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ABSTRACT

Introduction: Impulsivity in intertemporal choice has
been operationalized as “delay discounting”, refer-
ring to the preference for a sooner, smaller reward in
neuroeconomics. It is reportedly associated with the
dopaminergic systems. Dopamine receptor D2 (DRD2)
is the D2 subtype of the dopamine receptor of the
G-protein coupled receptor family. The aim of this
study was to explore the effect of single nucleotide
polymorphisms (SNPs) in DRD2 gene on delay dis-
counting. Methods: The participants consisted of 91
healthy Japanese people (66 males and 25 females
with a mean age of 40.9 £ 6.9 years). Each participant
completed the Kirby’s monetary choice questionnaire
(MCQ) for delayed gain and donated a whole blood
sample. Two SNPs (C957T (rs6277) and Tagl A
(rs1800497)) in DRD2 were genotyped by using the
DigiTag2 assay. SNP linear regression analyses with
100,000 permutations were conducted for the hyper-
bolic time-discount rate (k). Results: The SNP C957T
showed a significant association; participants with
more minor alleles (T) were more impulsive in inter-
temporal choice for delayed gain (multiplicity-cor-
rected P = 0.041 with a small effect size). Conclusion:
The variation in the DRD2 gene is associated with
impulsive decision-making. This is the first study to
demonstrate an association between DRD2 and im-
pulsivity in intertemporal choice with a multiplicity-
corrected significance.
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1. INTRODUCTION

Impulsivity is a core deficit in neuropsychiatric disrup-
tions such as addiction, attention-deficit hyperactivity
disorder (ADHD), and depression. In the rapidly develo-
ping field of neuroeconomics [1-4], impulsivity in inter-
temporal choice has been operationalized as “delay dis-
counting”, referring to the decrease in the subjective
value of a reward as the delay until its receipt increases
(i.e., the preference for a sooner, smaller reward rather
than a later, larger reward) [3-8]. People often prefer
small but immediate rewards to large but delayed ones
(temporal discounting). Behavioral and neuroeconomic
studies have demonstrated that impulsivity in intertem-
poral choice (“impatience”) is dependent on the length of
delay until receipt in human and animal discounting be-
havior [9-16]. In choosing between smaller sooner re-
wards and larger later ones, people tend to be patient in
the distant future but impulsive in the near future. Impul-
sivity in intertemporal choice is associated with depen-
dences (alcohol [17], tobacco [18], opiate [19], cocaine
[20], and gambling [21]), antisocial personality disorder
[22], and so on.

Behavioral economic, neuropsychopharmacological stu-
dies have reported that human and animal intertemporal
choice behavior is better described by the hyperbolic
discount model [3,5,9-11,13,14,16,23-30]. The model is
expressed as V' (D) = V (0)A(1 + kD), in which V (D) is
the subjective value of the reward available at delay D, V
(0) is the subjective value at delay D = 0, i.e., the value
of an immediate reward, and the hyperbolic time-dis-
count rate (k) is a free parameter indicating a subject’s
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impulsivity in intertemporal choice. Large k values cor-
respond to more rapid (steeper) discounting, whereas
small k values indicate self-control in intertemporal
choice [9,13].

There have been reports that impulsivity in intertem-
poral choice is associated with the dopaminergic systems
[3,31] at least in part via altered temporal cognition [14].
Dopaminergic neural systems (e.g., the ventral tegmental
area, the nucleus accumbens, or the ventral pallidum) are
reward-processing brain regions, and recent develop-
ments in reinforcement learning theory of the systems
have elucidated the importance of reward prediction [32,
33]. The dopaminergic systems have pivotal roles in
temporal discounting: it has been reported that impulsive
intertemporal choice between immediate and delayed
money is associated with the activation of dopaminergic
systems such as the ventral tegmental area [6], and that a
subjective value of a delayed reward is associated with
the activation of dopaminergic neural circuits [5]. Also,
temporal discounting is partially attributable to risk aver-
sion [34], which is modulated by Dopamine receptor D2
(DRD2) [35]. Regarding neuropsychiatric illnesses, a
recent study reported that schizophrenic patients (who
are known to have altered dopamine activities) have
larger discount rates in comparison to healthy controls
[36]. As for DRD2 gene polymorphisms, C957T was
suggested to be associated with dysfunctional impulsi-
vity [37]. DRD2 Taql A polymorphism was also suggest-
ed to influence impulsivity as measured with a delay dis-
counting task [38], and had a significant association with
severe substance dependence [39].

The aim of the present study is to explore the effect of
single nucleotide polymorphisms (SNPs) in the DRD2
gene on impulsivity in intertemporal choice (i.e., delay
discounting) as measured by Kirby’s monetary choice
questionnaire (MCQ) for delayed gain [19].

2.METHODS
2.1. Participants

All participants were recruited in 2010 from Kanagawa
Prefecture, which is adjacent to Tokyo, Japan. They
comprised 104 genetically unrelated, non-clinical Japan-
ese white-collar workers in a large corporation, and they
represented a high-functioning, non-clinical adult popu-

lation. There were 20 ex-smokers and 17 current smokers.

The participants completed the Japanese version of
Kirby’s MCQ for delayed gain [19]. Trained psychia-
trists and psychologists conducted a short structured dia-
gnostic interview in accordance with the Mini-interna-
tional Neuropsychiatric Interview (M.LN.L.) [40]. This
was to confirm lifetime diagnoses of affective, anxiety,
and psychotic disorders, based on the criteria of the Dia-
gnostic and Statistical Manual of Mental Disorders, 4th
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edition (DSM-1V) [41]. Each participant donated a whole
blood sample for DNA analysis. Thirteen of the 104
participants were excluded because of a current or past
DSM-IV diagnosis, degenerated DNA, or inconsistent
rating on the MCQ. Four males had been diagnosed with
major depressive disorder; four participants (three males
and one female) were diagnosed with bipolar II disorder;
DNA samples of four participants (three males and one
female) were degenerated; and one male had an incon-
sistent rating.

After the previously described exclusions, the study
participants comprised 91 high-functioning Japanese
workers, which included 19 ex-smokers and 14 current
smokers. (Of the 66 male participants, 19 were exsmo-
kers and twelve were current smokers; of the 25 female
participants, two were current smokers.) The mean age
of the participants was 40.9 years (standard deviation
[SD] = 6.9) and the age range was 28 to 56 years. The
mean age of the males and females was 42.0 (SD = 6.6)
and 38.0 (SD = 6.8) years, respectively, with an age
range of 28 to 54 years for the males and 28 to 56 years
for the females. There were no significant differences be-
tween the 91 participants and the 13 excluded partici-
pants in sex, age, smoking status, or MCQ scores.

The aim of the present study was clearly explained to
all participants. They provided written, informed consent.
The ethics committee of the Faculty of Medicine at the
University of Tokyo approved the study, and the study
conformed to the provisions of the Declaration of Hel-
sinki.

2.2. Measurement of the Time-Discount Rate
with Kirby’s Monetary Choice
Questionnaire (MCQ) for Delayed Gain

The MCQ for delayed gain is a self-administered instru-
ment for measuring time-discount rates [19]. It consists
of 29 statements and features choices between two hypo-
thetical sums of money of varying sizes and delays. The
MCQ includes two validity statements to eliminate ran-
dom responders (e.g. “[question 28] Would you prefer
1,000,000 yen now or 0 yen in 15 days?” and “[question
29] Would you prefer 0 yen now or 1,000,000 yen in a
day?”). In the MCQ, 27 statements require choosing a
small amount now or a large amount in the future; each
choice helps in estimating the respondent's time-discount
rate. High time-discount rates on the questionnaire are
associated with self-reported impulsivity and real-life
impulsive behaviors [42]. The one-year temporal stabi-
lity of the MCQ has been confirmed [43].

In the current study, the Japanese version of the MCQ
for delayed gain used the same procedure as previous
studies [19,44-47] for assessing time-discount rates. As
in our previous studies, One dollar was converted to 100
yen (e.g. “Would you prefer 2700 yen now or 5000 yen
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in three weeks?”) [45-47]. Three time-discount rates—
small, medium, and large gains, and represented by k (S),
k (M), and k (L), respectively—were obtained for each
participant. The geometric-mean time-discount rate,
k(mean), for the three rates of the different sizes was
calculated by following Kirby’s procedure [19,43]. We
then examined the relationship between the hyperbolic
time-discount rates (i.e., k (mean)) and the variations in
the DRD2 gene. Because the distribution of the time-
discount rate, k, is known to be skewed, we used the log
of k (i.e., In k) in the following analysis, based on a
standard analytical procedure [19,43]. The same assess-
ment procedures for time-discount rates have recently
been utilized in a structural neuroimaging study [8].

2.3. Single Nucleotide Polymor phism (SNP)
Selection and Genotyping

Genomic DNA was isolated from leukocytes in whole
blood by using the Wizard® genomic DNA purification
kit (Promega Corporation, Madison, WI) [48]. In the pre-
sent study, we selected two SNPs in the DRD2 gene:
C957T (1s6277) [37] and Taql A (rs1800497) [38],
which were suggested to influence impulsivity as mea-
sured with delay discounting tasks. These SNPs were
genotyped at the Human SNP-Typing Center (University
of Tokyo, Tokyo, Japan) by using the DigiTag2 assay
[49,50], which is designed for multiplex SNP typing. The
assay was used in accordance with the manufacturer’s
protocol (Olympus, Tokyo, Japan).

2.4. Statistical Analysis

The Hardy-Weinberg equilibrium (HWE) for genotype
distributions was assessed via y’ test by using PLINK
version 1.07 [51]. As the SNP-based quantitative trait
association analysis for an additive model, linear re-
gression analyses using single markers for the In k (mean)
values of the MCQ were performed by using PLINK.
Family-wise (i.e., SNP-wise) corrected empirical P-va-
lues were calculated on the basis of 100,000 permuta-
tions [52] under the control of the family-wise error rate
(FWER) for each SNP examined [53] as a function of
PLINK.

The coefficient of determination (R®) was obtained
through regression analysis. R” expresses the contribu-
tion ratio and represents the effect size in regression
analysis [54,55]. R* was categorized approximately as
small (0.01 < R* < 0.1), medium (0.1 < R* < 0.3), or large
(0.3 < R?). Statistical power was estimated by using
QUANTO version 1.2.4 [56]. Statistical analyses of
mean values, SD, R, 3, i tests, ¢ tests, and regression
tests for demographic data and the time-discount rates
were conducted with SPSS 16.0.2 J for Windows
(SPSS Incorporated, Chicago, IL) [57]. Statistical tests
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were two tailed and the significance level was set at P <
0.05.

3.RESULTS

Table 1 lists the two genotyped SNPs. Both SNPs had
genotyping call rates greater than or equal to 0.90. Their
HWE P-values were greater than or equal to 0.05, indi-
cating that none of their genotype distribution severely
deviated from the equilibrium. The minor allelic frequen-
cies (mAFs) of both SNPs were greater than or equal to
0.05.

Table 2 lists the results of the SNP linear regression
analysis. The SNP C957T (rs6277) showed an SNP-wise
(i.e., multiplicity-corrected) empirically significant asso-
ciation with the In k(mean) of the MCQ (P = 0.041 with
a small effect size), indicating that participants having
more minor alleles (T) in C957T are more impulsive in
intertemporal choice for delayed gain. SNP Taql A exhi-
bited nonsignificant levels (P = 0.821). No significant
association was observed between haplotypes compris-
ing the two SNPs and values of In k(mean) of the MCQ
after correcting for multiple testing by the haplotype-
based quantitative trait association analysis (data not
presented).

The statistical power of C957T was estimated at 0.65
for n = 90, mAF = 0.050, R* = 0.059, mean In k (SD) =
=5.71 (1.96), and two-tailed nominal P < 0.05. Further-
more, the smoking status did not affect the time-discount
rate (i.e., In k (mean)) in the present population (f =
0.095; P > 0.7). This was consistent with our previous
report indicating that the intertemporal choice did not
differ between mild smokers and nonsmokers in the
Japanese population [27].

4. DISCUSSION

Our study is to demonstrate that a genetic variation in the
DRD?2 gene is associated with impulsivity in intertem-
poral choice (i.e., delay discounting). We observed that a
minor allele (T) in C957T (rs6277) was positively asso-
ciated with impulsivity in intertemporal choice for de-
layed gain with a multiplicity-corrected significance:
participants having more minor alleles were more impul-
sive in intertemporal choice. Colzato et al. [37] reported
that the minor homozygotes had higher scores on self-
reported dysfunctional impulsivity with a nominal sig-
nificance. Their results are consistent with ours.

In this study, no significant association was observed
between Taql A (rs1800497) and impulsivity in intertem-
poral choice. The SNP was originally assigned in DRD2,
but was later found to be located within exon 8 of the
adjacent gene, ankyrin repeat and kinase domain con-
taining 1 (ANKKI1). The protein encoded by ANKK]I
gene belongs to the Ser/Thr protein kinase superfamily
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Table 1. Results of DRD2 SNP Genotyping.

SNP rs number Position n mAF P-HWE Call Rate Function
C957T 1s6277 112,788,669 91 0.05 0.38 1.00 coding SNP
Taql A rs1800497 112,776,038 82 0.37 0.23 0.90 coding SNP

DRD2, Dopamine receptor D2; mAF, minor allelic frequency; P-HWE, P-value of the Hardy-Weinberg equilibrium; SNP, single nucleotide polymorphism.

Table 2. Results of SNP linear regression analysis for the hyperbolic time-discount rate.

SNP rs number n R B 95% C.L Pewpi Pevir
C957T 156277 90 0.059 1.412 0.234 - 2.590 0.020 0.041
Taql A 151800497 81 0.040 -0.168 —0.754 - 0.419 0.578 0.821

The SNP C957T (rs6277) shows a family-wise-corrected significant association with the hyperbolic time-discount rate, In k (mean); f, regression coefficient;
95% C.1., 95 percent confidence interval of ; R%, coefficient of determination; SNP, single nucleotide polymorphism; Ppyp;, empirical P-value on the basis of

100,000 permutations; Pewmp2, family-wise (SNP-wise) corrected Pvpi.

involved in signal transduction pathways. Eisenberg et al.
[38] reported that major homozygotes of Taql A showed
a nominal significance in their delay discounting task [58]
which was similar to the MCQ we used. It might suggest
that a certain haplotype including Taql A in strong link-
age disequilibrium (LD) with DRD2 polymorphisms or
another unknown variant had an effect on impulsivity in
intertemporal choice. In our study, the smaller sample
size might have led to a nonsignificant association be-
tween Taql A and impulsivity.

The pallidum is one of sub-cortical structures rich in
dopamine and DRD2, and reportedly provides expected
reward value signals that are used to facilitate or inhibit
motor actions [59]. Therefore, DRD2 polymorphisms
might affect the signal levels in the pallidum, which lead
to modifying intertemporal choice behaviors. Another
possibility is that variations in DRD2 affects impulsivity
in intertemporal choice via altered temporal cognition
[14].

We now address the limitations of the present study.
The first limitation is that the study participants were
employees of a major corporation and therefore were not
necessarily representative of the general community. Our
study participants likely represent a high-functioning
segment of the population and the score distribution of
Kirby’s MCQ could be different in the general popula-
tion. The second limitation is that the significance has a
small effect size because of the small sample size. A
larger sample will be needed to show a large effect size
in future molecular neuroeconomic studies.

In conclusion, we have demonstrated that variation in
the DRD2 gene is associated with impulsive decision-
making. By utilizing neuroeconomic theory, future psy-
chiatric studies could investigate the role of the DRD2
gene in impulsive problem behavior observed in addic-
tion and anti-social personality disorder. This is the first
study to demonstrate an association between DRD2 and
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impulsivity in intertemporal choice with a multiplicity-
corrected significance.
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