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Nordström, Tanja, Predisposing factors and consequences of adolescent ADHD
and DBD. A longitudinal study in the Northern Finland Birth Cohort 1986
University of Oulu Graduate School; University of Oulu, Faculty of Medicine
Acta Univ. Oul. D 1302, 2015
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Attention deficit hyperactivity disorder (ADHD) and disruptive behavior disorder (DBD) are two
very common and co-occurring psychiatric disorders among children and adolescents. They are
among the leading reasons for clinical referrals to child and adolescent mental health facilities
worldwide and have many unfavorable consequences with a high cost to society.

In this thesis, the potential early risk factors associated with ADHD and/or DBD were
examined, the current well-being of the adolescent with ADHD and/or DBD was evaluated and
the later education and the psychiatric morbidity of the adolescent were researched. The study
population in this thesis is based on a subsample of the Northern Finland Birth Cohort 1986
(NFBC 1986) containing 457 study subjects, of which 91 (19.9%) were diagnosed with ADHD,
44 (9.6%) with DBD, 72 (15.6%) with comorbid ADHD and DBD and 250 (54.7%) with neither
of these disorders. Confirmatory factor analysis, Kaplan-Meier survival analysis, Kruskal-Wallis
one-way analysis of variance and several regression analyses were carried out in the study.

This thesis contains four original publications. The results in the first publication indicated that
there are different risk factors in childhood associating with different behavioral problems in
adolescence. The differences between behavioral problems were also visible in the results of the
second publication, where those adolescents who were diagnosed with both ADHD and DBD had
more severe conduct disorder symptoms and had increased risks for many psychiatric disorders.
The results from the third publication suggested that those adolescents who were diagnosed with
both ADHD and DBD fared worse in school at the end of ninth grade and were later less likely to
achieve higher than basic education. Finally, the fourth publication showed that the adolescents
diagnosed with DBD (both with and without ADHD) seemed to have an increased risk for
admittance to the psychiatric inpatient hospital. 

This thesis underlines the differences between children and adolescents diagnosed with ADHD
and/or DBD and emphasizes the role of comorbidity between these disorders as an indicator of
poorer outcomes later in life.

Keywords: admittance to the psychiatric inpatient hospital, attention deficit
hyperactivity disorder, comorbidity, disruptive behavior disorders, risk factors, school
achievement





Nordström, Tanja, Nuorten tarkkaavaisuus- ja ylivilkkaushäiriön sekä käyttäyty-
misongelmien mahdolliset syyt ja seuraukset. Pitkittäistutkimus Pohjois-Suomen
syntymäkohortti 1986 aineistosta
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta
Acta Univ. Oul. D 1302, 2015
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Tarkkaavaisuus- ja ylivilkkaushäiriö (attention deficit hyperactivity disorder, ADHD) sekä käy-
tös- ja uhmakkuushäiriöt (disruptive behavior disorder, DBD) ovat hyvin yleisiä – ja usein yhtä
aikaa ilmeneviä – lasten ja nuorten psyykkisiä häiriöitä. Nämä häiriöt ovat hyvin usein syynä
lasten ja nuorten psykiatristen terveyspalveluiden käyttöön. Niillä on myös todettu olevan useita
epätoivottuja seurauksia, joiden hoitaminen puolestaan nostaa yhteiskunnan kuluja.

Tämä väitöskirjatyö tutkii mahdollisia varhaisia riskitekijöitä, jotka assosioituivat ADHD- ja/
tai DBD-häiriöiden kanssa, arvioi näillä häiriöillä diagnosoitujen nuorten sen hetkistä hyvin-
vointia ja tutkii näiden nuorten kouluttautumista sekä muuta psykiatrista sairastavuutta. Tutki-
musaineisto koostuu Pohjois-Suomen syntymäkohortti 1986 (Northern Finland Birth Cohort
1986, NFBC 1986) -aineiston osaotoksesta, johon kuuluu 457 henkilöä. Osaotoksesta 91:llä
(19,9 %) oli diagnosoitu ADHD, 44:llä (9,6 %) DBD ja 72:lla (15,6 %) komorbidi ADHD ja
DBD. 250 henkilöllä (54,7 %) osaotoksesta ei ollut diagnosoitu kumpaakaan diagnoosia. Aineis-
ton analysoinnissa käytettiin konfirmatorista faktorianalyysiä, Kaplan-Meierin elossaolomene-
telmää, Kruskal-Wallisin yksisuuntaista varianssianalyysiä ja useita regressioanalyysejä.

Tämä väitöskirja koostuu neljästä osajulkaisusta. Ensimmäisen osajulkaisun tulokset osoitti-
vat, että eri riskitekijät lapsuudessa assosioituivat eri käytösongelmiin nuoruudessa. Eri käytös-
ongelmien eroavaisuudet olivat myös nähtävillä toisessa osajulkaisussa: niillä nuorilla, joilla oli
diagnosoitu komorbidi ADHD ja DBD, todettiin olevan vakavampia käytöshäiriöiden oireita
sekä kohonnut riski useisiin muihin psykiatrisiin sairauksiin. Kolmannen osajulkaisun tulokset
viittasivat näiden nuorien, jotka oli diagnosoitu komorbidillä ADHD:lla ja DBD:llä, pärjäävän
huonommin koulussa ja valmistuvan muita todennäköisemmin vain peruskoulusta. Lopuksi nel-
jännessä osajulkaisussa todettiin, että DBD diagnoosin nuorena saaneilla (riippumatta ADHD
diagnoosista) näytti olevan kohonnut riski psykiatriseen osastohoitoon joutumiselle.

Tämä väitöskirjatyö alleviivaa tarkkaavaisuus- ja ylivilkkaushäiriöllä sekä käytös- ja uhmak-
kuushäiriöillä diagnosoitujen lasten ja nuorten eroavaisuuksia ja korostaa kyseisten häiriöiden
komorbidin ilmenemisen roolia huonon lopputuloksen ennustetekijänä myöhemmin nuoren elä-
mässä.

Asiasanat: komorbiditeetti, koulumenestys, käytös- ja uhmakkuushäiriöt, psykiatrinen
osastohoito, riskitekijät, tarkkaavaisuus- ja ylivilkkaushäiriö
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md median 

NFBC 1986 Northern Finland Birth Cohort 1986 

ODD oppositional defiant disorder 

OR odds ratio 

p p-value, significance probability 

SD standard deviation 
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SGA small for gestational age 

SWAN Strengths and Weaknesses of ADHD Symptoms and Normal-

Behavior 

VIF variance inflation factors 
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1 Introduction 

This thesis concentrates on two very common and co-occurring psychiatric disorders 

among children and adolescents: attention deficit hyperactivity disorder (ADHD) and 

disruptive behavior disorder (DBD). DBD itself consists of two behavioral disorders: 

conduct disorder (CD) and oppositional defiant disorder (ODD). It has been shown 

that there exists a comorbidity between ADHD and CD in the Northern Finland Birth 

Cohort 1986 (NFBC 1986) data (Hurtig et al. 2007a), though it has not yet been fully 

examined. Based on this, I decided to study more closely ADHD and DBD and their 

comorbidities in this birth cohort.  

Behavioral problems are among the leading reasons for clinical referrals to child 

and adolescent mental health facilities worldwide (Steiner 1997, Steiner et al. 2007). 

The Diagnostic and Statistical Manual of Mental Disorders, 4th edition (text revised), 

DSM-IV-TR (American Psychiatric Association 2001) describes ADHD as disorder 

that has an early onset and is characterized by inattention, impulsivity and 

hyperactivity. Multiple symptoms are listed under CD, including aggression towards 

people or animals, the destruction of property, deceitfulness or theft and other serious 

norm violations. ODD is described as occurring in younger children and being 

characterized by substantial defiant, disobedient, disruptive behaviors, which do not 

include as severe aggressive or antisocial behavior as CD. In two systematic reviews, 

the prevalence of ADHD has been estimated to be 5.3%, the prevalence of CD 3.2% 

and the prevalence of ODD 3.3% (Canino et al. 2010, Polanczyk et al. 2007)  

These disorders, with many unfavorable consequences, are undoubtedly costly 

disorders for society. Scott et al. (2001) estimated that by the age of 28 the costs of 

public service for individuals with CD were 10 times higher than those without. The 

costs of ADHD have been estimated to be at least double compared to those without 

ADHD (Leibson et al. 2001). Several of these consequences are harmful to the 

individuals as well as to society at large. For example, ADHD has been associated 

with antisocial behavior, criminal activity and substance use problems (Langley et al. 

2010, Savolainen et al. 2010). CD is associated with later criminality, psychiatric 

disorders and an elevated risk of unemployment (Fergusson & Horwood 1998, 

Fergusson et al. 2005, Kim-Cohen et al. 2003, Kratzer & Hodgins 1997, Russo et al. 

1994, Satterfield & Schell 1997). When these disorders are diagnosed as comorbid, 

the outcome is often worse than it would be with only one of these disorders, and it is 

hard to say which part of the bundle of problems is the most important. Therefore it is 

important to examine more thoroughly the comorbidity of ADHD and DBD compared 

with the appearance of one of these disorders. 
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Based on these facts, this thesis will examine the possible preceding factors of 

adolescent ADHD and/or DBD in a subsample from the Northern Finland Birth 

Cohort 1986 data. It also will evaluate the current well-being of adolescents 

diagnosed with ADHD and/or DBD and research the later education and psychiatric 

morbidity of adolescents previously diagnosed with ADHD and/or DBD.  
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2 Review of the literature  

2.1 Definitions of attention deficit hyperactivity disorder and 

disruptive behavior disorder 

Attention deficit hyperactivity disorder (ADHD) and disruptive behavior disorder 

(DBD) are two very common and often co-occurring disorders among adolescents 

(Angold et al. 1999). DBD includes two behavioral disorders: conduct disorder (CD) 

and oppositional defiant disorder (ODD) (Steiner et al. 2007). The possible 

subcategories of these disorders in the DSM-IV-TR (The Diagnostic and Statistical 

Manual of Mental Disorders, fourth edition, text revised) classification system are 

listed in Table 1 (American Psychiatric Association 2001). 

Table 1. The different subcategories in the DSM-IV-TR classification regarding 

attention deficit hyperactivity disorder and disruptive behavior disorder  

Behavioral disorders 

Diagnostic and Statistical Manual of Mental Disorders, fourth 

edition, text revised (DSM-IV-TR) 

Disruptive behavior disorder  

Conduct disorder 312.8 Conduct disorder 

 312.81 Conduct disorder, childhood-onset type 

 312.82 Conduct disorder, adolescent-Onset type 

 312.89 Conduct disorder, unspecified onset 

Oppositional defiant disorder 313.81 Oppositional defiant disorder 

  

Attention deficit hyperactivity disorder 314 Attention deficit hyperactivity disorder 

 314.00 Attention deficit hyperactivity disorder, predominantly 

inattentive type 

 314.01 Attention deficit hyperactivity disorder, combined type 

 314.01 Attention deficit hyperactivity disorder, predominantly 

hyperactive-impulsive type 

 314.9 Attention deficit hyperactivity disorder not otherwise 

specified 

The American Psychiatric Association quite recently published a new version of 

DSM, the DSM-5, but in this thesis the older version, DSM-IV-TR, is used in 

keeping with the date that the study took place. However, the modifications 

conducted in the new version of DSM are also here described.  
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Table 2. Symptoms of attention deficit hyperactivity disorder according to DSM-IV-TR 

Subcategories Symptoms 

Inattention (1) often fails to give close attention to details or makes careless mistakes in 

schoolwork, work, or other activities 

(2) often has difficulty sustaining attention in tasks or play activities 

(3) often does not seem to listen when spoken to directly 

(4) often does not follow through on instructions and fails to finish school work, 

chores, or duties in the workplace (not due to oppositional behavior or failure to 

understand instructions) 

(5) often has difficulty organizing tasks and activities 

(6) often avoids, dislikes, or is reluctant to engage in tasks that require sustained 

mental effort 

(7) often loses things necessary for tasks or activities (e.g. toys, school assignments, 

pencils, books, or tools) 

(8) is often easily distracted by extraneous stimuli 

(9) is often forgetful in daily activities 

  

Hyperactivity-

impulsivity 

(1) often fidgets with hands or feet or squirms in seat 

(2) often leaves seat in classroom or in other situations in which remaining seated is 

expected 

(3) often runs about or climbs excessively in situations in which it is inappropriate (in 

adolescents or adults, may be limited to subjective feelings of restlessness) 

(4) often has difficulty playing or engaging in leisure activities quietly 

(5) is often “on the go” or often acts as if “driven by a motor” 

(6) often talks excessively 

(7) often blurts out answers before question have been completed 

(8) often has difficulty awaiting turn 

(9) often interrupts or intrudes on others (e.g. butts into conversations or games) 

ADHD is defined by DSM-IV-TR with two types of symptoms: the symptoms of 

inattention and the symptoms of hyperactivity-impulsivity. In order to receive an 

ADHD diagnosis, one must have either six inattention symptoms or six 

hyperactivity-impulsivity symptoms that have persisted for at least six months 

and that have been maladaptive and inconsistent with developmental levels. The 

symptoms are listed in Table 2. It is also stated that some of the symptoms should 

have been present before age 7 and some impairment from the symptoms should 

be present in two or more settings. There also must be clear evidence that the 

behavior causes clinically significant impairment in social, academic, or 

occupational functioning and the symptoms do not occur exclusively during the 

course of pervasive developmental disorder, schizophrenia, or other psychotic 
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disorder and are not better accounted for by another mental disorder (American 

Psychiatric Association 2001). 

In the DSM-5 the diagnostic criteria and the symptoms remain the same but the 

possible emergence of the disorder during the life span has been exemplified, the 

cross-situational requirement is changed to “several” symptoms in each setting, the 

onset has been changed to 12 years of age (several symptoms have to be present prior 

to age 12), the subtypes have been replaced with presentation specifiers, a comorbid 

diagnosis with autism spectrum disorder is allowed, the adult ADHD criterion has 

been changed (five symptoms is enough for an adult to receive an ADHD diagnosis, 

instead of six symptoms required for younger people). The most distinguishable 

difference in DSM-5 is that the ADHD is placed in the neurodevelopmental disorders 

section, to emphasize the brain developmental associations with ADHD, while CD 

and ODD remain in their previous categories (American Psychiatric Association 

2013, http://www.DSM5.org). 

DSM-IV-TR describes CD as a repetitive and persistent pattern of behavior that 

violates the basic rights of others and societal norms. It lists 15 symptoms from which 

at least three has to be present for the past 12 months and at least one present for the 

past six months. The symptoms are listed in Table 3. The disturbance in behavior 

should cause clinically significant impairment in social, academic or occupational 

functioning. If the individual is over 18 years of age and has been diagnosed with 

antisocial personality disorder, the criteria for CD are not met. The distinction 

between childhood-onset (onset at least one symptom before 10 years of age) and 

adolescent-onset (absence of any symptoms before 10 years of age) is made. DSM-

IV-TR also specifies the severity: mild if only a few conduct problems are present, 

enough to reach the diagnosis but cause only minor harm to others, moderate if the 

number of problems and effect on others are between mild and severe and severe if 

many symptoms are present and conduct problems cause considerable harm to others 

(American Psychiatric Association 2001). 

In DSM-5, the criteria for CD have remained mostly unchanged. A specific 

description about individuals meeting the full criteria for CD has been added. There 

also are definitions of limiting prosocial emotions or showing callous and 

unemotional personality added to emphasize the possible severity of the disorder 

among such persons (American Psychiatric Association 2013, 

http://www.DSM5.org). 
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Table 3. Symptoms of conduct disorder according to DSM-IV-TR 

Subcategories Symptoms 

Aggression to people 

and animals 

(1) often bullies, threatens, or intimidates others 

(2) often initiates physical fights 

(3) has used a weapon that can cause serious physical harm to others (e.g., a 

bat, brick, broken bottle, knife, gun) 

(4) has been physically cruel to people 

(5) has been physically cruel to animals 

(6) has stolen while confronting a victim (e.g., mugging, purse snatching, 

extortion, armed robbery) 

(7) has forced someone into sexual activity 

  

Destruction of property (8) has deliberately engaged in fire setting with the intention of causing serious 

damage 

(9) has deliberately destroyed others' property (other than by fire setting) 

  

Deceitfulness or theft (10) has broken into someone else's house, building, or car 

(11) often lies to obtain goods or favors or to avoid obligations (i.e., "cons" 

others) 

(12) has stolen items of nontrivial value without confronting a victim (e.g., 

shoplifting, but without breaking and entering; forgery) 

  

Serious violations of 

rules 

(13) often stays out at night despite parental prohibitions, beginning before the 

age of 13 years 

 (14) has run away from home overnight at least twice while living in the parental 

or parental surrogate home (or once without returning for a lengthy period) 

 (15) is often truant from school, beginning before the age of 13 years 

ODD is described as a pattern of negativistic, hostile, and defiant behavior that 

lasts at least six months and where at least four symptoms are present. Symptoms 

of ODD are (1) often loses temper, (2) often argues with adults, (3) often actively 

defies or refuses to comply with adults' requests or rules, (4) often deliberately 

annoys people, (5) often blames others for his or her mistakes or misbehavior, (6) 

is often touchy or easily annoyed by others, (7) is often angry and resentful, and 

(8) is often spiteful or vindictive. As in CD, the disturbance in behavior should 

cause clinically significant impairment in social, academic, or occupational 

functioning, while behaviors do not occur exclusively during the course of 

psychotic or mood disorder. The criterion for diagnosis is not met if the child is 

simultaneously diagnosed with CD or if the individual is aged at least 18 years 

and diagnosed with antisocial personality disorder (American Psychiatric 
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Association 2001). In DSM-5 the description of ODD has been subtly refined. 

The symptoms are now grouped into three types: angry/irritable mood, 

argumentative/defiant behavior and vindictiveness, the exclusion criteria for CD 

has been removed, the frequency needed for a behavior to be ODD has been 

defined more precisely and the degree of pervasiveness of symptoms has been 

added to indicate the severity (American Psychiatric Association 2013, 

http://www.DSM5.org). 

2.1.1 Definitions of ADHD and DBD according to ICD-10 

Another widely used classification of disorders, the International Statistical 

Classification of Diseases and Related Health Problems, 10th Revision (ICD-10, 

World Health Organization 1993) defines these disorders with some differences.  

ADHD (disturbance of activity and attention in ICD-10) is classified under the 

name of hyperkinetic disorders. Hyperkinetic disorders are characterized by early 

onset, lack of persistence in cognitive involved activities, tendency to moving 

between activities without completing them, and disorganized, ill-regulated and 

excessive activity. ICD-10 also defines hyperkinetic disorder associated with conduct 

disorder (hyperkinetic conduct disorder) as one form of hyperkinetic disorder (World 

Health Organization 1993). 

Conduct disorders in ICD-10 are defined as a repetitive and persistent pattern of 

dissocial, aggressive, or defiant conduct that exceeds ordinary levels of childish 

mischief or adolescent rebelliousness. They are divided into CD that is confined to the 

family context (problems in behavior are confined to home and family), unsocialized 

CD (showing significant problems in relationships with other children), socialized CD 

(containing for example group delinquency and offences related to gangs), 

oppositional defiant disorder (occurring in younger children and characterized by 

somewhat milder symptoms than CD), other CD and unspecified CD.  

Therefore, one notable difference between ICD-10 and DSM-IV is that ICD-10 

classifies ODD as part of CD, contrary to DSM-IV which classifies it as a separate 

disorder (World Health Organization 1993).  

2.2 The early risk factors associated with ADHD and/or DBD  

The possible early risk factors have been widely studied previously. This chapter lists 

some of the most studied early risk factors.  
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Genetic factors 

Many studies on ADHD have suggested it to be mostly heritable. Already in 1997, 

Levy et al. (1997) investigated the heritability and continuum of ADHD within an 

Australian large-scale twin sample of 1938 families. They found a narrow heritability 

that was robust across familial relationships and across definitions of ADHD and 

suggested that ADHD should be viewed as a behavior that varies genetically 

throughout the entire population. Sprich et al. (2000) utilized an adoption study 

design to examine ADHD in the first-degree adoptive relatives of 25 adopted 

probands with ADHD and 50 nonadopted probands without ADHD and supported the 

hypothesis that ADHD has a genetic component. Similar results was found by 

Williams (2010), who studied 410 children with ADHD from community child 

psychiatry and pediatric outpatient clinics across the UK and 1156 unrelated but 

ethnically matched controls from the 1958 British Birth Cohort and provided genetic 

evidence that suggested the possible heritability of ADHD. 

DBD is considered to be more a result of both biological and environmental 

factors than being only heritable. Bornalova et al. (2010) studied the heritability of 

childhood disruptive disorders with 1069 families from the Minnesota Twin Family 

Study and concluded that parents with externalizing disorders (CD, adult antisocial 

behavior, alcohol dependence and drug dependence) have a general liability to such 

behavior that is then manifested in their offspring in the form of attention problems, 

hyperactivity, oppositionality and conduct problems.  

Environmental factors 

Even though ADHD has been suggested to be mostly heritable, it has nevertheless 

shown mixed results in terms of heritable and non-inherited factors (Thapar et al. 

2007). Latimer et al. (2012) performed a systematic review of environmental risk 

factors and concluded that associations between ADHD & DBD and various early 

risk factors might exist. Such factors were maternal smoking and alcohol use during 

pregnancy, prenatal viral illness, maternal stress and anxiety, low birth weight, 

pregnancy and early childhood complications, parental stress and parenting styles in 

childhood, early deprivation, adoption, and separation. Mick et al. (2002) studied the 

impact of low birth weight on ADHD with 252 ADHD cases and 231 non-ADHD 

controls and their parents. They found that ADHD cases were three times more likely 

have a low birth weight than controls, even after controlling for possible confounders, 

such as exposure to alcohol and cigarettes during pregnancy, parental ADHD or 
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comorbid DBD and social class. Bhutta et al. (2002) conducted a meta-analysis where 

they reviewed 227 studies and selected cognitive data from 15 studies and behavioral 

data from 16 studies. Based on their analysis, they concluded that preterm-children 

were at risk of developing ADHD. Being small for gestational age has also been 

suggested as a risk factor for ADHD (Heinonen et al. 2010, Lahti et al. 2006). 

Huizink et al. (2007) found that adolescents that were exposed to maternal 

anxiety from the second trimester in pregnancy onwards had a higher risk of having 

ADHD. Similar results have been presented by Van den Bergh and Marcoen (2004) 

who stated that significant association between prenatal maternal anxiety and ADHD 

symptoms in 8- and 9-year-old offspring remained even after adjusting for various 

factors. 

Rolf Loeber et al. (1995) studied the early predictors of the onset of conduct 

disorder in a 6-year longitudinal study of 177 preadolescent boys in United States. 

They found that low socioeconomic status of the parent and parental substance abuse 

predicted the onset of CD. Fergusson and Horwood (1998) studied a birth cohort from 

New Zealand to assess the possible effects of exposure to interparental violence in 

childhood to psychosocial adjustment in young adulthood. They found that exposure 

to interparental violence, especially if the father has initiated the violence, was 

associated with conduct disorder even after adjusting for possible confounding 

factors. Ilomäki et al. (2006) studied a sample of 278 adolescents admitted to 

psychiatric inpatient care in Northern Finland and found that girls who had been 

physically abused at home had a higher risk of having conduct disorder with violent 

behavior than those who had not been physically abused. In their study, a broken 

primary family seemed to increase the risk for having conduct disorder among girls. 

Maternal smoking and ADHD 

As mentioned earlier, maternal smoking and its possible associations with ADHD 

and/or DBD has been widely studied. Kotimaa et al. (2003) studied maternal smoking 

during pregnancy and childhood hyperactivity in the NFBC 1986 and found that 

maternal smoking was associated with hyperactivity even after adjusting for gender, 

family structure, socioeconomic status, maternal age and maternal alcohol use.  

Motlagh et al. (2011) studied 81 ADHD children to find out if exposure to heavy 

maternal smoking in pregnancy affects the development of ADHD. Their results 

suggested that there exists a persistent negative effect of maternal smoking on 

attention control in children with ADHD. The question of possible heritably was left 

as a target for future studies. 
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Another study examining the possible consequences of maternal smoking was 

conducted by Obel et al. (2011). They studied a cohort of 868 449 singletons born in 

Finland in the period 1987–2001 and followed the children of smoking and non-

smoking mothers to see whether the children had a diagnosis of hyperkinetic disorder 

(from International Classification of Diseases, tenth version, ICD-10, (World Health 

Organization 1993) up to the end of the observation period, January 1st 2006. After 

controlling for the association between maternal smoking during pregnancy and 

hyperkinetic disorder, they found a smaller risk for hyperkinetic disorder when 

analyzing shared genetic and social confounding factors. Based on these results, they 

suggested that the association found in previous studies might in fact be due to both 

environmental and genetic factors.  

Similar results were found by Thapar et al. (2009) who used a novel design to 

separate out prenatal environmental effects from alternative inherited effects. Their 

study population contained data from 20 fertility clinics in the United Kingdom and 

the United States with 584 related and 231 unrelated mother-offspring pairs. They 

found that the association between maternal smoking during pregnancy and ADHD 

symptoms was significantly higher in the related mother-offspring pairs than in the 

unrelated pairs. Based on this, they concluded that the association between maternal 

smoking during pregnancy and ADHD might represent inherited effects instead of 

being a direct causal effect.  

Altink et al. (2009) studied the association between maternal smoking and a 

child’s attentional control, though they included also paternal smoking. They did not 

find any association with maternal smoking, possibly due to the low smoking rates, 

but they did find that paternal smoking was associated as reducing factor to 

attentional control in children with ADHD, and suggested that paternal smoking 

should be given more interest while studying ADHD and possible genetic influences. 

Maternal smoking and DBD 

Michael Weitzman et al. (1992) studied population-based data from a National 

Longitudinal Survey of Youth, conducted in USA, to evaluate the associations 

between maternal smoking and increased rates of children’s behavioral problems. The 

results from 2256 children aged 4 through 11 years revealed that the increased rates of 

children’s behavioral problems were associated with exposure to maternal cigarette 

smoking. They also found some evidence suggesting a dose-response relationship 

between maternal smoking and behavioral problems.  
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In 1993, Fergusson et al. (1993) studied the associations between maternal 

smoking before and after pregnancy to childhood disruptive behaviors, while taking 

account of possible confounding factors associated with both maternal smoking and 

childhood problem behaviors. Their study population consisted of a birth cohort of 

1265 New Zealand children that were followed longitudinally for 15 years (the 

Christchurch Health & Development Study). They measured the daily cigarette intake 

of the mother during and after pregnancy, conduct problems and attention deficit 

behaviors of the child, and various possible confounding variables such as family, 

social, parental and related factors. The main result of their study was that in 

unadjusted analyses, maternal smoking both before and after pregnancy was 

associated with significant increases in the rates of childhood problem behaviors. 

However, after adjusting for possible confounding factors, smoking before pregnancy 

was associated with only a small statistically detectable increase in the rates of 

problematic behavior, while smoking after pregnancy was not.  

Another study by the same study group (Fergusson et al. 1998) with the same 

study population (now followed for 18 years) investigated the possible associations 

between maternal smoking and increased risks of psychiatric symptoms in late 

adolescence. They found that exposure to maternal smoking during pregnancy was 

associated with higher psychiatric symptom rates for conduct disorder, alcohol abuse, 

substance abuse and depression. After adjusting for possible confounding factors, the 

association between maternal smoking during pregnancy and increased rate of 

conduct disorder symptoms was still statistically significant, while other associations 

disappeared.  

Silberg et al. (2003) examined a twins study about 538 adolescent boys (the 

Virginia Twin Study of Adolescent Behavioral Development) and studied if the 

association between maternal smoking and conduct disturbance would have direct 

causality or whether it would be better explained by some latent variable model of 

mother-offspring transmission. They formed two models, one that specified a direct 

causal path from maternal smoking to child’s conduct disturbance and the other 

composed of latent transmissible factors that included maternal juvenile conduct 

symptoms, smoking during pregnancy and subsequent conduct disturbance and 

smoking in her adolescent sons. They found that both models fit the data and 

concluded that the association between maternal smoking during pregnancy and the 

conduct disturbance of the boys could also be a result of a possible latent factor model 

of the maternal conduct disturbance.  

Similar findings were found by Maughan et al. (2004b) who studied the 

associations between maternal smoking during pregnancy and early childhood 
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problems, while taking account for both heritable and environmental risks for the 

child’s antisocial outcomes. They found that after controlling for antisocial behavior 

in both parents, maternal depression, family disadvantage, and genetic influences, the 

effect of maternal smoking in pregnancy to child conduct problems was substantially 

reduced and concluded that the observed associations between prenatal smoking and 

conduct problems are heavily confounded with other known risk factors for 

behavioral development. 

The parental use of alcohol 

Besides maternal smoking, the maternal use of alcohol during pregnancy has been one 

point of interest. Knopik et al. (2005) studied both parental smoking and drinking 

behaviors as risk factors for ADHD in a sample of 1 936 female twin pairs from 

Missouri, USA. They found that if either of the parents was alcohol dependent, or the 

mother had reported heavy alcohol use during pregnancy the child was more likely to 

be diagnosed with ADHD. Another study from Knopik et al. (2006) utilized data from 

536 Australian twin mothers and 922 children. They found out a genetic explanation 

for the association between maternal alcohol abuse disorder and ADHD, suggesting 

either some genes affecting both disorders, or that ADHD is a direct risk-factor for 

alcohol use disorder. In their study of early predictors of the onset of CD, Loeber et al. 

(1995) found an association between the parental substance abuse and the onset of 

CD. 

2.3 The behavior of an adolescent diagnosed with ADHD and/or 

DBD 

As already mentioned in the introduction, ADHD is characterized by symptoms of 

inattention, impulsivity, and hyperactivity, while an adolescent diagnosed with DBD 

could act with dissocial, aggressive, defiant, disobedient or disruptive behavior 

(American Psychiatric Association 2001, World Health Organization 1993). In 

addition, when DBD and ADHD are diagnosed as comorbid, the outcome would often 

be worse than it would be with only one of these disorders (Moffitt 1993). Kuhne et 

al. (1997) studied the comorbidity of CD and ODD in ADHD with a small sample of 

91 children diagnosed with ADHD. They found that the presence of comorbid 

behavior disorders was associated with more severe ADHD symptoms and concluded 

that children with comorbid DBD and ADHD are at increased risk of developing a 

life-course-persistent pattern of antisocial behavior. 
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Table 4. The development of problem behavior according to Rolf Loeber’s three 

pathways 

Severity of the symptoms  Authority conflict  Covert  Overt 

Less serious Stubborn behavior  Minor covert  behavior  Minor aggression 

   Lying  Bullying 

   Shoplifting  Annoying others 

      

Moderately serious Defiance/Disobediance  Property damage  Physical fighting 

   Vandalism  Physical fighting 

   Firesetting  Gang fighting 

      

More serious  Authority avoidance  Mod. to serious 

delinquency 

 Violence 

 Truancy  Burglary  Rape 

 Staying out late  Fraud  Attack 

 Running away  Serious thelf  Strongarm 

The severity of the behavioral problems could be evaluated for example through 

Rolf Loeber’s theory about the three pathways of problematic behavior (Loeber et 

al. 1993). While studying the Pittsburgh Youth Study, which is a longitudinal 

study of 1517 inner-city boys from Pittsburgh, PA, USA, Loeber and his 

colleagues found that adolescent problem behavior could develop through three 

different pathways, of which at least one of these was required for the full-scale 

development of conduct disorder (Loeber & Hay 1997). The possible pathways 

are (a) the authority conflict pathway, which consists of avoidance behaviors such 

as truancy, coming home later than normal and spending nights away from home 

without permission, (b) the covert pathway, including lying, aggressive and non-

aggressive stealing, breaking and entering, vandalism and setting fires, and (c) the 

overt pathway, including physical assaults, bullying, threatening or intimidating 

others, using a weapon, physical cruelty to people, forcing sexual activity, and 

animal cruelty (Loeber et al. 1993, Loeber & Hay 1997). Table 5 describes the 

pathways according to Loeber & Hay (ibid.). 

According to this theory, from the DSM-IV CD symptoms, presented in Table 2, 

one could distinguish the more severe symptoms, which would be using a weapon, 

physical cruelty to people, cruelty to animals, aggressive stealing, forced sexual 

activity, breaking and entering, non-aggressive stealing, often staying out at night, 

running away overnight, and being truant. 
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2.4 Associations between ADHD and/or DBD with school 
achievement and later education of adolescents 

Associations between behavioral problems and the school achievement have been 

widely studied. ADHD has more commonly been the point of focus, but there are 

some studies pointing to the effect of DBD in this subject as well.  

Already in 1991, Frick et al. (1991) studied the academic underachievement of 

177 boys, aged 7-12 years, with either ADHD or CD in a clinical sample. They found 

that the academic underachievement was associated with both ADHD and CD, but 

that the association between academic underachievement and CD seemed to originate 

from the comorbidity of ADHD and CD. Another study from the early 1990s, 

conducted by Hinshaw (1992) separated hyperactivity and inattention as possible 

sources of academic problems in childhood and also delinquency and antisocial 

behavior as a source of problems in adolescence. 

In a more recent study, Rodriguez et al. (2007) researched three population-based 

cohorts from Sweden, Denmark and Finland with altogether 13 087 children who 

were rated at ages 7-8 or 10-12 years by teachers on inattention and hyperactivity 

symptoms and scholastic performance. They found a significant association between 

core ADHD symptoms and scholastic impairment in reading, writing and 

mathematics in all three cohorts.  

Barbaresi et al. (2007) studied the long-term school outcomes for children with 

ADHD. Their study population consisted of 370 children with ADHD and 740 non-

ADHD controls, matched by gender and age. The subjects were followed 

retrospectively from birth to the median age of 18.4 years (subjects with ADHD) or 

18.3 years (controls). They found that ADHD cases had significantly lower median 

reading achievement scores than the controls, the median percentage of the days 

absent from school was statistically significantly higher among ADHD cases and they 

were also more likely to have repeated a grade. 

Breslau et al. (2009) conducted a research about the impact of early behavior 

disturbances on academic achievement in high school. Their study population 

consisted of an ethnically diverse cohort of originally 823 children whose behavioral 

problems and IQ was assessed at age 6 and the academic achievement in mathematics 

and reading at age 17. They found that after adjusting for IQ, inner-city community 

and maternal education and marital status, the attention problems at age 6 

significantly predicted math and reading achievements at age 17. ADHD cases were 

also more likely to drop out before high school graduation. 
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Taanila et al. (2011) studied the associations between learning difficulties and 

behavioral problems of 8 year-old children in the NFBC 1986. They found that 

learning difficulties were associated with behavioral problems and more specifically, 

verbal difficulties were associated with behavioral problems in both boys and girls, 

but mathematical difficulties were associated with these problems only in boys. They 

also stated that family type, parental lower educational level, and low family socio-

economic status affected learning difficulties and/or behavioral problems. More 

recently, they (Taanila et al. 2014) have studied the association between childhood-

specific learning difficulties and school performance among adolescents with and 

without ADHD symptoms in the same cohort. They found that adolescents with 

ADHD and learning difficulties and adolescents with ADHD but no learning 

difficulties had significantly lower mean values in school grades for theoretical 

subjects. Also those adolescents with both ADHD and learning difficulties repeated a 

grade more often and they had less ambitious educational aspirations than others. 

Another study of ADHD and academic performance was conducted by Ek et al. 

(2011). They studied final school grades at the age of 16 years in adolescents with 

ADHD and other learning and/or behavioral problems. Their study population 

consisted 536 adolescent from which 39 adolescent fulfilled the criteria for ADHD or 

sub-threshold ADHD, 80 adolescents were categorized into a behavior and learning 

problems -group and 417 acted as a control group. Their main results were that the 

adolescents in either the ADHD or behavior and learning problem -group had a 

significantly lower mean for all school grades than controls. They also found that both 

groups were less likely to qualify to further studies in the upper secondary school. 

Recently, Wu and Gau (2013) studied academic performance and school 

functioning among adolescents with and without ADHD. In their study assessment, 

they divided ADHD as persistent ADHD (333 adolescents) and non-persistent ADHD 

(166 adolescents) and compared them to 266 adolescents without ADHD. They found 

that both ADHD groups had more impairment in school functioning than those 

without ADHD. Also the childhood hyperactivity–impulsivity symptoms predicted 

more severe problems in school achievement. 

2.5 Psychiatric morbidity of the adolescent previously diagnosed 
with ADHD and/or DBD 

Psychiatric comorbidity is very common among ADHD and DBD. In a meta-analysis 

about comorbidities in 21 general population studies, Angold et al. (1999) concluded 

these disorders having comorbidities with each other but also with anxiety and 
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depression as well: they concluded median OR for comorbidity of ADHD with DBD 

to be 10.7 (with 95% CI’s from 7.7 to 14.8), with depression 5.5 [3.5, 8.4], with 

anxiety to be 3.0 [2.1, 4.3], and for comorbidity of DBD and depression to be 6.6 [1.4, 

11.0] and with anxiety to be 3.1 [2.2, 4.6], constituting statistically significant 

associations between the comorbidities of these disorders. 

Comorbidities have also been studied for example in the National Epidemiologic 

Survey on Alcohol and Related Conditions (NESARC) sample, which consists of a 

US population of 34 000 people. The sample includes residents from continental US, 

Columbia, Alaska and Hawaii. Bernardi et al. (2012) studied the sample to evaluate 

the psychiatric comorbidity with ADHD, and found that ADHD was associated with 

bipolar disorder, generalized anxiety disorder, post-traumatic stress-disorder, specific 

phobia and various personality disorders. Also Morcillo et al. (2012) examined the 

association between CD and other psychiatric disorders in the same study population. 

They found that CD was associated especially with substance use disorders, bipolar 

disorders and personality disorders. 

Copeland et al. (2009) conducted research based on the Great Smoky Mountains 

Study, which is a longitudinal study of 1420 children looking at the development of 

psychiatric disorders and the need for mental health services in rural and urban youth. 

They assessed common psychiatric disorders in childhood, adolescence and in young 

adulthood. In their study, adolescent diagnosis of CD was associated with depression 

and antisocial personality disorder in young adulthood, while adolescent diagnosis of 

ODD was associated with generalized anxiety disorder. Further, panic disorder 

without agoraphobia and depression in young adulthood seemed to precede later 

anxiety disorder and depression. 

Similar results are presented by Kim-Cohen et al. (2003) who studied the 

preceding juvenile diagnoses among adults with mental disorder with a representative 

birth cohort of 1037 people. They assessed psychiatric diagnoses at ages 11, 13, 15, 

18, 21 and 26 years and found that subjects with anxiety, depression, substance abuse, 

antisocial personality disorder, mania, schizophreniform disorder or eating disorder at 

age 26 were also often diagnosed with DBD at age 15 and those with anxiety or 

schizophreniform disorder at age 26 were also diagnosed with ADHD at age 15. 
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3 Aims of the study 

The aim of this study was to examine the possible preceding factors and consequences 

of adolescent ADHD and/or DBD in a subsample based on the Northern Finland Birth 

Cohort 1986 (NFBC 1986) data. More specifically, the aims were: 

1.  To examine the early risk factors associated with ADHD and/or DBD. 

What are the background factors associated with these disorders? Are there some 

factors affecting child’s development in the time of pregnancy or infancy which could 

later lead to development of these disorders? Are there environmental effects during 

early childhood that could predict these disorders? The answers to these questions 

were presented in Article I. 

2. To evaluate the current well-being of the adolescent diagnosed with ADHD 

and/or DBD. 

How do these disorders affect one’s life in adolescence when problematic behavior is 

anyhow quite common? How do these adolescents behave? Are the behavioral 

problems of adolescents with ADHD and/or DBD more serious than among other 

adolescents? How do they cope in school? This aim is addressed in Articles II and III.  

3. To research the later education and the psychiatric morbidity of the 

adolescent previously diagnosed with ADHD and/or DBD. 

What kind of future can adolescents with these disorders expect? Do these disorders 

affect the later education of these adolescents? Will there be more psychiatric 

disorders? These questions were evaluated in Articles III and IV. 
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4 Material and methods 

4.1 Study population 

The study population utilized in this study is a subsample of the Northern Finland 

Birth Cohort 1986 (NFBC 1986). The NFBC 1986 is a prospective longitudinal study 

that initially consisted of 9432 children born alive in northern Finland, in the 

provinces of Oulu and Lapland, between the 1st of July, 1985 and the 30th of June, 

1986 (Jarvelin et al. 1993). The data have been collected on various occasions 

through postal questionnaires and clinical examinations (Figure 1). The cohort data 

has also been combined with various hospital records and statistical registers. 

Fig. 1. The data collections of the Northern Finland Birth Cohort 1986. 

Northern Finland Birth Cohort 1986
Born alive between July 1st 1985 and June 30th 1986, N=9432

The 7 –year follow‐up, n=9327 (98.9%)

The 16 –year follow‐up, n=9215 (99.1%)

Died or address missing, n=105 (2.3%)

Died or address missing, n=29 (0.3%)The 8 –year follow‐up, n=9298 (99.7%)

Died or address missing, n=83 (0.9%)

The postal questionnaire to the 
parents, n=8416 (90.2%)

Did not return the questionnaire, 
n=911 (9.8%)

The postal questionnaire to the 
parents, n=8370 (90.0%)

Did not return the questionnaire, 
n=928 (10.0%)

The postal questionnaire to the 
teachers, n=8525 (91.7%)

Did not return the questionnaire, 
n=773 (8.3%)

The postal questionnaire to the 
adolescents, n=7344 (79.7%)

Did not return the questionnaire, 
n=1871 (20.3%)

The postal questionnaire to the 
parents, n=6985 (75.8%)

Did not return the questionnaire, 
n=2230 (24.2%)

The clinical examination of the 
adolescents, n=6798 (73.8%)

Did not participate, 
n=2417 (26.2%)



36 

In the initial stages of the NFBC 1986, information about prenatal and birth 

outcomes was systematically collected in the antenatal clinics. At the first 

antenatal visit, questionnaires collecting background information were given to all 

mothers, who returned the questionnaires by the 24th gestational week. The 

second questionnaire was completed by the local midwives who interviewed the 

mothers at the last visit to antenatal care or during the first home visitation after 

delivery. Information about delivery and possible birth complications were 

received from the antenatal clinics (Järvelin et al. 1993). The information 

gathered in this phase of the NFBC 1986 was utilized in Article I. 

The second large follow-up occurred when children were aged about 7 years and 

started their first school year (Taanila et al. 2004). The postal questionnaires sent to 

the parents included questions about children’s growth, development and health, and 

school, family, and social conditions. This information was utilized in Article I. 

The second follow-up questionnaire also included a permission to contact the 

teacher of the children. The next follow-up was carried out when the children were 

about 8 years old (Taanila et al. 2004). This time, the questionnaires were sent to the 

parents of the children and also to the teachers of the children. The parents received a 

questionnaire concerning children’s psychomotor development, behavior and various 

school factors and the teachers were asked to evaluate the school achievement and 

performance of the children. The information from the parental questionnaire was 

used in Article I and the information received from the questionnaire sent to the 

teachers was utilized in Articles I and III. 

The next large follow-up was conducted when the children were about 16 years 

old (Taanila et al. 2014). At this point, both the cohort members themselves and their 

parents received postal questionnaires. The questionnaire sent to the adolescents 

concerned their health, living habits and social backgrounds, the questionnaire sent to 

the parents included information about the adolescent’s behavior and also the parents’ 

health, social background and living habits. Beside the questionnaire, the adolescents 

were invited to participate in a clinical examination concerning body measurements, 

different physical samples and questions about puberty and nutrition. The variables 

gathered in the postal questionnaire for the adolescents were utilized in Article IV. 

The subsample based on the parental questionnaire was utilized in all original 

publications. The results from the clinical examinations were not used in this thesis.  

Beside these follow-ups, there have been many substudies utilizing the NFBC 

1986 data. This thesis focused on an ADHD subsample, conducted after the 16-year 

follow-up. 
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4.2 The ADHD subsample 

In the 16-year follow-up, the postal questionnaire for parents included the Strengths 

and Weaknesses of ADHD Symptoms and Normal-Behavior (SWAN) scale 

(Swanson et al. 2001). A total of 6 985 parents answered, of which 6 622 parents had 

completed the SWAN scale instrument and gave permission for their responses to be 

used. The SWAN-scale was used as a screening instrument to evaluate current 

behavioral problems, including ADHD. 

Fig. 2. The flowchart of the ADHD subsample from the Northern Finland Birth Cohort 

1986. 

Those who reached SWAN scores exceeding the upper 95th percentile were defined as 

cases and those whose scores were below the 90th percentile as controls. The scale 

identified 530 cases with ADHD symptoms and 5 694 controls. A total of 389 people 

between the 90th and 95th percentile were kept as potential cases for additional 

sampling. However, they were later considered unnecessary and were therefore 

Northern Finland Birth Cohort 1986
Born alive between July 1st 1985 and June 30th 1986, N=9432

The 15‐16 –year follow‐up, n=9215 (97.7%)

Available SWAN questionnaires, n=6622 (94.8%)

Died or address missing, n=217 (2.3%)

Did not return the questionnaire, n=2230 (24.2%)

Cases identified 
by SWAN, n=530 (8.0%)

Controls identified by SWAN, 
n=5694 (86.0%)

Subjects NOT identified by SWAN as 
case or control, n=389 (5.9%)

No participation, 
n= 226 (46.4%)

SWAN cases participated, 
n=261 (53.6%)

SWAN cases contacted, 
n=487 (91.9%)

K‐SADS‐PL interview for total of 457 adolescents and their parents 

No participation, 
n=119 (37.8%)

SWAN controls participated, 
n=196 (62.2%)

SWAN controls contacted, 
n=315 (5.5%)

SWAN questionnaire to the parents, n=6985 (75.8%)

Non‐valid questionnaires or denied the use of the data, 
n=363 (5.2%)

No DBD or ADHD 
diagnosis, 

n=250 (54.7%)

Comorbid DBD and 
ADHD, 

n=72 (15.6%)

Attention‐deficit
hyperactivity disorder, 

n=91 (19.9%)

Disruptive behavioral 
disorder, 

n=44 (9.6%)

Study sample of the present study

Not included, 
n= 43 (8.1%)

Not included, 
n= 5379 (94.5%)
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excluded from further analysis (Smalley et al. 2007). Figure 2 presents the flowchart 

of the ADHD-study. 

All likely ADHD cases (n=487) living in the Oulu or Lapland provinces and a 

random sample of controls (n=315), matched by geographical location, gender and 

birth year, were invited to participate in a clinical study focused on ADHD (Smalley 

et al. 2007). A total of 261 cases and 196 controls participated in the study and were 

interviewed with the Finnish translation of the semi-structured Schedule for Affective 

Disorders and Schizophrenia for School-Age Children – Present and Lifetime 

Version, K-SADS-PL (Kaufman et al. 1997) to obtain DSM-IV psychiatric diagnoses. 

The participated cases and controls did not differ significantly from those who did not 

participate with regard to SWAN scores for ADHD symptoms (Hurtig 2007). The 

participating subjects neither differed significantly from invited subjects by gender 

but they differed somewhat with regard to parental education (higher participating 

rate among higher educated parents and lower participating rate among lower 

educated parents: χ2(2)=5.9, p=0.050). From the final data, seven adolescents were 

excluded due to mild mental retardation (IQ<70, determined by parts of the Wechsler 

Adult Intelligence Scale III, WAIS-III (Wechsler 1981)) or genetic abnormalities, 

while 457 valid K-SADS-PL interviews remained (Smalley et al. 2007). 

The utilization of the ADHD subsample in this thesis 

According to K-SADS-PL interview, 50 adolescents were diagnosed with both CD 

and ODD, 28 with only CD and 38 with only ODD, resulting in a total of 116 study 

participants diagnosed with DBD. A total of 163 adolescents were diagnosed with 

ADHD. According to these features, the study sample was divided into four groups: 

those who have been diagnosed with (a) only ADHD (n=91, 19.9%), (b) only DBD 

(n=44, 9.6%), (c) comorbid ADHD & DBD (n=72, 15.6%) and (d) neither a diagnosis 

of ADHD or DBD (n=250, 54.7%) (Figure 2). These four groups are the main point 

of interest throughout this thesis.  

The subsample in Article II 

The subsample in Article II differed slightly from the subsample used in other original 

publications. To evaluate the severity of the CD, we observed more thoughtfully the 

CD symptom assessment in the K-SADS-PL interview. The procedure included five 

basic symptoms of CD in the screening interview and an additional 10 symptoms in a 

separate supplement. Interviewers assessed the presence of the level of the symptoms 
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for each item. The available options were “no symptom”, “subthreshold” and 

“definite symptom”. Each participant with at least one definite symptom from the first 

five basic questions was interviewed for all 15 symptoms of CD (N=95. 20.8% from 

study population), which is the protocol described in K-SADS-PL. In addition, to be 

as precise as possible, those adolescents with any clinical indication of conduct 

problems were also interviewed with the CD supplement (N=63, 13.8%). Adolescents 

with a minimum of three definite symptoms were diagnosed as having CD. However, 

some of the ADHD study population (N=199, 65.4%) remained without interviews 

due to the protocol of K-SADS-PL and therefore the subsample used in Article II 

contains only information about 158 adolescents instead of 457 adolescents, which 

was the subsample in all other published articles.  

4.3 The variables used in the original publications 

This thesis combined information from various sources, while various variables were 

used to complete the published articles. This chapter will explicate them only briefly. 

The data sources and points in time are presented in Figure 3. 

Information about prenatal and birth outcomes 

Information about prenatal and birth outcomes was received from the starting point of 

NFBC 1986, when information from the study participants and their mothers was 

systematically collected in the antenatal clinics. These variables were utilized in 

Article 1. 

The factors indicating birth complications were selected as being small for 

gestational age (SGA) and preterm birth. The birth weight of the infant was classified 

as SGA if the weight was below the 10th percentile for gestational age in the birth 

cohort. The child was considered preterm if he or she was born before 37 weeks 

gestational age.  

The factors indicating the possible exhaustion of the mother was selected as 

having unwanted pregnancy and the tiredness of the mother during pregnancy. If the 

mother admitted that the pregnancy was not wanted or would be wanted rather later 

than it occurred, we defined the pregnancy as unwanted. The tiredness of the mother 

during pregnancy was decided by whether the mother responded to a question about 

her feelings during pregnancy that she had felt herself tired. 

  



40 

Fig. 3. The data sources and points in time of the variables used in this thesis. The 

Roman numerals refer to the published articles utilizing the variables. 

Prenatal exposure to cigarette smoking was decided by whether the mother admitted 

to smoking cigarettes prior to or at the time of conception and continued smoking 

after the 6th gestational week. Maternal alcohol drinking during pregnancy was 

decided by whether the mother reported it. If the father had smoked one or more years 

and smoked more than five cigarettes, pipefuls or cigars per day, the father was 

defined as a smoker. Paternal alcohol drinking was decided by whether the father had 

drunk alcohol 2 to 3 times (or more) in a month combined with 5 to 20 (or more) 

drinks in a week. 

The information about family backgrounds 

Data on several different family background factors utilized in this thesis were 

collected from various data sources available in the NFBC 1986. 
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Information about the family structure, the family socioeconomic status (SES) 

and the living environment were utilized in Article I and were obtained from the 

postal questionnaire sent to the parents during the 7-year follow-up. In Article I, the 

structure of the family was defined as being a single-parent family if the child had one 

biological divorced, separated, or widowed parent or the mother of the child had 

never been married or never co-habited with the child’s father. The SES was defined 

as being lower if both parents had reported being students, unemployed or were 

receiving pensions. The living environment was defined as urban if parents reported 

in the questionnaire that they were living in a city, or as rural if they reported living in 

a village, in the countryside or in a scattered settlement. 

Information about family structure at age 7 was also utilized in Article IV as an 

adjusting factor for behavioral disorders in adolescence. In that particular study, the 

family structure was classified into three categories; as biological parents (always two 

biological parents), blended family (one biological parents and a new partner) or a 

single-parent family (only one biological parent). 

The structure of the family was utilized also in Article III. In that study 

information about family structure was obtained from the postal questionnaire sent to 

parents during the 16-year follow-up. It was again defined as single-parent family and 

others, as with Article I. 

The number of children in the family, as utilized in Article I, was obtained from 

the postal questionnaire sent to the parents during the 8-year follow-up. The number 

of the children was established directly from the questionnaire; if the parents reported 

having only one child, the child was defined as the only child. 

The hyperactivity items from the Rutter scale for teachers 

The hyperactivity–impulsivity and inattention items from the Rutter scale for teachers 

(RB2, Rutter 1967) were utilized in Article I. From RB2 it is possible to evaluate the 

behavior of the child in terms of total problems or through subscales of antisocial, 

neurotic or hyperactive behavior. The scale itself was included in the postal 

questionnaire sent to the teachers during the 8-year follow-up. A total of 8 525 

(91.7%) teachers returned the questionnaires. In the questionnaire, two items for 

hyperactivity–impulsivity (HI) and one item for inattention (IA) were included into 

the hyperactivity/inattention subscale. Items were “Child is restless, does not have 

patience to sit down for a long period of time” (HI), “Child wriggles and is restless” 

(HI) and “Child is not able to concentrate on anything for a longish period” (IA) and 

they were scored as 0 (not true), 1 (somewhat true) and 2 (certainly true). If the total 
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score of these items was 3 or more, the child was considered as having 

hyperactive/inattentive symptoms and therefore was classified in Article I as having 

childhood hyperactivity symptoms. 

Learning difficulties 

Simultaneously with the RB2-scale, teachers also assessed children’s deficits in 

reading, writing and in mathematical skills as impaired/unimpaired. In Article I, the 

scholastic impairment was decided by whether the child had impairment in at least 

one of the subjects evaluated. In Article III, learning difficulties were treated as 

background factors and used individually. 

The Strengths and Weaknesses of ADHD Symptoms and Normal 
Behavior –scale for screening the symptoms of ADHD 

As shown in Chapter 4.2, the Strengths and Weaknesses of ADHD Symptoms and 

Normal-Behavior (SWAN) -scale (Swanson et al. 2001) was included in the postal 

questionnaire sent to parents during the 16-year follow up. The scale includes 18 

items, based on the DSM-IV diagnostic criteria, describing ADHD symptoms. The 

original symptoms were formulated as statements (such as “Listens when spoken to 

directly” while the original symptom was “Often does not seem to listen when spoken 

to directly”) and were rated as 3 (far below), 2 (below), 1 (slightly below), 0 (average), 

-1 (slightly above), -2 (above) and -3 (far above), while scores 1 to 3 defined 

weaknesses (problematic behavior) and scores -1 to -3 strengths (better than average 

behavior). The ratings were summed into summary scores and scores exceeding the 

upper 95th percentile were defined as having ADHD symptoms.  

The DSM-IV diagnoses from the Schedule for Affective Disorders and 
Schizophrenia for School-Age Children – Present and Lifetime Version 
interview 

After the ADHD subsample was formed, the Schedule for Affective Disorders and 

Schizophrenia for School-Age Children – Present and Lifetime Version (K-SADS-

PL, Kaufman et al 1997) was used to obtain DSM-IV psychiatric diagnoses. K-

SADS-PL evaluates the diagnoses of various psychiatric disorders such as mood and 

related disorders (major depressive disorder, adjustment disorder with depressed 

mood, dysthymic disorder, seasonal affective disorder, mania, hypomania and 
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cyclothymia), schizophrenia and related disorders (schizophrenia, schizophreniform 

disorder and schizoaffective disorder), anxiety disorders (separation anxiety disorder, 

panic disorder with agoraphobia, panic disorder without agoraphobia, agoraphobia, 

social phobia, simple phobia, generalized anxiety disorder, adjustment disorder with 

anxiety, obsessive-compulsive disorder and post-traumatic stress disorder), eating 

disorders (anorexia nervosa and bulimia nervosa), substance abuse disorders 

(psychoactive substance abuse and psychoactive substance dependence) and other 

disorders (tourettes syndrome, motor tics, vocal tics, language- or learning-related 

disorders). Based on the interview, the interviewers coded the current and past 

disorders as 0 (not applicable), 1 (absent), 2 (probable) and 3 (definite) and the onset 

of age the disorder first emerged. 

In the ADHD research, the master’s level interviewers that were specifically 

trained in this procedure conducted the interview with the adolescents and one or both 

of their parents. The interviewers were blinded to the SWAN screening status of the 

adolescent and followed a standardized procedure using the Best Estimate method to 

combine the information to conduct clinical psychiatric diagnoses. All interviews 

were recorded and all diagnoses were confirmed by the child and adolescent 

psychiatrists from the University of California, Los Angeles (UCLA), and Oulu 

University Hospital (Hurtig et al. 2007b). In addition, two child and adolescents 

psychiatrics from Oulu University Hospital reviewed approximately 10% of the 

interviews and a researcher from UCLA reviewed five interviews to ensure their 

consistencey (Hurtig 2007a). The interrater reliability of interviews was estimated to 

be good: the Cohen’s kappa was 0.70 for ADHD and 0.77 for other diagnoses (Hurtig 

2007). 

Psychiatric inpatient information from the Finnish Hospital Discharge 
Register 

In Finland, the National Institute for Health and Welfare maintains the Finnish 

Hospital Discharge Register (FHDR, currently known as the Care Register for Health 

Care). Registration in the FHDR is mandatory for all inpatient care in public and 

private hospitals. The completeness and accuracy of the FHDR has been found to 

range from satisfactory to very good (Sund 2012). 

The information gained from the FHDR was utilized in Articles I, III and IV. The 

study participants were linked with the FHDR through the personal identity number 

given to all Finnish residents. The information available from the FHDR included all 

psychiatric disorders (International Classification of Diseases (World Health 
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Organization 1993): ICD-10 codes F00-F99 and ICD-9 codes 290-319 for adolescents 

and ICD8 290-315, ICD-9 290-319 and ICD-10 F00-F99 for parents), the date of 

admission and the length of the hospital stay from birth to December 31, 2010. The 

diagnoses of the adolescents were studied more thoroughly, but a parent was defined 

as having some psychiatric disorder if he or she was diagnosed as having any of the 

above-mentioned disorders before 2001. 

The information about school grades at the end of the ninth grade 

Information about the final school grades was received from the Finnish National 

Board of Education from all NFBC 1986 members. The information contained all 

school grades adolescents had received in their final school reports. The school grades 

varied from four (failed) to ten (excellent). Available subjects were Finnish (native 

language), A1 language (first foreign language, usually English), A2 language 

(voluntary second foreign language), B1 language (second spoken language or other 

foreign language, usually Swedish) and B2 languages (voluntary other languages), 

mathematics, physics, chemistry, religion, history, biology, geography, music, arts, 

gymnastics, handicrafts and home economics.  

Table 5. Levels of education according the ISCED 2011 classification 

(http://www.tilastokeskus.fi/meta/luokitukset/isced_aste/001-2013/kuvaus.html) 

Level Description 

0 Early childhood education 

1 Primary education 

2 Lower secondary education 

3 Upper secondary education 

4 Post-secondary non tertiary education 

5 Short-cycle tertiary education 

6 Bachelor or equivalent level 

7 Master or equivalent level 

8 Doctoral or equivalent level 

9 Not elsewhere classified 

Information about the highest education  

Information about the highest level of education achieved was received from the 

Statistics Finland. Information contained every completed polytechnic, academic and 

or professional degree up to the year 2011. The degrees were classified according to 
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the International Standard Classification of Education, ISCED (Table 5). The ISCED 

classification was re-classified as three educational levels: (a) basic comprehensive, 

which included primary education and lower secondary education, (b) upper 

secondary education, similar to the ISCED classification and (c) tertiary or higher 

education, indicating levels 5 to 8 in the ISCED classification. In the Finnish 

education system, it usually takes nine years to complete the basic comprehensive 

education and approximately 3 more years to complete the upper secondary education. 

Other variables from childhood  

The social coping of the child utilized in Article I was obtained from the postal 

questionnaire sent to the parents at the 8-year follow-up. If the parents stated that their 

child got along with other children moderately or poorly, the social coping of the 

child was defined as “not well”. 

Other variables from adolescence 

Information about repeating a class was derived from the postal questionnaire at the 

16-year follow-up, when the adolescents were asked if they have repeated a class at 

some point of their life. Information about repeating a class was utilized in Article III. 

The intelligence quotient (IQ) was defined during the previously described 

ADHD study. IQ was based on parts of the Wechsler Adult Intelligence Scale III 

(WAIS-III, Wechsler 1981) and was also utilized in Article III. 

Other variables from parents of the study subjects 

These variables were utilized in Article III. The lack of parental interest was acquired 

from the 16-year postal questionnaire from the adolescents, who were asked if the 

parents showed any interest in his or her school, hobbies or in other important things. 

If the answer was “never” or “seldom”, a lack of parental interest was recorded. 

Parental education, separately for mothers and fathers, was acquired from the 

parental questionnaire conducted in association of the 16-year follow-up, where the 

parents self-reported their level of education. It was classified based on their answers 

according to the amount of years spent to achieve their current educational level as 

less than 10 years, 10–12 years and more than 12 years of education. 
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4.4 Statistical analysis 

The software used during this thesis were Mplus version 7.11 (1998–2013 Muthen & 

Muthen), R version 3.1.0 (2014 The R Foundation for Statistical Computing), SAS 

Proprietary Software 9.3 (2002–2010 SAS Institute Inc.) and IBM SPSS Statistics, 

Version 21 (1989–2012 IBM Corporation and other(s)). This chapter describes shortly 

the methods of statistical analysis used in this thesis. The methods were chosen 

carefully according to the characteristics of the variables in use. All tests were two-

tailed and the level of statistical significance was set as p<0.05. 

4.4.1 Preliminary analysis 

The preliminary analysis utilized in this thesis contained mainly the use of 

contingency tables with Pearson’s chi-square test or with Fisher’s exact test when 

appropriate. Contingency tables were utilized in all original publications. In Article I 

the associations between behavioral disorders and prenatal, early-childhood and 

parental psychiatric factors; in Article II the associations between gender and K-

SADS-PL psychiatric disorders; in Article III the associations between study groups 

and educational background factors and in Article IV the associations between the 

FHDR psychiatric disorders and study groups were evaluated with the contingency 

tables. 

Pearson’s chi-square test was used to evaluate the associations in the contingency 

tables. It was considered as a valid statistic unless more than 20% of expected 

frequencies were less than 5, when the Fisher’s exact test statistic was utilized to 

evaluate the associations. 

4.4.2 Main analysis 

The main analysis in the original studies included confirmatory factor analysis, 

Kaplan-Meier survival analysis, Kruskal-Wallis one-way analysis of variance and 

several regression analyses (binary logistic, multinomial logistic and linear). 

In Article I, the multinomial logistic regression was used in two phases. First it 

was utilized to obtain the unadjusted OR’s and their 95% CI’s for associations 

between the study groups and possible prenatal and early childhood risk factors. The 

“No disorder” -group was set as a reference category and all possible risk factors were 

set in the model individually. In the second phase, only those risk factors that had 

reached a significance level below p=0.01 in the unadjusted model were chosen into 
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the second model to obtain the adjusted OR’s and 95% CI’s. Again the “no disorder” 

–group was chosen as a reference category but this time the possible remaining risk 

factors were set in the model simultaneously to obtain the fully adjusted multinomial 

logistic regression model. After both models were estimated, the Bonferroni 

correction method was used to control the possible multiple comparison problem that 

could possible arise in situations similar to this. 

In Article II, the confirmatory factor analysis was conducted to evaluate how well 

the Loeber’s tripartite pathway model corresponded to the data. The fit of the 

proposed model was evaluated through the comparative fit index (CFI), in which 

values over 0.95 indicate a good fit for the proposed model. Another method used in 

Article II was the binary logistic regression, which was used to evaluate the 

associations between (a) the severity of CD symptoms and the study group adjusted 

for gender and (b) other psychiatric disorders from K-SADS-PL and study groups 

(again adjusted for gender). 

In Article III, the Kruskal-Wallis test was used to compare the differences in 

school grades among the study groups. The post-hoc tests were used to evaluate the 

relations between the groups. The linear regression analysis was also utilized to 

predict the mean values for all school grades from several independent variables, 

including behavioral disorders in the study groups. The independence of the error 

terms was tested using the Durbin-Watson test (p-value<0.05 indicates the 

dependence of the error terms). Possible multicollinearity in the model was tested by 

calculating the variance inflation factors (VIF) and tolerance statistics. 

Multicollinearity might exist in the model if the largest of VIF is greater than 10, the 

mean of VIFs is substantially larger than 1, and the tolerance statistics fall below 0.2. 

Assumptions about the residuals in the model were evaluated visually. At the end of 

Article III, the binary logistic regression was used to evaluate the associations 

between low education and the study groups, adjusted for gender, any learning 

difficulties, single-parent family, lack of parental interest and parental admittance to 

the psychiatric inpatient hospital. 

The multinomial logistic regression was utilized again in Article IV, where the 

associations between the study groups (“no disorder” again as a reference group) and 

FHDR diagnoses of study subjects, adjusted for gender, parental admittance to the 

psychiatric inpatient hospital and family structure were evaluated. Another method 

utilized in Article IV, the Kaplan-Meier survival analysis, was used to evaluate the 

onset age of psychiatric disorders between the study groups. The Breslow 

(generalized Wilcoxon) test for equality was used to estimate the possible differences 

between the study groups. The event used in the Kaplan-Meier survival analysis was 



48 

defined as the first occurrence of hospitalization due to psychiatric disorder, and the 

end of the follow-up time was set as December 31, 2010. The length of the hospital 

stay among people with ADHD and/or DBD was evaluated again using Kruskal-

Wallis test. 

4.5 Ethical considerations and personal involvement 

The NFBC 1986 study has been reviewed and approved by the Ethical Committee of 

The Northern Ostrobothnia Hospital District. The study is conducted in accordance 

with the Helsinki Declaration. The data Protection Ombudsman of Finland has 

reviewed the NFBC program and the Finnish Ministry of Social Affairs and Health 

has permitted the use of the register data and patient records. 

In the ADHD study, the complete study was described to the adolescents and 

their parents. All participating adolescents and parents signed an informed consent to 

use their data during the epidemiological and clinical studies. 

The author of this thesis has participated in the NFBC studies as a researcher and 

a statistician since 2009. The designing of the thesis and original publications was 

done by the author. The author has chosen the statistical methods used in this thesis 

and all the statistical analyses were carried out by the author. The author also 

conducted the literature searches. All presentations of the methods and the results and 

report writing have been done by the author. The author has written the first and final 

versions of the original manuscripts and her contribution has been central in all 

original publications. 
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5 Results 

5.1 The early risk factors associated with ADHD and/or DBD  

The possible early risk factors associated with ADHD and/or DBD were examined in 

Article I. The preliminary results using cross-tabulation with Pearson’s chi-square 

tests (or Fisher’s Exact tests) revealed that several different factors were associated 

with adolescents with ADHD and/or DBD. The summary of preliminary results is 

presented in Table 6. In evaluating the associations, it describes the number (n) and 

the percentages (%) of the factors with Pearson’s chi-square test statistics, degrees of 

freedom and p-values (p). Among adolescents diagnosed with ADHD or with 

comorbid DBD and ADHD the majority were males, whereas DBD without ADHD 

was more common among females. From the comorbid DBD and ADHD group, 20% 

of the adolescents had a single parent family. The childhood hyperactivity symptoms 

and learning difficulties had been more common among adolescent with ADHD or 

with comorbid DBD and ADHD. Among adolescents diagnosed with DBD the 

paternal admittance to inpatient psychiatric care was emphasized. Paternal smoking in 

the background of DBD with or without AHDH showed some trends towards 

statistical significance, indicating possible association. 

Table 6. The associations between early risk factors and ADHD and/or DBD  

 none 

(n=250) 

ADHD 

(n=91)  

DBD 

(n=44)  

DBD & ADHD 

(n=72) 

  

Early risk factors n (%) n (%) n (%) n (%) p 

Gender           

Boys 155 (62) 70 (77) 17 (19) 47 (65)  χ²(3)=19.1, p<0.001 

Girls 95 (38) 21 (23) 27 (61) 25 (35)   

Paternal smoking 65 (26) 24 (26) 19 (43) 26 (36)  χ²(3)=7.4, p=0.060 

Single parent family 14 (6) 7 (8) 2 (5) 13 (20)  χ²(3)=14.3, p=0.003 

Childhood hyperactivity 

symptoms 

9 (4) 15 (17) 3 (7) 17 (27)  χ²(3)=33.7, p<0.001 

Learning difficulties 52 (23) 26 (30) 11 (26) 29 (47)  χ²(3)=14.3, p=0.003 

Paternal admittance to 

inpatient psychiatric care 

13 (5) 11 (12) 9 (21) 7 (10)  χ²(3)=12.9, p=0.005 

Other examined possible early risk factors for ADHD or DBD that did not reach 

statistical significance or a trend towards statistical significance were SGA, 

preterm birth, unwanted pregnancy, the tiredness of the mother during pregnancy, 
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maternal smoking during pregnancy, maternal alcohol drinking during pregnancy, 

paternal alcohol drinking during pregnancy, lower socioeconomic status, being 

the only child in the family, living in an urban environment, not coping well with 

others and maternal admittance to inpatient psychiatric care. After correcting for 

the multiple comparison problems with Bonferroni correction, only gender and 

childhood hyperactivity symptoms remained statistically significant. 

The data were then analyzed further and unadjusted multinomial logistic 

regression was used to evaluate possible associations. The analyses showed similar 

results to the preliminary analysis. All statistical significant associations and the 

associations showing a trend towards statistical significance are shown in Table 7, in 

which odds ratios (OR) are presented with their 95% confidence intervals (95% CI). 

Male gender was a risk factor for having an ADHD diagnosis and female gender a 

risk factor for DBD diagnosis. For those whose father had smoked cigarettes, the OR 

was over two-fold for DBD and if the father had been admitted to inpatient 

psychiatric care, the OR was 4.69. The paternal admittance to inpatient psychiatric 

care was also statistically significant among adolescents diagnosed with only ADHD. 

The childhood hyperactivity symptoms increased the OR’s in both ADHD (5.09) and 

comorbid ADHD and DBD (9.03) groups. Single parent family and learning 

difficulties seemed to be associated with the comorbid ADHD and DBD group. 

Table 7. The unadjusted multinomial logistic regression models between early risk 

factors and DBD and/or ADHD 

 DBD ADHD  ADHD & DBD  

Early risk factors OR [95% CI] OR [95% CI]  OR [95% CI] 

Gender        

Boys 0.39 [0.20, 0.75] 2.04 [1.18, 3.54]  1.15 [0.67, 1.99] 

Girls 1  1   1  

Mother tired during pregnancy 1.26 [0.57, 2.80] 0.96 [0.51, 1.81]  1.80 [0.98, 3.33] 

Paternal smoking 2.16 [1.12, 4.19] 1.02 [0.59, 1.76]  1.61 [0.92, 2.81] 

Single parent family 0.81 [0.18, 3.69] 1.43 [0.56, 3.67]  4.04 [1.79, 9.10] 

Only child 2.37 [0.92, 6.11] 1.25 [0.52, 3.01]  1.31 [0.49, 3.46] 

Childhood hyperactivity 

symptoms 

1.83 [0.48, 7.07] 5.09 [2.14, 12.1]  9.03 [3.79, 21.5] 

Learning difficulties 1.17 [0.55, 2.48] 1.45 [0.83, 2.52]  2.99 [1.66, 5.38] 

Paternal admittance to inpatient 

psychiatric care 

4.69 [1.87, 11.8] 2.51 [1.08, 5.82]  1.96 [0.75, 5.12] 

Being an only child had an over two-fold OR for having DBD, the association 

being nearly statistically significant. Moreover, maternal tiredness during 
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pregnancy and paternal smoking showed some trend towards statistical 

significance. Other possible risk factors that did not reach statistical significance 

or even a trend towards it were SGA, preterm birth, maternal smoking during 

pregnancy, maternal alcohol drinking during pregnancy, paternal alcohol 

drinking, lower socioeconomic status, living in an urban environment, not coping 

well with others and maternal admittance to inpatient psychiatric care. After 

correcting with the Bonferroni correction method, the only remaining statistically 

significant associations were paternal admittance to inpatient psychiatric care for 

DBD, childhood hyperactivity symptoms for ADHD and single-parent family, 

childhood hyperactivity symptoms and learning difficulties for the comorbid 

group. 

Table 8. The adjusted multinomial logistic regression models between early risk 

factors and DBD and/or ADHD 

 DBD  ADHD  ADHD & DBD 

Early risk factors OR [95% CI]  OR [95% CI]  OR [95% CI] 

Gender         

Boys 1.63 [0.86, 3.07]  0.40 [0.18, 0.89]  0.84 [0.40, 1.75] 

Girls 1   1   1  

Mother tired during pregnancy 0.81 [0.40, 1.65]  1.15 [0.48, 2.75]  1.46 [0.68, 3.14] 

Paternal smoking 0.72 [0.37, 1.42]  1.80 [0.81, 4.02]  1.34 [0.64, 2.80] 

Single parent family 1.16 [0.35, 3.90]  0.20 [0.02, 2.12]  2.69 [0.82, 8.78] 

Only child 1.68 [0.58, 4.87]  3.34 [0.95, 11.8]  0.76 [0.20, 2.92] 

Childhood hyperactivity symptoms 3.31 [1.19, 9.22]  2.45 [0.56, 10.8]  7.41 [2.60, 21.1] 

Learning difficulties 1.50 [0.78, 2.88]  1.55 [0.65, 3.73]  3.13 [1.52, 6.44] 

Paternal admittance to inpatient 

psychiatric care 

2.40 [0.82, 7.00]  4.54 [1.46, 14.1]  1.65 [0.48, 5.74] 

The next step in the analysis was to again conduct the multinomial logistic 

regression, while including only those variables that showed any statistical 

significant associations or any trends towards the statistical significance in the 

first unadjusted analysis. Table 8 shows the final results with the adjusted 

multinomial logistic regression. Among adolescents diagnosed with ADHD, only 

childhood hyperactivity symptoms remained statistical significant (OR 3.3, 95% 

CI [1.2, 9.2]), as was also the case in the comorbid ADHD and DBD group (OR 

7.4, 95% CI [2.6, 21.1]), together with learning difficulties (OR 3.1, 95% CI [1.5, 

6.4]). Among adolescents diagnosed with DBD, female gender (OR for male 

gender 0.4, 95% CI [0.2, 0.9]) and paternal admittance to inpatient psychiatric 
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care (OR 4.5, 95% CI [1.5, 14.1]) seemed to remain statistically significant, while 

being the only child in the family (OR 3.3, 95% CI [1.0, 12.0]) showed some 

trend towards statistical significance. After correcting for the possible multiple 

comparison problem, the only remaining statistically significant associations were 

childhood hyperactivity symptoms and learning difficulties among adolescents 

diagnosed with comorbid ADHD and DBD. 

5.2 Current well-being of adolescents diagnosed with ADHD and/or 
DBD  

The current well-being of adolescents diagnosed with ADHD and/or DBD was 

examined in Articles II and III. Article II described the severity of conduct problems 

among adolescents with ADHD and/or DBD through the CD symptoms identified in 

the K-SADS-PL interview. Possible psychiatric comorbidity was also evaluated in the 

same study. In Article III, the school performance of the adolescents was evaluated 

via school grades gained at the end of the ninth grade. 

Severity of conduct problems 

The severity of the CD symptoms was studied in Article II. The study subsample 

population in this study contained 158 adolescents who had successfully completed 

all the questions concerning CD in K-SADS-PL interview. The severity of the 

symptoms was based on the Loeber’s theory of the tripartite pathway model (see 

Chapter 2.3), in which the disruptive behavior could develop through three different 

pathways. Overt pathway includes openly aggressive behavior that could harm other 

people or animals, the covert pathway includes such behavior as causes harm to 

property, and the authority conflict pathway describes disobedience towards 

authorities, such as parents or teachers in school.  

Table 9 shows the distributions of the subthreshold and definite symptoms 

organized in accordance with Loeber’s model. Lying, truancy and staying out past a 

curfew were the most commonly reported symptoms, constituting over 30% of the 

definite symptoms. The symptoms of forced sexual activity (none) and aggressive 

stealing (only one percent definite symptoms) were reported the least frequently. The 

suitability of the pathway model in the study sample was examined through the 

confirmatory factor analysis, in which the proposed factor structure with three factors 

(overt, covert and authority conflict) was defined according to Loeber’s theory. 
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According to the results, the model achieved a good fit to the data; for example, the 

comparative fit index (CFI) was 0.961. 

Table 9. The distributions of subthreshold and definite symptoms of conduct disorder 

according to Loeber’s tripartite pathway model 

 Subthreshold  Definite 

Pathways n (%)  n (%) 

Overt      

Initiates physical fights 16 (10)  29 (18) 

Bullies, threatens or intimidates others 10 (6)  27 (17) 

Use of a weapon 8 (5)  5 (3) 

Physical cruelty to people 8 (5)  17 (11) 

Forced sexual activity 0 (0)  0 (0) 

Cruelty to animals 3 (2)  4 (3) 

Covert      

Lies 23 (15)  48 (30) 

Non-aggressive stealing 2 (1)  29 (18) 

Vandalism 10 (6)  17 (11) 

Breaking and entering 2 (1)  6 (4) 

Aggressive stealing 1 (1)  1 (1) 

Firesetting 11 (7)  4 (3) 

Authority conflict      

Truant 7 (4)  62 (39) 

Often stays out at night 3 (2)  48 (30) 

Ran away overnight 2 (1)  12 (8) 

An adolescent was considered as having severe CD symptoms if he or she had 

any definite symptom in any of the following: using a weapon, physical cruelty to 

people, cruelty to animals, aggressive stealing, forced sexual activity, breaking 

and entering, non-aggressive stealing, often staying out at night, running away 

overnight, and being truant. Over half (n=88, 56%) of the study sample had at 

least some severe CD symptoms. Boys (n=57, 61%) had slightly more severe 

symptoms than girls (n=31, 48%).  

Table 10 shows the associations between DBD and/or ADHD and severe CD 

symptoms. As seen in table, 46 (74%) adolescents with comorbid DBD and ADHD 

had severe CD symptoms. Moreover, the association between the comorbid group and 

the severe symptoms was statistically significant: OR was over 4.5-fold. The results 

presented in Article II differ a bit from the results presented here. In Article II, the 

ADHD in the analysis was required to be persistent from childhood to adolescence, 
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meaning that the children must have had the diagnosis of ADHD already in childhood 

and it must have persisted into adolescence. This is possible to determine from the K-

SADS-PL –interview, where both present and past disorders were evaluated. It 

reduced a little the number of adolescents diagnosed with ADHD, although the results 

were similar in both analyses; for example, the association between the comorbid 

group and the severe symptoms was statistically significant (OR 8.8, 95% CI [2.7, 

29.1]. 

Table 10. The associations between behavioral disorders and severe symptoms of 

conduct disorder  

 No severe 

symptoms (n=70) 

 Severe symptoms  

(n=88) 

Behavioral disorders n (%)  n (%)  ORa [95% CI] 

none 19 (63)  11 (37)  1  

ADHD 16 (62)  10 (39)  0.93 [0.31, 2.83] 

DBD 19 (47)  21 (53)  1.99 [0.75, 5.30] 

Comorbid ADHD and DBD  16 (26)  46 (74)  4.53 [1.76, 11.7] 

a Adjusted with gender 

Psychiatric comorbidity among adolescents diagnosed with ADHD and/or 
DBD  

In Article II, psychiatric comorbidity was evaluated through the K-SADS-PL 

interview. However, it should be noted that these results contained information only 

from 158 adolescents who were selected because they had completed the 

questionnaire about CD during the K-SADS-PL interview, instead of the whole study 

population used in the other published articles. From the possible disorders that could 

be defined according to the interview data, there were no diagnoses of schizophrenia 

or related disorders (schizophrenia, schizophreniform disorder or schizoaffective 

disorder) or eating disorders (anorexia nervosa or bulimia nervosa). 

Among this study population, there were anxiety disorders (panic disorder with 

agoraphobia, agoraphobia, social phobia, simple phobia, generalized anxiety disorder, 

obsessive-compulsive disorder and post-traumatic stress disorder), mood and related 

disorders (major depressive disorder, adjustment disorder with depressed mood, 

dysthymic disorder and depressive disorder not otherwise specified), substance use 

disorders (psychoactive substance abuse and psychoactive substance dependence) and 

the other disorders (for example tic disorders and language- or learning-related 

disorders). Table 11 describes the prevalence of the behavioral and other disorders in 



55 

association with gender among this study sample. Further, the test statistics of the 

Pearson’s chi-square tests are presented. 

Table 11. The prevalence of psychiatric disorders in the study group at the age of 16 

 All (n=158)  Boys (n=93)  Girls (n=65)  

Psychiatric disorders n (%)  n (%)  n (%) p 

Behavioral disorders          

ADHD 26 (17)  20 (22)  6 (9) χ2(1)=5.3, p=0.021 

DBD 40 (25)  16 (17)  24 (37) χ2(1)=0.3, p=0.577 

Comorbid ADHD and DBD  62 (39)  43 (46)  19 (29) χ2(1)=4.4, p=0.036 

Other disorders          

Anxiety disorders 24 (25)  8 (9)  16 (25) χ2(1)=7.6, p=0.006 

Mood and related disorders 32 (20)  17 (18)  15 (23) χ2(1)=0.5, p=0.460 

Substance use disorders 21 (13)  16 (17)  5 (8) χ2(1)=3.0, p=0.083 

Other disorders 23 (15)  16 (17)  7 (11) χ2(1)=1.3, p=0.259 

DBD was more common among girls than among boys but the boys formed a 

majority among ADHD and comorbid ADHD and DBD. The gender differences 

were statistically significant in the ADHD and comorbid ADHD and DBD groups 

but not in the DBD group. Girls were also diagnosed more often than boys with 

anxiety disorders and mood and related disorders, whereas boys were more often 

diagnosed with substance use disorders and other disorders. Again in Article II, 

the numbers differed slightly due to the different definition of ADHD, among the 

whole study sample there were 11 (7%) adolescents with persistent ADHD (9 

boys and 2 girls) and 39 (23%) adolescents with comorbid DBD and persistent 

ADHD (31 boys and 8 girls). 

Table 12. The prevalence of psychiatric disorders in the study group at the age of 16 

 No ADHD or  DBD 

(n=30) 

 Comorbid ADHD and DBD  

(n=62) 

Psychiatric disorders n (%)  n (%)  ORa [95% CI] 

Anxiety disorders 4 (13)  10 (15)  1.96 [0.51, 7.50] 

Mood and related disorders 7 (23)  17 (36)  1.32 [0.47, 3.74] 

Substance use disorders 2 (7)  14 (31)  3.68 [0.76, 17.7] 

Other disorders 1 (3)  11 (18)  5.21 [0.63, 43.3] 

a Adjusted with gender 

The associations between other disorders and the comorbid group were also 

evaluated. Results could be seen in Table 12. The associations were not 
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statistically significant but there were more psychiatric disorders in the comorbid 

ADHD and DBD group than among those who did not have these disorders. The 

results were similar with the persistent ADHD. The differences in final school 

grades among adolescents with ADHD and/or DBD  

The differences in final school grades among adolescents from the study 

population were studied in Article III. The study population again consisted of all 457 

adolescents, whose final school grades from the ninth grade were analyzed. As stated 

in Chapter 5.1, 30% of adolescent with ADHD, 26% of adolescent with DBD and 

47% with comorbid ADHD and DBD had learning difficulties when they were 8-

years old. The learning difficulties were now observed again but this time with more 

specific information. Table 13 describes the statistically significant associations and 

associations with trends toward statistical significance (p<0.1) between behavioral 

problems and possible educational background factors. The low education of the 

mother (χ2(3)=0.6, p=0.889) or father (χ2(3)=4.0, p=0.260) did not reach statistical 

significance in the preliminary analysis. 

Table 13. The associations between behavioral problems and possible educational 

background factors 

 none 

(n=250) 

ADHD 

(n=91)  

DBD  

(n=44)  

 ADHD & 

DBD (n=72) 

 

Background factors n (%) n (%) n (%)  n (%) p 

Learning difficulties           

Reading 30 (13) 14 (16) 4 (9)  22 (35) χ2(3)=19.6, p<0.001 

Writing 43 (19) 22 (25) 7 (16)  27 (44) χ2(3)=18.0, p<0.001 

Mathematic 20 (9) 11 (13) 5 (12)  13 (21) χ2(3)=7.2, p=0.065 

Repeating a class 3 (1) 6 (7) 1 (3)  6 (10) Fisher’s Exact p=0.010a 

Single parent family 23 (10) 15 (18) 11 (26)  18 (29) χ2(3)=17.9, p<0.001 

Lack of parental interest 36 (15) 19 (13) 11 (27)  62 (15) χ2(3)=11.3, p=0.010 

Parental hospital treated 

psychiatric disorder 

21 (8) 12 (13) 12 (27)  11 (15) χ2(3)=13.7, p=0.004 

a Fisher’s Exact test was used instead of Pearson’s Chi-square test due the small number of observations 

in repeating a class –factor. 

IQ was also estimated in association with the K-SADS-PL interview. It differed 

among the study groups with statistical significance (none: mean=100.5 (standard 

deviation, sd=11.3), ADHD: 94.7 (11.2), DBD: 99.7 (9.4), ADHD & DBD: 94.2 

(11.2), F(3)=9.8, p<0.001). 

The available school subjects were Finnish (native language), A1, A2, B1 and B2 

languages, mathematics, physics, chemistry, religion, history, biology, geography, 
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music, arts, gymnastics, handicrafts, and home economics. The school grades of A1 

language in this sample, which were available for 98.5% of the study population, 

consisted of 98.2% English, 0.9% German, 0.4% French, 0.2% Swedish and 0.2% 

Russian, B1 language (available for 90.2% of adolescents) of 99.8% Swedish and 

0.2% English. The numbers of study subjects having school grades in other possible 

languages, A2 and B2 that were voluntarily, were low; there were grades available 

only for 63 (13.8%) and 53 (11.6%) adolescents, respectively. The A2 chosen 

language was 52.4% German, 30.2% Swedish, 6.3% French, 6.3% English, 1.6% 

Russian and 3.2% other languages that were not specified. The mean of all school 

grades was 7.1 (sd 0.7) among adolescents with ADHD, 7.0 (0.7) with DBD, 6.8 (0.7) 

with comorbid ADHD and DBD and 7.8 (0.9) among those without these disorders. 

The means differed in statistical significance (Kruskal-Wallis test: H(3)=90.3, 

p<0.001) and the post hoc test revealed that some of the differences between the 

groups were also statistically significant (no dg > ADHD, no dg > DBD and no dg > 

ADHD & DBD). The same difference was also observed through the mean for 

theoretical subjects (Finnish, all the languages, religion, history, mathematics, 

physics, chemistry, biology and geography), where the means were for ADHD 6.7 (sd 

0.9), DBD 6.7 (0.9), ADHD & DBD 6.4, and for no diagnosis 7.6 (1.0) with 

statistically significant difference (H(3)=88.0, p<0.001) and similar post hoc test 

results (no dg > ADHD, no dg > DBD and no dg > ADHD & DBD). 

Table 14 describes the mean values and the standard deviations of all school 

grades received at the end of the ninth grade with Kruskal-Wallis test statistics, 

degrees of freedom, p-values and the post hoc tests results. As seen in table, the 

school grades in every subject differed among the study groups with statistical 

significance. The post hoc tests revealed the relations between the groups. The same 

results are shown in Figure 4. The comorbid ADHD and DBD –group seemed to have 

the lowest mean scores almost in every subject. The huge difference in B2 language is 

explained by the low number of adolescents who had studied B2 language.  
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Fig. 4. Mean school grades at the end of the ninth grade. 

After observing the differences among school grades in all subjects, the linear 

regression model was utilized to predict the values of the mean of all school 

grades from the study groups, gender, learning difficulties, repeating a class, IQ, 

parental education, lack of parental interest and parental admittance to the 

psychiatric inpatient hospital. Table 15 presents the results from the linear 

regression models with regression estimates (B), standard errors (SE), their 95% 

CI’s, standardized estimates (β) and p-values.  

The errors in the model predicting the mean for all school grades were 

independent (Durbin-Watson test statistic=1.85, p=0.134), and multicollinearity was 

not observed (the maximum of VIF=1.24, the mean of VIF=1.15 and the minimum of 

tolerance=0.80). It was determined visually that the assumptions of the random error 

and homoscedasticity were met in the model.  

The most important predictor seemed to be male gender, which seems to 

attenuate the mean of all school grades, followed by the DBD, the comorbid ADHD 

& DBD and the ADHD, respectively, all with similar attenuating effects. Moreover, 

high maternal education (possibly increasing the mean of all school grades), learning 
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difficulties (reducing) and IQ (increasing) seemed to have statistically significant 

associations. 

Table 15. Linear regression model for predicting the mean of all subjects. 

Variables B (SE) [95% CI] βa p 

Constant 5.33 (0.40) [4.55, 6.11]  <0.001 

ADHD -0.51 (0.09) [-0.69, -0.33] -0.27 <0.001 

DBD -0.84 (0.13) [-1.10, -0.58] -1.03 <0.001 

ADHD & DBD  -0.88 (0.12) [-1.11, -0.65] -0.42 <0.001 

Gender: male -0.33 (0.08)  [-0.49, -0.18] -3.94 <0.001 

Any learning difficulties -0.20 (0.09) [-0.38, -0.03] -0.04 0.025 

Has repeated a class -0.11 (0.21) [-0.53, 0.30] -0.06 0.592 

IQ 0.03 (0.00) [0.02, 0.04] 0.01 <0.001 

Maternal education less than 12 years -0.27 (0.08) [-0.44, -0.11] -0.12 0.001 

Paternal education less than 12 years -0.16 (0.11) [-0.37, 0.05] -0.06 0.124 

Lack of parental interest 0.03 (0.09) [-0.15, 0.21] 0.04 0.721 

Single parent family -0.09 (0.10) [-0.29, 0.12] -0.04 0.416 

Parental admittance to the psychiatric 

inpatient hospital 

0.14 (0.12) [-0.10, 0.37] 0.06 0.243 

a Standardized estimates 

Later education 

The later educational achievements were also observed in Article III. The study 

sample was divided into three categories according to highest education they had 

completed: those who had only basic comprehensive education (ADHD n=13 [14%], 

DBD 6 [14], ADHD & DBD 20 [28], no dg 22 [9]), those who had completed also the 

upper secondary education (ADHD 74 [81], DBD 32 [73], ADHD & DBD 50 [69], no 

dg 159 [64]), and those who had completed both previous educational stages but also 

tertiary (or higher) education (ADHD 4 [4], DBD 6 [14], ADHD & DBD 2 [3], no dg 

69 [28]). The highest education differed among the study groups with statistical 

significance (χ2(6)=50.7, p<0.001). 

The binary logistic regression was then used to evaluate the possible associations 

between the study groups and those with only basic comprehensive education. The 

associations were adjusted for gender, any learning difficulties, single-parent family, 

the lack of parental interest, and parental admittance to the psychiatric inpatient 

hospital. Results are shown in Table 16. 
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Table 16. Associations between study groups and only basic comprehensive 

education through adjusted binary logistic regression 

Study groups n (%)  ORa [95% CI] 

No behavioral disorder 22 (9)  1  

ADHD 13 (14)  2.00 [0.90, 4.48] 

DBD 6 (10)  1.26 [0.37, 4.25] 

Comorbid ADHD and DBD  20 (28)  3.99 [1.69, 9.41] 

a Adjusted with gender, any learning difficulties, single-parent family, the lack of parental interest and the 

parental admittance to the psychiatric inpatient hospital 

Again, adolescents with comorbid ADHD and DBD seemed to have high odds 

ratios, indicating statistically significant associations between low education and 

comorbid behavioral disorders. Figure 5 summarizes the findings on learning 

deficits, school performance and later education in regard to behavioral problems. 

Fig. 5. Learning deficits, school performance and later education among adolescents 

with behavioral problems. 

No DBD or ADHD 
diagnosis, 

n=250 (54.7%)

Disruptive behavioral 
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n=91 (19.9%)

Comorbid DBD and 
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n=72 (15.6%) 

Basic 9%
Upper secondary 64%

Tertiary 28%

Basic 14%
Upper secondary 73%

Tertiary 14%
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Tertiary 4%
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Learning 
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5.3 The psychiatric hospitalization of the adolescent previously 
diagnosed with ADHD and/or DBD  

Inspired by the observations made in Article II about the comorbidity of other 

psychiatric disorders, Article IV was carried out to evaluate comorbidity more with 

the whole study population. Any admittance to the psychiatric inpatient hospital care 

was taken into account and the associations between behavioral problems assessed in 

the K-SADS-PL interview and the admissions to inpatient psychiatric care were 

evaluated. Adolescents diagnosed with ADHD and/or DBD all had high odds ratios 

for also receiving a psychiatric diagnosis in the FHDR (Table 17).  

A total of 9% of adolescent diagnosed with ADHD also had another psychiatric 

disorder reported in the FHDR. Among adolescent with DBD the rate was 18% and 

among those with comorbid DBD and ADHD it was 22%. Among those without 

DBD or ADHD the percentage was only 4%. The associations were statistically 

significant among adolescents diagnosed with either DBD (OR 4.2, 95% CI [1.4, 

12.2]) or comorbid ADHD and DBD (OR 5.5, 95% CI [2.2, 13.7]). The binary 

logistic regression model was adjusted for gender, parental admittance to psychiatric 

inpatient care before the year 2001 (when the adolescents were interviewed with the 

K-SADS-PL) and the family type at age 7 (categorized as biological parents, blended 

family and single parent family).  

Table 17. The adjusted binary logistic regression model between any (other than 

ADHD or DBD) psychiatric diagnosis in the FHDR and ADHD and/or DBD assessed in 

K-SADS-PL. 

Study groups n (%)  ORa [95% CI] 

No behavioral disorder 10 (4)  1  

ADHD 8 (9)  2.24 [0.84, 5.98] 

DBD 8 (18)  4.17 [1.43, 12.2] 

Comorbid ADHD and DBD  16 (22)  5.53 [2.24, 13.7] 

a Adjusted with gender, the psychiatric diagnoses of the parents and the family type at age 7. 

The age of onset of the psychiatric disorders in the FHDR also differed among the 

study groups. Among the adolescents with ADHD, the median age of onset for 

other psychiatric disorder in the FHDR was 7.5 (interquartile range, IQR [4.3, 

15.1]), among adolescents with DBD it was 14.9 [6.4, 18.9] and among 

adolescent with comorbid ADHD and DBD it was 15.3 [8.6, 20.3]. In the no 

behavioral disorder group, the median age for any psychiatric disorder in the 

FHDR was 12.2, with IQR [3.4, 20.5].  
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Fig. 6. The cumulative incidence proportion of the first admittance to the psychiatric 

inpatient hospital in the FHDR among adolescents with ADHD and/or DBD. 

Figure 6 presents the cumulative incidence of the first occurrence of psychiatric 

disorders in the FHDR. The cumulative incidence is obtained with a Kaplan-

Meier analysis. The Breslow (generalized Wilcoxon) test of equality of survival 

distributions was conducted to evaluate the possible differences between the study 

groups. The test was statistically significant (χ2(3)=26.4, p<0.001) indicating 

differences between the groups. Pairwise comparisons were then formed to clarify 

the differences between the study groups and they showed that the age of onset 
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for other psychiatric disorder in the FHDR among adolescents with DBD differed 

significantly from the age of onset among adolescents without behavioral 

disorders, as did the age of onset among adolescents with comorbid ADHD and 

DBD. The onset age of psychiatric disorders among adolescents with ADHD 

differed less and did not reach statistical significance. 

The total sum of the combined length of time spend in the hospital due to any 

psychiatric disorder was also evaluated in Article IV. Among adolescents with DBD 

the combined length of hospital stays varied from 0 to 141 days (median, md=25, IQR 

[1, 115]), among adolescents with ADHD from 4 to 115 days (md=50, IQR [17, 107]) 

and among adolescents with comorbid DBD and ADHD from 0 to 717 days (md=26, 

IQR [16, 110]). The lengths of hospital admissions were longer among all behavioral 

groups than among adolescents without behavioral disorder (hospital stays from 0 to 

114, md=4, IQR [1-61]). The differences in the lengths of hospital stays were tested 

using the Kruskal-Wallis test but the test did not achieve statistical significance. 

5.4 Summary of the results 

In summary, one can conclude that there are different risk factors in childhood that 

are associated with different behavioral problems in adolescence. The childhood 

hyperactivity symptoms increased the odds of having ADHD in adolescence, while 

female gender and paternal admittance to inpatient psychiatric care increased the odds 

to have DBD. Childhood hyperactivity symptoms and learning difficulties increased 

the odds of having both disorders. 

Differences between these behavioral disorders were also visible in adolescence, 

where those adolescents who were diagnosed with both ADHD and DBD had more 

severe CD symptoms and had increased risks for anxiety disorders, depressive 

disorders and substance use disorders. The adolescents diagnosed with DBD (both 

with and without ADHD) seemed to have an increased risk for admittance to the 

psychiatric inpatient hospital. The onset age of the psychiatric disorders and the 

length of hospitalization differed among study groups. Adolescents with comorbid 

ADHD and DBD also fared worse in school in the end of ninth grade and were less 

likely to achieve higher than basic education later in their lives.  
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6 Discussion 

6.1 Discussion of the results 

Prenatal and early childhood factors possibly affecting DBD and ADHD  

Several prenatal and early childhood factors were examined for possible associations 

among adolescents with ADHD and/or DBD. Differences among the possible risk 

factors between the study groups emerged. In the adjusted models, childhood 

hyperactivity/inattentive symptoms from RB2-scale at age 8 was associated with 

ADHD, while female gender and paternal admittance to inpatient psychiatric care was 

associated with DBD. Childhood hyperactivity/inattentive symptoms and learning 

difficulties at age 8 were associated with comorbid ADHD and DBD. 

The only early life predictor associated with adolescents with ADHD after 

adjusting the multinomial regression model was childhood hyperactivity symptoms. 

The association between childhood hyperactivity symptoms and ADHD is obvious, as 

hyperactivity is one of the symptoms of ADHD. The lack of possible risk factors 

could be seen to support the latest research that states ADHD is more heritable than 

being the result of externalizing factors (Williams et al. 2010). Despite various studies 

that have associated ADHD or hyperactivity with maternal smoking, the association 

was not reproduced in Article I. Obel et al. (2011) has concluded similar results in his 

study. The previously found associations may have been partly the reason for 

comorbidity with DBD or genetic factors: mothers with ADHD (and possibly with 

comorbid DBD) do not stop smoking during pregnancy, even if they are advised to do 

so. 

Several previous studies have found an association between maternal smoking 

during pregnancy and DBD (Wakschlag et al. 2002). In Article I, again such an 

association was not found. This may be because exposure to maternal smoking might 

not be the key causal factor in itself and that rather other factors that are associated 

with maternal smoking during pregnancy might have greater impacts on later 

psychiatric problems of the descendant. Instead of maternal smoking, paternal 

smoking seemed to have some associations in this study population; however, the 

effect seemed to disappear after adjusting the model. In any case, since the studies of 

paternal smoking and its effects are quite rare, the association is worth noting. In 

general, second-hand smoking at home has been found to be associated with 

behavioral problems among pre-schoolers (Twardella et al. 2010). Similar to maternal 



 

66 

smoking, alcohol drinking of the parents was not associated with behavioral problems 

in this study, though the association between parental substance abuse and CD has 

been previously reported in other studies (Loeber et al. 1995). Paternal admittance to 

inpatient psychiatric care was also associated with DBD; similar results have been 

shown previously (Ramchandani & Psychogiou 2009). Together with the association 

with paternal smoking, this could indicate the impact of paternal factors on the 

development of DBD. 

The associations among adolescents with comorbid ADHD and DBD were 

clearly different from adolescents with DBD and slightly different from adolescents 

with ADHD. The children of single parent families seemed to have stronger risks of 

belonging to the comorbid group, while learning difficulties also seemed to increase 

the risk of having both disorders. Moreover, childhood hyperactivity symptoms were 

associated with the comorbid group. After adjusting the model, learning difficulties 

and childhood hyperactivity symptoms remained statistically significant. The family 

type of other-than-intact family has been associated with antisocial behavioral 

disorder (Apel & Kaukinen 2008) and single parent families with ADHD (Hjern et al. 

2010). Similarly to Article I, learning difficulties have been associated with 

behavioral problems in various studies (Breslau et al. 2009, Rodriguez et al. 2007, 

Taanila et al. 2011, Taanila et al. 2014). 

Development of problematic behavior and psychiatric comorbidity  

The Loeber’s tripartite pathway model is an internationally recognized model of 

development of adolescent CD. The results presented in Article II indicate that 

despite the notable sociocultural differences, the model could fit to a population 

of Finnish adolescents, although the study sample utilized in Article II is only a 

small subsample of the youth population of Finland. Other Nordic studies have 

also found similar results: In a study on conduct problems among Norwegian 

adolescents, Storvoll et al. (2002) identified three groups of CD symptoms: theft 

and vandalism (destructive covert), symptoms of opposing adult supervision 

(non-destructive covert) and interpersonal aggression combined with behavioral 

problems at school. Another study examining the factor structure of CD 

symptoms in a sample of Norwegian adolescents obtained a trichotomous 

solution (aggression, delinquency and rule breaking), which replicated the core 

assumptions of Loeber’s model with some minor exceptions (Janson & Kjelsberg 

2006). 
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The psychiatric comorbidities associated with behavioral problems found in 

Article II included anxiety disorders, depressive disorders and substance use disorders, 

although the associations were not statistically significant and the trend toward 

statistical significance was detectable. The comorbidities of ADHD and depression, 

ADHD and anxiety, DBD and depression and DBD and anxiety have been established 

in various studies, as concluded in the review by Angold et al. (1999). More 

specifically, ADHD has been associated especially with bipolar disorder, various 

anxiety disorders and many personality disorders (Bernardi et al. 2012) and CD with 

substance use disorders, bipolar disorders and histrionic personality disorders 

(Morcillo et al. 2012). ODD has been shown to precede later disorders such as 

anxiety disorders and depression (Copeland et al. 2009). 

School performance and later educational achievement of adolescents 
with ADHD and/or DBD  

In Article III it is shown that problems in school among the adolescents diagnosed 

with comorbid ADHD and DBD were visible already in childhood through learning 

difficulties, manifesting in adolescence as lower school grades at the end of the ninth 

grade and finally emerging as a lower educational level in adulthood. 

All adolescents with ADHD and/or DBD fared worse in school than those 

adolescents without these disorders; adolescents with comorbid ADHD and DBD had 

the worst scores in almost all final school grades, the adolescents with DBD had the 

next worse scores and adolescents with ADHD had the best scores among adolescents 

with behavioral disorders, although still with substantially worse scores than 

adolescents without these disorders. This clearly describes that DBD is more harmful 

to school performance than ADHD alone, although ADHD itself also adversely 

affects school performance of the adolescent. Contrary to these findings, Frick et al. 

(1991) emphasized the effect of ADHD in academic underachievement and suggest 

that the visible associations between CD and poor school performance originate from 

the comorbidity of CD and ADHD. Generally, it has been the ADHD that has been 

suggested as the main reason for poor school performance (Breslau et al. 2009, 

Rodriguez et al. 2007, Taanila et al. 2011, Taanila et al. 2014, Wu & Gau 2013), 

although antisocial behavior has also been associated with academic failure (McEvoy 

& Welker 2000).  

Another factor associated with school achievement was lower maternal 

education, while paternal education seemed not to have an effect. Previously, Spera et 

al. (2009) found that Caucasian parents with lower levels of education had lower 
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levels of educational aspiration for their children and the educational aspiration of the 

parents was related to children’s academic performance. Furthermore, the lack of 

parental interest did not seem to have effect, although it has been previously found 

that parental involvement in childhood is associated with later educational attainment 

(Flouri & Buchanan 2004). Neithe was parental psychiatric illness found to have an 

effect, although it has been shown to have various adverse effects into the life of 

children (Leverton 2003). 

The results also indicated that adolescents with comorbid ADHD and DBD were 

more likely to have only a basic comprehensive education and were less likely to have 

an upper secondary or tertiary education. Similar results were found among 

adolescents diagnosed with ADHD or with DBD, though with weaker differences. It 

has been previously shown that children with ADHD are more likely to drop out 

before high school graduation (Barbaresi et al. 2007). Adolescents with either ADHD 

or behavioral and learning problems are also found to be less likely to qualify for 

further studies in the upper secondary school (Ek et al. 2011). 

Psychiatric comorbidity and hospital admissions  

In Article IV, the proportion of psychiatric disorders in the Finnish Hospital 

Discharge Register was higher among all adolescents with ADHD and/or DBD than 

among those adolescents without these disorders. The comorbidities of other 

psychiatric disorders have been reported previously (Angold et al. 1999, Bernardi et 

al. 2012, Copeland et al. 2009, Morcillo et al. 2012). It should be noted that only 

those subjects with the most severe symptoms are admitted to psychiatric hospitals 

and therefore the milder cases are not recorded in the FHDR data available to this 

study. The FHDR also utilizes the ICD-10 classification system and the differences 

between it and DSM-IV classification used in K-SADS-PL should be taken into 

account; for example the prevalence of ADHD diagnosed with DSM-IV is usually 

higher than the prevalence of hyperkinetic disorder with ICD-10 because of the 

differences in the definitions of the disorders (Taylor et al. 2004). Despite these 

circumstances, a diagnosis of a behavioral disorder in K-SADS-PL clearly increased 

the risk of also obtaining a FHDR diagnosis during one’s life, especially when 

diagnosed with DBD or comorbid ADHD and DBD according to Article IV. 

The FHDR information used in Article IV extended to 2010 when the study 

subjects were aged 24–25 years. Many of the psychiatric disorders usually emerge 

first in childhood or in adolescence. For example, Kessler estimated 50% of lifetime 

psychiatric disorders as starting by the age of 14 years and 75% by the age of 24 years 
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(Kessler et al. 2005). However, some disorders such as anxiety and mood disorders 

may have their age of onset at a later age (Kessler et al. 2007). That might have meant 

some psychiatric disorders remained unnoticed in the study population. The 

differences observed between the age of onset in other psychiatric disorders among 

the study groups could possibly originate from the behavioral disorder and the 

respective age of onset. The lowest median for the age of onset of other psychiatric 

disorders was among adolescents with ADHD. ADHD itself emerges usually in 

childhood (Kieling et al. 2010), which has probably affected the emergence of other 

disorders in childhood as well; in other words, a child has been examined due 

problematic behavior in childhood, possibly resulting from ADHD, and he/she is 

diagnosed with some other disorder besides ADHD. ADHD itself is rarely a reason 

for admittance to the psychiatric inpatient hospital. On the other hand, DBD usually 

mostly emerges in the adolescence (Maughan et al. 2004a) and therefore the median 

age of onset of other psychiatric disorders is near 15 years of age among both 

adolescents with DBD or with comorbid ADHD and DBD. 

Differences in the combined length of hospital admissions did not show any 

statistical significance. The reason for that might be the small number of adolescents 

with admittance to the psychiatric inpatient hospital. However, while observing the 

lengths of the admissions between the groups, differences are quite apparent 

compared with the adolescents without behavioral disorders. Generally, the lengths of 

psychiatric hospitalizations are reducing rapidly (Green & Griffiths 2014), which 

could also be seen in this study. 

6.2 Strengths of the study 

The NFBC 1986 provides a homogenous population-based birth cohort that is 

prospective and has achieved high attendance at the different data collections. It 

constitutes a unique resource that is well documented from the beginning of the study 

participants’ birth to the present day. It provides an excellent opportunity to follow 

study subjects during their whole life, generating various possibilities to continue this 

research in the future. It forms a representative sample of adolescents in Northern 

Finland and gives highly detailed information about development, health, family and 

social circumstances of the children and their parents. 

The ADHD study, a subsample of NFBC 1986, gives reliable and detailed 

information about psychiatric disorders among adolescents in Northern Finland that 

were screened to be at risk for ADHD. It is a representative sample of adolescents 

with ADHD symptoms, while allowing for a comparison with those adolesecents 
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without ADHD symptoms. Interpretations can thus be made about the relationships 

with ADHD symptoms and other problems associating with them. This composition 

also provides an opportunity to study the comorbidities between DBD and ADHD and 

various other factors that are possibly associated with them. 

6.3 Limitations of the study 

There are some limitations to this study. First, the study sample is formed based on 

ADHD symptoms. That may have left some adolescents with DBD unnoticed if they 

did not have comorbid ADHD or show any ADHD symptoms in the SWAN-scale. 

That is likely the reason for the relatively small number of adolescents with DBD in 

this sample. 

Second limitation is the gender distribution of the sample. There were more girls 

than boys among adolescents with DBD, although it is assumed to be opposite 

(Murray & Farrington 2010). That could be explained by the fact that most of the 

boys were diagnosed with comorbid ADHD and DBD, whereas the majority of the 

girls were diagnosed with only DBD. It is also possible that some of the girls with 

ADHD might have gone unnoticed, due to the possible difficulties in recognizing 

ADHD among them (Quinn & Wigal 2004). It has also been found previously that in 

NFBC 1986, girls have a higher response rate to questions and therefore scored higher 

than boys in self-reported behavior-related scales in the Youth Self-Report 

questionnaire (Hurtig et al. 2005). Another possible reason for this is that there was 

more missing information among the responses of boys and their parents in the 16-

year follow-up than among girls and their parents (Hurtig et al. 2007a). 

Thirdly, the study sample is rather small, causing some problems in some of the 

statistical methods and increasing the possibility of coincidental effects than in larger 

populations. The small study sample also reduces the power in many of the analyses 

and the disappearance of statistically significant results after correcting for multiple 

comparison problems in Article I are likely due mainly to the small study sample. 

Fourth, in Article II only part (35%) of the original 457 study members were 

interviewed with the complete CD questionnaire, according to the K-SADS-PL 

procedure, resulting in an even smaller subpopulation and a lack of control subjects. 

As a result of these limitations, one must be careful in generalizing these findings 

to other populations, while more research is needed with larger populations to verify 

the results. 
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7 Conclusions and implications 

7.1 Main findings 

The main findings of this thesis are formed around three different aspects:  

1. The possible risk factors associated with ADHD and/or DBD were examined 

and the results indicated that there were clearly different factors behind them.  

2. The current well-being of adolescents with ADHD and/or DBD was 

evaluated through the severity of the CD symptoms, psychiatric comorbidity 

and school performance at the end of ninth grade. The finding was that 

adolescents with comorbid ADHD and DBD had more severe CD symptoms, 

were associated with other psychiatric disorders, and fared worse in school.  

3. The adulthood of the adolescents with ADHD and/or DBD were researched 

through the educational achievements and the lifetime psychiatric 

comorbidity, with the result being a lower educational level attained by 

adolescents with comorbid ADHD and DBD and a higher prevalence of 

comorbid psychiatric disorders in the FHDR among adolescents with DBD or 

with comorbid ADHD and DBD.  

7.2 Conclusions 

Based on the results presented in this thesis, one can conclude that adolescents 

diagnosed with both ADHD and DBD have a higher risk for poorer outcomes in life 

than adolescents diagnosed with only ADHD or only DBD. Adolescents with 

comorbid ADHD and DBD behave with more severe CD symptoms, fare worse in 

school, have lower education and have more often been treated as a psychiatric 

hospital inpatient. Moreover, it seems that ADHD alone has less of an effect on one’s 

life than ADHD comorbid with DBD or DBD solely without ADHD. 

7.3 Implications and further study interests 

This study underlines the differences between children and adolescents diagnosed 

with DBD and/or ADHD, and emphasizes the role of comorbidity between these 

disorders as an indicator of poorer outcomes later in life. This study has implications 

both at the personal and societal level. The early recognition of DBD and/or ADHD 

would enable earlier support for these children and may reduce potential difficulties 
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manifesting later in their lives. It may also reduce the possible costs that these 

disorders create for society. This study has implications especially for the families of 

these children, in regard to paying attention to the possible risk factors and perhaps 

preventing these disorders. Further implications involve the school and teachers in 

recognizing early symptoms and in supporting these children in their studies. Finally, 

there are implications for psychiatric care professionals in terms of separating these 

disorders and especially identifying the comorbid group for possible treatments 

among these children and adolescents. It would be of great benefit if clinicians would 

be able to identify these disorders (especially the comorbid group) early enough to 

prevent these disorders from developing or manifesting further. Based on the findings 

of this thesis, it might be possible to intervene in the development of the poorer 

outcomes in psychiatric clinics, in schools or even at the family level.  

Regarding further study, participants were about 25 years old when this thesis 

was under preparation. It would be interesting to find out how they have managed in 

their lives later on. The upcoming follow-ups for the NFBC 1986 and possible 

updates to the available register information would enable further studies.  
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