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Abstract 
Impulsivity is a risk factor for adverse outcomes and characterizes several psychiatric disorders and 
risk for suicide. There is strong evidence that genetic variation influences individual differences in 
impulsivity, but the details are not yet understood. There is growing interest in better understanding 
the context dependency of genetic effects that is reflected in studies examining gender specificity, 
gene × environment interaction and epistasis (gene‐gene interaction). In a cross‐sectional study we 
examined whether polymorphisms in six serotonin system candidate genes and the experience of 
early life trauma (age 0–12) were associated with individual differences in impulsivity in a nonclini‐
cal sample of Caucasian university students (N = 424). We specifically tested potential gender spe‐
cific, gene‐gene, and gene × environment (early life trauma) effects. In our main analyses with Barratt 
Impulsiveness Scale (BIS‐11) total score, there were significant (i.e., p < .01 and False Discovery Rate 
< .10) interactions between (1) gender and TPH2 (rs1386483) genotype; (2) gender and HTR2A 
(rs6313) genotype; and epistatic interactions among (3) 5‐HTTLPR and MAOA uVNTR; (4) 5‐
HTTLPR and rs6313 and (5) HTR1B (rs6296) and rs6313 genotypes. Our results strongly support the 
explicit investigation of context‐dependent genetic effects on impulsivity and may help to resolve 
some of the conflicting reports in the literature. 
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Abbreviations: 5‐HT, serotonin; 5‐HTTLPR, serotonin transporter linked polymorphic region poly‐
morphism; ADHD, attention deficit hyperactivity disorder; AGRS, Aggregate Genetic Risk Score; 
BIS‐11, Barratt Impulsiveness Scale, version 11; COMT, catechol‐O‐methyl transferase; FDR, False 
Discovery Rate; GLM, general linear model; G × E, genotype by environment interaction; HTR1A, 
serotonin receptor 1A; HTR1B, serotonin receptor 1B; HTR2A, serotonin receptor 2A; IRB, institu‐
tional review board; MAOA,monoamine oxidase A; SERT, serotonin transporter; SLC6A4, serotonin 
transporter; SNP, single nucleotide polymorphism; TAQ, Traumatic Antecedent Questionnaire; 
TPH2, tryptophan hydroxylase 2; VNTR, variable number tandem repeat. 
 
1. Introduction 
 
Impulsivity is a multidimensional psychological construct generally characterized by act‐
ing quickly and without sufficiently considering the consequences (Evenden, 1999). Im‐
pulsivity is associated with increased risk for a variety of adverse outcomes, such as money 
mismanagement (Hamilton and Potenza, 2012) and mortality risk (Blonigen et al., 2011), 
and characterizes certain psychiatric disorders such as alcohol use disorders (Dick et al., 
2010), eating disorders (Waxman, 2009), obsessive compulsive disorder and impulse con‐
trol disorders (Fineberg et al., 2010), attention deficit and hyperactivity disorder (Kuntsi et 
al., 2006), bipolar disorder (Swann, 2010), and risk for suicide (Giegling et al., 2009) as well 
as conditions such as obesity (Barry et al., 2009) and problem gambling (Shenassa et al., 
2012). In addition, the capacity to control one’s behavior represents an important aspect of 
legal responsibility (Barratt and Felthous, 2003). Impulsivity appears to represent a critical 
mediator of general risk for problems resulting from rash responding and deficits in be‐
havioral inhibition, planning, and so on and may serve as an endophenotype for several 
behavioral disorders (Fineberg et al., 2010; Robbins et al., 2012). Therefore, a more detailed 
understanding of the factors associated with the trait of impulsivity is likely to have far‐
reaching effects. The study reported here focuses on the potentially moderating effects of 
context (i.e., gender, genetic, early life experience) on associations between multiple ge‐
netic polymorphisms in a single neurotransmitter system and impulsivity. 

The serotonin (5‐HT) neurotransmitter system plays an important role in impulsivity 
that is complex and not yet fully characterized (Pattij and Vanderschuren, 2008). However, 
there is convergent evidence that low 5‐HT neurotransmission is generally associated with 
impulsivity (Winstanley, 2011). The results of pharmacological studies indicate that sero‐
tonergic agents can have different effects depending on several factors including their tar‐
gets (e.g., receptor type), the type of impulsive behavior in question, and the sex of the 
subject (Pattij and Vanderschuren, 2008; Winstanley, 2011). Such complexity has retarded 
the development of a general theory of serotonin function, though a recent hypothesis re‐
garding serotonin’s role in the drive to withdraw from dangerous, aversive, or high stim‐
ulation environments appears to directly address the context dependency of serotonin’s 
diverse effects (Tops et al., 2009). According to the withdrawal hypothesis, serotonergic 
hypofunction, which could result from certain experiences (e.g., early life adversity) or 
genotype combinations (e.g., in the serotonin system and in other neurotransmitter sys‐
tems), would produce a dysfunction in the tendency to withdraw from or to avoid certain 
stimuli or environments (i.e., impulsivity). 
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Genetic variation accounts for a significant and relatively stable proportion of variance 
in impulsivity, as measured by the Barratt Impulsiveness Scale, in populations; and some 
of the genetic influence appears to be specific to different impulsivity facets (Niv et al., 
2012). Genetic variation also accounts for variance in impulsivity when assessed using 
other measures, and these effects are observed across age groups and stronger in men than 
in women (Bezdjian et al., 2011). Impulsivity is a classic quantitative trait that is likely to 
be influenced by many genes with small, context dependent effects; and it is likely that a 
systems biology approach will be necessary to understand its genetic architecture (Mackay 
et al., 2009). 

Genes that affect 5‐HT system function are excellent candidates for association with im‐
pulsivity. In the following paragraphs we briefly describe six candidate genes in the sero‐
tonin system that are critical components of serotonin neurotransmission and present 
some evidence that polymorphisms in these genes are associatedwith individual differ‐
ences in impulsivity or impulsivity‐related traits. When available, we present evidence that 
particular associations are moderated by gender, early life experiences, or by other geno‐
types. 

Tryptophan hydroxylase (TPH; EC 1.14.16.4) is the rate‐limiting enzyme in the biosyn‐
thesis of 5‐HT. In neurons, the TPH2 gene (12.q.21.1) codes for TPH. Diagnoses or condi‐
tions related to impulsivity such as borderline personality disorder and aggression (Perez‐
Rodriguez et al., 2010); and suicide risk (Lopez de Lara et al., 2007; Zupanc et al., 2011) are 
associated with TPH2 polymorphisms. Nominal associations have been identified with 
TPH2 polymorphisms and cognitive and overt aggressive impulsivity in children with 
attention‐deficit/hyperactivity disorder (Oades et al., 2008). TPH2 polymorphisms are also 
associated with risk taking behavior in a gambling task (Juhasz et al., 2010), executive func‐
tion (Reuter et al., 2007) and response inhibition (Stoltenberg et al., 2006). A polymorphism 
of interest, rs1386483, is located in an intron and is not known to affect TPH2 expression 
or function, but the minor allele (A) has been hypothesized to be associated with reduced 
5‐HT synthesis (Stoltenberg et al., 2006). 

The 5‐HT transporter (SERT) is an integral membrane protein that removes 5‐HT from 
the synapse, transporting it into the intracellular compartment where it is then either re‐
packaged into a vesicle for rerelease or degraded. Upstream from the transcription start 
site of the SERT gene (SLC6A4; 17q11.2) is the most commonly studied polymorphism in 
behavioral and psychiatric genetics, 5‐HTTLPR (Murphy and Moya, 2011). Together with 
the 5‐HTTLPR, another polymorphism, rs25531, appears to affect the expression of SERT 
(Hu et al., 2005; Nakamura et al., 2000). Homozygosity for the L allele of 5‐HTTLPR and 
the A allele of rs25531 (LA/LA) is associated with increased SERT transcriptional efficiency, 
relative to carriers of an S allele or an LG allele. Higher SERT transcriptional efficiency 
should result in increased 5‐HT reuptake and reduced 5‐HT availability in the synapse. 
Recent reports of the influence on 5‐HTTLPR on impulsivity appear to be somewhat con‐
tradictory. In one study the 5‐HTTLPR genotype interacted with serious life events (such 
as rape) on impulsivity such that patients with borderline personality disorder who have 
experienced serious life events with the S allele have decreased impulsivity and those that 
have the L allele have increased impulsivity (Wagner et al., 2009). However, in a nonclinical 
population, those who experienced higher levels of childhood adversity with the S allele had 
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increased impulsivity in response to emotions (Carver et al., 2011). There are clearly dif‐
ferences in the study populations as well as in the impulsivity assessment in these two 
studies. It does appear, however, that the effects of 5‐HTTLPR on impulsivity may be sen‐
sitive to the environmental (Paaver et al., 2008) and biochemical/genetic (Paaver et al., 
2007) context. 

Monoamine oxidase A (MAOA; EC 1.4.3.4) is the primary enzyme involved in 5‐HT 
degradation. In males with ADHD, MAOA SNPs are associated with impulsivity (Liu et 
al., 2011). A common variable number tandem repeat polymorphism (uVNTR) is located 
upstream of the structural gene for MAOA (Xp11.3). The number of repeats is associated 
with MAOA transcriptional efficiency (in vitro) such that 3.5 and 4 repeats have 2–10 times 
higher transcriptional efficiency than 3 and 5 repeats (Huang et al., 2004; Sabol et al., 1998). 
Increased levels of MAOA in vivo should result in reduced 5‐HT availability. In those with 
major depressive disorder, the 4‐repeat (high function) allele of the MAOA uVNTR is as‐
sociated with increased risk for suicide attempts (Lung et al., 2011). The effects of MAOA 
genetic polymorphisms on risk for impulsive, violent crime appear to be moderated by 
heavy drinking and exposure to childhood physical abuse in male Finnish alcoholic violent 
offenders (Tikkanen et al., 2010). 

5‐HTR1A receptors are somato‐dendritic autoreceptors that inhibit serotonergic neuro‐
transmission, as well as postsynaptic targets, depending on their location. Genetic poly‐
morphisms in HTR1A (5q11.2–q13) have been associated with individual differences in 
impulsivity. In particular, a common promoter region polymorphism (C‐1019G, rs6295) 
that alters a binding site for a transcriptional repressor (Lemonde et al., 2003) appears to 
be associated with self‐report measures of impulsivity (Benko et al., 2010) and response 
inhibition in a context dependent manner (Beste et al., 2011) as well as response‐related 
processes reflected in event‐related potentials (Beste et al., 2010). The G allele appears to 
be associated with reduced expression of HTR1A, which would be associated with reduced 
feedback inhibition of the 5‐HTR1A autoreceptors (Lemonde et al., 2003). Therefore, the C 
allele would likely be associated with lower synaptic 5‐HT availability. 

5‐HTR1B receptors are terminal autoreceptors that regulate quantal release of 5‐HT as 
well as postsynaptic heteroreceptors, depending on their location. Genetic polymorphisms 
in HTR1B (6q13) have been associated with individual differences in impulsivity. Some 
studies (New et al., 2001), but not all (Rujescu et al., 2003), have found associations with 
rs6296 (also known as G861C) and suicide. Although the G961C polymorphism does not 
result in an altered amino acid sequence (i.e., it is a silent substitution), it is in linkage 
disequilibrium with other polymorphisms including the HTR1B microRNA binding site 
polymorphism rs13212041 (also known as A1997G (Conner et al., 2010)) that recently has 
been associated with impulsivity (Varga et al., 2012). The C allele of rs6296 is part of a low 
expression haplotype, which is likely to result in reduced feedback inhibition of the 5‐
HTR1B terminal autoreceptors and/or reduced availability of 5‐HTR1B heteroreceptors 
(Conner et al., 2010). 

5‐HT2A receptors are postsynaptic targets of 5‐HT. Nonhuman animal model pharma‐
cological studies strongly implicate the 5‐HT2A receptors in impulsivity (Winstanley, 
2011). Genetic polymorphisms in HTR2A (13q14–q21) have been associated with individ‐
ual differences in impulsivity, albeit with mixed results. Alcohol‐dependent patients who 
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were C allele homozygotes of rs6313 (also known as T102C) had significantly higher im‐
pulsivity scores than T allele carriers (Jakubczyk et al., 2012). The rs6313 polymorphism is 
in nearly complete linkage disequilibrium with rs6311 (also known as A1438G), with the 
rs6313 C allele in linkage disequilibrium with the rs6311 A allele,which is associated with 
reduced 5‐HTR2A densities (Parsons et al., 2004). Reduced densities of 5‐HTR2A would pre‐
sumably reduce 5‐HT neurotransmission. Homozygotes for the C allele of rs6313 made 
more commission errors than those with the other genotypes on a test of behavioral control 
(Bjork et al., 2002). However in another study, rs6313 genotype interacted with the catechol‐
O‐methyltransferase (COMT) Val158Met polymorphism such that T allele homozygotes 
who were also Met allele homozygotes for COMT had higher impulsivity (i.e., subscale of 
Novelty Seeking) scores than those who were Val allele carriers (Salo et al., 2010). Such 
patterns of results reinforce the notion that the effects of particular genetic variants on im‐
pulsivity are sensitive to context. 

Given the apparent multilocus architecture of impulsivity, it is reasonable to seek evi‐
dence for epistatic interaction among system components (Templeton, 2000), especially 
among components that are known to biologically interact. Control system models suggest 
that epistatic interaction among 5‐HT system components is likely to play a role in aspects 
of 5‐HT function (Stoltenberg, 2005) which, in turn, may be associated with impulsivity 
(Stoltenberg and Nag, 2010). Genetic effects on complex psychological or psychiatric traits 
are increasingly considered to be context dependent (Carver et al., 2008; Caspi et al., 2010; 
Uher et al., 2011), so it seems important to design studies with a goal of better characteriz‐
ing both epistatic and G × E interactions and gender specific effects. 

This study was designed to replicate and extend the findings of our earlier work on 
associations of 5‐HT system genetic variants on impulsivity (Stoltenberg and Nag, 2010; 
Stoltenberg et al., 2006). We attempted to determine (1) whether there are associations be‐
tween important candidate polymorphisms in the 5‐HT system and impulsivity, and in 
supplemental analyses and (2) whether the patterns of association are the same for differ‐
ent facets of impulsivity. We focused on well‐studied candidate gene polymorphisms in 
the 5‐HT system and specifically tested for epistatic interactions among these candidate 
polymorphisms, for G × E interactions with reported early life trauma and for gender spe‐
cific effects (Williams et al., 2003). The presence of such interactions (i.e., context depend‐
ency) may help to explain the relatively common lack of replication of main effects in can‐
didate gene association studies. 
 
2. Materials and methods 
 
2.1. Participants 
Students from a small Midwestern university (N = 477) were recruited via posters and brief 
in‐class presentations. The study was approved by the local IRB. Participants provided 
informed consent and were recompensed $20 for approximately two hours of their time. 
Participants completed questionnaires assessing early life experiences, impulsivity and 
health‐risk behaviors, computer tasks assessing impulsivity and decision‐making, and do‐
nated buccal cell samples for genotyping. Only data directly relevant to the investigation 
of associations among certain serotonin system genetic polymorphisms, gender, early life 
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trauma, and self‐reported impulsivity are reported here; other analyses are reported else‐
where (Stoltenberg et al., 2011a, 2011b, 2012). The final data set (N = 424) comprised data 
from participants with no missing data for variables of interest and who were self‐reported 
Caucasians (92.0% of entire sample) to reduce the risk of population stratification. The 
mean age of the sample was 22.47 (SD = 6.15) with 64.9% of the sample being female and 
85.4% between the ages of 18 and 25. 
 
2.2. Measures 
 
2.2.1. Barratt Impulsiveness Scale 
The Barratt Impulsiveness Scale (BIS‐11) is a 30‐item self‐report instrument that uses a 
4‐point Likert scale from Rarely/Never to Almost Always (Patton et al., 1995). Three sub‐
scales assess Motor (“I act on the spur of the moment”), Attentional (“I have outside 
thoughts when thinking”), and Nonplanning (“I plan trips well ahead of time” reverse 
scored) forms of impulsivity. The total score is calculated by summing the three subscale 
scores. Higher scores are interpreted as higher levels of impulsivity. Internal consistency 
for the BIS‐11 total score (i.e., all 30 items) in this study is acceptable (Cronbach’s α = .86). 
 
2.2.2. Traumatic Antecedent Questionnaire 
The Traumatic Antecedent Questionnaire (TAQ) is a 42‐item self‐report questionnaire that 
assesses an individual’s personal positive and negative experiences using a 4‐point inten‐
sity scale (from 0 = “never or not at all” to 3 = “often or very much”) and across four life 
stages (ages 0–6, 7–12, 13–18, adult (Saleptsi et al., 2004)). As we reported in other analyses 
of this data set (Stoltenberg et al., 2011a, 2012), we used scores on the TAQ to divide our 
sample into groups that had experienced relatively different exposure to childhood 
trauma. We used a slightly modified version of the TAQ whereby we assessed only two 
life stages (0–12 and 13–18). Therefore, we are unable to differentiate early and late child‐
hood. In this study, we report scores from only the negative experience scales representing 
the Trauma factor [physical abuse (e.g., “I was beaten, kicked or punched by someone close 
to me”), sexual abuse (e.g., “Someone (older) touched me sexually, against my wishes or 
tried to make me touch them”), witnessing (e.g., “I witnessed physical violence in my fam‐
ily”), and other traumas (e.g., “I was involved in a serious accident”) (Saleptsi et al., 2004)] 
from childhood (ages 0–12). The internal consistency among these four scales is acceptable 
(Cronbach’s α = 0.79 in this study). 
 
2.3. Genotyping 
DNA was extracted from buccal cells using the DNeasy Blood & Tissue Kit (Qiagen, Inc., 
Valencia, California, USA). Genotype calls were made without knowledge of gender, 
childhood trauma status, or impulsivity scores. 

TPH2 SNP (rs1386483) genotype was assayed using polymerase chain reaction (PCR) 
amplification and restriction digest, using PCR forward and reverse primers: 5′‐GCTG 
GCTCTGAACGTGTATTTTG‐3′ and 5′‐TTTGGCTGATTTTCCTAATTAAT‐3′ (Stoltenberg 
et al., 2006). The PCRs were performed in 20μl reactions containing 25 ng of DNA, 1× 
GoTaq Master Mix (Promega, Madison, Wisconsin, USA), and 10 μM of each primer. The 
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PCR amplification conditions consisted of 7 m initial denaturation at 95°C, followed by 35 
cycles of 95°C for 45 s, 52°C for 45 s, and 72°C for 45 s, with a final extension of 7 m at 72°C. 
The polymorphism was recognized by digestion with SspI (NewEngland BioLabs, Ipswich, 
Massachusetts, USA) for 2 h at 37°C. The fragments were separated by electrophoresis on 
a 3% agarose gel and visualized under ultraviolet light with ethidium bromide stain. 

5‐HTTLPR and rs25531 genotypes were assayed using PCR forward and reverse primers: 
5′‐TCCTCCGCTTTGGCGCCTCTTCC‐3′ and 5′‐TGGGGGTTGCAGGGGAGATCCTG‐3′. 
The PCRs were performed in 25 μl reactions containing 25 ng of DNA, 1× GoTaq Flexi 
buffer, 0.25 mM MgCl2, 5 nM dNTPs, 200 nM of each primer, and 0.625 U Taq polymerase 
(Promega, Madison, Wisconsin, USA). The PCR amplification conditions were followed as 
previously described (Wendland et al., 2006). The rs25531 polymorphism was recognized 
by digestion with HpaII with 1× BSA (New England BioLabs, Ipswich, Massachusetts, 
USA) for 4 h at 37°C using 7 μl of the PCR product. Digest product and PCR product were 
separated by electrophoresis on a 3.5% agarose gel and visualized under ultraviolet light 
with ethidium bromide stain. 

MAOA uVNTR genotype was assayed using PCR forward and reverse primers: 5′‐ACA 
GCCTGACCGTGGAGAAG‐3′ and 5′‐GAACGGACGCTCCATTCGGA‐3′ (Stoltenberg et 
al., 2006). The PCRs were performed in 25 μl reactions containing 25 ng of DNA, 1× GoTaq 
Flexi buffer, 0.25 mM MgCl2, 5 nM dNTPs, 10 μM of each primer, and 0.625 U Taq poly‐
merase (Promega, Madison, Wisconsin, USA). The PCR amplification conditions consisted 
of 5 m initial denaturation at 94°C, followed by 35 cycles of 94°C for 1 m, 55°C for 2 m, and 
72°C for 3 m,with a final extension of 5 m at 72°C. The fragments were separated by elec‐
trophoresis on a 3% agarose gel and visualized under ultraviolet light with ethidium bro‐
mide stain. 

HTR1A C‐1019G (rs6295) genotype was assayed using PCR forward and reverse pri‐
mers: 5′‐CTGAGGGAGTAAGGCTGGAC‐3′ and 5′‐GAAGAAGACCGAGTGTGTCTAC‐3′ 
(Villafuerte et al., 2009). The PCRs were performed in 10 μl reactions containing 100 ng 
DNA, 1× Hot Master Taq buffer with 25 mM Mg2+, 0.25 mM MgCl2, 10× BSA, 2.5 nM dNTPs, 
40 nM of each primer, and 0.5 U Hot Master Taq DNA polymerase (5 PRIME, Inc., 
Gaithersburg, Maryland, USA). The PCR amplification conditions consisted of 5 m initial 
denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 54°C for 30 s, and 72°C for 30 s, 
with a final extension of 5 m at 72°C. The polymorphism was recognized by digestion with 
HypCH4 IV with 1× BSA (New England BioLabs, Ipswich, MA, USA) for 2h at 37°C. The 
fragments were separated by electrophoresis on a 2.5% agarose gel and visualized under 
ultraviolet light with ethidium bromide. 

HTR1B G861C (rs6296) and HTR2A T102C (rs6313) were amplified using a Taqman SNP 
Genotyping Assay (Applied Biosystems, Foster City, California). PCRs were performed in 
20 μl reactions containing 20 ng DNA, 1× Taqman Master Mix, and 2× Taqman primers/ 
probes mixture. PCR amplification conditions consisted of 10 m initial denaturation at 
95°C, followed by 40 cycles of 95°C for 15 s and then 60°C for 1 m. Reactions were run on 
a StepOnePlus Real‐Time PCR System (Applied Biosystems, Foster City, California). End 
point FAM and VIC fluorescence levels were analyzed using ABI Sequence Detection Soft‐
ware v1.2.3 (Applied Biosystems, Foster City, California), and genotype calls were made 
based on the level of fluorescence signal. 
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All alleles were in Hardy‐Weinberg equilibrium and allele frequencies were consistent 
with previous reports. Allele frequencies for the assayed polymorphisms are shown in Table 1. 
 

Table 1. Genotype and allele frequencies for polymorphisms assayed 

Polymorphism Genotype (n) Allele frequency 
Hardy‐Weinberg 

equilibrium χ2 (p‐value) 

TPH2 (rs1386483) G/G (224) G = 0.697 5.559 (0.062) 
 G/A (164) A = 0.303  
 A/A (51)   

HTR1A (rs6295) G/G (103) G = 0.510 4.316 (0.117) 
 C/G (240) C = 0.490  
 C/C (94)   

HTR2A (rs6313) C/C (142) C = 0.573 0.035 (0.983) 
 C/T (208) T = 0.427  
 T/T (79)   

HTR1B (rs6296) G/G (240) G = 0.728 3.215 (0.200) 
 G/C (158) C = 0.272  
 C/C (40)   

5‐HTTLPR L/L (143) L = 0.558 1.858 (0.395) 
 L/S (201) S = 0.442  
 S/S (92)   

rs25531 A/A (379) A = 0.931 0.361 (0.835) 
 A/G (54) G = 0.069  
 G/G (3)   

5‐HTTLPR and rs25531 LA/LA (116) LA = 0.493 4.879 (0.675) 
 LA/LG (24) LG = 0.065  
 LG/LG (3) SA = 0.438  
 LA/SA (172) SG = 0.003  
 LA/SG (2)   
 LG/SA (27)   
 SA/SA (91)   
 SA/SG (1)   

MAOA uVNTR (females) 3/3 (32) 3 = 0.335 0.04 (1.000) 
 3/4 (124) 3.5 = 0.000  
 3/5 (2) 4 = 0.655  
 4/4 (122) 5 = 0.011  
 4/5 (4)   

MAOA uVNTR (males) 3 (53) 3 = 0.344  
 3.5 (1) 3.5 = 0.006  
 4 (97) 4 = 0.630  
 5 (3) 5 = 0.019  

Note: Only alleles that were observed in this sample are listed. 
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2.4. Statistical analyses 
Analyses of variance were performed using the univariate general linear model (GLM) 
procedure to test associations between (1) gender, (2) childhood trauma (low vs. high), (3) 
the TPH2 (rs1386483) genotype (G/G vs. A allele carriers), (4) the triallelic 5‐HTTLPR gen‐
otype (LA/LA [i.e., higher transcriptional efficiency] vs. S or LG allele carriers [i.e., lower 
transcriptional efficiency]), (5) the MAOA uVNTR genotype (high expression [3.5‐repeat 
or 4‐repeat carriers] vs. low [all others]), (6) the HTR1A (rs6295) genotype (G/G vs. C allele 
carriers), (7) the HTR1B (rs6296) genotype (G/G vs. C allele carriers), (8) HTR2A (rs6313) 
genotype (C/C vs. T allele carriers), and all of the two‐way interactions, with age as a co‐
variate. All genotypes were dichotomized to reduce the number of potential categories and 
comparisons. Groupings were determined from reports in the literature on function (i.e., 
5‐HTTLPR, MAOA, rs6295, rs6313) or because of relatively low minor allele frequency (i.e., 
rs1386483 and rs6296). Because we were concerned about the number of observations per 
cell, we decided to examine only main effects and two‐way interactions. We first analyzed 
BIS‐11 total score and then conducted supplemental analyses with its three subscale scores. 
To reduce the effects of outliers, we Winsorized scores by setting all outliers to the nearest 
nonoutlier score.We used an online False Discovery Rate (FDR) calculator to control the 
risk of false positive findings (http://sdmproject.com/utilities). All statistical analyses were 
conducted using IBM SPSS (version 19). 

For an additional supplementary analysis we constructed an Aggregate Genetic Risk 
Score (AGRS), which is the sum of the five genotype values associated with higher impul‐
sivity in our initial analysis (i.e., TPH2 [A/_ = 1, G/G = 0], MAOA [H = 1, L = 0], 5‐HTTLPR 
[LA/LA = 1, S or LG carrier = 0], HTR2A [C/C = 1, T/_ = 0] and HTR1B [C/_ = 1, G/G = 0]). 
Because HTR1A (rs6295) genotype was not found to be associated with impulsivity in this 
study, we did not include it in the calculation of the AGRS. Values for the AGRS ranged 
from 0 to 5. 
 
3. Results 
 
The overall mean of the Winsorized BIS‐11 total score was 64.90 (SD = 11.04). The mean 
(SD) for the Winsorized BIS‐11 subscale scores was Attentional 17.58 (4.12), Nonplanning 
24.31 (4.98), and Motor 23.00 (4.49). Because the score distribution on our quantitative 
childhood trauma measure was not normal (mean = 0.96, SD = 1.35, skewness = 2.98, kur‐
tosis = 12.29) we constructed a two‐level variable representing levels of trauma by sum‐
ming the scores for four subscales and then using a score of 2 as a cut point for the low (n 
= 360) and high (n = 63) groups. Men (14.97%) and women (14.86%) were equally repre‐
sented in the high trauma group (χ2 = 0.001, 1 df, p = .976). 

In a univariate GLM with BIS‐11 total score as the dependent variable, there was a sig‐
nificant main effect for the experience of childhood trauma (partial η2 = 0.020, power = 
0.793; see Table 2). Thosewho had experienced higher levels of childhood trauma (M = 
70.81, SE = 2.42) had higher mean scores than those who had experienced lower levels of 
childhood trauma (M = 63.79, SE = 1.07). No other main effects were significant (i.e., p < .05 
and FDR < .10). There were significant interaction effects between gender and TPH2 
(rs1386483) genotype (η2 = 0.018, power = 0.743; see Fig. 1a); and between gender and 
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HTR2A (rs6313) genotype (η2 = 0.019, power = 0.772; see Fig. 1b). There was also a signifi‐
cant interaction effect for the 5‐HTTLPR triallelic genotype × MAOA genotype condition 
(partial η2 = 0.021, power = 0.811; see Fig. 2a). There was a significant interaction effect for 
the 5‐HTTLPR triallelic genotype × HTR2A (rs6313) genotype condition (partial η2 = 0.029, 
power = 0.919; see Fig. 2b ). Finally, there was a significant interaction effect for the HTR2A 
(rs6313) genotype × HTR1B (rs6296) genotype condition (partial η2 = 0.018, power = 0.748, 
see Fig. 2c). Thus, while we observed no main effects for particular genotypes, we did ob‐
serve evidence of genetic effects that depended on context (i.e., gender and other geno‐
types). 
 

Table 2. F and p‐values from general linear models for Barratt Impulsiveness Scale (version 11) 
total scores and its three subscales 
Source Total  Attentional  Nonplanning  Motor 
 F p*  F p  F p  F p 
1. Age 0.441 .507  4.738 .030  0.448 .504  0.110 .740 
2. Gender 4.182 .042  1.740 .188  1.886 .171  4.779 .029 
3. Trauma 7.756 .006  5.708 .017  0.206 .650  16.186 .000 
4. TPH2 0.655 .419  0.000 .988  0.465 .496  1.470 .226 
5. HTT 0.441 .507  0.901 .343  0.197 .658  1.506 .221 
6. MAOA 4.533 .034  3.984 .047  4.852 .028  0.668 .414 
7. HTR1A 0.210 .647  0.164 .686  0.451 .502  0.540 .463 
8. HTR1B 1.655 .199  0.085 .770  4.131 .043  0.311 .578 
9. HTR2A 0.596 .441  0.209 .648  0.004 .947  2.328 .128 
2 × 3 0.050 .824  0.824 .365  0.167 .683  0.024 .878 
2 × 4 6.863 .009  6.301 .012  0.969 .326  8.454 .004 
2 × 5 0.233 .630  0.607 .436  0.154 .695  0.000 1.000 
2 × 6 0.600 .439  0.017 .897  0.920 .338  0.850 .357 
2 × 7 2.023 .156  0.577 .448  0.759 .384  3.108 .079 
2 × 8 3.370 .067  3.680 .056  2.963 .086  0.519 .472 
2 × 9 7.355 .007  3.715 .055  5.622 .018  4.449 .036 
3 × 4 0.676 .412  0.808 .369  0.131 .718  0.560 .455 
3 × 5 2.255 .134  0.680 .410  0.015 .903  7.527 .006 
3 × 6 2.264 .133  0.008 .930  5.870 .016  0.701 .403 
3 × 7 2.426 .120  1.649 .200  0.737 .391  2.607 .107 
3 × 8 0.178 .673  0.932 .335  0.335 .563  0.284 .595 
3 × 9 0.255 .614  0.194 .660  0.002 .968  0.744 .389 
4 × 5 1.224 .269  0.070 .791  0.033 .855  7.029 .008 
4 × 6 0.015 .902  0.020 .888  0.163 .686  0.001 .981 
4 × 7 0.382 .537  0.039 .843  1.180 .278  0.213 .645 
4 × 8 0.134 .714  0.055 .814  0.151 .698  0.452 .502 
4 × 9 2.243 .135  1.071 .301  2.427 .120  0.830 .363 
5 × 6 8.123 .005  2.037 .154  11.801 .001  2.925 .088 
5 × 7 0.634 .427  0.106 .744  0.322 .571  2.566 .110 
5 × 8 0.008 .931  0.005 .945  0.070 .791  0.024 .878 
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Table 2. Continued 
Source Total  Attentional  Nonplanning  Motor 
 F p*  F p  F p  F p 

5 × 9 11.316 .001  8.403 .004  7.158 .008  5.956 .015 
6 × 7 0.919 .338  0.026 .872  2.710 .101  0.386 .535 
6 × 8 0.000 .994  0.281 .596  0.408 .523  0.059 .809 
6 × 9 0.284 .594  0.000 .982  0.424 .516  0.292 .589 
7 × 8 0.193 .660  3.011 .083  0.007 .934  0.215 .643 
7 × 9 0.823 .365  2.015 .157  0.731 .393  0.008 .928 
8 × 9 6.945 .009  2.242 .135  11.780 .001  1.267 .261 
Adj. R2 0.139   0.080   0.086   0.122  

Note: TPH2 = rs1386483 genotype; HTT = 5‐HTTLPR + rs25531 genotype; MAOA = MAOA uVNTR genotype; 
HTR1A = rs6295 genotype; HTR1B = rs6296 genotype; HTR2A = rs6313 genotype. For all, df = 1, 422. Stage 1 
of the analysis included only BIS‐11 total score as a dependent variable. Stage 2 of the analysis included the 
BIS‐11 factor subscales (Attentional, Nonplanning, Motor) as dependent variables. *p < .05 and FDR < .10 are 
shown in bold. 

 

 
 

Figure 1. Mean BIS‐11 total scores for groups defined by (a) gender × TPH2 (rs1386483) 
genotype; (b) gender × HTR2A (rs6313) genotype. Error bars represent standard errors of 
the mean. 
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Figure 2. Mean BIS‐11 total scores for groups defined by (a) 5‐HTTLPR triallelic genotype 
× MAOA (uVNTR) genotype; (b) 5‐HTTLPR triallelic genotype × HTR2A (rs6313) geno‐
type; (c) HTR1B (rs6296) genotype × HTR2A (rs6313) genotype; (d) Aggregate Genetic 
Risk Score. Error bars represent standard errors of the mean. 

 
To examine the combined effects of the five polymorphisms (rs1386483, 5‐HTTLPR trial‐

lelic, MAOA uVNTR, rs6296, and rs6313) that were identified as being associated with BIS‐
11 total score in a context dependent manner, we constructed an Aggregate Genetic Risk 
Score. To determine if the AGRS explained a significant amount of variation in BIS‐11 total 
score, we ran a GLM with Gender, childhood trauma, and AGRS as independent variables 
with a model that included main effects and two‐way interactions. The main effects for 
childhood trauma (F(1,407) = 4.368, p = .037, η2 = .011, power = .550) and AGRS (F(5,407) = 
2.440, p = .034, η2 = .029, power = .770; see Fig. 2d) were significantly associated with BIS‐
11 total score. None of the two‐way interactions were statistically significant. The model 
explained 6.6% of the variance in BIS‐11 total score. We estimated curves for AGRS and 
found only the quadratic curve fit (F(2,424) = 5.355, p = .005, R2 = .025). The quadratic curve 
fit and the linear curve did not suggest that the effects of these genotypes are not strictly 
additive but that certain genotype combinations are associated with higher impulsivity 
scores than others. 
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To determine if the pattern of effects observed in the BIS‐11 total score was reflected in 
the subscale scores, we used the same regression model of main effects and two‐way in‐
teractions. For the Attentional subscale, none of the main effects or interaction effects had 
p < .05 and FDR < .10 (see Table 2). 

For the Nonplanning subscale there were no main significant main effects (i.e., p < .05 
and FDR < .10). There were, however, three significant epistatic interaction effects. The 
patterns of these effects were in the same direction as those seen in the BIS‐11 total scores. 
There was a significant interaction effect for the 5‐HTTLPR triallelic genotype × MAOA 
genotype condition (F(1,385) = 11.801, p = .001, partial η2 = 0.030, power = 0.929). There was 
also a significant interaction effect for the 5‐HTTLPR triallelic genotype × HTR2A (rs6313) 
genotype condition (F(1,385) = 7.158, p = .008, partial η2 = 0.018, power = 0.761). Finally, 
there was a significant interaction effect for the HTR2A (rs6313) genotype × HTR1B 
(rs6296) genotype condition (F(1,385) = 11.780, p = .001, partial η2 = 0.030, power = 0.928). 
Epistatic interactions involving 5‐HTTLPR, HTR2A, and HTR1B were observed for Non‐
planning impulsivity scores. These effects appear to be those that contributed to the effects 
observed in the BIS‐11 total score and are not observed in other subscales, although non‐
significant trends are seen for 5‐HTTLPR × HTR2A in both the Attentional and Motor sub‐
scales. 

For the Motor subscale there was a significant (i.e., p < .05 and FDR < .10) main effect for 
the experience of trauma (F(1,385) = 16.186, p = .000, partial η2 = 0.040, power = 0.980) that 
followed the pattern observed in BIS‐11 total scores. In addition, there were three signifi‐
cant interaction effects. For the first, the pattern of the effects was in the same direction as 
seen in the BIS‐11 total scores. Namely, there was a significant interaction effect for the 
gender × TPH2 (rs1386483) genotype condition (F(1,385) = 8.454, p = .004, partial η2 = 0.021, 
power = 0.826). In addition, there were two interaction effects that were unique to Motor 
subscale scores. There was a significant effect for the trauma × 5‐HTTLPR triallelic geno‐
type condition (F(1,385) = 7.527, p =.006, partial η2 = 0.019, power = 0.781; see Fig. 3a). Fi‐
nally, there was a significant interaction effect for the 5‐HTTLPR genotype × TPH2 
(rs1386483) genotype condition (F(1,385) = 7.029, p = .008, partial η2 = 0.018, power = 0.753; 
see Fig. 3b). The Motor impulsivity subscale scores show main effects of early life trauma 
and an interaction effect for gender by TPH2 genotype that was reflected in the BIS‐11 total 
score. There were also interaction effects observed for trauma by 5‐HTTLPR genotype and 
for 5‐HTTLPR by TPH2 genotype that were unique to the Motor subscale. 
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Figure 3. Mean BIS‐11 Motor scores for groups defined by (a) 5‐HTTLPR triallelic geno‐
type × experience of childhood trauma; (b) 5‐HTTLPR triallelic genotype × TPH2 (rs1386483) 
genotype. Error bars represent standard errors of the mean. 

 
4. Discussion 
 
Our primary objective in this study was to investigate potential associations between 5‐HT 
system candidate gene polymorphisms and a well‐validated measure of impulsivity. The 
main finding of this study is that, in specific contexts, certain genetic variants of 5‐HT sys‐
tem components are associated with impulsivity. Our findings are consistent with the in‐
terpretation that impulsivity is a classic quantitative trait with a complex genetic architec‐
ture because the observed associations with certain genotypes and impulsivity were seen 
only in one gender, or only in those who experienced childhood trauma, or only in those 
with certain genotypes. Such context dependency, when considered against the backdrop 
of the large number of genetic variants in candidate genes of interest; the variety of 
measures that have been used to assess impulsivity in the literature; and the various pop‐
ulations that have been studied brings the complexity of heredity‐impulsivity relations 
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into sharp relief. Our findings are also generally consistent with the hypothesis that im‐
pulsivity is associated with genotypes known or thought to either reduce synaptic 5‐HT 
availability or reduce post‐synaptic 5‐HT activation. 

Often only main effects are considered in candidate gene association studies, although 
gender, G × E, and epistatic interactions are increasingly being investigated. Our primary 
analysis utilized a general linear model with nine main effect terms and 28 two‐way inter‐
action terms that explained 13.9% of the variance in BIS‐11 total score. We did not observe 
any main effects that survived correction for multiple comparisons on BIS‐11 Total or sub‐
scale scores for age, gender, or for the following genotypes: TPH2 (rs1386483), 5‐HTTLPR, 
MAOA (uVNTR), HTR1A (rs6295), HTR1B (rs6296), and HTR2A (rs6313). The only signif‐
icant main effect was that those who had experienced higher levels of early life trauma had 
higher mean impulsivity scores. This trauma effect was also seen in our supplementary 
analyses of the Motor subscale and there was a nonsignificant trend in the same direction 
for the Attentional subscale. This pattern of results is consistent with the convergent evi‐
dence that adverse childhood experiences are associated with increased risk for adult psy‐
chopathology that is likely mediated by neurobiological changes and may be moderated 
by genotype (McCrory et al., 2011). 

Out of the five statistically significant interaction effects that we report in our prelimi‐
nary analysis on BIS‐11 total score, three involve the HTR2A (rs6313, also known as T102C) 
receptor polymorphism. In each case (women, 5‐HTTLPR LA/LA and HTR1B [rs6296] C allele 
carriers), the mean impulsivity score was higher for C homozygotes than for T allele carri‐
ers. These results strengthen the case that HTR2A genetic variation is associated with im‐
pulsivity (Bjork et al., 2002; Jakubczyk et al., 2012); and the fact that we did not observe a 
significant main effect for HTR2A highlights its context dependent associations with com‐
plex traits (Saiz et al., 2010; Viikki et al., 2011). Preclinical pharmacological studies with 
rodents show that 5‐HTR2A receptor antagonists reduce premature responding in the five‐
choice serial reaction time task (Winstanley, 2011). Such convergent evidence strongly im‐
plicates the 5‐HTR2A receptor in behavioral control traits and should provide some meas‐
ure of confidence in the use of self‐report questionnaires to study the genetic architecture 
of impulsivity. Our finding that rs6313 genotype interacts with gender, 5‐HTTLPR, and 
HTR1B (rs6296) genotype reflects the multifaceted nature of the 5‐HT system and contrasts 
approaches that study human participants and those that study rodents as research sub‐
jects, which are usually not designed to test gender differences or the effects of varying 
genetic background. 

In addition, there is growing evidence that genetic polymorphisms of the 5‐HT trans‐
porter and HTR2A jointly influence outcomes that have relevance to impulsivity. In a sam‐
ple of healthy Spanish Caucasians, 5‐HTTLPR and HTR2A (rs6311) a significant interaction 
effect on the personality trait of Novelty Seeking was observed (Saiz et al., 2010). Signifi‐
cant interaction effects between 5‐HTTLPR and rs6311 were also observed for alcohol de‐
pendence (Saiz et al., 2009) and between 5‐HTTLPR and rs6313 for age of onset of bipolar 
disorder (Manchia et al., 2010). The combination of 5‐HTTLPR LA/LA and rs6313 C/C gen‐
otypes is hypothesized to be associated with reduced synaptic 5‐HT availability and re‐
duced 5‐HTR2A receptor densities. Such a combination would likely result in relatively low 
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levels of 5‐HT neurotransmission. We were unable to find reports of epistatic interaction 
between HTR2A and HTR1B polymorphisms. 

Carver et al. (2011) found that for impulsivity in response to emotions 5‐HTTLPR gen‐
otype interacted with childhood adversity. The pattern of this interaction was that the LG 
or S (i.e., low transcriptional efficiency) alleles were associated with higher levels of im‐
pulsivity for those that experienced higher levels of childhood adversity. This contrasts 
with our finding that the experience of higher levels of childhood trauma was associated 
with higher Motor impulsivity for both LA homozygotes and for LG or S carriers, most dra‐
matically in the LA homozygotes. In other words, the 5‐HTLPR effect (i.e., LA homozygotes 
more impulsive) was mainly observed in the high childhood trauma condition. It should 
be noted, however, that the items that make up the BIS‐11 Motor scale are not emotion‐
related. It seems that the associations reported by Carver et al. (2011) are with a different 
type of impulsivity that is independent of those assessed by the BIS‐11. These two studies 
used different measures of impulsivity and childhood trauma/adversity, so it is difficult to 
directly compare the results. We examined several additional genetic polymorphisms, and 
our sample size was 40% larger than that of Carver et al. (2011); but because our study did 
not assess emotion‐related impulsivity, our finding should not be considered a nonrepli‐
cation. Rather, both demonstrate the context‐dependent effects of 5‐HTTLPR on facets of 
impulsivity and suggest that much more work is needed to fully understand the genetic 
and contextual influences underlying impulsivity. Our findings are consistent with a re‐
port that found that among patients with borderline personality disorder who had experi‐
enced higher numbers of serious life events those with the L/L 5‐HTTLPR genotype had 
higher impulsivity than those who carried an S allele (Wagner et al., 2009). In that study, a 
German version of the Barratt Impulsiveness Scalewas used to assess impulsivity and com‐
parison groups were formed based on the severity of serious life events. Therefore the de‐
sign of the Wagner et al. (2009) study was similar to ours, although our study population 
was more similar to that of the Carver et al.’s (2011) study. Clearly, impulsivity is a com‐
plex construct and different measures are assessing different impulsivity facets. 

We report two significant gender × genotype interactions involving HTR2A (rs6313) and 
TPH2 (rs1386483), respectively. We found that in women, but not in men, those with the 
C/C rs6313 genotype had significantly higher mean BIS‐11 total scores than those carrying 
a T allele. Recently a study found that the C/C genotype of rs6313was associated with higher 
suicide risk in women, but not in men (Wrzosek et al., 2011). This supports the notion that 
forwomen, the C/C genotype of rs6313 is associated with impulsive acts. Because 5‐HT 
synthesis is lower for women than men (Nishizawa et al., 1997), the relatively lower den‐
sity of 5‐HTR2A receptors for those homozygous for the rs6313 C allele might be associated 
with significantly lower 5‐HT neurotransmission. Another recent study reported that the 
effects of polymorphisms in HTR2A (rs7997012 and rs6311) on response to selective sero‐
tonin reuptake inhibitor treatment for major depression were moderated by gender (Viikki 
et al., 2011). Although we examined a different polymorphism and a different outcome, 
our results also provide some evidence that the influence of genetic variation in the 5‐HT 
system on important behavioral outcomes is moderated by gender. We also found that in 
men, but not in women, TPH2 (rs1386483) A allele carriers had significantly higher mean 
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BIS‐11 total scores. This result is consistent with our earlier work using behavioral inhibi‐
tion as a measure of impulsivity (Stoltenberg et al., 2006). Men and women differ in 
measures of 5‐HT synthesis (Nishizawa et al., 1997) and brain 5‐HT receptor density (Biver 
et al., 1996; Soloff et al., 2010), as well as in the relations between 5‐HT system genes and 
peripheral indices of 5‐HT function (Williams et al., 2003) and response to psychological 
stressors (Jabbi et al., 2007). Genotype × gender interactions on psychological traits of in‐
terest or aspects of psychiatric illness should be expected and explicitly investigated. Such 
gender specific effects might partially mediate gender differences in prevalence of behav‐
ioral disorders impacted by 5‐HT system function and might influence impulsivity by af‐
fecting 5‐HT mediated drive to withdraw (Tops et al., 2009). 

We report a significant epistatic interaction between HTR2A (rs6313) and HTR1B (rs6296) 
genotypes on BIS‐11 total score that was also observed in the Attentional subscale. To our 
knowledge, this is the first report of epistatic interaction between polymorphisms in these 
two genes. A recent report indicated that in the brains of rats exposed to chronic buspirone 
treatment, the density of 5‐HTR1B decreased whereas the density of 5‐HTR2A receptors in‐
creased (Sato et al., 2010). Such a finding indicates a functional relation between 5‐HTR1B 
and 5‐HTR2A receptors, which supports the plausibility of epistatic interaction between 
HTR1B and HTR2A. 

Recently there has been increasing interest in the use of Aggregate Genetic Risk Scores 
(AGRS) in association studies of complex traits (Shiffman et al., 2006). Such genetic risk 
scores are consistent with the classic notion of genetic influence on a polygenic trait such 
that each polymorphism contributes a small but significant amount to variation in the trait; 
and the scores represent the potential summative effects of the “risk” alleles. Recent studies 
on body mass index (Peterson et al., 2011) and the personality trait of sensation seeking 
(Derringer et al., 2010) have successfully utilized this approach. Our findings in the present 
study also support the AGRS approach in that there was a significant association between 
the AGRS and impulsivity. The context dependence of the genetic effects that we report, 
however, complicates the construction of such a score. If a given allele is a “risk” allele 
only in the context of another genotype, environmental exposure or gender, how should it 
contribute to the AGRS? In our study, we included in the AGRS only those genotypes that 
were found to be at least nominally associated with impulsivity in the main analyses. We 
assigned a score of 1 to a given genotype if it was associated with higher impulsivity in 
any context, and we assigned the score of 0 to the alternative genotype (i.e., risk genotypes 
= 5‐HTTLPR LA/LA, MAOA uVNTR H/_, TPH2 rs1386483 A/_, HTR1B rs6296 C/_, and 
rs6313 C/C). It seems that the quadratic line that represents the association between our 
observed AGRS and impulsivity indicates the context dependence of the effects through 
its nonlinearity. In other words, if the genetic effects represented in the AGRS were strictly 
additive in nature, a linear effect would have been observed. Rather, the curvilinear effect 
that we observed suggests that the genetic effects are not strictly additive; but that certain 
combinations of genotypes are associated with higher levels of impulsivity than would be 
expected with an additive model. Additional work is needed to address the issue of context 
dependence in the construction of AGRS. 
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For G × E interaction studies focused on adverse early life events, more precise measures 
of childhood trauma should be investigated to better understand the type, timing, perpe‐
trator, and amount of trauma that increases impulsivity later in life (Nugent et al., 2011). 
A recent measure called the Computerized Assisted Maltreatment Inventory (DiLillo et al., 
2010) appears to be especially promising in delineating the source and influence of child‐
hood maltreatment. We are currently developing plans for a study to utilize this valid and 
reliable assessment. 

The present study does have some limitations that should be considered when inter‐
preting the findings. We did not evaluate participants for psychiatric disorders. Our sam‐
ple was drawn from a population of college students and therefore our results might not 
be generalizable to clinical populations. The sample size is modest according to current 
standards for candidate gene association studies. With that in mind, we carefully limited 
the number of statistical comparisons that we made. In our general linear models, we ex‐
amined only main effects and two‐way interactions. Even with that relatively conservative 
approach, the model resulted in a total of 37 statistical tests for the primary analysis, re‐
sulting in a strict Bonferroni adjusted significance criterion of .05/37 = .00135. We chose to 
present FDR, which is somewhat less conservative, but is a well‐accepted correction to 
reduce false positives (Benjamini and Hochberg, 1995). In addition, although we collected 
data of other measures of impulsivity including measures of behavioral inhibition, time 
perception and boredom susceptibility, we did not have the statistical power to test them 
in the face of the rising number of comparisons. In addition, because such diverse measures 
of impulsivity are assessing different constructs such analyses would be beyond the scope 
of this report. For this study, we did not conduct other statistical analyses than those re‐
ported here. Subsequent follow‐up analyses may be reported elsewhere. Our sample was 
relatively ethnically homogeneous, which reduces the likelihood of false positive findings 
due to population stratification. It is unclear whether the pattern of results that we see in 
this sample of Caucasians will generalize to populations of different race/ethnicity; how‐
ever, there is no obvious reason to a priori expect different patterns of results (Ioannidis et 
al., 2004).We only assayed single polymorphisms in these critical candidate genes. Clearly 
there are other polymorphisms in these genes that affect their function and may play a role 
in impulsivity, but we chose a targeted subset of available polymorphisms to investigate. 
Our findings should not be considered the final word on the extent or nature of influence 
that genetic variation has on impulsivity. 

This study, when considered along with others, adds to growing evidence that genetic 
variation in the 5‐HT system influences impulsivity in a context dependent manner. A more 
complete understanding of the genetic architecture of impulsivity could lead to genetically 
informed efforts at prevention and treatment of adverse conditions or psychiatric disor‐
ders associated with impulsivity. It is imperative that future research into the genetic ar‐
chitecture of impulsivity pays special attention to polymorphisms in 5‐HT system genes, 
gender, early life trauma, and epistasis. It may be that failures to replicate genetic associa‐
tions with complex psychological traits like impulsivity may be due, at least in part, to the 
context dependency of the effects. 
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5. Conclusions 
 
Impulsivity appears to be a classic quantitative trait that is influenced by many factors, 
including 5‐HT system genes, gender, and early life trauma. At least some of these factors 
appear to moderate the effects of others (i.e., epistasis, G × E, and gender specificity) in 
ways that are just beginning to be understood. Our study should help to increase interest 
in the investigation of epistatic interactions on psychological constructs of interest such as 
impulsivity. As with all empirical results, the findings of this study should be considered 
in light of its limitations. 
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