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Abstract 

Anneli Andersson (2021): How is ADHD Associated with Comorbidities and 
Health-Related Outcomes? The Role of Familial Factors and ADHD During 
Pregnancy. Örebro Studies in Medicine 238.  

Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a 
common neurodevelopmental disorder characterized by impaired atten-
tion and hyperactivity/impulsivity. ADHD is associated with several 
comorbidities and health-related outcomes. However, it is uncertain 
whether ADHD is more strongly associated with certain disorder do-
mains, and whether ADHD-related comorbidities and health-related 
outcomes is important to consider during pregnancy.  
Aims: To expand the knowledge regarding the genetic overlap between 
ADHD and other psychiatric disorder symptoms, and to increase the 
awareness and understanding related to ADHD in women, with a focus 
on adverse health behaviors, mental health problems, and pregnancy 
outcomes.  
Methods: The present thesis includes one systematic review and meta-
analysis (Study I), and three studies based on population-based register 
data from Sweden (Study II, III, and IV), and Norway (Study II). 
Results: Individuals with ADHD have an increased liability to meet cri-
teria for externalizing, internalizing and neurodevelopmental disorder 
symptoms, and these co-occurrences are partly due to shared genetic 
risks. Further, ADHD is an important risk factor to consider before, 
during and after pregnancy, as ADHD increases the risk of smoking 
during pregnancy, mental health problems postpartum, and adverse 
pregnancy outcomes. 
Conclusions: The genetic overlaps between ADHD and other psychiatric 
disorder symptoms were similar across disorder dimensions. Further, 
results demonstrated that ADHD is an important risk factor to consider 
in women surrounding pregnancy. These findings point towards the 
importance of recognizing that women diagnosed with ADHD need to 
be prioritized and allowed more attention and support by the healthcare 
system, specifically during their fertile years.  

Keywords: ADHD, Comorbidities, Health-Related, Pregnancy, Smoking, 
Psychiatric, Postpartum, Outcomes.  

Anneli Andersson, School of Medical Sciences, Medicine, Örebro  
University, SE-701 82 Örebro, Sweden, Anneli.Andersson@oru.se. 
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1. INTRODUCTION
Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental 
disorder that affects around 5% of children,1 with half of those diagnosed 
in childhood continuing to experience symptoms in adulthood.2 
In line with the increased awareness that ADHD can be a lifelong condition, 
the number of adults diagnosed3 and treated4 for the disorder have 
increased. 

ADHD frequently co-occurs with other psychiatric disorders and has been 
found to increase the risk of several adverse health behaviors and outcomes 
throughout the lifespan.5-7 The comorbidity between ADHD and several 
other psychiatric disorders are further suggested to be explained by shared 
genetic risks. An increased understanding of whether ADHD is more closely 
related to specific disorder dimensions (e.g., externalizing, internalizing and 
neurodevelopmental) could improve nosology and treatment strategies for 
individuals with ADHD.  

Even though the associations between ADHD and related comorbidities, 
such as mood disorders and substance use behaviors, are well established,8 
less is known about ADHD-related impairments in women during 
pregnancy. Comorbid disorders and substance use behaviors during 
pregnancy are known to increase the risk of several adverse birth outcomes 
and pregnancy characteristics.9,10 Therefore, a better understanding of the 
burden of ADHD-related impairments in pregnancy is warranted.  

The present thesis includes one systematic review and meta-analysis, and 
three studies which are based on population-based registers from Sweden. 
These data sources will be used to expand the knowledge regarding the 
genetic overlap between ADHD and other psychiatric disorder symptoms, 
and to increase the awareness and understanding related to ADHD in 
women, with a focus on adverse health behaviors, mental health problems, 
and pregnancy outcomes. 
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2. BACKGROUND

2.1 Attention-Deficit/Hyperactivity Disorder (ADHD) 
Attention-Deficit/Hyperactivity Disorder (ADHD) is a common  
neurodevelopmental disorder characterized by excessive inattention  
(impaired attention) and hyperactivity/impulsivity.11 In clinical settings, the  
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition  
(DSM-5) allows for three diagnostic subtypes depending on the symptom  
presentation on the two symptom dimensions. The combined type is  
characterized by elevated levels of both inattention and hyperactivity- 
impulsivity whereas the inattentive type and the hyperactive-impulsive type 
are characterized by inattention and hyperactivity-impulsivity,  
respectively.12  

2.2 Prevalence 
ADHD as a categorical diagnosis affects approximately 5% of children, 
where boys account for the greater proportion of the diagnoses with a 
prevalence of 2.4:1 in population-based studies.1 Of those diagnosed in 
childhood, approximately 50% continues to experience impairing 
symptoms in adulthood,2 with an estimated 2.5-5% worldwide prevalence 
of ADHD in adults.13,14 In line with the improved understanding that 
ADHD can be a lifelong condition, the number of adults diagnosed3 and 
treated4 with ADHD have increased during the past decade. A Swedish 
population-based study reporting the prevalence of ADHD diagnoses in 
males versus females revealed that the overall prevalence of ADHD 
diagnoses increased from 4,149 cases in 2006 to 26,820 cases in 2011. 
The proportion of females diagnosed with ADHD was found to increase 
over the same period, with a prevalence of 37.5% in 2006 to 44.8% in 
2011.15  

2.3 Diagnostic Assessment 
The persistence of ADHD-related impairments throughout the lifespan have 
resulted in several changes in the DSM-5 relative to the previous version. 
For example, ADHD is suggested to have greater etiological overlap with 
neurodevelopmental disorders, such as Autism Spectrum Disorder (ASD),12 
compared to externalizing disorders (conduct disorder (CD) and 
oppositional defiant disorder (ODD)). In addition, ADHD symptoms can  
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be present before the age of 12, in contrast to the previous age of onset prior 
to age 7. The DSM-5 further included suitable assessment criteria for adults. 
A diagnosis can be based on the presence of inattentive or hyperactive/ 
impulsive symptoms (or a  combination of both) that results in significant 
impairments related to different areas in life, such as employment or 
difficulties with relationships.12 

2.4 Comorbid Disorders and Health-Related Outcomes 
The co-occurrence of two or more disorders or conditions are referred to as 
comorbidity.16,17 The comorbidity between psychiatric disorders has 
evolved over time into being viewed as common rather than unusual,18 and 
many individuals meeting criteria for one disorder also meet criteria for a 
second.17 ADHD has been shown to frequently co-occur with other 
psychiatric disorders and adverse health-related behaviors and outcomes. 
Individuals with ADHD have been found to have an increased risk of 
developing disorders included in the externalizing, internalizing and neuro-
developmental spectrum. Externalizing disorders broadly include ODD and 
CD,19 and previous research has shown that almost half of those diagnosed 
with ADHD were also diagnosed with another externalizing disorder.20,21 
Internalizing disorders generally consist of anxiety and depression 
disorders.22 Children with ADHD have a fourfold increased risk of 
developing depressive disorders in adolescence compared to children 
without ADHD.23 Similar to ADHD, ASD is a neurodevelopmental 
disorder24 which most frequently has an onset in childhood.12 Previous 
research demonstrated that 48% of individuals with ASD also meet criteria 
for ADHD.25  

Several health-risk behaviors are common among individuals with ADHD.26 
For example, previous research has found that individuals with ADHD have 
an increased risk of later substance use disorders (SUD), including alcohol, 
nicotine, and drug use disorders.5,6 ADHD has further been found to be 
associated with an increased risk of eating disorders8 and obesity.7  
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2.5 The Role of Familial Factors 
Family, twin, and adoption studies have shown genetic contributions to the 
etiology of ADHD, with heritability estimates ranging between 70-80%.27 
The heritability of ADHD has also been found to be stable from childhood 
to adulthood.28,29 Previous research has reported that siblings of individuals 
diagnosed with ADHD have a nine-fold increased risk of also being 
diagnosed with ADHD, compared to siblings of individuals not diagnosed 
with the disorder.30 This familial aggregation of ADHD has been found to 
increase with increasing genetic relatedness,31 supporting the hypothesis that 
ADHD has a strong genetic component.32  

The liability to develop any psychiatric disorder, as well as the comorbidity 
between and the severity and persistence among symptoms, has been 
suggested to be explained by a general factor for psychopathology, referred 
to as the p factor.33 This could potentially to some extent 
explain why ADHD frequently co-occurs with other psychiatric disorders. 
Based on twin and family studies, the co-occurrences between ADHD with 
other externalizing,34,35 internalizing,36,37 and neurodevelopmental38,39 
disorder symptoms are suggested to be explained by shared genetic factors. 
Investigating whether ADHD is more strongly associated to certain disorder 
domains could improve treatment strategies for individuals with ADHD.  

2.6 ADHD During Pregnancy 
The prevalence of ADHD in adult women has been estimated to be around 
3%.2 ADHD in women has been associated with social impairments and 
lower educational achievement,40 but also with mood disorders (e.g., 
depression and anxiety disorders) and suicidal behavior.8 Moreover, ADHD 
has been found to increase the risk of smoking, with a higher cigarette 
consumption seen in women diagnosed with ADHD compared to males.41 
ADHD has further been associated with an increased likelihood of 
becoming a teenage parent.42 The combination of becoming pregnant 
during the teenage years, and the known substance use41 and comorbid 
disorders associated with ADHD8 suggest that young women diagnosed 
with ADHD comprise a vulnerable group in need of attention and support 
prior to and during pregnancy. The presence of psychiatric disorders such 
as depression during pregnancy has been associated with an increased risk 
of postpartum psychiatric disorders.43 In addition, smoking during 
pregnancy has been associated with several adverse birth outcomes, such as 
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low birth weight10 and stillbirth.44 Most of the research to date on ADHD 
during pregnancy has focused on the risk-benefit profile related to the use 
of ADHD medications while being pregnant. However, less focus has been 
on the related impairments and comorbid psychiatric disorders associated 
with ADHD and their potential persistence throughout pregnancy. To date, 
the burden of ADHD-related impairments in women surrounding 
pregnancy is therefore unexplored and not yet fully recognized.  

ANNELI ANDERSSON How is ADHD Associated with Comorbidities and  
Health- Related Outcomes?  



6 ANNELI ANDERSSON How Is ADHD Associated with Comorbidities and 
Health-Related Outcomes? 

3. AIM

3.1 Overarching Aim 
The overarching goal of the present thesis is to expand the knowledge 
regarding the genetic overlap between ADHD and other psychiatric 
disorder symptoms, and to increase the awareness and understanding 
related to ADHD in women, with a focus on adverse health behaviors, 
mental health problems, and pregnancy outcomes.  

3.2 Specific Research Aims 
Study I: To estimate the strength of the genetic correlations between ADHD 
symptoms and other psychiatric disorder symptoms (i.e., externalizing, 
internalizing neurodevelopmental), and to investigate whether any potential 
variations among the genetic correlations are partly explained by age, 
methods of assessment, and/or psychiatric disorder symptoms.  

Study II: To examine the association between ADHD and smoking habits 
among pregnant women, based on population data from Sweden and 
Norway. 

Study III: To investigate if women with ADHD have an increased risk of 
postpartum psychiatric disorders (i.e., postpartum depression, and 
postpartum anxiety) compared to women without ADHD.  

Study IV: To examine whether women diagnosed with ADHD have an 
increased risk of adverse pregnancy outcomes compared to women without 
ADHD.  
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4. DATA SOURCES AND MEASURES

Study I is based on available twin studies, see section 4.1 for information 
on inclusion criteria. Study II, III and IV are based on data derived from a 
linkage of several Swedish nationwide registers. Study II also included data 
from Norwegian nationwide registers.  

4.1 Study I – Twin Data 
In study I, twin studies estimating a genetic correlation (rg), between ADHD 
symptoms and other psychiatric disorder symptoms (either externalizing, 
internalizing, or neurodevelopmental) were retrieved. Studies were included 
that had used ADHD symptom measures based on DSM criteria,12,45,46 and 
other psychiatric disorder symptom measures based on validated assessment 
tools (e.g., Child Behavior Checklist (CBCL)/4-18).47   

4.2 Study II, III and IV: National Register Data 
All individuals living in Sweden on a permanent basis are assigned a unique 
personal identity number (PIN),48 which permits linkage between public 
registers. The PIN consists of the date of birth and a four-digit number. 
The following registers were included in the present thesis:  

The Medical Birth Register (MBR) was established in 1973 with the 
purpose of collecting healthcare data on all Swedish pregnancies.49 There is 
missing data for approximately 2% of all pregnancies in Sweden since its 
inception.50 The MBR includes information collected from antenatal care, 
such as maternal smoking habits. This register also provides information on 
pregnancy characteristics and birth outcomes. The MBR was used to define 
the included sample in study II, III and IV.  

The National Patient Register (NPR)51 started in 1964 and provides 
information on psychiatric inpatient care since 1987 (available since 1973 
but with less coverage), and outpatient care from 2001. Information from 
the NPR was used to identify individuals diagnosed with ADHD (study II, 
III, IV), and to collect information on outcomes (e.g., depression and/or 
anxiety postpartum) as well as covariates (e.g., comorbid psychiatric 
disorders).  

ANNELI ANDERSSON How is ADHD Associated with Comorbidities and  
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The Prescribed Drug Register (PDR) was established in 2005 and contains 
data on dispensed medications.52 The PDR provides information on 
prescriptions and dates from the outpatient and primary healthcare system. 
In the present thesis, the PDR was used in study II, III, and IV to retrieve 
medications related to ADHD based on the Anatomical Therapeutic 
Chemical (ATC) classification system. See section 4.2 Main Measures–
ADHD (Study II, III and IV) for more details regarding ATC-codes. 

Longitudinal Integration Database for Health Insurance and Labour 
Market Studies (LISA). The LISA register includes data on all individuals 
aged 16 years and older registered in Sweden since 1990.53 The register 
covers information such as educational attainment, income, and 
unemployment. In the present thesis, level of education was used as a proxy 
for socioeconomic status (SES). Overall, information was used to either 
define highest achieved level of education by the mothers of the index 
women giving birth to their first child (study II), or by the highest achieved 
maternal education at childbirth (study III and IV).  

The Multi-generation register (MGR) provides information on biological 
parents of all individuals born after 1932, alive and living in Sweden after 
1961, apart from those whose parents died or migrated out of the country 
before 1947.54 In study II, the MGR was used to retrieve information on 
individuals sharing the same mother and father (full siblings) to examine if 
smoking during pregnancy co-aggregates in families with ADHD. In study 
III, we linked the women to their biological parents to investigate if a family 
history of depression and/or anxiety disorders increased the risk of 
depression and/or anxiety disorders postpartum in women diagnosed with 
ADHD.  

4.3 Main Measures - ADHD (Study II, III and IV) 
There are two main ways of defining ADHD in the registers. First, by using 
information from the NPR.51 The second source is to use information from 
the PDR.52 In general, women were defined as having ADHD if they had 
ever received a diagnosis of ADHD in the NPR (International Classification 
of Diseases and Related Health Problems (ICD-9: 314 or ICD-10: F90) or 
ever been dispensed a drug (PDR) used almost exclusively in the treatment 
of ADHD (ATC codes: methylphenidate (N06BA04), amphetamine 
(N06BA01), dexamphetamine (N06BA02), atomoxetine (N06BA09), or 
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lisdexamphetamine (NO6BA12)). This definition has previously been 
validated by demonstrating a high correlation with ADHD symptoms.55  

4.4 Main Measures – Smoking During Pregnancy (Study II) 
The MBR started to collect information on maternal smoking at the first 
antenatal visit in 1983, and smoking habits in weeks 30 to 32 in 1991. 
Due to a high proportion of missing smoking information in weeks 30 to 
32, reliable data are only available from 2000 and onwards.49 Smoking 
habits are collected by midwives, using self-reports, with the following 
response format: “no daily smoking”, “smoking 1-9 cigarettes/day” or 
“more than 9 cigarettes/day”. In study II, we dichotomized smoking habits 
by defining “no daily smoking” as “non-smoking”, whereas “smoking 1-9 
cigarettes/day” or “more than 9 cigarettes/day” was defined as “smoking”. 

4.5 Main Measures – Postpartum Psychiatric Illness (Study III) 
Women were defined as having postpartum depression or postpartum 
anxiety if they had received a diagnosis of depression or anxiety in the 
NPR, postpartum (within 1 year). Women were also defined as having 
depression or anxiety by having a prescription of antidepressants or 
anxiolytics (sensitivity analysis (Study III)). See ICD- and ATC-codes in 
Table 4.5.1. ICD-8 codes were collected from the NPR to define a family 
history (mother or father of index women) of depression and/or anxiety.  

Table 4.5.1 ICD-Codes Included to Define the Presence of Depression and 
Anxiety Disorders Postpartum. 

ICD system Depression Anxiety 
ICD-8 and -9 F790C, 296B, 298A, 

296W, 311X, 300E, 
300F, 309A, 309B 

300A, 300C, 300D 

ICD-10 F381, F488, F4321, 
F32, F33, F34 

F40, F41, F42 

ATC N06A N05B 

Note. Based on the Swedish version of the International Classification of Diseases (ICD) ver-

sion 8, 9 and 10 codes for the identification of diagnosis. 
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4.6 Main Measures – Adverse Pregnancy Outcomes (Study IV) 
The MBR was used to collect information on validated pregnancy 
outcomes.56 In study IV, outcomes were categorized into birth outcomes 
(5-minute Apgar score, gestational age, small for gestational age, large for 
gestational age, and congenital malformations) and labor characteristics. 
Labor characteristics included elective caesarean section, acute caesarean 
section, vaginal (non-instrumental), and assisted (forceps and vacuum) 
vaginal delivery. Preeclampsia and gestational diabetes were defined as 
having ICD-10 codes O14-15 and O244, respectively. The outcomes were 
categorized and defined in line with previous research.57-59 
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4.7 Covariates by Study 
Several covariates were included and adjusted for in study II, III and IV. 
See Table 4.7.1 for a short description of the included covariates. 
A description of confounders versus mediators is provided under 
‘Methodological considerations’, section 9.5.  

Table 4.7.1 Covariates by Study 
Study Covariates Definition Register 
II a) Year of childbirth

b) SES

c) Psychiatric comorbidity

a) Sweden (2000-2013),
Norway (1999-2012)

b) Highest achieved level of education of the
mothers to the index women <9 years; 9 years;
10-11 years; 12 years; 13-14 years; 15 years;
>15 years.

c) Any non-ADHD/non-tobacco psychiatric
disorder

a) MBR

b) LISA

c) NPR

III a) Maternal age at childbirth

b) SES

c) Cohabitation status

d) History of depression
and/or anxiety disorders

e) Psychiatric comorbidity

a) 15-24 years, 25-34 years, >35 years

b) Highest achieved maternal education at child-
birth: ≥11 years; 12 to 14 years; >15 years

c) ‘Yes’ = ‘Lives with child’s father’, ‘No’ =
includes both ‘single’ and ‘lives together with
other than child’s father’.

d) See included ICD- and ATC-codes in Table
4.4.1

e) any non-ADHD/non-depression/non-anxiety
disorder

a) MBR

b) LISA

c) MBR

d) NPR
PDR

e) NPR

IV a) Maternal age at childbirth

b) SES

c) Psychiatric comorbidity

a) 15-24 years, 25-34 years, >35 years

b) Highest achieved maternal education at child-
birth: ≥11 years; 12 to 14 years; >15 years

c) Depression, anxiety, bipolar, and SUD

a) MBR

b) LISA

c) NPR

ANNELI ANDERSSON How is ADHD Associated with Comorbidities and  
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5. METHODS

5.1 Overview of Study Methods 

Note. Women giving birth between 2000 to 2013 in Sweden, and between 1999 to 2012 in Norway 
(study II). Women giving birth between 2005 to 2013 (study III). In study IV, women giving birth 
between 2000 to 2013 were included.  

Study Participants Measures Statistical analyses 

I A total of 31 independent twin 

studies. 

Genetic correlations (rg) 

were used as effect size 

measures.  

Meta-analyses were conducted using 

the metacor package, with random  

effect models and 95% bootstrap CIs. 

II Women giving birth to their first 

child in Sweden (n=622,037) and 

in Norway (n=293,383), of 

which 1.2% and 1.7% were  

defined as having ADHD,  

respectively.   

Exposure: ADHD 

Outcome: Smoking 

during pregnancy  

(early and late) 

Logistic regression and regression 

standardization with the  

stdReg-package to estimate  

RRs and 95% CIs.  

III Women giving birth to their first 

and/or second child in Sweden 

were identified (n=773,047) of 

which 0.5% were defined as  

having ADHD prior to  

pregnancy.  

Exposure: ADHD 

Outcome: Depression 

and/or anxiety disorders 

in the postpartum period 

(within 1 year after 

childbirth).  

Logistic regression model with the log 

and gaussian link function, respectively, 

and cluster-robust standard errors, to 

estimate the prevalence difference and 

prevalence ratios, with 95% CIs. 

IV Women giving birth to their first, 

second and/or third child in  

Sweden (n= 1,410,898) of which 

1.1% were defined as having a 

diagnosis of ADHD.  

Exposure: ADHD 

Outcome: Pregnancy 

characteristics, birth 

outcomes and labor  

characteristics 

Generalized linear mixed-effects models 

(GLMM) using the lme4-package, OR 

and 95% CIs.  
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5.2 Genetically Informative Study Designs 
Large population-based registers make it possible to identify different 
degrees of genetic relatedness. The inclusion of individuals within the same 
nuclear family allows for investigating the influence of genetic and 
environmental factors in the development of specific disorders. Genetically 
informative designs can contribute to a better understanding of the 
underlying genetic and environmental mechanisms of a disorder. This 
provides information that can contribute to knowledge in relation to 
treatment strategies as well as guiding nosology regarding classification of 
disorders.   

5.2.1 Twin Study Design and Assumptions 
Twin studies can be used to estimate the contribution from genetic and 
environmental influences on a trait, behavior or disorder symptoms. Twins 
can either be monozygotic (MZ) or dizygotic (DZ). MZ twins are assumed 
to be genetically identical (sharing 100% of their genes), whereas DZ twins 
are assumed to on average share 50% of their genetic makeup. One of the 
beliefs in the twin design is that MZ and DZ twins share the same 
environment, i.e., the shared environment assumption. This reflects the fact 
that MZ and DZ twins share the prenatal environment, and that they also 
are assumed to share the same upbringing to a larger degree compared to 
non-twin siblings60 (Table 5.2.1).  

Table 5.2.1 Proportion of shared genetic and environmental factors in MZ, 
DZ twins and full siblings.   

MZ twins DZ twins Full siblings 

Genes 100% 50% 50% 

Environment 100% 100% 100% 

One of the strengths of using twin designs is that one can examine the 
influence of genes in the development of one or more traits while the 
environment is held constant. If a disorder is mainly caused by genes there 
should be different rates of the condition in MZ and DZ twins. For 
example, if one MZ twin shows symptoms of ADHD, the other identical 
twin would also have an increased risk of ADHD, compared to the risk seen 
in DZ twins or full siblings. Based on this assumption, a greater resemblance 
within MZ twin pairs on a given trait, as compared to DZ twin pairs, can 
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be interpreted as support of a genetic contribution to variation in the trait. 
One way to assess the genetic overlap between two traits is by estimating a 
genetic correlation. A genetic correlation (rg) provides information on the 
amount of variance common in two traits61 (e.g., ADHD symptoms and 
ASD symptoms). Study I examined the covariation between ADHD 
symptoms and externalizing, internalizing and neurodevelopmental 
disorder symptoms by pooling information from available published twin 
studies. 

5.2.2 Familial Co-Aggregation Study Design and Assumptions 
In a co-aggregation study, it is possible to estimate the familial risk of one 
disorder (X) in individuals with a family-member that have another disorder 
(Y). The rationale in familial co-aggregation studies is based on the concept 
that if family members of individuals with disorder X have an increased risk 
of having disorder Y, in comparison to family members without relatives 
with disorder X – the two disorders can to some extent be due to shared 
genetic risks. The existence of X and Y within the same family would 
therefore suggest a shared familial liability to both disorders. Familial 
co-aggregation studies can be based on different relatives, such as twins 
(MZ, DZ), full-siblings, half-siblings, cousins, and half-cousins. 
The increased risk found within relatives between disorder X and Y should 
decline or increase based on the degree of genetic relatedness. For example, 
a higher increased risk between X and Y should be found when examining 
MZ twins (assumed to share 100% genes and 100% their shared 
environment), whereas a somewhat attenuated risk should be found in DZ 
twins (50% genetics) and full-siblings (50% genetics). This pattern has 
previously been found in a study on the familial co-aggregation study 
between ASD and ADHD.25 In study II, we explored the familial 
co-aggregation of ADHD and smoking during pregnancy by examining the 
association between smoking during pregnancy in women having a full 
sibling diagnosed with ADHD.   

5.2.3 Family History Study Design and Assumptions 
By examining the family history of a given trait, it becomes possible to draw 
conclusions about the genetic vulnerability for a specific disorder. As both 
depression and anxiety disorders are heritable, offspring to individuals with 
depression and/or anxiety disorders are likely to have an increased genetic 
vulnerability to also develop the disorder.62 Information from family history 
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can increase the understanding on the role of familial factors and be used 
by psychiatrists when assessing individuals’ risk of developing specific 
disorders.63 In study III, index women were linked to their biological parents 
to assess whether a family history of depression and/or anxiety increased 
the risk of depression and/or anxiety during the postpartum period in 
women with versus without ADHD. 

5.3 Statistical Methods  

5.3.1 Regression Models 
In epidemiologic research using binary outcomes (e.g., disease 0/1), it is 
common to use regression models to investigate if exposure to a given 
disorder, such as ADHD, increase the risk of a specific outcome. In the 
present thesis, logistic regression and regression standardization were used 
to estimate risk ratios (RRs; study II). In study III, a logistic regression with 
the log and gaussian link function, and cluster-robust standard errors were 
used to estimate prevalence differences (PD) and prevalence ratios (PR), 
respectively, while taking the non-independence of observations into 
account. In study IV, Generalized Linear Mixed-Effects Models (GLMM) 
were used to deal with the non-independence of observations, and to 
estimate the odds ratios (ORs). 

5.3.2 Clustered Data 
Clustered data exists when information is collected from the same 
individual (or family) repeatedly. As most statistical models assume that 
there is independence between observations, it is important to address 
clustered data to prevent misinterpretations. In study I, 95% bootstrap 
percentile CI were calculated based on 1,000 times cluster sampling with 
replacement to deal with some of the genetic correlations reported between 
ADHD and psychiatric disorder symptoms being estimated in the same 
population of twins. In study II, only women giving birth to their first child 
were included. However, in the familial co-aggregation analyses, women 
could have more than one sibling, which was addressed by cluster 
identification on the index women. In study III and IV, non-independence 
of observations was due to some women giving birth to several children 
during the study period and was addressed by using cluster-robust standard 
errors and GLMM.  
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6. STUDY SUMMARIES AND RESULTS

6.1 Genetic Overlap Between ADHD and Psychiatric Symptoms 

6.1.1 Rationale (Study I)  
Study I is a systematic review and meta-analysis with the purpose to 
estimate the strength of the genetic correlations between ADHD and other 
psychiatric symptoms, and to examine whether any potential variation or 
differences seen among these genetic overlaps could be accounted for by 
phenotype, age, or methods of assessment.   

6.1.2 Methods 
Several databases were searched for twin studies reporting a genetic 
correlation (rg) between ADHD symptoms and other psychiatric disorder 
symptoms. Studies were categorized based on phenotype (externalizing, 
internalizing, neurodevelopmental), age (childhood (<18) or adulthood 
(≥18)), and method of assessment (self‐report, other informant, or 
combined raters). Random effects models were utilized to allow the effect 
sizes to differ among studies.  
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6.1.3 Results 
Figure 6.1.1 Selection process of included studies based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. Prisma Flow Diagram.  
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Overall, pooled genetic correlations across all categories revealed a 
moderate genetic overlap between ADHD and other psychiatric disorder 
symptoms (Figure 6.1.2). No differences in the genetic correlations between 
psychiatric symptoms, age or method of assessment were indicated. 
The subgroup analysis based on studies estimating a genetic correlation 
between ADHD symptoms and ASD symptoms revealed the highest genetic 
overlap with a rg of 0.59 Confidence Interval (CI) (0.49-0.69), although not 
statistically different from the other phenotypes.   

Figure 6.1.2 Forest plot showing pooled estimates of genetic correlation 
based on psychiatric symptoms, age, methods of assessment, and overall. 

Note: rg (genetic correlations); 95% CIs (95% Confidence Intervals). 
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6.2 ADHD and Smoking Habits in Pregnant Women 

6.2.1 Rationale (Study II)  
In study II, the association between ADHD and smoking habits among 
pregnant women in Sweden and Norway were examined. Specifically, study 
II aimed to; 

I) Examine if women diagnosed with ADHD are more likely to smoke
during their first pregnancy compared to women without ADHD.

II) Examine if women diagnosed with ADHD are more likely to continue
smoking during pregnancy compared to women without ADHD.

III) Investigate if ADHD and smoking during pregnancy co-aggregate in
families.

6.2.2 Methods 
A total of 622,037 women pregnant for the first time were identified in 
Sweden, of which 1.2% (7,444) were defined as having ADHD. In Norway, 
a total of 293,383 women were included, of which 1.7% (4,951) were 
defined as having ADHD. 

Statistical analyses 
Logistic regression and regression standardization with the stdReg-package 
was used to estimate RRs and 95% CIs. The models were adjusted for 
maternal education, year of childbirth (period effects), and psychiatric 
comorbidities.  

Family co-aggregation analyses 
We linked the index women to their full sibling(s) to assess the familial 
co-aggregation of ADHD and smoking during pregnancy. In these analyses, 
adjustments were made for period effects and ADHD in the index women. 
The absolute risks and risk differences of smoking during pregnancy in 
those women with versus without a sibling diagnosed with ADHD were 
calculated. 
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6.2.3 Results 
After adjustments, the association between ADHD and smoking during 
pregnancy remained significant in both Sweden and Norway (Table 6.2.1). 

Table 6.2.1. Association between ADHD and smoking during pregnancy in 
women diagnosed with ADHD compared to women without ADHD, in 
Sweden and Norway. 

Prevalence of 
smoking (%) 

Unadjusted RRs Adjusted RRs* Adjusted RRs** 

Non-ADHD ADHD RR (95% CI) RR (95% CI) RR (95% CI) 

Smoking Sweden 

Early in pregnancy 42,303 (7.3) 2,322 (33) 4.55 (4.40-4.71) 4.40 (4.25-4.55) 2.69 (2.58-2.81) 

Late in pregnancy 27,498 (4.9) 1,639 (25.9) 5.33 (5.10-5.56) 5.17 (4.94-5.39) 2.95 (2.80-3.10) 

Smoking Norway 

Early in pregnancy 35,836 (15.0) 1,907 (44.5) 2.96 (2.86-3.06) 2.72 (2.62-2.82) 2.31 (2.21-2.40) 

Late in pregnancy 20,441 (8.9) 1,273 (31.1) 3.48 (3.31-3.64) 3.21 (3.06-3.37) 2.56 (2.42-2.70) 

Note. RRs (Risk Ratios); *Adjusted for year of childbirth, and maternal education; 
**Adjusted for year of childbirth, maternal education, and psychiatric comorbidity. 

Continued smoking 
In both Sweden and Norway, women diagnosed with ADHD had an 
increased risk of continued smoking during pregnancy compared to women 
without ADHD (Table 6.2.2).   

Table 6.2.2 Association between ADHD and continued smoking during 
pregnancy in women diagnosed with ADHD compared to women without 
ADHD, in Sweden and Norway. 

Note. RRs (Risk Ratios); *Adjusted for year of childbirth, and maternal education; 
**Adjusted for year of childbirth, maternal education, and psychiatric comorbidity. 

Prevalence of 
continued 
smoking (%) 

Unadjusted RRs Adjusted RRs* Adjusted RRs** 

Non-ADHD ADHD RR (95% CI) RR (95% CI) RR (95% CI) 
Smoking Sweden 

Early and late 20,592 (65.0) 1,418 (76.6) 1.18 (1.15-1.21) 1.19 (1.16-1.22) 1.13 (1.10-1.17) 

Smoking Norway 

Early and late 17,066 (58.0) 1,157 (69.3) 1.20 (1.16-1.24) 1.20 (1.16-1.24) 1.16 (1.12-1.20) 
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Familial co-aggregation 
Women who had a sibling diagnosed with ADHD were more likely to 
smoke early and late in pregnancy compared to women without a sibling 
diagnosed with ADHD, Table 6.2.3. 

Table 6.2.3 Association between having a sibling diagnosed with ADHD 
and smoking during pregnancy.  

Note. *Adjusted for year of childbirth, and ADHD in index women. 

Adjusted* Absolute Risk % Risk Difference % 

RR (95% CI) Non-ADHD Sibling ADHD Sibling 
Smoking Sweden 

Early in pregnancy 2.16 (2.07-2.25) 7.6 (7.5-7.7) 18.0 (17.3-18.8) 10.4 (9.7-11.2) 

Late in pregnancy 2.36 (2.24-2.49) 5.2 (5.1-5.3) 13.8 (13.1-14.5) 8.6 (8.0-9.3) 

Smoking Norway 

Early in pregnancy 1.61 (1.53-1.69) 15.2 (15.0-15.4) 26.0 (24.8-27.2) 10.8 (9.6-12.0) 

Late in pregnancy 1.80 (1.69-1.92) 8.9 (8.8-9.1) 17.5 (16.4-18.5) 8.5 (7.5-9.6) 
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6.3 Depression and Anxiety Disorders Postpartum in Women 
Diagnosed with ADHD 

6.3.1 Rationale (Study III) 
Study III is a nationwide register-based study examining the risk of 
depression and/or anxiety disorders during the postpartum period in 
women diagnosed with versus without ADHD.  

6.3.2 Methods 
A total of 773,047 women giving birth to their first and/or second child 
were included, of which 0.5 (3,515) were defined as having a diagnosis of 
ADHD prior to pregnancy.  

Statistical analyses 
PDs and PRs with 95% CIs were calculated using logistic regression models 
with the log and gaussian link function, respectively, and cluster-robust 
standard errors. We stratified on several covariates: maternal age, maternal 
education, cohabitation status, depression/anxiety history, and the presence 
of other psychiatric disorders. In addition, we linked the index women to 
their biological parents to assess whether a family-history of depression 
and/or anxiety increased the risk of depression and anxiety disorders 
postpartum in women diagnosed with ADHD.  

Sensitivity analyses 
Several sensitivity analyses were conducted. First, we included both clinical 
diagnoses and medications for depression and anxiety to include 
information from women only treated in primary care (and who may not 
have a diagnosis in the NPR). Second, we conducted independent analyses 
for the first and second child to investigate potential differences between 
pregnancies. Third, we conducted separate analyses for depression and 
anxiety disorders postpartum, to examine possible differences between 
outcomes (these sensitivity analyses are not shown as it revealed highly 
similar results as the main analyses in Table 6.3.1).  



23 

6.3.3 Results 
In the total population, 29.5% of the women with ADHD were diagnosed 
with depression and/or anxiety disorders in the postpartum period 
compared to 5.3% of the women without ADHD. Overall, women 
diagnosed with ADHD had an increased risk of depression and/or anxiety 
disorders postpartum in all different subgroups considered (i.e., age, 
educational status, current cohabitation status, presence of comorbid 
psychiatric disorders, a prior history of depression and/or anxiety disorders, 
or the presence of a family history of depression and/or anxiety disorders) 
(Table 6.3.1). Sensitivity analyses (not shown) revealed similar patterns as 
the main analyses.  

Table 6.3.1 Prevalence, prevalence difference, prevalence ratio of 
depression and/or anxiety disorders postpartum in women with versus 
without ADHD, across categories.   

                                                                                

ADHD (N = 3,515) Without ADHD (N = 769,532)
N Prevalence 

% 
95% CI N Prevalence  

% 
95% CI Prevalence 

Difference (PD) 
95% CI Prevalence 

ratio (PR) 
95% CI 

Total population 1,038 29.53 28.05-31.06 41,392 5.38 5.33-5.43 24.15 22.56-25.75 5.49 5.20-5.80 
Age
15-24 years 498 25.08 23.22-27.03 7,142 5.55 5.43-5.68 19.52 17.49-21.55 4.52 4.15-4.91 
25-34 years 452 34.48 31.95-37.09 25,891 5.08 5.02-5.14 29.40 26.73-32.07 6.79 6.23-7.35 
35+ years 88 40.37 34.08-46.99 8,359 6.39 6.26-6.52 33.98 27.25-40.71 6.32 5.34-7.47 
Education 
<9; 9; 10-11 years 671 29.78 27.93-31.70 9,829 7.37 7.23-7.51 22.41 20.40-24.42 4.04 3.77-4.34 
12; 13-14 years 268 28.06 25.31-31.00 17,490 5.38 5.30-5.46 22.68 19.69-25.68 5.22 4.68-5.81 
15; >15 years 77 33.92 28.08-40.30 13,894 4.56 4.49-4.64 29.36 22.75-35.96 7.43 6.11-9.04 
Cohabitation with father 
Yes 663 28.70 26.89-30.58 35,777 5.18 5.13-5.23 23.52 21.58-25.46 5.54 5.18-5.94 
No 325 32.08 29.28-35.02 3,788 8.81 8.55-9.08 23.27 20.33-26.21 3.64 3.31-4.01 
Psychiatric Comorbidity 
Present 749 35.60 33.58-37.67 9,538 21.95 21.56-22.33 13.65 11.44-15.86 1.62 1.52-1.73 
Absent 289 20.48 18.46-22.67 31,854 4.39 4.34-4.43 16.09 13.89-18.30 4.67 4.19-5.20 
History of depression/anxiety 
Present 1,009 38.56 36.71-40.43 38,311 22.55 22.35-22.75 16.01 14.04-17.97 1.71 1.62-1.80 
Absent  29 3.23 2.26-4.60 3,081 0.51 0.50-0.53 2.72 1.52-3.91 6.29 4.33-9.12
Family history of 
depression/anxiety 
Present 376 32.87 30.21-35.64 8,241 9.06 8.87-9.25 23.81 20.92-26.69 3.63 3.31-3.97 
Absent 662 27.92 26.15-29.76 33,151 4.89 4.83-4.94 23.03 21.12-24.94 5.72 5.33-6.13 
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6.4 Adverse Pregnancy Outcomes in Women Diagnosed with ADHD 

6.4.1 Rationale (Study IV)  
Study IV is a nationwide register-based study examining whether women 
diagnosed with ADHD have an increased risk of adverse pregnancy 
outcomes compared to women without ADHD after controlling for 
important covariates. 

6.4.2 Methods 
A total of 1,410,898 pregnancies were included. A total of 1.1% (n=15,620) 
were diagnosed with ADHD. Information on pregnancy characteristics, 
birth outcomes, and labor characteristics were included.   

Statistical analyses 
GLMMs were fitted using the lme4-package, and ORs and 95% CIs were 
calculated while adjusting for maternal age, maternal education, and 
comorbid disorders (depression, anxiety, bipolar and SUD).  

Sensitivity analyses 
Several sensitivity analyses were conducted. First, all women who received 
a prescription of ADHD medication during pregnancy were excluded (not 
presented). Second, women being defined as having ADHD prior to 
pregnancy were included (not presented). Third, we estimated the 
association between ADHD and adverse pregnancy outcomes, including the 
first pregnancy only (not presented). Fourth, we adjusted for smoking 
during pregnancy (early and late), as it is a potential mediator between 
ADHD and adverse pregnancy outcomes, results presented in Table 6.4.2.  

6.4.3 Results 
After adjustments, ADHD increased the risk of preterm birth and giving 
birth to a child large for their gestational age. In addition, planned caesarean 
section was more common in women diagnosed with ADHD, whereas 
having an instrumental birth was less common in women diagnosed with 
ADHD compared to women without ADHD. Overall, psychiatric 
comorbidity was suggested to play an important role in several pregnancy 
outcomes, such as acute caesarean section and low 5-min Apgar score 
(Table 6.4.1). Further, after adjustments for smoking during pregnancy 
(sensitivity analysis Table 6.4.2), the association between ADHD and 
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preterm birth (<37), and very preterm birth (20 to <32) were 
non-significant. 

Table 6.4.1 Association between ADHD and adverse pregnancy outcomes. 

Table 6.4.2 Sensitivity analysis. Association between ADHD and adverse 
pregnancy outcomes. Adjusting for smoking during pregnancy.  

ANNELI ANDERSSON How is ADHD Associated with Comorbidities and  
Health- Related Outcomes?  



26 ANNELI ANDERSSON How Is ADHD Associated with Comorbidities and 
Health-Related Outcomes? 

7. DISCUSSION AND IMPLICATIONS

7.1 Main Findings and Interpretations 
The main findings from the present thesis suggest that individuals with 
ADHD have an increased liability to meet criteria for externalizing, 
internalizing and neurodevelopmental disorders, and these co-occurrences 
are partly due to shared genetic influences. Further, results demonstrated 
that ADHD is an important risk factor to consider before, during and after 
pregnancy, as ADHD increases the risk of smoking during pregnancy, 
mental health problems postpartum, and adverse pregnancy outcomes. 

7.1.1 Genetic Overlap Between ADHD and Psychiatric Symptoms 
Findings from study I revealed a moderate genetic overlap between ADHD 
and other psychiatric symptoms, which is in line with previous molecular 
studies.64,65  Overall, results suggest that individuals with ADHD have a 
heightened liability to meet criteria for an additional psychiatric disorder, 
regardless of dimension (externalizing, internalizing, neurodevelopmental). 
Still, it is important to mention that the similar genetic correlations across 
all categories might be a result of the limited number of twin studies 
available. The similar pooled estimates found between age and method of 
assessment might be due to methodological similarities across studies 
(e.g., all studies grouped into ‘Adulthood’ were based on self-ratings), and 
could be one potential reason for the substantial heterogeneity found across 
categories. Although not statistically different, the highest genetic 
correlation was found between ADHD and ASD, which is in line with 
DSM-5,12 suggesting a greater etiologic overlap between ADHD with 
disorders included in the neurodevelopmental dimension. Nevertheless, 
more research is needed to examine whether ADHD is more closely linked 
to specific disorder domains (e.g., externalizing, internalizing and/or 
neurodevelopmental).  

Psychiatric nosology could define the presence or absence of disorders based 
on different approaches. For example, in the categorical approach, a 
disorder is considered to either be present or absent. Further, in the 
dimensional approach, disorder symptoms lie on a continuum, and 
individuals are assumed to display different levels of symptoms, and 
therefore be more or less impaired by a disorder.66 To help inform nosology, 
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the incorporation of genetics and biomarkers is needed to identify the causes 
and pathophysiology of ADHD and possibly improve current treatment 
decisions.67  

7.1.2 Smoking During Pregnancy and ADHD Co-Aggregates in 
Families   
Findings from Study II demonstrated that a diagnosis of ADHD was 
strongly associated with smoking during pregnancy, both in Sweden and 
Norway. Findings further revealed that smoking during pregnancy and 
ADHD co-aggregate in families – indicating a shared familial liability to 
both ADHD and smoking during pregnancy. These results could be used to 
guide healthcare professionals to easier recognize women that might need 
further support and help with smoking cessation.  

These findings stress the importance of early intervention and counselling 
by healthcare providers to help prevent the development of smoking in 
women diagnosed with ADHD. Smoking cessation would be beneficial for 
both immediate and long-term outcomes in the mother and child. 
For example, The American College of Obstetricians and Gynecologists 
(ACOG)68 recommends that women overall should be informed by 
healthcare professionals about the significant increased perinatal risks 
associated with smoking during pregnancy, and be advised of termination 
of tobacco products during this time period. Further, women should receive 
personalized support and be offered behavioral, psychosocial and 
pharmacotherapy interventions. The ACOG also urges that women should 
receive continued support after pregnancy, in the postpartum period, to 
increase the likelihood of continued smoking cessation.68  

7.1.3 Depression and Anxiety Postpartum in Women with ADHD 
Results from study III demonstrated that ADHD was associated with an 
increased risk of depression and/or anxiety disorders in the postpartum 
period. It has previously been shown that a prior history of depression or 
bipolar disorder increase the risk of postpartum depression and postpartum 
readmissions.43,69 Our results indicate that ADHD is an important risk 
factor for depression and/or anxiety disorders during the postpartum 
period. This highlights the significance of extra surveillance and support 
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surrounding pregnancy in women diagnosed not only with depression and 
bipolar disorder but also in women diagnosed with ADHD.  

Primary healthcare providers should screen women for ADHD and other 
perinatal disorders, such as depression, as untreated psychiatric disorders 
during and after pregnancy can increase the risk of adverse outcomes. For 
example, depressive symptoms have been found to be associated with harsh 
punishment and less effective parenting skills70 which could have negative 
outcomes in the child, related to attachment and emotional regulation.71 
Therefore, the ACOG emphasizes the need for screening for perinatal 
psychiatric disorders surrounding pregnancy as this may have a negative 
impact on both the mother and child.72 

7.1.4 Adverse Pregnancy Outcomes in Women With ADHD 
In study IV, ADHD was found to be associated with an increased risk of 
preterm birth and giving birth to a child large for their gestational age. In 
addition, planned caesarean section was more common in women 
diagnosed with ADHD whereas having an instrumental birth was less 
common in women diagnosed with ADHD compared to women without 
ADHD. However, psychiatric comorbidity was suggested to play an 
important role in several pregnancy outcomes, such as acute caesarean 
section and low 5-min Apgar score.  

It is well established that ADHD is highly comorbid with other psychiatric 
disorders (e.g., depression, anxiety) and adverse health behaviors (e.g., 
substance use). In addition, adolescents with ADHD have an increased 
likelihood of unplanned,73 and teenage pregnancies.42 The combination of 
being a teenage mother with the heightened risk of comorbid mood 
disorders and substance use could further enhance the risk of adverse 
pregnancy outcomes in young women diagnosed with ADHD. It is therefore 
important for the healthcare system to offer adolescents and adults frequent 
medication management and psychotherapy to minimize the potential risks 
and impairments related to ADHD. Further, as smoking during pregnancy 
in women diagnosed with ADHD seemed to explain the association with 
preterm birth, early interventions are needed to help prevent the 
development of regular smoking habits in women with ADHD. Especially 
as smoking cessation early in pregnancy has been found to lower the risk of 
prematurity and stillbirth to the level of non-smokers.74 
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8. ETHICAL CONSIDERATIONS

Study II, III and IV included in this thesis were based on data from a record 
linkage of Swedish national registers. The record linkage has obtained 
approval by the Regional Ethical Review Board in Stockholm. According to 
the Personal Data Act in Sweden (Swedish abbreviation: PUL) and to the 
European General Data Protection Regulation (GDPR), the information 
included in the record linkage of national registers is considered personal 
data. Personal data includes any information that can be directly or 
indirectly attributed to a person. All such personal data in the present thesis 
were anonymized and located on a protected server.  

Based on Swedish law, informed consent is not generally required for 
register-based research. If an ethics application has been approved by an 
ethical committee, it is assumed that participants would not have any 
objections against the research conducted. However, one could argue that 
by using register-based research without informed consent one does not 
respect individuals’ right to self-determination and autonomy. At the same 
time, one could also argue that it would be unethical to not carry out 
important research (when information is available) that has the potential to 
benefit public health. It is further of great important to minimize the 
potential risks of stigmatizing a specific group of individuals (e.g., women 
diagnosed with ADHD), after publishing and communicating research 
findings. For example, focus should not be on the individual level, rather on 
potential strategies that could minimize the increased risks associated with 
a disorder (e.g., adverse health behaviors, and mental health problems).  

Study II, III, IV were approved by the Regional Ethical Review board in 
Stockholm, Sweden (DNR: 2013/862-31/5). Study II also included data 
from Norway: The Western Norway Regional Ethics Committee approved 
the use of the Norwegian data (2011/2272). 
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9. METHODOLOGICAL CONSIDERATIONS

9.1 Definition of ADHD 
In study I, the definition of ADHD was based on continuous measures and 
might not be generalizable to a clinical setting. Still, previous research has 
found a robust genetic association between the extreme of ADHD (as a 
continuous trait) and the subthreshold variation of ADHD symptoms.75 
Further, the definition of ADHD was based on different assessment tools, 
which could introduce methodological bias between independent studies. 
In study II, III and IV, ADHD was defined based on register-based 
information which entails ICD codes from the NPR and ADHD medication 
prescriptions from the PDR (ATC-codes). To date, there is no information 
on ADHD subtypes or severity in the registers. Based on the data linkage 
used in the present thesis, data are available until 2013. This means that the 
reconceptualization of the DMS-5 in 2013 is not mirrored in our results.  

Generalizability and referral bias 
Study II, III and IV are based on nationwide register-based information. 
For example, in study II, we included register-based information from both 
Sweden and Norway and found similar patterns, which indicate that the 
association between ADHD and smoking during pregnancy are robust 
across these two Nordic countries. A similar pattern could therefore 
potentially be found in other populations with a similar demographic 
makeup. Study I relied on data derived from community samples. 
Community samples are typically based on data collected from parents, 
teachers and/or self-reports and are as such not likely to capture the most 
severe cases. The most severe individuals are also least likely to participate 
in these types of studies and are more likely to drop out. Findings from 
community samples are not generalizable to clinical settings, and vice versa. 
Clinical samples tend to reflect more burdened cases (i.e., referral bias). 
Different study designs inherently come with different types of 
generalizability. It is therefore important that study findings are replicated 
using study designs that differ in their underlying assumptions.  
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9.2 Definition of Outcomes 
Regarding the outcome in Study II, information on smoking during 
pregnancy is collected via self-reports. The use of self-reports and the stigma 
surrounding smoking while being pregnant could potentially lead to 
underreporting. However, a previous study found high agreement between 
maternal serum cotinine and the smoking habits reported in the MBR.76 
In Sweden, smoking habits are categorized as “not smoke”, “1-9 
cigarettes/day” or “more than 9 cigarettes/day”, whereas in Norway, the 
options are “non-smoker”, “occasional, but not daily smoker” or “daily 
smoker”. Misclassification bias could be a potential issue due to treating 
women who reported “no daily smoking” and “occasional, but not daily 
smoker” as non-smokers (to harmonize the available information from 
Sweden and Norway). However, when combining “daily smokers” and 
“occasional, but not daily smokers” in a sensitivity analysis based on the 
Norwegian data, results revealed similar patterns supporting the previous 
findings.  

Related to Study III, it is important to highlight that depression and anxiety 
disorders postpartum in women diagnosed with ADHD most likely reflect 
readmissions and not new diagnoses. This is supported by the findings that 
most women diagnosed with ADHD had a previous history of depression 
and/or anxiety disorders prior to pregnancy. Further, by using clinically 
diagnoses from the NPR, there is a likelihood of not capturing those women 
only seeking help in the primary care system. However, in a sensitivity 
analysis defining depression and anxiety disorder postpartum on both 
clinical diagnoses and prescriptions from the PDR showed similar results as 
the main analyses.  

9.3 Confounders versus Mediators 
A confounder is defined as a variable associated with both the exposure and 
the outcome, Figure 9.3.1. The presence of a potential confounder (third 
variable) can influence the exposure-outcome association that is under 
study. As such, it is important to consider confounding factors to reduce 
bias in the examined associations.77 A mediator is a covariate present on the 
pathway between an exposure and an outcome, Figure 9.3.2. In study IV, 
as ADHD is highly associated with smoking during pregnancy,78 and 
smoking during pregnancy being an independent risk factor for adverse 
pregnancy outcomes,10,79 this mediator was included in a sensitivity analysis 
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to test the robustness of the association between ADHD and adverse 
pregnancy outcomes. Results revealed that smoking during pregnancy 
explained the association between ADHD and preterm birth, Table 6.4.2. 
This is in line with previous research demonstrating an association between 
maternal smoking and preterm birth.79 It is important to keep in mind that 
by using register-based data, information on date of diagnosis is available 
(and/or prescription). However, there is no information related to onset of 
disease. Thus, a prospective study design, where the same individuals are 
being followed over time, would allow for a clearer distinction between 
confounders and mediators.  

Figure 9.3.1 Smoking during pregnancy as a potential confounder 

Figure 9.3.2 Smoking during pregnancy as a potential mediator 

Maternal ADHD Pregnancy outcomes 

Smoking during pregnancy 

Smoking during pregnancy 

Maternal ADHD Pregnancy outcomes 
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9.4 Genetically Informative Designs 
If an association remains after adjusting for potential confounders, 
genetically sensitive designs can be applied to approach more causal 
questions. A genetically informative design provides more information on a 
causal hypothesis and can narrow down the possibilities of alternative 
explanations for an association. For example, in a sibling comparison 
design, shared genetic and environmental factors in siblings are 
automatically accounted for.80 If an association remains after controlling 
for unmeasured familial factors, it suggests that the studied exposure may 
be an important risk factor for the outcome. Further, if the estimate is 
attenuated after adjusting for familial factors, it suggests that the 
association to some extent is influenced by shared genetic and 
environmental factors. Even though genetically informative designs, such as 
twin, familial co-aggregation and/or family history studies used in 
the present thesis are valuable in order to account for the familial factors 
to a given trait, these designs do not provide any information on the 
specific gene(s) or environment implicated in these disorders. Therefore, 
genetically informative designs such as twin studies and familial co-
aggregation studies are a step towards a better understanding and can 
be used to guide large-scale molecular studies into trying to find 
identifiable risk variants that could increase the liability for different traits. 
Thus, genetically informative designs can be used to test the same 
hypothesis by using research designs based on different genetic 
relatedness. 
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10. CONCLUSIONS

The present thesis aimed to expand the knowledge regarding the genetic 
overlap between ADHD and other psychiatric disorder symptoms, and to 
increase the awareness and understanding related to ADHD in women, with 
a focus on adverse health behaviors, mental health problems, and pregnancy 
outcomes. Results suggests that individuals with ADHD symptoms have an 
increased liability to meet criteria for other psychiatric disorder symptoms, 
and that these genetic risks were found to be similar across phenotypes. 
Further, results demonstrated that ADHD is an important risk factor to 
consider before, during and after pregnancy, as ADHD increases the risk of 
smoking during pregnancy, mental health problems postpartum, and 
adverse pregnancy outcomes. This highlights the importance of providing 
women with ADHD the correct support and surveillance throughout the 
lifespan, to minimize the associated risks related to ADHD during 
pregnancy.  

10.1 Future Perspectives 
General Factor of Psychopathology 
The results from Study I may suggest that individuals with ADHD have an 
increased liability to meet criteria for an additional psychiatric disorder, 
regardless of disorder dimension. This is in line with research suggesting a 
general factor of psychopathology.33 The highest (but not statistically 
different) genetic correlation in study I was found between ADHD and ASD, 
which is in line with DSM-5 criteria.12 A recent study investigated whether 
ADHD is more strongly related to neurodevelopmental disorders, compared 
to externalizing and internalizing disorders – after taking the general 
factor of psychopathology into consideration.81 Results suggested that 
ADHD is more genetically linked to disorders included in the 
neurodevelopmental dimension, compared to externalizing and 
internalizing disorders. These findings support the updated diagnostic 
classification system (DSM-5) and contribute with additional evidence that 
can be used for future diagnostic- and treatment strategies. Regardless, more 
research is needed in this domain.  
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Risk prediction models 
A next step is to understand risk predictors in the development of disorders 
and diseases. Risk prediction is important and provide valuable knowledge 
related to intervention strategies for healthcare professionals. Instead of 
testing a causal hypothesis, a prediction study aims toward understanding 
whether specific risk factors (e.g., age, sex, socioeconomic status, diet, 
substance use, presence of comorbid disorders) increases the risk of a 
specific outcome. A risk prediction model can assess the likelihood of an 
individual developing or engaging in adverse health behaviors (e.g., 
smoking during pregnancy, alcohol use), or to calculate the probability of 
developing a specific disorder (e.g., ADHD).82 Risk prediction models with 
the aim to identify women in need of extra support surrounding pregnancy 
is warranted as several known risk factors are established. For example, 
important risk factors such as age, level of education,83 and the presence of 
ADHD and co-occurring psychiatric disorders could be used to inform 
clinical decision making, and to guide healthcare professionals to optimize 
interventions and treatment strategies related to women with an increased 
risk of smoking during pregnancy. In a similar way, risk prediction models 
could be used to assess the probability of mental health problems 
postpartum, and the increased risk of adverse pregnancy outcomes in 
specific subgroups of women.  
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