a strong
positive significant correlationbetween PANSS
negative and general subscales (r=0.62, p<000). To
avoid intercorrelation between covariates we
decided to include the one with the lower p value.
After controlling for sex, chlorpromazine
equivalent dose, and PANSS negative subscale,
ANCOVAs showed that WMS-SS (F=9.53,
p=0.003, partial eta squared =0.09) and MCCB
total (F=7.09, p=0.009, partial eta squared =0.08)
remained significantly lower in those carrying the
T allele.

Discussion

This study aimed to examine whether carrying the
vulnerability T allele has an impact on cognition
measured by the MCCB in psychotic patients.
Advances in molecular genetics have given a
valuable push to increase the understanding of the
etiopathogenic bases of complex psychiatric
disorders. However, there is still a long way to go
in the characterization of more homogeneous

clinical phenotypes. In that sense, the study of
patients at the early stages of psychosis can
minimize the impact of the burden of a chronic
disease and long-term antipsychotic treatment.
Despite the relatively small sample size, the results
that will be discussed below were obtained from a
sample of young psychotic out-patients recruited
from the same catchment area, assessed using
standardized consensual cognitive battery by the
same specialized evaluator.

As expected, the cognitive profile of ROP patients
was significantly more impaired than HC, which is
highly consistent with the extensive data available
[31]. The special interest was to investigate the
effect of the Taq1A T allele on cognitive differences
found between groups. This is the first study to
report that the impairment in non-verbal working
memory is influenced by vulnerability allele. Our
main finding therefore, is that ROP T+ perform
worse than HC T+ in non-verbal working memory
while that difference was not found between ROP
and HC not carrying the T allele. Nor a main
effect of genetics neither an interaction effect with
diagnosis was found on the rest of cognitive tests.
Our results are in contrast with a previous Spanish
study [42] which failed to find differences in
cognitive performance between T+ and T- in their
first-episode sample composed by 84 adolescents
and 85 HC. In that study, different cognitive tests
were used to measure cognitive performance and
authors suggest that negative findings may in part
be due to the incomplete maturation of brain areas
controlling high-order cognitive functions. More
recently, Nkam and collegues [43], performed a
similar study including 52 subjects with established
schizophrenia and 53 HC. They did not find a
significant disease-allele interaction on their
cognitive outcome variables related to executive
function and attention but they reported a disease
interaction with rs6275 variant of DRD2 gene on
Stroop test performance. The three tests included
differed with those in the MCCB measuring the
same domains. Again, differences in sample
characteristics and in tests assessing cognition limit
comparison with our findings.
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Table 2: Effect of allele and group status on cognition.

When analysis was carried out stratifying by
diagnosis, we found a global cognitive impairment
in ROP-T+ compared with ROP-T- whereas among
controls, performance of carriers and non-carriers
was similar. More specifically, ROP-T+ performed
worse in speed processing, working memory and
verbal learning domains and nearly significant in
executive function and visual learning. However,
when Bonferroni correction was applied only non-

verbal working memory continued to be significant
at a more restrictive significant level. In addition, it
continued to be more impaired after controlling
for clinical confounders. This relationship between
the vulnerability allele and poorer visual working
memory performance has been previously reported
in healthy samples [38]. In addition a previous
study in subjects at high –risk of psychosis [41]
reported an association of the vulnerability T allele
with poorer performance in the psychomotor
cognitive factor, which included a measure of WM.
Moreover, deficits in memory and motor speed
have been associated with T allele in healthy
subjects [19]. Regarding verbal learning, positive
associations with the vulnerability allele have been
reported in trauma brain injured patients [26].
Unexpectedly, we only found a trend of association
with EF. This is in contrast with findings from the
field of addiction disorders and obesity in which
the role ANKK1 gene in EF performance has been
studied in more detail [27],[48].One possible

explanation is that EF in the MCCB is assessed by
a single test. The NAB-mazes subtest measures
foresight and planning while positive associations
with T allele involved inhibitory control tasks [19],
[23],[49]. Given that this study this was not
specifically designed to investigate in depth the
different components of executive function, the
impact of rs1800497 SNP on other components of
EF in psychosis needs further investigation [50].

Globally, our results suggest that prefrontal
cognitive tasks are those which seem to be more
influenced by TaqIA ANKK1. In schizophrenia
research field, there is converging evidence that
prefrontal dysfunction may underlie some aspects
of cognitive impairment [51]. Considering that
dopaminergic projections from the striatum
connect to prefrontal cortex and that optimal
dopaminergic activity is crucial to prefrontal
cognitive processes [15],[52], it is plausible to
assume a role of genes modulating the efficiency of
dopamine receptors in those processes. However,
the specific mechanism underlying this association
remains unknown. Despite strong evidence from
molecular neuroimaging studies about the
influence of the TaqIA in D2 receptor binding, a
direct causal effect has not been demonstrated yet
[10]. Furthermore, it is also possible that other
variants in linkage disequilibrium with rs1800497
may affect the DR2 function. In fact, the Taq1A
variant itself was previously thought to be located
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within the DRD2 gene. It has also been suggested,
that ANNK1 gene, together with DRD2, NCAM1
and TTC12 genes might form the named NTAD
region on Chr11q22-23. This region may work as a
functional unit and may confer a “general
vulnerability” risk yielding distinct results
depending on the combination of other genes and
environmental factors [53], [54].

Limitations

The main limitation of the study is the relative
small sample size that lacked power to detect some
associations and prevented us to perform a
genotypic approach instead of allelic approach.
However, the allelic approach has been proved to
be useful previously [55]. Taking into account the
few studies available in psychosis, our findings
might be considered preliminary and need
replication. Apart from the main limitation
regarding the sample size, some other shortcomings
have to be considered. Cognitive performance
might be influenced by other variables that cannot
be controlled for in our study. Moreover, the cross-

sectional nature of the study does not allow us to
infer causality. Our findings cannot be generalized
to other populations including patients with longer
antipsychotic treatment and longer illness
duration. Importantly, one single SNP within the
ANKK1 was included, thus the involvement of
other polymorphisms or interactions with other
genetic variants cannot be discarded. It has also to
be considered the small effect size of the

associations found. This is in line with the nature
of genetic studies in which molecular changes
individually produce a small effect on the clinical
phenotype. Complex neuropsychiatric disorders are
polygenic in nature with each gene contributing a
modest increase to liability.

Conclusion

Despite these limitations, our study provides
preliminary evidence for the potential role of the
rs1800497 SNP of the ANNK1 gene in
modulating cognitive performance in recently
diagnosed psychotic patients. Considering that
cognitive dysfunction is one of the core symptoms
of schizophrenia causing disability and poor
outcome, advances in the investigation of the
factors influencing worse cognitive outcomes are
needed in order to advance in the search of new
therapeutic target conditions. Moreover, the focus
on well-defined cognitive domains is in line with
the perspective of NIMH research domain criteria
initiative which conceptualization was in turn
influenced by the MATRICS proposal [56]. The
use of MCCB battery in measuring cognitive
performance may therefore facilitate comparison
with future studies. Future studies including a large
number of psychotic patients are warranted to
further investigate the effect of the vulnerability T
allele on specific components of cognitive domains.
In addition, the role of a single or double dose of T
allele needs also to be studied in larger samples.
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Table 3: Characteristics T carriers and T non-carriers among ROP. Abbreviations: ROP= recent onset psychosis; HC= Healthy
control; T+= carriers of T allele; T- : non-carriers of the Tallele; DUP=duration of untreated psychosis; PANSS=Positive and
Negative Symptom Scale; CDS= Calgary depression scale; GAF= global assessment functioning scale ;CPZE=estimated
equivalent amount of chlorpromazine;IQ= intelligence quotient; MCCB= MATRICS Consensus Cognitive Battery; TMT-A:
Trail Making Test Part A ; BACS=the Brief Assessment of Cognition in Schizophrenia ; Fluency= CategoryFluency: Animal
Naming;CPT-IP=Continuous Performance Test−Identical Pairs; WMS-SS Wechsler Memory Scale-III Spatial Span; LNS= Letter
number span ; HVLT-R= Hopkins Verbal Learning Test− Revised; BVMT-R Brief Visuospatial MemoryTest
−Revised;NAB=Neuropsychological Assessment Battery (NAB);MSCEIT-ME=Mayer−Salovey−Caruso Emotional Intelligence
Test, Managing Emotions subscale. X2 = chi-Squared; t = t student test; * U- Mann Whitneytest; SD= standard deviation;
IQR= interquartile range
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