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Abstract

Lin Li (2022): Somatic and occupational outcomes in adult ADHD: epidemi-
ology studies based on real-world data. Orebro Studies in Medicine 257.

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common
neurodevelopmental disorders, characterized by inattention or hyperactivity—
impulsivity, or both. ADHD is a multifactorial disorder influenced by the
complex interplay between genetic and environmental risk factors, but a de-
tailed understanding of the causal status of these factors is lacking. ADHD is
associated with many psychiatric disorders, but somatic comorbidity in ADHD
has received less attention in the research literature. Pharmacological treatment
is effective in reducing the core symptoms of ADHD, but the effects on occupa-
tional outcomes remain unclear. The overarching aim of this thesis is to extend
previous knowledge on the early risk factors of ADHD, and to increase the
awareness and the understanding on somatic and occupational outcomes of
ADHD in adults.

In Study I, we combined a systematic review and mate-analysis with a popula-
tion based cohort of 971,501 individuals born between 1992 and 2004 in Sweden.
The meta-analysis revealed a positive association between maternal pre-pregnancy
overweight/obesity and risk of ADHD in offspring. However, these associations
gradually attenuated toward the null when adjusted for measured confounders,
unmeasured factors shared by cousins and unmeasured factors shared by siblings.
In Study II, by using a Swedish population-based twin study with 17,999 individu-
als aged 2047 years, we found both inattention and hyperactivity/impulsivity was
associated with higher consumption of high-sugar food and unhealthy dietary
habits, although these associations were generally weak. Further, the observed
associations was explained by both genetic and non-shared environmental factors.
In Study III, we explored the prospective associations between ADHD and a broad
range of cardiovascular diseases in 5,389,519 adults from Sweden, and found that
ADHD may be a novel and independent risk factor for cardiovascular diseases. In
Study IV, based on the longitudinal cohort of 12,875 middle-aged adults with
ADHD, we found the use of ADHD medications during the previous two years
was associated with a 10% reduction in the risk of long-term unemployment in
the following year.

Taken together, findings from the thesis highlight the need of future studies
with various study designs, to fully understand the aetiology and long-term health
outcomes of ADHD across the lifespan.

Keywords: ADHD, Comorbidities, Obesity, Dietary habits, ADHD medica-

tion, Cardiovascular disease, Epidemiology, Casual inference, Adults

Lin Li, School of Medical Sciences, Medicine
Orebro University, SE-701 82 Orebro, Sweden, lin.li@oru.se.
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1. INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is one of the most com-
mon neurodevelopmental disorder, characterized by inattention or hyper-
activity—impulsivity, or both.[1] With onset in early childhood, ADHD
commonly persists into adulthood.[2, 3] The disorder is estimated to affect
about 5% of school-age children and 2.5% of adults across the world.[4]
The etiology is considered multifactorial with the complex interplay be-
tween many genetic and environmental factors. To date, no single factor or
biomarker has been identified for screening the risk of the disorder or facil-
itating the diagnostic procedure.

Substantial evidence shows comorbidity between ADHD and psychiatric
disorders such as conduct disorders,[5] substance use disorders,[6] mood
and personality disorders,[7, 8] as well as other neurodevelopmental disor-
ders such as autism spectrum disorders.[9] Throughout the lifetime, ADHD
impairs psychosocial functioning, leading to academic and occupational dif-
ficulties, social disability and risky behaviors.[1, 10] Furthermore, increas-
ing evidence suggests that people with ADHD have higher risk of develop-
ing a broad range of somatic diseases, including obesity, epilepsy, asthma,
sleep disorder, infections and autoimmune diseases,[4] as well as unhealthy
lifestyles,[11] such as unhealthy dietary habits.[12] However, few studies
have explored how ADHD is associated with cardiovascular diseases
(CVDs), the leading cause of death across the world.[13]

Given its high prevalence and associated impairments and adverse out-
comes, ADHD is a major public health concern. Randomized controlled
clinical trials (RCTs) have demonstrated efficacy of pharmacologic treat-
ments in reducing the core symptoms of ADHD in adults. Observational
pharmacoepidemiological studies have suggested beneficial effects of
ADHD medications on behavioral and neuropsychiatric outcomes, includ-
ing injuries and traumas, criminality, motor vehicle accidents, education
and substance use disorder.[14] However, little is known about effects of
pharmacological treatment for ADHD on long-term unemployment, which
is associated with economic difficulties, worse mental and physical health,
and higher mortality rates.[15]

Based on large-scale real-world data, this thesis seeks to extend previous
knowledge about the risk factors and long-term consequences of ADHD in
adults, by focusing on somatic and occupational outcomes.
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2. BACKGROUND

2.1 Diagnosis and symptoms of ADHD

Attention-deficit/hyperactivity disorder (ADHD) ‘syndromes’ were first
described in a German textbook in 1775 and was later recognized as a dis-
order in 1902 by George Frederic Still, a physician in the United King-
dom.[4] ADHD is diagnosed according to two parallel diagnostic systems:
The Diagnostic and Statistical Manual of Mental Disorders (DSM),[16]
which is predominantly used in the United States and The International
Classification of Diseases and Related Health Problems (ICD), [17] which
is predominantly used in Europe and other parts of the world. The DSM-5,
published in 2013, allows for an ADHD diagnosis based on the presence of
either inattentive or hyperactive/impulsive symptoms, together with impair-
ments in social, academic, and/or occupational functioning caused by the
symptoms. The DSM defines ADHD as three different subtypes: predomi-
nantly inattentive type, predominantly hyperactive/impulsive type and
ADHD combined type.[16] It is important to note that DSM-V now uses
the term “presentation”, to acknowledge the heterogeneity of the behav-
ioral manifestations of ADHD in different developmental stages.[18] In the
ICD, ADHD is described as Hyperkinetic disorder (HKD). HKD requires
the presence of both inattentive and hyperactive/impulsive symptoms across
two or more settings (e.g. school and home) and tends to capture more se-
vere cases.[17] In the ICD-11 (new version published in 2018), the name of
the disorder has changed to “Attention deficit hyperactivity disorder”, list-
ing in the “Neurodevelopmental disorders” category. The description of
ADHD in ICD-11 resembles DSM-V criteria and describes the same presen-
tations as DSM-V [19].

Rating scales are often used as screening tools and supplementary sup-
port for the clinical interview. Although not accurate enough to estimate
the onset age of ADHD, studies have reported that teacher-rated question-
naires are valuable in early identification and treatment decision making
among children.[20] Rating scales for adults such as Conners’ Adult ADHD
Diagnostic Interview [21] and the Adult Self-Report Scale[22] have also
been shown reliable in structured diagnostic interviews for both the patients
and informants.

16 LIN LI Somatic and occupational outcomes in adult ADHD



2.2 Prevalence

The prevalence of ADHD among children has been estimated to be
around 2-7% worldwide, with an average prevalence of 5%.[23] Variation
in the prevalence across studies could primarily be explained by methodo-
logical differences, including different diagnostic criteria (DSM vs. ICD),
information sources (patient vs. informants), and requirement of functional
impairments.[1, 24] In childhood, boys are significantly more likely to have
an ADHD diagnosis than girls, with a male-to-female sex ratio of 4:1 in
clinical samples and 2.4:1 in population-based samples.[25] These differ-
ences decrease with age.[26]

ADHD affects around 2.5% of adults in the world.[27-29] The preva-
lence for strictly applied operational definitions of ADHD declines with age.
Therefore, the prevalence of ADHD among adults substantially depends on
how ADHD persistence into adulthood is defined, following the childhood
onset of the disorder. [30] Evidence from a systematic review using a thor-
ough assessment of ADHD indicated that 60% of the ADHD group demon-
strated symptom persistence and 41% met both symptom and impairment
criteria in adulthood.[3] Despite the increased interest in ADHD in adults,
more research is needed to understand better its manifestations and associ-
ated impairment in adults.[31, 32]

2.3 Management and treatment of ADHD

The European clinical guidelines for management of ADHD propose a
multimodal approach, where psychological interventions, educational
change, medication and dietary measurements are integrated.[33]

2.3.1 Pharmacological treatment of ADHD

It is well established that both non-stimulant and central stimulant med-
ication effectively reduce the core symptoms of ADHD.[34] Stimulants are
the front-line medications for ADHD, which include methylphenidate, dex-
methylphenidate, mixed amphetamine salts, and lisdexamfetamine.[33]
Non-stimulant medications (e.g., atomoxetine) have also been used to treat
ADHD, although their efficacy seems to be slightly lower than that of stim-
ulants.[35] Choice of medication depends on clinical severity and presenta-
tion of symptoms, as well as comorbid somatic or psychiatric conditions.
Specific treatment intentions concerning different situations are also im-
portant, as medications with transient vs. relatively long-lasting effects are
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now available.[24, 36, 37] Findings from RCTs indicate that ADHD medi-
cations have beneficial short-term effects on the core symptoms of ADHD,
cohort studies on long-term effects suggest that ADHD medication may con-
tribute to improvements in multiple functional domains,[35, 38] including
educationally relevant outcomes[39] and occupational performance.[40, 41]

2.3.2 Non-pharmacological treatment

Non-pharmacological treatments include patient education and behav-
ioral interventions toward both parents and children and adolescents with
ADHD.[42] Efficacy of behavioral approaches is relatively good, but such
interventions may only act as a complement to ADHD medication treat-
ment.[43, 44] Apart from the multimodal standard of ADHD therapy with
pharmacological treatments and/or behavioral intervention,[45] diet inter-
vention (e.g. artificial food color elimination, a few-foods diet and poly-
unsaturated fatty acid supplementation) were proposed as another possible
therapy for ADHD management. However, based on evidence from system-
atic reviews, none of these dietary interventions are recommended as part
of ADHD treatment, due to a lack of well-designed and large-sample-size
RCT/cohort studies, the inconclusive findings across studies, and the un-
clear underlying mechanisms of the effects of diet intervention on ADHD
development.[45-47] Given the generally low adherence to medications af-
ter adolescence,[10, 48] a better understanding of how diets associated with
ADHD may shed new insight into treatment planning and management of
the disorder in adults.

2.4 Etiology of ADHD

ADHD is a complex disorder and its pathophysiology is not very clear.
Growing evidence indicates that genetic and environmental risk factors, and
their complicated interactions play important roles in the etiology of the
disorder.

2.4.1 Genetic factors in the etiology of ADHD

ADHD runs in families, with first-degree relatives having a five to tenfold
increased risk of developing the disorder compared to the general popula-
tion.[49-51] Twin studies show that clinical diagnosed ADHD has a herit-
ability (i.e. the proportion of variation in a trait that can be attributed to
genetic variation) of 70%-80% in childhood and adolescence,[52] suggest-
ing a substantial role of genetic factors in the development of ADHD. Sim-
ilar heritability estimates have been found across sex and the two ADHD
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symptom dimensions: inattention (IA) and hyperactivity/impulsivity
(HI).[53-57] Although heritability estimates of ADHD in adults tend to be
lower, this appears to be largely explained by rater effects. Self-ratings, com-
monly used in studies of adult samples, tend to lead to lower heritability
estimates. When estimated from multiple raters or clinical diagnoses, herit-
ability estimates for ADHD do not differ substantially with age.[58] A re-
cent twin study has reported a genetic correlation of 0.56 between ICD-
based ADHD diagnoses and traits of ADHD, suggesting that genetic factors
associated with clinically relevant ADHD are also associated with milder
variation in ADHD traits throughout the general population.[59]

Single nucleotide polymorphisms (SNPs)-based heritability for ADHD
symptom scores was estimated to be between 5 and 34%, in a large study
including several population-based samples.[60] The GWAS meta-analysis,
including over 20,000 individuals diagnosed with ADHD and over 35,000
controls, has identified the first 12 genome-wide significant risk loci associ-
ated with ADHD and calculated a SNP-based heritability for ADHD around
22%.[61] Findings from this study also indicated an important role for
common variants in the polygenic architecture of ADHD.

2.4.2 Environmental factors in the etiology of ADHD

Several environmental factors may increase the risk for ADHD, including
prenatal and perinatal conditions, toxins, dietary factors, and psychosocial
adversities.[62-64] Effects of each environmental factor are relatively small
and usually accumulate to increase the overall risk.[24, 65] However, the
causal nature of these factors is largely unknown. Randomized experiments
are preferred for testing causal environmental hypotheses. However, the as-
sumptions of randomized experiments cannot always be met and they are
not always feasible.[66] For such cases, several quasi-experimental designs
to test causal hypotheses by ruling out plausible alternative explanations
have been devised, including co-twin control, sibling- and cousin-compari-
son, and adoption studies.[67, 68] According to the findings from genet-
ically informative studies, several observed associations between prenatal
and perinatal factors (e.g. smoking during pregnancy[69, 70] and stress dur-
ing pregnancy[71]) and ADHD are better explained by unmeasured familial
confounding. On the contrary, low birth weight,[72, 73] advanced paternal
age at childbearing[74] and low family income[75] might be causal risk fac-
tors for ADHD.
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Maternal overweight and obesity prior to pregnancy are increasingly be-
ing recognized as potential modifiable risk factors for ADHD in off-
spring.[76] Systematic reviews have suggested that maternal pre-pregnancy
overweight/obesity may be associated with suboptimal neurodevelopment
in offspring, including an increased risk for ADHD.[76-78] To date, the
precise mechanisms underlying the association between maternal pre-preg-
nancy overweight/obesity and ADHD in offspring remain unclear. Some bi-
ological mechanisms have been proposed as mediators for a causal associa-
tion, including fetal programming hypotheses,[79] placental and intrauter-
ine environment alterations and inflammatory mechanisms [80]. Alterna-
tively, the associations might be explained by unmeasured confounders,
such as genetic and shared environmental influences. Indeed, recent register-
based within-family studies [81, 82] have suggested that the associations of
ADHD with high body mass index (BMI), including clinically diagnosed
obesity, could be attributed to genetic factors shared by the two conditions.
Additionally, a large genome-wide association study [61] of clinically diag-
nosed ADHD reported a modest genetic correlation (r,) between ADHD
and obesity-related phenotypes, including BMI (r, = 0.26), waist-to-hip ra-
tio (rg = 0.30), and childhood obesity (rz = 0.22). Unmeasured environmen-
tal confounders, such as lifestyle factors (e.g. dietary habits, physical activ-
ities), might also influence maternal overweight/obesity [83], as well as the
risk of ADHD in offspring.[84] Although two previous sibling-comparison
studies have examined the association between maternal pre-pregnancy
BMI and risk of ADHD in offspring, [85, 86] women who change pre-preg-
nancy weight between pregnancies may be systematically different from
women whose pre-pregnancy weight remain stable.[87-89] Therefore, com-
plementary designs, such as cousin comparisons, are needed to address these
limitations.

2.5 Consequences of adult ADHD

2.5.1 Lifestyle and dietary habits

As mentioned above, dietary intervention could be a potential non-phar-
macological treatment for ADHD, while abnormal dietary habits may also
be a consequence of ADHD. Meta-analytic evidence on ADHD and obesity
has suggested that the two core symptom domains of ADHD may contrib-
ute to the development of unhealthy or less-balanced dietary habits via in
related yet separated means.[90-92] The core symptoms of inattention, poor
planning and self-regulation deficits, may cause difficulties in adhering to a
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regular eating pattern, favoring abnormal eating behaviors.[90, 91] In con-
trast, deficient inhibitory control and delay aversion, which are expressions
of the hyperactivity/impulsivity component of ADHD may translate into
impulsive eating of highly palatable foods or having no patience for eating
vegetables, which are less rewarding than high-caloric foods.[90, 91, 93]
Further, dietary habits may also play a key role in pathways linking ADHD
to health-related outcomes such as metabolic syndromes (e.g., obesity). An
advanced understanding of the association between ADHD symptoms and
dietary habits could harbour new interventions and non-pharmacological
treatments for ADHD, and may also contribute to the important knowledge
gap of long-term consequences of ADHD in adults.

2.5.2 Cardiovascular diseases

In addition to the core clinical symptoms of ADHD, psychiatric and non-
psychiatric coexisting problems and clinical conditions have been described
in individuals with ADHD.[94] In particular, psychiatric comorbid condi-
tions are recognized in both children and adults, and have posed consider-
able clinical and public health challenges [94-96]. Compared with the ex-
tensive descriptions of psychiatric comorbidity, somatic comorbidity in
ADHD has received less attention in the research literature, particularly
among adults.[97] Evidence from a systematic review suggested that obesity,
sleep related problems and asthma were well documented somatic comor-
bidities in adults with ADHD.[97] However, the results were less robust or
controversial for other disorders such as cardiovascular diseases (CVDs),
enuresis, irritable bowel syndrome, restless legs, epilepsy, chronic fatigue
syndrome, fibromyalgia syndrome, systemic lupus erythematosus and
atopic dermatitis.[97] Further, important methodological limitations (e.g.
small sample size, cross-sectional study design, or self-report questionnaires
on ADHD diagnosis and health problems) exists across studies, and the role
of potential confounders between ADHD and diseases have not been fully
addressed.

Previous researches have established consistent associations of several
psychiatric disorders, such as schizophrenia,[98] bipolar disorder,[99] de-
pressive disorders[100] and obsessive-compulsive disorder[101] with meta-
bolic and cardiovascular diseases, which in turn are thought to contribute
to the increased mortality associated with these conditions.[102, 103] Un-
healthy lifestyles factors (e.g. smoking, absence of physical activities) and
prolonged use of psychiatric medications may contribute to the observed
risk of CVDs in these psychiatric disorders.[101, 104, 105] However, in
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ADHD, CVDs have been studied mainly as potential adverse effect of
ADHD pharmacologic treatment,[106] and only a few previous studies
have focused more specifically on the associations between ADHD per se
and CVDs. A Dutch study [107] found elevated levels of ADHD symptoms
were associated with increased risk of CVDs. Recently, a Swedish register-
based cohort study [13] showed that adults with ADHD are at increased
risk of a wide range of physical health conditions, including CVDs, com-
pared with adults without ADHD. However, there are still several
knowledge gaps limiting our understanding of how ADHD is associated
with CVDs. For example, no studies have explored the role of other psychi-
atric comorbidities and well-established risk factors for cardiovascular dis-
eases (e.g. smoking,[108] sleep disorder,[109] and metabolic conditions (e.g.
obesity [110], type 2 diabetes mellitus (T2DM),[111] and
dyslipidemia[112]).Furthermore, broad measures of CVDs, encompassing a
wide range of circulatory system diseases, has been used in previous stud-
ies.[13, 107] Thus, little is known about the risks of specific groups of CVDs
in ADHD. This is important to inform prevention and treatment strategies,
which may vary substantially depending on which specific CVDs are most
strongly associated with ADHD.

2.5.3 Functional impairments

Despite a decline of some ADHD symptoms over time, functional impair-
ments often remain.[40, 113] Previous studies have reported that adult
ADHD was associated with poor functional outcomes in multiple life do-
mains such as psychosocial function and role functioning in education and
work life,[41, 114-116] of which, work-related impairments (e.g. unem-
ployment, having trouble keeping work or financial problems) represent
high economic costs.[116] In adults with ADHD, the severity of ADHD
symptoms might play an important role in occupational functioning.[41,
115] Being in work seems to include the ability to perform skills and strat-
egies relevant to most functional domains. Executive function deficits such
as problems with self-management of time, self-motivation, and self-disci-
pline are found to contribute to occupational problems in adults. [117]
ADHD comorbid with other psychiatric disorders has also been associated
with lower occupational functioning in terms of higher risk of unemploy-
ment.[118]

Pharmacologic treatment is effective in reducing the core symptoms and
functional impairments of ADHD, [14] but it is unclear whether it helps

22 LIN LI Somatic and occupational outcomes in adult ADHD



improve occupational outcomes. The effects of ADHD medication on occu-
pational outcomes have only been explored in two observational studies [40,
116] with results suggesting a positive correlation between employment sta-
tus and treatment with stimulants, both past and present. However, these
cross-sectional/retrospective studies need replication with larger samples
and longitudinal methods.

2.6 Epidemiology studies based on real-world data

2.6.1 Large-scale real-world data (RWD)

Real-world data (RWD) refers to data obtained from daily clinical prac-
tice. Specifically, RWD could be defined as data collected in a non-RCT,
non-interventional/non-controlled or non-experimental setting.[119] RCTs
provide the ideal study design to demonstrate causality between two or
more traits and determine the efficacy and safety of a therapy under ideal
conditions. However, in addition to potential ethical issues in some research
topics, the highly selective populations examined within the setting of RCTs
are often not comparable with the more heterogeneous populations in clin-
ical practice, which limits the transfer of their results.[119] A recent study
suggested that RCTs may represent only about 20% of individuals with
schizophrenia spectrum disorders in real-world. Therefore, more studies,
such as observational cohorts and RCTs with broader inclusion criteria, are
need to explore effect among underrepresented patients. [120]

Digital technology has been rapidly accelerating the access to vast
amounts of health-related data on real-world conditions from recent years.
In epidemiology, the most common sources of large-scale RWD include rou-
tinely collected health records (the electronic health record, EHR) and ques-
tionnaire data.

Compared with traditional approaches to gathering information from
questionnaires (e.g. face-to-face/telephone interview, paper/pencil question-
naires), web-based questionnaires are more important tool for big data col-
lection when considering cost- and time-effectiveness.[121] While question-
naire survey has the advantage of addressing a specific research question
straightforwardly, the quality of data collection heavily depends on the re-
spondents (e.g. background knowledge of the studied topic, cognitive abil-
ity, and recall bias). Another main disadvantage of web-based questionnaire
survey is high nonresponse rate, which may introduce selection bias in epi-
demiology studies, especially in long-term follow-up studies.[121] There-
fore, the use of EHR data may be an attractive alternative for large-scale
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big data collections. By documenting the real care that patients receive in
the clinic and include a variety of cases (usually comorbid with other dis-
eases), EHR data typically comes with lower cost, larger sample size, longer
follow-up periods, greater representativeness and higher external validity
than those with other approaches. EHR opens new possibilities for provid-
ing clinical evidence regarding the effectiveness and safety of new treatments
during routine care.[122] However, EHR-based research relies on second-
ary data as the original purpose of EHR is to record and manage infor-
mation from clinical care. Additionally, lifestyle factors (e.g. diets, physical
activities, and screening time), important covariates for many studied dis-
eases, are typically not available in EHR. Therefore, the use of EHRs for
epidemiology requires throughout consideration on each specific research
question regarding target population, exposure/outcome definition, and pri-
vacy concerns.[123]

2.6.2 Causal inference in Epidemiology studies

Causal inference from large-scale RWD is a complicated concept in epi-
demiology, which relies on triangulating evidence from multiple sources and
on the application of a variety of methodological approaches.[124] That is,
no single study with a specific method can provide a straightforward answer
to a causal question, but a thoughtful combination of different approaches,
where each approach has its own strengths and limitations, can provide
much stronger evidence for causal inference. [1235]

Traditionally, one of the most widely used approach for causal inference
is using statistical methods to adjust for confounding.[124] However, such
methods rely on the assumption that all relevant or potential confounders
have been correctly identified and measured, which only hold true in ideal
conditions but not in the real world when we are studying complex health
and social outcomes. For example, genetic influences on human traits and
diseases are often unknown or unmeasured in many traditional epidemiol-
ogy studies.

A different approach to causal inference is to use design-based ap-
proaches, to ensure covariate balance before doing any analyses, or compare
results across methods with different sources and directions of potential
bias. [124]

Traditional epidemiological studies generally involve unrelated individu-
als, often using population based sampling, while genetically informative
studies focus on individuals varying in their degree of genetic relatedness in
setting of families and relatives, seeking to dissect the relative contributions
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of genetic and environmental factors in the development of diseases.[126]
One important application of genetically informative designs in epidemiol-
ogy is to assess and adjust for genetic confounding and other unmeasured
familial confounding in an exposure-outcome association. For example,
comparisons of full siblings raised in the same family could help to rule out
confounding effect by all shared environmental and genetic factors (full sib-
lings shared 50% of their genetic makeup).[68] When multiple types of sib-
ling comparisons are included in one study (e.g., identical and fraternal
twins, full sand half sibling), researchers can explore whether the observed
associations is causal, or the degree to which an association could be ex-
plained by unmeasured familial confounding.
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3. AIMS

3.1 Overarching aims

The overarching aims of the four studies are to extend previous
knowledge on the early risk factors for ADHD, and to better understand
and increase the awareness of somatic and occupational outcomes of
ADHD in adults.

3.2 Specific aims

Study I To clarify associations between maternal pre-pregnancy over-
weight/obesity and risk of ADHD in offspring, and explore the potential
influence of shared familial confounding.

Study II To identify associations between ADHD symptom dimensions
and different dietary habits in adults, and then investigate the relative con-
tribution of genetic and environmental factors to the associations.

Study IIT To investigate the risk of a broad range of cardiovascular dis-
eases in adults with ADHD, and explore the potential influence of psychi-
atric comorbidities and traditional risk factors for cardiovascular diseases.

Study IV To explore the association between ADHD medication use and
long-term unemployment in individuals with ADHD.
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4. MATERIALS AND METHODS

4.1 Data Sources and main measurements

Study I, IIT and IV of this thesis were register-based cohort studies based
on data derived from a linkage of several Swedish nationwide registers.
Study II used questionnaire data from Study of Twin Adults: Genes and
Environment (STAGE).

4.1.1 Swedish health care and population registers

Every resident in Sweden has been assigned a ten-digit unique personal
identity number (PIN) since 1947. PIN enables record linkage with all ad-
ministrative and health registers in Sweden.[127] The data for this thesis
was extracted mainly from the following registries:

Total population register (TPR) includes information on demographics
(date of birth, sex, country of birth, migration, date of death) on all indi-
viduals residing in Sweden who were born after 1932 and were alive in 1968
or later.[128]

Multi-generation register (MGR) provides information on biological
(and, when applicable, adoptive) parents of all individuals born after 1932,
alive and living in Sweden after 1961, with the exception of those whose
parents died or migrated out of the country before 1947.[129] For individ-
uals born since 1950, information on mothers is complete while the cover-
age of information on fathers is slightly lower.

The Prescribed Drug Register (PDR) includes data on all prescribed drugs
dispensed at pharmacies in Sweden since June 1, 2005. It contains infor-
mation regarding drug identity, according to the Anatomical Therapeutic
Chemical classification system (ATC), quantity and dosage of the prescribed
drug, date of prescription/dispensing, and specific patient information (sex,
age and residential area).[130]

The Swedish National Patient Register (NPR) has national coverage of
psychiatric inpatient care since 1987, and information on psychiatric out-
patient care since 2001. Every record has a discharge date, a primary dis-
charge diagnosis and up to eight secondary diagnoses assigned by the treat-
ing medical doctor according to the International Classification of Diseases
(ICD).[131] ICD codes of ADHD includes code 314 (ICD-9) and F90 (ICD-
10). Information from the NPR was used to identify ADHD cases, other
psychiatric and somatic disease diagnosis as outcomes in different studies.
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Longitudinal integration database for health insurance and labor market
studies register (LISA) contains information on highest level of education,
unemployment, social benefits, and family income for all Swedish residents
aged 16 years or older since 1990. The database integrates existing data
from the labor market, educational and social sectors and is updated each
year with a new annual register.[132] The register was used to retrieve
information on work absences and occupational outcomes. For instance,
disposable income, social allowance, unemployment, and need for social
welfare benefits (i.e., rehabilitation, or unemployment benefits).

The national crime register (NCR) contains records of all criminal con-
victions in Swedish district courts since 1973. Age 15 is the minimum age
of criminal responsibility in Sweden, so NCR only included individuals at
aged 15 years or older.[133]

The cause of death register (CDR) provides information on all deaths
among individuals registered in Sweden from 1952. The specific causes of
death were coded based the ICD coding system.[134]

4.1.2 Main measures in the registers

4.1.2.1 ADHD and ADHD medication

Individuals with ADHD were identified according to ADHD diagnosis
(ICD-9 or ICD-10: 314/F90) from NPR at the age of 3 years or older, and
ADHD  medication  prescription  (ATC  codes:  NO6BAO1/
NO6BA02/N06BA12/N06BA09) from PDR, or both. This approach to
identify individuals with ADHD has been validated and is widely used in
Swedish register-based studies, as ADHD medication can only be prescribed
for ADHD treatment by physicians specialized in psychiatry or neurol-
ogy.[13, 135] Therefore, prescription of ADHD medication is a valid indi-
cator of ADHD diagnoses in Sweden. However, ADHD medication was an
important mediator for studied association (ADHD and CVDs) in study III,
we only used diagnoses of ADHD from NPR for case identification in a
sensitivity analysis to reflect clinically diagnosed cases.

In study III, ADHD was treated as a time-varying variable. That is, indi-
viduals were assigned to the unexposed group before the diagnosis of
ADHD, and were assigned to the exposed group from the first diagnosis or
medication prescription of ADHD to the end of follow-up.

In study IV, the main exposure is pharmacological treatment of ADHD
during the previous two years. We used a validated natural language pro-
cessing algorithm to estimate the duration of ADHD medication from “free-
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text” prescription in the PDR.[136] We assessed the exposure in two as-
pects: 1) Treated status: whether or not treated with ADHD medications
during the previous two years. 2) Duration of treatment: using six months
as the time interval, we further divided the treated ADHD group into four
levels: treated for <6 months, 6-<12 months, 12-<18 months and 18-24
months.

4.1.2.2 Maternal pre-pregnancy overweight/obesity

The MBR includes information on self-reported height and measured
weight at the first prenatal visit for pregnant women, which was used to
calculate body mass index (BMI) in Study I. According to the World Health
Organization guidelines, overweight is defined as a BMI greater than or
equal to 25, and obesity is a BMI greater than or equal to 30.[137] Obesity
is further classified into three levels: obesity class I (30.0<BMI<35.0), obe-
sity class IT (35.0<<BMI<40.0) or obesity class III (BMI=40.0).

4.1.2.3 Cardiovascular diseases

Consistent with previous studies,[138, 139] incident CVD events (includ-
ing any CVDs and specific diseases subtypes included: ischemic heart dis-
ease, cerebrovascular disease, venous thromboembolism, hypertensive dis-
eases, heart failure, arrhythmias, cardiac arrest and peripheral vascular dis-
ease/arteriosclerosis) were defined as the first diagnosis of CVD from NPR
or death with CVD as the underlying cause from the CDR. A complete list
of all specific CVDs, and corresponding ICD-8, ICD-9, and ICD-10 codes,
used in study III is presented in Table 4.1.2.3.

Table 4.1.2.3 ICD codes for cardiovascular diseases from the Swedish Na-
tional Patient Register

ICD-8 ICD-9 ICD-10
390-438, 440
. . ! ! 390-438 100-170, 173.0
Any cardiovascular disease 444, 445, 450- ' ' !
453, 458 440,444,445 |74-175
Ischemic heart disease
Acute coronary syndrome (ACS) 410-412 410-412 :3(1):)24 125.2,
120.1-120.9,
Chronic coronary syndrome (without ACS) 413-414 413-414 125.1, 125.5-
125.9
Cerebrovascular disease
Subarachnoidal bleeding 430 430 160
Hemorrhagic stroke 431 431, 432 161-162
Ischemic stroke 432-434 433, 434 163-164

LIN LI Somatic and occupational outcomes in adult ADHD 29



Other cerebrovascular disease 436-438 436-438 165-169
Venous thrombo-embolism (VTE)
Deep vein thrombosis (DVT) 451 451 180
Pulmonary emboli (PE) 450 415 126
Hypertensive diseases
Essential hypertension 400 401 110
Other hypertensive disease 401-404 402-405 111- 116, 1674
Heart failure
Heart failure 428 428 150
Ischemic cardiomyopathy - - 125.5
Other cardiomyopathy - - 142.0-142.9
Arrhythmias
Bradyarrhythmias: ) 427W,426A, 149.5, 144.1-
4268 144.2
147.0-
Takyarrhythmias: - 427A/B/D/IE 147.2,148,
149.0, 149.8
Cardiac arrest - 427F 146
Peripheral vascular disease/Arteriosclerosis 440-444 440-444 170-174

4.1.2.4 Long-term unemployment

Information on yearly accumulated days registered as unemployed was
obtained from administrative records reported by the Public Employment
Service (registered in the LISA database). The variable equals to zero for
those who have never been registered as unemployed in each year. Con-
sistent with previous studies, [140-142] unemployment groups were classi-
fied into those with 1-89 days per year (short-term unemployment) and
those with 90 or more days per year (long-term unemployment) of accumu-
lated registered unemployment. The division by 90 days was chosen based
on the theoretical assumption of duration dependence, that is, the probabil-
ity of leaving unemployment for work declines with the duration of unem-
ployment,[140] and also as an indicator for identify short breaks in employ-
ment related to job change. In study IV, we use long-term unemployment as
the primary outcome of interest, as it is a better proxy of reduced work
ability that may be caused by ADHD.

4.1.2.5 Covariates
In study I, IIT and IV, sociodemographic information on year of birth,
birth country, sex, and education levels were obtained from MBR and LISA.
In study I, we further extracted information on maternal age at delivery
(<19, 20-24, 25-29, 30-34 or =35 years), smoking during pregnancy (0,
1-9 or =10 cigarettes per day), and cohabitation with child’s father at
childbirth (yes or no) from MBR. In study III, type 2 diabetes mellitus
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(T2DM), obesity, hyperlipidemia, sleep disorders, heavy smoking (including
tobacco abuse and nicotine dependence) were obtained from NPR. In study
IV, crime records (length of incarceration) were obtained from The National
Crime Register. In study III and IV, we also identified common psychiatric
comorbidities of ADHD from NPR. A complete list of all the ICD-9 and
ICD-10 codes used for abovementioned covariates can be found in Table
4.1.2.5.

Table 4.1.2.5 ICD-codes for covariates used in study III and IV from the
Swedish National Patient Register

Covariates ICD-8 ICD-9 ICD-10
Obesity 277 278.A, 278.B E65,E66
Type 2 diabetes mellitus 250 250 Ell
Hyperlipidemia 279 272 E78
Sleep problems 347, 780.60 347,780F 2317’(;47'0_ G47.4,GA47.8,
Smoking . 305B F17,T65.2, 271.6, Z72.0
Anxiety Disorder 300.0 300.00,300.02 F40-F41
Autism spectrum disor- - 299
ders F84
296.1, 296.3, 296A/ C/D/E/W
Bipolar Disorder 296.8 F30-F31
Conduct disorder - 312 Fol
296.2, 296B,300E
Depressive disorder 298.0,300.4 F32-33
Eating disorders 306.5x 307.5 F50
Intellectual disability 310-315 317-319 F7x
Personality disability 301 301 F60, F69
295 except 295A-E/G/W/X
Schizophrenia 295.7 F2x
291,303,304 291,292,304,305A,

Substance use disorder

305X F10-16,F18-F19

4.1.3 The Swedish Twin Registry

The Swedish Twin Registry (STR) contains more than 170,000 twins
born in Sweden from 1886 and onwards. In addition to the PIN that every-
one has in the Swedish administrative registers, twins in the STR have a
unique twin identification number enabling record linkage with all sub-co-
horts of the register.[143] Data have been collected through multiple waves
of questionnaires. Specifically, in May 20035, a total of 42,582 Swedish
twins born between 1959 and 1985 who have survived their first birthday,
were identified from the population based Swedish Twin Register. Of the
target population, 25,364 (59.6%) individuals participated in the Study of
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Twin Adults: Genes and Environment (STAGE).[144] Participants were
given access to the web-based survey, containing a questionnaire with 1,300
questions, in 34 sections, regarding lifestyle, mental and physical health. We
identified information on ADHD symptoms and dietary habits from
STAGE.

4.1.4 Main measures in STAGE

4.1.4.1 ADHD symptoms

Self-reported ADHD symptoms were obtained via a checklist of 18 DSM-
IV symptoms, consisting of nine items for inattention and nine items for
hyperactivity/impulsive.[145] Each item had a three-point answer format
(0=“No”, 1=“Yes, to some extent”, 2=“Yes”), the items were then summed
up to create a two dimensional scale of inattention and hyperactivity/impul-
sivity.

4.1.4.2 Dietary habits

Dietary habits were assessed by a semi-quantitative food frequency ques-
tionnaire (FFQ), which consisted of 94 food items usually consumed by
Swedish adults. For each food item, the participants were requested to indi-
cate their average consumption frequency over the past year in terms of the
specified serving size by checking one of the following frequency categories:
never, 1-3 times/month, 1-2 times/week, 3-4 times/week, 5-6 times/week, 1
time/day, 2 times/day, 3 times/day. The selected frequency category for each
food item was converted to a value in a number of servings per day. As is
shown in Table 4.1.4.2, dietary habits were expressed in three ways (a) con-
sumption of food groups (fruits, vegetables, dairy, meat, and seafood), (b)
consumption of food items rich in a particular macronutrient (high-fat food,
high-carbohydrate food, high-sugar food, and high-protein food), and (c)
healthy dietary patterns (fruits, vegetables, fish, and white meat) and un-
healthy dietary patterns (food with high proportions of refined sugar and
saturated fat). Such definition is in line with previous studies on the associ-
ations between ADHD and dietary habits.[146] The scores of each dietary
habit were calculated as the total frequency of each food group.
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Table 4.1.4.2 The definitions of dietary habits. The intake frequency for
each food item was converted into number of servings per day and summa-
rized for each food group, respectively.

Dietary habits Food items

1. Food Groups

Fruits Orange, apple, banana, berries, other fruit

Vegetables Salad, cabbage, cauliflower, broccoli, tomato, pepper, spin-
ach, green peas, onion, garlic, mixed vegetables, carrot

Dairy Cheese, low-fat cheese, cottage cheese, low-fat milk, milk
1.5% fat, regular milk, low-fat yoghurt, yoghurt

Meat Minced meat/meatball, pork, beef, chicken, sausage, liver,
liver paté s, ham, lamb, other meat

Seafood Herring/mackerel, salmon, fish fingers, tuna, other fish,

caviar, prawns

2.Food items rich in macronutrients

High in fat Pizza, fried potato, French fries, chips, nuts, dressing, may-
onnaise, cream, cheese
High in carbohydrates bread (white bread, loaf of bread, wholemeal bread, crisp

bread), oats porridge, porridge, cereal (sweet cereal, cereal,
muesli), pasta, rice, wheat, boiled potato, pancakes, vege-
tables and fruits

High in sugar Cookies, crackers, cake, chocolate, candy, ice cream, jam,
berry cream, juice, energy drink, honey, ketchup
High in protein Minced meat/meatball, pork, beef, chicken, sausage, liver,

liver paté, ham, lamb, other meat, beans/lentils, tofu/soy,
quorn, cheese, low-fat cheese, cottage cheese, low-fat milk,
milk 1.5% fat, regular milk, low-fat yoghurt, yoghurt, Her-
ring/mackerel, salmon, fish fingers, tuna, other fish, caviar,
prawns, egg, high calorie drink/ protein drink

3. Dietary patterns

Unhealthy dietary pattern Pizza, sausage, fried potato, French fries, minced
meat/meatball, pork, beef, Cookies, crackers, cake, choco-
late, candy, ice cream, jam, berry cream, juice, energy
drink, Hamburg, chips, dressing, mayonnaise, cream,
ketchup

Healthy dietary pattern Herring/mackerel, salmon, fish fingers, tuna, other fish,
prawns, orange, apple, banana, berries, other fruit, salad,
cabbage, cauliflower, broccoli, tomato, pepper, spinach,
green peas, onion, garlic, mixed vegetables, carrot,
beans/lentils, nuts, boiled potato, chicken, flax, sweet ce-
real, cereal, muesli

4.2 Overview of study methods and materials

Table 4.2 describes an overview of study design, data sources, study pop-
ulation, exposures, outcomes, covariates and statistical methods used in the
four individual studies included in the thesis.
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4.3 Study designs

4.3.1 Systematic review and meta-analysis

The growing number of publications makes it difficult for a clinician or
a researcher to keep their knowledge up to date. Thus, systematic reviews
and meta-analyses are being conducted to help better extract high quality
evidence from the flood of data being produced.[147] For a given topic,
systematic reviews systematically summarize the results from all available
studies, evaluate the quality and assess the potential bias of included studies.
When possible, a statistical meta-analysis of the individual results is con-
ducted to obtain the pooled estimates for a specific research question. In
epidemiology, systematic reviews and meta-analyses have been used as es-
sential tools for summarizing evidence accurately and reliably. To ensure
that a systematic review is well-conducted, valuable to users, the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) state-
ment is developed and widely used by researchers. PRISMA 2020 statement
[148] is recently introduced to replaces the PRISMA 2009 statement,[149] with
new reporting guidance that reflects advances in methods and many innova-
tions in the conduct of systematic reviews (e.g. natural language processing and
machine learning). In study I, we conducted a systematic review and meta-anal-
ysis to summarize the available evidence on the association between maternal
pre-pregnancy overweight/obesity and risk of ADHD in offspring.

4.3.2 Register-based cohort study

Cohort designs are one of the most important study designs for observa-
tional studies that aid in evaluating exposure-outcome associations.[150] In
a cohort study, the study population is first classified into two or more
groups by their exposure status or censoring, and then followed over time
until the outcome of interest occurs. Given exposure is identified before the
occurrence of outcome, cohort studies have a temporal framework to assess
causality from exposure and outcome, and provide the strong scientific ev-
idence.[150]

Data from medical records and registers are widely used in epidemiolog-
ical studies, especially in Nordic countries, where nationwide health care
registries have been established for research since the mid-1990s.[151]
Comparing with traditional cohort studies, register-based cohort studies are
based on larger samples, or even the entire population, with longer or com-
plete follow-up and have the possibility to examine associations between
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rare exposures and outcomes with advanced statistical methods and suffi-
cient power.[151] Register-based cohort studies were used in study I, Il and
IV to explore risk factors and long-term consequences of ADHD.

4.3.3 Twin studies

Twin studies are a special type of epidemiological study that rely on the
different levels of genetic relatedness between monozygotic twins (MZ),
who share all of their segregating genes, and dizygotic twins (DZ), who
share on average half of the polymorphic genetic variation; MZ and DZ
twins are assumed to share 100% of their common environmental fac-
tors.[152] Based on this information and assumption, it is possible to test if
genetic factors contribute to variation in a given trait. That is, a greater
intra-class correlation (ICC)- the correlation of a trait between the members
of a twin pair, was expected in MZ twins than in DZ twins, if there are
genetic influences on this trait (univariate analysis). Similarly, higher cross-
twin cross-trait correlations (CTCT), the correlations between trait 1 of
twin 1 and trait 2 of twin 2, in MZ twins than in DZ twins indicate genetic
influences on the covariation across traits. In Study II, information on die-
tary habits and ADHD trait dimensions reported by MZ and DZ twins was
used to explore the relative contribution of genetic and environmental fac-
tors to the observed variations and covariations.

Figure 4.3.3 A schematic representation of the relationships intra-class
(ICC) and cross-twin cross-trait correlations (CTCT). Twin 1 and twin 2
are members of a monozygotic or dizygotic twin pair.
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4.4 Statistical methods

4.4.1 Meta-analysis

Meta-analysis is a statistical analysis used to systematically assess the re-
sults of multiple scientific studies to derive conclusions on a specific research
question.[153] Fixed-effect and random-effect models are the most com-
monly used statistical models for aggregate data. However, fixed-effect
models rely on assumptions that there is no heterogeneity across all individ-
ual studies (e.g. same population and same definitions for key variables),
which is typically unrealistic in real-world scenarios, especially for observa-
tional studies. In contrast, random-effect models assume that the observed
estimates can vary across studies because of real differences in study condi-
tions across studies.[154] Outcomes from a meta-analysis may include a
forest plot presenting pooled estimates of the effect of treatment or risk fac-
tor for disease, or other outcomes from included studies, and the results
from the examination of heterogeneity and publication bias.

In study I, we aim to clarify the associations between maternal pre-preg-
nancy overweight/obesity and risk of ADHD in offspring based on available
evidence. We used random-effects models to calculate the pooled estimates
and presented the results in forest plots. Heterogeneity among studies was
assessed by the Cochran Q test and I? statistic (level of significant P<0.10 or
I*>70%). The presence of publication bias was assessed by the Begg’s test
and Egger’s test.

4.4.2 Cox proportional hazard regression

Cox proportional hazard regression is a widely used statistical method in
medical research for time-to-event outcomes on one or more predictors. It
is a semi-parametric model without any assumption on the baseline hazards,
but assuming that the hazards in exposed and unexposed group are propor-
tional across time.[155] In this thesis, the proportionality of hazards across
time has been assessed by using a Schoenfeld residuals-based test. Cox pro-
portional hazard regression model was used in study III, to estimate hazard
ratios (HRs) with 95% confidence intervals (CI) expressing the risk of
CVDs in individuals with ADHD, compared with those without ADHD,
taking attained age as the underlying time scale.

Stratified Cox regression can be used to compare the hazards across sib-
lings, cousins or twins in the same family to one another and thus to control
for all unmeasured shared family-level variables. In Study I, stratified Cox
regression was used in cousin and sibling comparisons, to examine the role
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of shared familial confounding on the associations between maternal pre-
pregnancy overweight and obesity and ADHD in offspring with each set of
maternal full cousins and full siblings as a separate strata.

4.4.3 Structural equation modelling (SEM)

Structural equation modelling (SEM) is a multivariate statistical method
that simultaneously unites factor analysis and multiple regression analysis,
enables researchers to examine causal relationships among observed varia-
bles and latent constructs.[156] SEM includes two basic types of models: 1)
The measurement model specifies how a set of observed variables measure
the latent constructs. 2) The structural model shows how latent constructs
are causally related to each other. It is now widely used in quantitative ge-
netics research, for example twin model-fitting analysis.

In twin analysis, the total phenotypic variance (P) of a trait was decom-
posed into additive genetic factors (A), dominant genetic factors (D), shared
environmental factors (C) and non-shared or unique environmental factors
(E), including measurement error.[156]

P=A+D+C+E

It is important to be aware of the assumptions that are made in the classical
twin study, including
a) MZ and DZ twin pairs share their environments to the same extent
(i.e. the equal environments assumption);
b) Gene—environment correlations and interactions are minimal for

the trait;

c) Twins are no different from the general population in terms of the
trait;

d) Matings in the population occur at random (no assortative mat-
ing).[156]

In twin data, MZ and DZ twins have different degrees of correlation for the
genetic components (A and D), but the same degrees of correlation for the
environmental components (C and E). Figure 4.5.3 shows a path diagram
for basic univariate twin model.

In study II, SEM was used to conduct univariate and bivariate analysis
on associations between dietary habits and ADHD symptoms. In the uni-
variate and bivariate analyses, we first fitted a fully saturated model and
several sub-models to test assumptions. Akaike Information Criterion (AIC)
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was additionally used to assess the fit of each solution. The estimates from
best-fitted models were reported to show the relative contributions of ge-
netic and environmental factors to the potential associations between die-
tary habits and ADHD symptoms.

Figure 4.5.3 Path diagram for the basic univariate twin model. The additive
(A) genetic factors are correlated 1 between MZ twins and 0.5 between DZ
twins, respectively. Shared family environment (C) is correlated 1 for both
MZ and DZ twins. Unique environment (E) is uncorrelated between mem-
bers of MZ and DZ pairs. a, ¢ and e are the path coefficients for the A, C
and E effects, respectively.

4.4.4 Generalized estimating equations (GEE)

The generalized estimating equation (GEE) is a general statistical ap-
proach facilitates analysis on longitudinal or nested data, and repeated
measures designs. Comparing with traditional regression models (e.g. Lo-
gistic regression), GEE can take into account the correlation of within-clus-
ter data (longitudinal studies). GEE is a flexible method without any as-
sumptions about the joint distribution of the response vector beyond the
marginal means, therefore, it can be used for outcome variables with many
different distributions, including normal, binomial, and Poisson.[157]

In Study IV, the dependent variable (long-term unemployment) was
measured repeatedly from 2008 to 2013. To take into account the interde-
pendence between repeated within-subject measurements, we performed
GEE analysis with a log link to calculate the relative risks (RRs) and 95%
confident intervals (Cls), and adjusted for age, sex, country of birth, highest
education level and psychiatric disorders.
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9. RESULTS

5.1 Maternal pre-pregnancy overweight/obesity and the risk of
ADHD in offspring (Study I)

In study I, we first conducted a systematic review and meta-analysis on
the associations of maternal pre-pregnancy overweight/obesity with ADHD
in offspring. We then tested the results of the meta-analysis and further ex-
plored the role of measured and unmeasured familial confounding in a na-
tionwide population-based cohort study.

5.1.1 Systematic review and meta-analysis
As shown in Figure 5.1.1.1, we included eight studies with 784,804 indi-
viduals in the meta-analysis, all of them were cohort studies.

[ Identification of studies via databases and registers ]
c
-.§ Records identified from: ‘:i;zc;ﬁigrgmoved before
PubMed(n=742),Embase(102 » e
£ 8) and PscylNFO (n=242) > gufgdc?’t? records removed
_E Other sources (n=5)
!
r—
Records screened Records excluded:
>
(n=1370) (n=1329)
o
=
: }
o
Lz Reports assessed for eligibility —| Reports excluded:
(n=41) Records were excluded as:
-Review (n=3)
-Conference abstracts (n=7);
— -Maternal risk factors did not
include pre-pregnancy BMI
(n=10);
-Behavior problems did not
specify to ADHD (n=4);
-High-risk mothers/preterm
¥ Studies included in review birth children as study
3 (n=14) population (n=3)
S Reports of included studies
[
— (n=8)

Figure 5.1.1.1 PRISMA flow diagram of selecting studies for systematic re-
view and meta-analysis.
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The primary analysis with crude estimates (Figure 5.1.1.2) indicated a
significant association of maternal pre-pregnancy overweight (RR=1.31,
95%CI=1.25-1.38) and obesity (RR=1.92, 95%CI=1.84-2.00) with in-
creased risk of ADHD in offspring. When adjusted estimates from individ-
ual studies were included in the meta-analysis, the pooled estimates were
slightly attenuated but remained significant (HR for maternal pre-preg-
nancy overweight=1.28, 95% CI=1.17-1.40; HR for maternal pre-preg-
nancy obesity=1.64, 95% CI=1.57-1.73).

First %
Author Year RR {85% Cl} Weight
overweight

Rodriguez A 2008

Rodriguez A 2010

Hinkle SN 2013 b
Chen Q 2014

JoH 2015 -
Casas M 2017
Musser ED 2017 b
Andersen CH 2017

Subtotal (I-squared = 6.8%, p = 0.378)

1.24 (0.99,1.55)  4.34
192(121,305) 105
0.80(0.48,1.31)  0.89
131(1.27,1.36) 7175
1.83(0.81,4.12) 034
101(0.18,553)  0.08
1.33(0.80,1.95) 1.50
134 (1.22,1.48) 2005
1.31(1.25,1.38)  100.00

—
—_—
-
 —
|
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Rodriguez A 2008 —_— 1.98 {1.26, 3.10) 0.89
Rodriguez A 2010 —_— 2.05 (1.06, 3.95) 0.42
|
*
e
-
-

Hinkle SN 2013 1.64 {0.96, 2.81} 063
Chen Q 2014 1.95 (1.86, 2.04) 84.61
JoH 2015 2.36 {1.11, 5.03) 0.32

Casas M 2017
Andersen CH 2017
Musser ED 2017
Subtotal (I-squared = 0.0%, p = 0.764)

1.55(0.17,13.74) 0.04
1.72{1.52, 1.95) 11.63
1.93 (1.36, 2.74) 1.47
1.92 (1.84, 2.00} 100.00

NOTE: Weights are from random effects analysis

T T T
5 1 2 3

Figure 5.1.1.2 The pooled estimates of the associations between maternal
pre-pregnancy overweight and obesity with increased risk of ADHD in off-

spring.

5.1.2 Nationwide population-based cohort study

We included 971,501 individuals in the nationwide population-based co-
hort, of whom 43,916 (4.52%) had a diagnosis of ADHD. At the popula-
tion level, we found maternal pre-pregnancy overweight (HR=1.21,
95%CI=1.19-1.25) and obesity (HR=1.60, 95%CI=1.55-1.65) was associ-
ated with increased risk of ADHD in offspring, after adjusted for sex, birth
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order, year of birth, mother’s country of birth, highest maternal education,
maternal age at delivery, smoking during pregnancy and cohabitation with
child’s father at childbirth.

In full-sibling and full-cousin comparisons, we further identified 463,474
full biological siblings nested within 216,084 families and 155,841 first-
born maternal full cousins nested within 74,057 extended families from the
entire study population. The observed associations at the population level
gradually attenuated towards null, when adjusted for unmeasured factors
shared by cousins and siblings (Figure 5.1.2), indicting the important role
of unmeasured familial confounding in the association between maternal
pre-pregnancy overweight/obesity and ADHD in offspring.

Group HR (96%CI)
Qverweight
Crude HR L 1.30(1.28.1.34)
Adjusted for measuraed confounders L ] 1.21(1.19.1.25)
Adjusted for measured confounders+unmeasured factors shared by full cousins » 1.10(0.98,1.23)
Adjusted for measured confounders+unmeasured factors shared by full siblings L J 1.01(0.92,1.11)
Obesity
Crude HR L J 1.82(1.87,1.88)
Adjusted for measured confounders L ] 1.80(1.55,1.65)
Adjusted for measured confounders+unmeasured factors shared by full cousins —— 1.44(1.22,1.70)

Adjusted for measured confounders+unmeasured factors shared by full siblings t 1.10{0.94.1.27)

05 1 15 2 25

Figure 5.1.2 The estimates of the associations between maternal pre-preg-
nancy overweight and obesity with increased risk of ADHD in offspring
from Swedish population based cohort.

5.2 ADHD symptoms and dietary habits in adults (Study II)

From STAGE, a total of 17,999 individuals with information on either
ADHD symptoms and/or FFQ were included in the analyses. At the pheno-
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typic level, we found more inattention and hyperactivity/impulsivity symp-
toms were associated with higher consumption of high-sugar food and un-
healthy diets but lower consumption of vegetables, fruits and healthy diets.
Generally, all associations were weak but the strongest correlation was
found between inattention and high-sugar food intake (0.13, 95%CI=0.11-
0.15), see Figure 5.2.

Inattention Hyperactivity/lmpulsivity
Dietary habits Correlations Correlation
Fruits -0.07 (-0.09.005 @ | -0.03(-0.05-0.01) L ]
Vagetables -0.08 (-0.08.-0.04) L ] -0.02 {-0.04.0.01) o
Dairy 0.02 (0.00.0.04) - 0.02 (0.01.0.05) L 2
Meat 0.01 {-0.01.0.03) - 0.01 (-0.01.0.03) »
Seafoed 0.03 (0.01 0.05) - 0.04 (0.01.0.08) -»
High in fat 0.06 (0.03.0.08) - 0.03 (0.01.0.08) -
High in carbohydrates -0.00{-0.03,0.02) * -0.00¢{-0.02,0.02) L
High in sugar 0.13 (0.11 .0.15) » 0.08 (0.08 .0.11) &
High in protein 0.03 {0.01 .0.05) - 0.04 (0.02 0.08) -
Unhealthy dietary pattern 0.1 (0.08 .0.13) - 0.08 (0.06 0.10) -
Healthy dietary pattern -0.06 (-0.08.-0.04) L ] ! -0.02{-0.04.0.00) &
1 1 —r T 1 1
02 -01 0 0.1 0.z -0.2 0.1 0 0.1 0z

Figure 5.2 The associations between ADHD symptoms and dietary habits
in adults.

In twin analyses, higher ICCs and CTCTSs were found in MZ twins than
in DZ twins, indicting the presence of genetic effects on the associations of
ADHD symptoms with high-sugar and unhealthy dietary habits. AE models
provided the best fits to the data and the results from bivariate model-fitting
analyses are displayed in Table 5.2. Genetic correlations between ADHD
symptoms and dietary habits were also weak and the strongest correlation
was consistently found between inattention and high-sugar food intake
(0.16, 95%CI=0.07-0.25). Genetic factors explained 44% (95% CI=18-
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70%), 40% (95% CI=10-69%), and 37% (95% ClI=1-71%) of the associ-
ations between inattention and high-sugar food, inattention and unhealthy
dietary pattern, and hyperactivity/impulsivity and high-sugar food, respec-
tively. Non-shared environmental factors contributed substantially to
abovementioned associations.

Table 5.2 Estimates of genetic and environmental effect (95% confidence
intervals) from bivariate AE models

rA Bivariate A Bivariate E
IA and High-sugar food 0.16 0.44 0.56

(0.07,0.25) (0.18,0.70) (0.30,0.82)
IA and Unhealthy diets 0.13 0.40 0.60

(0.03,0.22) (0.10,0.70) (0.30,0.90)
HI and High-sugar food 0.09 0.37 0.63

(0.002, 0.19) (0.01, 0.71) (0.30, 0.99)
HI and Unhealthy diets 0.05 0.20 0.80

(-0.05,0.14) (-0.21,0.56) (0.44,1.20)

IA: Inattention; HI: Hyperactivity/impulsivity; rA: genetic correlation

5.3 ADHD as a novel risk factor for CVDs (Study II)

By linking several Swedish registers, we created a population-based co-
hort with 5,389,519 adults born between 1941 and 1983, without pre-ex-
isting cardiovascular diseases. The follow-up started from January 1% 2001
or the first diagnosis of ADHD, whichever came later; and ended up with
the first diagnosis of any cardiovascular disease, death, emigration, or De-
cember 31st, 2013, whichever occurred first. After an average of 11.8 years
follow-up, a total of 37,027 (0.68%) individuals had a diagnosis of ADHD
and 746,572 individuals was newly diagnosed with CVDs.

We found a more than two-fold increased risk of developing any type of
CVDs among adults with ADHD, compared with those without ADHD
(HR=2.05, 95% CI=1.98-2.13) after adjusting for sex and age. The associ-
ations attenuated but remained significant (HR=1.65, 95%CI=1.59-1.71),
when we further adjusted for other sociodemographic characteristics (edu-
cation level and birth country), well-established risk factors for CVDs
(T2DM, obesity, dyslipidemia, sleep problems and smoking), and psychiatric
comorbidities (anxiety, ASD, bipolar disorder, conduct disorder, depressive
disorder, eating disorder, intellectual disability, personality disorder, schiz-
ophrenia, substance use disorder). Among 22 specific CVDs, the strongest
associations, after adjusted for covariates, were found for cardiac arrest
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(HR=1.88, 95%CI=1.49-2.36) and peripheral vascular disease/arterioscle-
rosis (HR=1.71, 95%CI=1.47-1.99) (Figure 5.3).

In subgroup and sensitivity analyses, the associations between ADHD
and CVDs were stronger in males and younger adults across all levels of
adjustments, while similar association patterns were found among individ-
uals with or without psychotropic medications and family history of CVDs.
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Figure 5.3 Hazard ratio with 95% Cls of developing different types of
CVDs among adults with ADHD, compared with those without ADHD.
The first part showed results from fully adjusted model, which adjusted for
year of birth, sex, educational level, education level, birth country, obesity,
T2DM, dyslipidemia, sleep problems, smoking. The second part shown re-
sults from Cox regression models adjusted for year of birth, sex, educa-
tional level, birth country, obesity, T2DM, dyslipidaemia, sleep problems,
smoking and psychiatric comorbidities. Attained age was used as underlying
time scale.
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5.4 ADHD Medication Use and Long-term Unemployment (Study IV)

Using Swedish national registers, we obtained a cohort of 12,875 middle-
aged adults (41.5% females) with ADHD, in the labor force or under risk of
unemployment at baseline, and followed them from January 1%, 2008 until
death, emigration, or December 31%, 2013, whichever came first. During
the follow-up period, 31.29% (31.65% for females) of included individuals
with ADHD were never treated with ADHD medication, and 38.85% of
individuals were recorded as long-term unemployment at least once across
the follow-up period.
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Figure 5.4 Associations between ADHD medication use and long-term un-
employment status by using between- and within-individual design. In be-
tween-individual models, age, sex, birth country, highest education level
and psychiatric comorbidities were adjusted. In with-in individual models,
only age was adjusted in the GEE models.

In the between-individual analyses, we found protective associations be-
tween ADHD medication use and subsequent long-term unemployment, af-
ter adjusting for age, sex, birth country, highest education level and psychi-
atric comorbidities (RR=0.90, 95% CI=0.87-0.95). The associations were
stronger in females (RR= 0.82, 95% CI=0.76-0.89) than males (RR, 0.96;
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95% CI, 0.91-1.01). Comparable associations were observed in the within-
individual analysis (RR=0.89, 95% CI, 0.85-0.94), where all the time-in-
variant confounders were implicitly adjusted for, such as sex, genetic back-
ground, and the severity of ADHD symptoms. Results were robust across
subgroup and sensitivity analyses (Figure 5.4).
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6. DISCUSSION

By using large-scale RWD, we investigated the potential risk factor (ma-
ternal pre-pregnancy overweight/obesity) and adverse outcomes for ADHD
in adults, including dietary habits, CVDs and unemployment. The findings
of this thesis indicate that the associations between maternal pre-pregnancy
overweight/obesity and risk of ADHD in offspring could be largely ex-
plained by unmeasured familial confounding; More ADHD symptoms are
associated with higher consumption of high-sugar and unhealthy dietary
habits; ADHD predicts higher risk of a broad range of CVDs; and ADHD
medications appear to be useful in reducing the rate of long-term unemploy-
ment. Our findings provide evidence for future researches on risk factors
and adverse outcomes of ADHD and highlight the importance of triangu-
lating research findings with a combination of various methods that differ
in their inherent assumptions and limitations.

6.1 Interpretation of the main findings

6.1.1 Maternal pre-pregnancy overweight/obesity and the risk of ADHD in
offspring

In study I, the pooled estimates from systematic review and meta-analysis
revealed a significant positive association between maternal pre-pregnancy
overweight/obesity and risk of ADHD in offspring. Even though the in-
cluded studies were overall with high quality regarding study design, most
of them failed to fully address all potential confounding. The adjusted effect
size from the population-based cohort study was comparable with the re-
sults from meta-analysis. However, the substantially attenuated associa-
tions obtained from cousin and sibling comparisons, suggesting that the as-
sociation between maternal pre-pregnancy overweight/obesity and risk of
ADHD in offspring could be largely ascribed to unmeasured familial con-
founding. Therefore, the causality of the associations on population-level is
not evident.

Such findings suggested maternal pre-pregnancy overweight/obesity
probably represents, at least in part, a genetic predisposition to ADHD in
offspring, which was consistent with previous findings from familial co-ag-
gregation study[158] and genome-wide association study.[61] Familial en-
vironmental factors (e.g. lifestyle and SES) may also play a role on the ob-
served associations, even though the effect may be limited in ADHD accord-
ing to twin studies.[159]
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The study also highlighted the importance of accounting for unmeasured
familial confounders when exploring early-life risk factors for ADHD. By
combining a systematic review and meta-analysis, the results showed that if
unmeasured familial factors have been neglected, the causation may have
been claimed erroneously. This reiterates that genetically informative study
designs, such as quasi-experimental methods, may play a unique position in
testing causal hypotheses in observational studies.

6.1.2 ADHD symptoms and dietary habits in adulthood

In study II, a nationwide population-based twin study with young to mid-
dle aged adults, we found both ADHD trait dimensions were associated
with higher consumption of high-sugar food and unhealthy diets, but lower
consumption of fruits, vegetables and healthy diets. We further found both
genetic and non-shared environmental factors contributed substantially to
the observed associations.

The results were consistent with previous large-scale studies based on
children and adolescents, which indicted that ADHD was positively associ-
ated with unhealthy dietary habits (more refined sugar and saturated fat),
and negatively associated with healthy dietary habits (more fruits and veg-
etables).[146] Nemours potential biological pathways, by which ADHD
and other psychiatric disorders could associate with dietary intake, have
been proposed during the past several years. For example, iron and zinc are
cofactors for dopamine and norepinephrine production (essential factors in
the etiology of ADHD), so unbalanced diet with lower levels of iron and
zinc may further contribute to the development of ADHD.[160] Also, evi-
dence suggested the microbiome—gut-brain axis (MGBA), the bidirectional
relationship existent between the gut microbiome and the central nervous
system, is involved in the pathophysiological mechanisms of neuro-inflam-
mation and oxidative stress that give rise both to the ADHD core symptoms
and to related comorbidities. [161] However, we cannot test the potential
causality and the direction of observed associations in the current cross-
sectional sample.

In the genetically informative analyses, we found the associations be-
tween ADHD symptoms and dietary habits could be explained by common
genetic and environmental determinants, that is, these two traits share some
etiological factors. Both ADHD and diet composition is strongly or moder-
ately influenced by genetic factors, with the heritability estimates of 70%-
80% for ADHD [59, 162, 163] and 20%-70% for diet composition, [164,
165]separately. Recent evidence from GWAS reported significant genetic
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correlations of ADHD [61] and diet composition [166] with several meta-
bolic traits (e.g. obesity), which also support for the hypothesis that there
was genetic overlap between ADHD and diets. On the other hand, no pre-
vious studies have explores the non-shared environmental overlap between
ADHD symptoms and dietary habits, but some lifestyle factors (e.g. screen
time and physical activity) are reported to be associated with both traits.[93,
167] However, it remains to be investigated whether and how these factors
contribute to the co-occurrence of ADHD symptoms and different dietary
habits. Future longitudinal studies are needed to explore the causal associ-
ations between ADHD symptoms and dietary habits in adults.

6.1.3 ADHD as a novel risk factor for cardiovascular diseases

In study III, we explored the prospective associations between ADHD
and a broad range of CVDs in over five million adults from Sweden. We
found that adults with ADHD were more than twice as likely to develop at
least one CVD, compared with those without ADHD, independently from
well-established risk factors for CVDs, i.e. obesity and smoking, psychiatric
comorbidities, medication use and cardiovascular family history. The in-
creased risk was present across all types of cardiovascular diseases, but the
strength of the associations was strongest for cardiac arrest, haemorrhagic
stroke, and peripheral vascular disease/arteriosclerosis.

The potential causal associations between ADHD and CVDs were sup-
ported by a recent Mendelian Randomization (MR) study, reporting a di-
rect causal effect of ADHD on coronary artery disease.[168] Further, many
biological mechanisms are proposed to explain the observed associations,
including immune system abnormalities,[169, 170] neuromodulator dysreg-
ulation,[171, 172] and dysregulation of the hypothalamic—pituitary—ad-
renal (HPA) axis.[173, 174] However, as suggested in a genetically in-
formed study based on sibling pairs, the associations between ADHD and
CVDs could alternatively be partly explained by shared etiological compo-
nents.[13] It is clear that more studies are needed to explore the potential
mechanisms linking ADHD and CVDs.

Notably, the observed strength of associations between ADHD and
CVDs was largely comparable to estimates of associations between cardio-
vascular risk and serious mental illness (SMI), for example, schizophre-
nia,[175] depression[176] and bipolar disorders,[177] but stronger than
those with anxiety,[178] obsessive-compulsive disorder[139] and stress-re-
lated disorders.[138] However, the associations between ADHD and CVDs
are substantially understudied compared to other psychiatric disorders.[179]
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These findings call for carefully monitoring cardiovascular health in adults
with ADHD, and future studies are needed to confirm our findings.

6.1.4 ADHD medication use and long-term unemployment in working-aged
adults with ADHD

In study IV, we explored the association between ADHD medication use
and long-term unemployment among 12,875 middle-aged adults with
ADHD. The results suggested that the use of ADHD medications associated
with a 10% lower risk of the subsequent risk of long-term unemployment,
when taking measured and unmeasured confounders into consideration.
Therefore, treating patients with ADHD medication might help to improve
their occupational outcomes.

Previous studies provided controversial findings regarding the associa-
tions between ADHD medication use and related occupational outcomes.
For example, Norwegian studies found that early treatment of ADHD
might have a beneficial effect on being in work in adulthood,[180, 181] but
no differences on work productivity were reported between ADHD patients
treated with or without atomoxetine in an US clinical sample.[182] How-
ever, our results are consistent with the available evidence on ADHD med-
ication and other functional problems, indicating that ADHD medication is
associated with a reduced risk of academic performance, social func-
tion.[183-185] It is important to note that the effect size was generally small
in magnitude, but a reduction of 10% in the risk of long-term unemploy-
ment might translate into a substantial decrement of the economic burden
at the societal level. Regardless, the small effect size suggested that other
treatment programs, such as psychotherapy, are also needed to help indi-
viduals with ADHD in work-related settings.

6.2 Methodological considerations

6.2.1 Measurement error and misclassification

Measurement error refers to difference between the measured value of a
variable and its true value, including random error and systematic er-
ror.[186] Misclassification is incorrectly assigning an individual, a value or
an attribute into a category. The misclassification of exposure or outcome
can be considered as either differential (systematic) or non-differential (ran-
dom).[187]
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6.2.1.1 ADHD and ADHD medications

We defined ADHD based on ICD codes from the NPR and ADHD med-
ication prescriptions from the PDR (ATC-codes) in Study I and III. This
register-based ADHD definition showed high specificity in Sweden.[13]
However, ICD-based ADHD definition mainly capture the most severe
cases, as only treatment seeking cases were included in medical registers.
Therefore, false negatives cannot be avoided, whereas bias due to false pos-
itives is less possible. In Sweden, only physicians specialised in psychiatry or
neurology are authorised to prescribe ADHD medication in Sweden, which
supports that prescription of ADHD medication is a valid indicator of
ADHD diagnoses.[13] It is important to note that information on ADHD
medication is available in PDR from 2006, possibly leading to misclassifi-
cation due to incomplete coverage.

ADHD trait dimensions (inattention and hyperactivity/impulsivity) used
in Study II were based on self-rated checklist of DSM-IV. It is well-estab-
lished that self-reported ADHD-symptoms are more likely to be underesti-
mated, compared to reports from other informants.[58, 188] Therefore, the
heritability estimates for self-reported ADHD symptoms in adults, and the
reported associations between ADHD symptoms and dietary habits might
be biased toward null. In addition, we used a dimensional measure of
ADHD symptoms rather than as a discrete category when evaluating the
relative genetic and environmental contribution to the observed associations
in Study II. We identified a dimension specific overlap between ADHD and
different dietary habits, with a stronger correlation of inattention with die-
tary habits than hyperactivity/impulsivity with dietary habits. Thus, Future
genomic studies on the studied association may benefit from including in-
formation about ADHD symptom dimensions.

In Study IV, the main exposure is ADHD medication use in previous two
years. The two-year limit for defining exposure was chosen in order to ex-
amine the accumulative effects of long-term ADHD medication use. Given
the repeated nature of measurements and information on PDR started from
2006, the statistical power was reduced substantially when we used more
than two years as the time window. A key concern of register-based defini-
tion of medication use is that the information might not reflect the actual
consumption of medication, either due to non-adherence, or misspecifica-
tion of the treatment periods. This type of misclassification would lead to
an underestimation of the effect of medication.
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6.2.1.2 Maternal pre-pregnancy BMI

In Study I, we used maternal early-pregnancy BMI as a proxy for pre-
pregnancy BMI, and then defined overweight and obesity, accordingly.
Even though pre-pregnancy weight were highly correlated with early gesta-
tional weight, evidence from systematic review (the first part of Study I)
suggested the magnitude of the association may be overestimated.[189]
However, the conclusion from sibling comparisons, no causal associations
between maternal pre-pregnancy overweight/obesity and risk of ADHD in
offspring, was unlikely to be affected.

6.2.1.3 Dietary habits

Dietary habits in Study IT was measured by a Swedish FFQ with 94 typi-
cal food items. As a voluntary section of a comprehensive questionnaire, the
response rate of FFQ had a low response rate of 36.8%. We found that
females with lower SES and higher levels of behavior problems were more
likely to respond to both the ADHD questionnaire and the FFQ, when com-
paring with those who only responded to the ADHD questionnaire; but the
response rate was quite similar between DZ and MZ twins. Therefore, our
findings from Study II may not generalize to the general population, espe-
cially for the phenotypic results.

6.2.1.4 CVDs

In Study III, CVDs were defined based on ICD-10 codes from the NPR
and CDR, which may only capture the most severe cases, leading to an un-
derestimation of the number of patients with less severe CVDs. Notably,
given the median age of the study population at the end of the follow-up
was 50.49 (range 31-73) years, we might have mostly captured early onset
cases of CVDs. As it is well known that the risk for CVDs increases with
age, especially for those who are over 65.[190]

6.2.1.5 Long-term unemployment

Long-term unemployment in Study IV was defined as having 90 or more
days of unemployment in a calendar year, obtained from LISA register. This
definition could only capture individuals who are actively looking for work
through the official employment agency in Sweden. To minimize the mis-
classification caused by unemployed and non-economically active individu-
als, including studying, sick leave or in prison, we only included middle-
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aged adults who belonging to the workforce. We, therefore, may underesti-
mate the associations if some of the sick leave or disability pension was
caused by ADHD.

6.2.2 Causal inference from observational studies

In this thesis, we aimed to test the causal effects in populations and testing
causal hypotheses using large-scale RWD, therefore, efforts have been taken
to control or reduce biases produced by measured or unmeasured confound-
ing. In order for a variable to be a potential confounder, it needs to have
the following three properties: (1) the variable should be a risk factor for
the outcome (e.g. disease); (2) it must be associated with the exposure; and
(3) it must not be an intermediate variable in the causal pathway from the
exposure to the outcome.[191]

In traditional epidemiological studies, there are various ways to modify
a study design to actively exclude or control for confounding variables, for
example restriction (e.g. selecting participants with same age or gender to
control potential confounding effect by sex and age) and matching (e.g. se-
lecting a comparison group according to the distribution of one or more
potential confounders).[192] To control for confounding in the analyses,
stratification (Study II-III) and multivariate regression analyses (Study I-IV)
are the most commonly used methods to control or adjust for the effect of
confounding.[192] However, these approaches can only control for meas-
ured confounders, and relying heavily on the accuracy of a measurement.

On the other hand, quasi-experimental designs allow for stronger tests of
causal inferences by taking into account unmeasured genetic and environ-
mental confounding into account. In this thesis, we employed sibling and
cousin comparisons (Study I) to control for unmeasured genetic and envi-
ronmental factors shared by full siblings and cousins; and within-individual
comparisons (Study IV) to adjust for all time-stable confounders during the
follow-up period (e.g. genetic predisposition and early environments).

Obviously, none of the above-mentioned approaches is likely to com-
pletely eliminate bias from confounding, as they are reliant upon varying
assumptions, each has the potential to address differing sources of con-
founding to differing extents. Therefore, future efforts should attempt to
triangulate research findings based on a combination of different designs
that differ in their underlying assumptions and limitations.[124, 193]
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6.2.3 Generalizability

All studies involved in this thesis used data from the Swedish population.
The rates of ADHD and ADHD medication use, and other key variables
studied in this thesis may differ from those in other countries. Given the
specific economic, political, and cultural factors, the dietary habits (Study
II) and unemployment rate (Study IV) could be very specific to people in
Sweden and other Nordic countries with similar social and cultural back-
ground. Generalization of the findings to other countries should be made
with cautions.

6.3 Challenges and opportunities with large-scale real-world data

The availability of large-scale RWD provides important insights and op-
portunities in epidemiology in real clinical conditions. We could conduct
studies with better designs to answer complicated research questions, which
are previously thought infeasible, with the development of sophisticated
methods and new analytical capabilities.[194, 195] However, there are still
challenges need to be considered when deriving evidence from RWD.[122]
First, data quality is fundamental in epidemiology. Large-scale RWD should
be carefully assessed with five main dimensions of data quality, including
availability, usability, reliability, relevance, and presentation quality.[196]
Assessing data quality appropriately is essential to draw valid conclusions
by RWD. Second, combining data from different countries is more and
more common in epidemiology studies, especially when the intervention or
the outcome of interest is rare so that very large sample size is required.
Additionally, observational data is usually needed to be combined with
other data sources, for example biobank and omics data, to answer causal
research questions. Therefore, it will be important to create national and
international level data-sharing network to improve the coordination be-
tween different organizations and further develop means to standardize and
harmonize RWD management, in order to translate RWD into evi-
dence.[197] However, the technical, logistical ethical and legal challenges
are difficult to overcome due to issues of data access, data security, and
potential conflicts of interest.[198] Finally, as the sample size and number
of variables of large-scale RWD is growing rapidly to the millions, more
advanced studies designs, more complicated analytic methods and more
carefully interpretations are required.[199] For example, almost all compar-
isons of interest in very large samples become statistically significant, but
most of them may not have meaningful implications for clinical practice or
policy. Therefore, in order to identify significant associations in real world
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among hundreds or thousands of comparisons, it is essential to develop
more sophisticated variable selection and machine learning methods.[199]

6.4 Ethical considerations

Large-scale RWD was used in this thesis work. Study I (the cohort part),
III and IV in this thesis were based on data from a record linkage of Swedish
national registers, except for the meta-analysis part of Study I. According to
current Swedish regulation, informed consent is not required when register
data is used for the purpose of research. Even though register data used in
the thesis was anonymized before being used for research, it is still sensitiv-
ity personal data, as described in the Personal Data Act in Sweden (Swedish
abbreviation: PUL) and the European General Data Protection Regulation
(GDPR). Therefore, register-based research should be performed in the cor-
responding data protection framework to ensure personal integrity of re-
search participants. Study I, III, IV were approved by the Regional Ethical
Review board in Stockholm, Sweden (DNR: 2013/862-31/5).

In Study II, data was obtained from large-scale questionnaire data: the
Study of Twin Adults: Genes and Environment (STAGE), which included
60% of all participants from Swedish Twin Register. All participants pro-
vided informed consent. The project has been reviewed and approved by
the Regional Ethics Committee at the Karolinska Institutet, Stockholm,
Sweden (DNR: 03-224).

In addition, results from observational studies should be clearly stated
and interpreted. It is not uncommon among the public to misinterpret po-
tential risk factors as deterministic cause, as a result, individuals, families
and patient groups could potentially be labelled and stigmatized. Therefore,
we always emphasize the complexity of ADHD etiology in research papers
to minimize social and ethical harms.
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7. CONCLUSION

This thesis has demonstrated how epidemiologic research with various
designs and analytical approaches could answer causal research questions
by using large-scale RWD. The main conclusions gained from the four stud-
ies are as follows:

II.

II1.

IV.

The observed association between maternal pre-pregnancy over-
weight/obesity and ADHD in offspring is largely ascribable to un-
measured familial confounding but not a strong causal relationship,
highlighting the importance of accounting for unmeasured familial
confounders in risk-factor studies of ADHD in offspring.

There are phenotypic and genetic correlations between ADHD
symptoms and unhealthy dietary habits in adulthood, but future
studies are needed to further explore the direction and causality of
the observed associations between the two traits.

ADHD is a novel risk factor for a wide range of CVDs, independent
from traditional risk cardiovascular risk factors, psychiatric comor-
bidity, and psychotropic medication treatment. Additional studies
are needed to investigate the mechanisms underlying the associa-
tion between ADHD and cardiovascular diseases.

The use of ADHD medication is associated with lower risk of sub-
sequent long-term unemployment, especially in females. This find-
ing provides evidence for developing treatment plans for working-
aged adults with ADHD.
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8. FUTURE PERSPECTIVES

This thesis addresses a range of research questions on the etiology and
long-term consequences of ADHD. Future studies are warranted to explore
the potential causal pathways and underlying mechanisms by which ADHD
is associated with maternal overweight/obesity, dietary habits, CVDs and
long-term unemployment.

In the systematic review, we found all studies on the associations between
maternal pre-pregnancy overweight/obesity and risk of ADHD in offspring
were conducted in Europe and the US, therefore future studies are needed
to examine the associations using other samples, especially in countries out-
side Europe and the US. Additional studies with different study designs, e.g.
intergenerational Mendelian randomization or children-of-twins design, are
also needed to triangulate our findings.

Although ADHD symptoms were associated with unhealthy dietary hab-
its, the direction of the observed associations remains unclear. Future lon-
gitudinal studies (e.g., cross-lagged models) and other study designs (e.g.,
Mendelian randomization) are needed to replicate this finding in children
and adolescents, and to explore the directions of the associations in adults.

We found adults with ADHD were more than twice as likely to develop
at least one CVD, compared with those without ADHD, independently
from traditional risk factors for CVD and psychotropic medications. How-
ever, compared to other psychiatric disorders, the associations between
ADHD and cardiovascular diseases are substantially understudied. Our
finding needs to be tested in different settings and the underlying mecha-
nisms linking ADHD with CVDs are yet to be elucidated in future studies.

In study IV, ADHD medication use in females showed stronger negative
associations with long-term unemployment than in males. However, it is
largely unknown whether there are true differences in the effectiveness of
ADHD medications among males and females, which need to be explored
in future studies.

Taken together, findings from the thesis highlight the need for future
studies with various study designs, to fully understand the etiology and
long-term health outcomes of ADHD across the lifespan.
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