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Abstract 

Authors: Mathilde Solberg Jensen and Karethe Hustad Torgersen 

Title: Predictors of Criminality and Substance Use in Adolescents with ADHD: A 23-Year 

Follow-up Study 

Supervisor I: Merete Glenne Øie; Supervisor II: Jens Egeland 

Background: The literature shows a strong link between the diagnosis of Attention-

Deficit/Hyperactivity Disorder (ADHD) and criminality and substance use. However, less is 

known about the potential predictors of criminality and substance use within the ADHD 

population. The first aim of this study is to investigate the longitudinal criminality and 

substance use outcomes in adolescents with ADHD followed over 23 years. The second aim 

is to investigate potential predictive effects of neuropsychological impairment, ADHD 

symptoms and global symptom load, co-occurring externalizing and internalizing problems, 

and comorbid Oppositional Defiant Disorder (ODD) in adolescence on criminality and 

substance use after 23 years follow-up.  

Methods: Forty-five individuals between 12-18 years of age, 19 males with ADHD and 26 

healthy controls (M= 13, F=13), were investigated 13 and 23 years after an initial baseline 

study. At baseline they underwent comprehensive neuropsychological testing. Emotional and 

behavioral problems were measured with the Attention problems, Externalizing, Internalizing, 

and Total Scale of the Child Behavior CheckList/4-18 (CBCL). Symptom load was measured 

with the Global Assessment Scale of Symptoms (GAS), and comorbid ODD was diagnosed 

by a clinician at baseline. The participants in the ADHD group were asked about criminal 

convictions at 13- and 23-year follow-ups. Substance use was measured in both groups using 

the Alcohol Use Disorder Identification Test (AUDIT) and the Drug Use Disorder 

Identification Test (DUDIT) in the 23-years follow-up. Simple linear regression analyses, 

Analyses of variance, Chi square analyses of independence and Spearman’s rank-order 

correlations were used to investigate the longitudinal associations between the baseline and 

the outcome measures. 

Results: A substantial proportion of adolescents with ADHD (47%) had committed crimes by 

the 23-years follow-up. Two baseline measures predicted criminality in the ADHD group: 

overall symptom load measured with the GAS, and externalizing problems measured with the 

CBCL Externalizing scale. Neuropsychological functioning and comorbid ODD in the 

adolescents with ADHD did not predict later criminality. There were no statistically 
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significant differences between the ADHD group and the healthy control group regarding 

substance use after 23 years. However, numerical differences similar to those reported in 

other studies were found, with the ADHD group had higher scores on all substance measures 

than the healthy control group. None of our baseline measures predicted substance use 

through the course of the 23-year study. 

Conclusion: A substantial amount of adolescents with ADHD were convicted of crimes and 

reported problematic substance use in adulthood. In individuals with ADHD, overall 

symptom load, and externalizing problems in adolescence, predicted criminality in adulthood. 

These findings indicate that it is possible to predict the risk of criminality in adulthood for 

adolescents with ADHD. The findings of this study highlight the need for long-term treatment 

planning from adolescence and into adulthood, especially in cases with high symptom load 

and externalizing problems.  
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1 Introduction 

1.1 Background 

The associations between Attention-Deficit/Hyperactivity Disorder (ADHD), criminality and 

substance use disorders (SUD) are well documented (Erskine et al., 2016; American 

Psychological Association, 2013). Several studies find higher incidence of ADHD in prison 

populations than in society as a whole (Knecht, de Alvaro, Martinez-Raga, & Balanza-

Martinez, 2015). Longitudinal and cohort studies show that ADHD populations have a higher 

conviction rate than people without this diagnosis (Moffitt et al., 2015; Fletcher & Wolfe, 

2009; Rasmussen & Gillberg, 2000). The same is evident for alcohol consumption 

(Rasmussen & Gillberg, 2000) and drug use (Franke et al., 2018), as well as more severe 

cases where the individuals meet the diagnostic criteria for SUDs (Erskine et al., 2016). 

ADHD in childhood is associated with early initiation of substance use, more frequent 

substance use, and SUDs (Groenman, Janssen, & Oosterlaan, 2017; Molina et al., 2018). 

There is also a higher prevalence of ADHD in patients in treatment for substance problems 

than in the general population (van Emmerik-van Oortmerssen et al., 2012), with the 

prevalence of ADHD increasing with the severity of the addiction (Lugoboni et al., 2017). 

However, few longitudinal studies have explored the variation within the population of those 

with ADHD. 

Recently, there has been an increased interest in understanding the nature of ADHD in 

adults and the trajectories from childhood to adulthood with a focus on functional outcomes in 

individuals with ADHD (Caye et al., 2016c). Knowledge about predictors of negative 

outcomes within the ADHD group will be vital in the work to develop, implement and 

improve targeted preventative measures. This would be beneficial for the individuals affected, 

their next of kin, and society as a whole. 

Some researchers have found that in ADHD populations, neuropsychological 

impairments, ADHD symptoms, and co-occurring Conduct Disorder (CD)/Oppositional 

Defiant Disorder (ODD) predicted later substance use and crime (Molina & Pelham, 2014, 

and Knecht et al., 2015; Mohr-Jensen & Steinhausen, 2016). However, few studies have 

included neuropsychological impairments, ADHD symptoms, as well as more general 

emotional and behavioral problems, and comorbid Oppositional Defiant Disorder in the same 
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study. Furthermore, even among longitudinal studies, the follow-up period is usually no 

longer than 10 years, which means that some development may be missed. In the following 

section, we will present literature on ADHD, as well as the main associated 

neuropsychological impairments, ADHD symptoms, internalizing and externalizing problems, 

and comorbidity. We will then review research on the predictive value of such measures in 

adolescence on later criminality and substance use outcomes in later life. 

1.2 ADHD 

1.2.1 Diagnosis 

ADHD is a persistent and impairing neurodevelopmental disorder characterized by symptoms 

of inattention, hyperactivity and impulsive behavior (Fitzgerald, Bellgrove, & Gill, 2007). 

According to the fifth edition of the American Psychiatric Association’s Diagnostic and 

statistical manual of mental disorders (DSM-V), ADHD begins in childhood, and the 

symptoms of the disorder have to appear before the age of 12 (American Psychiatric 

Association, 2013). The symptoms must be maladaptive and inconsistent with the child’s 

developmental level, be present in at least two settings (Goldman et al., 1998), and be 

associated with substantial functional impairment (American Psychiatric Association, 2013). 

ADHD is one of the most common psychiatric disorders in childhood (Froehlich et al., 2007). 

However, ADHD is no longer solely viewed as a childhood disorder, as in many instances it 

continues into adulthood (Goldman, 1998; American Psychiatric Association, 2013). 

The equivalent to ADHD in the International Classification of Diseases, 10th Revision 

(ICD-10) is Hyperkinetic Disorder (HKD) (World Health Organization, 1992). All three 

symptoms of impaired attention, hyperactivity and impulsiveness need to be present to fulfill 

the diagnosis, and the symptoms need to be evident in more than one situation, making the 

diagnosis narrower than the equivalent ADHD in DSM-V (Taylor et al, 2004). A re-analysis 

of an American study of treatment efficacy found that only a quarter of the children diagnosed 

with ADHD qualified for the HKD diagnosis (Santosh et al, 2005). This can complicate 

comparisons between studies from countries using different diagnostic manuals in healthcare. 

However, other research has found no difference when comparing the ADHD and HKD 

diagnoses (Remschmidt, 2005). 
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1.2.2 Epidemiology 

Most studies find that ADHD has a prevalence of around 5% in children and adolescents 

worldwide (Polanczyk, Willcutt, Salum, Kieling & Rohde, 2014; Faraone, Sergeant, Gillberg 

& Biederman, 2003). A meta-analysis of prevalence studies, which only included studies 

investigating the prevalence of three or more diagnoses, found an ADHD prevalence of only 

3.45%, which is significantly lower than the more typical estimate of 5% (Polanczyk, Salum, 

Sugaya, Caye, & Rohde, 2015). This could be due to the substantial overlap in symptoms 

between neurodevelopmental disorders, which complicates differential diagnostics (Thapar, 

Cooper & Rutter, 2017) and leads to an overestimation of prevalence in studies that only 

examine ADHD. Another study also found evidence indicative of overdiagnosis, this time due 

to heuristics and gender bias (Bruchmüller, Margraf & Schneider, 2012). Clinicians diagnosed 

ADHD even when lacking information about required criteria, and vignettes with a boy 

received diagnoses twice as often as the same vignette with a girl. Some studies find that the 

prevalence is higher in higher-income countries and claim that more high-quality research is 

needed to know the true prevalence of ADHD worldwide (Damiano & Forssberg, 2019). In 

Norway the prevalence of HKD is 3% in children aged 6-17 (4.3% for boys and 1.7% for 

girls) (Ørstadvik et al., 2016).  

While ADHD was long thought to be a childhood disorder only, this has been 

disproved, as studies have shown that 2.5% of adults worldwide fulfill the diagnostic 

requirements (Fayyad et al., 2017; Simon, Czobor, Bálint, Mészáros, & Bitter, 2009). Recent 

findings from three longitudinal studies in New Zealand, Brazil and the United Kingdom 

indicate that adult ADHD may be a separate clinical entity from childhood ADHD (Moffitt et 

al., 2015; Caye et al., 2016a; Agnew-Blais et al., 2016). 

In children and adolescents, the disorder affects more males than females, with a rate 

of approximately 2.4-1 (Polanczyk et al., 2007). This gender difference is not found in 

adulthood, but this can possibly be due to referral bias (Bruchmüller, Margraf, & Schneider, 

2012). This can also be explained by the finding that males have a much higher increase in 

dopamine receptor density in puberty than females, a difference which is eliminated by 

adulthood due to heavier pruning (Andersen & Teicher, 2000). 
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1.2.3 Etiology 

Despite extensive research on ADHD over the past decades, the exact causes of the functional 

problems associated with ADHD are still not known (Thapar, Cooper, Eyre & Langley, 

2013). Converging evidence suggests that the disorder is complex and heterogeneous, with 

both genetic and non-genetic factors playing a role in its etiology, as well as an interplay 

between the two (Tarver, Daley, & Sayal, 2014; Thapar et al., 2013; Rutter, Moffitt, & Caspi, 

2006). This multifactorial explanation of the etiology of ADHD corresponds to the 

heterogeneity of the disorder, including the psychiatric comorbidity, range of 

neuropsychological impairment, and structural and functional brain abnormalities associated 

with it (Faraone et al., 2015). 

Family, twin, and adoption studies yield a heritability estimate of around 70–80% in 

both children and adults, making ADHD one of the most heritable psychiatric disorders 

(Faraone et al., 2005). Genetic analyses find both common and rare genetic variants with 

small associations with ADHD (Faraone & Larsson, 2018). Genome-wide association studies 

have implicated the role of dopamine, noradrenaline and serotonin neurotransmitter systems 

in ADHD (Faraone et al., 2015), which aligns with the dopamine deficit theory of ADHD 

(Levy, 1991). 

A large number of twin and family studies have found genetic overlaps between 

ADHD and ODD, CD, antisocial behavior, and substance use problems, as well as 

internalizing disorders such as anxiety and depression (Faraone & Larsson, 2018). There is 

also evidence of shared genetic risk factors for behavioral inhibition/impulsivity, which is a 

core component of externalizing disorders such as ADHD and ODD/CD (Young et al., 2009).  

Findings from neuroimaging studies propose that ADHD is a disorder of early brain 

development (Nagel et al., 2011; Batty et al., 2010; Gray, Korczak, Andrews, & Bélanger, 

2018). The areas implicated are involved in networks associated with neuropsychological 

functions, such as attention and executive functions (Cortese, 2012; Moreno-Alcázar et al., 

2016). A developmental twin study found that genes not only contribute to the onset of 

ADHD, but also to the persistence and remittance of the disorder (Chang et al., 2013). 

While there is a strong genetic component, non-genetic neurological factors have also 

been implicated in the etiology of ADHD (Gray et al, 2018; Tarver et al, 2014). Examples are 

factors known to affect brain development, such as exposure to alcohol and tobacco during 

pregnancy, low birth weight, hypoxic-anoxic brain injury, epilepsy and traumatic brain injury. 

Socio-environmental variables such as parenting strategies and family adversity can also 
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affect symptom severity, extent and type of impairment, and presence of co-occurring 

problems (Villodas, Pfiffner & McBurnett, 2012; Counts, Nigg, Stawicki, Rappley, & Von 

Eye 2005). 

1.3 Variation within ADHD 

ADHD is a heterogeneous disorder with a wide spectrum of symptom presentation and 

severity (Gray et al., 2018; Franke et al., 2018). The disorder has generally been 

conceptualized as a discrete entity with clear diagnostic thresholds, but recent genetic, 

neurobiological, and neuropsychological research indicates that it is better viewed as the 

extreme end of normal variation (McLennan, 2016). Wåhlstedt, Thorell and Bohlin (2009) 

argue that this heterogeneity is empirically evident in three different respects: in 

neuropsychological impairments, in the ADHD-specific symptom domains of 

hyperactivity/impulsivity and inattention, and in comorbid behavioral problems. We will use 

this framework, but will also include other psychiatric symptoms that are common in ADHD. 

1.3.1 Neuropsychological impairment 

ADHD is characterized by deficits in multiple neuropsychological domains (Coghill et al., 

2018), which have been found to be associated with ADHD symptoms (Thaler, Bello & 

Etcoff, 2013; Wåhlstedt et al., 2009). The core neuropsychological feature of the disorder is 

deficits in executive functions, which are high-level cognitive processes that control lower-

level processes in order to facilitate goal-directed behavior (Friedman & Miyake, 2017). 

Executive functions are moderated primarily by the frontal lobe, particularly the Prefrontal 

Cortex (Miyake & Friedman, 2012), which is central in inhibitory control and working 

memory, behavioral regulation, temporal processing, reinforcement processing, and delay 

aversion (Rutter, Kim-Cohen, & Maughan, 2006; van Lieshout, Luman, Buitelaar, Rommelse, 

& Oosterlaan, 2013; Willcutt et al., 2010). Deficits in executive functions inhibit the control 

and organization of behavior, manifesting in forgetfulness and difficulty in planning and 

coordinating everyday tasks (Tarver et al., 2014; Willcutt, Doyle, Nigg, Faraone, & 

Pennington, 2005). 

One of the most comprehensive models of ADHD, historically, is Russell Barkley’s 

theory of self-regulation. It emphasizes the impairments in the prefrontal lobes and executive 
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inhibitory processes in individuals with ADHD (Barkley, 1997). In line with this theory, there 

have been findings of inhibitory deficits in about 60-70% of individuals with ADHD (Nigg, 

2005). More recently, a framework of executive functions, the unity/diversity framework, 

posits that executive functions can be divided into three domains (Miyake & Friedman, 2012). 

These include the modifying of content in the working memory by attending to relevant 

information and the suppression of irrelevant information; shifting/switching between tasks; 

and the inhibition of dominant responses.  

Several domains other than executive function have also been found to be impaired in 

ADHD (Faraone et al., 2015), highlighting its neuropsychological heterogeneity and the 

importance of including comprehensive neuropsychological test batteries in research. These 

domains include reward processing, decision making, speech and language, memory span, 

processing speed and response time variability, arousal and activation, and motor control 

(Coghill 2018; Sonuga-Barke, Taylor, Sembi, & Smith, 1992; Luman, Oosterlaan, & 

Sergeant, 2008; Faraone et al., 2015). To account for the heterogeneity of neuropsychological 

impairment, recent models of ADHD have been proposed with a number of pathways that 

may affect children with ADHD differently (Sonuga-Barke, Bitsakou, & Thompson, 2010).  

Meta-analyses have found significantly lower Full Scale IQ in children (Frazier, 

Demaree & Youngstrom, 2004) and adults (Bridgett & Walker, 2006) with ADHD than in the 

general population. However, most of individuals with ADHD have a normal IQ score, but 

the test scores can be affected by impaired working memory and processing speed (Barkley, 

2014), as well as disruptive behavior during testing (McConaughy, Ivanova, Antshel & 

Eiraldi, 2009). The same is evident in other neuropsychological domains, as some individuals 

with ADHD show few or no neuropsychological impairments, and few individuals show 

deficits in all domains (Coghill, Seth, & Matthews, 2014; Wåhlstedt et al., 2009). It is 

possible that this is due to the poor ecological validity of test situations, as most 

neuropsychological tests are construct-driven rather than based on everyday functioning 

(Burgess, 2006). For this reason behavior ratings such as the Behavior Rating Inventory of 

Executive Function (BRIEF) are commonly used to assess executive impairments in everyday 

life situations (Gioia, Isquith, Guy, & Kenworthy, 2000). 

As it is evident in the literature that neuropsychological deficits are prominent features 

in the expression of ADHD, longitudinal studies on the impact of neuropsychological 

impairments on future outcomes are necessary in order to discern then the consequences of 

such impairments. 
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1.3.2 Symptoms 

The DSM-V describes three presentations of the disorder; predominantly inattentive, 

predominantly hyperactive–impulsive, and combined (American Psychological Association, 

2013). A review and meta-analysis found overwhelming support for the concurrent, predictive 

and discriminant validity of the subtypes (Willcutt et al., 2012). However, presentations can 

change over time (Nigg, Tannock, & Rohde, 2010), and individuals with the same 

presentation vary greatly in symptom profiles, as individuals with one presentation often have 

sub-threshold symptoms of a different presentation (Faraone et al., 2015). While this means 

there is little support for classifying the presentations as distinct forms of ADHD, information 

about the presentation is of clinical relevance (Willcutt et al., 2012) and could be important to 

furthering our understanding of the intra-group variation of negative outcomes associated 

with ADHD. 

As the presentation of symptoms in ADHD is so variable, it is important to include 

this variation in research investigating outcomes in this population. Moreover, it may be 

useful to study the continuum of the different symptoms of ADHD as predictors of future 

outcomes. 

1.3.3 Comorbidity 

ADHD comorbidity is complex, and varies in relation to the different manifestations of the 

disorder and developmental stages (Weissenberger et al., 2017). Recent reports replicate 

earlier findings that about 2/3 of children with ADHD in the US have a co-occurring 

psychological disorder (Danielson, Ghandour, Holbrook, Kogan & Blumberg, 2018; 

Cantwell, 1996). Different subgroups of ADHD as delineated by co-occurring disorders might 

have different risk factors, clinical courses, neurobiology and pharmacological responses. 

Therefore, investigating the potential long-term effect these factors have on future outcomes 

is important (Biederman, Newcorn & Sprich, 1991), as it may provide insights on ways to 

improve preventative measures by tailoring interventions to the subgroups different needs. 

As a discussion of all possible comorbid disorders is too extensive for this study, there 

will be a focus on the most frequent co-occurring disorders. About half of the children with 

ADHD also fulfill the diagnostic criteria for ODD or CD, making it the most common 

comorbid disorder (Danielson et al., 2018). ODD and CD are defined by disruptive and 

antisocial behaviors that violate the rights of others or social norms (American Psychiatric 
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Association, 2013). The European clinical guidelines for HKD conclude that CD should often 

be regarded not as a comorbid disorder, but rather as a complication of a concurrent HKD 

(Taylor et al., 2004), and the ICD-10 has a subtype of HKD with comorbid CD. This 

comorbidity is more common in boys than girls and has been suggested to cause a referral 

bias responsible for part of the difference in the prevalence of ADHD between the genders, as 

the increased symptom load in boys, which is partly caused by this comorbidity, increases the 

chance of referral (Biederman et al, 2002).  

Children with both ADHD and ODD have more severe symptoms, more impairment, 

poorer social skills, more comorbidity, and academic underachievement across age ranges 

than children with only ADHD (Connor, Steeber & McBurnett, 2010; Jensen et al., 2001; 

Biederman et al., 1996; Carlson, Tamm, & Gaub, 1997). Other prevalent comorbid conditions 

in children with ADHD are internalizing disorders such as anxiety and depression (Danielson 

et al., 2018). This is associated with poor treatment response (Al Ghriwati et al., 2017) and 

poor functioning, including poor academic achievement (Armstrong, Lycett, Hiscock, Care, 

& Sciberras, 2015; Cuffe et al., 2015). Furthermore, concurrent comorbidities of both 

internalizing and externalizing nature have been evidenced to occur in up to 22% of all 

childhood cases of ADHD (Abikoff et al., 2002). Some researchers have found evidence 

indicating that ADHD with ODD/CD, ADHD with anxiety disorders, and ADHD co-

occurring with both ODD/CD and anxiety disorders could constitute separate clinical entities 

(Jensen et al., 2001). 

The findings of such high comorbidity rates highlights the importance of taking such 

comorbidity into account in research concerning outcomes in ADHD. 

1.4 Treatment 

While there is no known cure for ADHD, pharmacological (mainly stimulant medications; 

methylphenidate and amphetamines), psychological and psychosocial treatment methods, as 

well as a combination of the two, have reported to be efficacious for ADHD symptoms 

(Faraone et al., 2015; Jensen et al., 2007). Stimulant medications used to treat ADHD target 

the dopamine system by increasing the levels of dopaminergic neurotransmitters (Faraone et 

al., 2015). In Norway, a combined treatment approach is recommended (Norwegian 

directorate of health, 2017). A report from 2004 showed that 77% of children in treatment for 

ADHD in Norway received medication, with less focus on psychological interventions 
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(Andersson, Ådnanes, & Hatling, 2004), and the number of adolescents under 19 who used 

ADHD medication doubled between 2004 and 2017 (The Norwegian Prescription Database, 

2019). This preference for pharmacological interventions could be due to early studies 

reporting superior effect of medication over psychological and psychosocial treatment (Vogt 

& Lunde, 2018; Hinshaw & Arnold, 2015). However, more recent findings from the 

multimodal treatment study of ADHD (the MTA-study, Hinshaw & Arnold, 2015) indicated 

that medication does not have a long-term effect on symptoms (Swanson et al., 2017). 

Moreover, the findings regarding the effect of cognitive training (Cortese et al., 2015) and 

medications on neuropsychological functions are conflicting (Coghill et al., 2014; Uchida, 

Spencer, Faraone, & Biederman, 2018; Maruta, Spielman, Tseretopoulos, Hezghia, & Ghajar, 

2014). Some studies in Norway show that clinicians often do not make adequate differential 

diagnostic assessments or diagnose comorbid disorders (Andersson et al., 2004; Surén et al., 

2018), which can result in a lack of treatment for these comorbid disorders. 

Inadequate treatment may have negative consequences in relation to the long-term 

outcomes of these disorders (Vogt & Lunde, 2018), including substance use and criminality in 

adulthood. Moreover, the evidence regarding treatment’s effect on reducing the risk of 

substance use (Mannuzza, Klein & Moulton, 2003; Molina et al., 2013; Humphreys, Eng & 

Lee, 2013) and criminality are conflicting and inconclusive (von Polier, Vloet & Herpertz-

Dahlmann, 2012). 

1.5 Outcome 

1.5.1 ADHD across the lifespan 

ADHD in childhood has been shown to significantly increase the risk of adverse outcomes 

later in life, such as comorbid psychiatric and substance related disorders in adulthood, the 

most common of which being SUDs and antisocial personality disorder (Copeland, Shanahan, 

Costello, & Angold, 2009; Biederman et al., 2010; Barbaresi, et al., 2013). ADHD also 

increases the risk of impaired academic and occupational performance, dysfunctional 

relationships (Barkley, 2016; Fitzgerald et al., 2007), poor physical health (Khalife et al., 

2014), and even reduced life expectancy and quality of life (Erskine et al., 2013; Dalsgaard, 

Østergaard, Leckman, Mortensen, & Pedersen, 2015). 
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Several studies have found that in about 50% of cases, ADHD persists into adulthood 

(Hechtman et al., 2016; Lara et al., 2009), with varying trajectories across individuals 

(Barkley, 2016). However, a meta-analysis found that only 15% of 25 year olds still had the 

diagnosis, while 50% of the individuals partly remitted (Faraone, Biederman & Mick, 2006). 

Symptoms of hyperactivity and impulsivity generally decline with age (Van Lieshout et al., 

2013), while symptoms of inattention appear to be relatively stable with increasing age (Hart, 

Lahey, Loeber, Applegate, & Frick, 1995; Millstein, Wilens, Biederman, & Spencer, 1997). A 

recent review concluded that available evidence is largely inconsistent with regard to the 

predictors of persistence versus remittance (Franke et al., 2018). Individuals with persistent 

ADHD have been shown to have worse outcomes compared to individuals who only had the 

diagnosis in childhood (Hechtman et al., 2016; Agnew-Blais et al., 2018). However, many 

individuals with remitted ADHD still have symptoms and functional impairments, and thus 

have substantial needs in adulthood (Thapar et al., 2017; Huntley & Young, 2012; Faraone et 

al., 2000). 

In summary, having ADHD in childhood is a risk factor for a range of adverse 

outcomes, and this risk seems to be increased when the disorder persists into adulthood. Even 

though interest in the research field has increased in the past decades, there is still a lack of 

knowledge regarding the lifespan aspects of ADHD, and more longitudinal studies are needed 

(Franke et al., 2018). In the current study, the focus will be on the longitudinal outcomes 

regarding criminality and substance use. 

1.5.2 ADHD and criminality – intergroup variation 

Studies have revealed significantly higher rates of ADHD among adolescent and adult 

criminal offenders than in the general population, with rates ranging from 24-67% (Knecht et 

al., 2015; Gudjonsson, Sigurdsson, Young, Newton, & Peersen, 2009). Likewise, studies 

following children with ADHD to adolescence and adulthood have shown higher rates of 

arrests than in the general population (Dalsgaard, Brøbech, Frydenberg, & Thomsen, 2013; 

Rasmussen & Gillberg, 2000). The prospective longitudinal study by Dalsgaard et al. (2013) 

found that 47% of the ADHD group had criminal convictions by adulthood, and were 

therefore five times more likely to have committed a crime than individuals without ADHD. 

A recent meta-analysis and systematic review of longitudinal studies found that ADHD in 

childhood was significantly associated with adolescent and adulthood arrests, convictions and 
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incarcerations (Mohr-Jensen & Steinhausen, 2016). Moreover, individuals with ADHD had 

an earlier onset of antisocial behavior and an increased risk of criminal recidivism than 

individuals without ADHD. Philipp-Wiegmann et al. (2018) conducted a follow-up of former 

juvenile prisoners 15 years after their first conviction and found that youth with ADHD had a 

higher rate of recidivism and re-offended 2.5 times faster than youth without ADHD. 

Contrary to these findings, one study failed to detect a relationship between ADHD and 

criminal offending (Kolla et al., 2018). However, this study was cross-sectional and used self-

report of ADHD symptoms as opposed to a clinical interview, which may have affected the 

results. 

There have been fewer studies that focus on females with ADHD than on males with 

ADHD, and the findings are conflicting. Some studies have reported no gender differences 

(Dalsgaard et al., 2013; Knecht et al., 2015), while others find that men have higher rates of 

criminal offences, as well as gender-specific predictors of criminality (Vingilis et al., 2015; 

Kolla et al., 2018).  

In summary, the majority of available research suggests a strong link between ADHD 

both in childhood and adulthood, and criminal behavior. 

1.5.3 ADHD and criminality – intragroup variation 

1.5.3.1 Neuropsychological impairments 

Longitudinal studies have shown that low IQ in children with ADHD predicts later 

criminality (Mohr-Jensen & Steinhausen, 2016). Furthermore, abnormalities in the prefrontal 

cortex associated with impaired executive functions (e.g. impaired behavioral 

inhibition/impulsivity) could explain why individuals with ADHD sometimes exhibit 

antisocial behavior (Knecht et al., 2015; Mannuzza, Klein & Moulton, 2008). In addition, the 

influential General Theory of crime proposes that offending is a function of opportunity and 

impulsivity (Hanoch, Gummerum, & Rolison, 2012). In line with these hypotheses, meta-

analytical reviews of cross-sectional studies have found robust associations between executive 

function deficits and antisocial behavior in general, and increased impairments in executive 

functions in inmates with ADHD (Morgan & Lilienfeld, 2000; Ogilvie, Stewart, Chan, & 

Shum, 2011; Ginsberg, Hirvikoski, & Lindefors, 2010). However, whether executive deficits 

in children and adolescents with ADHD are predictive of later criminality is, to our 
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knowledge, largely unexplored. However, the cross-sectional research described makes it 

plausible that neuropsychological impairments in adolescents with ADHD could predict later 

criminal outcomes. This further emphasizes the need for more longitudinal studies that 

investigates these associations. 

1.5.3.2 Symptoms 

The symptoms of ADHD, such as impulsivity and hyperactivity, may be directly associated 

with criminality (Erskine et al., 2016; Knecht et al., 2015). Cross-sectional evidence has 

found that hyperactive/impulsive and combined subtypes have a significantly higher risk of 

crime than the predominantly inattentive subtype (Cahill et al., 2012). A meta-analysis by 

Mohr-Jensen & Steinhausen (2016) of related longitudinal studies found that the severity of 

ADHD predicted later criminal behavior. Barkley, Fischer, Smallish, & Fletcher (2004) found 

that hyperactive children had a higher rate of antisocial behavior and arrests at 21 years of age 

than the community control group. This study found that the hyperactive group primarily 

differed from the control group on drug-related offences, and that this group difference was 

related to the severity of ADHD in childhood, adolescence, and adulthood. However, more 

studies on the longitudinal prediction of the risk of criminality in adulthood based on ADHD 

symptoms are needed. 

1.5.3.3 Comorbidity 

Having ADHD in childhood has been shown to increase the risk for developing both 

antisocial personality disorder and SUDs in adolescence, which increases the risk for criminal 

behavior in adolescence and adulthood (Mannuzza et al., 2008; Gudjonsson, Sigurdsson, 

Sigfusdottir, & Young, 2012). Some researchers however, have found that substance use is 

not associated with criminality after controlling for comorbid antisocial personality disorder 

(Einarsson, Sigurdsson, Gudjonsson, Newton, & Bragason, 2009).  

Other comorbid diagnoses that have been extensively studied are ODD and CD. A 

substantial amount of evidence indicates that conduct problems in childhood and adolescence 

are strong predictors of later antisocial and criminal behavior among individuals with ADHD 

(Mordre, Groholt, Kjelsberg, Sandstad & Myhre, 2011; Mohr-Jensen & Steinhausen, 2016). 

For instance, Pardini & Fite (2010) found that having ADHD in childhood predicted CD and 

ODD over time, and that CD and ODD robustly predicted antisocial and criminal behavior. 
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Some longitudinal studies have found that compared to controls, children with ADHD have 

an increased risk of evidencing antisocial personality traits and criminal behavior in 

adulthood, even without a co-occurring CD or ODD in childhood (Rasmussen & Gillberg, 

2000; Mannuzza, Klein, Abikoff, & Moulton, 2004). Contrary to these findings, studies have 

reported that ADHD has no unique effect on criminality without the presence of conduct 

problems (e.g. Satterfield et al., 2007; Mordre et al., 2011). ODD has been associated with an 

earlier age of initiation into delinquent behavior, a greater variety of offending and higher 

prevalence of severe delinquency (Sibley et al., 2011). However, the association is less 

comprehensive than that found with CD, which has stricter diagnostic criteria than ODD 

(Pardini & Fite, 2010). One longitudinal study found individuals with ADHD and CD had 

significantly higher rates of youth delinquency, while no significant difference was found 

between individuals with ADHD and ODD, and ADHD only. All the ADHD groups had 

increased risk for criminality compared to healthy controls (Sibley et al, 2011). These 

findings highlight the importance of diagnostic specificity when studying crime in ADHD. 

In summary, comorbid conditions such as SUDs, CD, ODD and antisocial personality 

disorder have been found to be related to criminality in individuals with ADHD. 

1.5.4 ADHD and substance use – intergroup variation 

Alcohol and drug use is associated with a range of negative consequences for the individual 

and society (Sales et al., 2018). Substance use disorders are defined as abuse of or dependence 

on alcohol, illicit drugs or nicotine (American Psychiatric Association, 2013). In line with 

DSM-V’s move to a continuum-based conceptualization of alcohol and drug use problems 

(American Psychiatric Association, 2013), this study will focus on all substance use, and will 

not be limited to those with a substance use disorder. This is because substance use in itself 

causes risk of negative consequences, such as injury during intoxication, and/or developing 

problematic use over time (Halkjelsvik & Storvoll, 2015). Negative consequences of 

substance use, such as elevated risk of criminality and neuropsychological impairment, may 

be further exacerbated combined with a diagnosis of ADHD (Weafer, Fillmore, & Milich, 

2009; Compton, Volkow, & Lopez, 2017; Gustavson et al., 2017). 

The available literature indicates that children with ADHD have an increased risk of 

earlier and increased use of tobacco, alcohol and illicit substances in adolescence and 

adulthood (Franke et al., 2018; Charach, Yeung, Climans, & Lillie, 2011). ADHD is prevalent 
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among adults seeking treatment for substance use disorders, with prevalence estimated to be 

23% (van Emmerik-van Oortmerssen et al., 2012; van Emmerik-van Oortmerssen, Crunelle, 

& Carpentier, 2013). Furthermore, the combination of SUDs and ADHD increases the risk of 

other comorbid disorders such as mood, anxiety, and borderline personality disorder, as well 

as worse treatment outcomes (Lugoboni et al, 2017; van Emmerik-van Oortmerssen et al., 

2014). 

Some researchers have found that the elevated risk of SUDs among individuals with 

ADHD is robust to demographic and methodological differences that vary across studies 

(Lee, Humphreys, Flory, Liu, & Glass, 2011; Groenman et al., 2017). However, others have 

found that the risk of some substance use outcomes is inconsistent when considering the 

onset, escalation, and course into adulthood (Molina et al., 2018). Finally, some researchers 

have found that females with ADHD have an increased risk of substance use (Dalsgaard, 

Mortensen, Frydenberg, & Thomsen, 2014), while others have found the opposite (Babinski 

et al., 2011; Hinshaw, 2018). In conclusion, the developmental trajectories from ADHD to 

substance use are complex (Luo & Levin, 2017). 

Studies on ADHD and substance use have been criticized for not providing data on the 

developmental paths of substance use. They have also been criticized for focusing on 

substance use diagnoses rather than developmentally sensitive continuous variables such as 

frequency of substance use (Molina et al., 2013). In the current study, the aim is to provide 

more research about the developmental risks of substance use. 

1.5.5 ADHD and substance use – intragroup variation 

1.5.4.1 Neuropsychological impairments 

The self-medication hypothesis posits that individuals with ADHD use substances to try to 

compensate for the core symptoms and impairments associated with the disorder (Szobot & 

Bukstein, 2008; Young & Sedgwick, 2015). The hypothesis also suggests that individuals 

with ADHD use stimulant drugs for their short-term attention enhancing effects (Young & 

Sedgwick, 2015). 

The impairment of executive functions such as inhibitory control (i.e. impulsivity) is a 

critical element in several theories of addiction (Kalivas & Volkow, 2005; Dom, Hulstijn, & 

Sabbe, 2006). Additionally, poor behavioral inhibition may lead to school difficulties 
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(Biederman et al., 2004), which in turn increase the risk of substance use problems in 

adulthood (Moffitt et al., 2011). Poor executive function has been cross-sectionally associated 

with substance use and SUDs across multiple substances in adults (Gustavson et al., 2017) 

and adolescents (Iacono, Malone & McGue, 2008). This relationship may partially be 

explained by the deteriorating effect that substance use has on executive function (Gustavson 

et al., 2017). However, some research have shown that poorer executive function appears 

before substance use in individuals with ADHD, which indicate that executive deficits may be 

a predictor of substance use. Nigg et al. (2006) found that response inhibition in adolescence 

were predictive of the number of illicit drugs used and comorbid alcohol and drug use, 

independent of IQ, ADHD, conduct symptoms and age. Likewise, according to Moeller & 

Dougherty (2002), children and adolescents who later develop substance abuse, show 

increased impulsivity. Together these findings indicate that poor executive function could be 

a risk factor for substance use, that substance use and executive function share genetic 

liability, and/or that substance use affects executive functions negatively. These three 

explanations are not mutually exclusive (Gustavson et al., 2017).  

Some longitudinal studies have failed to link executive deficits in individuals with 

ADHD to later SUDs (Wilens et al., 2011; Groenman et al., 2015). In addition, a cross-

sectional study of adolescents with and without ADHD symptoms, Handley et al. (2011) 

found that reactive disinhibition (i.e. sensation seeking) was associated with adolescent 

substance use, whereas executive disinhibition (i.e. impulsivity) was not a unique predictor. 

The results indicated a reward-driven pathway, rather than an executive dysfunction pathway 

to adolescents’ substance use (Handley et al., 2011), which is consistent with findings from 

other studies (e.g. Castellanos-Ryan, Rubia, & Conrod, 2011). 

In summary, several neuropsychological functions related to ADHD have been linked 

both cross-sectionally and longitudinally to substance use. However, the findings are 

somewhat conflicted, and few studies have investigated the neuropsychological functions as 

predictors of substance use. In the current study, we will investigate the longitudinal 

association between neuropsychological functions in adolescence and substance use in 

adulthood. 

1.5.4.2 Symptoms 

As explained in the previous section, the self-medication hypothesis proposes that substance 

use may function as self-medication to alleviate the core symptoms of inattention and 
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hyperactivity/impulsivity. For instance, the use of sedative drugs may attenuate restlessness or 

hyperactivity (Young & Sedgwick, 2015). Patients with ADHD report an improvement in 

their ADHD-specific symptoms when using alcohol, cannabis, and cocaine for self-

medication purposes (Ohlmeier et al., 2008; Volkow et al., 2003). 

Associations have been found between symptoms of inattention in childhood (Molina 

& Pelham, 2003) and adulthood (Ohlmeier et al., 2008) and substance use in adolescence and 

adulthood respectively. This could be due to patients with an inattentive presentation of 

ADHD being more likely to use substances for stimulation (Ohlmeier et al., 2008). 

Hyperactivity/impulsivity symptoms have also been associated with substance use in 

individuals with ADHD (Miranda, Colomer, Berenguer, Roselló, & Roselló, 2016). Ohlmeier 

et al. (2008) found that individuals whose clinical presentation is dominated by 

hyperactivity/impulsivity symptoms have a higher use of high-risk drugs, such as heroin, 

compared to individuals with mainly inattentive symptoms. This was explained by the more 

experimentative and reckless nature of such individuals. 

Internalizing symptoms, which are not core symptoms of but common in individuals 

with ADHD (Danielson et al., 2018), have also been implicated in the risk of substance use. 

Internalizing symptoms have been proposed to partially develop as a consequence of the 

difficulties individuals with ADHD experience in various domains of life, which may affect 

their self-esteem (Barfield, 2018). It has been suggested that substance use may be used to 

manage such negative affect (Molina & Pelham, 2014). In line with this hypothesis, cross-

sectional research has shown an increased risk of addictive illnesses for individuals with 

ADHD and comorbid disorders such as depression and anxiety (Ohlmeier et al., 2008). 

Prospective studies have also shown that children with internalizing symptoms are at an 

increased risk of early initiation of alcohol consumption (Conrod & Nikolaou, 2016). 

Internalizing traits such as neuroticism, hopelessness, and anxiety sensitivity have been 

associated with the tendency to report using substances to cope with anxiety and depression 

(Conrod & Nikolaou, 2016). However, there has been little research on this topic (Molina & 

Pelham, 2014). 

In summary, some have suggested that individuals with ADHD may use substances 

for the alleviation of symptoms of the disorder. Furthermore, there have been findings of 

mainly cross-sectional associations between ADHD-specific as well as internalizing 

symptoms, and substance use in individuals with ADHD. Some research exists that supports 

the “self-medication” hypothesis, but more longitudinal research is needed to find 
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associations between early symptoms and the risk of developing SUDs. In the current study, 

we explore this association longitudinally. 

1.5.4.3 Comorbidity 

A great deal of literature suggests that the pathway from ADHD to SUDs is explained by the 

development of disruptive behavior disorders like ODD and CD, and that these co-occurring 

conditions increase the risk of SUDs (Mannuzza et al., 2004). In accordance with this 

explanation, behavior genetic studies have shown that externalizing disorders share a common 

genetic vulnerability to substance use (Conrod & Nikolaou, 2016).  

Some researchers argue that the co-occurrence of externalizing problems, ODD or CD 

entirely explains the relationship between ADHD and SUD (Serra-Pinheiro et al., 2012; 

August et al., 2006). Rodgers et al. (2015) found indications that ADHD may have an effect 

on alcohol dependence, but not other SUDs, independently of CD/ODD. Finally, researchers 

have also argued that ADHD and CD/ODD may interact and cause a higher risk for SUDs 

than each of the individual causes of the disorders (Flory & Lynam, 2003).  

In summary, conditions comorbid to ADHD have been found to be associated with 

substance use. In the current study, we will contribute to investigating the potential predictive 

effect of ADHD symptoms, as well as internalizing and externalizing problems in 

adolescence, on substance use in adulthood in individuals with ADHD. 

1.6 Research aims 

In conclusion, the longitudinal studies that follow children with ADHD to adulthood indicate 

a higher risk of both later substance use and abuse as well as criminal offences. In both 

instances, ODD and CD in childhood or adolescence elevates the risk and, in some studies, 

seems to account for them entirely. However, although it has been established that the 

diagnosis of ADHD increases the risk of crime and substance use problems, most children 

with ADHD avoid both crime and substance problems in later life. Furthermore, there seems 

to be a complex and not fully understood association between ADHD, substance use, and the 

emergence of criminality (Knecht et al., 2015). Few longitudinal studies have examined what 

specific characteristics of children and youth with ADHD may be used to predict later 

criminality and substance use. Further knowledge of such longitudinal associations enables a 
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better understanding of what factors determine whether a child or adolescent is more at risk of 

adverse outcomes. This information would provide a better foundation for early detection and 

intervention of criminality and substance use problems. 

The present study aims to help bridge this gap in knowledge. First, it will investigate 

the prevalence and course of criminality among individuals with ADHD, as well as the 

prevalence of substance use in comparison to a healthy control group after 23 years (follow-

up). Second, it will explore the potential predictive effects of neuropsychological functions, 

attention, internalizing, and externalizing problems, and comorbid ODD in adolescents with 

ADHD at baseline on criminality and substance use reported at follow-up. 

1.6.1 Hypotheses 

Based on the presented evidence, we have the following hypotheses: 

1) Higher level of neuropsychological impairments in adolescents with ADHD 

(baseline), will predict more substance use and criminality 23 years later (follow-up). 

2) Higher levels of ADHD symptoms (measured with the Child Behavior CheckList-

4/18 (CBCL) Attention problems) and global symptoms (measured with the Global 

Assessment Scale of Symptoms) in adolescence will predict a higher instance of 

criminality and substance use at follow-up. Higher levels of externalizing problems 

(measured with the CBCL Externalizing) in adolescence will predict higher use of 

substances and more criminality at follow-up. Higher rates of internalizing problems 

(measured with the CBCL Internalizing) in adolescence will predict more alcohol and 

drug use at follow-up.  

3) Comorbid oppositional defiant disorder in adolescents with ADHD (baseline) will 

predict more substance use and criminality at follow-up.  

These hypotheses will be investigated with quantitative statistical methods described in 

Chapter 2. The results will be presented in Chapter 3, and discussed in Chapter 4. 
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2 Methods 

This study is part of a larger research project based on data collected at three timepoints from 

1992 to 2017. The original cross-sectional study at time-point 1 (T1) (Øie & Rund, 1999) 

compared groups of adolescents with early-onset schizophrenia, ADHD, and a healthy control 

group (HC) on a comprehensive neuropsychological test battery. After 13 years (time-point 2, 

T2), Øie and colleagues (see Øie, Sundet & Rund, 2010; Øie, Sundet & Ueland, 2011) 

investigated the development of neuropsychological functions and the associations between 

neuropsychological functions at T1 and functional outcomes at T2 in the same groups. The T2 

investigation was repeated again 23 years after T1 (time-point 3, T3). The current study uses 

neuropsychological, overall and specific symptom measures, and comorbidity measures from 

T1 as predictor variables, and criminality measured at T2 and T3 and substance use measured 

at T3 as outcome measures. The study includes the 19 individuals in the ADHD, and 26 

individuals in the Healthy Control group that were available for assessment at T3 (N=45). 

2.1 Participants 

2.1.1 Baseline/T1 

A thorough description of the demographic information of the participants from T1 and T2 

can be found in earlier publications (Øie & Rund, 1999; Øie et al., 2010; Øie et al., 2011). At 

baseline the ADHD group consisted of 20 male adolescents diagnosed with ADHD by senior 

clinicians using a semi-structured interview and the Parents Rating Scale (Wender, Wood & 

Reimherr, 1985), a standardized measure of hyperactivity, inattention and impulsivity at age 

6-10. All participants had to meet the DSM-III-R criteria for ADHD, and had to have 

symptom-related problems both at school and at home. All participants were between 12 and 

18 years old at T1. The ADHD group was significantly younger than the HC group (F(1.43) = 

13.6 p<.001). The ADHD group (N = 19) had a mean age of 14 years (SD = 1.5 years) and the 

HC group (N = 26) had a mean age of 15.8 years (SD = 1.7 years). 

The ADHD group was recruited from the National Centre for Child and Adolescent 

Psychiatry in Oslo, and were all outpatients. Fourteen of the participants were given 

additional diagnoses: oppositional defiant disorder (ODD) (n = 9), developmental reading 
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disorder (DRD) (n = 2), and both of the previous (n = 3). These comorbidities reflect previous 

findings in research on ADHD (Jensen, Martin & Cantwell, 1997), indicating that the sample 

is representative in this regard. At T1 12 participants used stimulant medication, but this was 

discontinued for at least 24 hours before the testing (methylphenidate, n = 11; 

dextroamphetamine, n = 1). One participant received haloperidol (1 mg/day) because of tics. 

The HC group consisted of volunteers recruited from regular schools, 16 males and 14 

females. They were screened at baseline with the Child Behavior CheckList 4-18 (CBCL) 

(Achenbach & Edelbrock, 1991), and all participants with a total raw score higher than 45 on 

the total measure were excluded. The mean total raw-score on the CBCL was 60.3 (SD = 

17.7) in the ADHD group and 13.4 (SD = 10.2) in the HC group. 

At T1, all participants were screened for factors likely to affect central nervous system 

functions, such as substance abuse, medical disease and previous head injuries with loss of 

consciousness. Another exclusion criteria was intellectual disability, with a score below 70 on 

the Wechsler Intelligence Scale for Children-Revised (WISC-R, Wechsler, 1974) serving as 

the cut-off. 

2.1.2 13-year follow-up 

At T2 19 participants in the ADHD group were available for retest, one was deceased 

(Norwegian Cause of Death Registry). The diagnosis was confirmed at T2 based on the DSM-

IV in 15 of the participants, and four participants no longer met the diagnostic criteria for any 

psychiatric disorder. There is support for diagnostic continuity for ADHD between the DSM-

III-R and the DSM-IV (Biederman et al., 1997). Four participants in the ADHD group were 

diagnosed with comorbid antisocial personality disorder and two with bipolar disorder at T2. 

Four of the ADHD participants had been hospitalized due to substance abuse between T1 and 

T2 (M = 62.0 weeks, SD = 107.5), but none of them were inpatients at T2 (Øie et al., 2011). 

Twenty-seven percent (n = 5) of the individuals received pharmacological treatment for 

ADHD. 
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2.1.3 23-year follow-up 

All of the 19 participants in the ADHD group from T2 were available for retest at T3. The 

diagnosis was again confirmed based on the DSM-IV and eleven participants still fulfilled the 

criteria. Among these eleven, four participants fulfilled the criteria for ADHD only, while 

seven participants also fulfilled criteria for other disorders; five for depression or anxiety, one 

participant for a bipolar disorder, one fulfilled the criteria for Tourette’s syndrome. 

From T2 to T3, the number of individuals in the HC group were reduced from 30 to 

26. One had an illness that prevented the person from participating, one was dead due to a 

medical disease (Norwegian Cause of Death Registry), and two declined to participate in the 

T3-study. The 26 individuals who remained in the study were included in the analyses. 

All of the participants originally in the ADHD group, except from the one who was 

deceased, were included in the analyses (n = 19), including the eight whose ADHD had 

remitted. The goal of the study is to investigate outcomes in adolescents with ADHD, some of 

which later lose the diagnosis. To exclude those who later lost the diagnosis either due to 

other diagnoses or remission would remove positive outcomes from the study, create a bias 

towards negative outcomes and reduce the validity of the study. 

2.2 Baseline measures 

2.2.1 Neuropsychological measures 

A comprehensive neuropsychological test battery was administered at T1 (Øie & Rund, 

1999). The scores of tests that measure the same ability/domain were grouped together on the 

measures where we had several tests in order to increase the reliability of our scores. Using 

domains instead of individual tests increases statistical power and reduces the risk of type 1 

errors that could occur with multiple analyses. 

These neuropsychological domains were made from subtests showing satisfactory 

psychometric properties in the retest sample based on definitions given in the Øie and Rund 

(1999) study and modified according to Saykin et al. (1991, 1994; Øie et al., 2011). This was 

done by converting raw scores to standard z-scores on each test based on the means and 

standard deviations of the HC group (including the five participants who dropped out at T3) at 

T1, and then averaging each subject’s z scores on tests within each domain. Where high 
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scores indicated impairment, the direction was reversed so that high scores always indicated 

better neuropsychological function. 

We used the same eight aggregate measures as Øie et al. (2011); Executive function, 

Visual memory, Verbal memory, Visuomotor processing, Motor coordination, Auditory 

attention, Selective attention and Visual attention.  

The Executive function domain consists of the Wisconsin Card Sorting Test (WCST): 

Perseverative responses (Heaton, 1981). The test measures the subjects ability to show 

flexibility in adapting to new rules (Nyhus & Barceló, 2009) versus the repeating of behaviors 

when they are no longer appropriate (Stedron, Sahni, & Munakata, 2005). As such, the 

number of perseverative responses measures important executive functions such as failing to 

inhibit inappropriate responses as well as working memory and cognitive flexibility. The 

WCST is a commonly used measure of executive function deficits in ADHD, and 

perseverative responses is one of the measures that best measures the differences between 

ADHD- and healthy control groups (Romine et al., 2004). 

The Visual memory domain consists of the Kimura Recurring Figure test: Total 

correct score (Kimura, 1963), a valid and reliable instrument for the assessment of non-verbal 

memory function (Rixecker & Hartje, 1980).  

The Verbal memory domain consists of the California Verbal Learning Test (CVLT), 

Total correct words at trial A1-5 (Delis, Kramer, Kaplan, & Ober, 1987). The CVLT is a 

widely used measure of the ability of verbal learning and memory (Yi, 2011). 

The Visuomotor processing domain consists of the mean of Trail Making Test A, Trail 

Making Test B, measured as seconds to complete (Reitan & Wolfson, 1993), and the Digit 

Symbol–Coding from WISC–R (Wechsler, 1974) measured by number of symbols correctly 

coded in 120 seconds. The Trail Making Test (TMT) measures visual search, scanning, speed 

of processing and mental flexibility (Tombaugh, 2004). The Digit Symbol-Coding test 

measures psychomotor speed (Le Fever, 1985). The number of correct symbols within the 

allowed time is measured (Wechsler, 1974). 

The Motor coordination domain consists of the Grooved Pegboard Test: Mean time in 

seconds to complete for dominant and non-dominant hand (Reitan & Wolfson, 1993). The 

Grooved Pegboard Test measures motor speed and eye-hand coordination performance with 

the dominant vs the non-dominant hand (Reitan & Wolfson, 1993).  

The Auditory attention domain consists of the Seashore Rhythm Test: Mean number 

of correct answers (Reitan & Wolfson, 1993), Digit Spans maximum span forward and span 
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backward from WISC–R (Wechsler, 1974), and the Digit Span Distractibility Tests 

proportion of correctly repeated digits with and without distracter digits read in between 

targets (Oltmanns & Neale, 1975). The Seashore Rhythm test measure non-verbal auditory 

attention (Reitan & Wolfson, 1993). The Digit Span forward and backward and the Digit 

Span distractibility Test measure auditory attention and working memory (Wechsler, 1974). 

The Selective attention domain consists of the Dichotic Listening task: Mean number 

of correct right ear answers from the Forced Right condition, and number of correct left ear 

answers from the Forced Left condition (Hugdahl & Andersson, 1986). The Dichotic 

Listening task is commonly used to measure auditory selective attention, which is the ability 

to attend to some stimuli, while suppressing others (Hugdahl & Andersson, 1986). 

The Visual attention domain consists of the Backward Masking task: Mean number of 

correctly identified digits at the 33 ms and the 49-ms interstimulus intervals (Rund, Øie, & 

Sundet, 1996). The Backward Masking task assess the earliest stages of visual processing; 

pre-attentive processes. The mean number of correct responses in each condition were used as 

the measures of the visual attention domain. 

In addition to the eight domains, we estimated a Full Scale IQ-measure (FSIQ) at T1 

by combining Similarities and Block design from the WISC-R (Wechsler, 1974). We did not 

include the other measures from the WISC-R, Digit span and Digit Symbol-Coding, in our 

FSIQ estimate as they were included in measures of specific domains. We used Sattler & 

Dumont’s (2004) table chart for estimating full-scale IQ (FSIQ) from combinations of 

subtests. This was to prohibit issues arising from computing general intelligence form only 

two subtests. Such issues entails the phenomenon of small deviations in sub-tests aggregated 

to larger deviations when combined, as well as the phenomenon of regression towards the 

mean. 

2.2.2 Symptom, emotional, and behavioral problem measures 

The Global Assessment Scale of Symptoms (GAS) was administered at T1. This scale is used 

by clinicians to rate patients’ symptomatology and functioning on a 100-point scale where 1 is 

severe symptoms/lack of function and 100 is lack of symptoms/excellent functioning. The 

GAS has been found to have good reliability and validity in several populations (Endicott, 

Spitzer, Fleiss, & Cohen, 1976).  
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The Child Behavior CheckList/4-18 (CBCL) (Achenbach & Edelbrock, 1991) was 

filled out by the participant’s mothers at T1. It is a part of the general questionnaire 

Achenbach System of Empirically Based Assessment (ASEBA). The CBCL is for children 

between 4-18 years of age, and measures children's emotional, social and behavior problems, 

as well as competences (Achenbach & Edelbrock, 19911). The scores are reported as T-

scores, with high scores reflecting more problems. T-scores above 65 (93rd percentile) are 

considered to be in the borderline range, and T-scores above 70 (98th percentile) are 

considered to be in the clinical range (Achenbach & Edelbrock, 1991). The CBCL is one of 

the most widely used questionnaires for assessing children's behavior problems (Biederman et 

al., 1995). Decades of research has supported the validity and reliability of the questionnaire 

(Achenbach & Rescorla, 2001). The CBCL has eight empirically based syndrome scales; 

Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought 

Problems, Attention Problems, Delinquent Behavior, and Aggressive Behavior. Due to the 

fact that attention problems are a core symptom of ADHD, we used the CBCL Attention 

problems scale. This scale has been shown to have “excellent convergence” with the 

diagnosis of ADHD in mixed samples (Biederman, 1993). 

In addition, we also used two composite scores of the eight syndrome scales found by 

Achenbach & Edelbrock (1991) with second-order factor analyses of the syndrome scales; 

Internalizing problems and Externalizing problems. The CBCL Internalizing consists of the 

scales Anxious/Depressed, Withdrawn/Depressed, and Somatic Complaint problems. The 

CBCL Externalizing consists of Aggressive behavior and Delinquent behavior problems. We 

did not include the CBCL Social problems- or Thought problems scales. The choice of scales 

was guided by the knowledge of which symptoms are most central to the ADHD diagnosis 

and the most common comorbid disorders, as presented in the introduction. The composite 

scores are computed by summing the raw scores on the symptom scales included, and are then 

converted to and reported as T-scores. The Internalizing and Externalizing scales are not 

mutually exclusive, although they constitute different problems. 

There is evidence for high construct validity of the CBCL (Achenbach & Rescorla, 

2001). There is a significant association between the scores on the CBCL and concurrent 

scales of other instruments and with DSM criteria, including ADHD. The scale Attention 

problems correlates .53 with the DSM ADHD diagnosis, the scale Externalizing correlates .30 

with DSM conduct disorder diagnosis, and the scale Internalizing correlates .45 with DSM 

depression diagnosis (Achenbach & Rescorla, 2001). The CBCL also have been found to 
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have a high criterion-related validity, as it significantly discriminates referred- and non-

referred children (Achenbach & Rescorla, 2001). 

2.2.3 Comorbidity measure 

Comorbidity was diagnosed at T1 by a senior clinician using a semi-structured interview, 

according to DSM-III-R. As the comorbidity measure at T1, we computed a dichotomous 

measure named “Oppositional Defiant Disorder/No Oppositional Defiant Disorder”. The 

individuals with a comorbid ADHD and ODD diagnosis at T1 were scored as “1”, while the 

individuals with an ADHD diagnosis only were scored as “0”. We did not include the HC 

group in this measure, as none had a psychiatric diagnosis at T1. 

2.3 Outcome measures 

2.3.1 Criminality measures 

Criminality was measured in the ADHD group at T2 and T3 in an interview. The participants 

responded how many times they had been convicted of a crime and how many days they had 

been incarcerated from T1 to T2 and later from T2 to T3. The face validity of self-report on 

criminality might not be the best, as it is not desirable to have been convicted and the 

participants might underreport. However, a review found that self-report measures of 

criminality match official records (Hindelang, Hirschi, & Weis, 1979), self-report measures of 

criminality have been found to be valid and reliable for research purposes (Thornberry & 

Krohn, 2000). Self-report of criminality is used in research all over the world (Klein, 2012). 

We made measures of criminality by combining the data from T2 and T3. We made 

one measure for the number of convictions in total from T1 to T3, and one for number of total 

incarcerated days from T1 to T3. Combining the time points gives a more robust measure and 

increases the statistical power. We also made a dichotomous measure of criminality by 

recoding the number of convictions T2+T3 so that all convictions above zero were coded as 

one, while zero remained zero. 

These outcome measures give us different kinds of information about the nature of the 

criminality; continuous and dichotomous. If it is a continuous variable, we can predict not 

only whether someone will be convicted of a crime, but the severity of this criminality, as 
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indicated by many short incarcerations or few long ones. This information is provided by our 

first two measures. If it is predictable as a dichotomous variable, we can predict the likelihood 

someone will be convicted of a crime or not, information provided by our third measure.  

As a result, we ended up with three criminality measures; a measure of whether the 

subjects were convicted or not, a measure of number of the total number of convictions, and a 

measure of the total number of days convicted.  

2.3.2 Substance use measures at T3 

At T3 alcohol consumption was measured with the ten-item Alcohol Use Disorder 

Identification Test (AUDIT), and drug use was measured with the eleven-item Drug Use 

Disorder Identification Test (DUDIT). The AUDIT and the DUDIT are self-report screening 

tools that identify at-risk or problematic use of alcohol and drugs in the past 12 months 

(Babor, de la Fuente, Saunders & Grant, 1992; Berman, Bergman, Palmstierna, & Schlyter, 

2005). The measures are based on the DSM-IV and ICD-10 criteria for substance use 

disorders, but are not sufficient to place a diagnosis (Babor et al, 1992; Berman et al., 2005). 

Both instruments use scoring on a continuous interval scale. The DUDIT provides a score 

from 0 to 44, with higher scores indicative of more severe drug problems. The DUDIT cut-off 

score for problematic use is recommended to be six for men and two for women (Berman et 

al., 2005). The AUDIT provides a score from 0 to 40, with higher scores indicative of more 

hazardous alcohol use patterns. Total scores of eight or more are used as a cut-off point for 

problematic use of alcohol (Babor et al., 1992). The AUDIT and the DUDIT have satisfactory 

reliability and validity for use as both as research tools, and as clinical tools (Bergman & 

Källmén, 2002; Hildebrand, 2015). The AUDIT and the DUDIT are widely used 

internationally as a screening tool for substance use disorders, and have generated a large 

body of research (Allen, Litten, Fertig, & Babor, 1997; Berman et al., 2005). 

In addition to using the total scores of the AUDIT and the DUDIT, we made a 

dichotomous measure, based on the cut-off for problematic use on the AUDIT. The measure 

will be described as problematic/not problematic alcohol use. We were not able to use scores 

above cut-off for problematic use on the DUDIT because there was not enough variation in 

this measure to use it in the analyses. Instead, we made a dichotomous drug use/no drug use 

measure, with scores above zero on the DUDIT coded as 1, and scores of zero coded as 0. We 
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did not make a dichotomous alcohol/no alcohol-measure, as there was not enough variation in 

this measure. 

2.4 Ethical considerations 

The research design for the T1, T2 and T3 was approved by the Regional Committee for 

Medical Research Ethics in Eastern Norway (REK Øst-Norge REK 1 # 98-05-04113; 

2015/180/REK sør-øst C), and the study was conducted in accordance with the Helsinki 

Declaration of the World Medical Assembly, and the Privacy Ombudsman for Research. 

Written consent was given by all participants after a complete description of the study, and 

also by the parents at T1. One potential negative consequence of participating was tiredness 

from the testing, the risk of this was minimized by repeated breaks during the testing. 

Feedback from the test results were given to the participants by the neuropsychologist testing 

them. At T2 and T3 the participants were given 500 NOK as compensation for participating in 

the study. 

2.5 Analyses 

2.5.1 Descriptive statistics 

First, we looked at the descriptive statistics of the predictors at T1. Then we performed one-

way Analyses of Variance (ANOVA) to investigate potential differences between the ADHD- 

and the HC group concerning the eight neuropsychological domains and the estimated FSIQ-

measure, as well as the parent-rated problems as measured with CBCL at T1. 

We then looked at the descriptive statistics of the outcome variables. Regarding 

criminality, we only had information about the ADHD group. On the substance measures we 

compared the descriptive statistics of the different drug and alcohol measures in both groups 

and performed one-way ANOVAs between the groups. 

Finally, we looked at the descriptive statistics of co-occurring convictions (T2+T3) 

and problematic alcohol and drug use at T3. 
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2.5.2 Prediction of criminality 

The first hypothesis was that neuropsychological abilities at T1 would predict criminality 

from T1 to T3. To test this, we performed Spearman rank order analyses. This method 

correlates the eight neuropsychological domains and the estimated FSIQ-measure at T1 with 

the rank order of subjects on the two continuous criminality measures; number of convictions 

and number of days sentenced at T2+T3. Because the continuous criminality variables did not 

meet the criteria of normality, we could not use parametric statistical methods with these 

measures. There are no tests of statistical significance for the Spearman correlations, but it is 

common to treat it as a normal Pearson correlation while being cautious about borderline 

cases (Howell, 2013), so we went with this approach. We also performed one-way ANOVAs 

with the eight neuropsychological domains and the estimated FSIQ-measure at T1 as 

independent variables and the dichotomous criminality variable (T2+T3) as the dependent 

variable.  

The second hypothesis was that ADHD symptoms, global symptoms, and 

externalizing problems at T1 would predict criminality from T1 to T3 in ADHD populations. 

To test this, we performed Spearman rank order correlations for the continuous criminality 

variables and ANOVA for the dichotomous criminality variable. The analyses included scores 

on the CBCL at T1 and the GAS at T1 and the rank order of the two continuous criminality 

measures (T2+T3). The CBCL measures of externalizing problems, internalizing problems, 

attention problems, as well as the total CBCL score, all satisfied criteria for parametric 

statistics, and were all included in the analysis. One-way ANOVAs were performed, using the 

CBCL scores and the GAS scores at T1 as independent variables and the dichotomous 

criminality measure (T2+T3) as the dependent variable. 

The third hypothesis was that comorbid ODD at T1 would predict criminality from T1 

to T3. To test this hypothesis, Chi-square tests of independence were performed. Separate 

analyses were run for the association between comorbid ODD at T1 and the dichotomous 

criminality measure (T2+T3). 

2.5.3 Prediction of substance use 

We found that the AUDIT-measure met the criteria for normality, and thus we could use 

parametric statistics. However, the DUDIT-measure did not meet the criteria for normality, 

and thus we used non-parametric statistics with this measure. Since it is the prediction of 
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substance use in the ADHD group that is of interest in this study, we performed the analyses 

with this group only. 

The first hypothesis was that neuropsychological functioning at T1 would predict 

alcohol and drug use at T3 in ADHD populations. To test this hypothesis we performed 

simple linear regression- and Spearman rank order analyses. In the simple linear regression 

analyses, we used the eight neuropsychological domains and the estimated FSIQ-measure at 

T1 as independent variables and the continuous AUDIT-measure at T3 as the dependent 

variable, and ran separate analyses for each independent variable. We could not control for 

confounding variables in our analyses, as our sample size is too small to lose additional 

degrees of freedom. The Spearman rank order analyses had the same independent variables at 

T1 and the rank order of the DUDIT scores at T3. 

In addition to the regression analyses, we performed separate one-way ANOVAs with 

the same eight neuropsychological domains and estimated IQ as independent variables, and 

the dichotomous “problematic/not problematic alcohol use”, and the “drug use/no drug use” 

measure at T3 as the dependent measure. 

The second hypothesis was that ADHD symptoms, global symptoms, and 

externalizing and internalizing problems at T1 would predict substance use at T3. To test this 

hypothesis we performed simple linear regression- and Spearman rank order analyses. In the 

simple linear regression analyses, the scores on the CBCL and the GAS at T1 were used as 

independent variables and the AUDIT measure at T3 as dependent variables. The same 

independent variables at T1 were correlated with the DUDIT measure at T3 in the Spearman 

rank order analyses. The CBCL measures at T1 of Externalizing problems, Internalizing 

problems, Attention problems, as well as the Total CBCL score, were included in the separate 

analyses. We also performed one-way ANOVAs with the symptom/problem measures at T1 

and the dichotomous problematic alcohol-, and drug use/no drug use measure at T3.  

To test the third hypothesis of whether comorbid conduct problems at T1 would 

predict problematic alcohol use at T3, Chi-square tests of independence were performed. 

Separate analyses were run for comorbid ODD at T1 and the dichotomous problematic 

alcohol use-, and drug use/no drug use measure at T3. 
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3 Results 

3.1 Descriptive statistics 

3.1.1 Baseline characteristics of the ADHD- and the HC group 

Table 1. 

Descriptive statistics and F-value of the eight neuropsychological domains, estimated FSIQ and 

symptoms at T1 in the ADHD- and HC group. 

 

Table 1 list the descriptive statistics of the neuropsychological performance and the amount of 

emotional and behavioral problems. The groups differed with regard to four of the eight 

neuropsychological domains, as well as estimated FSIQ. The four domains were Auditory 

attention, Verbal memory, Visuomotor processing, and Motor function. The groups differed 

on all measures of emotional and behavioral problems. 
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3.1.2 Criminality 

Nine of the individuals with ADHD diagnosis (47%) were convicted from T1 to T3. The 

number of convictions per person ranged from one to nine (M = 1.9, SD = 2.6). The total 

number of days the nine convicted subjects were sentenced ranged from 20 to 1648 days (M = 

273.5, SD = 516.7). There was a slight decrease in total of crimes committed with age, from 

mean 21 convictions between T1 and T2, to mean 15 convictions from T2 to T3. Most of the 

individuals convicted of at least one crime by T2 were convicted of more crimes by T3 (n = 

7). At T3 there was only one individual convicted of a crime that had not been convicted at 

least once by T2. 

3.1.3 Substance use 

The descriptive statistics are shown in Figure 1. Ninety-five percent of the individuals in the 

ADHD group reported consuming alcohol at T3, with the mean score on the AUDIT being 

5.47 (SD = 4.44). In comparison, 88.5% of the HC group reported consuming alcohol, with a 

mean score of 5.19 (SD = 4.63). However, only 26.3% of the ADHD group and 11.5% of the 

HC group reported alcohol use classified as problematic on the AUDIT. In the ADHD group, 

42.1% reported drug use (M = 3.26, SD = 7.41), and a quarter (10.5%) of these are classified 

as problematic use in the DUDIT. In the HC group 15.4% reported drug use (M = .46, SD = 

1.21), but none were classified as having problematic use. None of the individuals in the 

ADHD group had both problematic alcohol and drug use at T3. 

One-way ANOVAs showed no significant differences in substance use between the 

ADHD and HC groups, neither for total use, nor problematic use of alcohol or drugs. The 

differences in the groups on the scores on the AUDIT and the DUDIT are shown in Figure 1. 
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Figure 1. Percent of total and problematic drug use in the ADHD- and HC group as measured with the 

Alcohol Use Disorder Identification Test and the Drug Use Disorder Identification Test. 

3.1.4 Co-occurring criminality and problematic substance use 

The descriptive statistics showed that four individuals (21%) in the ADHD group had both 

problematic substance use (above cut-off on the AUDIT or DUDIT) at T2 and convictions 

(T2+T3). Of the five individuals with problematic alcohol use at T3, two of them had been 

convicted from T1 to T3 (40%). Of the two individuals with problematic drug use at T3, both 

of them had been convicted from T1 to T3. 

3.2 Baseline predictors of criminality (T2+T3) 

3.2.1 Neuropsychology 

Spearman’s rank order correlations were run to determine the relationship between the eight 

neuropsychological domains and the estimated FSIQ measure at T1 and the two continuous 

criminality measures (number of convictions in total, and number of days sentenced in total). 

There were no statistically significant correlations between the variables. Also, one-way 

ANOVAs were run to reveal any significant differences between the groups with and without 
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convictions (total from T1 to T3) on the neuropsychological domains at T1. No statistically 

significant differences were found. 

3.2.2 Symptomatology, emotional and behavioral problems 

3.2.2.1 The Child Behavior CheckList/4-18 

Spearman’s rank order correlation analyses were run to determine the associations between 

the CBCL Total, Attention problems, Externalizing and Internalizing scores at T1, and 

number of convictions (total from T1 to T3) and days sentenced (total from T1 to T3) in the 

ADHD group. The results, presented in Table 2, showed a statistically significant correlation 

between the scores on the CBCL Externalizing at T1 and number of convictions (two-tailed, 

rs=.527, p=.021). There was also a statistically significant correlation between the scores on 

the CBCL Externalizing at T1 and number of days sentenced (rs=.584, p=.011). The other 

correlations were not statistically significant. 

One-way ANOVAs with the five CBCL scores at T1 as independent variables and the 

dichotomous criminality measure as dependent variable showed that the group with 

convictions from T1 to T3 had significantly higher scores on the CBCL Externalizing at T1, 

F(1,18) = 5.690, p<.05 (Convictions, M = 71.44, SD = 6.97, no convictions, M = 64.30, SD = 

6.09). There were no significant differences between the group with and without convictions 

on the CBCL Total, Internalizing, or Attention problems score at T1. 

3.2.2.2 The Global Assessment Scale of Symptoms (GAS) 

The Spearman rank order correlations between the GAS score at T1 and number of days 

sentenced (T2+T3) and number of convictions (T2+T3), showed a statistically significant 

correlation between the GAS and number of days sentenced (two-tailed, rs=-.496, p=.037). 

Higher symptom load at T1 was associated with higher number of days sentenced. There was 

no significant correlation between the GAS and number of convictions.  

The GAS did not predict whether the subjects were convicted or not when performing 

a one-way ANOVA. The results of the ANOVA is presented in Table 3. 
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Table 2. 

Spearman rank order correlations between symptom measures at T1 and criminality at T2+T3 in the 

ADHD-group (N=19). 
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Table 3. 

One-way Analyses of Variance: Group differences on symptom measures at T1 between individuals 

with and without convictions at T3 in the ADHD-group (N=19). 

 

3.2.3 Comorbid Oppositional Defiant Disorder 

The chi square analysis between ODD/no ODD at T1 and convicted/not convicted at T3 

showed no significant relation between the variables, X2(1, N = 19) =0.9, p=.343. Neither of 

these analyses show a significant relationship between the variables. 

3.3 Baseline predictors of substance use 

3.3.1 Neuropsychology 

The simple linear regression- and the Spearman rank order analyses with the eight 

neuropsychological domains and the estimated FSIQ measure at T1 as independent variables 

did not predict the total use of alcohol or drugs measured by the AUDIT or the DUDIT at T3. 

We found no significant differences in the neuropsychological domains between the group 

with and without problematic alcohol use at T3 in the one-way ANOVAs. 
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3.3.2 Symptomatology, emotional and behavioral problems 

3.3.2.1 The Child Behavior CheckList/4-18 

The simple linear regression- and Spearman rank order analyses with scores on the CBCL at 

T1 as independent variables showed that scores on the CBCL did not predict total alcohol or 

drug use at T3 in participants with ADHD. The one-way ANOVAs with the scores on the 

CBCL at T1 as independent variables showed no group differences on the CBCL between the 

groups with problematic and not problematic alcohol use or between the groups with drug 

use/no drug use at T3.  

3.3.2.2 The Global Assessment Scale of Symptoms (GAS) 

The simple linear regression- and Spearman rank order analyses showed that scores on the 

GAS at T1 were not statistically significantly associated with drug or alcohol use at 23-year 

follow-up in the ADHD-group. The one-way ANOVAs showed no significant group 

differences on the GAS-scores between the group with problematic alcohol use and the group 

with no problematic alcohol use, when it comes to symptom load. Neither were there any 

differences on the GAS measure between the group with and without drug use.  

3.3.3 Comorbid Oppositional Defiant Disorder 

The chi square analysis between ODD/no ODD at T1 and problematic/non-problematic 

alcohol use at T3 showed no statistically significant relation between the variables, X2 (1, N = 

19) = .130, p=.719. The association between ODD/no ODD at T1 and drug use/no drug use at 

T3 was not significant, X2 (1, N = 19) = 1.659, p =.198. 
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4 Discussion 

4.1 The prevalence and course of criminality 

One of the aims of this study was to investigate the prevalence and course of both criminality 

and substance use in individuals with ADHD. The results showed that about half of the 19 

participants with ADHD had been convicted of a crime in the follow-up period from 

adolescence (T1) to adulthood (T3). This result is consistent with the prevalence of 

criminality found in another Scandinavian longitudinal study conducted by Dalsgaard et al. 

(2013). In the present study, the results revealed a slight decrease in crimes committed in 

adulthood, compared to adolescence and early adulthood. These findings are in line with 

research that have reported that criminality peaks at the ages of 18-20 years old and decreases 

steadily thereafter (Statics Norway, 2018). 

4.2 The prevalence of substance use 

There were no significant differences in either alcohol or drug use between the ADHD- and 

the HC group at follow-up (T3). This does not replicate the results of other studies reporting 

an increased use of drugs and alcohol among adults with ADHD, compared to adults in the 

general population (Franke et al., 2018; Groenman et al., 2017). The present study shows that 

abstention from alcohol is a marginal phenomenon in both groups. Although there is no 

statistically significant difference between the groups when it comes to problematic alcohol 

use, there is a numerical difference. Three out of ten in the ADHD group had scores 

indicating problematic alcohol use, compared to only one out of ten in the HC group. This 

differences is comparable to that reported in Groenman et al.’s (2017) meta-analysis. This 

indicates that the lack of a statistical difference in problematic alcohol use might be due to the 

small sample size in the present study not providing adequate statistical power to detect any 

differences. A prospective longitudinal study by Molina et al. (2018) also found numerical, 

but not statistically significant, differences in alcohol use and misuse in early adulthood 

between an ADHD- and a healthy control group. They argued that further longitudinal 

research is needed before concluding that the risk for alcohol abuse is inconsequential for 

ADHD (Molina et al., 2018). 
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Although many of the individuals in the ADHD group do not necessarily have an 

alcohol problem, they could still be at risk for negative consequences. Adults with ADHD 

have been shown to have increased sensitivity to the negative effect of alcohol on inhibitory 

control compared to healthy controls (Weafer, Fillmore & Milich, 2009). The risks of alcohol, 

such as injury during intoxication (Halkjelsvik & Storvoll, 2015), may be exacerbated by the 

impulsive symptoms which puts individuals at risk for injuries (Merrill, Lyon, Baker & Gren, 

2009). Furthermore, alcohol use may lead to the development of problematic use over time 

(Halkjelsvik & Storvoll, 2015).  

Of the participants with ADHD, about 40% reported to have used drugs in the past 

year, compared to about 15 percent in the HC group. Although there is no statistically 

significant difference between the groups regarding drug use, the numerical difference is 

comparable to that of other studies (Groenman et al., 2017). Furthermore, none of the 

participants in the HC group reported problematic drug use, while around one out of ten 

reported problematic drug use in the ADHD group. This indicates that having ADHD 

diagnosed in childhood is a risk factor for problematic drug use in adulthood, even though 

there is no statistically significant difference between the two groups. 

Of the individuals with problematic alcohol- and drug use at T3, 2 out of 5 and 2 out 

of 2 respectively, had committed crimes from T2 to T3. Although these are small groups of 

individuals, the fact that substantial proportions within the groups had committed crimes may 

reflect the findings from other studies that problematic substance use and criminality 

frequently co-occur in individuals with ADHD (Mannuzza et al., 2008; Gudjonsson et al., 

2012; Knecht et al., 2015). 

Consuming alcohol and using drugs when having the symptoms and impairments 

associated with ADHD, may cause more harm compared to others without such symptoms. 

Substance use may have a short-lived effect in ameliorating symptoms and 

neuropsychological impairment in individuals with ADHD, and thus can be used for self-

medication purposes (Gould, 2010; Conrod & Nikolaou). On the other hand, in the long term 

such use can lead to greater problems, such as increased difficulties with the structuring of 

daily life (Kronenberg, Slager-Visscher, Goossens, van den Brink, & van Achterberg, 2014). 

This is unfortunate, as individuals with ADHD report that structure helps them function 

better, and the absence of structure contributes to the continuation of substance use 

(Kronenberg et al., 2014). The use of drugs or alcohol may also lead to impairment in 

neuropsychological functions, deteriorating physical and mental health, and disturb the 
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normal sleep-wake balance (Faraone et al., 2015; Stavro, Pelletier, & Potvin, 2013; Compton, 

Volkow, & Lopez, 2017; Lugoboni et al, 2017; van Emmerik-van Oortmerssen et al., 2014; 

Gould, 2010; Hser et al., 2017).  

In summary, considering the small sample size in the present study, the findings 

indicate that the ADHD- and HC group are representative regarding substance use. 

Furthermore, the combination of symptoms and impairments associated with ADHD in 

combination with substance use may cause a range of negative consequences. As such, it is 

important to know more about early risk factors for substance use, which will be discussed 

further in the upcoming sections. 

4.3 Neuropsychological function as a predictor 

Our first hypothesis was that neuropsychological measures at baseline (T1) in the ADHD 

group would be associated with criminality and substance use at follow-up (T3). The 

hypothesis was based on research linking executive function impairments to substance use 

(Nigg et al., 2006) and criminality (Knecht et al., 2015). 

4.3.1 Criminality 

The results in the current study did not show support for our hypothesis that 

neuropsychological impairments at baseline would be associated with more criminality from 

T1 to T3 in the ADHD group. This may indicate that it is not the neuropsychological deficits 

in ADHD that predicts the risk for criminality in these individuals, or that our sample is too 

small to detect this association. As such, the current study did not find support for the 

hypothesis that impairment in prefrontal cortex, which is assumed to reflect impaired 

executive functions/impulsivity play an important role in predicting crime (Knecht et al., 

2015; Hanoch et al., 2012). Further, we did not replicate findings of cross-sectional 

associations between executive deficits and criminality, an association found both in ADHD- 

and non-ADHD populations (Ginsberg et al., 2010; Morgan & Lilienfeld, 2000; Ogilvie et al., 

2011). However, the ADHD group were impaired on only four of the eight 

neuropsychological domains. Even the EF measure, thought to measure a possible core 

impairment in ADHD, did not differ between the ADHD- and HC group. It is less probable to 

find a significant within-group prediction as long as the mean score and the standard deviation 
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did not deviate from normal performance. However, even in the neuropsychological domains 

that were significantly impaired with within-group variability of the same sizes as among the 

controls, there were no significant predictors for criminality. For instance, the estimated 

FSIQ-score was significantly lower in the ADHD group, compared to the HC group. This is 

not in line with evidence from a meta-analysis of longitudinal studies finding associations 

between IQ-deficits and later criminality in ADHD populations (Mohr-Jensen & Steinhausen, 

2016). 

Nevertheless, there still is a lack of studies that explore the longitudinal predictions of 

neuropsychological impairments on later criminality in individuals with ADHD. 

4.3.2 Substance use 

Neuropsychological functioning at T1 did not predict substance use at follow-up in the 

ADHD group. This is in accordance with evidence from other prospective longitudinal studies 

that have found no associations between neuropsychological measures in childhood and 

substance use in adolescence (four years of follow-up, Groenman et al., 2015), and executive 

function in adolescence and substance use in adulthood (five years of follow-up, Wilens et al., 

2011). However, the same issue regarding significant differences between the ADHD- and 

HC group on only four of the neuropsychological measures, and estimated IQ, is also 

applicable to the current findings.  

It is possible that by using an aggregate measure of neuropsychological functioning, 

we could have failed to detect more fine-grained effects (Groenman et al., 2015). For 

instance, Nigg et al. (2006) found that a measure of response inhibition as a measure of 

executive inhibition, predicted later substance use. It is possible that response inhibition is an 

executive function that is specifically sensitive to the effect of alcohol, and thus could partly 

explain which children with ADHD have increased SUD risk (Molina & Pelham, 2014), and 

that other specific measures could have equally specific associations. 

As one such specific association, Molina & Pelham (2014) propose that expansion of 

neuropsychological test batteries with tests that measures motivation-reward processes and 

the interplay between these and higher-order executive functions, could better uncover 

neuropsychological vulnerabilities, especially for substance use disorders. A study on non-

ADHD students conducted by Bø and colleagues (2017) included a measure of risky decision 

making in addition to tests measuring executive function. They found that risky decision 
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making, but not executive function, was associated with severity of binge drinking 18 months 

later (Bø, Billieux, Gjerde, Eilertsen, & Landrø, 2017). Other studies also have implicated a 

reward-pathway driven by sensation seeking in the risk of substance use in individuals with 

and without ADHD symptoms (Castellanos-Ryan et al., 2011, Handley et al., 2011).  

The suggestion made by Molina & Pelham (2014) is in accordance with Conrod & 

Nikolaou’s (2016) explanation of a dual-process model of control, which involves the cortico-

basal-ganglia/limbic networks. The basal‐ganglia/limbic circuitry drives behavior by a 

sensitivity towards rewards and positive affect. The prefrontal control circuits are implicated 

in adequate control of such responses. When these prefrontal functions are not fully 

developed, as is the case in adolescence, the vulnerability towards risky decisions such as 

experimentations with substances, is increased. The fact that adolescents with ADHD show 

increased impairment in prefrontal functions, makes them more vulnerable toward such risk-

taking behavior (Martel, Nikolas, & Nigg, 2007). Further, this neurodevelopmental imbalance 

in the circuitry has been shown to be prolonged or aggravated by heavy substance use during 

adolescence, resulting in less controlled substance use, and such increasing the risk for SUDs 

(Conrod & Nikolaou, 2016). The suggestion made by Molina & Pelham (2014) is also 

supported by Adisetiyo & Gray (2017) who found that aberrant reward-processing underlying 

impulsivity could be the neural correlate of heightened SUD risk in ADHD populations. 

Nevertheless, it seems that neuropsychological impairments in adolescence do not 

distinguish those individuals with ADHD that have a risk for substance use 23 years later. 

However, again, our sample may be too small to detect such individual differences in 

vulnerability. 

4.4 Symptoms and emotional and behavioral problems as 

predictors 

Our second hypothesis was that ADHD symptoms, global symptoms, and externalizing and 

internalizing problems in adolescence would be associated with criminality and substance use 

at follow-up (T3). We specified that externalizing problems would be related to criminality 

and substance use, while both externalizing and internalizing symptoms would be related to 

substance use. 
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4.4.1 Criminality 

The current study found longitudinal associations between higher level of global symptoms 

(Global Assessment Scale) at T1 and the higher incidence of criminality in the ADHD group 

at follow-up. This finding is in line with other research reporting that the severity of ADHD 

symptoms in childhood, especially the hyperactive/impulsive symptoms, are associated with 

criminality in adulthood (Mohr-Jensen & Steinhausen, 2016; Barkley et al., 2004). According 

to Moffit & Scott (2008), children with ADHD have much greater genetic, 

neuropsychological and psychosocial burden than do healthy children, which are risk factors 

for later criminal behavior. Further, since individuals with ADHD are at risk of developing 

substance use disorders, this may be a possible trajectory from ADHD symptoms in 

adolescence to criminality in adulthood (Von Polier et al., 2012). According to Fletcher & 

Wolfe (2009), the finding that there is an increased risk of crimes among individuals with 

ADHD, fits with economic models of crime: that is, individuals with ADHD have lower 

expectations for job opportunities, and thus they are more likely to commit a crime than other 

otherwise similar adolescents and young adults. However, it is uncertain if this model is 

generalizable to the Norwegian society, which has a welfare system providing economic 

support for unemployed individuals.  

Further, we found that parents reports of higher prevalence of externalizing problems 

(the CBCL Externalizing) in the children with ADHD at T1 were associated with higher 

incidence of criminality at follow-up (measured at T2 and T3). The CBCL Externalizing 

consists of aggressive and rule-breaking behavior, which we interpret to reflect the comorbid 

behavior problems often present in ADHD, as well as perhaps the impulsive symptoms of 

ADHD. Thus, our finding is consistent with prospective longitudinal studies that have shown 

a significant association between childhood impulsivity, conduct problems and future 

criminality (Erskine et al, 2016; Babinski, Hartsough & Lambert, 1999). In light of studies 

finding that impulsivity is a core feature in both ADHD and behavior/conduct problems 

(Martel, Levinson, Lee, & Smith, 2017), it is interesting that there were no significant 

association between the neuropsychological tests measuring impulsivity in adolescence and 

criminality in adulthood. One possible reason for this discrepancy, could be that 

neuropsychological tests are good at measuring so called modular functions, but not as good 

at measuring overarching regulatory functions. This is due to the fact that such overarching 

functions are not shown in the highly controlled test situation. This is where report forms such 
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as the CBCL-6/18 have their strengths, as they measure such functions in the context of 

everyday life-situations. 

There could be several explanations as to why externalizing problems in adolescence 

are associated with later criminality. For one, the overabundance of externalizing problems in 

children and adolescents with ADHD, can result in fearlessness and the likelihood of breaking 

social norms (Eisenberg, Hofer, & Vaughan, 2007). Another explanation is that antisocial 

behavior in children with ADHD is highly heritable (Von Polier at al., 2012). Further, a 

possible pathway proposed by Molina & Pelham (2014) is that the presence of a difficult 

temperament in children with ADHD could interact with environmental factors such as 

parenting, and escalate behavior problems. This interaction could eventually result in deviant 

behavior such as criminality. Moreover, parents of children with ADHD and antisocial 

behavior more often suffer from psychiatric disorders (Pfiffner, McBurnett, Rathouz & 

Judice, 2005), which may cause further difficulties with parenting. Johnston & Jassy (2007) 

have proposed a model of child-parent interaction for children with ADHD where the child’s 

symptoms of inattention or impulsivity increase the likelihood of parents responding in non-

optimal manners towards the child. Examples of such parental behaviors were giving in to the 

child, having angry outbursts or with withdrawing from the child. This interaction may result 

in the child developing oppositional/conduct problems (Johnston & Jassy, 2007). 

Another hypothesis that may explain the association between externalizing behavior in 

adolescence and later criminality, could be that children with ADHD and behavior problems 

tend to affiliate with deviant peers, which increases the risk of developing antisocial behavior 

such as criminal offences (Pratt, Cullen, Blevins, Daigle & Unnever, 2002). Lee (2011) found 

that a variant of the MAOA-gene in interaction with affiliation with deviant peers increased 

the risk of antisocial behavior in a youth sample. This highlights the impact of the interplay 

and transactions of genes with the environment. Not only problematic peer affiliation, but also 

problems with peers - such as problematic peer interaction, social skills, peer victimization 

and externalizing behavior have been found to be prevalent among children with ADHD 

(Kok, Groen, Fuermaier, & Tucha, 2016). Furthermore, a longitudinal study from the MTA 

group, (see Murray-Close et al., 2010) followed children with ADHD, and found the 

development of vicious cycles among peer problems over time. Specifically, peer rejection 

lead to poorer social skills, which in turn resulted in further peer rejection. Such problems 

also affected other areas of functioning, leading to cascading effects over time. 
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A different explanation of the association between externalizing in adolescence and 

criminality in adulthood in the ADHD group, could be that the unfortunate psychosocial 

outcomes associated with ADHD and externalizing behaviors may lead to criminality 

(Erskine et al., 2016). For instance, even while receiving medication, children with ADHD 

have worse educational outcomes than their peers (Fleming et al., 2017). Research 

consistently show that poor academic achievement are risk factors for criminal behavior 

(Hinshaw, Carte, Sami, Treuting & Zupan, 2002). The interplay between psychosocial 

outcomes are complex, and they often interact and reinforce each other. Erskine et al. (2016) 

found that childhood ADHD and CD were associated with high-school drop-out, and they 

suggested that this may result in unemployment and financial stress later in life. This 

increases the likelihood of the development of SUDs, which again increase the risk of 

criminality (Mannuzza et al., 2008; Erskine et al., 2016).  

To summarize, the finding that externalizing problems at T1 are associated with 

criminality at T2+T3 is consistent with other research, and there are several possible 

explanations for the association. Although the current study found an association between 

global symptoms and externalizing problems at baseline and criminality at follow-up, it is 

uncertain whether it is the diagnosis of ADHD or comorbid conditions that accounts for the 

associations discussed in this section. This question will be further discussed in the section 

about comorbid ODD as a predictor for criminality. 

4.4.2 Substance use 

In the current study there were no associations between the symptom and emotional and 

behavioral measures in adolescence and substance use 23 years later. This is likely due to the 

small sample size in the study. Other studies have found longitudinal and cross-sectional 

associations between inattentive and impulsive symptoms in children and adults with ADHD 

and substance use in adulthood (Molina & Pelham, 2003; Miranda et al., 2016). 

As explained in the introduction, research indicate that individuals with ADHD may 

use substances as a way of coping with the symptoms of the disorder (Ohlmeier et al., 2008). 

Ohlmeier et al. (2008) argue that substances stimulate the release of dopamine, and therefore 

reduces symptoms of ADHD. Likewise, Conrod & Nikolaou (2016) argue that sensation 

seeking traits which are common in externalizing disorders increase both behavioral 

sensitivity, but also pharmacological sensitivity to the incentive‐rewarding properties of 
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substances. In addition, impulsivity have been shown to cause increased sensitivity to 

stimulant substances, and this is proposed to be because of paradoxical effects on impulsivity 

in individuals with higher baseline levels of impulsivity (Conrod & Nikolaou, 2016). 

Individuals with the trait of impulsivity, often described as behavioral inhibition, have also 

been proposed to have an inherited common vulnerability for SUDs (Iacono et al., 2008). 

Other genetic and environmental factors contribute to influence the expression of the SUDs. 

Moreover, the individual also shapes his or her environment. This is thought to result in 

individual differences in which of the disorders an individual ends up developing (Iacono et 

al., 2008). 

Further findings from the current study was the lack of an association between 

externalizing problems (CBCL Externalizing) at baseline and substance use at follow-up. This 

is conflicting with the many studies finding that comorbid ODD or CD increases the risk of 

substance use in individuals with ADHD (e.g. Serra-Pinheiro et al., 2012; August et al., 

2006). The fact that many other studies have found this association may indicate that our lack 

of finding may be due to lack of statistical power. 

In addition to the lack of associations between inattentive and externalizing problems 

in adolescence and substance use at follow-up, we did not find an association between 

internalizing problems in adolescence and substance use at follow-up. This is not in line with 

the findings that internalizing traits such as neuroticism, hopelessness and anxiety sensitivity 

are associated with the tendency to use substances as a coping mechanism (Conrod & 

Nikolaou, 2016), and that adults with comorbid ADHD and internalizing disorders have an 

increased risk of addiction (Ohlmeier et al., 2008). However, there have been little research 

on this topic in the literature about ADHD (Molina & Pelham, 2014). Molina & Pelham 

(2014) argue that the link between internalizing symptoms and substance use might be more 

relevant when it comes to adults with ADHD, because rates of depression increases, and more 

negative affect is caused by the withdrawal from substances. 

4.5 Comorbid Oppositional Defiant Disorder as a 

predictor 

The third hypothesis in the study was that the comorbid diagnoses of Oppositional Defiant 

Disorder in the ADHD group at baseline (T1) would be predictive of substance use and 

criminality at follow-up (T3). This hypothesis was based on the research that describes 
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comorbid behavior problems as a key predictor for substance use and criminality (e.g. 

Miranda et al., 2016; Mohr-Jensen, Bisgaard, Boldsen, & Steinhausen, 2019). 

4.5.1 Criminality 

The current study failed to provide support for the third hypothesis. Co-occurring ODD and 

ADHD at T1 were not associated with criminality from T1 to T3. This is conflicting with the 

findings from studies that have found prospective links between comorbid ODD in childhood 

and adulthood criminality in individuals with ADHD (Sibley et al., 2011). Moreover, it is 

conflicting with the findings from the study in the current study, which show that 

externalizing problems at baseline, which are the core symptoms of ODD, are associated with 

criminality in adulthood. As such, the lack of an association in the present study could be due 

to a power problem, because of our small sample size of 19 participants. In addition, the 

CBCL Externalizing measure a broader range of externalizing behavior than the ODD 

diagnosis, which may explain some of the discrepancy. However, others have also failed to 

find any difference in the risk of criminality between children diagnosed with ADHD and 

ODD, and children with ADHD only (Ayaz, Ayaz, & Kayan, 2015; Sibley et al., 2011). A 

recent meta-analysis by Mohr-Jensen & Steinhausen (2016) reported that few studies have 

investigated the effect of ODD on the risk of later convictions, and that many of these studies 

found no effect of the disorder. As such, it is possible that only more severe externalizing 

symptoms as indicated by conduct disorder is predictive of criminality in individuals with 

ADHD. 

4.5.2 Substance use 

There was no statistically significant association between comorbid ODD at T1 and substance 

use at follow-up (T3). This is conflicting with longitudinal studies that found an association 

between childhood ODD and ADHD and SUDs (Harpold et al., 2007; August et al., 2006). 

However, ODD is considered as less severe than CD, and thus the link between comorbid CD 

have been found to be stronger than that of ODD (Rodgers et al., 2015). Others have also 

failed to find any difference in the risk of substance use between children diagnosed with 

ADHD and ODD, and children with ADHD only (Ayaz et al., 2015; Groenman et al., 2013). 

As such the question of whether comorbid ODD in individuals with ADHD accounts for the 

risk of using substances is a relevant question that is still not resolved in the literature (Serra-
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Pinheiro et al., 2012). Research suggests that a general externalizing spectrum model that 

indicate that the shared variance among externalizing disorders could be explained by 

common genetic and environmental influences, as well as premorbid personality traits and 

neuropsychological deficits (Castellanos‐Ryan et al., 2011). In the research on ODD/CD-

comorbidity, it could be useful to not only study the effect of the co-occurrence with ADHD, 

but of its development and interaction with ADHD and substance use and criminality over 

time. In addition, it could also be helpful to study the relation of ODD/CD to other mediators 

and moderators of SUD risk in ADHD (Molina & Pelham, 2014). 

4.6 Implications for prevention and treatment 

One of the main findings of the present study was that about half of the ADHD group had 

been convicted by follow-up (T3). Behavior problems measured by the CBCL Externalizing 

and symptom load measured by the GAS at baseline predicted criminality measures at T2 and 

T3. There was a substantial amount of alcohol and drug use in the ADHD group, but no 

significant differences between the ADHD- and control group. None of our other baseline 

variables could predict criminality or substance use at follow-up. 

Providing individuals with ADHD the appropriate treatment that address all of their 

problems, including comorbid disorders and other secondary difficulties is an important 

public health challenge. Knowing which of the adolescents with ADHD that have an 

especially heightened risk of negative outcomes can be used to guide treatment, and to show 

which factors to target. This is important in order to use societal resources as effectively as 

possible, to reduce both personal and societal costs. Furthermore, it is important to focus on 

interventions in adolescence, as this is a particular crucial developmental period because of 

shifts from parental supervision to more independent interactions with peers and 

experimentations with alcohol and illicit drugs (Conrod & Nikolaou, 2016). Also, the early 

maturation of the fronto‐basal‐ganglia/limbic circuitry in adolescence, combined with the 

impairment of executive functions in individuals with ADHD, may increase the vulnerability 

towards substance use (Conrod & Nikolaou, 2016). 

Early intervention is vital to avoid a cascade of the negative health and psychosocial 

problems found to be associated with ADHD (Erskine et al., 2016). The findings of the 

current study imply a need for long-term treatment planning from adolescence and into 

adulthood, especially in cases with high symptom load and externalizing symptoms. The 
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continued treatment and focus on possible challenges in adulthood, could potentially prevent 

these individuals from having unfortunate outcomes. In the Norwegian mental health care 

system, the transition from children’s care to the adult health care system might entail 

changes in treatment and follow-up (Ørstadvik et al., 2016), which might be a critical period 

for the development of problems in adulthood. The 13-year follow-up study conducted by Øie 

et al. (2011) showed that most of the individuals with ADHD stopped receiving treatment 

when they turned 18. Twenty-seven percent received medication, while the other 73% did not 

receive any treatment despite the fact that 15 individuals still fulfilled the criteria for ADHD. 

4.7 Strengths and limitations 

There are several strengths of the study in the current study. These include thorough clinical 

assessment of the participants early in the illness process and a long follow-up time. The 

inclusion of a full neuropsychological test-battery is also a strength, as it allows for 

investigation of the variation within the ADHD group, and its association with later outcomes. 

The same is true for the symptom measures, where both ADHD-specific and more general 

psychiatric symptoms were included. This ensures a more complete overview of the total load 

of symptoms and behavior problems our participant’s experience. The study also had a high 

retention rate. To our knowledge, this is the first study that have investigated the prediction of 

criminality and substance use longitudinally from neuropsychological functioning-, ADHD 

symptoms, as well as more general emotional and behavioral problems and ODD in 

adolescence.  

Neuropsychology and symptoms can be seen as two core components of ADHD. 

Neuropsychological deficits can be conceptualized as the underlying deficits associated with 

ADHD, whereas symptoms reflect how these deficits translate into problems with 

functioning. As they are most commonly measured today, they have opposing strengths and 

weaknesses. Neuropsychological tests have high construct validity and reliability, but 

moderate validity when predicting everyday cognitive functioning (Chaytor & Schmitter-

Edgecombe, 2003). Symptom and behavioral measures have great content validity and 

ecological validity, but also have an element of evaluation, which threatens reliability 

(Gomez, Burns, Walsh & De Moura, 2003). Their mutual inclusion strengthens this study. 

The inclusion of measures such as The CBCL and GAS are a strength of the study as 

the instruments are frequently used in the children’s mental health services in Norway 
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(Norwegian Society of Child and Adolescent Psychiatry, 2016; Norwegian Directorate of 

Health, 2008). 

However, the study does have some limitations. As all clinical samples in Norway, the 

participants in the ADHD group fulfilled the ICD diagnosis of HKD as well. The criteria for 

HKD are stricter than those for ADHD, which would indicate that our ADHD sample is not 

representative for the whole ADHD diagnosis in the DSM, and as such our findings might not 

generalize to the whole of this group. This is important for all research done on ADHD in 

countries using the ICD in health care, especially when participants are recruited via the 

health care system. Santosh et al (2005) found that HKD was a moderator of treatment 

response when re-analysing data from an American treatment efficacy study and checking 

which participants also fit the requirements for HKD. The subgroup with HKD showed a 

greater effect of medication compared to behavioral interventions. Another limitation 

regarding generalizability of the findings, is that the ADHD sample only consisted of males. 

The small sample size has low statistical power, meaning that some real associations 

might not come out as significant in our analyses. The small sample size would also limits the 

possibility of controlling for confounding variables that could account for the associations that 

were found in the analyses. As mentioned in the introduction, several researchers have noted 

the possibility of a referral bias in ADHD clinical populations (e.g. Biederman et al, 2002), 

which might also be true in this case. When it comes to symptom measures, the ADHD group 

had an inclusion criteria of minimum 45 on the CBCL total, which may have resulted in a 

restriction of range on this measure. While it is not likely that individuals that fulfill the 

criteria for ADHD have scores below the clinical cut-off on the CBCL, this is not guaranteed. 

Another limitation is the lack of specificity regarding the measures of criminality and 

substance use, both over time and the nature of the phenomenon. A potential weakness is that 

we asked about convictions, rather than criminal behavior, so it is possible that we missed 

information if the participants committed criminal acts but were not caught. The nature of the 

crimes was also not recorded. Whether these crimes were impulsive or planned, aggressive or 

non-violent, carried out alone or in groups, might give important insights to the link between 

ADHD and criminality. The same is true for details about substance use. For instance, there 

were no diagnostics of SUDs at T3, only self-report of symptoms. 

Neither criminality nor substance use was measured at T1. Moreover, substance abuse 

was an exclusion criteria in the study. Studies have found that 15-19% of Norwegian 13-15 

year olds have consumed alcohol (Bakken, 2017; Kraus and Nociar, 2016). Age of debut with 
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substances has been shown to be a risk factor for progression to heavier substance use several 

negative outcomes (Richmond-Rakerd, Slutske, & Wood, 2017). In Norway, youth and young 

adults are the age groups that commit the most crime, and the most common age in the crime 

statistics is 19 years old (Bakken, 2017). This shows that our study might have missed 

information by not including a measure of alcohol and substance use, criminality or rule 

breaking at T1. These are possible confounding variables that may have had an effect on our 

analyses. 

Remission and treatment was not controlled for in the analyses. Information about 

treatment other than medications received was not registered, but treatment history may serve 

as a confounding variable. The associations between persistence of ADHD into adulthood and 

other outcomes have been investigated, but with few longitudinal studies and mixed results 

(Breyer, Lee, Winters, August, & Realmuto, 2014). Where one study found that remittance 

reduced the risk of substance use to normal levels (Huntley & Young, 2012), another found 

no association between substance use and remittance (Breyer et al., 2014). It is thus possible 

that the rate of remission in the individuals in the study may have affected the results. 

However, this is issue is difficult to control for in a study with this small of a sample.  

The current study did not measure whether the participants had experienced trauma. 

De Sanctis, Newcorn and Halperin (2014), found that the experience of maltreatment 

accounted for the risk of delinquency in individuals with ADHD. 

4.8 Recommendations for future research 

More prospective longitudinal studies are still needed to understand the complex interaction 

between ADHD and negative outcomes such as criminality and substance use (Franke et al, 

2018). The studies could benefit from including multiple risk factors to maximize prediction 

(Molina & Pelham, 2014). While there is strong support for ADHD populations having 

increased risk compared to the general population, there are fewer studies on the intragroup 

variation of risk in the ADHD population, especially longitudinally. 

With regard to intragroup variation in the ADHD population, future research should 

focus on detail when it comes to the individual presentation. As studies focusing on the 

different subtypes of ADHD or on HKD, which is similar to the combined subtype, show that 

these subgroups have differences such as different levels of risk of negative outcomes 

(Murphy, Barkley & Bush, 2002) and different response to treatment such as medication 
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(Santosh et al., 2005). This is especially important when considering the increased likelihood 

of participants fulfilling HKD criteria in clinical samples from countries using the ICD in 

health care. 

In-depth information about the nature of the crimes can help researcher to identify 

specific risks of different kinds of criminality Such information might inspire new hypotheses 

about the nature of the relationship between the risk-factors and the outcome, which would 

enable better preventative measures. This would reduce both societal and personal costs 

related to criminality. 

Further, as previously discussed, common negative psychosocial factors associated 

with ADHD should be further examined in relation to criminality and substance use. Such 

difficulties are among others poor academic achievement, impulsive choices, impairments in 

social skills, peer rejection and deviant peer affiliation. Such factors may serve as mediators 

or moderators of the ADHD symptoms’ prediction of criminality and substance use. It would 

be especially useful to look at these factors in a population based study, such as that of 

Rowland et al. (2015) in order to get the complete picture and bypass potential referral biases, 

such as the gender bias suggested by Bruchmüller et al. (2012). Investigation of the 

transactions over time between these outcomes themselves, between the outcomes and the 

symptoms of ADHD and comorbid disorders would give important information. For instance, 

the issue of whether ADHD increases the risk of substance use and criminality beyond that of 

ODD/CD is unresolved, and more studies are needed to conclude on this topic. Longitudinal 

studies that use trajectory-based methods to distinguish individuals with specific patterns of 

functioning over time would be more useful instead of single point-in-time measurement 

(Molina & Pelham, 2014), like the current study has done.  

As previously discussed, future longitudinal studies that examine the role of 

neuropsychological impairment on the risk of criminality and substance use, could benefit 

from including tests that measure reward-processing and decision making, such as the Iowa 

Gambling Task, to their neuropsychological test batteries (Bechara, Damasio, Damasio, & 

Anderson, 1994; Groenman et al., 2015; Molina & Pelham, 2014; Conrod & Nicolaou, 2016). 

It may also be relevant to measure specific components of these abilities, such as risky 

decision making (Bø et al., 2017). 

The purpose of identifying risk factors for poor outcome is to guide interventions. 

Thus, it is important to adjust the results for the effect of ADHD treatment, and have a large 

enough sample size (Szobot & Bukstein, 2008). Moreover, one should analyze how 
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differences in treatment affect prognosis. One important question is whether break in 

treatment continuity from childhood to adult psychiatric services represents a risk factor. 

Another important issue that is in need of further research is the association between the 

persistence or remittance of the ADHD diagnosis and criminality and substance use (Breyer et 

al., 2014). 

Finally, it could be interesting to know more about the symptoms, impairments and 

problems, as well as resources, from the children and adolescents affected of the disorder’s 

point of view. Parental and teachers reports are influenced by their attitudes, beliefs, and 

health literacy (Barfield, 2018), and items are interpreted from their point of view (Gadow et 

al., 2004). In adults with ADHD, self-report measures have been found to have higher validity 

than informant reports (Sandra Kooij et al., 2008). Childhood self-report measures have been 

found to have acceptable validity and reliability, and provide useful information (Klimkeit et 

al., 2006). 

4.9 Conclusion 

In summary, this study found that a substantial proportion of individuals with ADHD in 

childhood have problematic substance use and commit criminal offences in adulthood. More 

global symptoms as measured with the Global Assessment Scale and CBCL, as well as 

externalizing problems in adolescence, were significantly associated with criminality at 

follow-up (T3). Neuropsychological impairments or comorbid Oppositional Defiant Disorder 

in adolescence were not significantly associated with criminality at follow-up. In addition, 

neither neuropsychological impairments nor comorbid conduct problems in adolescence 

predicted substance use 23 years later. These findings may have implications for prevention 

and treatment for adolescents with ADHD, such as the targeting of impulsive symptoms and 

behavior problems, and better long-term treatment for individuals with ADHD to prevent 

problematic substance use and criminality in adulthood. 
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