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Abstract 

Previous research has shown that dopaminergic dysregulation and early life stress interact to 

impact on aspects of impulse control. This study aimed to explore the potentially interactive 

effects of the rs6277 polymorphism of the dopamine D2 receptor gene (DRD2), stressful or 

supportive environment and sex on behavioural and self-reported measures of impulsivity, as 

well as alcohol use – a condition characterised by a deficit in impulse control. The sample 

consisted of the younger cohort (n=583) of the longitudinal Estonian Children Personality, 

Behaviour and Health Study. The results showed that the CC homozygotes (suggested to 

have decreased striatal D2 receptor availability) who had experienced stressful life events 

(SLE) or maltreatment in the family prior to age 15 showed higher self-reported maladaptive 

impulsivity at age 15. The genotype-SLE interaction and further association with sex was 

also evident in the frequency of alcohol use at age 15. Lack of warmth in the family 

contributed to significantly higher levels of thoughtlessness and more frequent alcohol use in 

CC carriers at age 25, whereas family support was associated with lower thoughtlessness 

scores in CC males, which may suggest a protective effect of supportive family environment 

in this group. Together the findings suggest that DRD2 rs6277 polymorphism, in interaction 

with environmental factors experienced in childhood and youth may affect facets of 

impulsivity. Future work should aim to further clarify the sex and age-specific effects of 

stressful and supportive environment on the development of neuronal systems that are 

compromised in disorders characterised by deficits in impulse control. 
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1. Introduction 

Impulsivity is a multidimensional behavioural and personality construct, characterised 

by thoughtlessness and the tendency to engage in rapid, unplanned action (Chamberlain & 

Sahakian, 2007). Impulsive behaviours are thought to arise from compromised executive 

functioning, as a result of dysfunctional inhibitory processes and strong impulses (otherwise 

known as desires, urges or habits), triggered and modulated by situational and dispositional 

factors (Bari & Robbins, 2013; Hofmann, Friese, & Strack, 2009; Metcalfe & Mischel, 

1999). The tendency to engage in impulsive behaviours is seen in psychopathologies such as 

substance use disorders, attention-deficit/hyperactivity disorder (ADHD), borderline and 

antisocial personality disorders (Whiteside & Lynam, 2001) and schizophrenia (Hoptman, 

Antonius, Mauro, Parker, & Javitt, 2014). Furthermore, problems with emotional and 

behavioural self-control are at the core of the conditions characterised in the subsection of 

Disruptive, Impulse-Control, and Conduct Disorders in the Diagnostic and Statistical Manual 

of Mental Disorders (American Psychiatric Association, 2013).  

The impulsivity construct proposed by Dickman (1990) distinguishes between 

dysfunctional (maladaptive) and functional (adaptive) impulsivity subtypes, which have been 

supported by results from psychometric tests and animal studies (Brunas-Wagstaff, 

Bergquist, Richardson, & Connor, 1995; J. W. Dalley, Mar, Economidou, & Robbins, 2008; 

Miller, Joseph, & Tudway, 2004). Whereas both types of impulsivity are characterised by 

rapid, error-prone processing and the tendency to act in a non-reflective manner, they differ 

in their adaptive value, consequences and cognitive correlates. Adaptively impulsive 

individuals engage in rapid action without forethought when such a strategy is deemed 

appropriate by the individual’s other personality traits. As a result, these individuals tend to 

gain from fast decision-making and information processing abilities (Dickman, 1990) and 

creativity (Harnishfeger & Bjorklund, 1994). On the other hand, dysfunctional impulsivity 
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involves acting thoughtlessly in spite of the negative consequences due to the inability to 

inhibit such action tendencies and the incapability to engage in slow methodical approaches 

(Dickman, 1990). 

Impulsive behaviours are likely to be modulated by several brain neurotransmitter 

systems, including serotonergic, noradrenergic, cholinergic and dopaminergic systems (J. W. 

Dalley et al., 2008), with striatal and frontal dopaminergic abnormalities being most 

commonly investigated (Volkow, Fowler, Wang, Swanson, & Telang, 2007). Evidence from 

animal studies has demonstrated that highly impulsive rats have fewer D2/3 receptors 

available in the ventral striatum and acquire cocaine self-administration more easily, which 

may provide a partial explanation to the individual differences in the likelihood of engaging 

in addictive behaviours (J. W. Dalley et al., 2007). Furthermore, the blocking of dopamine 

D2 receptors in dorsal striatum impairs the performance on a response inhibition task (Eagle 

et al., 2011) and striatal reward-related dopamine activity has been shown to correlate with 

self-reported impulsivity in a community sample of healthy volunteers (Forbes et al., 2009). 

Striatal D2 receptor activity may also induce secondary prefrontal dysfunction, as reductions 

in the striatal D2 receptors are associated with diminished activity of orbitofrontal cortex and 

cingulate gyrus - brain areas that play an important role in compulsive behaviours and 

inhibitory control, respectively (Volkow et al., 2007).  

Impulsivity has a substantial genetic component, with the genetic effects generally 

being stronger in children than in adults and in males compared to females (Bezdjian, Baker, 

& Tuvblad, 2011). Genetic studies provide further evidence for the role of dopaminergic 

neurotransmission in impulsive behaviours. More specifically gene variants associated with 

striatal and prefrontal dopamine receptor availability, dopamine release and extracellular 

dopamine levels, such as the dopamine receptor D2 encoding gene DRD2 -141C deletion, the 

dopamine transporter encoding gene DAT1 9-repeat, and the ankyrin repeat and kinase 
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domain containing 1 encoding ANKK1 Taq1A (Laakso et al., 2005) were implicated in 

impulsivity. These gene variants are associated with reward-related ventral striatum activity 

(Forbes et al., 2009), with performance on response inhibition and cognitive control tasks 

(Markett, Montag, Walter, Plieger, & Reuter, 2011; White, Morris, Lawford, & Young, 

2008), and with impulsivity-related disorders such as alcoholism (Bowirrat & Oscar-Berman, 

2005), gambling (Comings et al., 1996) and schizophrenia (Gluskin & Mickey, 2017). More 

recently, genome-wide association studies have provided further support for dopaminergic 

genes, including DRD2 in nicotine and alcohol consumption and alcohol use disorder (e.g. 

Kranzler et al., 2019; M. Liu et al., 2019; Thompson et al., 2020; Zhou et al., 2020), 

schizophrenia (Schizophrenia Working Group of the Psychiatric Genomics Consortium, 

2014), and personality traits such as neuroticism (Nagel, Watanabe, Stringer, Posthuma, & 

Van Der Sluis, 2018).   

The synonymous rs6277 single nucleotide polymorphism (SNP; 957C > T; 

Pro319Pro) within DRD2 has gained considerable research interest in psychiatric genetics, 

with recent GWAS studies implicating this polymorphism in neuroticism (Nagel et al., 2018), 

alcohol use (although falling short of genome-wide significance, 

https://atlas.ctglab.nl/PheWAS) and candidate gene studies showing the role of rs6277 in 

schizophrenia (L. Liu et al., 2014). Positron emission tomography studies have shown that 

the schizophrenia risk genotype CC (L. Liu et al., 2014) is associated with lower striatal 

(Smith et al., 2017), but higher extrastriatal D2 receptor availability (Hirvonen et al., 2009). 

A recent study by Beste, Stock, Epplen, and Arning (2016) found that CC homozygotes of 

the DRD2 rs6277 polymorphism showed elevated rates of false alarms on a Go/No-Go task 

compared to CT and TT homozygotes, whereas the latter two groups did not differ from each 

other. C allele and CC genotype carriers have also been shown to be over-represented 

amongst the alcohol dependent patient groups, compared to healthy controls (Swagell et al., 

https://atlas.ctglab.nl/PheWAS
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2012). However, other researchers have found T allele carriers to exhibit less effective 

response inhibition on a stop-signal task (Colzato, van den Wildenberg, & Hommel, 2013) 

and higher impulsivity scores on a delay discounting task compared to CC homozygotes 

(Kawamura et al., 2013). TT homozygotes have also exhibited higher scores of self-reported 

dysfunctional, but not functional impulsivity (Colzato, van den Wildenberg, Van der Does, & 

Hommel, 2010). However, some studies have failed to find an association between DRD2 

rs6277 and response inhibition altogether (C  Gurvich & Rossell, 2014), or the effects have 

been apparent in interaction with other genotypes (Rincón-Pérez et al., 2020). Although the 

reasons for these divergent findings are yet to be established, it has been suggested that in 

addition to the variety of behavioural tasks used (Rincon-Perez, Sanchez-Carmona, Albert, & 

Hinojosa, 2018), factors such as environmental stressors and gender may also play a role. In 

support of this argument, it has previously been shown that acute stress leads to increased 

impulsivity in CC homozygotes in both reward responsiveness and delay discounting tasks 

(White, Lawford, Morris, & Young, 2009). The research findings on the effects of DRD2 and 

environment interactions on impulsivity and related constructs (e.g. externalising behaviours, 

alcohol use and misuse) is accumulating, as shown in recent review papers (Kim & Park, 

2018; Weeland, Overbeek, de Castro, & Matthys, 2015). However, until now, Taq1A has 

been the most commonly investigated polymorphism in such studies and further research on 

other polymorphisms is needed. 

In our previous study we demonstrated that DRD2 rs6277 polymorphism and its 

interaction with early life stress (ELS) appears to affect performance on the Rapid Visual 

Information Processing test (RVP), a complex measure of selective and sustained attention. 

Further investigation into the subcomponents of the RVP test revealed a particularly strong 

DRD2×ELS interaction on the measure of response inhibition (Klaus et al., 2017), whereby 

CC carriers who had experienced ELS showed impaired performance compared to the CC 
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carriers without significant ELS experiences. However, this study focused on only adverse 

experiences, whereas the neurodevelopmental view of impulsivity proposes that the brain is 

wired to be impulsive at birth, but supportive family relations improve self-regulatory skills 

and impulse-management (Daruna & Barnes, 1993). The individuals genetically most 

vulnerable to stress may therefore show the greatest benefit when raised in a supportive 

environment (Belsky & Pluess, 2009). Secondly, our previous study focused on only male 

participants, and there is some evidence that the effects of rs6277 on cognitive abilities are 

sex-dependent (C Gurvich & Rossell, 2015).  

Sex differences have been documented in the onset and symptomatology of disorders 

characterised by deficits in impulse control and attention, such as ADHD, drug addiction, 

autism and schizophrenia, with males generally showing a more severe course of illness 

(Canuso & Pandina, 2007; Trent & Davies, 2012). The neurobiological basis of these 

differences likely involve genetic factors, HPA-axis dynamics, neurotransmitter function 

(particularly dopamine and gamma-aminobutyric acid) and ovarian hormones (Carroll & 

Anker, 2010). It has been noted that oestrogen affects dopamine release in both striatal 

(Czoty et al., 2009) and prefrontal regions, and increases the expression of dopaminergic 

genes, including DRD2 in the prefrontal cortex (PFC; Sarvari et al., 2014). Evidence from 

animal models suggests that females have significantly more dopaminergic cells in the 

mesocortical pathway (Kritzer & Creutz, 2008), and dopamine neurotransmission and 

dopaminergic receptor expression fluctuates together with the changing levels of oestrogen 

(Di Paolo, 1994; Nordström, Olsson, & Halldin, 1998). However, another line of evidence 

suggests that oestrodial provides a neuroprotective effect against mental health problems, 

particularly schizophrenia, by downregulating dopamine receptor sensitivity similarly to D2 

antagonists (Hafner, 2003). This may also explain why women with schizophrenia have 

lower levels of oestrogen overall, and are likely to develop a psychotic episode during 
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periods of low oestrogen, such as post-partum and post-menopause (Markham, 2012). 

Furthermore, a study by Conner and colleagues (2010) demonstrated that the presence of 

hypodopaminergic genetic risk predicted the number of drugs tried in males, whereas 

negative life events predict the drug use in females, suggesting that sex, genetic, and 

environmental factors need to be considered in concert in impulsivity research.  

The aim of this study was to elaborate on our previous findings on the DRD2×ELS 

interaction on response inhibition (Klaus et al., 2017) by further investigating the association 

between DRD2 rs6277 and early adversity on behavioural and self-reported impulsivity, as 

well as on alcohol use in a population-representative sample. We additionally aimed to 

investigate the mediating effect of sex on the aforementioned outcomes. We hypothesised 

that being a CC homozygote of the DRD2 rs6277 polymorphism and having experienced a 

high number of stressful life events (SLE) and/or maltreatment in the family before the age of 

15 leads to: 1) higher self-reported maladaptive impulsivity, 2) decreased adaptive 

impulsivity, and 3) poorer performance on the behavioural impulsivity tests. Secondly, we 

hypothesised that warm family relations contribute to: 1) lower maladaptive impulsivity, 2) 

higher adaptive impulsivity scores, and 3) better performance in the behavioural impulsivity 

tests in the CC homozygotes compared to other groups. However, as oestrogen may provide a 

neuroprotective effect (Hafner, 2003), we expected females to show a less pronounced effect 

of environmental events on behavioural and self-reported impulsivity measures than males. 

We expected the alcohol use data to follow a pattern similar to that of behavioural and self-

reported maladaptive impulsivity. As a secondary aim, we explored the association between 

DRD2 rs6277 genotype and personality traits, as it has been suggested that impulsivity may 

be impacted upon by the individual’s other personality traits (Dickman, 1990).  
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2. Materials and methods 

 

2.1 Participants  

The participants investigated in this study formed the younger cohort of the European 

Youth Heart Study conducted in Estonia in 1998/1999, later incorporated into the 

longitudinal Estonian Children Personality, Behaviour and Health Study (Harro et al., 2001). 

The mean age of the younger cohort during the first study wave was 9.6 years (SD=0.5, 278 

males, 305 females). Follow-ups were conducted in 2004 (n=483, MAge=15.3±0.5, 222 males, 

261 females), 2007 (n=454, MAge=18.3±0.5, 202 males, 252 females) and 2014 (n=440, 

MAge=25.3±0.5, 193 males, 247 females). All subjects were of Caucasian origin based on 

their self-report on ethnicity. Written informed consent was obtained from the children’s 

parents and children themselves. Permission for the study was obtained from the Ethics 

Review Committee on Human Research of the University of Tartu. 

 

2.2 Impulsivity measures 

2.2.1 Self-report measures. 

The Adaptive and Maladaptive Impulsivity Scale (AMIS; Laas et al., 2010) was used 

for measuring self-reported facets of impulsivity at each study wave. AMIS is a 24-item 

modified measure of the Dickman Impulsivity Inventory (Dickman, 1990) and the 

impulsivity-related facets of the Neuroticism Extraversion Openness Personality Inventory 

(P. T. Costa & McCrae, 1989). AMIS distinguishes four facets of impulsivity: Fast Decision-

making, Excitement-seeking, Thoughtlessness and Disinhibition. Each of these subscales 

consist of six items, measured on a five-point Likert scale, with a maximum score of 30 

points for each subscale. A measure of Adaptive Impulsivity was obtained by adding together 

the scores from Fast Decision-making and Excitement-seeking subscales, while a measure of 
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Maladaptive Impulsivity was obtained using the composite score of Disinhibition and 

Thoughtlessness (Eensoo, Harro, Pullmann, Allik, & Harro, 2007).  

 

2.2.2 Behavioural measures. 

The Visual Comparison Test (VCT) was carried out by 378 children at the age of 15. 

The computer-based stimuli (based on Dickman and Meyer, 1988) composed of geometric 

figures made up of multiple Xs. The figure was paired with another figure to form either the 

same or a different figure pair. In the same pair, the two figures were identical. In different 

pairs, the position of a single X was changed in the periphery of the figure. The participant 

had to decide whether the figure pairs were the same or different as quickly and as accurately 

as possible. The twenty pairs of figures were randomly intermixed and the test lasted for 

approximately 15 min. For a detailed description of the procedure used in VCT, see Paaver 

and colleagues (2007). Impulsivity score (I-score), an estimate of speed–accuracy trade-off 

was calculated by subtracting the standard score of the mean latency from the standard score 

of the total number of errors committed.  

The stop-signal task was performed by the participants at age 18. Based on the stop-

signal paradigm described by Logan, Schachar, and Tannock (1997), a blue ball was 

presented on the computer screen on each trial. On Go trials, the subject had to respond as 

quickly as possible by pressing the space bar. On Stop trials (25% of the trials), a red cross 

appeared right after the blue ball and the participant had to inhibit the Go impulse. The stop 

signal appeared at variable delays (100, 150, 200, 250 ms). The test consisted of 160 trials 

and the outcome measures consisted of commission errors (false hits on No-Go trials), 

omission errors (missed Go responses), average Go reaction time, and the stop signal reaction 

time (SSRT, Stop signal delay subtracted from Go reaction time). Stop signal delay was 

obtained based on a logistic regression model predicting the delay value, where 50% of the 
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subject’s trials were successful. The analyses are based on the data from 398 participants (and 

from 363 participants in the case of the SSRT). 

 

2.3 Stressful life events and family environment 

Childhood and youth SLE were self-reported at age 15. The list of SLE consisted of 

21 adverse experiences, such as parental death and divorce/separation, unemployed parent, 

absence of both parents, financial problems, poor living conditions and poverty in the 

household, poor health, chronic diseases, death of a close relative, serious illness of a family 

member, humiliation at home, fear of school and bullying at school. The events were 

recorded dichotomously as present/absent and the number of adverse experiences were added 

together to form the total number of experienced adverse life events (Kiive, Laas, Vaht, 

Veidebaum, & Harro, 2017). The participants were divided into Low SLE and High SLE 

groups based on median split (MS; 0-2 and 3-17 events, respectively). 

Relationships in the family were measured with a child-report Tartu Family 

Relationships Scale (M. Paaver, Kurrikoff, Nordquist, Oreland, & Harro, 2008), with the four 

subscales measuring Closeness, Support, Misprize, and (emotional and physical) Abuse. Due 

to the relatedness of the scores between subscales, Closeness and Support can be added 

together to form a higher order subscale called Warmth in the family, and Abuse and 

Misprize subscales may be pooled under the common name Maltreatment. The participants 

were divided into Low/High Maltreatment and Low/High Warmth groups based on the MS of 

the scores (Maltreatment MS: 17-26, 27-70; Warmth MS: 27-77, 78-103). The 

subcomponents (Closeness, Support, Misprize, Abuse) were further analysed using MS 

(Closeness MS: 17-54, 55-73; Support MS: 8-24, 25-30; Misprize MS: 10-14; 15-38; Abuse 

MS: 7-12, 13-32). 
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2.4 Alcohol consumption 

Subjects reported the age when they first consumed half a unit of alcohol during 

follow-up studies. One unit of alcohol was defined as a glass of light wine or champagne (12 

cl), a shot of vodka (4 cl), or a bottle (33 cl) of light alcohol (beer, long drink, cider, etc.). 

Alcohol intake was measured based on the most frequently consumed type of alcoholic 

beverage. A five point scale was used at ages 18 and 25: 1 = never, 2 = less than once a 

month, 3 = at least once a month, 4 = at least once a week, 5 = every day. At age 15, a four 

point scale was used, without the option 5 = every day (Vaht, Kurrikoff, Laas, Veidebaum, & 

Harro, 2016). 

In order to determine the lifetime prevalence of alcohol use disorder, psychiatric 

assessment was carried out at age 25 by experienced clinical psychologists using the Mini-

International Neuropsychiatric Interview (M.I.N.I.5.0.0.; Sheehan et al., 1998; Estonian 

version: Shlik et al., 1999). 

 

2.5 Personality 

All implemented personality scales measured the five basic personality dimensions: 

extraversion, neuroticism, openness, agreeableness, and conscientiousness (P. Costa & 

McCrae, 1992). At the age of 9, the personality traits were measured using a 40-item 

Estonian Brief Big Five Inventory using teacher and parental report (EBBFI; Laidra, Allik, 

Harro, Merenäkk, & Harro, 2006). During the follow-up study waves, personality traits were 

measured using self-report measures as described in Vaht, Kiive, Veidebaum, and Harro 

(2016).  

 

 



13 
 

2.6 Genotyping 

The real-time polymerase chain reaction (RT-PCR) for genotyping the DRD2 rs6277 

SNP was performed using a TaqMan Pre-Designed SNP Genotyping Assay C__11339240_10 

(Applied Biosystems; Foster City, CA, USA) containing primers and fluorescent probes. 

Genotyping reactions were performed in a total volume of 10 ml with ~25 ng of template DNA. 

RT-PCR reaction components and final concentrations were as follows: 1:5 5 x HOT 

FIREPol® Probe qPCR Mix Plus (ROX) (Solis BioDyne) and 1:20 80 x TaqMan Primers 

Probe. Context sequence [VIC/FAM] was as follows: 

TCTTCTCTGGTTTGGCGGGGCTGTC[A/G]GGAGTGCTGTGGAGACCATGGTGGG. 

Reactions were performed on the Applied Biosystems ViiA™ 7 Real-Time PCR System. The 

amplification procedure consisted of an initial denaturation step at 95 °C for 12 min and 40 

cycles of 95 °C for 15 s and 60 °C for 1 min. Positive and negative controls were added to each 

reaction plate. No inconsistencies occurred. Genotyping was performed blind to all phenotypic 

data. Allele frequencies agreed with National Center for Biotechnology Information 

database and published reports.  

 

2.7 Data analysis 

All self-report and behavioural impulsivity data were standardised into z-scores, which 

indicates how far and in what direction the group deviates from the whole sample’s mean, 

according to the formula Zx=(X-Mx)/SDx, where Zx denotes the z-score, X the raw score, M the 

sample’s mean, and SD the standard deviation of the mean. IBM® SPSS® Statistics, Version 

25 was used for all statistical analyses. The effect of DRD2 genotype on the number of SLE 

and on the scores on Family Relationship questionnaires was investigated using one-way 

ANOVA and Kruskal-Wallis tests. Longitudinal effects of DRD2 genotype, Sex and the 

median split of SLE of Family Relations scores on the impulsivity and alcohol use data (age 
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at first consumption, frequency of alcohol use, lifetime prevalence of AUD) were 

investigated using Generalised Estimating Equations. Data within each study wave were 

analysed using 3×2×2 analysis of variance (ANOVA) with DRD2 genotype, Sex and median 

split of SLE or Family Relations scores as independent variables (IV). The self-reported and 

behavioural impulsivity scores and alcohol use data (age at first consumption, frequency of 

alcohol use) were treated as dependent variables (DV). Where initial analyses yielded 

significant interactions between three IVs, follow-up two-way ANOVAs were carried out by 

splitting the groups by Sex. Family Relations subcomponents were investigated further only 

if the higher order subscale (Warmth or Maltreatment) analyses yielded significant results. 

For the ANOVA models, we will present F-values, p-values, effect sizes (partial η²) and post 

hoc power (π). Post hoc power was calculated because the sample had already been formed in 

the past. Fisher’s LSD was used for post hoc comparisons. In the case of a dichotomous 

dependent variable (prevalence of AUD), binary logistic regression analyses were used. We 

used one-way ANOVA to carry out exploratory analyses on the main effect of DRD2 

genotype on personality traits for the whole sample, as well as for males and females 

separately. The level of significance was set at p<0.05. 

 

3. Results 

Genotype could not be determined for one participant. Overall, the genotype 

distributions did not deviate from Hardy-Weinberg Equilibrium (TT=157, TC=273, CC=149; 

X2 = 1.87, df=1, p=.17). As the main effects of SLE, Family Relations and Sex on impulsivity 

have been described in previous papers (Laas et al., 2014; M. Paaver et al., 2008; Reif et al., 

2011), these will not be discussed here. There were no significant associations between the 

DRD2 genotype and the number of SLE or the scores on Family Relations questionnaires 

(p>.05 in all cases). Neither did we find any significant main effects of DRD2 on the 
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impulsivity or alcohol use measures. An overview of the number of participants whose data 

were used in the current analyses is shown in Supplementary table 1.  

 

 

3.1 The effects of DRD2, SLE and Sex interactions on self-reported impulsivity 

The complete results from GEE analyses with DRD2 rs6277 genotype, Sex and SLE 

on self-reported impulsivity measures across three study waves are shown in Supplementary 

Table 2, and the results from three-way ANOVAs within each study wave are presented in 

Supplementary table 4. The significant results will be outlined here. GEE analyses showed a 

marginally significant three-way interaction (χ2=5.567, p=.062) on Thoughtlessness across 

three study waves, and ANOVA analyses on separate study waves showed a significant three-

way DRD2×SLE×Sex interaction on Thoughtlessness scores at age 25, F(2, 366)=3.260, 

p=.040, partial 2=.018, π=.618. Further division of the participants by Sex did not reveal any 

significant DRD2×ELS interactions, p>.05 in both cases. Marginally significant two-way 

DRD2×SLE interaction on Maladaptive Impulsivity was found across all study waves (GEE; 

χ2=5.537, p=.063), and such interaction was most pronounced at age 15, F(2, 460)=4.585, 

p=.011, partial 2=.020, π=.776. Post hoc comparisons showed that CC/High SLE and 

TT/High SLE groups scored significantly higher on Maladaptive Impulsivity compared to the 

respective Low SLE groups, and CC/High SLE group additionally scored higher than TC 

heterozygotes on Maladaptive Impulsivity. The DRD2×SLE interaction was also apparent at 

ages 18 and 25, although the analyses did not reach statistical significance, p>.05 in both 

cases (see Figure 1). The DRD2×SLE interaction on Maladaptive Impulsivity at age 15 was 

driven by Thoughtlessness subscale, F(2, 460)=6.221, p=.002, partial 2=.026, π=.893,  

(Supplementary table 2), with the scores following a pattern similar to the DRD2×SLE 

interaction on Maladaptive Impulsivity (see Supplementary figure 1).  
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GEE analyses also showed a marginally significant DRD2×Sex interaction on 

Maladaptive Impulsivity (χ2=5.918, p=.052), and particularly on the Disinhibition subscale 

across the study waves (χ2=7.067, p=.029). ANOVA analyses showed that this effect was 

particularly pronounced at age 18, F(2, 383)=3.742, p=.025, partial 2=.019, π=.683. Post 

hoc analyses indicated that female TC heterozygotes scored significantly higher on 

Maladaptive Impulsivity compared to male TC heterozygotes at age 18 (see Supplementary 

figure 2).  

 

 

*Figure 1* 

 

 

 

3.2 The effects of DRD2, Maltreatment and Sex interactions on self-reported impulsivity 

The results from longitudinal GEE analyses focussing on the effects of DRD2 

genotype, Sex and Family Relations on self-reported impulsivity can be seen in 

Supplementary Table 3 and the results from three-way ANOVA analyses on individual study 

waves are shown in  Supplementary table 5. No significant three-way interactions emerged 

from the GEE, but the results showed a DRD2×Maltreatment effect on Maladaptive 

Impulsivity (χ2=7.732, p=.021), and its subcomponents Thoughtlessness (χ2=6.317, p=.042) 

and Disinhibition (χ2=9.007, p=.011). ANOVA analyses showed that the interaction was 

particularly apparent at age 15, F(2, 452)=3.902, p=.021, partial 2=.017, π=.703, and driven 

by Thoughtlessness subscale, F(2, 452)=3.941, p=.020, partial 2=.017, π=.708. Post hoc 

analyses showed that CC/High Maltreatment group generally scored higher on the composite 

Maladaptive Impulsivity scale (see Figure 2), as well as on the Thoughtlessness subscale (see 

Supplementary figure 3) compared to other groups. Figure 2 further shows that the 

differential sensitivity to Maltreatment in CC homozygotes can shows a similar pattern  at 
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ages 18 and 25. Further analyses on the Family Relations subcomponents showed a 

DRD2×Abuse interaction on Maladaptive Impulsivity, F(2, 459)=5.418, p=.005, partial 

2=.023, π=.845, and especially on Thoughtlessness subscale at age 15, F(2, 459)=5.693, 

p=.004, partial 2=.024, π=.863. Post hoc analyses showed that TT and CC homozygotes 

(particularly the latter), from the High Abuse group had heightened Maladaptive Impulsivity 

scores compared to the same genotype Low Abuse groups (see Supplementary figure 4). 

Thoughtlessness scores followed a similar pattern (see Supplementary figure 5). 

 

 

*Figure 2* 

 

 

 

Additionally, a DRD2×Maltreatment interaction on the Adaptive Impulsivity 

subcomponent of Excitement Seeking was seen at age 25, F(2, 360)=3.447, p=.033, partial 

2=.019, π=.644, with TT/High Maltreatment group showing reduced Excitement-seeking 

scores compared to TT/Low Maltreatment, TC/Low Maltreatment, and CC/High 

Maltreatment groups (see Supplementary figure 6), but GEE analysis results were non-

significant, p>.05.  

 

3.3 The effects of DRD2, Warmth and Sex interactions on self-reported impulsivity 

No significant three-way interactions of DRD2 genotype, Sex and Warmth emerged 

on the composite scores of Maladaptive or Adaptive impulsivity (Supplementary Tables 3 

and 5). However, a marginally significant DRD2×Warmth interaction on the Thoughtlessness 

subscale was found across the study waves (χ2=4.871, p=.088), and ANOVA analyses on the 

separate study waves showed that this interaction was most pronounced at age 25, F(2, 

360)=3.491, p=.032, partial 2=.019, π=.650, whereby Low Warmth was associated with 

higher scores of Thoughtlessness in CC carriers when compared to CC and TT homozygotes 
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from the High Warmth groups (Figure 3). Further analyses on Warmth subcomponents 

showed a DRD2×Support interaction on Thoughtlessness at age 25, F(2, 366)=3.520, p=.031, 

partial 2=.019, π=.654, and a three-way DRD2×Support×Sex interaction, F(2, 366)=3.940, 

p=.020, partial 2=.021, π=.707. Follow-up two-way ANOVA on the male subsample 

showed a significant main effect of Support, F(1, 157)=4.465, p=.036, partial 2=.028, 

π=.556, and a significant DRD2×Support interaction, F(2, 157)=3.846, p=.023, partial 

2=.047, π=.691, whereby most notably the CC/High Support group males displayed 

decreased Thoughtlessness scores compared to other groups. In the female subsample, the 

two-way ANOVA also showed a significant DRD2×Support interaction, F(2, 209)=3.612, 

p=.029, partial 2=.033, π=.633, with post hoc pairwise comparisons showing that TT/High 

Support group showed lower Thoughtlessness scores compared to TT/Low Support and 

TC/High support groups (Figure 4). 

 

 

*Figure 3* 

 

*Figure 4* 

 

 

 

3.4 The effects of DRD2, SLE/Family Relations and Sex interactions on behavioural 

measures of impulsivity 

Analyses of the SST outcomes showed a marginally significant DRD2×SLE 

interaction on commission errors, F(2, 338)=2.438, p=.089, partial 2=.014, π=.489 (Figure 

5a) and on SSRT, F(2, 308)=2.677, p=.070, partial 2=.017, π=.529 (Figure 5c). There was 

also a marginally significant main effect of DRD2 genotype, F(2, 338)=2.591, p=.076, partial 

2=.017, π=.515, on the mean Go reaction time, with CC homozygotes being slower than TC 

heterozygotes and TT homozygotes. A significant DRD2×Sex interaction also emerged, F(2, 

338)=2.845, p=.030, partial 2=.021, π=.659, whereby TT homozygous males had faster 
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reaction times than all other groups, p<.05 in all cases. Additionally, the results showed a 

marginally significant DRD2×SLE interaction on the mean Go reaction time, F(2, 

338)=2.845, p=.060, partial 2=.017, π=.556 (Figure 5d). Similarly, a marginally significant 

DRD2xMaltreatment interaction occurred on the mean Go reaction time, F(2, 336)=2.703, 

p=.068, partial 2=.016, π=.533, which followed a pattern similar to that seen in the case of 

DRD2×SLE interaction on Figure 5d. No significant main effects of DRD2 or its interactions 

with Sex, SLE, or Family Relations emerged on omission errors (Figure 5b), p>.05 in all 

cases. No significant main effects of DRD2 or its interactions with Sex, SLE or Family 

Relations emerged from the VCT, p>.05 in all cases.  

 

*Figure 5* 

 

 

3.5 The effects of DRD2, SLE/Family Relations and Sex on alcohol use 

GEE with DRD2 genotype, SLE and Sex as predictor variables showed a marginally 

significant DRD2×SLE interaction (χ2=4.971, p=.083), as well as a three-way 

DRD2×SLE×Sex interaction (χ2=5.007, p=.082) on the frequency of alcohol use across study 

waves. Three-way ANOVAs on separate study waves showed that the  DRD2×SLE and 

DRD2×SLE×Sex interactions were most pronounced at age 15 (F(2, 440)=4.239, p=.015, 

partial 2=.019, π=.741, and F(2, 440)=3.234, p=.040, partial 2=.014, π=.615, respectively). 

Follow-up two-way ANOVA on the male subsample only showed a significant main effect of 

SLE, F(1, 200)=15.885, p<.001, partial 2=.069, π=.978, whereby males who had 

experienced a higher number of SLE generally consumed more alcohol than the low SLE 

males. Follow-up two-way ANOVA in the female subsample showed a significant main 

effect of SLE, F(1, 240)=15.068, p<.001, partial 2=.059, π=.972, and a significant 
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DRD2×SLE interaction, F(2, 240)=9.584, p<.001, partial 2=.074, π=.980. Post hoc 

comparisons indicated that TT/High SLE and CC/High SLE groups consumed significantly 

more alcohol than the respective low SLE groups (Figure 6). 

 

*Figure 6* 

 

 

There was a significant DRD2×Warmth interaction on the frequency of alcohol use at age 25, 

F(2, 358)=3.412, p=.034, partial 2=.019, π=640. Post hoc comparisons showed that the 

difference emerged from the CC genotype group, whereby CC/Low Warmth group engaged 

in drinking significantly more frequently, compared to the CC/High Warmth group (Figure 

7). Follow-up investigations into the warmth subcomponents produced interactions only at a 

marginal significance level, DRD2×Closeness, F(2, 360)=2.893, p=.057, partial 2=.016, 

π=.564,  DRD2×Support, F(2, 364)=2.497, p=.084, partial 2=.014, π=.500. GEE and 

ANOVA analyses the age of first consumption and lifetime prevalence of AUD did not reach 

statistical significance, p>.05 in all cases. 

 

*Figure 7* 

 

3.6 The effects of DRD2 and Sex on personality traits 

The secondary, exploratory analyses on the effect of DRD2 genotype on personality traits 

showed a significant effect of DRD2 rs6277 genotype on Agreeableness, F(2,260)=4.8, 

p=.009, Conscientiousness, F(2, 260)=4.8, p=.009, and Neuroticism, F(2,260)=3.7, p=.027 in 

the female subsample at age 9. The results showed a possible heterozygosity effect, whereby 

the TC carriers showed highest Neuroticism scores, and lowest Agreeableness and 
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Conscientiousness scores compared to other genotype carriers. However, there were no 

consistent associations between DRD2 rs6277 and personality traits in the follow-up 

analyses. More information on these analyses can be seen in a Supplementary Table 6.  

 

 

4. Discussion 

The aim of this study was to further explore the previously found DRD2 rs6277 and 

childhood adversity interaction on response inhibition (Klaus et al., 2017) by investigating 

the DRD2×environment×sex interactions on measures of behavioural and self-reported 

impulsivity in a population-representative sample. We first hypothesised that the experience 

of SLE and family maltreatment before the age of 15 leads to higher self-reported 

maladaptive and lower adaptive impulsivity scores, and to poorer performance on the 

behavioural impulsivity tests in the DRD2 rs6277 CC homozygotes compared to other 

groups, and that the genotype-stress interaction is more pronounced in males compared to 

females. No consistent pattern of three-way interactions on the self-reported or behavioural 

impulsivity measures was seen. However, two-way DRD2×environment analyses showed 

that either CC genotype carriers, or both CC and TT carriers were most sensitive to the 

effects of adverse environment. We found that a higher number of SLE were associated with 

elevated maladaptive impulsivity and thoughtlessness scores in CC and TT homozygotes at 

age 15. A higher level of abusive family relations resulted in elevated maladaptive 

impulsivity and thoughtlessness primarily in CC homozygotes at age 15. These scores 

followed a similar pattern at ages 18 and 25. We further detected a marginally significant 

DRD2×SLE interaction on the measure of commission errors, SSRT and mean Go reaction 

time in SST. The mean number of commission errors, which is equivalent to the measure of 

false alarms in the RVP, followed a pattern similar to that found in our previous study (Klaus 
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et al., 2017), whereby the CC/High SLE group showed slightly inferior performance 

compared to the CC/Low SLE group. Altogether, these findings from the current study 

suggest that DRD2 and childhood or youth adversity interact to affect facets of impulsivity, 

but the interactions were more pronounced for the self-report measures and our first 

hypothesis was therefore only partially supported.  

The marginally significant findings from the SST and the non-significant findings 

from VCT are in line with those found by White and colleagues (2009), who reported a non-

significant rs6277 and acute stress interaction from a GoStop task, despite significant 

interactions on a reward responsiveness and delay discounting tasks. The discordance with 

the findings from our own previous study (Klaus et al., 2017) may partly be explained by the 

age of the participant population. The mean age of the participants used in White and 

colleagues’ study (2009) study was 19.3 years (SD=1.89), rather similarly to the current study 

population. On the other hand, our previous study population had the mean age of 35.2 years 

(SD=11.32; Klaus et al., 2017) and it has been suggested that the effect of DRD2 rs6277 on 

response inhibition may be magnified by ageing (Colzato et al., 2013). A general decline in 

the dopaminergic functioning takes place from early to late adulthood, with gradual 

reductions seen in the number of dopaminergic cell bodies, synapses, as well as brain 

dopamine levels (Bäckman, Nyberg, Lindenberger, Li, & Farde, 2006). Furthermore, age-

related decreases in D2 receptor binding have been noted throughout the brain, including the 

striatum and neocortex (Li, Lindenberger, Nyberg, Heekeren, & Bäckman, 2009). On 

behavioural level, reduced striatal D2 receptor availability has been associated with impaired 

behavioural inhibition in animal (Eagle et al., 2011) and human studies (Hamidovic, Dlugos, 

Skol, Palmer, & de Wit, 2009), perhaps via indirect effects on PFC dopaminergic signalling 

(Kellendonk et al., 2006). The DRD2 rs6277 CC homozygotes have fewer available striatal 

D2 receptors and potentially higher striatal dopamine levels compared to TT and TC carriers 
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(Smith et al., 2017) and environmental stressors additionally increase the striatal (Pruessner, 

Champagne, Meaney, & Dagher, 2004) and decrease prefrontal dopamine levels (Mizoguchi, 

Shoji, Ikeda, Tanaka, & Tabira, 2008). It may be therefore proposed that further age-related 

decreases in D2 receptor availability may be progressively unfavourable to CC homozygotes 

with advancing age, leading to impaired response inhibition. Indeed, further investigations 

into the age-related factors in our previous study showed that the effects of DRD2 genotype 

on executive function test outcomes (Spatial Working Memory and RVP) were driven by the 

participants over 40 years of age (data not shown; Klaus et al., 2017). The findings may 

therefore suggest that age-related decreases in dopamine function push the CC homozygotes 

further towards the far end of the inverted U-shaped dopamine curve (Cools & D'Esposito, 

2011). 

According to our second hypothesis, we expected warm family relations to contribute 

to decreased maladaptive impulsivity, increased adaptive impulsivity, and better performance 

on the behavioural impulsivity tests in the CC homozygotes compared to other groups, but 

that the male CC carriers would benefit more from family warmth. The mean self-reported 

thoughtlessness scores at age 25 indeed followed the expected direction. Further investigation 

into warmth subcomponents showed a DRD2×familial support×sex interaction, whereby a 

high level of family support was associated with reduced thoughtlessness in CC males. 

However, in the female subsample, the High Support group exhibited thoughtlessness scores 

indicative of a U-shaped dopamine function (discussed below). Altogether, these findings 

may provide some evidence for the theory that learning and positive parenting develop self-

regulatory skills for managing emotions and impulses (Daruna & Barnes, 1993), and the 

individuals genetically most susceptible to stress may show the greatest benefit from these 

positive experiences (Belsky & Pluess, 2009). However, the lack of DRD2×warmth×sex 

interactions on adaptive impulsivity measures suggests that supportive environment reduces 
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dysfunctional impulsivity traits, it does not enhance functional impulsivity. Furthermore, no 

significant three-way interactions, nor DRD2×favourable environment interactions emerged 

from the behavioural impulsivity tests and the second hypothesis is therefore also partially 

supported. 

We hypothesised that the findings on alcohol use would follow in a similar vein to the 

results from the behavioural and self-reported maladaptive impulsivity measures. In line with 

the results on self-reported thoughtlessness, we found a DRD2×SLE×Sex interaction on 

alcohol use frequency across three study waves, which was most apparent at age 15. Further 

inspection of male and female samples showed that the DRD2×SLE interaction was only 

seen in the female subsample, with the findings potentially being indicative of the inverted U-

shaped dopamine function in the High SLE group, and the opposite pattern being exhibited 

by the Low SLE group. As with the findings on thoughtlessness, there was also some 

evidence of warmer family relations being associated with reduced alcohol consumption in 

CC carriers at the age of 25 (although no sex differences were seen here). The similar pattern 

of findings in self-reported impulsivity and alcohol use data is perhaps not surprising, as the 

link between impulsive behaviour and alcohol use (and AUD) is well-established, whereby 

AUD is associated with higher levels of impulsivity (Dick et al., 2010). It has been proposed 

that this association may stem from a bidirectional relationship between the two constructs, 

whereby impulsivity leads to alcohol abuse, but dysregulated alcohol intake may also 

enhance impulsivity (Perry & Carroll, 2008). 

As noted above, TT homozygotes with a history of SLE and/or maltreatment followed 

a pattern similar to the CC homozygotes in many of the self-reported impulsivity outcomes 

and in alcohol use frequency (and a possible rs6277 heterozygosity effect was also seen in the 

personality data). These findings further provide evidence for the non-linear nature of 

dopamine function, which suggests that intermediate levels of dopamine may be needed for 
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optimal cognitive function (Cools & D'Esposito, 2011). The similar findings in CC and TT 

carriers, and the further interaction with environmental stressors may partly explain why 

studies investigating the effects of DRD2 rs6277 genotype on cognitive outcomes have 

produced inconsistent results with some studies reporting TT homozygotes showing inferior 

performance (Colzato, van den Wildenberg, et al., 2010; Kawamura et al., 2013) and other 

studies reporting poorer performance in CC homozygotes (Klaus et al., 2017; Rodriguez-

Jimenez et al., 2006; Xu et al., 2007).  

Whereas some genotype×environment×sex interactions were detected, overall the 

three-way interactions were not consistently seen. Although oestrogen affects dopamine 

release in both striatal (Czoty et al., 2009) and prefrontal regions, and impacts on DRD2 

expression in the PFC (Sarvari et al., 2014), the results from the current study suggest that the 

effects of sex hormones on D2 receptor availability may not be sufficient to produce a strong 

impact on behavioural and personality measures. This is perhaps not unexpected, as no 

differences or only small differences have been noted in the basal D2 receptor binding 

potential in the striatum when comparing males and females (Munro et al., 2006; Pohjalainen, 

Rinne, Nagren, Syvalahti, & Hietala, 1998) and no significant differences have been detected 

between males and females in the response inhibition task performance (Colzato, Hertsig, van 

den Wildenberg, & Hommel, 2010).  However, it could also be that the results presented here 

lacked sufficient statistical power to detect sex differences.  In the cases where 

DRD2×environment×sex and DRD2xSex interactions were detected (in the context of 

Maladaptive impulsivity and alcohol use), the findings point to the non-linear nature of 

dopamine function, particularly in the female sample, which warrants further investigation in 

future studies. 

Interestingly, there were no correlations between the self-reported and behavioural 

impulsivity measures in our findings (see Supplementary Tables 7a and 7b) similarly to 
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previous studies (e.g., Lane, Cherek, Rhoades, Pietras, & Tcheremissine, 2003; Mitchell, 

1999; Reynolds, Ortengren, Richards, & de Wit, 2006), and it might be argued that these 

methods measure fundamentally different facets or traits. Indeed, behavioural impulsivity 

measures are objective, whereas self-report measures rely on one’s perception of oneself in 

relation to other people and these self-perceptions may sometimes be inaccurate (Reynolds et 

al., 2006). Our findings may therefore suggest that CC carriers who have experienced adverse 

events in childhood perceive themselves as being more maladaptively impulsive, whereas the 

opposite is true if the CC carriers have been reared in a supportive family environment.  

Some limitations should be considered. Firstly, in the absence of information on other 

dopaminergic gene variants and basal dopamine levels, DRD2 rs6277 gives only an 

approximate idea of the individual's dopaminergic function and their position on the inverted 

U. Furthermore, the inverted U hypothesis mentioned throughout the manuscript is a part of 

the bigger picture, since the relationship between dopamine, different brain areas and 

cognitive functioning is not yet clear –  dopaminergic function differs depending on the brain 

regions, neural circuits, polymorphisms and cognitive functions under investigation (Jeffrey 

W Dalley & Robbins, 2017; Floresco, 2013). Secondly, the self-report method for measuring 

SLE and family relations may have resulted in underreporting of the life experiences (Laas et 

al., 2014), and would therefore need further attention in future studies. Also, the difference in 

the cognitive tasks used in this and previous study (VCT and SST vs RVP) prevented direct 

comparison of the results across the two samples. This limitation was partly overcome by 

separately investigating the outcome measure of commission errors (false hits on a No-Go 

trial) in the SST, which is thought to be similar to the measure of false alarms in the RVP 

task. However, future studies could implement tasks more comparable to the one used in our 

previous study (Klaus et al., 2017) such as RVP. Finally, as the participants’ age might have 

contributed to the differential findings from the behavioural tests between this and the 
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previous study, future studies are also needed to investigate the moderating effect of age on 

the association between the DRD2 rs6277 genotype, stress and impulsivity. 

In sum, this study extended our previous findings (Klaus et al., 2017) and showed that 

DRD2 rs6277 polymorphism interacts with SLE and family environment in affecting aspects 

of self-reported impulsivity, with CC homozygotes generally showing heightened 

maladaptive impulsivity in the context of adverse environment. On the other hand, there was 

some evidence of CC carrier males benefitting from supportive family relations by showing 

lower levels of thoughtlessness. Genotype-environment interactive effects, and further 

interaction with sex was also evident in alcohol drinking habits. Results from the behavioural 

impulsivity tests showed only marginally significant DRD2×SLE interactions. Overall, these 

results expand our previous findings (Klaus et al., 2017) by showing that DRD2 rs6277 

polymorphism interacts with childhood and youth adverse and supportive experiences to 

affect facets of impulsivity. 
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