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Abstract: Our daily decisions reflect continuous assessments of risk that highly varies from one individual to the
other. Research on the underlying mechanisms of individual differences in risk-taking behavior emphasizes
changes in neural and physiological pathways that is in part due to the activation of different neurotransmitter
systems. Consequently, genetic variations in these systems were the primary target of studies investigating the
genetic underpinnings of risk-taking behavior. The aim of this review is to give an overview of our current
knowledge related to genetic variations in these systems and economic risk-taking behavior. We first examine
candidate gene association studies, followed by genome-wide association and gene-environment interaction
studies utilizing different measures of risk-taking to illustrate the progress in the field. Research to date suggests
alterations in risk-taking behavior mostly by the genes of serotonergic and dopaminergic systems in addition to
influences by psychological trait measures and psychosocial factors. Considering the characteristics and results
of these studies, we discuss the limitations and challenges in this area. Finally, we provide suggestions for future
genoeconomics research illustrating potential benefits of interdisciplinary studies in behavioral economics.
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Oz: Giinliik kararlarimiz, bir kisiden digerine oldukca degisen ve siiregelen risk degerlendirmelerimizi yansitir.
Risk-alma davramisindaki bireysel farkliliklarin altinda yatan mekanizmalar: arastiran ¢alismalar, kismen farkl
norotransmitter sistemlerinin aktivasyonuyla iligkili sinirsel ve fizyolojik yolaklardaki degisikliklerin onemini
vurgulamaktadwr. O nedenle, risk-alma davranmisinin genetik dayanaklariyla ilgili arastrmalarin oncelikli hedefi,
bu sistemlerdeki genetik farkhiliklar olmustur. Bu derlemenin amaci, bu sistemlerdeki genetik farkliliklar ve
ekonomik risk-alma davranmisi ile ilgili giincel bilgilerimize genel bir bakis sunmaktr. Alandaki gelisimi
gostermek i¢in oncelikle farkli risk-alma élgiimleri kullanan aday gen iliskilendirme ¢alismalarmmin bulgulari,
sonrasinda da genom boyu iliskilendirme ve gen-cevre etkilesimi calismalarmmin bulgular: incelenecektir.
Bugiine kadar yapilan arastirmalar, psikolojik ézellik 6l¢iimleri ve psikososyal faktorlerin etkilerine ek olarak,
¢ogunlukla serotonerjik ve dopaminerjik sistem genlerinin risk-alma davramsi iizerindeki etkisini
incelemektedir. Bu arastirmalarin ozellikleri ve sonuglart goz éniinde bulundurularak, bu alandaki sinirlamalar
ve zorluklar tartisilacaktir. Son olarak, bu bulgularin davranissal ekonomi alanindaki interdisipliner ¢alismalar
icin potansiyel faydalari gosterilerek, gelecekteki genoekonomi arastirmalart igin oneriler sunulacaktir.

Anahtar Sozciikler: Risk Alma Davranisi, Finansal Risk Alma, Genetik Farkliliklar, Davranissal Ekonomi,
Genoekonomi

JEL Sumiflandirmas: D90, G40, 110
1. Introduction
From our financial decisions to health behaviors, we continuously assess risk in our daily
lives by considering potential losses and gains at different domains, and behave accordingly.
This risk-taking behavior (RTB) is a major topic of interest in behavioral and experimental

economics due to the complex underlying individual differences observed. Recent studies in
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these fields emphasize the importance of attaining an interdisciplinary approach to
understanding individual differences in RTB, integrating findings from the fields of
psychology, genetics, physiology and neuroscience to provide a more accurate account of
how decisions are made under risk (Mishra 2014). The majority of interdisciplinary studies
focused on differences in RTB by psychological traits, which possess both genetic and
environmental roots (Demaree et al. 2008; Figner and Weber 2011). However, these traits are
complex in terms of their neural and physiological representations and may differ across time
due to changes in environmental factors, making it challenging to predict RTB. Moreover,
given that different RTB paradigms activate different cognitive and emotional processes with
different brain circuits and genetic networks involved, understanding differences in RTB
through psychological traits becomes difficult (Buelow and Blaine 2015; Stoltenberg and
Vandever 2010; Xu et al. 2013). Therefore, recent studies focused on investigating genetic
factors separately, referred to as the field of genoeconomics (Benjamin et al. 2012). Authors
suggested that this kind of a distinct identification of specific genetic factors would contribute
to the field of behavioral economics primarily by identifying the direct contribution of genetic
factors which were previously measured as latent parameters (i.e. genetic factor vs.
measurement of personality traits that are influenced by these genetic factors). This
identification is important, considering the complexity of psychological traits in terms of both
genetic and environmental influences. Furthermore, focusing on candidate genetic factors
based on the biological pathways they influence may strengthen both the hypotheses formed
in relation to economics and identify candidate genetic factors based on previous research in
behavioral economics. In addition, considering the importance of correlations and interactions
between genetic and environmental factors, considering genetic factors together with
environmental factors on economic decisions would allow both identifying their individual
effects, as well as their interaction effects. In relation to RTB, there are various studies that
consider the influence of different genetic factors on RTB across different domains, such as
economic, health, ethical, social, and recreation. While this increase in the number of studies
is promising, differences in the domains and measurement of RTB highly varies across these
studies, making it challenging to draw conclusions. In this review, we aim to focus primarily
on the domain of economic RTB by measures including experimentally elicited economic
preferences, self-reports and real-life economic decisions. We provide an overview of the
studies focusing on the genetic underpinnings of economic RTB within a structure that
reflects different measures of RTB. In this regard, we summarize studies where RTB was

conceptualized in terms of financial risk-aversion or risk-seeking (i.e., such as via use of
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BART), risk preferences involving choosing between risky and risk-free assets, loss aversion
as measured by lowa Gambling Task (IGT), gambling paradigms, risk evaluation strategies
involving gains and losses and investors’ self-reports. We begin by summarizing the
biological mechanisms underlying RTB to facilitate the understanding of the selection of
candidate genetic factors related to RTB in the next section. Research has documented neural
pathways and associated neurotransmitter systems particularly involved in expected value,
magnitude, probability of rewards as wells as emotions associated with them. These brain
regions and neurotransmitter systems are provided in detail in the following sections. Given
that RTB involves sensitivity to reward and influenced by affective processes, it is, thus,
highly important to delineate intricate association between RTB and associated neural and
molecular mechanisms. We then review later approaches in the field, such as genome-wide
association studies (GWAS) and gene-environment interaction (GXE) studies that exemplify
the progress in the field. We conclude by discussing the research challenges in the field and

suggest directions for future studies.

2. Biology of Risk-Taking Behavior
In order to understand the genetics of RTB, it is important to consider research findings on the
biology of RTB, which mainly center around alterations in the nervous and neuroendocrine
systems related to decision-making. The changes in the structure and function of the nervous
system in relation to economic decision-making are mainly driven by the neuroimaging
studies in the field of neuroeconomics, facilitating our understanding of neural responses
before, during and after risk-taking (Camerer, Loewenstein, and Prelec 2005; Srivastava et al.
2020). These studies emphasize the importance of brain regions such as the ventromedial
prefrontal cortex, orbitofrontal cortex, the striatum and posterior parietal cortex in economic
RTB, reporting associations with the expected value, probability and magnitude of rewards
(Camerer, Loewenstein, and Prelec 2005; Konovalov and Krajbich 2019; Loewenstein, Rick,
and Cohen 2008; Srivastava et al. 2020; Zak 2004). Activations in these brain regions are
facilitated through the functioning of various neurotransmitters, particularly serotonergic and
dopaminergic systems that are involved in emotions, reward processes and executive
functioning, influencing our RTB (Daw, Kakade, and Dayan 2002; Heitland et al. 2012;
Schultz 2007).

In addition to the nervous system, recent research suggests changes in RTB by the
activation of neuroendocrine systems, such as the Hypothalamic-Pituitary-Adrenal (HPA)

axis (Coates, Gurnell, and Sarnyai 2010). HPA-axis is one of the major stress response
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systems in the body with the final output of the hormone cortisol from the adrenal cortex.
Cortisol release follows a diurnal rhythm reaching the highest levels shortly after awakening
with a decline towards the evening. This rhythm is further influenced by exposure to stressors
throughout the day, leading to increased cortisol reactivity (Kudiclka and Wiist 2010). In the
context of RTB, studies report the influence of acute and chronic HPA-axis activation to
processes before, during and after RTB (Coates and Herbert 2008; Cueva et al. 2015). For
instance, in a preliminary study, researchers found that male traders' cortisol increases as a
function of unpredictability of the market and traders’ trading outcomes (Coates and Herbert
2008). Another study by Cueva et al. (2015) reported associations between cortisol and RTB
during a trading task. Apart from associations, researchers also manipulated cortisol release
by administering drugs that mimic cortisol (i.e. hydrocortisone) and showed that the change in
drug-induced cortisol levels influence individuals’ RTB, shifting their investments to riskier
assets. Similarly, Kluen et al. (2017) found that hydrocortisone administration leads to
increased RTB as measured by the Balloon Analogue Task (BART) in men only, highlighting
the importance of considering sex differences. Similar to the activation of the aforementioned
brain regions, activation of the HPA-axis is also influenced by neurotransmitter systems,
including serotonin and dopamine, and thus influencing RTB (reviewed in Kreek et al. 2005).
For instance, genetic variations in these neurotransmitter systems were shown to alter HPA-
axis activity (reviewed in Kudielka and Wiist 2010). In addition, there is evidence for
interactions between these systems to further change HPA-axis activation (e.g. Armbruster et
al. 2009). Altogether, neural and neuroendocrine changes related to RTB are influenced
significantly by the functioning of serotonergic and dopaminergic systems. Consequently,
research on individual genetic differences in RTB primarily focuses on genetic variations in

these systems, which is reviewed in the next section.

3. Candidate Genetic Variations and Risk-Taking Behavior

Earlier research investigating the heritability of RTB in twin study designs has shown
moderate heritability utilizing different risk-taking measures ranging from participating in
stock markets to taking portfolio risks (Barnea, Cronqvist, and Siegel 2010; Beauchamp,
Cesarini, and Johannesson 2017; Cesarini et al. 2009; Cesarini et al. 2010; Nicolaou and
Shane 2019; Zyphur et al. 2009). In terms of financial risk preferences, Zyphur et al. (2009)
reported a major contribution of genetic factors, explaining 50% of the variation. Similarly,
Cesarini et al. (2009) showed that approximately 20% of the variation in preferences for risk-

taking and giving (i.e. as measured by a gambling task and a modified version of the dictator
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game) is explained by genetic factors. In a later study Cesarini et al. (2010) focused on the
potential role of genetics on the heterogeneity in portfolio risks, which explained
approximately 25% of the variation. When investor behavior is examined, Barnea, Crongvist,
and Siegel (2010) showed that one-third of variance in stock market participation and asset
allocation was attributable to genetic factors. Another study by Beauchamp, Cesarini, and
Johannesson (2017) revealed that 35 to 55% of the variation in risk attitudes was explained by
genetic factors. Following these studies, a recent study (Nicolaou and Shane 2019) assessed
genetic covariations between different measures of RTB, such as general and domain-specific
risk-taking preferences, stock market participation, business formation, and financial
investment choices. Findings yielded a common genetic component shared between general
and domain-specific risk-taking preferences, together with risk-taking choices. These studies
establish the heritability of RTB supporting the importance of investigating related candidate
genetic variations. As reviewed above, considering the importance of serotonergic and
dopaminergic systems on influencing the biological pathways underlying RTB, majority of
these candidate gene studies focused on common genetic variations (genetic polymorphisms)

in these systems.

3.1. Serotonin Transporter
Serotonin transporter gene (SLC6A4) codes for the serotonin transporter protein that is
responsible for the reuptake of excess extracellular serotonin, regulating its availability. A
widely studied genetic polymorphism in this gene (i.e. 5-HTTLPR) leads to a Short (S) and a
Long (L) variant with differential gene expression levels (Heils et al. 1996). 5-HTTLPR leads
to individuals with SS, SL and LL genotypes and was linked to differences in various
personality traits (e.g. harm avoidance, neuroticism) and mood disorders (e.g. depression,
anxiety), together with its interaction with stressful life events (Caspi et al. 2010; Duman
2018). In relation to RTB, several studies utilized experimentally elicited economic
preferences to assess differences between individuals with S and L variants. For example,
when individuals were asked to make investment decisions and allocate funds between risky
and risk-free assets, SS individuals were more risk averse than L-carriers (Kuhnen and Chiao
2009). Similarly, He et al. (2010) revealed that Asians with the SS genotype, particularly
males, chose more disadvantageous cards on IGT with immediate gains but higher future
losses, as well as exhibited higher loss aversion compared to L-carriers. In line with these
studies, S-carriers were reported to be more risk averse compared to LL individuals, as

measured by BART (Crisan et al. 2009). The same trend was also observed in response to
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self-reported RTB (i.e. DOSPERT scale; Crisan et al. 2009). In contrast to He et al.’s study,
Stoltenberg et al. (2011) reported that Caucasian S-carriers engaged in more advantageous
choices on IGT under ambiguity, compared to LL individuals. The potential reasons behind
this discrepancy might be the differences in the IGT design (the blocks considered), frequency
of 5-HTTLPR variants among Asian and European populations, ethnicity/culture, and
grouping of genotypes (i.e. S-carries vs. LL and SS vs. L-carriers). When they analyzed the
blocks of IGT similar to He et al., they reported a resemblance in results, but the effects were
nonsignificant. Considering the findings of these studies, Caucasian S-carriers are mostly
reported to have lower RTB.

In addition to studies examining engagement in RTB, Roiser et al. (2006; 2009) assessed
potential genotypic difference in risk evaluation strategies. Roiser et al. (2006) showed that
during a risky decision-making task, S-carriers paid higher attention to the variance in the
probability of winning the selected gambles than LL individuals. This study was followed by
an investigation of the role of 5-HTTLPR in response to framing (Roiser et al. 2009). Utilizing
a monetary forced choice task in which participants choose between a certain option and a
gamble, they found SS individuals to be more vulnerable to the framing than LL individuals.
Specifically, they preferred the certain option when it was shown as gains, and the gamble,
when it was shown as losses. These results further provided support for sensitivity of S-
carriers to RTB. More recently, Millroth et al. (2017) sought to answer whether this
sensitivity is due to uncertainty or magnitude of the outcomes. They utilized a willingness to
pay task involving prospects with certain, uncertain and ambiguous gain. The results revealed
that S-carriers were willing to pay more for all prospects in comparison to LL individuals,
suggesting S-carriers to be more reactive to the magnitude of the outcome rather than its
uncertainty (Millroth et al. 2017). As opposed to all these studies reporting a significant effect
of 5-HTTLPR on RTB, others failed to find a link when RTB was measured as monetary
gambles (Frydman et al. 2011), investors’ self-report or real economic choices (Anderson,
Dreber, and Vestman 2015) or multiple price list designs (Zhong et al. 2009a).

Research has further documented the potential role of psychological traits in the
relationship between 5-HTTLPR and RTB. A study on real life economic preferences
indicated that S-carriers were less likely to engage in complex and risky financial choices than
LL individuals. Furthermore, this association was mediated by S-carriers’ increased
neuroticism (Kuhnen, Samanez-Larkin, and Knutson 2013). Researchers therefore suggested
that these individuals may refrain from risky financial choices because of the negative

emotional reactions and increased anxiety elicited by risky outcomes. In line with this finding,
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female S-carriers were reported to follow a cautious strategy by showing decreased risk-
taking following gains in a gambling task, supporting the link between the S variant, harm
avoidance and neuroticism (Heitland et al. 2012). These results emphasize the importance of
considering psychological traits as possible mediators between genetic factors and RTB. Ernst
et al. (2014) investigated the role of anxiety and 5-HTTLPR variation in the modulation of
loss aversion. Adolescents diagnosed with anxiety and controls did not differ in terms of loss
aversion. Also, 5-HTTLPR variation did not influence loss aversion in adolescents with no
anxiety disorder. However, they found highly anxious LL individuals to have significantly
lower risk aversion and higher impulsivity. On the contrary, Stamatis et al. (2020) reported SS
individuals with higher social anxiety to exhibit increased risk-seeking. The discrepancy
between these findings might be due to the anxiety measures utilized. Whereas anxious group
in Ernst et al. (2014) consisted of individuals with a variety of anxiety disorders, Stamatis et
al. (2020) focused specifically on social anxiety disorder which is marked by both risk
avoidance and reactive risk-seeking, such as alcohol and substance use. Furthermore, Ernst et
al. (2014) had a small sample size, which may have resulted in failure to find higher loss
aversion in anxious S-carriers compared to healthy individuals, as authors claimed. In
comparison to studies associating S-variant with increased risk and loss aversion, Neukam et
al. (2018) only found that SS individuals were more risk-seeking for losses than L-carriers.
However, for instance, whereas (Kuhnen, Samanez-Larkin, and Knutson 2013) utilized an
investment task, Neukam et al. (2018) assessed the choice participants were likely to prefer
when presented with sure and probabilistic gains. Yet, different measures of economic
preferences involve different decision making and emotional processes (Buelow and Blaine
2015; Xu et al. 2013) and thus different brain circuits with different genetic make-up and
neurotransmitter systems (Brand, Labudda, and Markowitsch 2006; Stoltenberg and Vandever
2010). In addition to the differences in the tasks, previous research suggests the importance of
demographic factors, such as age and sex. For instance, whereas Neukam et al. (2018) used a
community sample, He et al. (2010) studied with young college students, which may
influence RTB depending on task characteristics (Mata et al. 2011). There are also differences
between studies in terms of participants’ sex. For example, Heitland et al. (2012) only
recruited female subjects, which may influence serotonergic and dopaminergic systems
differently compared to males, through estrogen (He et al. 2010; Heitland et al. 2012).
Considering these studies related to 5-HTTLPR and RTB, there is evidence for the effect of

genotype on RTB across multiple measures. However, the variability in participant
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characteristics (e.g. demographics, psychological traits), differences in RTB measures and

genotype grouping makes it difficult to draw firm conclusions from existing research.

3.2. Dopamine Transporter
Dopamine transporter gene (DAT1) is responsible for producing the dopamine transporter
protein that is involved in the reuptake of excess extracellular dopamine, regulating the
dopaminergic tone. A commonly investigated genetic polymorphism in this gene leads to
different numbers of repeats of a region in the gene, leading to individuals with 3 to 13
repeats with varying DAT1 gene expression. The most frequently found variants are 9 and 10
repeats (Sano et al. 1993). Individuals carrying the 9-repeat variation express dopamine
transporter less, leading to an increased amount of dopamine in reward-related areas, although
conflicting results exist (Heinz et al. 2000; Jacobsen et al. 2000; Martinez et al. 2001). In
relation to RTB measured by BART, 9-repeat carriers were associated with differences in
risk-taking and cognitive control (Mata et al. 2012), exhibiting less RTB compared to 10 and
11-repeat carriers. In contrast, Heitland et al. (2012) reported that in a sample of European
female college students, 9-repeat carriers showed differential prefrontal brain responses and
increased RTB following losses during an experimental gambling paradigm. Interestingly,
Zhong et al. (2009a) reported in Asians that DAT1 polymorphism is only linked to risk
attitude over gains, but not losses. Specifically, they found that compared to 10-repeat
carriers, 9-repeat carriers are more risk-tolerant over gains. Similar to findings on 5-HTTLPR
in relation to RTB, here again, the discrepancy between the studies might be attributable to
the characteristics of the participants in the studies and also use of different RTB measures.
For instance, whereas Zhong et al. (2009a) conducted the experiment with Asian population,
Heitland et al. (2012) recruited an European sample. Furthermore, for example, the sample in
Mata et al. (2012) consisted of adults from age of eighteen to fifty, yet Heitland et al. (2012)
only used a small sample of female college students. With regard to RTB measures, whereas
Heitland et al. (2012) used an gambling task, Zhong et al. (2009a) utilized a multiple price list
design and Mata et al. (2012) only used BART. Altogether these results highlight the need for
further studies, which may allow for more detailed analyses of the literature and lead to more

consistent findings.

3.3. Dopamine Receptor 4
Dopamine receptor 4 gene (DRD4) encodes the D4 type of the dopamine receptor that binds
dopamine. The commonly investigated genetic polymorphism in this gene leads to individuals
with different numbers of repeats, ranging from 2 to 11 repeats (Ding et al. 2002). The 7-
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repeat variant was previously associated with a blunted dopamine response and suggested to
contribute to differences in dopamine-related psychological traits, behaviors and disorders,
such as novelty-seeking, impulsivity, attention deficit hyperactivity disorder, and behavioral
disinhibition (Congdon, Lesch, and Canli 2008; Eisenberg et al. 2007; Li et al. 2006; Munafo
et al. 2008). In relation to RTB, while some studies failed to find a significant effect
(Anderson, Dreber, and Vestman 2015; Dreber et al. 2012; Eisenegger et al. 2010; Frydman et
al. 2011; Muda et al. 2018; Sapra, Beavin, and Zak 2012; Wernerfelt et al. 2012), most of the
studies reported increased RTB in 7-repeat carriers. For instance, in an investment game with
real monetary payoffs, Dreber et al. (2009) reported higher RTB in male 7-repeat carriers
compared to others. Similarly, 7-repeat carriers were found to engage in higher RTB by 25%
than others when asked to make investment decisions (Kuhnen and Chiao 2009). Likewise, in
a sample of bridge tournament players, Dreber et al. (2011a) showed that male 7-repeat
carriers take higher risks in an investment game than others. However, self-report measures
revealed no dissociation between the two groups in terms of both general risk-taking and risk-
related activities engaged. With the same group of participants (Dreber et al. 2011b), the
researchers again failed to find a link between DRD4 polymorphism and self-reported risk
taking in multiple economic decision-making domains. Authors claimed that the absence of
the effect in self-reports of risky behavior may be attributed to the lack of self-awareness of 7-
repeats carriers. Carpenter, Garcia, and Lum (2011) reported that 7-repeat carriers are not
particularly risk-seeking compared to 4-repeat carriers. However, in cases of ambiguous
probabilities and possibilities of losses, they select options (i.e. lotteries) with higher risk,
which may support Dreber et al.’s perspective (2011b). Through a self-report survey
measuring real life choices, they further reported 7-repeat individuals to hold fewer funds in
savings, use debit cards rather than credit cards, and less likely to pay their monthly credit
card balance. Among the studies that reported no significant associations, Eisenegger et al.
(2010) interestingly reported higher gambling propensity in 7-repeat carriers compared to
non-carriers, but only after administration of a dopaminergic drug (L-dihydroxyphenyalanine;

L-DOPA), suggesting that the type and timing of RTB may also influence the results.

3.4. Catechol-O-Methyltransferase
Catechol-O-methyltransferase gene (COMT) codes for the COMT enzyme that catalyzes the
degradation of catecholamines like dopamine. A polymorphism in this gene leads to an
enzyme with Valine (Val) or Methionine (Met) amino acid. The Met variant of the enzyme

shows 3 to 4 times less enzymatic activity than the Val variant and is associated with
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differences in executive function, reward, and alcoholism (Lancaster, Linden, and Heerey
2012; Mier, Kirsch, and Meyer-Lindenberg 2010; Kreek et al. 2005). Only a few studies were
conducted in relation to RTB. In one study, Met/Met individuals were reported to exhibit
higher reward-seeking and -responsiveness (Lancaster, Linden, and Heerey 2012). Similarly,
Met-carrier females, but not males, scored significantly higher in the youth version of BART,
indicating a higher risk-taking propensity compared to Val/Val females (Amstadter et al.
2012). Supporting these studies, in a study with females, compared to Val-carriers, Met/Met
individuals showed a gradual increase in RTB as the duration of a gambling task was
extended (Heitland et al. 2012). These results suggest that the COMT Met variant may be
associated with increased RTB, particularly in females.

3.5. Monoamine Oxidase A
Monoamine oxidase A gene (MAOA) codes for the MAOA enzyme that catalyzes the breakup
of monoamines, including serotonin and dopamine. The gene has a polymorphism that leads
to variants with different numbers of repeats, altering gene expression levels (Sabol, Hu, and
Hamer 1998). Carriers of the 3.5 or 4 repeat variants display higher expression of the enzyme
(MAOA-High; MAOA-H) in comparison to carriers of the 2, 3 or 5 repeat variants with lower
expression (MAOA-Low; MAOA-L). Many studies associated individuals with the MAOA-L
variants with impulsivity, aggression and violence (Caspi et al. 2002; McDermott et al. 2009).
In relation to RTB, there are conflicting results with studies utilizing a wide range of risk-
taking measurements, rendering comparisons between studies challenging. For instance,
Frydman et al. (2011) reported that MAOA-L carriers engaged in higher financial RTB than
MAOA-H carriers, but only during advantageous gambles in a sample of male participants.
Interestingly, through a computational choice model, researchers revealed that the results are
not due to the impulsivity of MAOA-L carriers, but to their ability to make better financial
decisions under risk. Similarly, MAOA-L carriers was linked to increased RTB as revealed by
higher credit card debt in young adults (De Neve and Fowler 2014). In contrast, Zhong et al.
(2009b) showed that MAOA-H individuals exhibit higher RTB compared to those MAOA-L
individuals, as indicated by a higher preference to longshot lottery and a lower preference to
investing in insurance purchases.

Apart from these findings, studies conducted with people with increased exposure to risky
situations failed to find effect of MAOA genotype on RTB. For instance, Dreber et al. (2012)
investigated RTB in professionals with high socioeconomic status (SES) and successful
experiences in starting multiple companies and found no variation by MAOA genotype in

financial RTB. Similarly, in highly accomplished managers, Wernerfelt et al. (2012) could not
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find effect of MAOA genotype on entrepreneurial activity as measured by number of
companies founded. These findings suggest that the influence of MAOA genotype may differ
depending on sex, the risk-taking task utilized and the experience of participants with risky
circumstances.

The candidate gene studies related to RTB, particularly pertaining to the serotonergic and
dopaminergic systems, are important in identifying genetic factors related to the decision-
making processes under risk. However, investigating the effect of single genes without the
influence of others is limited to explaining only a small portion of the variation in RTB. In
order to explain more of the variance, some researchers conducted polymorphisms across the

genome (Genome-Wide Association Studies; GWAS), which will be discussed next.

4. Genome-Wide Association Studies and Risk-Taking Behavior

GWAS is a commonly utilized method for identifying genetic polymorphisms across the
genome that are observed more frequently in a group of individuals compared to others (Bush
and Moore 2012; Hirschhorn and Daly 2005). Most of the time the groups are formed by
people at the opposite extremes of a behavior or those with or without a disorder. By
analyzing the frequencies of several hundred thousand genetic polymorphisms between these
groups, researchers are able to find genetic polymorphisms that are more frequently observed
in one group compared to the other. In relation to RTB, an earlier GWAS comparing quartiles
of elderly in terms of risk aversion to hypothetical gambles failed to identify any
polymorphisms that was different between the groups beyond the significance level (Harrati
2014). On the other hand, later GWAS studies with self-reports of RTB identified multiple
genetic polymorphisms that pass the significance threshold. For instance, utilizing over four
hundred thousand individuals’ samples from European UK Biobank study, Clifton et al.
(2018) identified 26 genetic loci linked to self-reported categorization of oneself as a risk-
taker or not. The polymorphisms identified were mostly related to the pathways of the
inhibitory neurotransmitter GABA. More importantly, they further showed significant genetic
correlations between risk-taking and multiple variables related to smoking, metabolism and
different psychological disorders, suggesting the influence of these polymorphisms on
common biological systems. Comparison of the same groups (risk-taker or not) in another
study with more than one thousand individuals from the same biobank, Strawbridge et al.
(2018) identified 2 genetic loci associated with self-reported RTB. In line with Clifton et al.
(2018)’s findings, they also reported genetic correlations between RTB and smoking,

metabolism and multiple psychological disorders. More recently, Linnér et al. (2019)
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conducted a GWAS with more than a million participants from Europe and US to find genetic
variations related to RTB. In addition to the self-report general RTB measure mentioned
above, they included risk measures from different cohorts related to being adventurous and
exhibiting risky behaviors related to smoking, drinking, sex, and driving. Findings revealed
99 genetic loci attributable to general risk tolerance with shared genetic influences between
increased general risk tolerance and risky behavior, some of which further overlapped with
previous GWAS findings on RTB. These loci were primarily related to the functioning of
glutamate and GABA neurotransmitter systems. Furthermore, researchers reported a
substantial influence of demographic and environmental factors, such as age, sex, and life
events, emphasizing the importance of considering environmental factors together with
genetic factors. The results of these GWAS are powerful in terms of understanding the gene
networks associated with RTB and behaviors/disorders that are influenced by shared genetic
variations. However, due to population heterogeneity, it is difficult to replicate the findings
across multiple studies. Moreover, as shown by Linnér et al., the contribution of
environmental factors is always in effect to moderate the influence of genetic factors. In the
next section, we therefore review the limited number of studies that investigated both the
genetic and environmental factors and their interaction (GXE) to understand differences in
RTB.

5. Gene-Environment Interaction Studies and Risk-Taking Behavior

While research on psychological disorders have attained the perspective of investigating the
mutual contribution of genetic and environmental factors for the last two decades (Duman,
2018), research on economic RTB is limited in terms of GXE studies. Considering previous
research, several demographic and environmental factors have been associated with
differential RTB, such as age, SES, and exposure to stressful life events (Ceccato, Kudielka,
and Schwieren 2016; Felsher, Derevensky, and Gupta 2010; Grable 2000; Nicholson et al.
2005; Senn and Carey 2010; Zuckerman and Kuhlman 2000). For instance, after developing a
scale to assess individual differences in RTB across domains, Wang et al. (2016) conducted a
twin study and later combined their findings with previous twin studies in a meta-analysis.
Their results revealed that individual variances in risk-taking tendency is mostly attributable
to additive genetic and non-shared environmental factors, including personally unique
experiences. Another study investigated the interaction between 5-HTTLPR and childhood
maltreatment on RTB as measured by performance during IGT in young adults. Compared to

individuals with low childhood maltreatment, those with higher childhood maltreatment
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engaged in worse decision-making performance under risk. Furthermore, childhood trauma
was not found to interact with 5-HTTLPR to influence decision-making under ambiguity or
risk. However, LL individuals were found to engage in riskier decision-making by choosing
more cards from “bad” decks under ambiguity, but not risk in IGT, compared to S-carriers
(Stoltenberg et al. 2011). Similarly, as a measure of early life environment, Sweitzer et al.
(2013) investigated the contribution of childhood SES on delay discounting as a function of
DRD4 genotype in middle-aged community volunteers. Results revealed that among
individuals with low childhood SES, 7-repeat carriers exhibited higher discounting of future
rewards compared to 7-repeat non-carriers, controlling for sex, age, 1Q and adulthood SES.
On the contrary, an opposite pattern was observed among those with high childhood SES,
such that 7-repeat carriers discounted future rewards less sharply compared to 7-repeat non-
carriers. Altogether, these findings highlight the importance of considering the influence of

environmental factors on the relationship between genetic variations and RTB.

6. Challenges and Future Directions

Genoeconomics research, at the intersection of economics and genetics, has been gathering
attention in the past decades following its contributions to long-lasting economic theories of
human behavior explaining economic decision-making processes (Benjamin et al. 2012;
Lakshmanasamy 2014; Lehrer and Ding 2017). Previous attempts to delineate the potential
genetic mechanisms underlying economic RTB found its route in heritability studies. Findings
revealed that economic risk-taking indeed has a varying degree of heritability. Candidate gene
studies related mainly to serotonergic and dopaminergic neurotransmitter systems introduced
new avenues of research to understand how individual genetic polymorphisms can contribute
to variances in RTB. In parallel, GWAS gained attention to assess genome-wide assessments
of genetic variations in larger populations, which revealed some genetic variations associated
with self-reported risk-taking, particularly related to glutamergic and GABAergic
neurotransmitter systems. Recently, GXE studies highlighted the importance of considering
environmental factors while assessing the genetic underpinnings of economic RTB.

Despite the increase in the number of studies, accumulating amount of research led to
equivocal findings due to existing challenges in the field. One major challenge is the use of
different measures of economic RTB that ranges from self-reports to experimental and real-
life paradigms with different incentives. Considering that different economic preference tasks
would have different characteristics of risk (e.g. ambiguity, probability), they may be

associated with different neurotransmitter systems and neural and physiological activation

730



Atesyakar, N., Duman, E. A. / Journal of Yasar University, 2021, 16/62, 718-738

patterns related to decision-making processes. Hence, opposing findings in the
genoeconomics literature may be attributed to the use of a wide range of RTB paradigms.
Future studies therefore may benefit from both replication studies with previously published
measures as well as studies with multiple measures of RTB. Moreover, considering the use of
neural endophenotypes in explaining larger portion of variance in behavior, compared to self-
report and behavioral measures, utilizing neural and physiological measures of RTB would
enhance our understanding of individual differences in RTB.

Another challenge in the field is with respect to the genetic polymorphisms considered
related to RTB. In the context of candidate gene studies, categorization of genotype groups is
frequently arbitrary, making it difficult to compare groups across studies. In addition, since
single genetic polymorphisms explain a minor portion of the variance in RTB and that RTB is
influenced by multiple neurotransmitter systems, considering only single genetic
polymorphisms is a limitation. While, this limitation is partially addressed by GWAS that
provided important insights, these studies are constrained in the depth of the measurement of
risk and comparisons between studies as they require large sample sizes often driven from
international biobanks (Torkamani, Topol, and Schork 2008; Kraft, Zeggini, and loannidis
2009; Marigorta et al. 2018). In this respect, replication studies are critical, as exemplified by
GWAS studies emphasizing the GABAergic influences on risk-taking, together with a more
detailed measurement of risk. Finally, despite the rise of GXE studies in psychology, the
moderating role of environmental factors on the genetics of RTB is rarely considered in the
field. Despite previous research suggesting changes in RTB by age, sex, SES, personality,
exposure to risk and stressful life events, childhood maltreatment and social relationships
(Ceccato, Kudielka, and Schwieren 2016; Felsher, Derevensky, and Gupta 2010; Grable
2000; Nicholson et al. 2005; Senn and Carey 2010; Telzer et al. 2015; Zuckerman and
Kuhlman 2000), these factors were examined in a very small number of genoeconomics
studies. In addition to the limited amount of research, these studies mostly focused on one
psychosocial or environmental variable (e.g., only measuring anxiety). Nevertheless, only one
psychosocial variable or an environmental factor rarely account for a behavioral outcome.
They rather interact with each other to influence behavior. For example, positive factors, such
as increased social support and optimism, may protect against the adverse effects of childhood
trauma. Therefore, considering only childhood trauma as an environmental factor in an RTB
study might be misleading. Furthermore, different genetic polymorphisms with different
neurotransmitter systems associated with them are likely to interact with different

environmental and psychosocial factors. Hence, it would be highly beneficial for future
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studies to investigate multiple genetic polymorphisms together with potential environmental
factors to explain differences in economic RTB.

In order to understand individual differences in economic RTB while addressing the
aforementioned challenges, we initiated an interdisciplinary project between economics and
psychology departments that investigates (1) GxEs related to RTB, by focusing on
psychosocial factors (e.g. life events, SES) and four commonly investigated genetic
polymorphisms of the serotonergic and dopaminergic systems, (2) the role of physiological
responses (i.e. HPA-axis stress reactivity under risk) as an endophenotype, and (3) the
comparison of these findings across different economic risk-taking measures in young adults.
Through this project, we aim to advance our understanding of the individual differences and
underlying mechanisms pertaining to RTB, contributing to studies in behavioral economics.
In this way, it would be possible to better predict individuals at a higher risk for certain
disruptive behaviors and disorders (e.g. gambling, addictions, violence) and develop targeted
prevention and intervention strategies (Kreek et al. 2005). Empirical economists may benefit
from molecular genetic data in their assessment of causal effects (Beauchamp et al. 2011).
Genetic factors may be taken as covariates and increase power of economic analyses
(Benjamin et al. 2012). Furthermore, genetic markers underlying economic behavior, health
and socioeconomic outcomes as well as its interaction with psychosocial and environmental
factors can help policymakers personalize the way policies are delivered to people, such as

personalized medicine (Lehrer and Ding 2019).

7. Conclusion

Considering the findings of candidate gene, GWAS and GXE studies, there is strong evidence
for the importance of genetic factors on individual differences in RTB. While there are
limitations in research in all of these areas, with increasing number of studies utilizing similar
RTB measurements, the field is moving towards more consistent effects of genetic factors on
RTB. For instance, 5-HTTLPR, as a widely studied genetic polymorphism in the field, sets a
good example for the way the knowledge should be broadened to achieve more consistent
effects. Initial research mostly yielded that SS individuals are more likely to be risk-averse
compared to L-carriers. However, later studies with different populations (i.e. Asian vs
European), different demographic groups, and with various RTB tasks showed the
multifaceted nature of RTB. On the top of this, GXE studies on the association between 5-
HTTLPR and RTB documented the necessity of adopting psychological trait measures, such

as personality and anxiety. Furthermore, additional studies emphasized the importance of
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other psychosocial factors, such as early life environment. Research on mood disorders and
related molecular, neural and physiological endophenotypes indeed revealed that it is not
genes or environment per se, but the interaction between them that influences vulnerability to
complex behaviors and disorders (Duman 2018). Therefore, while examining RTB, it is
important for genoeconomics research to include to environmental factors together with
genetic factors. Through these additions, individual differences in economic RTB may be
better understood, which would have reflections in various fields, including finance,

psychology, and health.
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