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Highlights	
● The short allele of 120 bp tandem duplication polymorphism was associated 

with substance use disorder within an ADHD sample.	

● The 120 bp duplication was not associated with ADHD within a sample of 

crack/cocaine addicts.	

● The 120 bp duplication was not associated with susceptibility to ADHD or to 

crack/cocaine addiction. 	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



Abstract	
Background: Most individuals with attention-deficit/hyperactivity disorder (ADHD) 

present one or more psychiatric comorbidities and substance use disorder (SUD) is 

one of the most frequent in adults. The dopaminergic system is related to the 

pathogenesis of externalizing disorders, which includes both ADHD and SUD. Thus, 

the aim of this study was to evaluate the effects of the 120 bp tandem duplication of 

the DRD4 gene in the susceptibility to ADHD in adults and to crack/cocaine 

addiction, as well as to evaluate the associated comorbidities in these two 

independent samples. 	
Methods: The sample is composed by 555 adults with ADHD, 296 crack/cocaine 

addicts and 635 blood donors as control group. Association analysis for primary 

outcomes and comorbidities were performed using binary logistic regression. 	
Results: Regarding susceptibility to ADHD and crack/cocaine addiction, we did not 

observe a significant association between the 120 bp duplication polymorphism and 

the disorders (p = 0.669, OR = 0.95; p = 0.559, OR = 1.167; respectively). However, 

evaluating the presence of comorbid SUD within the ADHD sample, it was observed 

that short allele carriers are at higher risk of developing SUD than homozygotes for 

the long allele (p = 0.023; OR = 1.679) and this effect was stronger for non-alcohol 

substance use (p = 0.010; OR = 2.085).	
Conclusion: Our results suggest that the short allele of the 120 bp tandem 

duplication of DRD4 gene influences the susceptibility to SUD when in simultaneous 

presence of ADHD.	
	

	

Keywords: Attention-deficit/hyperactivity disorder, substance use disorder, 
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1. Introduction	
Genetic factors are involved in the susceptibility and modulation of most 

psychiatric disorders. In this sense, several genetic association studies have been 

conducted to better understand this contribution, with the effects of many genetic 

variants being detected (Price et al., 2015; Sullivan et al., 2014). Nevertheless, the 

majority of variants associated with psychiatric conditions show small effects and 

many of these were not further replicated (Manolio et al., 2009; Visscher et al., 

2012). The inconsistency between study results may be due to the fact that complex 

disorders are the outcome of elaborated interplay involving factors such as 

pleiotropy, epistasis, and gene-environment interactions (Acosta et al., 2004). The 

effect of this complex interplay, in which pleiotropic or epistatic mechanisms act 

along with environmental factors, may explain the high prevalence of comorbidities in 

psychiatric disorders. Moreover, the presence of overlapping genetic factors in 

complex disorders indicates that the same gene or genes might be associated with 

diverse and simultaneous phenotypes (Sivakumaran et al., 2011; Stevenson et al., 

1993).  	
Important progress has been made to elucidate the etiological underpinnings 

of several mental disorders and advances in behavioural genetics are giving support 

to a trait-based approach regarding the characterization of psychopathologies 

(Beauchaine and Thayer, 2015). Patterns of functional interaction among a restricted 

number of brain systems are shown to lead to vulnerability to either or both 

internalizing and externalizing behaviours (Beauchaine and Thayer, 2015). As an 

example, impulsivity is a trait that confers vulnerability to externalizing disorders, 

such as the hyperactive/impulsive and combined presentations of attention-

deficit/hyperactivity disorder (ADHD), substance use disorders (SUD), conduct 

disorder and oppositional defiant disorder (Beauchaine and McNulty, 2013; Zisner 

and Beauchaine, 2016).	
ADHD is a highly prevalent and heritable neuropsychiatric disorder. Most of 

the individuals with ADHD present one or more psychiatric comorbidities and SUD is 

one of the most frequent in adults (Kessler et al., 2006). Moreover, adults with ADHD 

are at higher risk of developing a SUD than individuals without ADHD (Biederman et 

al., 1998; Charach et al., 2011).	
        As mentioned above, psychiatric disorders associated with comorbidities are 

more likely to be influenced by pleiotropic effects of common genes. In this sense, 

dopamine receptors genes have been extensively studied in psychiatric genetics and 

can be considered as pleiotropic genes (Abdolmaleky et al., 2005). One of the main 

pathophysiology theories of ADHD suggests that irregularities of dopamine 



neurotransmission are in the centre of the neurobiology of this disorder (Tripp and 

Wickens, 2009). Furthermore, it is known that the hypofunctioning of the mesolimbic 

dopamine system is implicated in the pathogenesis of externalizing disorders, 

including ADHD and SUD (Zisner and Beauchaine, 2016). Following this theory, 

several candidate gene association studies have reported effects of variants in the 

dopamine D4 receptor gene (DRD4) in ADHD susceptibility (Kirley et al., 2002; Stark 

et al., 2011), including a meta-analysis (Gizer et al., 2009).  Polymorphisms in this 

gene also have been associated with substance use, involving opioid abuse (Kotler 

et al., 1997), cigarette smoking (Shields et al., 1998), urge to drink (Hutchison et al., 

2002) and the use of other illicit drugs (Mallard et al., 2016). Other associations with 

behavioural disorders, such as schizophrenia, major depressive disorder (Gatt et al., 

2015) and pathological gambling (Perez de Castro et al., 1997) have also been 

reported.       	
The majority of studies with ADHD have focused on the variable number of 

tandem repeats (VNTR) polymorphism of 48 bp located in the third exon of DRD4, in 

which the 7-repeat variant was considered the risk allele in many investigations. This 

is in line with the evidence showing that this variant encodes a receptor subsensitive 

to endogenous dopamine (Asghari et al., 1995). Another polymorphism studied in the 

DRD4 gene, is a tandem duplication of 120 bp located 1.2 kb upstream of the start 

codon (Seaman et al., 1999). The duplicated region contains consensus sequences 

for binding sites of several transcription factors (Barr et al., 2001), thus influencing 

the transcription rates. The long allele (240 bp) of this polymorphism presents a 

lower transcriptional activity in vitro when compared to the short allele (120 bp) 

(D’Souza et al., 2004; Kereszturi et al., 2007). Several studies verified the influence 

of the 120 bp duplication in psychiatric disorders, and it has been associated to 

ADHD (Ghosh et al., 2013; Kereszturi et al., 2007; Kustanovich et al., 2004; Loo et 

al., 2008; Mccracken et al., 2000), SUD (Li et al., 2004; Prasad et al., 2013) and 

schizophrenia (Lai et al., 2010).	
Considering the evidence that externalizing disorders can share common 

genetic factors (Acosta et al., 2004; Arcos-Burgos et al., 2012) and that a dysfunction 

of dopaminergic system is related to the pathogenesis of these disorders (Zisner and 

Beauchaine, 2016), we hypothesize that a decrease in the levels of dopaminergic 

receptors, as a result of altered transcription of DRD4 gene, could influence the 

susceptibility to externalizing disorders. In this sense, the aim of this study was to 

evaluate the effects of the 120 bp tandem duplication of the DRD4 gene in the 

susceptibility to ADHD in adults and to crack/cocaine addiction, as well as to 

evaluate the associated comorbidities in these two independent samples. 	



2. Material and Methods	
	

2.1 Sample	
 The sample is composed by 555 adults with ADHD recruited from the Adult 

Division of the ADHD Outpatient Program at the Hospital de Clínicas de Porto Alegre 

(HCPA). The included individuals were 18 years or older and are unrelated Brazilians 

of European descent, diagnosed according to DSM-IV (Diagnostic and Statistical 

Manual of Mental Disorders, 4th edition) criteria (APA, 1994). Diagnostic procedures 

were carried out through semi-structured interviews with the Portuguese version of 

the Schedule for Affective Disorders and Schizophrenia for School-Age Children – 

Epidemiological version (K-SADS-E) for ADHD (Grevet et al., 2005). Other 

psychiatric comorbidities were assessed through SCID-I (Structured Clinical 

Interview for DSM Axis I Disorders). Individuals were excluded if they presented a 

neurological disorder with the potential to affect cognition (e.g., delirium, dementia, 

epilepsy, head trauma, multiple sclerosis), history of psychosis and/or an estimated 

IQ score lower than 70. Detailed sample characteristics are presented in Table 1.	
 The control group comprises 635 blood donors of the same hospital where 

cases were recruited. The inclusion and exclusion criteria were similar to the ADHD 

group, except for the DSM-IV ADHD diagnosis. Other psychiatric disorders were 

examined through the structured clinical interview for DSM-IV screening module – 

SCID-I for the Axis I psychiatric disorders (First et al., 2002) (Table 1).	
 This study also included a sample composed by 296 crack/cocaine addicts 

who sought specialized treatment in free and voluntary hospital addiction units. 

Diagnoses were based on clinical and structured interviews following the DSM-IV 

criteria. The Adult ADHD Self-Report Scale (ASRS) was used for the screening of 

ADHD and other psychiatric disorders were evaluated using the Mini-International 

Neuropsychiatric Interview (MINI). The included subjects in this study had a positive 

result for cocaine in urine test, were diagnosed with crack/cocaine addiction 

according to the DSM-IV and are white Brazilians aged 18 years or older. Individuals 

were excluded if they presented schizophrenia or other psychotic disorders and/or 

severe cognitive deficit that would impair the capacity of answering the instruments 

(Table 1).	
This work was carried out in accordance with the Declaration of Helsinki and 

all participants signed an informed consent approved by the Research Ethics 

Committee of the participating institutions.	
	



2.2 Genotyping and SNP selection	
 The polymorphism evaluated was the 120 bp tandem duplication in DRD4 

gene. It was selected based on the following criteria: previous evidence of 

association with psychiatric disorders, description of SNP functionality and minor 

allele frequency higher than 10%. DNA extraction was carried out from peripheral 

blood using the salting out method (Lahiri and Nurnberger, 1991). The polymorphism 

was genotyped by Polymerase Chain Reaction (PCR) according to Seaman et al. 

(1999), followed by 1.5% agarose gel electrophoresis. Genotype distributions were in 

Hardy-Weinberg Equilibrium.	

	
2.3 Statistical analyses	
 Association analyses between the polymorphism and the outcome (ADHD 

diagnosis or crack/cocaine dependence) were performed using binary logistic 

regression in SPSS software version 18.0 (IBM Corp, 2011). Potential confounders 

were included as covariates when associated (p<0.2) with both the outcome and the 

evaluated polymorphism (Maldonado and Greenland, 1993). Considering ADHD as 

the outcome, the potential confounders evaluated were age, gender, ADHD subtype, 

SUD, and other comorbid conditions (e.g. anxiety and mood disorders). For the 

crack/cocaine dependence outcome, subjects diagnosed with any SUD in the control 

sample were excluded from the case-control analysis and the potential confounders 

evaluated were age, gender, nicotine use and ADHD. 	
Additionally, the comorbidities evaluated within the ADHD sample were 

SUDs, which include alcohol dependence/abuse and non-alcohol substance use 

disorders, with the exception of nicotine dependence that was analysed separately. 

In this analysis the potential confounders investigated were age, gender and ADHD 

subtype. In further analysis restricted to the crack/cocaine addicts sample, it was 

evaluated the presence of ADHD as a comorbidity and the potential confounders 

assessed were age, gender and nicotine use.  	
 All tests were carried out grouping genotypes according to their frequencies 

(i.e. heterozygotes and homozygotes for the minor allele were assembled and 

compared to homozygotes for the major allele).	
	

3. Results	
 We conducted an association analysis between the DRD4 120 bp tandem 

duplication and ADHD in order to assess the effects of this polymorphism on ADHD 

susceptibility. The case-control analysis did not reveal a significant association 



(p=0.669; OR (CI95%)=0.95 (0.74-1.21); Table 2). However, when evaluating 

comorbidities within the ADHD sample, it was observed that short allele (S) carriers 

are at higher risk of developing SUD than homozygotes for the long allele (L) 

(p=0.023; OR (CI95%)=1.68 (1.07-2.63); Table 3). We analysed the use of different 

substances separately and observed that the detected effect seems to be related to 

non-alcohol substance use disorders (p=0.010; OR (CI95%)=2.08 (1.19-3.64); Table 

3), considering that there is no significant difference for alcohol dependence/abuse 

(p=0.150; OR (CI95%)=1.44 (0.88-2.38); Table 3) or nicotine dependence (p=0.385; 

OR (CI95%)=1.16 (0.82-1.65); Table 3). 	
 Following, in order to further understand the effects of the 120 bp duplication 

in SUD we evaluated its effects on crack/cocaine addiction. The case-control 

analysis did not show a significant association between the evaluated polymorphism 

and SUD susceptibility (p=0.559; OR (CI95%)=0.92 (0.69-1.22); Table 4). When 

evaluating the presence of ADHD as comorbidity in the crack/cocaine addicts 

sample, we did not find a significant association between the 120 bp duplication and 

ADHD in this sample (p=0.111; OR (CI95%)=1.601 (0.89-2.85); Table 5). 	
	

4. Discussion	
The present study demonstrated that the 120 bp tandem duplication of DRD4 

gene influences the susceptibility to SUD when in concomitant presence of ADHD, in 

which the short allele carriers seem to have higher risk of developing SUD than 

homozygotes for the long allele. This effect on SUD susceptibility seems to be 

related to the presence of both disorders jointly as no association was observed 

when analyzing SUD in a sample of crack/cocaine addicts regardless of 

comorbidities. We explored whether the 120 bp tandem duplication would also be 

associated with comorbid ADHD in the crack/cocaine sample, but no significant 

results were found. 	
The lack of association between the 120 bp tandem duplication and 

susceptibility to ADHD or to crack/cocaine addiction, along with our findings on the 

comorbid presence of ADHD and SUD, reinforce the need for investigation of 

predictors of comorbidity. The higher frequency of comorbidities in psychiatric 

disorders in addition to evidence from Genome-Wide Association Studies (GWAS) 

demonstrating that a considerable proportion of the genetic variants affecting 

comorbid phenotypes do not affect the phenotype alone (Edwards et al., 2012) also 

is consistent with this idea.  It is particularly important to investigate these predictors 

when the psychiatric disorders have such negative consequences like SUDs. Several 

authors mention the importance of conduct disorder as a predictor of SUDs (August 



et al., 2006; Costello et al., 2003; Looby, 2008). In this sense, Brook et al. (2010) 

observed that conduct disorder plays a mediating role in the association between 

ADHD and SUDs. Ghosh et al. (2013) found an association of the short allele of the 

120 bp duplication with conduct disorder in childhood ADHD. Interestingly, the short 

allele was associated to SUD comorbidity in ADHD in our study. These results could 

represent shared underlying mechanisms between comorbid conduct disorder and 

SUD in ADHD.	
To our knowledge, this is the first study exploring the effects of the 120 bp 

duplication on comorbid SUD in adults with ADHD. Several studies have explored 

the influence of this polymorphism in ADHD alone, but the results are controversial. 

Similar to the results presented here, some studies found no association (Barr et al., 

2001; Bhaduri et al., 2006; Brookes et al., 2005; Todd et al., 2001) while others 

identified the long or the short allele as a risk factor for ADHD (Kereszturi et al., 

2007; Kustanovich et al., 2004; Mccracken et al., 2000). The meta-analysis 

performed by Gizer et al. (2009) did not show significant association between 

childhood ADHD and this polymorphism. However, a significant effect of 

heterogeneity was observed, indicating that differences between studies may explain 

discrepancies in the results. Thus, the lack of association and the inconsistency 

between reports could be due to clinical differences of the sample, for example, 

regarding the comorbidity profile. Another meta-analysis with ADHD, this time in 

adults, also did not implicate the polymorphism with the disorder (Sanchez-Mora et 

al., 2011). 	
Considering other psychiatric disorders, especially studies related to SUD, no 

association was found with heroin dependence (Szilagyi et al., 2005; Vereczkei et al., 

2013), whereas other studies suggest that the long allele may confer susceptibility 

to alcohol abuse/dependence (Prasad et al., 2013) and the short allele may be 

related to higher scores of novelty seeking in alcoholic families (Rogers et al., 2004), 

as well as to methamphetamine abuse in a haplotypic analysis (Li et al., 2004). The 

overall scenario regarding association studies of the 120 bp duplication with 

psychiatric disorders does not allow a consensus on the associated risk allele. This 

might be explained by the clinical heterogeneity, or other unexplained genetic 

factors, such as pleiotropy, epistasis, and gene-environment interactions.	
 Although our results are related to the short allele of the 120 bp duplication, 

the long allele of this polymorphism has been reported to decrease the transcriptional 

activity of the DRD4 gene (D’Souza et al., 2004; Kereszturi et al., 2007) and a 

hypofunctioning mesolimbic dopamine system has been implicated in the 

pathogenesis of externalizing disorders (Zisner and Beauchaine, 2016). However, 



considering that psychiatric disorders are complex phenotypes, other factors are 

certainly involved with the susceptibility and modulation of these disorders (Acosta et 

al., 2004), as mentioned above. Additionally, only one polymorphism was analysed in 

the present study, which did not account for the possible effects of gene-gene 

interactions.	
 One limitation of this study that should be considered is the small sample size 

of the subgroups analysed within the ADHD and the crack/cocaine addicts samples. 

These modest sizes limited the statistical power of the results and it may be related 

to the lack of association of the 120 bp duplication with comorbid ADHD in the 

crack/cocaine sample. Thus, further investigations with larger samples should 

evaluate the role of this polymorphism in comorbid phenotypes. 	
	

5. Conclusions	
 Our results suggest that the short allele of the 120 bp tandem duplication of 

DRD4 gene influences the susceptibility to SUD when in simultaneous presence of 

ADHD. Moreover, this result could represent shared underlying mechanisms 

between comorbid conduct disorder and SUD in ADHD. Thus, the current findings 

should be considered in future genetics investigations regarding comorbidities in 

ADHD and predictors for other psychiatric disorders. 	
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Table 1 - Participants demographic and psychiatric characteristics 

 ADHD 
(N=555) 

Crack/Cocaine 
(N=296) 

Controls 
(N=635) 

 
 Mean (SD) Mean (SD) Mean (SD) 

Age (years) 33.745 (10.81) 30.740 (7.96) 29.082 (8.66) 

 
 N (%) N (%) N (%) 

Gender (female) 253 (45.6) 131 (44.3) 325 (51.2) 

Substance Use 
Disorder (SUD)a 103 (18.6) – 21 (3.3) 

Abuse/Dependence of 
non-alcohol substances 58 (10.5) – 8 (1.3) 

Abuse/Dependence of 
alcohol 76 (13.7) – 15 (2.4) 

Use of Nicotine 240 (43.2) 239 (82.7) 112 (17.7) 

ADHD – 90 (43.7) – 

ADHD: Attention Deficit/Hyperactivity Disorder; SD: standard deviation 
aExcept the use of nicotine	
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2 - Logistic regression for DRD4 120bp tandem duplication effects regarding 
ADHD susceptibility	

	 LL 	
N (%)	

SS + SL	
N (%)	 OR (CI95%)	 P-value	

Cases	
Controls	

345 (62.2%)	
395 (62.2%)	

210 (37,8%)	
240 (37.8%)	 0.95 (0.74-1.21)	 0.669	

	
L: Long allele (240bp)	
S: Short allele (120bp)	
OR: Odds Ratio	
CI: Confidence Interval	
Gender and substance use disorder were included as covariates 	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table 3 – Association of DRD4 120bp tandem duplication with substance use 
comorbidities in individuals with ADHD (N=555)	
 

Comorbidity 
 
 N (%) LL 

N (%) 
SS + SL 

N (%) OR (CI95%) P-
value 

Substance use 
disorder (SUD)a 

Yes 103 (18.6) 56 (54.4) 47 (45.6) 1.68 (1.07-
2.63) 0.023 

No 452 (81.4) 289 (64.1) 162 (35.9) 
Abuse/Dependence 

of non-alcohol 
substances 

Yes 58 (10.5) 28 (48.3) 30 (51.7) 2.08 (1.19-
3.64) 0.010 

No 497 (89.5) 317 (63.8) 180 (36.2) 

Abuse/Dependence 
of alcohol 

Yes 76 (13.7) 43 (56.6) 33 (43.4) 1.44 (0.88-
2.38) 0.150 

No 479 (86.3) 302 (63.2) 176 (36.8) 

Use of Nicotine 
Yes 240 (43.2) 145 (60.4) 95 (39.6) 1.16 (0.82-

1.65) 0.385 
No 315 (56.8) 200 (63.5) 115 (36.5) 

	
aExcept the use of nicotine	
L: Long allele (240bp)	
S: Short allele (120bp)	
Gender was included as covariate	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



Table 4 - Logistic regression for DRD4 120bp tandem duplication effects regarding 
crack/cocaine addiction susceptibility	

	 LL 	
N (%)	

SS + SL	
N (%)	 OR (CI95%)	 P-value	

Cases	
Controls	

180 (60.8%)	
392 (62.8%)	

 116 (39.2%)	
232 (37.2%)	 0.92 (0.69-1.22)	 0.559	

 
L: Long allele (240bp)	
S: Short allele (120bp)	
OR: Odds Ratio	
CI: Confidence Interval	
Gender and age were included as covariates 	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table 5 – Association of DRD4 120bp tandem duplication with comorbid ADHD in 
individuals with crack/cocaine addiction (N=206)	
	

Comorbidity	
	

N (%)	 LL	
N (%)	

SS + SL	
N (%)	 OR (CI95%)	 P- value	

ADHD	 Yes	 90 (43.7)	  61 (67.8)	  29 (32.2)	 1.6 (0.89-2.85)	 0.111	No	 116 (56.3)	  66 (56.9)	  50 (43.1)	
 
L: Long allele (240bp)	
S: Short allele (120bp)	
OR: Odds Ratio	
CI: Confidence Interval	
Gender and age were included as covariates 	
	
	
	
	
	


