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What a misfortune it is that we should thus be compelled to let
our boys’ schooling interfere with their education!

From "Post-Prandial Philosophy" by Grant Allen, 1894





Abstract

Attention-Deficit/Hyperactivity Disorder is one of the most prevalent
childhood-onset developmental disorders, and is associated with a wide range of
problematic functional outcomes such as low educational attainment (EA),
accidents, and unemployment. The projects in this thesis are divided into four
studies that cover the outcomes of two important functional domains in ADHD
during adolescence to early adulthood: education and occupation.

In study I we examine the association between ADHD, medications for
ADHD and school performance at age 16, and in particular the associations
between treatment length and school performance. By comparing students
diagnosed with ADHD to those without, we found that ADHD is associated with
lower school performance. Among students with ADHD and treated with ADHD
medications prior to graduation, those treated for a longer period had higher
school performance compared to those treated for a shorter period.

Study II covers the period after compulsory school into early adulthood and
the association between ADHD and occupational outcomes, as well as the role of
post-compulsory EA, and comorbid neurodevelopmental disorders (NDDs) and
intellectual disability (ID) in these associations. We found that ADHD was
associated with lower income, higher rates of unemployment, and increased risk
of receiving disability pension. Lifetime EA and comorbid NDDs and IDs
explained part of these associations, but comorbid NDDs and IDs explained most
of the association between ADHD and disability pension. By comparing
occupational outcomes before and after educational completions (secondary and
university) while accounting for individual background factors, we found that
EA affected income similarly among individuals with and without ADHD, while
some differences were found for unemployment.

Study III examined the association between ADHD symptoms, school
performance at age 16, and early unemployment. The variation in these traits and
outcomes are decomposed into genetic and environmental factors, and the extent
to which the associations between them share genetic and environmental origins.
Similar to prior, research ADHD symptoms correlated negatively with school
performance, both phenotypically, and at a genetic level. Additionally, we found
that there was a positive genetic correlation between ADHD symptoms and
unemployment. Our findings confirm prior findings regarding the genetic and



environmental influences on school performance using register-based measures
of school performance. Additionally, we provide preliminary evidence for a
shared genetic liability between ADHD and occupational outcomes, independent
of school performance.

In study IV we used polygenic scores (PGS) for ADHD and study their
association with school performance at age 16. We examined to what extent this
association is explained by PGS for EA, phenotypic ADHD symptoms, and
shared familial factors using linear regression and instrumental variable (IV)
analyses. We found that PGS for ADHD associated negatively with all measures
of school performance. Phenotypic ADHD symptoms accounted for a small part
of these associations, while PGS for EA and shared familial factors had a more
marked influence. Preliminary findings from the IV analyses suggest that the
polygenic liability towards ADHD may differ between different types of subjects
(e.g., language versus sports).

Overall, our findings emphasize the problematic outcomes individuals affected
by ADHD may face in education and occupation. Genetic and environmental
factors are important in the etiology of these outcomes and they overlap with
such factors involved in the manifestation of ADHD. ADHD medications
potentially have beneficial effects on school performance, and EA on
occupational outcomes. Education is considered one of the most important
aspect of personal and economic development in modern societies, and the
policy implications of the findings of study I-IV are discussed.



Svensk sammanfattning

Uppmärksamhets-/hyperaktivitetsstörning (ADHD) är en vanligt
förekommande betéendestörning där symptom uppträder i barndomen och
påverkar ungefär 5-7 procent av alla barn. Individer som påverkas av ADHD har
ofta problem i skola, arbetsmarknad och har en förhöjd risk för andra typer av
problematiska utfall så som olyckor. Den här avhandlingen undersöker utfall
bland individer med ADHD inom utbildning och arbetsmarknad,
läkemedelsbehandling av ADHD och dess roll för skolresultat, samt
utbildningens roll i arbetsmarknadsutfall. Vidare undersökts vilken roll genetiska
och miljömässiga faktorer spelar in i dylika utfall. Avhandlingen är uppdelad på
fyra delstudier.

I studie I undersökte vi relationen mellan ADHD och skolresultat bland elever
i 16-årsåldern, samt effekter av ADHD medicinering på skolresultat. Genom att
jämföra elever med och utan en diagnos av ADHD fann vi att ADHD samvarierar
med lägre skolresutat. Bland elever med ADHD, har de som blivit medicinerade
med ADHD medicin en längre period högre betyg en de som medicinerats en
kortare period.

Studie II studerade vi ADHD och arbetsmarknadsutfall från 16-årsåldern till
tidig vuxenåldern, och i vilken utsträckning dessa förklaras av psykiatrisk
samsjuklighet. Vi fann att ADHD somvarierade med lägre inkomst, högre
arbetslöshet och en ökad sannolikhet för att erhålla sjukpension. Utbildning och
psykiatrisk samsjuklihet förklarde en del av den här samvariationen, men
psykiatrisk samsjuklighet förklarade den större delen av den ökade förekomsten
av sjukpension bland personer med en ADHD-diagnos. Genom att jämföra
trender i arbetsmarknadsutfall före och efter examen från gymnasie och/eller
högskola fann vi att utbildning påverkade inkomst likartat för individer med
ADHD som för den övriga populationen medan smärre skillnader hittades för
arbetslöshet.

I studie III undersökte vi samvariationen mellan ADHD symptom,
skolresultat vid 16 års ålder och arbetslöshet i ung ålder. Variationen i dessa mått
och utfall delades upp i genetiska, delade och individuella miljöfaktorer samt en
skattning av hur dessa faktorer influerade samvariationen mellan dessa mått och
utfall. Likt fynd i tidigare forskning, fann vi att ADHD symptom samvarierade
både fenotypiskt och genetiskt med skolresultat. Vi fann också att att det fanns



en positive genetisk samvariation med arbetslöshet. Våra resultat bekräftar
tydigare resultat gällande genetiska och miljömässiga influenser på skolresultat
genom att utnyttja registerbaserade mått på skolresultat. Vi bidrar med ny
kunskap gällande den genetiska samvariationen mellan ADHD symptom och
arbetslöshet, ett förhållande som inte förklaras av skolresultat.

I studie IV använde vi oss av polygeniska poäng (PGP) för ADHD och
studerade deras samvariation med skolresultat i 16-årsåldern. Vi undersökte i
vilken utsträckning denna samvariation förklarades av PGP för utbildningslängd,
ADHD symptom och familjefaktorer som delas mellan syskon. Vi fann att PGP
för ADHD samvarierade negativt med alla skolresultat. ADHD symptom
förklarade en liten del av dessa samband, medan PGP för utbildningslängd
förklarade mer och delade familjefaktorer förklarade den största andelen av
samvariationen. Resultat från instrumentvariabelanalyser antyder att det kan
finnas skillnader i hur PGP samvarierar mellan olika typer av skolresultat,
exempelvis mellan betyg i språk jämfört med i idrott.

Sammanfattningsvis framhåller våra fynd de problematiska utfall som
individer med ADHD kan påverkas av i utbildning och arbetsmarknad.
Genetiska och miljömässiga faktorer är viktiga i uppkomsten av dessa utfall och
de överlappar också med sådana faktorer som är viktiga i manifestationen av
ADHD. ADHD-medicin har en möjlig positiv påverkan på skolresultat liksom
högre utbildning har samvarierar med positiva utfall på arbetsmarknaden.
Utbildning framhålls ofta som en nyckel till positiva utfall på arbetsmarknaden
och eventuella implikationer av resultaten från denna forskning för
beslutsfattande diskuteras.
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1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
characterized by inappropriate levels of inattentiveness and/or hyperactivity/impulsivity
compared to same aged peers. Symptoms of ADHD involve problems with
concentrating on a given task, sitting still, listening to instructions, planning and
executing tasks, among others.1

Although first formalized in the diagnostic systems in the latter half of the 20th century,
the key symptoms of the disorder were described already in 1798.2 Clinically, ADHD is
diagnosed using the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the
International Classification of Diseases (ICD).3,4 However, in the ICD system, ADHD
was referred to as hyperkinetic disorder prior to the current version 11. Both diagnostic
systems emphasize that the symptoms are to cause a substantial impairment in the daily
functioning (e.g., academic, social, work) to warrant a diagnosis. In the DSM, symptoms
must last for at least 6 months and be expressed in at least two settings (e.g., home and
school). The current DSM-V changed several diagnostic criteria; the required age of onset
was changed from 7 to 12 years, and presence of autism was removed as an exclusion
criteria to mention a few.5 However, these diagnostic changes took place after the years
covered by the data included in this thesis.

Prevalence studies have estimated that ADHD affects about 5.3 to 7.2 percent of
children world-wide, but the prevalence can vary substantially due to differences in
information source (e.g., parent- or self-ratings), diagnostic and impairment criteria.6,7,8

The prevalence among adults is lower, and has been estimated to about 2.6 percent of
adults worldwide.9 One explanation for the lower prevalence among adults may be that
hyperactive symptoms tend to decline with age10, but may also be an effect of requiring
that symptoms were also present during childhood which may be difficult for adults to
recall.5 Prevalence estimates disregarding this requirement point to a much higher
prevalence of 6.8 percent among adults.9

1.1 Etiology of ADHD

Etiology is the study of the origin of causes, and one can divide these origins broadly into
genetic and environmental. The relative contributions of these factors differ depending on
the trait or illness, and a meta-analysis of thousands of twin studies published up to 2015
concluded that across all traits assessed about half of the variation could be attributed to
genetic factors.11 Formally, the extent to which genetics explain variation in a trait (e.g.,
height) is called heritability (h2) and is calculated as the ratio of the variation attributed to
genetic factors to the total trait variation. Contrary to common conceptions, heritability
is specific to a certain population at a certain time and may vary due to genetic selective
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pressures and environmental change.12,13

Genetics

ADHD has been found to be one of the most heritable traits/conditions, with estimates
ranging between 70 and 80 percent throughout childhood and adulthood. Environmental
components have been found to account for a minor share of the variation, both for
symptoms and clinical diagnoses.14,15,16,17 Although the assumptions in a twin study are
not fully testable, the strong heritability of ADHD is supported by family/adoption
studies showing that ADHD clusters in families.18

Despite the strong influence of genetic factors in ADHD as suggested by quantitative
genetic studies, molecular genetic methods have until recently not demonstrated which
genetic variants are involved in the disorder.19 Molecular genetic methods distinguish
themselves from quantitative genetics by directly measuring variation at the genome
level, i.e. variation across the individuals DNA sequences. Genotyping usually targets
certain sites in which the prevalence of a certain genotype exceeds a certain threshold.
For example, 1 percent is often the frequency for single nucleotide polymorphisms
(SNPs). So-called candidate gene studies have found significant associations with
genetic variants coding neurotransmitter systems such as dopamine transporters and
receptors.20

As of the late 2000’s, molecular genetics studies shifted from candidate gene studies
towards exploring genome-wide variation in genome wide association studies (GWAS).
GWAS analyze the relationship between each SNP and a trait or illness while
minimizing spurious findings through setting the significance threshold (P-values) to a
very low value.21,22 A SNP-based heritability can be calculated either by the variation in
the phenotype explained by all genome-wide significant SNPs or by more recent
methods (GREML) where all SNPs can be used and exploit variation in distant
relatedness among individuals.23 Polygenic scores (PGS) can subsequently be calculated
from GWAS results by summing the effect of each SNP, usually limiting the included
variants by different significance thresholds, and susequently testing the association
between these PGS and different traits.24

The largest GWAS of ADHD to date, based on 20,183 cases and 35,191 controls,
found that the SNP-based heritability for all common variants was estimated to 0.22.
Twelve loci were genome-wide significant, implicating genes involved in neuron
formation, dopamine regulation, and RNA-expression in the brain. Notably, none of the
previously implicated candidate genes for ADHD were found to be genome-wide
significant.25 That genes thought to be involved in brain development and synaptic
properties are implicated is consistent with findings regarding neuroanatomical
differences associated with ADHD, including reduced overall cerebral volume and
frontal lobe hypoactivation.26
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Environment

A review of studies between 1997-2013 concerning environmental risk factors for
ADHD concluded that most evidence indicated exposure to lead, and prenatal outcomes
such as low birth weight or premature birth as being most substantive risk-factors for
ADHD.27 Air pollutants have been considered, but the available evidence have not
suggested such a relationship.28 However, findings like these may face challenges from
genetic confounding whereby genetic factors influence both parental phenotype (e.g.,
smoking during pregnancy) and offspring psychopathology.29 Several register-based
studies in Sweden using designs that control for genetic factors have not supported many
of these risk factors.30,31 Research on adoptees has implicated social and emotional
deprivation during childhood as risk factors for increasing symptoms of inattention and
hyperactivity, along with other developmentally associated symptoms and cognitive
measures.32

Another factor worth attention is the small but replicated association between relative
age (i.e., being born late in the calendar year) and ADHD, likely reflecting bias in
diagnostic procedures.33,34 This factor has also been found to contribute to lower
test-scores and increase the likelihood of stimulant prescription.35

1.2 Treatment of ADHD

As of today, the extent and type of treatment provided differs markedly worldwide.
While first-line treatment given in the USA is usually pharmacological, in other
countries behavioral treatments and educational interventions usually precede
pharmacotherapy.1,36 In Sweden guidelines recommend psychosocial and educational
interventions, and when deemed necessary, pharmacological treatment. Still, in 2011-12,
75 percent of newly diagnosed cases of ADHD initiated pharmacological treatment
within six months.37

The Multimodel Treatment study of ADHD (MTA) has generated an extensive number
of publications regarding the treatment of ADHD.38 The first 14 months were conducted
as a controlled trial, and the study continued to follow participants up until 16 years after
baseline assessments. Participants were assigned to pharmacological treatment,
behavioral treatment, their combination, or community care. Controls unaffected by
ADHD were later recruited for comparison. The MTA-study was important due to its
size, many treatment arms, and measurement of several important outcomes (e.g.,
symptoms, education, occupation, social relationships) in a naturalistic setting.39
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Non-pharmacological

A meta-analysis of non-pharmacological treatments for children with ADHD reviewed
studies of behavioral treatments (e.g., cognitive behavioral therapy, parent training) and
dietary interventions (e.g., omega fatty acid supplements). No evidence was found for
the comparative efficacy of these treatments in reducing ADHD symptoms. However, for
some treatments no studies were included that had a pharmacological comparison arm.40

Overall, this study was in line with a previous review and meta-analysis that included
older studies.41 Recently, a review concluded that there were some evidence for benefits
of physical activity against ADHD symptoms.42

Pharmacological

Treating ADHD symptoms with stimulant medication has a long history, and was used
decades prior to the establishment of ADHD as the diagnosis by which it is currently
known.2 Pharmacological treatment, including both stimulant and non-stimulant
medications have proven beneficial in terms of reducing ADHD symptoms.43 The most
recent meta-analysis found the strongest evidence for methylphenidate and modafinil
across different symptom raters (clinicians and teachers).44 Stimulants increase the level
of cathecolamines in the synpatic cleft by blocking presynaptic reuptake of
norepinephrene and dopamine thereby increasing the availability of the respective
neurotransmitters. Non-stimulant medication (atomoxetine) is thought to act by blocking
presynaptic norepinephrene transporters.45 In contrast to stimulants, non-stimulants may
have to be administered up to 12 weeks to reach full theurapeutic effect.46 The response
to medication may also interact with genetic factors where, for instance, certain variants
are known to affect the rate of metabolizing atomoxetine.18 How medication affects
cognitive processes is less known, but RCTs have established that many participants
improve in measures such as planning, working memory, attention, reading, and
mathematics.47,39
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2 Background

ADHD is associated with many problematic outcomes in terms of daily functioning.
These functional outcomes include education (e.g., failing grades)48, elevated substance
use (both legal and illegal)49 including a higher risk of abuse50, unintentional injuries51,
and suicide.52 Childhood/adolescent ADHD is associated with adolescent/adult
criminality, where results from a meta-analysis suggest relative risk of arrests,
convictions, and incarcerations in the range of 2 to 3 for each respective outcome.53,54

That mortality in ADHD is estimated to be twice as high compared to the general
population further emphasize the challenges individuals with ADHD may face.55

However, these associations are not just a consequence of ADHD. ADHD often
manifests with comorbid neurodevelopmental disorders such as autism, learning
disability, tics, and behavioral disorders.43 A Danish study found that half of the
individuals with a diagnosis of ADHD also had a diagnosis of another mental disorder.56

Evidence also indicate a higher risk of medical conditions (e.g., respiratory disease,
infections) in childhood.57 The burden of comorbidity likely contributes to the
association between ADHD functioning across several important domains.58

These patterns emphasizes that ADHD comes at great cost for both the individual and
society.59 Although difficult to synthesize due to methodological heterogeneity (e.g
differences in inclusion of direct and indirect costs), several studies have estimated the
costs associated with ADHD. A study from the USA have found ADHD associated
increments in medical costs of 949 dollars per patient annually60. National costs related
to loss of work have been estimated to 19.5 billion dollars.61 A review of European
cost-studies estimated the annual costs associated with ADHD between 9,860 and
14,483 euros (7,414-10,889 dollars, 2014) per patient.le_economic_2014 A German study
distinguished between treated and untreated ADHD and estimated the life-time net tax
loss associated with untreated ADHD at 80,000 euros.62 As a means of comparison, the
average spending per student in primary school among OECD countries amounted to
about 8,800 dollars in 2014.63

2.1 Education

When considering the association between ADHD and outcomes in this domain of
functioning, educational outcomes will refer broadly to any outcomes in the education
(e.g., compulsory school, university) while school performance will refer to these
outcomes among children and adolescents, usually during compulsory school.

The relation between ADHD and school performance has been extensively studied, and
findings almost universally point to a negative association, both in the shorter and longer
term.48,64,65,66
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Symptoms of inattention and hyperactivity are negatively associated with academic
achievement.67,65 These patterns show consistency across many different school-based
measures, such as lower productivity (e.g., home-work completion), difficulties in peer
and teacher relationships, lower scores on standardized tests and lower grade-point
average (GPA).64 Results from a meta-analysis found an effect size of Cohen’s d=0.71
between ADHD and a range of school performance measures (e.g., grades, test
scores).68 Consistent with poor peer relationships in the school environment, there is
also evidence that teachers grade students with ADHD differently compared to their
non-ADHD peers as the correlation between test scores and grades were lower among
students with ADHD compared to the general student population.69,70

The problematic school performance in childhood likely explain lower rates of
completing high school71 and post high-school educations.72 The association between
lower educational attainment (EA) and ADHD is also robust to adjustment for shared
familial factors.73 One contradictory finding is that individuals with ADHD taking
higher education entrance tests in Sweden did not differ in test performance compared to
matched non-ADHD controls, but were on average almost two years older at the time of
taking the test.74

Etiology

As described above, it is well-known that ADHD is associated with poor educational
outcomes, and this has stimulated research into the genetic and environmental overlap
between these traits.75,76,77,78,79 The heritability of educational achievement has been
estimated to 66 percent in a meta-anlysis of twin studies.80 An even higher heritability
(85%) has been reported by a recent study using a pedigree design.81 The largest GWAS
of EA, comprising 1.1 million individuals, identified 1,271 genome-wide significant
SNPs and generated polygenic risk-scores that acounted for 11 percent of the variance in
years of education. This study also examined the influence of shared familial factors
through a sibling comparison, which resulted in a 40 percent attenuation of the
associations between SNPs and EA.82

Twin studies examining the genetic and environmental contributions to the association
betweeen ADHD and educational outcomes have found that the same genetic factors
influencing ADHD positively, influence educational outcomes negatively. Genetic
correlations between ADHD symptoms and school performance have ranged between
-0.28 to -0.41.77,83 Genetic correlations between parent ratings of hyperactivity and
teacher assessed school performance have been estimated to -0.42 to -0.46.84 One study
found that similar genetic correlations between ADHD and reading comprehension after
controlling for homework behavior.85 These results may partly be explained by that
ADHD is associated with a slightly lower IQ scores, an association that also shows
genetic influence.86,78
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These results are corroborated by GWAS where molecular genetic correlations between
ADHD and EA have been estimated to -0.4.25 Studies using PGS further confirm these
findings by showing that PGS for ADHD associates with lower school performance in
children, and PGS for EA associates with ADHD symptoms in children.79,76

Treatment

Several observational studies have found that pharmacologically treating ADHD is
associated with risk-reduction in a number of functional measures. These include a
risk-reduction in criminal episodes87,88 and lower risk of unintentional injuries.89,51

While an early study by Bradley (1937) found that treatment with stimulants had positive
effects on school performance90, the current evidence for improvements in educational
outcomes is more limited to the short-term (i.e., days to weeks).64

Prior to disseminating these findings, it is useful to introduce the concept of school
performance. Baweja, Mattison, and Waxmonsky (2015) provides a threefold division.
In this framework academic performance refers to things such as seatwork
productivity/accuracy, homework completion and GPA. Academic skills refers cognitive
measures and tests scores, while enablers refers to study skills, motivation, and
interpersonal skills. In this thesis, the main distinction will be between productivity
(school work completed such as homework), grades/test scores, and behavioral (e.g.,
classroom disturbance) measures of school performance.

Numerous RCTs confirm the short-term efficacy of treating ADHD with stimulant
medication on school performance in terms of several productivity indices, such as
classroom behavior, note-taking quality, home-work completion etcetera. Effects are
usually smaller in terms of measures of knowledge acquisition, e.g., test scores.91,92

However, the longer-run (several years) effects of ADHD medications on school
performance have not been consistent. Studies diverge in terms of effect size which may
be due to the study population, operationalization of medication use, and school
performance measure evaluated among other things.70 One study found that associations
between ADHD medications and lower rates of grade retention, absenteeism, and higher
reading scores93, while another found similar associations with GPA and test scores, but
not for grade retention.94 Evaluations of the association between longer-term use of
ADHD medications in the MTA study and school performance have not identified any
significant associations, but important limitations include that the original treatment
arms dissipated, and medication use was measured using retrospective reporting.

Studies making use of register-based measures include an Icelandic study found that
pharmacological treatment of ADHD differed between mathematics and language/arts
where those treated longer were more on parity with controls than those treated for a
shorter duration. This study was however limited given the small numbers of individuals
in the different treatment groups (N ≈ 65− 76)35 A Danish study utilized a larger
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sample, and found a positive association between continuous use of ADHD medication
and GPA.95

One study that stands out in terms of the direction of association between ADHD
medications and school performance is an ecological study using Canadian survey data.
This study investigated whether an expansion in insurance coverage for prescription
medication was associated with improved academic (grade repetition and mathematics
score) and emotional outcomes. Contrary to the main body of literature the authors
found a negative association between the insurance coverage expansion and the
academic outcomes.96 A potential weakness of the study that it is unclear whether their
statistical model can properly account for the selection effect of individuals with poor
school performance into the group treated with stimulants.

2.2 Occupation

Prior research has found that ADHD symptoms are negatively associated with income,
and positively associated with welfare dependence, work disability, unemployment, and
others.97,98 Similar associations have been found between individuals diagnosed with
ADHD, income, and unemployment.For example, a diagnosis of ADHD has been
associated with a 33 percent reduction in income.99,100

One study found that young adults (aged 19-32) with ADHD were 11 times more
likely to be unemployed compared to controls. When employed, ADHD was associated
with employment in unskilled occupations.101,72 Similar results have been reported in a
Norwegian clinically referred sample.102 ADHD is also associated with problematic
outcomes in the workplace. A survey distributed to a sample of the workforce in a large
manufacturing firm found elevated risk of sickness absence, lower work-performance,
and workplace accidents resulting in an ADHD associated annual work-related
productivity loss of 4,336 dollars. Workplace costs are also higher for caregivers to
children with ADHD.103

Given the high rates of comorbid psychiatric illness and the truncated EA in ADHD,
several studies have examined the influence of these factors on occupational outcomes.
Psychiatric illness comorbid to ADHD is associated with work disability. For instance,
comorbid depression is negatively associated with work participation.98,104,105 A recent
register-based study in Sweden found that 21 percent of individuals with an incident
diagnosis of ADHD received disability pension in the age between 19-29.106

The occupational problems associated with ADHD also leads to financial problems. A
recent study found that credit default was growing exponentially among adults with
ADHD compared to controls. These findings were also independent of income,
suggesting that part of the elevated credit demand may be a more direct effect of
ADHD.107
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Qualitative research based on interviews has reported that individuals with ADHD
find certain occupational niches alleviating the impairments caused by their ADHD
symptoms.108 These reports may be supported by the small, but positive association
between ADHD symptoms and self-employment.109

Etiology

Given the educational difficulties associated with ADHD, EA may serve as a pathway to
the poor occupational outcomes in ADHD.110,111 Research on the influence of EA on
occupational outcomes in ADHD has found that the earnings gap was almost halved
after accounting for EA.100 A Swedish study found that low EA or comorbid psychiatric
illness increased the risk of disability pension among individuals with ADHD.106

However, such findings may be confounded by unobserved factors that influence ADHD,
EA and occupational outcomes. Several findings show that ADHD, EA, and
occupational outcomes are to variable extent influenced by genetic factors.112,113,114

Notably, ADHD correlates at a genetic level with EA82 and income (independently of
IQ).114 Another study found that a PGS for EA is also predictive of higher wages.112

One study from the USA accounted for shared familial factors by comparing siblings
with and without ADHD and occupational outcomes. This study found that EA had a
minor influence on occupational outcomes. For instance, controlling for EA only
decreased the probability of unemployment by one percent when comparing siblings.99
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3 Knowledge gaps and limitations

Prior to describing the limitations identified regarding ADHD, EA, and occupational
outcomes, a few general remarks can be made of how research on ADHD using Swedish
register data can be informative regarding these outcomes.

A majority of research in this area has relied on rather small samples using survey
based measurements of ADHD, educational, and occupational outcomes. The benefit of
the Swedish registers allows for examination of the relationships between ADHD and
school performance using virtually the entire population of Sweden. Importantly, the
measurement of ADHD and school performance, are collected independently of each
other. This may reduce problems with so-called common method bias where, the same
informant is not providing information on both exposure and outcome variables115, but
also circumvent problems recall bias and attrition to mention a few.

3.1 ADHD and educational outcomes

Despite that the association between ADHD and educational outcomes has been
extensively studied using many different school performance measures, some
uncertainties exist in the literature. Few studies have investigated the extent to which
potential confounders such as parental socioeconomic status and school environment
explain the association betweeen ADHD and school performance.

Most measures of school performance have consisted of GPA and scores of
standardized tests (mainly in mathematics and language). It is thus uncertain whether the
association between ADHD and school performance differs between subject grades.
Hypothetically, individuals affected by ADHD may at a group level have preferences for
certain types of subjects/activities. Some findings indicate that ADHD symptoms may be
higher among students enrolled in sports-oriented university educations.116

Etiology

Prior research has shown that the performance in different types of school subjects
correlate at a genetic level.117 Similar to the limited assessment of the correlation
between ADHD and grades in different school subjects at the phenotypic level, it is
likewise unknown whether this pattern of correlation exists at a genetic level.

One study examined how much of the association between PGS for ADHD and school
performance was mediated by phenotypic ADHD symptoms and found that phenotypic
ADHD symptoms accounted for a minor share of the association.79 Since then, larger
GWAS of ADHD are available, which makes it relevant to re-examine this question.

Associations between genetic factors and socioeconomic outcomes such as EA may
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be difficult to interpret and the associations may be subjected to bias from environmental
confounds. For example, parents with higher genetic liability towards longer EA
transmit both genes and an educationally stimulating environment, and inflate genetic
correlations.118,119 Such problems are likely inherent in findings regarding the genetic
correlation between ADHD and educational outcomes, and associations between
socioeconomic variables and PGS for ADHD. One method to account for such
confounds is to adjust genetic associations for shared familial factors. One study
associated PGS for ADHD with school performance by comparing dizygotic twins, and
found that the association was attenuated by approximately half.120 The challenge of
environmental confounds also limits the use of instrumental variable (IV) based methods
(e.g., Mendelian randomization) in genetic research on ADHD. Some recent IV based
method developments may reduce such problems121, but to our knowledge, these
methods have not yet been applied to study the association between ADHD and
educational outcomes.

Treatment

Before discussing limitations in research on treatments for ADHD and educational
outcomes, how a treatment hypothetically would affect educational outcomes should be
outlined. The concept of a learning curve describes how a skill evolve over time between
a start and end-point, sometimes used in research evaluating educational practices.122 If
these medications reduce ADHD symptoms and improve the productive components of
school performance (e.g., increasing task-focus), it could be hypothesized that these also
increase knowledge acquisition and skill formation over time given that these
productivity increases are maintained over time. If this is an accurate depiction of the
mechanism, time on treatment is crucial when assessing the association between ADHD
medications and school performance as measured by grades and test scores. RCTs are
limited by the short duration of these trials. In a meta-analysis of ADHD medication and
school performance, the trial duration ranged between only 1 to 7 days.91 Yet, children
in developed countries spend more than a decade in the school system.

However, maintaining the treatment arms of an RCT over much longer periods is
unethical given the proven efficacy of medication in reducing ADHD symptoms, and
likely infeasible due to participant drop-out over the course of several years. As the
naturalistic follow-ups of the MTA study showed, the original treatment arms
disintegrated over time as patients crossed in and out of treatment after entering the
period of naturalistic follow-up.64 Adding to this, RCTs are also limited in terms of their
generalizability of results obtained within the trial population.123 Due to these ethical
and practical considerations the evidence for the potential benefits of ADHD
medications in terms of school performance (and other outcomes) has to rely on
observational research.
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In the available research little attention has been paid to the association between
length of ADHD medication use and school performance. Out of 9 studies included in a
review of long-term medication use (≥ 3 years) and school performance70, only three
considered the length of medication use when defining the exposure. Most of these
studies used retrospective interviews to define medication use and sample sizes and, with
two exceptions, included less than 500 participants. That length of medication use was
not regarded is likely a consequence of that while it is reasonable to ask respondents
whether medication was used years ago, it is likely problematic for respondents to detail
the frequency of medication use during the same period.

The dichotomously defined treatment status also does have attractive features from an
inferential point of view (i.e., fewer assumptions) than continuous ones, but may lead to
misspecification in the presence of confounding by indication (i.e., that treatment is
indicative of problematic school performance).124 As observed in the MTA, medication
use was correlated with receiving special education services, likely indicating that those
taking medication were performing worse in the school setting.125 Other studies have
reported an attenuated effect of medication for those using ADHD medication and
receiving individualized education plans.126 Similarly, register-based research has found
that students treated with broad classes of psycholeptics and psychoanaleptics attain
lower rates of secondary education completion the longer the students have been treated
with these medications.127

The above limitations are likely important in the mixed findings regarding ADHD
medication use and school performance, and highlights the need of large-scale analyses
using accurate recording of medication use, including important confounders such as
socioeconomic status.

3.2 ADHD and occupational outcomes

While the relation between ADHD and occupational outcomes point to a negative
association in most studies, exceptions exist. Studies have diverged regarding symptom
dimension of ADHD where inattentive symptoms were associated with lower income,
but not hyperactive symptoms97, and studies have found associations with
unemployment but not with income.67,128

To our knowledge, how ADHD associates with occupational outcomes over time has
not been investigated. Trends in occupational outcomes as individuals age may be
informative as to whether individuals affected by ADHD converge or diverge relative to
the general population over time.

Concerning more severe occupational outcomes such as well-fare dependence and
disability pension, uncertainties still exist as to what extent these associations depend on
psychiatric illness comorbid to ADHD. Few large-scale, population based studies have
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been undertaken, and several studies lack a control group without ADHD.98,104,105,106 It
is thus uncertain to what extent psychiatric comorbidity influences occupational
outcomes similarly in individuals with ADHD compared to individuals without.

Etiology

While the association between ADHD and occupational outcomes is extensively studied,
to our knowledge no studies have investigated to what extent genetic and environmental
factors shape this association. Success in both domains may be dependent on
unmeasured characteristics of the individuals that advance through such paths into
occupation. Available research has mainly utilized EA as a control variable which limits
the assessment of how EA influences the associations between ADHD and occupational
outcomes. The lack of such research is understandable given the difficulty of
implementing study protocols including relevant control groups and collect the relevant
data over the course of several years. The available evidence is therefore limited by
small sample sizes and the use of cross-sectional designs, which limit inference
regarding how EA shape occupational outcomes in ADHD.
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4 Aims

This literature review has summarized many aspects of the current knowledge of the
association between ADHD, educational, and occupational functioning, their etiology
and treatment. To address the aforementioned limitations in this field, two overarching
aims can be defined: First, to examine how ADHD, ADHD medications, and EA, affect
school performance and occupational outcomes. Second, to investigate the etiology of
the associations between ADHD, school performance, and occupational outcomes.
These overarching aims were then operationalized into specific aims for the four studies
included in this thesis.

Specific aims

Study I: To estimate the association between ADHD and school performance, and the
influence of ADHD medications on this association.

Study II: To estimate the association between ADHD and occupational outcomes, and
examine the role of EA and comorbid intellectual disability and developmental disorders
on this association.

Study III: To estimate the share of genetic and environmental influence on the association
between ADHD, school performance, and unemployment.

Study IV: To estimate the association between polygenic scores for ADHD, and the
influence of ADHD symptoms, polygenic scores for EA, and shared familial factors on
this association.

33



34



5 Data sources and measures

All studies included in this thesis rely on Swedish register data. With the use of the
personal identity number (PIN) information from different administrative registers can be
linked to each individual included in the studies.129

The National Patient Register (NPR)

The National Patient Register (NPR) includes all inpatient psychiatric admissions since
1973, and outpatient care since 2001. Each admission is accompanied with primary and
secondary diagnoses using the ICD versions 7-10.130

The Prescribed Drug Register (PDR)

The Prescribed Drug Register (PDR) covers all prescribed medications that have been
dispensed from July 2005, including key variables such as date of dispensation, dosage
size, medication type and the active substance in the medication classified using the
Anatomical Therapeutical Chemical (ATC) code.131

The National School Register (NSR)

The NSR (Swedish: Årskurs 9-registret) collects grades for all subjects, and test results
in the core subjects (Swedish, English, mathematics) awarded at the end of compulsory
school (grade 9). Students graduate from compulsory school at age 16.

The Longitudinal Integration Database for Health Insurance and Labor
Market Studies (LISA)

LISA integrates individual level data from various sources covering health insurance,
education, labour market, and other outcomes from 1990 onward. All measures in LISA
are yearly aggregates for all individuals between the ages 16 to 65.

The Child and Adolescent Twin Study In Sweden (CATSS)

CATSS is an ongoing data collection inviting all parents of twins born in Sweden from
July 1 1992 and onward to participate. Parents are interviewed via telephone regarding
the twins’ health and development at age 9, and for the first three years of the study twins
at age 12 were included. The overall response rate was 80 percent with minor differences
between responders and non-responders. For instance, among non-responders the rate of
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criminal convictions was 11.2 percent compared to 7.2 percent among responders. Saliva
is also collected for genotyping.132

All DZ twins, and one member of DZ twin pairs, were genotyped. MZ twins that
were not genotyped had their genotype inferred from their co-twin. Genotyping of these
twins were undertaken as a part of a larger sample (N=18,560). Of these, 248 samples
were identified as non-European and excluded. Brikell et al. (2018) provides a more
detailed account of the genotyping procedure, quality control, imputation, and principal
component (PC) analysis.

The Multi-Generation Register (MGR)

The MGR contain information on each individual’s mother and father (personal
identification numbers and others) for 95-97 percent of the Swedish population born
from 1932 onwards.134

The Total Population Register (TPR)

The TPR collects demographic (sex, birth date, birth county, immigrant background)
information for each individual alive in Sweden.135

5.1 Measures

Exposures

ADHD diagnosis. In study I and II ADHD was defined as having a primary diagnosis
of hyperkinetic disorder in the NPR (ICD10 code F90) or a dispensed prescription of an
ADHD medication in the PDR. Medications included were amphetamine (ATC-codes:
N06BA01, N06BA02), methylphenidate (N06BA04), and atomoxetine (N06BA09). The
timing of diagnosis or dispensation could occur at any point during follow-up, and ADHD
was coded as a binary variable (1 when diagnosed, 0 otherwise).

ADHD symptoms. In study III and IV ADHD symptoms were measures using the
Autism-Tics, ADHD and other Comorbidities (A-TAC) questionnaire collected in
CATSS. The A-TAC score child ADHD symptoms using 9 questions on concentration
and attention (i.e., attention-deficit) and 10 questions on impulsiveness and activity (i.e.,
hyperactivity) as described by the DSM-IV. Each question is rated on a 3 level scale:
"No", "Yes, sometimes", and "Yes". A-TAC shows good reliability as indicated by
Cronbach’s α = 0.87− 0.92 with an area under the curve statistic of 0.93.136 We
converted each response to No=0, "Yes, sometimes"=0.5, and "Yes"=1, after which mean
scores were calculated on the attention-concentration and impulsiveness-activity scales,
separately and combined.
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Educational attainment. In study II we used annual measures of individual EA from
LISA and distinguished between three levels: Compulsory (reference), secondary, and
tertiary (≥ 2 years of university). Except the time-varying EA exposure, we also created
a lifetime measure as the highest attained EA during the follow-up period.

Medication use. In study I we used the PDR to determine ADHD medication use
during compulsory school. Based on the dispensation date of each medication, and the
package size (e.g., number of pills) we calculated a date at which the medication would be
consumed. By summing these treatment periods, only including such periods overlapping
with the compulsory school year (mid-August to 10th of June), for each individual, a
treatment length was calculated ranging from just above 0 months to a maximum of 29
months prior to graduation.

PGS for ADHD and EA. In study IV we used the genotypic data available in CATSS
to calculate PGS for ADHD and EA. The PGS were based on the most recent GWAS for
EA (years of education for 1.2 million individuals)82, clinical ADHD diagnosis (19,099
cases, 34,194 controls)25, and population-based ADHD symptoms (17,666
individuals).137 SNPs from these GWAS were matched to the genotypic data in CATSS,
retaining overlapping SNPs and SNPs with minor allelle frequencey between 0.05 and
0.95 and imputation quality (INFO<0.8). Subsequently, to increse independence in the
SNPs used for PGS calculations, SNPs were removed using LD-clumping (r2 < 0.1 in
1MB windows) using the 1000 Genomes Project European samples as LD-reference.
PGS were then calculated based on the inclusion of SNPs surpassing seven different
significance thresholds (p < 0.001,0.01,0.1,0.2,0.3,0.5, and p ≤ 1). Commonly, the
association between PGS and an outcome is evaluated using multiple of these thresholds.
A more recent approach that circumvents having to evaluate associations based on these
thresholds is to calculate the first PC across all thresholded PGS.138 We calculated such
PCs for all PGS used in study IV.

School performance

Key school performance measures from the NSR used in Study I, III, and IV included
the merit value, the GPA, and the subject grades. The alphabetical grades were converted
to numeric values (0-20) according to the official scoring by the Swedish Agency for
Education. Additionally, we created a proxy for teacher assessment in the core subjects
(mathematics, English, Swedish) using the test and leaving certificate grades.

Grade point sum (GPS). The GPS (Swedish: meritvärde) is available in the NSR and
is calculated as the sum a student’s 16 best performing subject, and ranges between 0-320
points. A student that passes in all subjects attain 160 points on this scale.

GPA. The GPA was calculated based on the grades in the 16 typical subjects included
in the students’ leaving certificate. These subject include mathematics, biology,
chemistry, physics, English, Swedish, civics, geography, history, religion, arts, crafts,
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home/consumer studies, music, sports, and technology. The GPA ranges between 0-20
points.

Upper secondary school (USS) completion. Completion of USS is measured through
LISA. In study I, USS completion was restricted to those graduating from USS within 3
years from compulsory school graduation, as this is the expected time of graduation. In
study II, we did not restrict when USS was completed.

Teacher assessment. Calculated as a difference between the leaving certificate and
test grade (available for mathematics, English, and mathematics) it has a range between
-20 to 20 where a positive value indicates that the teacher awarded a higher grade on the
leaving certificate than the national test.

Natural science, humanities, and practical GPA. These GPAs are calculated based
on the type of subjects according to the traditional division between natural science
(biology, chemistry, mathematics, physics), and humanities (Swedish, English, civics,
geography, history, religion), and subjects that are more practical where students work
with tools or their bodies (arts, crafts, home/consumer studies, music, sports,
technology). It should be noted that this division is not clear-cut as subjects termed
practical also involve theoretical components.

Occupational outcomes

Study II and III made use of occupational outcomes obtained from LISA. Study II
focused on income, unemployment, and disability pension, while study III only used
unemployment.

Income was indexed by disposable income, and equals the difference between income
from wage, government transfers, interest on assets, and taxes, payments on loans and
others. This income measure thus provides a comprehensive measure of an individuals
financial position in a year.

Unemployment is a measure of the number of days an individual is active in seeking
employment through the Swedish National Employment Agency, and can range between
0-365 days. While we used the annual measures directly in study II, the mean of
unemployment was used during follow-up in study III.

Disability pension is a binary (yes or no) measure of whether an individual was
receiving income due to illness or injury, and amounts to 65 percent of lost income.

Covariates

Psychiatric comorbidities was measured using the NPR. In study I, we included
behavioral and developmental disorders, and in study II we included intellectual
disability and developmental disorders. Diagnostic codes are outlined in Table 5.1.
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Table 5.1: Definitions of psychiatric comorbidity

Condition ICD10 code Study Examples

Behavioral
disorders

F91-98 I Tics, conduct disorders

Developmental
disorders

F80-89 I,II Speech and language disorders,
autism

Intellectual
disability

F70-79 II

Parental EA and income was used in study I and measured by first identifying parents
of students in the NSR, linking these to the MGR and EA in LISA. Parental EA was
divided into four levels: at most one parent with a USS education, at most two parents
with a USS education, at least one parent with a university education of 3 years or less, or
at least one parent with a 4 year university education. Parental income was divided into
quartiles based on the average income in the child’s graduation year and the 2 preceding
years to account for year-to-year fluctuations.

Parental immigration status was determined using the MGR and the TPR in study 1.
It was divided into three levels: Both parents born in Sweden (reference), one parent born
abroad, and two parents born abroad.

Sex was determined using the TPR and used in study I-IV.

Principal components for population stratification was calculated in the CATSS
genetic data and used to control for population stratification in study IV.
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6 Methods

6.1 Study design

Epidemiological study designs are typically defined by how the recruitment of the study
population has been performed. As this project is concerned mainly with register data
from the total Swedish population the main focus here is the cohort study, loosely defined
as a collection of individuals sharing certain characteristics such as an age range.139 Some
important aspects of these type of observational data that are based on administrative
records is that they lack many limitations that may apply to other types of observational
data such as attrition, recall bias, and others.

Study I and II used the NSR to define the study population. This ensures that at the start
of follow-up virtually all individuals will be aged 16 and resident in Sweden at that age.
In Study I, the cohort was defined as individuals graduating compulsory school between
2008 and 2010. Study II included all graduates between 1998-2008, while in Study III/IV
we used the available twins in the CATSS study. The twins completed compulsory school
2008-2013.

Figure 6.1: Overview of study I-IV
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6.2 Statistical methods

Whereas study design refers to the collection of data and definition of the source
population, statistical methods deal with how to analyze the data at hand. This section
will focus on a continuous outcome, y, and ignore binary (Bernoulli) and other type of
outcome variables, as the logic of the different analysis methods when it comes to
making inference are the same.

Causal inference

Prior to outlining methods to estimate associations between ADHD, educational and
occupational outcomes, it is important to define when a measure of association can be
defined as a causal one. Statistical methods deals with calculating differences in an
outcome depending on an exposure, and determining whether such differences are
unusual in a statistical sense. Without further analysis such statistics are only descriptive,
and claims about whether X causes Y cannot be made without specifying the
assumptions under which such a certain relationship holds. The so-called "Rubin’s
model" for causal inference is useful for this purpose.140 Following Angrist and Pischke
(2009), observed differences between a treated and untreated group are decomposed into
a causal effect and selection bias (confounding).

� Observed difference: D = E(y|d = 1)−E(y|d = 0)

� Causal effect: C = E(y1− y0|d = 1)

� Selection bias: B = E(y0|d = 1)−E(y0|d = 0)

� Together: D =C+B

D is the observed (mean) difference between those with a ADHD compared to those
without. C is the (unobserved) potential outcome difference among those with ADHD
had they not had ADHD. B is the (unobserved) difference among those with and without
ADHD had they not had ADHD. Whereas C measures the effect of ADHD among those
with ADHD, B measures differences between those with and without ADHD that are
unrelated to ADHD. The formula D = C+B shows that the differences we can observe
is the sum of the causal effect of ADHD and any biases that differentiates those with and
without ADHD that are unrelated to ADHD.

Given an estimate of D, if both C and B have the same sign (+ or -) or |C| > |B| one
can say d is a cause of y and D is a (biased if B 6= 0) measure of the effect size of d on y.
However, it should be emphasized that even if d is causal for y it does not mean that it is a
relevant cause of y as the effect of d may be a minor relative to other contributing causes.
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Estimating D

Linear regression

Consider the following model:
yi = α +βTi + εi (6.1)

where yi is an outcome, Ti a treatment or case indicator (1 if treated/case, 0 otherwise), and
α (a constant) and β parameters to estimate while ε is an error term which includes other
determinants of y (if any) and measurement error. As such, the coefficient β reflects the
difference in means of y between treated and untreated (or cases and controls), i.e., D in
the potential outcome framework above. We could equivalently get this result by simply
calculating the mean among those with T = 1 and subtract the mean among those with
T = 0. However, for other reasons than descriptive differences, the purpose of doing these
calculations is to ascribe the differences in y to differences in T , that β =C. Making that
conclusion requires making inference about the statistical properties of β and the potential
correlation between T any factors in ε . There may be other reasons for why the mean in
y differs between the treatment groups (β 6= 0) than treatment status alone.

Dealing with omitted variables

If there exist a variable, commonly termed U , which influences both treatment status,
and the outcome, T is said to be confounded by U . If this variable is unobserved it will
be an omitted variable, and the estimated association (β or D) will not equal the causal
association (C). Either the bias resulting from this omission has to be acknowledged when
drawing conclusions, a measurement of U has to be found and adjusted for, or one has to
resort to methods that account for the presence of U without measuring it.

Fixed-effects (FE) estimation

Most relevant for this thesis is the so-called within subject or FE estimator.142 Key to using
this approach is that there are repeated observations over units (e.g., individuals) within
which U resides. For instance, in study I we employ school fixed-effects to solve for that
treatment status may be correlated with school quality. Schools with higher quality may
be better at monitor students with school difficulties which would correlate with ADHD,
and thus initiate treatment quicker. Since the NSR provides us with an identifier for the
school in which students graduate, the mentioned differences can be accounted for by
providing each school with its own intercept, i.e.

yis = α +βTis +Sγ + εis (6.2)
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where S is a matrix of with as many columns as there are schools and rows as there
are students, and γ a vector of coefficients. With many schools or units of observations
estimating all parameters in β is not feasible. However, estimating them is equivalent
to demeaning the outcome for students within each school141, and this is automatically
performed by any regression software that can do fixed-effects estimation.

In study II FE is used to remove individual unobserved factors that may influence
occupational outcomes between individuals with and without ADHD. It should be
emphasized that such an approach eliminates the exposure of ADHD as well due to
ADHD being defined in terms of lifetime (i.e., it is a constant across individual
observations). However, by interacting ADHD with year of observation it is possible to
examine how ADHD depart from the common trends in the general population and over
EA.

In study IV FE was used to remove the influence of familial factors shared between
twins from the association between PGS for ADHD and school performance.

Lagging the outcome

Another possibility to account for unobserved factors when dealing with repeated
observations on subjects is using lags of the outcome. This is particularly useful if U is
time-varying, i.e., that some factor preceding treatment influences both treatment status
and the outcome. This requires that observations can be ordered, for example according
to their temporal sequence. Given two time periods, 0 and 1, we could imagine some
factor U that affects T and y during both time periods:

y0 = α +βT0 +U0 + ε0 (6.3)

y1 = α + γy0 +βT1 +U1 + ε1 (6.4)

(6.5)

By including y0 in a regression onto y1 one can thus provide a control for U .

yit = α +β1yi,t−1 +β2Tit +Sγ + εit (6.6)

Instrumental variable (IV) analysis

IV methods provides a different tool to deal with confounding from omitted variables.
Formally, if there is a U in ε of equation 6.1 and U is correlated with T , the estimate of
the association between T and y, β , will be biased or confounded by U . Given another
variable, S (the instrument), correlated with T , but uncorrelated with y (except through its
association with T ) and U and any other omitted variable (i.e., uncorrelated with ε), S can
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be used to estimate the causal effect of T on Y .143,141 Two-stage least squares can be used
to obtain the IV estimate:

T = α1 +β1S+ ε1 (6.7)

y = α2 +β2T̂ + ε2 (6.8)

where T̂ is the predicted values of the first stage regression (equation 6.7).

Recently, IV methods have been applied to molecular genetic variants as instruments
in what is called Mendelian randomization. This approach uses known relationships
between genetic variants and an exposure, while these variants are not causally related to
the outcome to achieve randomization in the exposure-outcome relationship.144

However, when dealing with epidemiological questions, and in particular those
dealing with psychiatric illness, these are often conceptualized as latent forms of
exposures, and conditions that affect individuals over their entire lifetime. As diagnostic
tools are uncertain and detection of disease status is uncertain, the assumptions in an IV
analysis are likely untenable. For Mendelian randomization studies the central challenge
is pleiotropy whereby genetic variants that associate with multiple traits.119

Other IV based methods may be useful to deal with such issues. If there are several,
independent measurements of a variable available these variables can be used as
instruments for each other.145 Banerjee, Chatterji, and Lahiri (2017) apply such methods
to study the association between labor market outcomes and psychiatric illness. Currie
and Stabile (2006) use two measurements of ADHD symptoms from parents and
teachers to estimate the associations between ADHD symptoms and school performance.
This IV approach has recently garnered interest in molecular genetics. Similar to the
aformentioned studies the idea is simply to use two PGS as instruments for each
other.121 In study IV, we use this approach to study the association between PGS for
ADHD and school performance. The multiple measurements here consisted of one PGS
based on clinically diagnosed ADHD25, and one PGS based on ADHD symptoms.137

Genetics and structural equation modeling (SEM)

SEM encompass IV methods, and the IV solution can easily be rewritten in terms of an
SEM.148 However, SEM involves more explicit manipulation of the variance-covariance
matrix. In the context of this thesis the focus is the relation with quantitative genetics and
twin modeling.

Quantitative genetic methodology using twins has been applied to determine the
extent to which genetic and environmental factors influence the variation in a trait. Twin
studies capitalize on how twinning affects the transmission of genetic variants at
conception: while monozygotic (MZ) twins essentially share 100 percent of their
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genome, a dizygotic twin (DZ) pair share on average 50 percent of the genetic variation
that differs between individuals (i.e., DZ twin pairs are siblings born at the same time).
The variation in a trait ca then be decomposed into variation attributable to genetic,
shared environmental, and non-shared environmental effects (including measurement
error). Key assumptions are that environmental exposures shared between twins are not
systematically different by zygocity, that assortative mating does not make DZ twins
share more than 50 percent of segregating genes, that genetic influences operate
additively, and that there are no correlations or interactions between genes and
environment.149

Formally, we can write the variance (V (·)) in a phenotype (p) as

V (p) =V (A)+V (C)+V (E) (6.9)

where A refers to additive genetic effects (contributing to twin similarly), C to shared
environments, and E to unique environmental influences and measurement error. The
correlation between V (p) and V (A) is set to 1 for MZ twins and 0.5 for DZ twins while
it is 1 for V (C) in both MZ and DZ twins. The (broad-sense) heritability (h2) is then the
share of phenotypic variation explained by A, i.e. h2 = V (A)

V (p) . Prior to partitioning variance
into genetic and environmental components, effects of certain variables such as sex may
be removed from the phenotype through regression. What variables to adjust for may
depend on the research question.13

In addition to calculating the proportion of trait variation accounted for by genetic and
environmental factors, one can as well calculate the extent to which the same genetic
factors are involved in two traits, i.e., the genetic correlation. Furthermore, the genetic
and environmental contributions the the phenotypic correlations between the traits can be
calculated, and based on these the proportion of phenotypic correlation accounted for by
genetic and environmental factors is referred to as the bivariate heritability.150

As such, the partitioning of variance into genetic and environmental components do
not reveal anything about causality. Methods that do provide a more robust indication of
causality is the Cholesky model where temporally ordered measurements are available.
Such an analysis is akin to a within-twin comparison in the regular regression framework
that can also account for genetic and environmental components that temporally precede
each other.150 In terms of a standard regression analysis with an exposure, the presence of
unique environmental paths provides evidence for the plausibility of such exposures.151
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7 Summary of projects

7.1 Study I: ADHD, school performance, and effect of medication

Few studies have examined how much the association between ADHD and school
performance is explained by variables such as parental EA, and how ADHD medications
associates with school performance in the longer-term is uncertain. We aimed to
estimate the association between ADHD and school performance, and to estimate the
association between ADHD medication use and school performance.

Method

We extracted data on grades and test scores for 657,720 individuals graduating
compulsory school between 2008-2013 from the NSR. These individuals were linked to
data on ADHD medication from the PDR, and diagnoses of ADHD in the NPR.
Information on upper secondary school completion was obtained from LISA.

ADHD was defined as ever being dispensed an ADHD medication and/or a primary
diagnosis of ADHD (ICD code F90).

Medication use was operationalized by calculating the treatment length up until
compulsory school graduation based on the dispensation dates in the PDR, discounting
any treatment periods during summer, and merging any overlapping treatment periods
where the calculated date a dispensation would last overlapped with a new dispensation.
After discounting the summer holidays, the maximum medication use observable was 3
academic years (approximately 29 months).

Results

Out of the total sample, 29,128 (4.4%) students had been diagnosed with ADHD and/or
dispensed an ADHD medication. ADHD remained negatively associated with all
measures of school performance before and after adjustment for potential confounders.
For instance, 37.6% of students with ADHD were not eligible to a upper secondary
school program compared to 10.7% in the general population. After adjustment for
covariates, the odds-ratio (OR) of students with ADHD not being eligible to an upper
secondary school program was estimated to 4.70, equivalent to a risk-difference of
19.9%.

The associations between ADHD and teacher assessment (i.e., differences between
final and test grades in mathematics, Swedish, English) revealed that students with
ADHD received a slightly lower grade in Swedish and English, but higher in
mathematics compared to students without ADHD (Table 7.1).
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Table 7.1: Associations between ADHD and school performance

ADHD status Association with ADHD

ADHD Non-ADHD Unadjusted Adjusted

Outcome N (%) OR

Not eligible for USS 10,954 (37.6) 67,505 (10.7) 5.01∗∗∗ 4.70∗∗∗

Not completed USS 9,583 (67.8) 74,296 (21.9) 7.50∗∗∗ 5.84∗∗∗

Mean (SD) Grade point β

GPA 9.0 (4.1) 13.3 (3.8) -4.30∗∗∗ -3.29∗∗∗

GPS 136.8 (71.8) 211.0 (64.7) -74.21∗∗∗ -56.40∗∗∗

Teacher assessment

Swedish 0.3 (3.4) 0.7 (2.7) -0.45∗∗∗ -0.35∗∗∗

English -0.3 (2.6) 0.1 (2.2) -0.33∗∗∗ -0.25∗∗∗

Mathematics 1.9 (4.0) 1.6 (3.4) 0.24∗∗∗ 0.23∗∗∗

USS: Upper secondary school.GPA: Grade point average. GPS: Grade point sum. "Not completed USS"
indicates those that have not completed USS within 3 years after compulsory school graduation. OR: Odds-
ratio
∗∗∗ : p < 0.001;∗∗ : p < 0.01;∗ : p < 0.05
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Figure 7.1: Associations between ADHD, one treatment period of ADHD
medications, and subject grade points
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All estimates have p-value≤ 0.001. Bars below 0 shows the estimated associations between ADHD and subject
grade points, while the barse above 0 show the association between one treatment period (3 months) of ADHD
medication use and school performance.

16,054 (55.1%) of students with ADHD had been dispensed an ADHD medication
prior to graduation from compulsory school. ADHD medication use associated with
higher measures of school performance. For instance, a treatment period of 3 months
was a associated with a 0.49 points higher GPA that over the maximum observable
treatment period of 3 years was associated with a 2.38 points higher GPA after
adjustment for covariates. The association of longer medication use and higher school
performance is illustrated in Figure 7.2. The bent curve shows that the association
between length of ADHD medication use and higher school performance decreases over
treatment length.

Figure 7.1 shows the association between ADHD and grade points in individual
subjects, and the association between grade points and one treatment period (3 months)
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of ADHD medication use. The associations between ADHD and subject grade points are
negative for all subjects, while associations between ADHD medication use are all
positive.

Figure 7.2: Association between length of ADHD medication use and school
performance

The solid line represents the estimated associations between treatment length with ADHD medications and the
grade-point sum where the shaded area between this line and dashed lines is the 95 percent confidence interval.
Dots represent adjusted associations grade point means (right scale) stratified on treatment length, and crosses
observed means (left scale). Numbers in parenthesis under the x axis are the number of observations for each
treatment length.

7.2 Study II: ADHD and occupational outcomes

ADHD is associated with poor occupational outcomes, but the role of EA, and comorbid
intellectual disability and developmental disorders in these outcomes is not well
characterized. First, we estimated the association between ADHD and occupational
outcomes. Second, we examined how intellectual disability and lifetime EA influenced
these associations. Third, we examined the influence of EA on occupational trajectories
among individuals diagnosed with and without ADHD.

50



Method

Data on 1,221,453 individuals graduating compulsory school between 1998 and 2008
(born 1982-1992) were extracted from the NSR, and linked to data on annual
occupational outcomes in LISA. Presence of ADHD, and comorbid intellectual disability
and developmental disorders was determined using the NPR and PDR.

Individuals were followed up to 16 years after graduation from compulsory school.
We estimated how ADHD associated with disposable income (income ratios [IR]), days
unemployed, and the odds of disability pension. Associations were modeled in terms of
averages during follow-up, but for income and unemployment we also estimated
occupational trajectories. In this analysis, we compared income and unemployment
trajectories before compared to after an EA, and adjusted these associations for
individual background factors using fixed-effects models. The occupational trajectories
were illustrated by predicting occupational trajectories, and stratifying the predictions on
the maximum observed EA for each individual over the presence of ADHD. Confidence
intervals were bootstrapped by drawing individuals at random with replacement over
1000 predictions.

Results

Of the 1,221,453 individuals followed, 28,914 (2.4%) had ben diagnosed with ADHD.
Figure 7.3 shows the association between ADHD and occupational outcomes. After
adjustment for demographic and mediating factors (bars marked B), ADHD was
associated with 17 percent lower income, IR=0.83 (0.83, 0.84), higher rates of
unemployment, +12.2 (11.9, 12.5) days per year, and an elevated risk of receiving
disability pension, OR=19.0 (18.4, 19.6), compared to controls. Part of these
associations were explained by the lower lifetime EA among individuals with ADHD.
Comorbid intellectual disability and developmental disorders explained most of the
association between ADHD and the higher risk of disability pension where the OR
attenuated to 5.7 (5.4, 6.0).
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Figure 7.3: Associations between ADHD and occupational outcomes
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Red horizontal line indicates no difference between ADHD and controls. A-D under the x-axis denote covariate
adjustments. A: Cohort adjustments including year of observation and compulsory school graduation year. B:
Demographic and mediation including A covariates, sex, presence of study benefits (yes/no). C: Comorbidity
covaries including A and B covariates, and diagnoses of intellectual disability and/or developmental disorders.
D: Lifetime educational attainment including A and B covariates, and highest attained education (secondary or
tertiary/university level).
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Figure 7.4 illustrates occupational trajectories for individuals with (red lines) and
without (blue lines) ADHD stratified on lifetime EA. The upper panels show the residual
differences after removing variation due to year of observation and compulsory school
graduation year. The bottom panel shows the estimated differences between ADHD and
controls where the dashed line are crude differences, and the solid line the differences
after adjustment for covariates. The vertical blue and red lines are the estimated year
when the respective educational level was attained. The trajectories shows that
regardless of EA, individuals with ADHD have lower income, and higher rates of
unemployment across follow-up. This pattern is to a small degree explained by
individual background and mediating factors. For example, at the end of follow-up
among those with a tertiary EA, ADHD was associated with 35 percent lower income,
IR=0.65 (0.62, 0.69), which after covariate adjustment attenuated to 26 percent lower
income, IR=0.74 (0.71, 0.77). The distance between the red and vertical blue lines
further reveal that individuals with ADHD graduates about 1 year later from secondary
and tertiary educations compared to individuals without ADHD.

Figure 7.4: Influence of ADHD on occupational trajectories by highest observed
educational attainment.
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Residual panel: Influences from cohort (i.e., year of graduation from compulsory school) and index year of observation have been removed through
regression before calculating means and confidence intervals. The observations are thus relative to the population trend in each outcome, indicated
by the horizontal lines. Vertical lines in plots for secondary and tertiary educational attainment indicate the average year after compulsory school
graduation for each educational level among individuals with (dotted) and without (solid) ADHD respectively. Modeled panel: Estimates of income
and unemployment relative to controls (horizontal lines). The dashed line represent crude estimates (e.g., the income ratio of ADHD to controls)
while the full line represent estimates from the adjusted model. For details on the model, see main text. Texts inside plots are the estimated income
ratios and unemployment days at end of follow-up (i.e., year 15). The models for the adjusted income ratios include a lag, thus these curves drop the
first observation and begin at year one of follow-up.

Figure 7.5 illustrates occupational trajectories comparing those with a higher EA to
those with a lower by the presence of ADHD. These show that after completion of a
secondary EA, income is affected in a similar way for both individuals with and without
ADHD, compared to individuals with a compulsory EA. The pattern is more ambiguous
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for unemployment, but differences are minor at end of follow-up in the adjusted models.

Figure 7.5: Influence of EA on occupational trajectories in ADHD
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Income ratios and unemployment differences of individuals with a secondary, and tertiary lifetime educational attainment relative to individuals
with compulsory and secondary lifetime educational attainment, among individuals with (red line) and without (blue line) ADHD. Texts inside plots
are the estimated income ratios and unemployment days at end of follow-up (i.e., year 15). Crude panel: Income and unemployment estimates
adjusted for influences from cohort (i.e., year of gradation from compulsory school), and index year of follow-up. Adjusted panel: Income and
unemployment estimates adjusted for influences from the mediation covariate set. For details, see main text. The models for the adjusted income
ratios include a lagged value of income, and these curves thus drop the first observation and begin at year one of follow-up.

7.3 Study III: Genetic and environmental influences on the
association between ADHD, school performance, and
unemployment

Few studies have estimated the genetic and environmental influence on the association
between ADHD and school performance, and to our knowledge, none has explored such
influences between AHDD, school performance, and unemployment. In this study, we
examined the influence of genetic and environmental factors on the association between
ADHD symptoms, school performance, and unemployment.

Method

We used data on 11,242 twins from CATSS, rated for ADHD symptoms using the
A-TAC questionnaire at ages 9/12. These were linked to school performance in the NSR,
and data on unemployment in LISA. We used quantitative genetic modeling to
decompose the variation in each trait into genetic, shared environmental, and unique
environmental (including measurement error) factors. Furthermore, we estimated the
genetic and environmental correlations between these traits, and calculated the share of
the overlap that could be attributed to genetic (i.e., the bivariate heritability) and
environmental factors. First, we used a correlated factors solution to estimate genetic and
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environmental influences between ADHD symptoms and school performance in a
bivariate model. Second, we limited the sample to those graduating in 2010 or earlier to
estimate the genetic and environmental influences on ADHD symptoms, school
performance, and unemployment, both using a correlated factors solution, and a
Cholesky decomposition to test the extent to which the genetic influences from ADHD
symptoms were accounted for by differences in school performance.

Results

Of the full sample, 10,730 (97%) twins remained after excluding pairs where at least one
measurement or information about zygocity were missing, and 5,263 (47%) graduated
compulsory school 2010 or earlier. ADHD correlated genetically, rg (95% confidence
interval; % bivariate heritability), with GPA, rg = −0.40 (-0.45, -0.35; 88%), and with
unemployment, rg = 0.10 (0.03, 0.16; 72%). GPA correlated negatively with
unemployment, rg = −0.37 (-0.44, -0.30; 98%). As there was no shared environmental
influence on ADHD symptoms, and unemployment, the remaining correlations were
entirely composed of unique environmental factors (Table 7.2). The genetic correlations
and bivariate heritabilities were similar for the natural science, humanities, and practical
subject categories (7.6). Figure 7.7 shows the results from the Cholesky decomposition
of ADHD symptoms, GPA, and unemployment. The path between genetic factors for
ADHD and unemployment indicated that an increase in genetic liability towards ADHD
is associated with an increase in unemployment, independently of school performance as
measured by GPA.
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Figure 7.6: Genetic and environmental overlap between ADHD symptoms and
school performance

Estimates based on bivariate correlated factors solutions with ADHD symptoms and school performance. A:
Genetic correlations (upper panel) and contributions to phenotypic correlations (lower panel). C: Shared
environment. E: Unique environment including measurement error. Natural science GPA: GPA in biology,
chemistry, mathematics, and physics. Humanities GPA: GPA in civics, geography, history,religion, Swedish,
and English. Art/Craft GPA: GPA in arts, crafts, home/consumer studies, music, sports, and technology.
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Table 7.2: Genetic and environmental influences on ADHD, school performance,
and unemployment

Genetic influences

GPA ADHD Unemployment

GPA 62.4% -0.26 -0.21

(57.2, 67.7) (88.2%) (98.1%)

ADHD -0.40 66.2% 0.06

(-0.45, -0.35) (62.1, 70.2) (71.8%)

Unemployment -0.37 0.10 51.0%

(-0.44, -0.30) (0.03, 0.16) (46.8, 55.3)

Shared environment

GPA 28.4% NA NA

(23.2, 33.6)

ADHD NA NA NA

Unemployment NA NA NA

Unique environment

GPA 9.2% -0.03 0.00

(8.2, 10.1) (11.8%) 1.9%

ADHD -0.20 33.8% 0.03

(-0.27, -0.13) (29.8, 37.9) (28.2%)

Unemployment -0.02 0.05 49%

(-0.09, 0.05) (-0.01, 0.12) (44.7, 53.2)

Genetic and environmental parameters have been estimated using a correlated factors solution where all
measurements have been adjusted for sex and restricted to twins graduating compulsory school 2010 or earlier.
Genetic and environmental influences (percent) on outcomes in diagonal cells. Genetic and environmental
correlations between outcomes below diagonals. Contributions to phenotypic correlations (percent) above
diagonals.
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Figure 7.7: Standardized genetic and environmental paths between ADHD
symptoms, GPA, and unemployment
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Estimates obtained from a trivariate cholesky decomposition. Unemployment calculated as mean days during
the follow-up period. Circles represent additive genetic factors (A in orange), shared environmental (C in green),
and unique environmental factors including measurment error (E in grey).
∗∗∗ : p < 0.001;∗∗ : p < 0.01;∗ : p < 0.05

7.4 Study IV: Polygenic scores for ADHD and school performance

Recent GWAS have identified SNPs that are associated with ADHD, and while such
studies explain less phenotypic variance than twin studies, genetic correlations between
ADHD and EA have been estimated similarly.25 PGS for ADHD associate with school
performance among children, and EA among adults, other cognitive traits and clinical
diagnoses.152 In this study we aimed to estimate the association between PGS for
ADHD, and how phenotypic ADHD symptoms, PGS for EA, and shared familial factors
influenced these associations.

Method

We linked data on school performance from the NSR with molecular genetic data
available in CATSS. PGS were calculated for ADHD, both symptoms and clinical
diagnosis, and EA. We used a principal component approach to combine all different
PGS thresholds into one PGS according to a recent approach.138 We calculated GPA,
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overall, and in natural science, humanities, and practical (e.g., sports, crafts) subjects.

We analyzed the associations between PGS for ADHD and school performance using
linear and IV regression. These associations were adjusted, in separate models, for
phenotypic ADHD symptoms, PGS for EA, ADHD symptoms and PGS for EA together,
and shared familial factors in separate models to examine the influence of these factors.
All associations were adjusted for sex, five principal components to control for genetic
ancestral differences, and compulsory school graduation year, except for when
comparing dizygotic twins where only sex was adjusted for. In the IV analyses we
utilized PGS for ADHD diagnosis and PGS for ADHD symptoms as instruments for
each other with the aim of reducing measurement error in the PGS for ADHD.

Results

PGS for ADHD associated negatively with all measures of school performance.
Compared to the crude association between PGS for ADHD and GPA, phenotypic
ADHD symptoms had the least influence on this association (-17%), while PGS for EA
explained more (-42%), and shared familial factors had the most marked influence
(-67%) (Table 7.3). When using the IV method, the associations between PGS for
ADHD and practical GPA was weaker than the corresponding associations with natural
science and humanities GPA (Figure 7.8).

Table 7.3: Associations between polygenic scores for ADHD diagnosis and GPA

Crude ADHD symptoms EA-PGS
EA-PGS + ADHD
symptoms

Within family

Standardized coefficient (95% CI); % attenuation

LR -0.12; REF -0.10; -17% -0.07; -42% -0.05; -58% -0.04; -67%

(-0.15, -0.09) (-0.13, -0.07) (-0.10, -0.04) (-0.08, -0.02) (-0.10, 0.02)

IV -0.68; REF -0.53; -22% -0.38; -59% -0.23; -66% NA

(-1.28, -0.07) (-1.11, 0.05) (-1.07, 0.30) (-0.89, 0.43) NA

GPA: Grade point average. PGS: Polygenic score. EA-PGS: Polygenic score for educational attainment. CI:
Confidence interval. LR: Linear regression. IV: Instrumental variable analysis using two-stage least squares
regression. The ADHS-PGS is used as an instrument for the ADHD-PGS (the exposure). Results from within
family IV analyses were omitted due to that the instrument and exposure were not significantly associated
(P<0.05) in the first stage IV regressions. % attenuation: The percentage difference between the crude and
adjusted point estimates, 100× (1−βad j./βcrude). GPA, ADHD symptoms, and PGS have been standardized
to zero mean and unit variance. Between family models are adjusted for female sex, the first five principal
components, and the linear effect of graduation year. Within family models are adjusted for sex.
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Figure 7.8: The association between PGS for ADHD and school performance

A. Linear regression

B. Instrumental variable regression

Vertical lines indicate 95% confidence interavles. Crude: Model adjusted for sex and the first five principal
components. Symptoms: Model adjusted for crude covariates and phenotypic ADHD symptoms. EA-
PGS: Model adjusted for crude covariates and PGS for EA. Symptoms+EA-PGS: Model adjusted for crude
covariates, phenotypic ADHD symptoms and PGS for EA. Family FE: Adjustment for family fixed-effects, i.e.
a dizygotic twin comparison, adjusted for sex. GPA: Grade point average. Natural sciences: GPA in biology,
chemistry, mathematics, and physics. Humanities: GPA in civics, English, geography, history, religion, and
Swedish. Practical: GPA in arts, crafts, home and consumer studies, music, sports, and technology.
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8 Discussion

The results from papers I-IV included in this thesis have focused on ADHD, educational,
and occupational outcomes. The broad aims were to examine the associations between
these outcomes and ADHD, ADHD medications, and EA, and to investigate the etiology
of these associations. When synthesizing these results, particular focus will be paid to the
causal relation between ADHD and these outcomes. The question is to what extent can
we claim that the results from these papers represent causal associations?

8.1 ADHD and educational outcomes

The school related problems individuals affected by ADHD experienced were noted a
long time ago. Laufer, Denhoff, and Solomons (1957) elegantly summarizes these
problems and points out how they accumulate into lower school performance over time:

"In the crowded classrooms of today, the teacher often becomes hostile
toward a child who, despite seemingly good intelligence, can not sit
still, can not keep his mind on his work, hardly ever finishes the
assigned task and yet unpredictably may turn in a perfect paper. Added
to this, the specific learning difficulties, particularly in reading and
arithmetic, combine with the child’s increasing unhappiness to worsen
the situation. The child frequently fails to gain a proper foundation
for the fundamentals of schooling so that each successive year he falls
further behind."153

This quote contextualizes findings about ADHD and compulsory school performance
in study I, and post-compulsory EA in study II. Individuals diagnosed with ADHD on
average fail at least one subject, and are consequently at a 20% higher risk of not being
eligible for a national upper secondary school program. The school performance deficit
associated with ADHD is widespread and not concentrated to certain subjects, and not
accounted for by important background factors such of school of attendance, and
parental socioeconomic status. Prior research has found lower rates of university level
degrees among individuals with ADHD.71 Study II adds to such findings by showing that
individuals with ADHD that continue education after compulsory school, graduate
almost a year later from secondary/university educations compared to controls. Still,
there is an unobserved proportion of students with ADHD that start such educations, but
do not graduate. Together, these findings further highlight that educational difficulties
associated with ADHD are not concentrated in childhood, but extend to early adulthood,
also among those obtaining higher educations.
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Etiology: Why does ADHD correlate negatively with school performance?

In study III and IV, the estimated genetic correlations between ADHD symptoms and
school performance, and the associations between PGS for ADHD broadly agree with
prior findings. ADHD correlates negatively with school performance, both
phenotypically and at a genetic level. Additionally, our findings indicate that these
genetic correlations, and PGS based associations are similar across different subject
categories. This suggest that the genetic predisposition towards ADHD is correlated with
a genetic predisposition towards a "general factor" for school performance. One study
found a widespread genetic correlation between different school subjects in the UK,117

and preliminary findings using molecular genetic data likewise found that a PGS for
ADHD correlates with such a factor.154

We found that the influence of phenotypic ADHD symptoms, PGS for EA, and shared
familial factors on the association between PGS for ADHD and school performance
were most prominent for PGS for EA and shared familial factors, accounting for 42 and
67 percent respectively, while phenotypic ADHD symptoms accounted for only 17
percent of the association. While the significance of these findings are imprecise (i.e.,
wide and overlapping confidence intervals), they may suggest that current PGS for
ADHD capture more components of PGS for EA and shared familial factors, rather than
ADHD symptoms. Potentially, these tendencies may be explained by shared
environmental factors and any interactions between these and genetic factors. The
GWAS from which the PGS for EA was derived, found that the SNP based associations
with EA were attenuated by about 40 percent when comparing siblings.82 Similar
influences likely operate on the PGS for ADHD. Prior research has found a positive
association between ADHD and lower parental socioeconomic status, including a risk
increase in the presence of parental ADHD.155,156 The influence of higher parental
socioeconomic status and PGS for ADHD have been found to predict 27 percent of
school performance at age 16.157 Taken together, these findings may explain the
comparatively strong influence of shared familial factors on the association between
PGS for ADHD and school performance.

Concerning the genetic correlations between ADHD and school performance,
interpreting these is challenging due to that genetic correlations may arise through
factors that are not genetic in origin. First, genetic influences on the covariation between
two traits may be mediated by shared environmental factors, such as parental
socioeconomic status, and biases due to spurious pleiotropy whereby different genetic
variants are co-inhereted (e.g., linkage disequillibrium).158,159,118 Second, twin studies
examining the influence of genetic and environmental factors using quantitative genetic
methods typically assume that there are no interactions between genetic and
environmental factors. Such interactions are likely a source of bias, but it is unclear
whether it makes a practical difference given that molecular genetic findings based on
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unrelated individuals support the broad patterns in terms of genetic correlations. Third,
ADHD symptoms measured in children themselves potentially assess school
performance. Many of the symptoms as described by the DSM directly or indirectly
relate to behaviors that may be detrimental for learning.3. As in the A-TAC
questionnaire, the reference point for such questions about activity level and
concentration problems is the behavior of “typical” children. To some extent such
questions likely measure problematic aspects of school performance such as the ability
to maintain focus, sitting still in the classroom, organization, planning and social skills.
It is thus questionable to what extent the measurement of ADHD is independent of
school performance, and it opens up questions about to what extent genetic correlations
between ADHD and school performance are sensitive to certain environments.

The IV analysis of study IV provides preliminary evidence that the genetic liability
towards ADHD correlates differently with different types of school subjects. The
estimates of the IV analyses were uncertain (wide confidence intervals), and it is difficult
to assess the extent to which this analysis can address the aforementioned challenges.
But if this pattern is replicated in other data using more powerful PGS, it would be
informative regarding bias in the measurements of ADHD.

Part of the association between ADHD and school performance may be attributable to
a correlation between ADHD and IQ.78 However, evidence suggest that ADHD shares a
genetic liability towards productive components of school performance, as well as direct
components such as reading ability.85

The negative genetic correlation between ADHD and school performance may suggest
that ADHD is causally linked to lower school performance, and this has been proposed
in prior research. Twin intra-pair differences of ADHD symptoms predicted poorer
educational achievement, and second, medication use was positively associated with
achievement.75 Interpreting such findings as indicative of causality is however limited if
ADHD symptoms are an indication of school performance. To clarify the challenge to
inference, one can draw an extreme example and assume that individuals diagnosed with
ADHD are only diagnosed if they fail in mathematics. The potential outcome in such a
situation is not defined:

E(MA|d = 1)−E(MA|d = 0) = (8.1)

E(MA1−MA0|d = 1)+E(MA0|d = 1)−E(MA0|d = 0) (8.2)

Per definition, the potential outcomes among those with ADHD MA1 will be 0 (they do not
pass mathematics), and MA0 will be non-zero. The causal relation is thus per definition
negative which contradicts the purpose of a potential outcome. This relates to Holland’s
(1986) distinction between attributes and causes where attributes (e.g., male sex) not to be
valid causes, simply because attributes lack "potential exposability". This is sometimes
summed up as "no causation without manipulation".140 While the preceding set-up is
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an extreme example, it highlights the importance of considering the extent to which the
measurement of ADHD coincides with ADHD as a theoretical trait, and to what extent
such measurements correlates with factors that may not be part of the theoretical trait.
Likely this is of particular importance, when dealing with clinical diagnoses of ADHD,
and how diagnosed ADHD shows widespread genetic and phenotypic correlations with
problematic functional and clinical outcomes.

Treatment: Does pharmacological treatment of ADHD make a difference for
school performance?

In study I, we found that length of ADHD medication use prior to compulsory school
graduation was positively associated with school performance. This association was
robust to adjustment for student background factors both, individual, parental, and
unobserved school level characteristics.

As noted above, a limitation in the existing literature is the lack of a theoretical
mechanism of how longer term effects of ADHD medication use translates into higher
school performance. The available reviews have focused mainly on whether ADHD
medication use is associated with school performance while little attention has been paid
to the mechanism behind such associations.64,70,66,92 While some domains of school
performance could be affected directly (e.g., classroom behavior), others may appear
with a lag (e.g., subject knowledge). Medication in of itself does not provide knowledge,
and one publication conceptualized medication as "glasses for the brain".160 Framed this
way, as glasses are a tool to make it easier to read, medication may affect knowledge and
skill acquisition in a similar way. But a student that is behind their peers in terms of
reading skills will likely be broadly behind in many subjects, and the question is then
how such a mechanism would translate into school performance improvements?

Returning to the pattern of association between months of medication use and school
performance (Figure 7.2), Figure 8.1 illustrates a hypothetical positive association
between GPA and months of medication use attenuated with increasing treatment length.
In line with the findings of study I, the bent curve here illustrates the tendency of the
effect of medication to attenuate with increasing treatment length (i.e., a dose-response
relationship). Therefore, the associated increase in GPA between month 0 and 3, T1, is
greater than the increase between months 18 and 21, T2. In this hypothetical curve, GPA
is conceptualized as end-point GPA, and in terms of a causal relationship, the potential
outcome could be defined as: If student performance had been evaluated according to the
end-point GPA, the observed difference would equal the potential one:
T1 = E(GPA|T = 3)−E(GPA|T = 0) = E(GPAT=3−GPAT=0|T = 3).
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Figure 8.1: Association between ADHD medication use and school performance
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Educational systems using criterion-referenced grading typically evaluate student
performance relative to their position on the expected position in the learning curve at a
certain time point (i.e., student performance is not evaluated relative to their peers’
performance). This may provide challenges for certain approaches to eliminate
confounding. For example, one study that associated treatment adherence to GPA using
US data found that GPA was higher during treatment adherent marking periods (on
average 78 days) than non-adherent. This association was also stronger among students
with ADHD and a comorbid disruptive behavior disorder.161 This study used a
within-individual approach, thereby removing confounds related to unobserved
individual background factors that may correlate between treatment adherence and GPA.
However, if we acknowledge that GPA is a cumulative process and it is evaluated
according to expectations on students at a specific time-point, this study may
underestimate the cumulative effect. Phrased differently, GPA at time 2 is likely a
function of GPA at time 1, similar to that knowledge of mathematics 1 will impact
learning in mathematics 2. In addition, the subject content that the GPA assesses may
differ between time points.

Even though the association between ADHD medication use and school performance
illustrated in Figure 8.1 may fit with a theoretical expectation, several factors not related to
medication in itself likely contribute. The ones listed below are not meant to be mutually
exclusive, they may all contribute to such patterns.

Concurrent treatments. According to the guidelines by the Swedish National Board
of Health and Welfare, the initiation of pharmacological treatment of ADHD should be
preceded by behavioral and environmental interventions. These may thus co-occur with
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other interventions. If no measurements of these exists, they will correlate with treatment
length and the specificity of the association between medication use and school
performance. Prior research has found that non-pharmacological treatment interventions
that preceede pharmacological are associated with improvements in productive aspects
of school performance.162

School performance has a "roof". The GPA can obviously not increase to more
than its maximum (in Sweden 20). If it would take 3 school years of treatment to put
students with ADHD on parity with their peers, the medication would no longer provide
any added benefit in terms of school performance. But there may also be components of
school performance that ADHD medication cannot address.

Dilution through participation. Several studies note that ADHD medication use is
also associated with higher school attendance and less grade retention (e.i., retake a school
grade). If students participate in more classes, positive effects of medication use may
be offset by that students take more subjects. By virtue of being an average, a GPA
would not increase if students are graded on more subjects than they otherwise would
have been in the absence of medication. In study I, we evaluate associations between
ADHD medication use and school performance both using the GPA and the grade-point
sum without finding any large differences in terms of effect sizes. But such effects may be
stronger in school systems in which students have more freedom in terms of what subject
they can take.

Selection on treatment initiation. Parents or schools with the right competence may
refer students earlier than others. This may correlate with other factors that influence
school performance such as education of parents, teacher skills, and peer effects. The
peer effect could for instance be the expectations that these schools have on students. A
significant deviation from this norm in one school may be a failing grade in math whereas
in another school it may be failing five subjects. The pattern would thus be an effect of
confounding by parental and school background factors.

Adverse effects and treatment adherence. If the effects identified by RCTs are a
transient phenomena, and these are not sustained over time. The pattern could appear
due to adverse effects of medications that make students miss out on teaching and exams
before the titration phase is completed. From my own personal communication with
teachers, some students that have initiated treatment during the final semester have for
instance missed out on the national exams in the core subjects. Over longer time periods,
treatment adherence is also rather low where patients exit and re-enter pharmacological
treatment. Such fluctuations in treatment patterns contribute to the ambiguous findings in
observational research of effects in the longer term.

Finally, when considering the overall evidence for the association between ADHD
medication use and school performance in the longer run, the comparison between
ADHD medications and glasses may be useful to assess the strength of these
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associations. An RCT in China that estimated the effect of providing free glasses on test
results in mathematics163, found that the provision of free glasses during 1 year was
associated with a +0.11 standard deviations higher mathematics performance. In
comparison, the association between 1 year of ADHD medication was estimated to
+0.15 standard deviations in study I. The difference between the problems ADHD is
associated with in the classroom and impaired vision is that impaired vision is easily
detected, has an unambiguous solution and therefore the necessary intervention(s) can be
provided early. The difficulties with ADHD are usually addressed longer after symptoms
emerge. Only a quarter of newly diagnosed cases of ADHD received their diagnosis
prior to the age of twelve in Sweden164, mirroring a decade delay between symptom
onset and seeking treatment in the USA.165 This suggest that students are left with years
of catch-up in terms of skills and knowledge. Thus it appears unlikely that treatment
targeting symptoms would normalize the educational outcomes in students with ADHD.
In this frame of reference, the inconsistent or small effect sizes of medication on
educational achievement appear less surprising given the timing of diagnosing ADHD,
subsequent treatment provision, and the other limitations outlined above. The timing of
educational interventions are therefore important and likely their interaction with
pharmacological treatment which is an area that appears understudied.

Concerns about side-effects and misuse

So far, the beneficial effects of ADHD medications have been considered. But it is
equally important to emphasize common side-effects of ADHD medication that need to
be considered before initiating and continuing pharmacological treatment. Common
side-effects include loss of appetite, disturbed sleep, and abdominal pain.166 More
worrisome side-effects are the positive associations with increases in heart rate (+10
beats per minute), and both systolic and diastolic blood pressure (+7mmHg) over time.
These observations has raised concerns of adverse cardiovascular effects, but most
studies have yet not shown any significant increase in the risk of severe cardiovascular
events (e.g., stroke or myocardial infarction) in children/young adult populations167,168,
while mixed results have been obtained in adult populations. As many of these studies
only cover a follow-up period of a few years, there still remains uncertainty of the effects
over much longer periods where adverse effects could accumulate.169 Other side-effects
under consideration are growth retardation where studies have found that medication is
associated with a reduced growth rate.170 In the MTA-study, a history of medication use
was associated by a lower height of 2.5 centimeters in early adulthood relative to the
individuals with negligible medication use.171

Prescription patterns differ between individuals with ADHD and comorbid autism
compared to ADHD only, where those with comorbid autism had lower rates of
continuous treatment.172 Such findings are difficult to interpret in aggregate, but may
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point to that some unwanted side-effects are present when ADHD is presented with
comorbid psychiatric disorders.

Overall, these side-effects emphasize the importance of that pharmacological treatment
decisions are multifactorial and need to integrate benefits and side-effects when initiating
or discontinuing pharmacological treatment of ADHD.

8.2 ADHD and occupational outcomes

Similar to prior research we found that individuals with ADHD had lower income,
higher rates of unemployment, and an elevated risk of receiving disability pension
compared to controls. Our findings extend current knowledge about ADHD and
occupational outcomes and highlight that these problematic outcomes extend over time,
and across EA. For severe occupational outcomes, one important finding in study II was
that the excess risk of disability pension was to a large extent explained by comorbid
intellectual disability and developmental disorders. Lifetime EA showed a somewhat
lower explanatory power, but attenuated all associations between ADHD and
occupational outcomes.

It must be emphasized that the influence of EA on occupational outcomes in ADHD
are averages that disregards type of education these students take (e.g., vocational versus
academic) and there may be certain types of educations that provides a better transition
into the labor market than others.

Etiology: What is the role of EA for occupational outcomes in ADHD?

After compulsory education students are increasingly free to choose whether to continue
educating themselves or enter the labor market, yet education is often stressed as crucial
for occupational success in the public discussion. The truncated EA among individuals
with ADHD is likely the reason for that EA has been hypothesized to explain the
occupational problems associated with ADHD.110,111

However, this hypothesis is sensitive to the presence of an overlap between some
unobserved factor that influences both EA and occupational outcomes positively, such as
genetics. As Figure 7.4 clearly shows, occupational differences between students with
and without ADHD are present prior to graduation from secondary and tertiary
educations. Part of this association is likely stemming from the genetics of ADHD as
indicated by the direct path between ADHD symptoms and unemployment seeking,
which exist independent of the genetics and environmental influence from compulsory
school performance (Figure 7.7). While the strength of this influence is rather small, it is
estimated among individuals in late adolescence/early adulthood, and it may be
indicative of a stronger influence in adulthood.
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It is equally important to note that EA has a similar influence among individuals with
ADHD as in the general population. For example, occupational outcomes among
individuals with ADHD and a secondary EA compared to individuals with ADHD but
without a secondary EA are affected in a similar manner as the same comparison in the
general population. But these are relative effects, meaning EA does not put the ADHD
group in parity with controls in absolute terms.

8.3 Strengths and limitations

The strength of the studies included in this thesis center around the use of the Swedish
registers. These registers provide a broad cover of the Swedish population where
measures of ADHD and outcomes are collected independent of each other, thus
circumventing problems with attrition, recall bias, and small sample sizes that may be
issues for survey based studies. This is a particular strength for assessing ADHD
medication use and the association with school performance, and for exploring
longitudinal trajectories of occupational outcomes and their association with ADHD in
study II.

Nevertheless, registers also are entailed with problems and in particular those relating
to the diagnosis of ADHD in the NPR are worth to emphasize. As ADHD is mainly
diagnosed in psychiatric outpatient care, and the outpatient register was first established
in 2001, it is likely that a certain portion of cases may have been missed. Adding to this,
a majority of psychiatric diagnostic codes were missing in the outpatient register up until
2005-2006.173 Partly due to issues in converting the DSM system used in clinics to the
ICD system used in the registers. Potentially, this has led to that more severe cases of
ADHD are captured (i.e., those continue visiting clinics), and may be of particular
concern for study II where subjects are followed longitudinally. For example, the
diagnostic prevalence doubled among 1998 compulsory school graduates compared to
the 2008 graduates. Co-occuring with such trends the awareness of ADHD has likely
increased in the general public which likely have contributed to increased rates of
ADHD. The extent to which these trends challenge the findings of study II is difficult to
assess given the data at hand.

8.4 Policy implications

Are the findings from studies I-IV of importance for policy design? This section will
discuss some potential implications, focusing on Sweden as the validity of these findings
outside the Swedish context should be evaluated by scholars more familiar with such
systems.

The Swedish Schools inspectorate has criticized the state in Swedish compulsory
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schools regarding the treatment of students affected by ADHD.174 A recent study
surveying the knowledge basis regarding neurodevelopmental disorders found that
school personnel reported that they lacked the necessary knowledge in how to adapt the
school environment for students affected by these disorders.175 This suggest that schools
may not be equipped with the right tools to improve school performance among
individuals with ADHD, and an important policy target.

Part of the positive correlation between EA and occupational outcomes can probably
be attributable to what economists term "signaling". For an employer that has to chose
between two candidates for a position, higher EA may provide an assessment of the
candidates capacity, without the education in itself having added any skills required for
the job. Individuals that have high ability, aiming to land a well-paid job are thus
incentiviced to further their EA to signal that they are high ability individuals and thus
reducing the risk for the employer when signing a contract.176 The importance of the
signaling effect of EA is also likely influenced by policy. For example, the length of
vocational programs in the Swedish upper secondary school was extended from 2 to 3
years length in 1994. This expanded the requirements on students in vocational
programs to further their studies in language (Swedish and English) and mathematics.
The intention was that students graduating from vocational programs should also be
awarded the basic eligibility to university. Two studies that evaluated this reform found
no effect on unemployment, earnings or university graduation rates. Rather, the risk of
dropping out from secondary educations increased, and students with poor compulsory
school performance had higher unemployment rates after the reform.177,178 Examining
such policy changes on the students that are at risk for poor school performance is an
important field for research. The trade-offs between policy that targets the "average
student" needs to also consider students "at the margin".

Furthemore, the cost of signing an employment contract differs between countries
depending on labor market policy, both through state laws regarding minimum wages
and educational qualifications, and through more market based agreements between
unions’ and employers’ organizations contract terms such as in Sweden. Such policies
likely have broad effects on the employment options for individuals affected by ADHD
(and other psychiatric disorders) that experience difficulties in school. Unfortunately,
this aspect of labor policy seems to have been overlooked where most research has
focused on how psychiatric illness affects employment prospects, rather than vice versa.

Genetics

Lastly, the involvement of genetic factors in many of the outcomes and traits involved in
this research, may be interpreted by some as that policy is not important. Rather it
should be emphasized that neither genes nor environment are an excuse for
implementing or not implementing a policy. The decomposition of trait variation into
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genetic and environmental factors always sum to 100 percent. The share of genetic and
environmental influences says nothing on how large the variation in the trait is, and not
how policy interventions alter the relative contributions. The importance of genetics is
thus not deterministic. An example illustrates this fallacy well: If all differences in
eyesight were explained by genetics, the simple solution would be to give people
glasses.179 It is not that genetics is irrelevant to policy, it is rather that the interplay
between genetics and policy design is important. For example, a policy change in the
subsidy or provision of glasses would likely decrease the heritability of EA through the
increased importance of socioeconomic factors in who have access to glasses.

Focusing on education, Asbury and Plomin (2014) provide several policy proposals
for a "genetically sensitive" education. It is outside the scope of this thesis to review
these in detail, but one proposal may serve as an example for how such a policy may be
designed. One proposal concerns the core curriculum in schools. Asbury and Plomin
suggest that this curriculum should be kept to a minimum of reading, writing, numeracy
simply because such skills are necessary for further education and functioning in society.
This would decrease the sensitivity towards generalized factors of school performance,
and open up for that individual talents could better penetrate school performance. How
is this relevant to students with ADHD? From study I, III, and IV it is clear that ADHD
associates similarly with all subjects in school, and that genetic influences are similar
across these subject. The IV analysis of study IV provides some putative evidence that
the genetic influence from ADHD does differentiate between subjects. Sweden has since
2013 moved in the opposite direction, by increasing the number of subjects students have
to pass to be admitted to a national upper secondary school program.

Such admission requirements may be unfortunate. At least in Sweden, after the
transition to secondary education children have increasing abilities to choose educations
that fits their interests in comparison to compulsory school that typically is less
individually adapted. Due to that poor school performance in childhood may have
long-term consequences for EA in adulthood through admission requirements for
post-primary educations, the genetic overlap between ADHD and EA in older age may
simply reflect different processes in ADHD and the general population. In ADHD, EA
may be truncated due to such admission requirements, whereas in the general population
the genetic influence may to a greater degree come from genetic factors affecting
individual preferences. As EA is also important for occupational outcomes, and
educational outcomes precede occupational outcomes, genetic influences on EA may
mediate differences in occupational outcomes.
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8.5 Future directions

Important directions for future research on the association between ADHD and outcomes
in education and occupation have been outlined in the preceding discussion. This section
provides a brief summary of these, overall, and for each overarching aim.

While the relation between ADHD and problematic school performance is
well-established, more research is needed on how selection bias wit operates on this
relationship, in particular with regards to clinically diagnosed ADHD. Finding ways to
deal with such bias, likely will have downstream effects on the genetic influences on the
overlap between ADHD and school performance that my yield novel insights with
regards to how treating ADHD affects school performance.

The effect of pharmacological treatment of ADHD on school performance should
investigate how factors related to schools (e.g., teacher to student ratio) and parents
influence the association between ADHD medication and school performance using
large-scale register data.

The transition from compulsory school to further education and occupation for
individuals with ADHD are likely affected by policies (e.g., changing eligibility criteria
to upper secondary school). Such policy changes both have effects on the options
available to individuals affected by ADHD, but the may also be used for research as a
form of quasi-experimental design. As such, policy is uncorrelated to genetics and other
unobserved factors, and potentially may be used to associate ADHD with downstream
educational and occupational outcomes.
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9 Conclusion

ADHD is associated with substantially lower school performance, these associations
extend both at a symptom level and for individuals clinically diagnosed. Treatment with
ADHD medications may improve school performance in the longer run, but multimodal
treatment approaches combining pharmacological, behavioral, and educational are likely
needed. These associations between ADHD and school performance are to a majority
composed of genetic influence, with the remainder attributable unique environmental
influences. The associations with lower school performance extend in early adulthood
where ADHD associates with lower graduation rates in secondary and tertiary
educations, and poor occupational outcomes. Differences in occupational outcomes
between individuals with and without ADHD are to a small extent explained by
differences in EA between these groups, but to a greater extent depend on individual
background factors. Such factors include genetics which exhibit a direct influence on
occupational outcomes, independent of compulsory school performance.
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10 Ethical considerations

None of the projects in this thesis involve experimentation with human subjects, but all
make use of deidentified Swedish national register data and questionnaire data from
CATSS, to answer the specified research questions. These projects have been approved
by the Regional Ethical Review Board in Stockholm. The focus of this chapter will be
ethical aspects that warrant deeper consideration: 1) the integrity of personal data, 2) the
risk of stigmatizing individuals affected by ADHD, and 3) commercial interests tied to
treatment of ADHD.

Integrity

The use of deidentified register data in research does not require informed consent from
"participants" (it would be practically impossible to ask for such consent) in Sweden.
Still despite the deidentification, a researcher could potentially be able to indirectly
identify individuals in the data, given sufficient prior information about an individual and
through the register linkages eliminating unlikely cases. Evidently, this aspect is the
responsibility of the researcher not to use the data for other purposes than to answer
scientific questions for which there is an ethical permit. But it also encompasses treating
the data as confidential information that is not to be distributed in any other form than
aggregated (for publications). It also involves storing the data in secure environments,
including computers only used for analysis, where access is only granted to those
individuals involved in the research project. This aspect is of minor concern as the data
used is stored and maintained by the Department for Medical Epidemiology and
Biostatistics, and access through virtual desktop environments eliminates the need to
copy raw register data to portable devices.

Stigma

Within the field of psychiatric epidemiology the association between ADHD and poor
functional outcomes is rather well established from previous research. Individuals with
ADHD attain lower levels of EA, have higher unemployment rates, and lower income
than the general population. From the public point of view, such findings from research
may stigmatize individuals with ADHD and their families. In other words, an individual
getting a diagnosis of ADHD may face prejudice reflecting scientific findings
communicated by the media. The pure scientific question aside, this research forms a
knowledge basis that from a public health perspective can improve the treatment (e.g.,
potential risks and benefits from pharmacological treatment) and alleviate the burden
associated with the disorder. As a researcher it is important to emphasize the appropriate
use of scientific knowledge, its limitations, and how it should be interpreted. On the
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other hand, this research can also challenge existing prejudice regarding the behaviors
associated with ADHD; that the causes of the disorder are attributable to bad parenting,
diet, or teachers for example.

Commercial interests

Considering the commercial interest tied to the treatment of ADHD, any scientific
findings of positive effects of medication is of financial interest to the pharmacological
industry to promote the adoptation of medication as at treatment. As a researcher it is
important to adhere to scientific principles and be clear about limitations regardless of
the findings. It is especially important to emphasize that the research conducted in this
project cannot predict the individual benefits and side effects of adopting a certain
treatment, only estimate such associations at a population level. It remains a clinical task
to decide whether a treatment is appropriate as a statistical effect concerns an average in
a population and not an individual one. These can differ, and the decision of whom to
treat is outside the scope of this work.

Alternatives

One objection to the type of research conducted in this thesis could be that register data
is usually entailed with problems that are difficult to deal with and may produce incorrect
or biased results. Subsequently, such results may be used to inform decision making.
In the context of the studies included in this thesis, the research questions addressed are
areas in which RCTs are not appropriate to use. RCTs are mainly effective in evaluating
outcomes during shorter time periods since it would not be acceptable to put individuals
in a controlled environment for lengthier periods, and withholding treatment with known
benefits for one group. Research in this field thus have to be based on observational data,
which further highlights the importance of communicating limitations inherent in such
findings.

Conclusion

In conclusion the ethical issues outlined for this project are not substantial in comparison
with other fields that involve experimentation using animal or human subjects. This
project has the potential to inform policy makers and benefit both individuals affected by
ADHD and society at large. Given careful consideration of the ethical issues discussed
above, these benefits can exceed the downsides in terms of personal integrity, patient
stigma and commercial interests.
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