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We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time.

Through the unknown, remembered gate
When the last of earth left to discover

Is that which was the beginning;
At the source of the longest river
The voice of the hidden waterfall
And the children in the apple-tree

Not known, because not looked for
But heard, half-heard, in the stillness

Between two waves of the sea.
Quick now, here, now, always –

A condition of complete simplicity
(Costing not less than everything)

And all shall be well and
All manner of thing shall be well

When the tongues of flame are in-folded
Into the crowned knot of fire

And the fire and the rose are one.

Little Gidding, Four Quartets
– T.S. Eliot
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ABSTRACT 
Internalizing disorders such as anxiety and depressive disorders are common mental 
disorders in childhood and adolescence. They are characterized by disordered 
emotions and moods, causing emotional distress and impairment. The overarching aim 
of the thesis is to investigate the relationship between internalizing problems and 
adverse outcomes in late adolescence/early adulthood, and between internalizing 
problems at different ages (i.e., childhood vs. adolescence), while taking various 
neurodevelopmental disorders (NDDs) into account. All studies are based on the Child 
and Adolescent Twin Study in Sweden, which uses self- and/or parent-reported survey 
data, clinical diagnoses from the Swedish National Patient Register, and educational 
data from the National School Register. Study I examines the relationship between 
anxiety at age 15 and psychiatric outcomes in late adolescence/early adulthood. The 
results show that adolescent anxiety predicted a variety of psychiatric outcomes, 
even when adjusting for NDDs. Study II describes the relationship between 
internalizing problems at age 15 and educational achievement in late adolescence/
early adulthood in a genetically sensitive design. Internalizing problems were found 
to be negatively associated with educational achievement. Additive genetics 
accounted for the largest part of the covariation between internalizing problems and 
educational outcomes, with roughly one half of unique genetic effects being due to 
internalizing problems and one half due to NDDs. Study III assesses the extent to 
which internalizing symptoms at age 15 can be explained by symptoms of anxiety, 
depression, and NDDs at age 9. The results showed that, overall, a small 
proportion of internalizing symptoms in adolescence can be explained by 
anxiety, depression, and NDDs in childhood. Study IV examines different 
occurrences of NDDs in individuals with anxiety/depression at age 9 versus age 15. 
Compared to individuals without anxiety/depression, those with childhood-onset 
anxiety/depression had a substantially higher prevalence of NDD screening 
diagnoses than did individuals with adolescent-onset. In conclusion, 
internalizing problems in adolescence can predict a plethora of psychiatric 
outcomes and educational underachievement, and they share etiological 
influences with the latter, independently of NDDs. Childhood and adolescent 
internalizing problems possibly represent different constructs and are differentially 
related to NDDs. Future studies investigating treatment approaches and the etiology 
of internalizing problems may benefit from taking age-of-onset into account. 

Keywords: Internalizing disorders, Anxiety disorders, Depressive disorders, 
Neurodevelopmental disorders, education, twin study, age of onset, prevalence 
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SAMMANFATTNING PÅ SVENSKA 
Internaliserande problem såsom ångest och depression är vanligt 
förekommande hos barn och ungdomar. Det övergripande målet med denna 
avhandling var att undersöka sambandet mellan internaliserande problem och 
negativa utfall i sena tonåren/tidiga vuxenlivet och sambandet mellan 
internaliserande problem i barndomen och tonåren, samtidigt som hänsyn tas 
till utvecklingsrelaterade funktionsavvikelser (UF, t.ex. autism ADHD och 
intellektuell funktionsnedsättning). Alla studier baseras på the Child and 
Adolescent Twin Study in Sweden och använder sig av själv- och/eller 
föräldrarapporterade undersökningsdata, kliniska diagnoser från 
Patientregistret samt betyg från årskurs 9 från det nationella skolregistret. 
Studie I undersökte relationen mellan ångest vid 15 års ålder och psykiatriska 
utfall i tidiga vuxenlivet. Resultaten visade att ångest rapporterad i tonåren 
predicerar en mängd olika psykiatriska utfall, även när hänsyn tas till 
UF. Studie II utforskade relationen mellan internaliserande problem vid 
15 års ålder och betyg i årskurs 9 i en tvillingdesign. Internaliserande 
problem fanns vara negativt associerade till betyg. Additiv genetik stod 
för merparten av samvariationen mellan internaliserande problem och 
betyg. Samvariationen kunde till hälften förklaras av effekter som var 
unika för internaliserande problem och ungefär hälften av effekterna kunde 
förklaras av UF. Studie III undersökte till vilken grad internaliserande 
symptom vid 15 års ålder kunde förklaras av ångest, depression och UF 
vid 9 års ålder. Resultaten visade att överlag kunde en liten del av de 
internaliserande problemen vid 15 års ålder förklaras av de tidigare 
nämnda symptomen vid 9 års ålder. Studie IV undersökte om 
prevalensen av UF skilde sig åt beroende på om ångest/
depression rapporterades vid 9 eller 15 års ålder.  De individer vars 
ångest/depression rapporterades vid 9 års ålder hade betydligt mer UF än 
de som rapporterade ångest/depression vid 15 års ålder (men inte 
9). Sammantaget så predicerar internaliserande problem i tonåren en mängd 
olika psykiatriska utfall, akademisk prestation, och delar etiologi med 
akademisk prestation. Internaliserande problem i barn representerar 
möjligtvis ett delvis annorlunda konstrukt än internaliserande problem 
i tonåren, vilket är differentiellt associerat till UF. Framtida studier som 
undersöker behandlingen av, och etiologin bakom, internaliserande 
problem kan dra nytta av att inkludera debutålder i sina studier.
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1 INTRODUCTION 

1.1 INTERNALIZING DISORDERS 
Childhood and adolescent anxiety and depressive disorders, broadly referred 
to as internalizing disorders, are common mental disorders in youth. As such, 
they are conditions of which the core symptoms are disordered emotions and 
moods (e.g., worry, fear, guilt, and sorrow) that are directed inwards, causing 
emotional distress and impairment.1 Internalizing disorders most often pertain 
to anxiety, depressive, eating, and somatoform disorders and are typically 
contrasted with externalizing disorders, of which disruptive and harmful 
behaviors are central features. Attention-deficit/hyperactivity disorder 
(ADHD), oppositional defiant disorder, and conduct disorder are often referred 
to as externalizing disorders.2 Both types, however, comprise behavioral, 
affective, and cognitive elements, and are often highly co-existent with each 
other.1 

Prior to the introduction of the third version of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-III),3 an adequate child psychiatric 
nosology was lacking. As a result, clinicians largely relied on empirically 
derived classifications based on statistical analyses of child behavior 
checklists.4 Most notably, Achenbach and Edelbrock5 describe a number of 
broad syndromes or dimensions of emotional and behavioral issues in children, 
referring to these as “internalizing versus externalizing” or “overcontrolled 
versus under-controlled”. Internalizing, or overcontrolled, behavior was 
characterized by withdrawal, fearfulness, inhibition, or anxiety, whereas 
externalizing, or under-controlled, behavior included disinhibition, aggression, 
and certain expressions of desocialization.5 Internalizing and externalizing 
disorders are still not represented as diagnostic entities in classification 
systems such as DSM-56 or the International Classification of Diseases (ICD-
11).7 For example, DSM-III3 listed internalizing issues under “emotional 
problems” (e.g., anxiety and depressive disorders), while 
externalizing problems were listed under “behavioral disorders”. DSM-III-
R8 specified three anxiety disorders unique to childhood: overanxious 
disorder, avoidant disorder, and separation anxiety disorder. With the 
introduction of DSM-IV,9 all anxiety disorders unique to childhood except for 
separation anxiety disorder were dropped and, as a consequence, children 
and adults were being diagnosed using the same criteria. 
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Despite these two constructs never being formally defined in diagnostic 
classification systems, internalizing and externalizing disorders are part of a 
developmental psychopathological framework and are a widespread subject of 
psychiatric child and adolescent research. The focus of this thesis is on 
internalizing disorders, from here on defined as anxiety and depressive 
disorders. 

1.1.1 Anxiety disorders 
The earliest written accounts of anxiety can be traced back to as early as the 5th 
century BC. In Ancient Greece, philosophers and physicians described anxiety 
as a distinct disorder characterized by negative affect.10 The Hippocratic 
Corpus, a collection of Greek medical texts written by or in the name of 
Hippocrates (approximately 460 BC to 370 AD), for instance, illustrates a case 
of phobia. The text describes a man’s fear of flute sounds, which was 
accompanied by panic symptoms that persisted over a long period of time. 
Following these early records, anxiety disappeared from written accounts for 
centuries, most likely due to other medical diagnostic terms being used to 
diagnose patients. For example, Robert Burton describes what he termed as 
“melancholia” in his work The Anatomy of Melancholy (1621). Although he 
does not specifically call it anxiety, Burton describes a variety of clinical 
pictures typified by internalizing symptoms such as negative affect, which also 
encompasses depression, and which can be distinguished from externalizing 
symptoms present in mania, for example. In the late 19th and early 20th 
centuries, anxiety became an important component of many new diagnostic 
categories. In 1869, George Miller Beard described a condition called 
“neurasthenia”, which encompassed multiple symptoms, including neuralgia, 
hysteria, hypochondria, anxiety, and depression.11 Emil Kraepelin (1856) and 
Sigmund Freud (1856) were both clinicians and leading figures in modern 
psychiatry who further characterized anxiety. Freud developed many of the 
terms that were subsequently used in the first two versions of DSM. Anxiety 
was referred to as “psychoneurotic disorders” in DSM-I12 and as “neurosis” in 
DSM-II.13  

With the introduction of DSM-III,3 anxiety eventually received its own 
chapter, including phobic disorders, social phobia, posttraumatic stress 
disorder, and anxiety states such as panic disorder, generalized anxiety 
disorder, and obsessive-compulsive disorder. DSM-III furthermore contained 
anxiety disorders diagnosable in childhood and adolescence, which included 
separation anxiety disorder, avoidant disorder, and overanxious disorder. In 
1987, DSM-III-R8 was introduced, with its most prominent change being the 
possibility of diagnosing panic and other anxiety disorders in the presence of 
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a depressive disorder.14 DSM-IV9 incorporated this change by adding mixed 
anxiety-depressive disorder as a diagnosis, albeit only in the appendix, due to 
allegedly high cases of false positives. Today, anxiety disorders are an 
umbrella term for several mental disorders. DSM-56 currently groups anxiety 
disorders into three spectra which are based on shared common 
neurobiological, genetic, and psychological features, those being anxiety, 
obsessive-compulsive disorder, and trauma- and stress-related disorders. The 
anxiety spectrum includes separation anxiety disorder, selective mutism, 
specific phobia, social anxiety disorder (social phobia), panic disorder, 
agoraphobia, generalized anxiety disorder, substance/medication-induced 
anxiety disorder, anxiety disorder due to another medical condition, other 
specified anxiety disorder, and unspecified anxiety disorder.6 In addition, 
disorders that may occur at different stages in life are grouped in the same 
chapter. 

While the diagnostic criteria for the various anxiety disorders vary, individuals 
must show general clinical symptoms such as extensive anxiety or fear, 
physiological anxiety symptoms (e.g., heart palpitations, excessive shaking, 
dizziness), behavioral disturbances (e.g., extreme avoidance of feared objects), 
and associated distress or impairment caused by the anxiety6, 7 (see Table 1 for 
core diagnostic features and characteristics of anxiety disorders based on 
DSM-5 and ICD-11). For example, a teenager with social anxiety disorder will 
be anxious about social situations such as attending a party, going to school, 
or talking to unfamiliar people because he or she is afraid of being negatively 
evaluated. As such, social situations are avoided or endured only with intense 
fear or anxiety, eventually leading to impairment in daily routines, work, 
school, or other activities. 

Anxiety disorders are highly common mental disorders in childhood and 
adolescence, with prevalence estimates ranging between 15% and 20%.15 
Studies suggest that the onset of an anxiety disorder can occur as early as 
childhood (see, for example,16-18). However, a large degree of heterogeneity 
exists among the various anxiety disorders. Before 12 years of age, separation 
anxiety disorder and some types of specific phobia may arise and are generally 
accepted as the “first” anxiety disorders.17 Between the ages of 10 and 19, 
social anxiety disorder can emerge.17, 19, 20 Panic disorder, agoraphobia, and 
generalized anxiety disorder generally arise in later adolescence and early 
adulthood, with a median age of onset between the ages of 19 and 31 (see, for 
example, 17, 21, 22). Sex differences in anxiety disorders are relatively small 
during childhood but reach a 2:1 ratio of females to males throughout 
adolescence and into adulthood.23, 24 
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Anxiety disorder in children and adolescents rarely occurs in isolation. Cross-
sectional studies have shown that the diagnosis of one anxiety disorder 
frequently co-occurs with at least one additional anxiety disorder16 or with 
depression.19, 25 In addition, longitudinal research on childhood and adolescent 
anxiety finds frequent associations with subsequent risk of anxiety and mood 
disorders, substance use disorders, and behavioral disorders, as well as suicidal 
behavior and psychotic symptoms in adulthood.26-30 Alongside psychiatric 
outcomes, child and adolescent anxiety is linked to several adverse functional 
outcomes that, when left untreated, can extend into adulthood, following a 
waxing and waning course.31 That is, besides the personal short- and long-term 
functional outcomes of anxiety disorders such as decreased life satisfaction and 
familial and social impairment,27, 32 evidence supports a substantial societal 
burden in areas such as academic and occupational functioning.26 Longitudinal 
research furthermore supports the association between reported symptoms of 
anxiety in adolescence and an increased risk of sick leave in early adulthood, 
measured by the receipt of long-term benefits between 20 and 29 years of age.33 
Anxiety disorders have been recently re-estimated as accounting for about 10% 
of years lived with disability and 7% of disability-adjusted life years (defined 
as a measure of overall disease burden expressed in the number of years lost 
due to ill health, disability, or early death).34 

Epidemiological studies have found associations between adverse experiences 
in childhood (e.g., parental divorce or losing a parent) and anxiety disorders.35 
Other predictors of anxiety include a history of neglect or physical and/or 
sexual abuse, which are linked to higher risks of depressive-, anxiety-, 
conduct-, and substance use disorders, as well as suicidal behavior.36 Parenting 
style (i.e., parental overprotectiveness and parental rejection) is associated with 
higher rates of social phobia in children.37, 38 Research generally indicates a 
stronger familial aggregation of anxiety disorders than can be expected by 
chance alone,39, 40 and children of parents presenting with an anxiety disorder 
are two to four times more likely to develop an anxiety disorder.41, 42 Anxiety 
disorders have been found to be moderately heritable, between 30% and 40%, 
in adult samples, with the remaining variance being primarily attributable to 
individual, non-shared environmental factors.39 In children and adolescents, it 
is suggested that heritability is higher, e.g., 73% and 60% for separation 
anxiety disorder and specific phobia respectively.43 
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Table 1. Core diagnostic features and characteristics of anxiety disorders based on criteria from DSM-5 and ICD-11. Table adapted from Penninx 
et al.44 

Selective 
mutism 

Separation 
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Specific phobia Social anxiety 
disorder 
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or cognitions 
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competence 
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control, feeling of 
alienation) 
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uncontrollable, 
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and fears about 
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Physical 
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other functioning 
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inducing 
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related to the 
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Disturbance 
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Required 
symptom 
duration 
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school month)

>1 month (4-18 
years); >6 months
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Median age of 
onset 
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Childhood 
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Childhood 
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Late adolescence 
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Adulthood 
(~25 years) 

Adulthood 
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1.1.2 Depressive disorders 
As is the case with anxiety, the first records of depression date back to the time 
of Hippocrates, although it was generally referred to as melancholia and 
included all disorders directed towards the self.45 In his work The Anatomy of 
Melancholy (1621), Richard Burton narrowed the term melancholia down to 
depression and further delineated it from outwardly directed disorders such as 
mania. Building on the work of his predecessors, Emil Kraepelin made a 
substantial contribution to the modern classification of psychiatric disorders in 
the late 19th century. He described a group of mental disorders called “manic-
depressive insanity”, a category that included all types of mania and 
depression, as well as a state of alternating mania and depression.45 Around the 
same time, Sigmund Freud and other European psychiatrists were working on 
another approach to describing depression. In psychoanalysis, depression 
manifested after the actual or symbolic loss of a love object and was thus seen 
as a consequence of emotional stress.46 

Despite different approaches to and debates over its categorization, depression 
as a melancholic or psychotic state was, overall, acknowledged by clinicians. 
It was not until 1980, however, that depression was included in DSM-III3 as a 
unitary category called major depression.45 Until DSM-IV,9 diagnoses in DSM 
did not consider the context in which symptoms arose. Consequently, DSM-
IV9 excluded instances of depression that could be better explained by 
bereavement. With the introduction of a new overall classification system, 
DSM-56 reclassified depression – formerly included with mood disorders, 
along with bipolar and related disorders – within its own category, depressive 
disorders. These include disruptive mood dysregulation disorder, major 
depressive disorder (including major depressive episodes), persistent 
depressive disorder (dysthymia), premenstrual dysphoric disorder, 
substance/medication-induced depressive disorder, depressive disorder due to 
another medical condition, other specified depressive disorder, and unspecified 
depressive disorder.6 

Common to all depressive disorders under this umbrella term is a sad and 
irritable mood along with somatic and cognitive changes that significantly 
affect the individual’s ability to function.6, 7 In children, depression may 
manifest through a loss of interest in toys or going outside to play with friends. 
Children may also get irritated easily or cry often for no apparent reason, or 
they may become inattentive or misbehave in school. Somatic complaints such 
as headaches and stomachaches may also be symptoms.47 With one exception 
(i.e., irritability rather than depressed mood as a core symptom), DSM-5 
criteria for child/adolescent and adult depressive disorders are identical (see 
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Figure 1 for DSM-5 diagnostic criteria for major depressive disorder). 
Nevertheless, depression in children and adolescents is often overlooked, 
potentially due to clinical presentation that differs from that of adult 
depression; i.e., somatic complaints, crying, irritability, decreased school 
performance, and behavioral problems are examples of more prominent 
symptoms of childhood/adolescent depression,47, 48 but there are also 
limitations in terms of young children communicating feelings and emotions. 

Figure 1. DSM-5 criteria for major depressive disorder.6 

Depressive disorders are commonly reported mental disorders among children 
and adolescents, with prevalence estimated to be as high as 13%49-51 and 
numbers increasing from childhood through adolescence and into adulthood.52 
For example, the Centers for Disease Control and Prevention report incidences 
of 0.5% in children aged 3 to 5 years, 2% in children aged 6 to 11years, and 
around 12% in children/adolescents aged 12 to 17 years.52 While depression 
has been reported to occur as early as the preschool period,53  a first episode of 
major depressive disorder is most commonly experienced between mid-
adolescence and the mid-40s.17 During childhood, depression is just as 

Major depressive disorder 

A. Five or more out of nine symptoms (including at least one of
depressed mood and loss of interest or pleasure) in the same
two‐week period. Each of these symptoms represents a
change from previous functioning.

1. Depressed mood (subjective or observed); can be
irritable mood in children and adolescents

2. Loss of interest or pleasure
3. Change in weight or appetite
4. Insomnia or hypersomnia
5. Psychomotor retardation or agitation (observed)
6. Loss of energy or fatigue
7. Worthlessness or guilt
8. Impaired concentration or indecisiveness
9. Thoughts of death or suicidal ideation or attempt

B. Symptoms cause significant distress or impairment.
C. Episode not attributable to a substance or medical condition.
D. Episode not better explained by a psychotic disorder.
E. There has never been a manic or hypomanic episode.
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common in males as in females. Post-puberty, females are affected almost 
twice as much as males.54 

As in the case of anxiety disorders, heritability of depressive disorders is 
estimated to be moderate at around 40%, with more severe depression 
potentially being more heritable.55 It has also been suggested that the similarity 
in the heritability of depression and anxiety may be due to substantial genetic 
overlap between the two disorders.56 First-degree family members of 
individuals with depressive disorders have a two to four times greater risk of 
developing a depressive disorder than individuals in the general population.57, 

58 Environmental risk factors include adverse childhood experiences and 
stressful life events.6 

Childhood and adolescent depressive disorders often co-occur with other 
mental disorders. It has been estimated that 40% to 90% of young people with 
depressive disorders have additional mental disorders, and up to half have two 
or more additional diagnoses, the most common being anxiety disorders, 
ADHD, and substance use disorders in adolescents.59 Depression in children 
and adolescents has furthermore been linked to several adverse outcomes later 
in life, such as educational underachievement, unemployment, and early 
parenthood. Depression in adolescence is also associated with multiple 
subsequent mental health problems, including major depression, anxiety 
disorders, alcohol misuse/dependence, suicide, and suicide attempts, as well as 
smoking/nicotine dependence later in life.59, 60 

1.1.3 Internalizing problems in a developmental perspective 
In the current DSM (DSM-5),6 anxiety disorder chapters are arranged 
developmentally, i.e., sequenced according to typical age of onset. Apart from 
some minor shortening of the timespan criteria for children and adolescents, 
the same set of criteria is applied for all ages, for both anxiety and depressive 
disorders. This approach can potentially be attributed to the vast number of 
empirical studies that indicate that youth anxiety and depressive disorders are 
associated with the same disorders later in life. For example, in a 21-year 
population-based longitudinal study,26 associations between adolescent 
anxiety disorders and later risk of various psychiatric, educational, and social 
outcomes (e.g., anxiety and depressive disorders, substance use, suicidal 
behavior, enrolment into higher education, employment and parenting status) 
were examined. The authors discovered significant associations between 
adolescent anxiety disorder and risk of anxiety disorder later in life, which 
remained significant even after controlling for confounding effects. 
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Investigating the continuity of anxiety and depressive disorders from 
childhood to adolescence and from childhood to adulthood has delivered 
mixed results. For example, anxiety disorders from childhood to adolescence 
have been observed to be of a homotypic nature,61-63 while there is limited 
support for homotypic continuity from childhood to adulthood. For example, 
individuals diagnosed with childhood-associated anxiety disorders such as 
separation anxiety disorder do not appear to have a heightened risk of the same 
anxiety disorder in adulthood.30, 64, 65 Similarly, both homotypic and heterotypic 
pathways have been identified for depression.62 For instance, associations with 
childhood-onset depression differ from associations with  adolescent-onset 
depression, which appears to be associated more with subsequent antisocial 
behavior than with depression later in life.66 

These findings are further supported by twin studies, indicating etiological 
heterogeneity by age of onset of anxious and depressive symptoms. Results 
from two twin studies67, 68 demonstrate an increase in anxious and depressive 
symptoms from childhood to adolescence and into adulthood, in parallel with 
a decrease in heritability after childhood, suggesting a partial difference in 
anxiety and depression that occur in childhood, adolescence, and adulthood. 
Another study69 found different associations for depression depending on 
whether depression arose in early adolescence or late adolescence. Whereas 
late adolescence onset depression was associated mainly with depression, 
depression in the early adolescent onset group was linked to schizophrenia, 
ADHD, and other NDD traits in childhood. 

Besides phenotypical and etiological differences, data on the sex ratio in 
anxiety and depression suggests that further demarcation can be made 
according to age of onset. That is, while both anxiety and depressive disorders 
are equally common in childhood, females are about as twice as affected as 
males starting from puberty/adolescence and onwards.23, 24, 54 This difference 
is potentially multifactorial; however, it has been suggested that females 
experience more anxiety and depression risk factors (e.g., sex hormones, stress 
susceptibility and response, societal expectations) prior to and during 
puberty.70, 71

Likewise, the response to treatment for anxiety and depression seems to differ 
depending on age. Selective serotonin reuptake inhibitors are well documented 
in their efficacy at alleviating depression in adults; however, they appear to be 
less effective in children and adolescents aged 18 years and younger.72 In the 
case of anxiety disorders, these medications generally work well in reducing 
the severity of anxiety in children and adolescents.73 Cognitive behavioral 
therapy for anxiety disorders in youth is generally based on identifying the 
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problem in cognitive behavioral terms, as described, for instance, in the Coping 
Cat Workbook.74 The aim of these programs is to enable the child to recognize 
triggers and early signs of arousal of their anxiety. Subsequently, the child is 
taught to manage the anxiety. However, as it is suggested with treatment 
approaches for childhood depression,75 these programs assume a certain level 
of cognitive, social, and emotional maturity in the child. Research furthermore 
shows that children with anxiety exhibit deficits in both emotional 
understanding and regulation abilities,76 making it more crucial for therapists 
to consider these factors when conducting treatment. Another difference from 
adult treatment seems to lie in the inclusion of both parent and child, especially 
the younger the child is.77 It is therefore likely that treatment and treatment 
response for internalizing problems in children and younger, or less 
sophisticated, adolescents differ from that for adults, and a developmentally 
sensitive approach may be largely beneficial for children and adolescents. 

1.2 NEURODEVELOPMENTAL DISORDERS 
“Neurodevelopmental disorders” (NDDs) is an umbrella term in DSM-5 for a 
group of disorders, i.e., ADHD, autism spectrum disorder (ASD), intellectual 
disability (ID), communication disorders, specific learning disorders, and 
motor disorders (e.g., developmental coordination disorder (DCD) and tic 
disorders (TDs)) which generally have their onset during the developmental 
period or during childhood, with the exception of TDs, where onset should 
occur before 18 years of age.6 They are, by definition, characterized by 
developmental deficits leading to impaired functioning in personal, social, 
academic, or occupational domains. NDDs are a highly heterogeneous group 
with substantial differences even within the diagnostic category. For instance, 
ASD may be present in individuals with very high levels of intelligence and in 
individuals with an ID. NDDs are diagnosed more often in males than in 
females, with ratios of 4:1 in ASD and 2:1 in ADHD, for example.6 The thesis 
mainly discusses ADHD, ASD, DCD, ID, and TDs, which are briefly 
presented here. 

ADHD is characterized by symptoms of inattention (e.g., difficulties with 
initiating and sustaining attention, organizing tasks, and being distracted easily 
and an aversion to engaging in activities that require mental effort), 
hyperactivity that is inconsistent with the developmental level (fidgeting, 
inability to play calmly, reluctance to keep still for longer periods of time), and 
impulsivity (rushed behavior without thinking).6 Hyperactivity is a prominent 
feature during early childhood, while the inattentive domain becomes more 
prominent in school settings. During adolescence and early adulthood, 
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hyperactivity tends to lessen while inattention and impulsivity remain 
impairing. ADHD is one of the most common mental disorders in childhood 
and affects up to 7.2% of children and adolescents,78 as well as around 2.5% 
of adults.79 

ASD is characterized by pervasive deficits in reciprocal social communication 
and social interaction (e.g., sharing thoughts and feelings, little initiation of 
communication, deficits in developing, maintaining, and understanding 
relationships, deficits in social-emotional reciprocity) and restricted, repetitive 
behaviors, interests, or activities (e.g., stereotypical or repetitive motor 
movements, highly restricted, fixated interests that are abnormal in their 
intensity or focus, and abnormal reactions to sensory input).6 As stated above, 
the autism phenotype is highly heterogeneous and abilities can be lacking, 
diminished, or atypical. Deficits in communication abilities can, for instance, 
range from a complete lack of language to circumstantial language and/or 
difficulties in coordinating language and body gestures. ASD has been 
estimated to affect about 1.5% of the total population in developed countries,80 
but its prevalence has surged over the previous decade.81, 82 

DCD is characterized by overall coordination difficulties such as gross motor 
clumsiness, balance problems, decreased muscle tone, and poor fine motor 
skills.6 Failure to meet motor milestones such as crawling or walking may be 
indicative of DCD in toddlers; in older children and adolescents, impairments 
in procedures such as handwriting or engaging in ball sports are frequent. 
Significantly, as is the case with any NDD, these impairments must give rise 
to dysfunction in everyday life. An example of this is reduced ability to engage 
in self-care or physical fitness. DCD affects about 5% of all school-age 
children.83 

ID (referred to in this thesis as learning disabilities (LD)) is characterized by 
deficits in intellectual function, consistent scores below a certain IQ level 
(usually 70 +/- 5), and deficits in adaptive functioning (hardship acting 
according to societal and cultural standards for personal independence or social 
responsibility in conceptual, practical, and social domains).6 ID can be mild, 
moderate, severe, or profound. Whereas a person with mild ID may experience 
difficulties learning to read and write, or correctly assessing social situations 
and may need support with grocery shopping, a person with profound ID may 
understand simple phrases but lack spoken language, may express him or 
herself through simple gestures and be dependent on others for virtually all 
physical care. ID affects about 1.5% of both boys and girls during the preschool 
period.6 
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hyperactivity tends to lessen while inattention and impulsivity remain 
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physical care. ID affects about 1.5% of both boys and girls during the preschool 
period.6 
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TDs are characterized by sudden rapid, recurrent, non-rhythmic, or motor 
movements (e.g., blinking, shrugging shoulders) and/or vocalization (e.g., 
humming, throat clearing, yelling out a word or phrase).6 Tics can occur in the 
majority of muscles and are in most instances involuntary but can, in some 
instances, be held back by the individual. Tics are generally either simple or 
complex, where simple tics may be manifested as blinking, shoulder 
shrugging, or throat clearing. Complex tics last longer and can be a 
combination of simple motor tics or, in their vocal counterpart, the stating of 
socially unacceptable things or repeating of phrases. TDs are very common in 
childhood, affecting approximately 15% of all children at some time.84 

NDDs have been shown to frequently co-occur.84-87 Diagnosis of one NDD is 
predictive of other NDD diagnoses later in life.88, 89 There is extensive 
comorbidity between NDDs, and research suggests that different NDDs share 
common genetic liabilities.90, 91 DCD has been shown to be present in at least 
half of all children with a diagnosis of ADHD or ASD.84 Over the last decade, 
a clinical paradigm has emerged called Early Symptomatic Syndromes 
Eliciting Neurodevelopmental Clinical Examinations (ESSENCE).84 
ESSENCE emphasizes that all NDDs almost always overlap and that children 
presenting with, for instance, ADHD should always be assessed for symptoms 
of other NDDs. ESSENCE also emphasizes that these children need care from 
various types of specialist care (e.g., psychiatrist, psychologist, speech and 
language therapist) and, subsequently, that centers focusing on the treatment 
and assessment of NDDs must have a broad understanding of child 
development and not be focused exclusively on ADHD, or ASD, or TDs. 

Longitudinal research suggests strong links between NDDs and a variety of 
adverse outcomes. For example, ADHD in young adults is significantly 
associated with mood and psychotic disorders, anxiety disorders, antisocial 
disorders, developmental disorders, and substance dependence disorders.92 
Another study93 compares outcomes in adulthood for children with ADHD and 
comorbid DCD and found the ADHD/DCD group to be at significantly greater 
risk of psychiatric diagnoses, medical prescriptions, sick pension, more years 
of unemployment, and lower educational attainment than a non-clinical 
comparison group and a registry-matched population group. Adults diagnosed 
with ASD in childhood were found to be at increased risk of mortality, self-
injury and violent behavior, medical and psychiatric issues, intellectual 
dysfunction, dysfunctional relationships, and unemployment,94-96 with an 
overall poor outcome in roughly 80% of cases.94 It has been suggested that 
there is a significant association between DCD and anxiety in adolescence97 
and between DCD and educational underachievement.98, 99 ID has been linked 
to an increased risk of developing substance use disorders100 and of premature 
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death.101 Longitudinal research on TD is scarce, but the literature generally 
implies a greater risk of suicidal ideation, attempted suicide, and death by 
suicide.102, 103 Tourette’s syndrome and chronic tic disorders have also been 
associated with considerable academic underachievement.104 While lifetime 
rates of ADHD and anxiety disorders are reported to be higher in individuals 
with Tourette’s disorder than in the general population, another study has 
found long-term outcomes such as psychosocial functioning, academic 
achievement, employment, and marriage status to be positive overall.105 

1.2.1 The relationship between internalizing disorders and 
neurodevelopmental disorders 

Besides frequent co-occurrence within internalizing disorders (e.g., anxiety 
with depression), internalizing disorders and NDDs also commonly coincide 
with each other. Anxiety disorders are reported to be present in about a quarter 
of children with ADHD in community samples106, 107 and up to 40% in clinical 
settings.108 In the case of depression, rates of co-occurring ADHD have been 
reported in about 42% of all preschool-aged children.109 In ASD, prevalence 
estimates for comorbid anxiety are high, ranging from 40% to 70%.110 
Numbers for childhood and adolescent depression vary but generally fall 
between 13% and 54%.111 In children with DCD, an estimated 17% to 34% 
have been found to have symptoms of anxiety and 9% to 15% to have 
symptoms of depression.112 In the Nordic countries, internalizing disorders 
have recently been reported to be present in 58% of children diagnosed with 
NDDs.85 

Internalizing disorders and NDDs share several symptoms. Depression in 
childhood may comprise such symptoms as inattention, distractibility, 
aggression, and irritability.47 However, these symptoms occur in multiple 
NDDs. Childhood ADHD, for example, can be expressed through excessive 
crying, strong distress when separated from a caregiver, and sleep 
disturbances, which are also characteristic symptoms of anxiety and depression 
in childhood.15, 47 Executive functioning deficits have been strongly linked to 
childhood ADHD and anxiety,113 ADHD and depression,114 ASD and 
anxiety,115 and ASD and depression.116 For example, one study113 investigated 
the relationship between anxiety, ADHD symptoms, and multiple executive 
functioning dimensions (i.e., inhibition, updating, and shifting) in a sample of 
young children (M=11.87±2.94yrs). The results revealed increased ADHD 
symptoms to be associated with worse executive functioning in children, but 
only in those with high levels of anxiety, suggesting that these constructs are 
closely linked. Less is known about the relationship between executive 
functioning, internalizing problems, and other NDDs, but given the great 
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overlap within NDDs, it is possible that there are associations that are similar 
to those found in executive functioning, anxiety, depression, ADHD, and ASD. 
Deficits in social-emotional reciprocity (e.g., sharing feelings, engaging in play 
with other children) are a symptom of ASD, but they also appear in childhood 
depression. While the diagnostic criteria for internalizing disorders (i.e., 
anxiety and depressive disorders) and NDDs do not overlap, DSM-5 does 
acknowledge several transdiagnostic symptoms in the two groups of disorders. 
For instance, in both ADHD and depression, low frustration tolerance can be 
observed in young children, and the manual advises clinicians to be cautious 
in diagnosing in favor of depression in children who show mood disturbances 
such as irritability.6 It has been suggested that there is an overrepresentation of 
ADHD,117 which, due to the symptom overlap in this age group, may go with 
an under-detection of childhood depression and possibly anxiety. 

In adult samples, positive genetic correlations have been found between, for 
example, anxiety disorders and ADHD/ASD118 and major depression and 
ADHD/ASD.119 Internalizing disorders and NDDs were also shown to be 
correlated with environmental risk factors, such as preterm birth120-122 and 
lower birth weight.123 Although these associations have yet to be validated in 
child samples, it is possible that associations between internalizing problems 
and NDDs have been underestimated, i.e., childhood internalizing problems 
may share more etiological and phenotypic commonalities with NDDs than 
has been previously stated. 

It appears that internalizing disorders and NDDs are differentially associated 
with each other depending on age. Results from one study124 indicate that 
externalizing disorders (which included ADHD) tend to be more common in 
childhood anxiety disorders than in adolescents with anxiety disorders. 
Another study69 shows that depression is associated with higher levels of 
ADHD and other NDD symptoms in childhood, but only in the early-
adolescent onset group and not in the late-adolescent onset group, suggesting 
that childhood/early onset forms of depression may be more closely associated 
with, or an epiphenomenon of, NDD symptomatology. 

High rates of co-occurrence may be a consequence of one disorder possibly 
increasing the risk for the other disorder. That is, children with NDDs may be 
more prone to developing internalizing symptoms, as childhood is the 
developmental stage during which individuals first begin to see themselves 
from the perspective of others,125 possibly leading to a view of their own 
otherness that is negative compared to that of neurotypical children.126 It has 
been suggested that young people with ASD rate their self-esteem significantly 
lower than do neurotypical individuals, and self-esteem has been significantly 
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associated with depression.127 Difficulties with social communication and peer 
relationships in children with ADHD and ASD may lead to bullying, which 
may eventually contribute to the development of depression and social 
anxiety.128 Finally, a high level of co-occurrence of mental disorders in general 
is in line with the growing consensus on a general underlying susceptibility to 
virtually all psychiatric disorders,129, 130 and efforts to develop nosological 
systems that transcend diagnostic categories.131 

1.3 STUDY RATIONALES 

1.3.1 Study I 
Youth anxiety disorders have been linked to later risk of adult anxiety, mood, 
substance use, and behavioral disorders, as well as suicidal behavior and 
psychotic symptoms.26-30 Whereas the majority of longitudinal studies focus 
on the specific associations between youth anxiety disorders and psychiatric 
outcomes, there has been less focus on whether this relationship may be 
confounded by NDDs such as ADHD, ASD, and DCD. NDDs and anxiety 
disorders co-occur to a great extent87, 132-134 and research suggests much 
stronger associations between certain NDDs and psychiatric disorders (e.g., 
ADHD and alcohol/substance use disorders135). Additionally, strong 
relationships between ADHD and psychiatric disorders have been found even 
after adjusting for anxiety disorders.136 Finally, neurological soft signs in 
combination with anxiety symptoms in childhood are strongly indicative of 
persistent psychiatric disorder.134 Taken together, current empirical data 
solidly suggests that anxiety in children and adolescents predicts a variety of 
psychiatric outcomes later in life. However, the risk conferred by childhood 
NDDs such as ADHD, ASD, and DCD to this association is still not known. 

1.3.2 Study II 
Longitudinal studies find a strong link between internalizing disorders in 
childhood and adolescence and educational underachievement later in life.137 
However, only a small number of studies have employed a genetically 
sensitive design to examine the relationship between internalizing disorders 
(i.e., anxiety and/or depressive disorders) and educational achievement. 
Negative associations between anxiety disorders and education have been 
previously suggested,118, 138 which were largely due to genetic influences 
common to the two.139 NDDs have been shown as stronger predictors of 
educational failure96, 140 than have internalizing disorders, and the comorbidity 
between NDDs and internalizing disorders is substantial (see, for example,87,

107, 109, 141). Taken together, NDDs may influence the association between 
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internalizing problems and educational achievement. We thus hypothesize that 
NDDs strongly influence the association between internalizing problems and 
educational achievement and that the etiology between these traits is partly 
shared.  

1.3.3 Study III 
Studies show that the prevalence of internalizing disorders and symptoms (i.e., 
anxiety and depression) increases from childhood to adolescence,52, 64 
however, both homotypic (e.g., childhood anxiety predicts adolescent 
anxiety)61, 62 and heterotypic (e.g., childhood anxiety predicts adolescent 
depression)62 trajectories have been reported. Studies investigating symptom 
development of anxiety and depression find anxiety symptoms to cluster more 
distinctly in children compared to in adolescents, where depression symptoms 
were more evident.142 Results from twin studies have demonstrated an increase 
in anxiety and depression symptoms during adolescence and greater 
heritability in childhood which lessened from adolescence onwards, indicating 
that the etiology of anxiety and depression differs in childhood and 
adolescence to a certain extent.67 NDDs were found to share etiology with 
internalizing problems,143 and can partially be expressed through the same 
symptoms as in anxiety and depression in children.144-146 Taken together, 
childhood internalizing symptoms may be a partly distinct phenotype from 
adolescent internalizing symptoms. Today, studies that investigate underlying 
differences in childhood and adolescent internalizing symptoms and 
simultaneously include various NDDs are lacking. 

1.3.4 Study IV 
Earlier research has revealed strong associations between anxiety and 
depression in adolescence and the same disorder later in life.26, 60, 147 However, 
associations from childhood and adolescence deliver more conflicting results. 
For instance, childhood-onset depression has been linked to subsequent 
antisocial behavior in adulthood rather than subsequent depression,66 and twin 
studies suggest that both depression and anxiety demonstrate etiological 
heterogeneity depending on age. That is, symptoms of anxiety and depression 
were found to increase from childhood to adolescence with a simultaneous 
decrease in heritability.67, 68 Childhood NDDs have symptoms in common with 
anxiety and depression, share etiology,143 and are common in children with 
anxiety and depression.148, 149 Findings from a recent study69 reveal different 
associations for depression depending on age of onset. An early-onset 
adolescent group was linked to higher levels of ADHD and other NDDs in 
childhood, suggesting that this group may be more closely associated with 
NDD symptomatology. Taken together, previous findings indicate that NDDs 
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may be differentially associated depending on the age of onset of anxiety and 
depression, but it is yet unclear how common NDDs are in children and 
adolescents with anxiety and depression. 
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2 AIMS 
The overarching aim of the thesis is to understand the relationship between 
internalizing problems such as anxiety and depression at different ages (i.e., 
childhood versus adolescence) and the relationship of internalizing problems 
with adverse outcomes in late adolescence/early adulthood, while 
simultaneously taking NDDs into account. Study I examines the relationship 
between anxiety at age 15 and psychiatric outcomes in late adolescence/early 
adulthood. Study II aims to describe the relationship between 
internalizing problems and educational achievement in late adolescence/
early adulthood using a genetically sensitive design. The aim of Study III is to 
gain insight into the relationship between childhood and adolescent 
internalizing symptoms. On the basis of the latter study, Study IV seeks 
to identify whether differing occurrences of NDDs can be discerned among 
those with anxiety/depression at age 9 versus age 15. The specific aims of 
the four studies are: 

I. To estimate the association between various levels of adolescent
anxiety and later psychiatric disorders and suicidal ideation, and to test
whether ADHD, ASD, and DCD in childhood confound possible
associations. Additionally, this study seeks to estimate the totality of
psychiatric outcomes that can be attributed to the various levels of
adolescent anxiety.

II. To assess the association between internalizing problems at age 15
and educational achievement, and to test whether NDDs in childhood
confound a possible association. Furthermore, to examine genetic and
environmental contributions to these associations by employing
multivariate twin analyses.

III. To assess the extent to which internalizing symptoms in adolescence
can be explained by symptoms of anxiety, depression, and NDDs in
childhood.

IV. To delineate whether different anxiety/depression groups (childhood-
onset vs. adolescent-onset) show distinguishable patterns in respect of
the prevalence of co-existing screening diagnoses of NDDs, i.e.,
ADHD, ASD, DCD, LD, and TD.
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3 PARTICIPANTS AND METHODS 

3.1 PARTICIPANTS 
All studies are based on the Child and Adolescent Twin Study in Sweden 
(CATSS), which originates from the Swedish Twin Registry at Karolinska 
Institutet, Stockholm, Sweden. Study I is also linked with the Swedish National 
Patient Register (NPR). Study II is linked with the National School Register. 
Linkage across national health and service registers has been made possible 
through a personal identification number that is given to all individuals in 
Sweden, either at birth or when taking residence in Sweden. 

3.1.1 Child and Adolescent Twin Study in Sweden 
The Child and Adolescent Twin Study in Sweden (CATSS) is an ongoing, 
nationwide population-based longitudinal study targeting all twins born in 
Sweden from the July 1, 1992.150 Its general scientific hypothesis is that 
neurodevelopmental problems in childhood (i.e., ADHD, ASD, TD, DCD, and 
LD) play key roles in the development of mental ill health and psychosocial 
maladaptation during adolescence and early adulthood. Data collection is 
performed by the Swedish Twin Registry at Karolinska Institutet, Stockholm, 
Sweden. 

As of 2004, parents of all Swedish twins have been contacted in connection 
with their twins’ ninth or twelfth birthday (CATSS-9/12; note that only the 
first three years of the study include 12-year-olds) and asked to participate in 
a telephone interview assessing somatic and mental health issues in their 
children. The rationale for choosing these age groups is that most childhood 
mental health issues in childhood will have developed by then and problem 
constellations linked to puberty will not yet have had their onset. Telephone 
interviews were carried out by interviewers from a professional company 
(Intervjubolaget) who had received a short introduction in child and adolescent 
psychiatry and twin research and then utilized a computerized version of the 
interviews. The overall response rate in CATSS-9/12 was 80% in 2012. 
Compared to responders, individuals who did not respond to the CATSS-9/12 
telephone interviews were more likely to have a parent receiving treatment in 
psychiatric settings (9.6% of the non-responders vs. 6.3% of the responders), 
have a father convicted of a felony (11.2% vs. 7.2%), have a mother convicted 
of a felony (1.6% vs. 0.7%), or a divorced mother (16.4% vs. 12.5%), a 
divorced father (16.4% vs. 12.4%), or to be of low socioeconomic status 
(26.6% vs. 21.9%). The prevalence of ADHD (2.1% vs. 1.6%), ASD (0.95% 
vs. 0.84%), and LD (2.0% vs. 0.99%) was also higher among non-responders. 
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2 AIMS 
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psychiatric outcomes that can be attributed to the various levels of
adolescent anxiety.
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environmental contributions to these associations by employing
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IV. To delineate whether different anxiety/depression groups (childhood-
onset vs. adolescent-onset) show distinguishable patterns in respect of
the prevalence of co-existing screening diagnoses of NDDs, i.e.,
ADHD, ASD, DCD, LD, and TD.
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At age 15, the families are contacted again and both parents and twins are 
invited to fill out a web-based follow-up questionnaire measuring risk factors 
and outcomes (CATSS-15). The aim of this follow-up is to study the effect of 
neurodevelopmental problems on social marginalization, substance abuse, 
criminality, and the onset of new mental health issues. CATSS-15 includes 
twins born from January 1, 1994, and onwards. The overall response rate in 
CATSS-15 is 48% for self-reporting and 50% for parent reporting. For 44%, 
data is currently available from both a twin and a parent. 

Study I includes 12,324 twins born between 1994 and 2002 who completed 
self-reports at age 15 (85% of whom had complete data at ages 9/12) and parent 
reports on 11,133 twins (87% of whom had complete data at ages 9/12). 
Fourteen thousand one hundred and six individuals were covered by either self- 
or parent reports. Study II includes 4,997 twins born between 1994 and 1998 
whose parents responded in CATSS-9/12 and CATSS-15. Studies III and IV 
include parent reports on 4,492 individuals born between 1998 and 2003 with 
complete data in CATSS-9 and CATSS-15. 

3.1.2 National Patient Register 
The Swedish National Patient Register (NPR) was established in the 1960s in 
connection with the collection of inpatient information from public hospitals 
commissioned by the National Board of Health and Welfare. Originally, the 
NPR covered patient information of all individuals treated in psychiatric 
settings and 16% of all individuals in somatic settings. Before 1984, the NPR 
included six out of the twenty-six Swedish county councils. Thereafter, the 
Ministry of Health and Welfare and the Federation of County Councils 
introduced compulsory participation for all county councils. From 1987 
onwards, all psychiatric inpatient data were included in the NPR. From 2001 
onwards, data from the specialized outpatient care (e.g., psychiatric visits and 
outpatient surgery) have been included. The NPR does not cover primary 
care.151 

The NPR is coded according to ICD-8, ICD-9, and ICD-10 codes. The validity 
of the NPR is continually being assessed. For example, one study152 reports an 
overall high level of validity (as expressed through positive predictive values 
between 55% and 95.5%) for psychiatric disease (i.e., schizophrenia and 
personality disorders) in the inpatient register. Another study153 reports a 
positive predictive value of 92% for bipolar disorder. In Study I, the following 
ICD-10 codes were retrieved for all individuals: F10–19 (alcohol and drug 
misuse disorders), F20–29 and F30–31 (psychotic disorders and bipolar 
disorders merged), F32–39 (depressive disorders), F40–41 (anxiety disorders), 
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and X60–84 (suicidal ideation and suicide attempts) including all subgroups. 
The data has been updated up to December 31, 2014, thus covering individuals 
born between 1994 and 2002. 

3.1.3 National School Register 
The National School Register comprises information on the highest level of 
education attained by calendar year for all individuals aged 15 or older since 
2010. Registration in the School Register is mandatory. Compulsory school in 
Sweden contains four stages: förskoleklass (preschool year), lågstadiet (years 
1–3), mellanstadiet (years 4–6) and högstadiet (years 7–9), with Gymnasium 
(upper secondary school/high school, years 10-12) being optional. To enter 
gymnasium, students must obtain passing grades in Swedish, English, and 
mathematics in the last year of compulsory school.154 Before the present 
Education Act (2010:800) became effective on July 1, 2011, the grading scale 
consisted of four options and six related grade points: Mycket Väl Godkänd 
(pass with special distinction, yielding 20 grade points, the highest passing 
grade), Väl Godkänd (pass with distinction, yielding 15 grade points), 
Godkänd (pass, yielding 10 grade points, the lowest passing grade), and Icke 
Godkänd (fail, yielding 0 grade points, failing grade; see Table 2). As regards 
gymnasium, there are eighteen regular three-year national programs to choose 
between; six are intended to prepare for higher education such as university 
and twelve are occupational.154 Besides passing grades in Swedish, English, 
and mathematics, students also receive a composite score (a merit rating or 
meritvärde in Swedish) for the sixteen school subjects from years 7 to 9, which 
can range from 0 to 320, depending on their grades as converted into numerical 
values (0-20), 320 being the highest possible grade in all subjects.  

Table 2. Swedish grading scale before the Education Act in 2010. 

Grading scale Numerical value Description 

Pass with special distinction 20 Highest passing grade 

Pass with distinction 15 

Pass 10 Lowest passing grade 

Fail 0 Failing grade 

In Study II, we retrieved data on two educational outcomes: (1) merit rating 
and (2) upper secondary education eligibility (defined as completion of 
compulsory school with passing grades in English, mathematics, and Swedish 
or Swedish as a second language) for all individuals. The data linkage was 
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updated until December 31, 2013, thus covering individuals born between 
1994 and 1998. 

3.1.4 Netherlands Twin Register 
The Young Netherlands Twin Register155 and the Adult Netherlands Twin 
Register156 together form the Netherlands Twin Register, which aims to 
investigate individual differences in mental and physical health. Since 1987, 
twins and their families have been contacted by way of a commercial baby 
organization that visits the parents of newborns and the Dutch Association for 
Parents and Multiples.157, 158 Twins participating in the Young Netherlands 
Twin Register are registered by their parents at birth. Until the twins reach 14 
years of age, their parents and teachers are the main informants. From the age 
of 14, data is collected through self-reports. When the twins reach 18 years of 
age, they are invited to participate in the Adult Netherlands Twin Register. The 
sample included twins from the Young Netherlands Twin Register born 
between January 1, 1985 and December 31, 1999. At 14 years of age, 9,211 
twins were assessed and consequently followed up at ages 16 and 18. 
Depending on age at follow-up, the retention rate was 10% to 47%, which gave 
sample sizes of 914 to 4,283 individuals. 

3.2 MEASURES 

3.2.1 Internalizing problems 

3.2.1.1 Strengths and Difficulties Questionnaire 
The Strengths and Difficulties Questionnaire (SDQ) is included in CATSS-15 
and is designed to assess internalizing and externalizing symptoms in children 
and adolescents between 3 and 16 years of age.159 It is a short 25-item 
behavioral screening questionnaire containing five subscales (i.e., conduct 
problems, hyperactivity, emotional symptoms, peer problems, and prosocial 
behavior), each with five items. The five items on the emotional symptoms 
scale are: “Often complains of headaches, stomachaches, or sickness”; “Many 
worries, often seems worried”; “Often unhappy, downhearted, or tearful”; 
“Nervous or clingy in new situations, easily loses confidence”; and “Many 
fears, easily scared”, with three response options: 0 (not true), 1 (somewhat 
true), and 2 (certainly true), which sums up to a total score between 0 and 10. 
The SDQ emotional symptoms scale has been reported as having 
sensitivity/specificity ranging from .29/.96 (youth report) to .54/.91 (parent 
report) for anxiety and depressive disorders in a large representative 
community sample of 5-to-15-year-olds.160 Furthermore, the SDQ emotional 

PARTICIPANTS AND METHODS 

23 

symptoms scale has shown acceptable internal consistency in both community 
samples (Cronbach’s α = 0.67/0.66 parent/youth;160 0.70/0.71 parent/youth;161 
0.71 parent162) and clinical samples (Cronbach’s α = 0.73 parent162) and shows 
a high degree of correlation with other measures of internalizing symptoms in 
community samples of children and adolescents,161 indicating good criterion 
validity. The factor structure of the original English SDQ has been confirmed 
for the different symptom scales of the Swedish version of the SDQ,163 and 
findings from a validation study of the Swedish SDQ indicate the parental 
version to be discriminating well between community and clinical samples 
(95% confidence interval (CI) for the Area Under the Receiving 
Characteristics Curve (AUC) = 0.77–0.85).162 

We used the parent report as an indicator of internalizing symptoms in 
adolescence in Studies II to IV. In Study I, we used the emotional symptoms 
scale as an indicator of anxiety at age 15 and used self-reports in addition to 
parent reports. In Study I, the AUC for the emotional symptoms scale was 
0.67/0.69 when comparing parent/self-reports to the clinical diagnosis of 
anxiety disorder from the NPR. We furthermore created three proposed 
categories50 in Study I so that children fall into categories of “normal” 
(approximately 80% of the sample), “borderline” (10%) and “abnormal” 
(10%) anxiety. In Studies II and III, the SDQ emotional symptoms scale was 
used on a continuous scale and showed acceptable internal consistency 
(Cronbach’s α = 0.71). In Study IV, a total score above the 90th percentile (i.e., 
a score of ≥ 4) was used as a cutoff for a screening diagnosis of internalizing 
problems in adolescence. 

3.2.1.2 Screen for Child Anxiety Related Disorders 
The Screen for Child Anxiety Related Disorders (SCARED)164 is a 41-item 
questionnaire designed to measure five anxiety symptom dimensions in 
childhood and adolescence (i.e., panic disorder, generalized anxiety disorder, 
separation anxiety disorder, social phobia, and school anxiety/refusal) and is 
included in CATSS-9/12 (from the 1998 cohort and onwards). Items are scored 
as 0 (no), 1 (yes, to a certain degree), or 2 (yes), yielding a total score between 
0 and 82. A total score equal to or higher than 25 may indicate the presence of 
an anxiety disorder (sensitivity/specificity 71%/67%).165 Examples of items on 
the SCARED questionnaire (parental version) include: “When my child feels 
frightened, it is hard for him/her to breathe”; “My child gets stomachaches at 
school”; “My child worries about other people liking him/her”; “It is hard for 
my child to talk with people he/she doesn’t know well”. The SCARED is 
commonly used in research and clinical services and was found reliable in 
terms of internal consistency (Cronbach’s α ≥ 0.90)164-166 and test-retest 
reliability (ICC = 0.86).164 The questionnaire revealed significant correlations 
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with other measures of childhood anxiety disorders166 and was shown to have 
good discriminant validity between anxiety disorders and other mental 
disorders, as well as within anxiety disorders.164-166 

In Studies III and IV, the parent report version of the SCARED was used as an 
indicator of childhood anxiety. The scale has been shown to have good internal 
consistency (Cronbach’s α = 0.88) in Studies III and IV. For Study III, the 
SCARED was used on a continuous scale. In Study IV, a score equal to or 
above 25 served as a cutoff for a screening diagnosis of anxiety in childhood. 

3.2.1.3 Short Mood and Feelings Questionnaire 
The Short Mood and Feelings Questionnaire (SMFQ)167 is included in CATSS-
9/12 (from the 1998 cohort and onwards) and is a 13-item subscale taken from 
the longer 33-item version of the Mood and Feelings Questionnaire, which 
measures core depressive symptoms, i.e., the presence of affective and 
cognitive symptoms of depression in children and adolescents 6 to 17 years of 
age. Parents are asked about their child’s feelings and actions over the previous 
two weeks. Items are scored as 0 (no), 1 (yes, to a certain degree) and 2 (yes), 
returning total scores between 0 and 26. A total score of 12 or higher may 
indicate a depressive disorder (sensitivity/specificity 70%/85%).167 Examples 
of items on the SMFQ questionnaire include: “S/he felt miserable or unhappy”; 
“S/he felt so tired that s/he just sat around and did nothing”; “S/he cried a lot”; 
“S/he found it hard to think properly or concentrate”; “S/he thought s/he could 
never be as good as other kids”. The SMFQ is a brief and easy-to-administer 
instrument and has been found to have a high level of internal reliability 
(Cronbach’s α = 0.85).167 Furthermore, the questionnaire has been found to 
correlate moderately highly with other measures of depression167 and shows 
good discriminative validity between individuals with clinical depression and 
individuals without depression in a community sample (AUC = 0.90).168 

The parent report version was used as an indicator of childhood depression in 
Studies III and IV. In Studies III and IV, the SMFQ has shown good internal 
consistency (Cronbach’s α = 0.83). In Study III, the scale was used on a 
continuous scale. In Study IV, a score equal to or above 12 was used to create 
a cutoff for a screening diagnosis of depression in childhood. 
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3.2.2 Neurodevelopmental disorders 

3.2.2.1 The Autism - Tics, AD/HD and other Comorbidities 
inventory 

The Autism - Tics, AD/HD, and other Comorbidities inventory (A-TAC)169, 170 
is a fully structured 96-item parent-report telephone interview that was created 
for large-scale epidemiological studies and has been included in the CATSS 
since its launch in 2004. The A-TAC telephone interview was designed at the 
Department of Child and Adolescent Psychiatry at the University of 
Gothenburg, Sweden, by Christopher Gillbergs research group. The A-TAC 
is based on symptom criteria and common clinical features of psychiatric 
disorders in children and adolescents and is used as an indicator of various 
childhood NDDs in all four studies. Items are scored as 0 (no), 0.5 (yes, to 
some extent), and 1 (yes) and are grouped into modules that correspond to child 
and adolescent psychiatric domains, e.g., motor control (“Is he/she clumsy?”), 
concentration and attention (“Does he/she often fail to pay close attention to 
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sounds such as throat clearing, sneezing, swallowing, barking, or shouting?”). 
Modules are assessed without diagnostic hierarchies or exclusion criteria, 
pertain to a lifetime perspective, and are assessed in comparison to peers. 
Cronbach’s α for the relevant modules are 0.92 (ADHD), 0.86 (ASD), and 0.57 
(TD; for DCD and LD, α was not calculated since these modules contain fewer 
than four items).150 Inter-rater reliability was found to be excellent for ADHD, 
ASD, DCD, TD (ICCs = 1.00) and LD (0.97). Test-retest reliability 
coefficients were furthermore excellent for ADHD (ICC = 0.88), ASD (0.93), 
DCD (0.87), LD (0.94), and TD (0.97).169 Cross-sectional and longitudinal 
validation studies show good to excellent cross-sectional and predictive 
validity for ADHD (AUC = 0.86), ASD (0.89), DCD (0.77), LD (0.89), and 
TD (0.83),170, 171 indicating excellent screening properties. The ASD module 
was furthermore externally validated in a sample of Spanish school children 
and showed high internal consistency (Cronbach’s α = 0.93) and excellent 
predictive validity (AUC = 0.96).172 The A-TAC is freely available at 
https://www.gu.se/gnc. 

In Study I, cutoffs of ≥ 6 for ADHD, ≥ 4.5 for ASD, and ≥ 0.5 for DCD with a 
sensitivity of (0.91/0.91/0.63) and a specificity of (0.73/0.80/0.68) were used 
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as screening cutoffs for ADHD, ASD, and DCD. In addition to these cutoffs, 
in Study IV we included cutoffs of ≥ 1.0 for LD 0.92/0.60 and ≥ 1.5 for TD 
0.88/0.86170 to indicate a broad screening diagnosis of the respective NDD. 

3.2.2.2 General neurodevelopmental disorder factor 
In assessing a variety of NDDs in approximately 6,500 pairs of 9- and 12-year-
old Swedish twins, Pettersson and colleagues173 examined the genetic and 
environmental structure of 53 NDD symptoms in order to identify, among 
others, a possible genetic liability common to all NDDs. The researchers 
conducted structural equation modeling to describe a broad NDD factor that 
accounts for a large proportion of the covariation among all NDD symptoms. 

To control for the presence of NDD symptoms, including their extensive 
phenotypic overlap above and below diagnostic thresholds, we sought to 
recreate the general NDD factor identified by Pettersson et al.173 in our samples 
and performed a factor analysis of the 53 items on the A-TAC, targeting 
ADHD, ASD, DCD, LD, and TD to examine their latent structure. 
Consequently, we fitted a one-factor model and created a single factor score 
for every individual that served as an indicator of NDD symptoms in Studies 
II and III. This factor will be referred to as the “general NDD factor” from here 
on. 
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3.2.3 Overview Studies I – IV 
Table 3. Overview of measures and statistical analyses used in Studies I to IV. 

Study I Study II Study III Study IV 

Measures 
Self-report X 

Parent report X X X X 

A-TAC X X X X 

SCARED X X 

SDQ X X X X 

SMFQ X X 

NPR X 

National School Register X 

Statistics 
Regression analyses X X X 

Survival analyses X 

Attributable fractions X 

Multivariate twin modeling X 

Cholesky decomposition X 

R packages 
survival174 X 

AF175 X 

Hmisc176 X 

stdReg177 X 

drgee178 X X X 

OpenMx179 X X 

MASS180 X X 

psych181 X X 

N 14,106 4,997 4,492 4,492 

Abbreviations: A-TAC = Autism-Tics, ADHD, and other Comorbidities inventory; SCARED = 
Screen for Child Anxiety Related Disorders; SDQ = Strengths and Difficulties Questionnaire; 
SMFQ = Short Mood and Feelings Questionnaire; NPR = National Patient Register. 
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3.3 ETHICAL APPROVAL 
All procedures contributing to this work comply with the ethical standards of 
the relevant national and institutional committees on human experimentation 
and with the Helsinki Declaration of 1975, as revised in 2008. The parents 
were informed of the study in connection with their twins’ ninth and fifteenth 
birthdays. Participation in interviews after being informed of the study is 
regarded as verbal informed consent (age 9), and, when the twins were 15 years 
of age, the parents agreed to participate via a web questionnaire and consented 
digitally after being informed of the study. Both the CATSS-9 and CATSS-15 
(including linkage to the NPR and National School Register) have ethical 
approval from the Swedish Ethical Review Authority or its predecessors 
(DNR: 2010/597-31/1; 2016/2135-31; 2009/739-31-5) following applications 
in which the procedures above were described and approved. All methods have 
been used in accordance with relevant guidelines and regulations. The 
Netherlands Twin Register data collection has been approved by the 
Institutional Review Board of the Vrije Universiteit Amsterdam University 
Medical Centre (94/83; 94/105; 96/205; 99/068; 2003/182). Written or digital 
informed consent were retrieved from all individuals. 

3.4 METHODS AND STATISTICAL ANALYSES 
Data analysis was performed in R.182 In Study I, we set the statistical 
significance threshold at p < 0.005 to account for multiple comparisons (i.e., 
alcohol and drug misuse disorders, anxiety disorders, bipolar/psychotic 
disorders, depressive disorders, and suicidal ideation, unadjusted and adjusted 
for ADHD, ASD, DCD, and sex, yielding 10 tests). In Study IV, we set the 
statistical significance threshold at p < 0.01 (i.e., ADHD, ASD, DCD, LD, and 
TD, yielding 5 tests). In all other analyses, a p-value of <0.05 was considered 
statistically significant. 

3.4.1 Study I 

3.4.1.1 Regression analyses 
Log-linear regression models were used to examine the association between 
anxiety at age 15 and subsequent psychiatric outcomes; the dependent variable 
was the total number of psychiatric outcomes (alcohol and drug misuse 
disorders, anxiety disorders, bipolar/psychotic disorders, depressive disorders, 
and suicidal ideation) and the total score of anxiety served as the independent 
variable (ranging from 0 to 10). Results are expressed as rate ratios (RR) 
defined as the increase in rate of outcome per unit increase in exposure. 
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Furthermore, we performed Cox proportional hazard regression to regress the 
specific psychiatric outcomes on the anxiety categories (unadjusted model). 
Individuals with psychiatric outcomes assigned before they reached 15 years 
of age were excluded from the analyses. We also created a collapsed outcome 
variable, referred to as “any psychiatric outcome” from here on. The results 
are presented as hazard ratios (HR), i.e., the risk of the outcome in the exposed 
compared to the unexposed group, while also accounting for follow-up time. 
Estimates for the anxiety “borderline” and “abnormal” categories were 
calculated relative to the “normal” anxiety category (reference category). 
Parent reports and self-reports were analyzed separately. As a last step, ADHD, 
ASD, and DCD cut-offs, as well as sex, were entered into the models as 
covariates. To adjust the standard errors for nested twin data, a cluster-robust 
sandwich estimator was employed. Kaplan-Meier survival curves were based 
on the unadjusted models. 

3.4.1.2 Attributable fractions 
We estimated the total amount of psychiatric outcomes in late 
adolescence/early adulthood attributable to anxiety at age 15 while adjusting 
for ADHD, ASD, and DCD in childhood. Estimates were expressed as 
attributable fractions (AFs). The AF indicates the proportion of disease in the 
exposed group that theoretically could be attributed to the exposure or, 
alternatively, the proportion of disease in the exposed group that could be 
prevented by removing the risk factor. AFs are static measures but can be 
extended to functions of time when the time to disease occurrence or event 
time is available. When the predictors are binary, it is possible to estimate the 
baseline survival function using the Kaplan-Meier estimator. The function can 
be used for data from cohort sampling designs with time-to-event outcomes 
while adjusting for potential confounders and allows the AF to vary over time, 
providing age-specific AF estimates while allowing the inclusion of covariates. 

3.4.1.3 Replication in the Netherlands Twin Register 
To mirror the analyses from CATSS, we used an empirically based 
anxious/depressed syndrome scale to create the exposure measure. As 
outcomes, we used DSM-oriented scales at age 16 for anxiety and depressive 
disorders and at age 18 for bipolar/psychotic disorders (“thought problems”). 
For alcohol and drug misuse disorders, we utilized a validated screener for 
identifying alcohol use. Suicidal ideation was assessed by way of an individual 
question from the Young Netherlands Twin Register survey. A 
dichotomization was conducted at the ninetieth percentile for all scales to 
classify individuals as screen-positive for the respective outcome. As 
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covariates, we included validated ASD and ADHD scales at ages 7, 10, and 
12. 

We used log-linear regression models to examine the association between the 
anxiety exposure measure and the psychiatric outcomes in a similar fashion to 
the CATSS data. Results are presented as RRs. As no data was available on 
follow-up time, logistic regression models were used to estimate the 
association between the different anxiety categories and each specific 
psychiatric outcome. Estimates for the “borderline” and “abnormal” anxiety 
categories were calculated relative to the “normal” anxiety category, which 
served as the reference category. Results are presented as odds ratios (ORs). In 
all analyses, ADHD and ASD cut-offs, as well as sex were included as 
covariates into the models. We furthermore applied a cluster-robust sandwich 
estimator to adjust for standard errors in nested twin data. As in the main 
analysis, we set the statistical significance threshold at p < .05 in the log-linear 
regression analyses and at p < 0.005 for the individual outcomes to account for 
multiple comparisons (i.e., high-risk/harmful alcohol use, anxiety, thought 
problems, depression, and suicidal ideation, unadjusted and adjusted for 
ADHD, ASD, and sex, yielding 10 tests). 

3.4.2 Study II 

3.4.2.1 Regression analyses 
We used linear regression analysis on the continuous educational outcome 
“merit rating”, with the total score of internalizing problems at age 15 as the 
predictor. Results are expressed as regression coefficients, i.e., the increase in 
merit rating (range 0 – 320) per unit increase in exposure. We used logistic 
regression analysis to regress the categorical educational outcome “upper 
secondary education eligibility” on the predictor for internalizing problems. 
Estimates are presented as ORs; i.e., they compare the odds of the outcome in 
the exposed and unexposed group. Crude models were controlled for sex only, 
while adjusted models were additionally controlled for the general NDD factor. 
A cluster-robust sandwich estimator was applied to adjust the standard errors 
for the nested twin data. 

3.4.2.2 Quantitative genetics 
The classical twin study compares phenotypic similarities within MZ 
(genetically identical) and dizygotic (DZ) twin pairs (who, on average, share 
50% of their segregating alleles). A phenotype is made up entirely of genetic 
and environmental influences, which is the sum of genetic effects, shared 
environmental effects (environmental effects that make the twins in pairs 
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similar), and non-shared environmental effects (environmental effects that 
make the twins dissimilar). These three effects are described within the ACE 
model, which is briefly discussed below. 

The “A” part of the model is a genetic effect size known as heritability (“h2” – 
the proportion of the phenotypic variance in a given characteristic that can be 
attributed to additive genetic effects). Heritability is estimated by calculating 
correlations between relatives. Where MZ correlations are higher than DZ 
correlations, genetic influences are implied. For example, MZ correlations of 
schizophrenia are much higher than DZ correlations (0.48 vs. 0.17),55 which 
indicates substantial heritability for this psychiatric disorder. The “C” part of 
the ACE model refers to shared environmental influence (“c2”) which is the 
non-genetic factors that make the twins similar, such as growing up in the same 
household (same parenting, neighborhood, etc.), and is estimated as family 
resemblance not explained by genetics. Non-shared environmental influences, 
or the “E” part (“e2”), comprise the rest of the variance, i.e., variance not 
explained by genetics or by shared environmental factors, including 
measurement error. Because MZ twins living in the same household share all 
their genes and environment, the only thing that can account for differences 
within pairs is non-shared environment. This may include differences within 
the family as well as different experiences outside of the family, such as 
different friend groups.55 

The mathematical evidence for the calculation of the variance components h2, 
c2, and e2 is presented below: 

The correlation for MZ twins can be affected only by h2 and c2, while the 
correlation for DZ twins must be divided by 2:  

rMZ = h2 + c2 

rDZ = ℎ
2

2
+ c2

Subtract the second equation from the first: 

rMZ – rDZ =  ℎ2 −  ℎ
2

2
 + 𝑐𝑐𝑐𝑐2 – 𝑐𝑐𝑐𝑐2 = ℎ2

2

ℎ2 = 2(rMZ – rDZ) 
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different friend groups.55 

The mathematical evidence for the calculation of the variance components h2, 
c2, and e2 is presented below: 

The correlation for MZ twins can be affected only by h2 and c2, while the 
correlation for DZ twins must be divided by 2:  

rMZ = h2 + c2 

rDZ = ℎ
2

2
+ c2

Subtract the second equation from the first: 

rMZ – rDZ =  ℎ2 −  ℎ
2

2
 + 𝑐𝑐𝑐𝑐2 – 𝑐𝑐𝑐𝑐2 = ℎ2

2

ℎ2 = 2(rMZ – rDZ) 
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Thus, the proportion of phenotypic variance explained by genetic effects is 
calculated as twice the difference between the observed correlation for MZ and 
DZ twin pairs. To get an estimate of the proportion of variance explained by 
shared environment, calculate the difference between the MZ correlation and 
the heritability (c2 = rMZ – h2). 

The last component of variance is the non-shared environment: e2. h2 and c2 
are estimated from correlations, which means that if they represent 
proportions, h2 + c2 + e2 must add up to 1, therefore: 

h2 + c2 + e2 = 1 

[2(rMZ – rDZ) + [rMZ – 2(rMZ – rDZ)] + e2 = 1 

 rMZ + e2 = 1 

e2 = 1 – rMZ 

MZ twins are genetically identical; therefore, any variance that is not shared 
between them (i.e., the extent to which the MZ correlation is not 1) must be 
the result of non-shared environment. Thus, e2 is the remaining unexplained 
variance once h2 and c2 have been calculated. The ACE model can be extended 
to estimate genetic and environmental influences of multiple phenotypes at the 
same time in an individual. Multivariate genetic analysis estimates the relative 
contribution of genetic and environmental effects to the covariance between 
phenotypes; i.e., the extent to which the same genetic and environmental 
factors affect different phenotypes.55 

3.4.2.3 Correlations 
We estimated correlations across childhood NDD symptoms, internalizing 
problems at age 15, and educational achievement within and between twins in 
a pair to determine familial similarity. This was done separately for MZ and 
DZ twin-pairs. To reiterate, MZ twins are genetically identical, while DZ twins 
share on average 50% of their co-segregating alleles. Thus, a higher correlation 
in MZ pairs than in DZ pairs is a first estimation of whether there are genetic 
contributions to a trait, as well as of the association between traits. Phenotypic 
correlations pertain to correlations between traits within individuals and intra-
class correlations to correlations between the same traits across twin pairs. 
Cross-twin cross-trait correlations relate to correlations across twins and across 
traits. We calculated correlations between continuous variables (general NDD 
factor, internalizing problems, merit rating) as Pearson correlations, 
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correlations between binary variables (upper secondary education eligibility) 
as tetrachoric correlations, and correlations between continuous and binary 
variables as biserial correlations. 

3.4.2.4 Multivariate twin modelling 
We fitted quantitative genetic models to estimate the contributions of additive 
genetics (“A”), shared environment (“C” – non-genetic contributions to 
similarity between twins in pairs), and non-shared environment (“E” – 
contributions to dissimilarity between twins in pairs) to the variance and 
covariance within and between traits. First, structural equation models with 
latent factors were fitted: additive genetic sources of variance and covariance 
are assumed to correlate 1.0 between MZ twins and 0.5 between DZ twins (A); 
shared environmental sources of (co)variance are assumed to correlate 1.0 
between MZ and between DZ twins (C); and non-shared environmental 
sources of (co)variance were assumed to correlate 0.0 between twins in pairs 
(E). Second, two “trivariate” models were fitted with the general NDD factor, 
internalizing problems, and the two educational outcomes: merit rating and 
upper secondary education eligibility, respectively. Models were also 
controlled for sex and birth year. Third, we employed Cholesky decomposition 
models to determine A, C, and E sources explaining the variance and 
covariance between variables (for an illustration, see Figure 2). 

We set up the Cholesky models in order for the A, C, and E sources of the 
general NDD factor to explain variance in, and covariance between, 
internalizing problems and merit rating/upper secondary education eligibility, 
but not in reverse. Finally, explained covariance between internalizing 
problems and merit rating/upper secondary education eligibility due to A, C, 
and E sources from the general NDD factor, and explained covariance between 
the variables that are due to the same sources not explained by this factor were 
calculated. As a remark, contributions from A, C, and E to covariance are not 
constrained to be in the same direction as the total phenotypic covariance. 
While this will always sum up to 1, contributions from A, C, and E sources of 
covariance do not necessarily have to be positive when calculating the 
explained relative contributions to covariance. Consequently, it is possible that 
the sums of subsets of contributions (e.g., only A contributions) may be greater 
than 1. 
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Figure 2. Trivariate Cholesky decomposition model for neurodevelopmental disorder 
symptoms, internalizing problems, and educational achievement. NDDs = general 
neurodevelopmental disorders factor. INT = internalizing problems at age 15. The figure 
depicts the variation and covariation within one twin individual, but in model-fitting the 
covariance across the twins in pairs was also included. 

 

3.4.3 Study III 

3.4.3.1 Cholesky decomposition 
We employed Cholesky decomposition models to examine the relationship 
between symptoms of anxiety, depression, and NDDs in childhood (i.e., at age 
9) and internalizing symptoms in adolescence (i.e., at age 15). The Cholesky 
decomposition model can be set up to be interpretable as a re-parametrization 
of a linear regression model, benefitting from the possibility of partitioning 
explained variance in the outcome into unique and shared contributions from 
the predictors.  
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The aim was to estimate the unique and shared explained variance of the three 
predictors (symptoms of anxiety, depression, and NDDs in childhood) for a 
fourth outcome variable (internalizing symptoms in adolescence) as follows: 
we apportioned the explained variance in the outcome as a part uniquely 
explained by each included predictor and a part explained by the predictors but 
not uniquely attributable to any of the predictors (this part is referred to as 
“shared”). Each model focuses on how much variance in the outcome (i.e., 
adolescent internalizing symptoms) can be explained by the various predictors 
(i.e., symptoms of anxiety, depression, and NDDs in childhood). To examine 
unique associations, including different combinations of childhood predictors, 
we fitted four models in total: (1) symptoms of anxiety, (2) symptoms of 
anxiety and NDDs, (3) symptoms of anxiety and depression, and (4) all 
childhood predictors. Since dependencies between twins can affect the 
precision of the estimates (i.e., small standard errors and tight CIs), we also 
included an unstructured covariance matrix between twins in pairs for all 
variables (different covariance matrices for MZ and DZ twin pairs). All 
analyses were controlled for sex and birth year. 

3.4.4 Study IV 
We merged anxiety and depression cutoffs at age 9 into a single variable (from 
here on referred to as “anxiety/depression at age 9”). This was done to 
maximize the number of exposed cases and to create comparability with the 
SDQ emotional symptoms scale, which correlates with both anxiety and 
depression measures.161 

NDD prevalence and ORs in anxiety/depression were estimated in two steps. 
First, we created four groups based on the individuals’ cutoff (below or above) 
for the anxiety/depression measure at ages 9 and 15. Second, the presence of 
ADHD, ASD, DCD, LD, TD, and a collapsed variable for any NDDs were 
compared among the four created groups: (1) no anxiety/depression, i.e., at 
neither age 9 nor age 15, (2) adolescent-onset anxiety/depression, i.e., 
anxiety/depression at age 15 but not at age 9, (3) childhood-onset 
anxiety/depression, i.e., anxiety/depression at age 9 but not at age 15, and (4) 
anxiety/depression at both ages 9 and 15. 

3.4.4.1 Regression analyses 
ORs were estimated by way of a logistic regression comparing the odds of the 
outcome in the exposed and unexposed group. The “no anxiety/depression” 
group served as the reference group. In the second step, we adjusted for sex 
and birth year. Prevalence estimates were calculated with log-link, ORs were 
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calculated with logit-link. A cluster-robust sandwich estimator was applied to 
adjust the standard errors for the nested twin data. 
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4 RESULTS 

4.1 STUDY I 
As can be seen in Table 4, approximately three percent of the study 
participants were assigned a registry-based psychiatric diagnosis. The most 
commonly assigned psychiatric diagnoses were anxiety disorders (1.4% self-
reports, 1.5% parent reports), depressive disorders (1.3% both self- and parent 
reports), and alcohol and drug misuse disorders (1.0% self-reports and 1.1% 
parent reports). Overall, participants in the “borderline” and “abnormal” 
anxiety categories more commonly received a psychiatric diagnosis than did 
participants in the “normal” anxiety category. 

4.1.1 Regression analyses 
A 23% to 37% increase in the number of received psychiatric diagnoses at 
follow-up (RR = 1.23, 95% CI 1.17–1.29, self-reports; RR = 1.37, 95% CI 
1.31–1.42, parent reports) was found for each one-point increase in the total 
anxiety score at age 15. This effect remained after we adjusted for ADHD, 
ASD, DCD, and sex (RR = 1.20, 95% CI 1.14–1.27, self-reports; RR = 1.32, 
95% CI 1.25–1.39, parent-reports). The associations between anxiety 
categories at age 15 and the separate psychiatric outcomes we retrieved from 
the Cox proportional hazard ratio analyses can be found in Table 5. Adjusted 
HRs for any psychiatric outcome were 1.73 for self-reports (95% CI 1.20–
2.49) and 2.32 for parent reports (95% CI 1.64–3.29) in the “borderline” 
anxiety category and 3.40 (95% CI 2.58–4.48; self-report) and 3.88 (95% CI 
2.86–5.25; parent report) in the “abnormal” anxiety category.  In both self- and 
parent reports, the “borderline” and “abnormal” anxiety categories were 
significantly associated with anxiety disorders and depressive disorders, except 
for the “borderline” category for depressive disorders in both unadjusted and 
adjusted self-reports. Survival curves were transformed to display the 
cumulative incidence of the three anxiety categories. Figure 3 shows the age-
dependent cumulative incidence of any psychiatric outcome in self-reports and 
parent reports in individuals within the “normal”, “borderline” and “abnormal” 
anxiety categories through the end of follow-up, i.e., 7%, 15%, and 25% among 
those who self-reported. We found a similar pattern in parent reports. In the 
“normal” anxiety category, the incidence of any psychiatric outcome increased 
steadily, while “borderline” and “abnormal” anxiety categories showed a steep 
increase. 
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Table 4. Prevalence and distribution of psychiatric outcomes at follow-up in “normal”, 
“borderline” and “abnormal” anxiety categories at age 15 self-reports and parent reports. 

  Anxiety category 

 Total N (%) Normal Borderline Abnormal 

Self-reports 12,324 (100) 9,359 (75.9) 1,099 (8.9) 1,866 (15.1) 

No psychiatric outcome 11,950 (97.0) 9,139 (97.6) 1,056 (96.1) 1,755 (94.1) 

Any psychiatric outcome 374 (3.0) 220 (2.4) 43 (3.9) 111 (5.9) 
Alcohol and drug misuse  
disorders 126 (1.0) 93 (1.0) 14 (1.3) 19 (1.0) 

Anxiety disorders 175 (1.4) 83 (0.9) 28 (2.5) 64 (3.4) 

Bipolar/psychotic disorders 16 (0.1) 12 (0.1) 2 (0.2) 2 (0.1) 

Depressive disorders 157 (1.3) 76 (0.8) 16 (1.5) 65 (3.5) 

Suicidal ideation 40 (0.3) 23 (0.2) 4 (0.4) 13 (0.7) 

Parent reports 11,133 (100) 9,230 (82.9) 829 (7.4) 1,074 (9.6) 

No psychiatric outcome 10,775 (96.8) 9,023 (97.8) 782 (94.3) 970 (90.3) 

Any psychiatric outcome 358 (3.2) 207 (2.2) 47 (5.7) 104 (9.7) 
Alcohol and drug misuse 
disorders 117 (1.1) 82 (0.9) 11 (1.3) 24 (2.2) 

Anxiety disorders 167 (1.5) 82 (0.9) 25 (3.0) 60 (5.6) 

Bipolar/psychotic disorders 16 (0.1) 12 (0.1) 2 (0.2) 2 (0.2) 

Depressive disorders 146 (1.3) 74 (0.8) 25 (3.0) 47 (4.4) 

Suicidal ideation 36 (0.3) 22 (0.2) 3 (0.4) 11 (1.0) 
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Table 5. Associations between anxiety category at baseline and psychiatric outcome in self-reports and parent reports. Figures are hazard ratios (95% 
confidence intervals). 

 
Anxiety category 

Unadjusted / adjusted* 

Psychiatric outcome Normal† Borderline Abnormal 
 

Normal† Borderline Abnormal 

Self-report    
 

   

Any psychiatric outcome 1.00 1.90 (1.36–2.65) 3.72 (2.93–4.72) 
 

1.00 1.73 (1.20–2.49) 3.40 (2.58–4.48) 
Alcohol and drug misuse 
disorders 1.00 1.44 (0.82–2.54) 1.42 (0.87–2.32) 

 
1.00 1.22 (0.62–2.38) 1.25 (0.69–2.25) 

Anxiety disorders 1.00 3.35 (2.18–5.16) 5.74 (4.15–7.96) 
 

1.00 2.67 (1.65–4.34) 4.92 (3.33–7.28) 

Bipolar/psychotic disorders 1.00 1.61 (0.38–7.26) 1.18 (0.26–5.30) 
 

1.00 1.90 (0.46–7.87) 1.54 (0.39–6.04) 

Depressive disorders 1.00 2.03 (1.18–3.50) 6.14 (4.39–8.58) 
 

1.00 1.58 (0.87–2.88) 4.79 (3.23–7.08) 

Suicidal ideation 1.00 1.68 (0.58–4.85) 3.93 (2.05–7.55) 
 

1.00 1.16 (0.35–3.84) 2.33 (1.04–5.22) 

Parental report    
 

   

Any psychiatric outcome 1.00 2.60 (1.88–3.59) 4.88 (3.78–6.29) 
 

1.00 2.32 (1.64–3.29) 3.88 (2.86–5.25) 
Alcohol and drug misuse 
disorders 1.00 1.55 (0.82–2.91) 2.85 (1.80–4.49) 

 
1.00 1.54 (0.79–3.02) 2.15 (1.21–3.83) 

Anxiety disorders 1.00 3.60 (2.30–5.64) 7.52 (5.36–10.56) 
 

1.00 3.11 (1.92–5.04) 6.01 (4.05–8.93) 

Bipolar/psychotic disorders 1.00 1.95 (0.43–8.71) 1.59 (0.35–7.17) 
 

1.00 1.72 (0.38–7.75) 1.08 (0.30–3.87) 

Depressive disorders 1.00 4.02 (2.57–6.29) 6.52 (4.43–9.61) 
 

1.00 3.32 (2.05–5.37) 5.07 (3.20–8.03) 
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1.00 1.61 (0.46–5.63) 3.76 (1.62–8.72) 
* Adjusted for sex, attention-deficit/hyperactivity disorder, autism spectrum disorder, and developmental coordination disorder at age 9/12. Bold estimates 
indicate significance at the 0.005 level, except for ‘any psychiatric outcome’, where alpha was set to 0.05. † Reference category. 
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Figure 3. Cumulative incidence of any psychiatric outcome in individuals within the “normal”, “borderline”, and “abnormal” anxiety categories at 
age 15 in self-reports and parent reports. For representational purposes, figures were cut at age 21. 
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Figure 4. Attributable fraction of any psychiatric outcome in individuals within the “borderline” and “abnormal” anxiety categories at age 15 in 
self−reports and parent reports. Dashed lines represent 95% confidence intervals. For representational purposes, figures were cut at age 21. 
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4.1.2 Attributable fractions 
Figure 4 shows the AFs for any psychiatric outcome until the end of the 
follow-up time that is attributable to “borderline” and “abnormal” anxiety at 
age 15, indicating that, over time, approximately 29% of the occurrence of any 
psychiatric outcome can be attributed to prior anxiety (self-reports). 

4.1.3 Additional analyses 
We used multiple imputation with chained equations to assess whether missing 
values had an impact on our estimates and inferences in the main analyses (i.e., 
CATSS data). No significant changes were discerned. The prevalence of 
psychiatric outcomes in individuals whose parents responded only at age 9/12 
compared to those responding during both assessment waves differed 
significantly. Within-monozygotic twin pair analysis was conducted to 
account for unmeasured confounders, yielding mainly non-significant effects 
accompanied by very wide CIs. We calculated E-values that were roughly 
twice as high as all significant HRs, indicating that substantial confounding is 
required to completely explain the observed effects. Estimates from all 
additional analyses can be found in the supplementary material following 
Study I. 

4.1.4 Netherlands Twin Register 
In the Netherlands Twin Register, we found high rates for thought problems, 
anxiety, and depression. The estimates from the log-linear regression analysis 
were similar to the estimates found in the CATSS data, unadjusted (RR = 1.18, 
95% CI 1.17–1.19) and adjusted for ADHD, ASD, and sex (RR = 1.16, 95% 
CI 1.15–1.17). Results from the logistic regression analyses were comparable 
to those found in the CATSS data, albeit with stronger associations, e.g., with 
anxiety (OR = 14.02, 95% CI 10.38–18.93) and depression (OR = 8.00, 95% 
CI 5.93–10.79), both in the “abnormal” anxiety category. Prevalence and ORs 
for all outcomes can be found in the supplementary material following Study 
I. 

4.2 STUDY II 
Table 6 shows descriptive statistics for sample variables and scales. In our 
sample, the internalizing problems measure at age 15 had a mean score of 1.07 
(SD = 1.53). Merit rating had a mean score of 231.46 (SD = 54.57). Of all 
individuals, 94.5% were eligible for upper secondary education. Fifty-one 
percent of the participants were female. 
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Table 6. Descriptive statistics for sample variables and scales. Absolute number of individuals 
N (%) = 4,997 (100). 

Mean (SD) n (%) 
Internalizing problems 1.07 (1.53) 
Merit rating 231.46 (54.57) 
Upper secondary education eligibility 4,724 (94.5) 
Sex ♂ 2,435 (48.7)

♀ 2,562 (51.3)
Zygosity Monozygotic 1,455 (29.1) 

Dizygotic 3,171 (63.5) 
Unknown 371 (7.4) 

Birth year 1994 1,250 (25.0) 
1995 1,238 (24.8) 
1996 1,359 (27.2) 
1997 1,139 (22.8) 
1998 11 (0.2) 

4.2.1 Regression analyses 
Each increasing step on the internalizing problems score equaled a decrease of 
6.77 (95% CI -8.03 – -5.50) points in merit value and remained significantly 
different from 0 after we adjusted for the general NDD factor (-5.34, (95% CI 
-6.71 – -3.96). The adjusted OR for upper secondary education eligibility was
0.80 (95% CI 0.74–0.87; see Table 7). The results from the various models
(fully crude, i.e., neither controlled for sex nor NDD symptoms, adjusted for
only NDD symptoms, and sex stratified analyses (fully crude and only adjusted 
for NDD symptoms)) are enclosed in the supplementary material following
Study II.

Table 7. Associations between internalizing problems at age 15 and educational outcomes, and 
number of individuals in each analysis. Estimates (95 % confidence intervals). 

Educational outcome Internalizing problems 

N Unadjusted N Adjusted* 

Merit rating† 4,997 -6.77 (-8.03 – -5.50) 4,258 -5.34 (-6.71 – -3.96) 

Upper secondary education 
eligibility†† 

4,997 0.77 (0.72 – 0.82) 4,258 0.80 (0.74 – 0.87) 

* Adjusted for general neurodevelopmental disorders factor at age 9/12
† Expressed as regression coefficient
†† Expressed as odds ratio (OR)
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4.2.2 Multivariate twin analyses 
Table 8 contains observed intra-class and cross-twin cross-trait correlations 
for MZ and DZ twins. For all intra-class and cross-twin cross-trait correlations, 
MZ twins had higher correlations than DZ twins, suggesting genetic influences 
on all traits and association between traits. The correlation between 
internalizing problems in adolescence and merit rating/upper secondary 
education eligibility, decomposed into contributions from A, C, and E sources, 
is illustrated in Figures 5 and 6. The correlation is further decomposed into 
contributions that can be explained by the general NDD factor and 
contributions that cannot be explained by the general NDD factor, thus 
depicting the unique correlation between internalizing problems and the 
respective educational outcome. Additive genetics accounted for .89 of the 
covariance between internalizing problems and merit rating. Forty-nine 
percent (95% CI .25–.72) were unique genetic effects of internalizing problems 
and merit rating (for all estimates see Table 9). As regards upper secondary 
education eligibility, additive genetics accounted for 1.19 of the covariance 
(note that this estimate is above 1 due to the C from the general NDD factor 
contributing to the association in the opposite direction). Sixty-seven percent 
(95% CI .14 – 1.20) were unique genetic effects of upper secondary education 
eligibility and internalizing problems. Phenotypic correlations and model fit 
statistics can be found in the supplementary material following Study II. 

Table 8. Intra-class and cross-twin cross-trait correlations and 95% confidence intervals for 
childhood neurodevelopmental disorder symptoms, internalizing problems at age 15, merit 
rating, and upper secondary education eligibility, adjusted for sex and birth year. Bold estimates 
on the diagonal represent intra-class correlations (MZ/DZ); MZ cross-twin cross-trait estimates 
are below the diagonal, and DZ cross-twin cross-trait estimates are above the diagonal. 

NDDs INT Merit rating Upper education 
NDDs .65 (.62 – .69) 

.33 (.29 – .36) 
.13 (.10 – .16) -.12 (-.16 – -.08) -.02 (-.10 – -.07) 

INT .23 (.19 – .28) .47 (.42 – .52) 
.22 (.19 – .26) 

-.11 (-.15 – -.07) -.08 (-.16 – -.01) 

Merit 
rating 

-.24 (-.31 – -.18) -.14 (-.20 – -.08) .90 (.89 – .92) 
.61 (.57 – .64) 

-* 

Upper 
education 

-.34 (-.44 – -.24) -.18 (-.28 – -.07) -* .96 (.93 – .99) 
.64 (.53 – .75) 

Note. NDDs = general neurodevelopmental disorders factor, INT = internalizing problems at 
age 15, upper education = Upper secondary education eligibility. 
* Upper secondary education eligibility is dependent on merit rating, which is why no
correlation is presented
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Table 9. Genetic and environmental effects on childhood neurodevelopmental disorder 
symptoms, internalizing problems, merit rating, and upper secondary education eligibility, 
adjusted for sex and birth year. Estimates (95 % confidence intervals). 

Trivariate model with merit rating 
A C E 

Explained variance 

NDDs .65 (.59 – .72)* .01 (-.05 – .06) .34 (.31 – .34)* 

INT .46 (.38 – .53)* .01 (-.04 – .06) .54 (.49 – .58)* 

Merit rating .61 (.55 – .67)* .30 (.24 – .36)* .09 (.08 – .10)* 

Explained covariance 
between INT and merit 
rating† 
From NDDs .40 (.25 – .55)* .02 (-.21 – .25) .00 (-.01 – .02) 

From INT/merit rating .49 (.25 – .72)* .01 (-.18 – .19) .09 (.00 – .17) 

Trivariate model with upper secondary education eligibility 

Explained variance 

NDDs .63 (.57 – .68)* .03 (-.01 – .07) .34 (.31 – .37)* 

INT .45 (.40 – .51)* .01 (-.02 – .04) .54 (.50 – .58)* 

Upper education .60 (.39 – .80)* .36 (.17 – .56)* .04 (.01 – .08)* 

Explained covariance 
between INT and upper 
education† 
From NDDs .52 (.32 – .73)* -.26 (-.63 – .11) .00 (-.01 – .01) 

From INT/ upper education .67 (.14 – 1.20)* .00 (.00 – .00) .06 (-.14 – .27) 

Note. NDDs = general neurodevelopmental disorders factor, INT = internalizing problems at 
age 15, upper education = upper secondary education eligibility. 
† The estimated contributions to correlation between INT and educational outcomes divided 
by the phenotypic correlation, i.e., the results depicted in Figure 2 as relative contributions 
* Significant effect
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Figure 5. Plot representing the association between internalizing problems and merit rating 
explained by childhood neurodevelopmental disorder symptoms, or unique to internalizing 
problems and merit rating, from the multivariate twin models, as well as genetic and 
environmental estimates. Note. NDD = general neurodevelopmental disorders factor, INT = 
internalizing problems at age 15. 
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secondary education eligibility explained by childhood neurodevelopmental disorder symptoms, 
or unique to internalizing problems and upper secondary education eligibility, from the 
multivariate twin models, as well as genetic and environmental estimates. Note. NDD = general 
neurodevelopmental disorders factor, INT = internalizing problems at age 15. 
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4.3 STUDY III 
Table 10 shows descriptive statistics for the measure of symptoms of anxiety, 
depression, and NDDs in childhood and the adolescent internalizing symptoms 
measure. 

Table 10. Descriptive statistics for sample variables and scales. 

Scale range 
(maximum score) Mean (SD) N 

NDD factor  0 – 23.45 (*) 1.86 (2.84) 5,708 
Depression symptoms at age 9 
(SMFQ) 

0 – 25 (26) 0.82 (2.03) 5,137 

Anxiety symptoms at age 9 
(SCARED) 

0 – 63 (82) 4.72 (5.84) 4,517 

Internalizing symptoms at age 15 
(SDQ) 

0 – 10 (10) 1.27 (1.72) 4,492 

Sex, n (%) 
♂ ♀ 

2,128 (47.4) 2,364 (52.6) 
Birth year n (%) 

1998 1999 2000 2001 2002 2003 
483 (10.8) 864 (19.2) 802 (17.9) 783 (17.4) 759 (16.9) 801 (17.8) 

* No meaningful maximum score available

4.3.1 Cholesky decomposition 
The results indicated that internalizing symptoms in adolescence could not be 
fully explained by symptoms of childhood anxiety, depression, or NDDs, as 
shown in Table 11 and Figure 7. Symptoms of childhood anxiety and 
symptoms of anxiety + symptoms of depression, respectively, explained 
approximately 12% of the variance in adolescent internalizing symptoms, with 
symptoms of depression adding little to no unique effect. The symptoms of 
anxiety + symptoms of NDDs and all childhood predictors (i.e., symptoms of 
anxiety + depression + NDDs) models, respectively, explained approximately 
16% of the variance. In the model including all childhood predictors, 
symptoms of anxiety explained 5.4% (95% CI 4.1%–6.6%), and symptoms of 
NDDs explained 1.9% (95% CI 1.3% – 2.5%), of the variance in adolescent 
internalizing symptoms, while symptoms of childhood depression did not 
explain any unique variance. Eight-point-six percent (95% CI 7.4% – 9.8%) of 
the explained variance in adolescent internalizing symptoms was shared 
between the childhood predictors. 
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Table 11. Unique and shared explained variance in adolescent internalizing symptoms by 
childhood symptoms of anxiety, depression, and NDDs. 

Percentage of explained variance (95% Confidence Interval) 

Predictor 

Anxiety 
symptoms 

Anxiety + 
NDD 

symptoms 

Anxiety + 
depression 
symptoms 

Anxiety + depression 
+ NDD symptoms

NDD factor – 2.2 (1.6–2.9) – 1.9 (1.3–2.5)

Depression 
symptoms 

– – 0.3 (0.0–0.6) 0.0 (0.0–0.0)

Anxiety 
symptoms 

12.2 (10.3–14.2) 6.7 (5.3–8.1) 7.4 (5.8–8.9) 5.4 (4.1–6.6) 

Shared† – 6.9 (6.1–7.7) 5.0 (3.9–6.0) 8.6 (7.4–9.8) 

Total 
variance 
explained 

12.2 15.8 12.7 15.9 

Note. All analyses were adjusted for sex and birth year. 
† “Shared” refers to the part that is explained by the predictors but cannot be uniquely 
attributed to any of the predictors in the models. 
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Figure 7. Graphical illustration of unique and shared explained variance in adolescent 
internalizing symptoms according to symptoms of childhood anxiety, depression, and NDDs. 
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4.4 STUDY IV 
Descriptive statistics for sample variables are displayed in Table 12. Table 13 
shows prevalence estimates for ADHD, ASD, DCD, LD, TD, and any NDD in 
absolute numbers and proportions for the four anxiety/depression groups. The 
lowest prevalence was found for individuals without a screening diagnosis of 
anxiety/depression. Individuals who received a screening diagnosis of 
childhood-onset anxiety/depression had substantially higher prevalence 
estimates than the adolescent-onset group. With the exception of LD, 
prevalence estimates in the childhood-onset group were approximately twice 
(for any NDD) to six times (for ASD) as high as in the adolescent-onset group. 
Prevalence was highest in individuals with a screening diagnosis of 
anxiety/depression at both ages. In this group, at least one NDD was present in 
79.4% (95% CI 66.7% – 94.6%) of the individuals. Prevalence estimates were 
also high for ADHD (52.9%; 95% CI 38.1% – 73.6%), ASD (47.1%; 95% CI 
32.5% – 68.2%), and LD (44.1%; 95% CI 30.4% – 64.0%). Sex-specific 
prevalence of ADHD, ASD, DCD, LD, TD, and any NDD can be found in the 
supplementary material following Study IV. Numbers were generally low but 
indicated that males had a higher prevalence of NDDs than females, with the 
exception of LD and any NDD.  

Table 12. Descriptive statistics for sample variables. Absolute number of individuals N (%) = 
4,492 (100). 

n % 
Sex ♂ 2,128 47.4 

♀ 2,364 52.6 
Prevalence cutoffs SMFQ 26 0.6 

SCARED 64 1.4 
SDQ 497 11.1 
ASD 108 2.4 
ADHD 364 8.1 
LD 550 12.2 
DCD 313 7.0 
TD 132 2.9 
Any NDD 1,023 22.8 

Note. SMFQ = Short Mood and Feelings Questionnaire, indicating childhood 
depression; SCARED = Screen for Child Anxiety Related Disorders, 
indicating childhood anxiety; SDQ = Strengths and Difficulties Questionnaire 
emotional symptoms subscale, indicating adolescent anxiety/depression. 
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Table 13. Prevalence of ASD, ADHD, DCD, LD, TD, and any NDD in absolute numbers and 
relative numbers with 95% confidence intervals in the whole sample and individuals with 
anxiety/depression (AnxDep). 

Number of individuals/Total number of individuals 
% 

(95% CI) 

Whole 
sample 

No AnxDep 
at any age 

AnxDep at 
age 15 but 
not at age 9 

AnxDep at 
age 9 but not 

at age 15 

AnxDep at 
age 15 and at 

age 9 
ASD 108/4,492 

2.4 
(2.0 – 2.9) 

68/3,950 
1.7 

(1.3 – 2.2) 

15/463 
3.2 

(1.9 – 5.5) 

9/45 
20.0 

(10.5 – 38.1) 

16/34 
47.1 

(32.5 – 68.2) 
ADHD 364/4,492 

8.1 
(7.3 – 9.0) 

267/3,950 
6.8 

(6.0 – 7.6) 

62/463 
13.4 

(10.6 – 17.0) 

17/45 
37.8 

(25.4 – 56.2) 

18/34 
52.9 

(38.1 – 73.6) 
LD 550/4,492 

12.2 
(11.3 – 13.3) 

439/3,950 
11.1 

(10.1 – 12.2) 

86/463 
18.6 

(15.3 – 22.6) 

10/45 
22.2 

(12.9 – 38.3) 

15/34 
44.1 

(30.4 – 64.0) 
DCD 313/4,492 

7.0 
(6.2 – 7.8) 

249/3,950 
6.3 

(5.6 – 7.2) 

43/463 
9.3 

(7.0 – 12.3) 

7/45 
15.6 

(7.8 – 31.2) 

14/34 
41.2 

(26.9 – 63.0) 
TD 132/4,492 

2.9 
(2.5 – 3.5) 

103/3,950 
2.6 

(2.1 – 3.2) 

15/463 
3.2 

(2.0 – 5.3) 

5/45 
11.1 

(4.9 – 25.2) 

9/34 
26.5 

(14.9 – 47.0) 
Any 1023/4,492 

22.8 
(21.5 – 24.2) 

823/3,950 
20.8 

(19.5 – 22.3) 

150/463 
32.4 

(28.3 – 37.1) 

23/45 
51.1 

(38.3 – 68.2) 

27/34 
79.4 

(66.7 – 94.6) 

4.4.1 Regression analyses 
Table 14 shows the ORs of ADHD, ASD, DCD, LD, TD, and any NDD. The 
odds were substantially higher in individuals with a screening diagnosis of 
anxiety/depression at any age compared to individuals without a screening 
diagnosis of anxiety/depression. Compared to individuals without a screening 
diagnosis of anxiety/depression, those with childhood-onset 
anxiety/depression had higher OR estimates for ADHD, ASD, DCD, LD, TD, or 
any NDD than did individuals with adolescent-onset anxiety/depression. The 
highest ORs were found for individuals with a screening diagnosis of anxiety/
depression at both ages 9 and 15. In this group, individuals had 50.7 (95% CI 
24.5 – 105.3) times greater odds of having a screening diagnosis of ASD, 
15.5 (95% CI 7.7 – 31.4) times greater odds of having a screening diagnosis 
of ADHD, and 14.7 (95% CI 6.3 – 34.0) times greater odds of having a 
screening diagnosis of at least one NDD, compared to individuals with no 
anxiety/depression at any age. Associations were generally slightly higher 
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when controlling for sex and birthyear, albeit mainly with very wide CIs (see 
supplementary material following Study IV). 

Table 14. Associations between anxiety/depression (AnxDep) and ASD, ADHD, DCD, LD, TD, 
and any NDD. Figures are odds ratios (ORs – 95% confidence intervals). 

OR (95% CI) 

NDD 
No AnxDep at any 

age† 
AnxDep at age 15 
but not at age 9 

AnxDep at age 9 
but not at age 15 

AnxDep at age 15 
and at age 9 

ASD 1.0 1.9 (1.1 – 3.5) 14.3 (6.2 – 32.7) 50.7 (24.5 – 105.3) 
ADHD 1.0 2.1 (1.6 – 2.9) 8.4 (4.4 – 15.9) 
LD 1.0 1.8 (1.4 – 2.4) 2.3 (1.1 – 4.6) 
DCD 1.0 1.5 (1.1 – 2.1) 2.7 (1.2 – 6.2) 
TD 1.0 1.3 (0.7 – 2.2) 4.7 (1.8 – 11.9) 
Any 1.0 1.8 (1.5 – 2.3) 4.0 (2.2 – 7.2) 

15.5 (7.7 – 31.4) 
6.3 (3.2 – 12.3) 
10.4 (5.1 – 21.4) 
13.4 (6.1 – 29.9) 
14.7 (6.3 – 34.0)

† Reference category 
Note. Bold estimates indicate significance at the 0.01 level, apart from “Any NDD”, where 
alpha was set to 0.05. 
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4.4.1 Regression analyses 
Table 14 shows the ORs of ADHD, ASD, DCD, LD, TD, and any NDD. The 
odds were substantially higher in individuals with a screening diagnosis of 
anxiety/depression at any age compared to individuals without a screening 
diagnosis of anxiety/depression. Compared to individuals without a screening 
diagnosis of anxiety/depression, those with childhood-onset 
anxiety/depression had higher OR estimates for ADHD, ASD, DCD, LD, TD, or 
any NDD than did individuals with adolescent-onset anxiety/depression. The 
highest ORs were found for individuals with a screening diagnosis of anxiety/
depression at both ages 9 and 15. In this group, individuals had 50.7 (95% CI 
24.5 – 105.3) times greater odds of having a screening diagnosis of ASD, 
15.5 (95% CI 7.7 – 31.4) times greater odds of having a screening diagnosis 
of ADHD, and 14.7 (95% CI 6.3 – 34.0) times greater odds of having a 
screening diagnosis of at least one NDD, compared to individuals with no 
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when controlling for sex and birthyear, albeit mainly with very wide CIs (see 
supplementary material following Study IV). 

Table 14. Associations between anxiety/depression (AnxDep) and ASD, ADHD, DCD, LD, TD, 
and any NDD. Figures are odds ratios (ORs – 95% confidence intervals). 
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No AnxDep at any 

age† 
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10.4 (5.1 – 21.4) 
13.4 (6.1 – 29.9) 
14.7 (6.3 – 34.0)

† Reference category 
Note. Bold estimates indicate significance at the 0.01 level, apart from “Any NDD”, where 
alpha was set to 0.05. 
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5 DISCUSSION 

5.1 MAIN FINDINGS 

5.1.1 Study I 
Study I sought to assess the relationship between anxiety at age 15 and 
psychiatric diagnoses and suicidal ideation in late adolescence/early adulthood, 
taking possible confounding effects of ADHD, ASD, and DCD in childhood 
into account. The results reveal that adolescent anxiety elevated the risk of 
developing an array of psychiatric outcomes in late adolescence/early 
adulthood. Anxiety disorders (HR = 7.52, 95% CI 5.36–10.56), depressive 
disorders (HR = 6.52, 95% CI 4.43–9.61), suicidal ideation (HR = 4.88, 95% 
CI 2.37–10.07), and any psychiatric outcome (HR = 4.88, 95% CI 3.78–6.29) 
yielded the highest risk estimates. All associations remained nearly unaltered 
after we adjusted for ADHD, ASD, and DCD. A similar pattern was discovered 
in the Dutch replication sample, irrespective of differences in instruments and 
informant. Furthermore, three distinct incidence patterns of anxiety levels were 
observed. That is, the “borderline” and “abnormal” category of anxiety 
displayed a steep increase in risk of psychiatric outcomes compared to the 
“normal” anxiety category. For individuals in the “borderline” and “abnormal” 
anxiety categories, the percentage of psychiatric outcomes that theoretically 
could have been prevented if adolescent anxiety was prevented or reduced by 
early intervention was the highest for anxiety disorders and depressive 
disorders, with an AF of approximately 40% over time. 

Our prior position was that ADHD, ASD, and DCD would be strong 
confounders for the association between adolescent anxiety and psychiatric 
outcomes, i.e., that adjustment for these NDDs would account for much of the 
association. Associations between NDDs and psychiatric outcomes are 
generally stronger than those between anxiety and psychiatric outcomes: for 
example, ASD and premature mortality183 and ADHD and substance use 
disorders;135 and the onset of NDDs almost always precedes anxiety disorder 
onset. A recent study69 has examined different pathways to major depressive 
disorder depending on the age of onset of depressive symptoms and found the 
early-adolescence onset group to be associated with a genetic risk of NDDs, 
whereas the late-adolescence onset group was associated with a genetic risk of 
major depressive disorder only. Therefore, we included the 181 individuals 
from our study who received their psychiatric diagnosis before the age of 15. 
We found no significant difference, which indicates that the results were not 
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confounded by excluding a possible early-adolescence onset group marked by 
NDD susceptibility. 

5.1.2 Study II 
Study II described the relationship between internalizing problems at age 15 
and educational achievement in late adolescence/early adulthood applying 
multivariate twin analysis. Internalizing problems were found to be negatively 
associated with educational achievement, even after adjusting for a wide range 
of NDDs in childhood. Twin analysis revealed a major impact of genetics on 
the covariation between internalizing problems and educational outcomes, 
with about half of this genetic association being explained by NDDs. Youth 
internalizing problems previously have been found to be predictive of 
educational underachievement.26, 60, 137 Complementing existing studies, we 
showed that the association between internalizing problems and educational 
achievement remains when a range of childhood NDDs are accounted for, 
demonstrating that internalizing problems in adolescence constitute an 
independent risk for later educational underachievement. 

The univariate twin analyses showed that internalizing problems were 
influenced by moderate-to-large genetic- and non-shared environmental 
factors. Educational achievement was influenced by roughly two-thirds of 
genetic- and one-third of shared environment, which is consistent with 
previous findings.184 The lion’s share of the phenotypic association between 
internalizing problems and educational outcomes was explained by genetic 
factors. This is in line with previous studies,138, 139 albeit one study138 found that 
shared environmental influences on childhood anxiety predicted educational 
achievement in adolescence. This may reflect rater bias and/or that the 
presentation of childhood anxiety is expressed/described differently than 
adolescent anxiety. For example, children are more likely to receive a 
diagnosis of separation anxiety disorder, whereas adolescents are more 
commonly assigned a diagnosis of social anxiety disorder.185 This is in line 
with the notion that symptoms of anxiety and depression have a different 
phenotypic and genetic structure in childhood, adolescence, and early 
adulthood.68 Additionally, a large part of the genetic contribution to the 
association stemmed from NDDs. This finding suggests that the genetic factors 
influencing NDDs also influence internalizing problems and educational 
achievement; a finding that is consistent with the emerging concept of a shared 
latent susceptibility of nearly all psychiatric disorders.129, 130 
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disorders (HR = 6.52, 95% CI 4.43–9.61), suicidal ideation (HR = 4.88, 95% 
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confounded by excluding a possible early-adolescence onset group marked by 
NDD susceptibility. 

5.1.2 Study II 
Study II described the relationship between internalizing problems at age 15 
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diagnosis of separation anxiety disorder, whereas adolescents are more 
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with the notion that symptoms of anxiety and depression have a different 
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adulthood.68 Additionally, a large part of the genetic contribution to the 
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5.1.3 Study III 
Study III assessed the extent to which symptoms of anxiety, depression, and 
NDDs in childhood explain internalizing symptoms in adolescence. Our results 
suggest that internalizing symptoms at age 15 partly differ from symptoms of 
anxiety and depression at age 9, which is in line with twin studies67 and studies 
which report different trajectories for childhood and adolescent anxiety and 
depression.62 Anxiety symptoms at age 9 explained the most of the variance in 
internalizing symptoms at age 15, while depression symptoms explained 
nearly none of the variance. Our results are in accordance with the notion that 
internalizing symptoms may be expressed differently depending on age,142 i.e., 
anxiety may be more characteristic of childhood internalizing symptoms, 
whereas depression may express itself more dominantly in adolescent 
internalizing symptoms. Depression can be observed already in preschool 
children,53 but symptoms are often expressed with less verbality and can mimic 
those of anxiety and NDD symptoms (e.g., crying, irritability, somatic 
complaints, behavioral problems). Only in adolescence do symptoms of 
depression start to resemble those of the DSM-5 criteria, which is why 
depression at an early age has been suggested to be underdiagnosed47. One 
study69 compared trajectories of depressive symptoms from early to late 
adolescence (i.e., in one group whose symptoms developed in early 
adolescence and another group whose symptoms arose later in adolescence). 
The early-onset group was associated with higher levels of childhood ADHD 
and other NDD symptomatology, implying that childhood, or early-onset 
forms of depression may be more closely associated with neurodevelopmental 
symptomatology. NDD symptoms in childhood explained little variance in 
adolescent internalizing symptoms. NDDs are common in both childhood and 
adolescent anxiety disorders.148, 149, 186, 187 However, findings from one study124 
indicate that ADHD may be more common in children with anxiety disorders 
compared to adolescents with anxiety disorders. Studies have to further 
examine if NDDs are differentially associated in childhood and adolescent 
anxiety and depression. 

5.1.4 Study IV 
In Study IV, we examined whether different anxiety/depression groups 
(childhood-onset versus adolescent-onset) show distinguishable patterns with 
regard to co-existing screening diagnoses of NDDs, i.e., ADHD, ASD, DCD, 
LD, and TD. The results revealed different NDD prevalence patterns in 
childhood-onset versus adolescent-onset anxiety/depression. That is, all NDDs 
were found to be more prevalent in childhood-onset anxiety/depression, 
extending previous findings124 displaying a greater rate of externalizing 
disorders (including ADHD) in children than in adolescents with anxiety 
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disorders. Study IV further showed that all NDDs, both above and below the 
diagnostic threshold, had the tendency to be more common in individuals with 
childhood-onset anxiety/depression than in those with adolescent-onset 
anxiety/depression, when compared to those without a screening diagnosis of 
anxiety/depression. This aligns with the findings from a previous study69 which 
compared depressive symptom trajectories in adolescence and showed that an 
early-adolescent onset group demonstrated higher levels of childhood ADHD 
and other NDD symptoms. 

There are multiple possible explanations for these findings. Childhood anxiety 
and depression may share more common genetics with NDDs than have 
previously been reported. For example, the Brainstorm Consortium described 
positive genetic correlations between anxiety disorders and ADHD and 
ASD.118 Furthermore, significant positive genetic correlations have been 
reported for major depressive disorder.119 Alongside an overlap of genetics, it 
has been shown that anxiety, depression, and NDDs correlate with multiple 
environmental risk factors, such as preterm birth120-122 and birth weight.123 
Estimates were largely derived from adult samples, however, and thus were 
likely to underestimate the associations between anxiety, depression and 
NDDs. That is, the inclusion of child samples may deliver stronger 
associations. Lastly, children with NDDs may be more prone to developing 
anxiety and depression. In middle childhood (around 9 to 11 years of age), 
children gain the ability to see themselves from the perspective of someone 
else,125 which may lead to their forming a negative self-view when they 
compare themselves to neurotypical children.126 This idea is supported by 
findings that young people with ASD have a significantly lower self-rating on 
self-esteem measures than do neurotypical peers, and that rated self-esteem 
was strongly associated with depression.127 

5.2 IMPLICATIONS FOR CLINICAL PRACTICE 
In Study I, a wide range of the psychiatric outcomes were predicted by the 
“borderline” anxiety category. That is, onset of psychiatric outcomes was 
generally earlier, and rates were higher compared to the “normal” anxiety 
category, implying that, in clinical settings, a screening based on the 
presentation of anxiety symptoms, instead of full diagnostic assessment, 
should be common practice, regardless of assessment focus. As the incidence 
patterns in “borderline” anxiety groups were steeply curved, we suggest that 
clinicians should be attentive to young people with elevated levels of anxiety. 
The “normal” and “borderline” anxiety categories for those between the ages 
15 and 17 were fairly overlapping in the self-report. For this age group, parent 



DISCUSSION 

56 

5.1.3 Study III 
Study III assessed the extent to which symptoms of anxiety, depression, and 
NDDs in childhood explain internalizing symptoms in adolescence. Our results 
suggest that internalizing symptoms at age 15 partly differ from symptoms of 
anxiety and depression at age 9, which is in line with twin studies67 and studies 
which report different trajectories for childhood and adolescent anxiety and 
depression.62 Anxiety symptoms at age 9 explained the most of the variance in 
internalizing symptoms at age 15, while depression symptoms explained 
nearly none of the variance. Our results are in accordance with the notion that 
internalizing symptoms may be expressed differently depending on age,142 i.e., 
anxiety may be more characteristic of childhood internalizing symptoms, 
whereas depression may express itself more dominantly in adolescent 
internalizing symptoms. Depression can be observed already in preschool 
children,53 but symptoms are often expressed with less verbality and can mimic 
those of anxiety and NDD symptoms (e.g., crying, irritability, somatic 
complaints, behavioral problems). Only in adolescence do symptoms of 
depression start to resemble those of the DSM-5 criteria, which is why 
depression at an early age has been suggested to be underdiagnosed47. One 
study69 compared trajectories of depressive symptoms from early to late 
adolescence (i.e., in one group whose symptoms developed in early 
adolescence and another group whose symptoms arose later in adolescence). 
The early-onset group was associated with higher levels of childhood ADHD 
and other NDD symptomatology, implying that childhood, or early-onset 
forms of depression may be more closely associated with neurodevelopmental 
symptomatology. NDD symptoms in childhood explained little variance in 
adolescent internalizing symptoms. NDDs are common in both childhood and 
adolescent anxiety disorders.148, 149, 186, 187 However, findings from one study124 
indicate that ADHD may be more common in children with anxiety disorders 
compared to adolescents with anxiety disorders. Studies have to further 
examine if NDDs are differentially associated in childhood and adolescent 
anxiety and depression. 

5.1.4 Study IV 
In Study IV, we examined whether different anxiety/depression groups 
(childhood-onset versus adolescent-onset) show distinguishable patterns with 
regard to co-existing screening diagnoses of NDDs, i.e., ADHD, ASD, DCD, 
LD, and TD. The results revealed different NDD prevalence patterns in 
childhood-onset versus adolescent-onset anxiety/depression. That is, all NDDs 
were found to be more prevalent in childhood-onset anxiety/depression, 
extending previous findings124 displaying a greater rate of externalizing 
disorders (including ADHD) in children than in adolescents with anxiety 

DISCUSSION 

57 

disorders. Study IV further showed that all NDDs, both above and below the 
diagnostic threshold, had the tendency to be more common in individuals with 
childhood-onset anxiety/depression than in those with adolescent-onset 
anxiety/depression, when compared to those without a screening diagnosis of 
anxiety/depression. This aligns with the findings from a previous study69 which 
compared depressive symptom trajectories in adolescence and showed that an 
early-adolescent onset group demonstrated higher levels of childhood ADHD 
and other NDD symptoms. 

There are multiple possible explanations for these findings. Childhood anxiety 
and depression may share more common genetics with NDDs than have 
previously been reported. For example, the Brainstorm Consortium described 
positive genetic correlations between anxiety disorders and ADHD and 
ASD.118 Furthermore, significant positive genetic correlations have been 
reported for major depressive disorder.119 Alongside an overlap of genetics, it 
has been shown that anxiety, depression, and NDDs correlate with multiple 
environmental risk factors, such as preterm birth120-122 and birth weight.123 
Estimates were largely derived from adult samples, however, and thus were 
likely to underestimate the associations between anxiety, depression and 
NDDs. That is, the inclusion of child samples may deliver stronger 
associations. Lastly, children with NDDs may be more prone to developing 
anxiety and depression. In middle childhood (around 9 to 11 years of age), 
children gain the ability to see themselves from the perspective of someone 
else,125 which may lead to their forming a negative self-view when they 
compare themselves to neurotypical children.126 This idea is supported by 
findings that young people with ASD have a significantly lower self-rating on 
self-esteem measures than do neurotypical peers, and that rated self-esteem 
was strongly associated with depression.127 

5.2 IMPLICATIONS FOR CLINICAL PRACTICE 
In Study I, a wide range of the psychiatric outcomes were predicted by the 
“borderline” anxiety category. That is, onset of psychiatric outcomes was 
generally earlier, and rates were higher compared to the “normal” anxiety 
category, implying that, in clinical settings, a screening based on the 
presentation of anxiety symptoms, instead of full diagnostic assessment, 
should be common practice, regardless of assessment focus. As the incidence 
patterns in “borderline” anxiety groups were steeply curved, we suggest that 
clinicians should be attentive to young people with elevated levels of anxiety. 
The “normal” and “borderline” anxiety categories for those between the ages 
15 and 17 were fairly overlapping in the self-report. For this age group, parent 



DISCUSSION 

58 

reports may thus be more suitable for identifying youth with elevated risks of 
psychopathology. Nevertheless, a third of any assessed psychiatric outcome 
may be identified in individuals with “borderline” and “abnormal” anxiety by 
using only five questions. This is consistent with the fact that screening in 
clinical practice can be done with little effort and possibly with clinically 
relevant benefits. Studies on the efficacy of the treatment of anxiety disorders 
in youth demonstrate observable reductions in associated symptomatology and 
comorbidity, e.g., for depressive disorders and other anxiety disorders.188, 189 
Thus, it is plausible that interventions addressing at the core symptoms of 
anxiety in adolescence may diminish risks, as well as affect pathways leading 
to a variety of psychiatric outcomes. 

In Study II, we discovered independent associations between internalizing 
problems and educational achievement, i.e., after including the effect of NDDs. 
This finding suggests possible improvement of educational achievement 
through a reduction of internalizing problems in adolescence. Nevertheless, 
findings from the multivariate twin analyses demonstrate an evenly large 
contribution to the association between internalizing problems and educational 
outcomes that originated from NDDs. Considering that NDDs are indicators 
of internalizing disorders such as anxiety and depression,190, 191 this is not a 
surprising finding. Hence, interventions directed towards NDDs in childhood 
may positively affect the course and development of internalizing problems,192,

193 i.e., they may potentially mitigate both internalizing problems and 
educational underachievement. In one study,194 individuals with ADHD 
achieved higher scores on higher education entrance tests when they were 
taking ADHD medication than when they were not, indicating possible 
educational improvement among those with ADHD who take ADHD 
medication. Moreover, our findings imply that youth interventions directed 
towards the improvement of educational achievement should consider both 
internalizing problems and NDDs, as multivariate twin models demonstrate 
that neither internalizing problems nor NDDs on their own explain educational 
underachievement. Rather, they both have independent effects on educational 
underachievement. Translating these findings to clinical practice, we suggest 
that a screening is necessary for both internalizing problems, such as anxiety 
and depression, and NDDs, as it is likely that a young person presenting with 
an NDD may also have an internalizing symptomatology, or the other way 
around. 

The findings of Study III highlight the need to take the age of onset of 
internalizing symptomatology into account. That is, children with anxiety and 
depression will likely benefit from different intervention approaches than will 
adolescents. Although the clinical characteristics for children and adolescents 
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vary, a recent review of the treatment of anxiety disorders in young people77 
notes that little is known as yet about age-specific interventions in anxiety 
disorders. However, the authors note that a major difference in treating 
children versus adolescents is parental involvement as regards younger 
children. In the case of depressive disorders, previous research suggests that 
serotonin reuptake inhibitors are less effective in children and adolescents, 
although overall they work well for those with anxiety disorders,73 even more 
so if combined with cognitive behavioral therapy.195 Without question, 
treatment directed towards internalizing symptoms and NDDs has positive 
effects on the child’s functioning, but our results also indicate that adolescent 
internalizing symptoms may be explained by factors that exist independently 
of childhood internalizing symptoms and NDDs. Regardless, childhood 
anxiety and NDDs explained roughly 16% of the variance in adolescent 
internalizing symptoms. Intervention directed at symptoms of anxiety, 
depression, and/or NDDs in childhood probably act in an interactive rather 
than an additive way and targeting such symptoms in childhood may very well 
attenuate pathways leading to the development of internalizing symptoms in 
adolescence. 

In Study IV, individuals above screening cutoffs for anxiety/depression in 
both childhood and adolescence had the highest level of NDD prevalence and 
odds ratios. Almost 80% of the individuals in this group had one or more 
screening diagnoses of NDDs, irrespective of sex. A screening for NDDs in 
clinical practice is thus indicated for youth repeatedly presenting with 
symptoms of anxiety and/or depression, and, if indicated, further assessment 
should be instigated. When compared to individuals without 
anxiety/depression, the odds of those in the adolescent-onset 
anxiety/depression group having at least one NDD were found to be modest 
(1.8). In recent years, the prevalence of, and tendency to over diagnose NDDs, 
especially ADHD117 and ASD,196 has been rising, lending credence to the idea 
that a rigorous anamnestic screener for NDDs rather than a full clinical 
assessment may suffice in this group, in turn putting less burden on mental 
health systems. Our findings furthermore underscore the need to include age 
of onset of anxiety/depression in the design of treatment. Our results imply that 
NDDs are closely linked to childhood-onset anxiety/depression. Internalizing 
disorders and NDDs are reported to share several symptoms in childhood, e.g., 
inattention, distractibility, irritability, excessive crying, and disturbances of 
sleep.15, 47 If these constructs are characterized by a predominantly 
transdiagnostic symptomatology, it is plausible that children may benefit from 
interventional elements from both groups of disorders. It has been suggested 
that children with internalizing disorders have difficulties with understanding 
and regulating their emotions,76 and cognitive behavioral therapy adaptions 
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which work with understanding and regulating the child’s emotions have been 
shown to decrease the symptomatology of anxiety and improve emotional 
functioning.197 

5.3 METHODOLOGICAL CONSIDERATIONS 

5.3.1 Generalizability 
All four studies included in this thesis are based on epidemiological surveys in 
twin cohorts, which are characterized by high attrition rates, as evident from 
other cohort studies investigating child development.198, 199 Differences in 
response rates between ages 9/12 and 15 may therefore have affected the 
results, so generalizability should be attempted with caution. In Study I, for 
example, the prevalence of psychiatric diagnoses and suicidal ideation differed 
significantly between individuals whose parents responded only at age 9/12 
and those who responded during both assessment waves (i.e., ages 9/12 and 
15). It is hard to evaluate whether parents were more likely to respond if their 
child had more complex mental health issues and the parents were more prone 
to participate in research or, vice versa, whether they might not have 
participated because of their child’s more severe symptomatology. In Study 
III, attrition analyses suggest that parents who respond during both waves 
reported significantly lower NDD symptoms in their children than did those 
who did not respond. There is also the possibility that non-responding parents 
themselves have a higher degree of psychopathology, which is evident in other 
studies200, 201 and the CATSS data.150 

All four studies are based on twin data, thus we briefly discuss whether the 
results can be generalized to the general/non-twin population. As regards 
internalizing problems, the findings are mixed. For instance, one study202 has 
examined the differences between twins and singletons in respect of 
externalizing and internalizing problems in 6 to 12-year-old children. Whereas 
externalizing problems were not significantly different for twins and singletons 
over time, by 12 years of age the internalizing problem scores of the twins had 
decreased in comparison to those of singletons. The authors therefore suggest 
caution with regard to the generalizability of twin studies to non-twin 
populations in respect of internalizing problems in early adolescence. Other 
studies suggest no major effect of twinning on internalizing problems due to 
the small effect sizes detected.203, 204 Population-based studies of ASD and 
ADHD symptoms such as hyperactivity-impulsivity and inattention generally 
show that young twins can be seen as representative of the general 
population.203, 205 To correct for co-dependency between twins statistically, we 
applied cluster-robust sandwich estimators to adjust for standard errors in the 
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nested twin data in all regression analyses and for prevalence estimates (Study 
IV). 

5.3.2 Misclassifications and measurement errors 
In Study I, individuals were followed up either until the occurrence of a 
psychiatric diagnosis retrieved from registers, or until the coverage of the 
register ended, i.e., around the age of 22 in the case of the oldest participants. 
Consequently, the coverage of psychiatric disorders with a later mean age of 
onset (e.g., bipolar and psychotic disorders) was limited, which likely led to an 
underrepresentation of these psychiatric outcomes. Related to this, the NPR 
includes only psychiatric diagnoses made in specialized inpatient or 
outpatient care. The register does, however, not contain data on diagnoses 
made in primary care, therefore individuals with a plausibly less complex 
symptomatology are likely not captured by our data. A more recent study206 
has explored the proportion of individuals diagnosed with major depression, 
anxiety disorders, alcohol use disorders, and drug abuse among those treated 
exclusively in primary care and found that in the case of major depression, 
anxiety disorders, and drug abuse, 80% or more of the cases were not found 
in in- or outpatient care, suggesting that the majority of individuals with these 
disorders are diagnosed and treated in primary care. Although the NPR has 
been found to have high validity for several psychiatric diagnoses,152, 153 it 
has not been formally validated for internalizing disorders such as anxiety 
and depression. The register-retrieved information on upper secondary 
education eligibility and merit rating in Study II may be underreported for the 
sample, as the National School Register does not include school dropouts, 
individuals who, arguably, have more profound mental health issues. 

We used parent reports to assess the twins’ mental health, which may have led 
to an underestimation of the rate of such problems in the study samples, the 
exception being self-reports at age 15 in Study I. One issue with parent reports 
in general lies in the fact that parents may not be fully aware of their child’s 
internalizing symptomatology, as these problems are often “internalized”.207 
Symptoms exhibited may also appear at times when parents are not present, 
e.g., with friends or at school. It has been suggested that, as the child becomes
older, self-reports tend to be more reliable while parent reports tend to become
less reliable.208 Although the exclusive use of parent reports in Studies II to IV
can thus be seen as a limitation in our samples, the findings from previous
studies examining the psychometric properties of the SDQ report greater
sensitivity for parent reports as opposed to self-reports in children 11 years of
age and older, with good detection rates for internalizing symptoms in both
self-reports and parent reports.160, 209 This is in line with results from Study I,
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where the associations between anxiety at age 15 and psychiatric outcomes 
were fairly similar for parent reports and self-reports, suggesting that the use 
of parent reports at age 15 was not confounded by rater bias. To examine this 
further, we conducted additional analyses where we investigated the effect on 
psychiatric outcomes (a) in twins whose parent had not responded, (b) in 
parents whose twins had not responded, and (c) in respect of agreement 
between parent and twin reports (see Tables 15 and 16). The results revealed 
substantially higher risk estimates for psychiatric outcomes in parent reports 
where the twins did not respond as compared to the initial estimates discovered 
in Study I. This may reflect a selection bias, i.e., in epidemiological studies, 
estimates may differ when only one rater is responding and likely representing 
a more severe phenotype. Findings from Table 16 furthermore show that 
agreement between parent and child generally yields the best prediction, 
suggesting that, optimally, both parent and child reports should be utilized in 
clinical practice. Internalizing problems were assessed using different 
measures at ages 9 and 15: at age 9, internalizing problems were assessed with 
the SCARED (childhood anxiety) and the SMFQ (childhood depression), and 
at age 15, we employed the SDQ as an indicator of anxiety (Study I) and 
internalizing problems/symptoms (Studies II – IV), respectively. This may 
potentially have led to measurement error in the form of method variance. 
Method variance refers to the amount of variance that can be attributed to 
measurement methods rather than to the constructs the measures are presumed 
to depict. Despite differences in measurements at ages 9 and 15, we used the 
same raters in all studies, i.e., parent reports. Nevertheless, as internalizing 
problems in childhood and adolescence may represent partially different 
phenotypes and/or constructs, it is likely that neither source of rater, nor the 
continuous usage of the same measures over time will yield perfect construct 
validity across age. 

All four studies included in this thesis rely on the use of measures based on 
symptom level to assess internalizing problems in childhood and adolescence. 
While psychiatric symptom scales are commonly used measurements in 
epidemiological studies, they differ in several respects from clinical estimates. 
In Study I, we created “anxiety categories” based on the participant scores on 
the SDQ emotional symptoms scale. While our results suggest that the 
“abnormal” and to some extent the “borderline” anxiety categories may imply 
clinical anxiety, these categories do not form clinical constructs, as, for 
instance, the SDQ included in CATSS does not assess impairment caused by 
the symptoms, which is a vital criterium for a diagnosis in both DSM-5 and 
ICD-11. Thus, some misclassifications can be expected, and rates of 
internalizing symptoms might have been lower had estimates been based on 
clinical assessments, as evident from the literature.210 In Study III, internalizing 
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symptoms at age 15 were measured on a continuous scale and it is possible that 
we picked up on common “teenage worries” instead of a clinically relevant 
internalizing symptomatology. Thus, employing a cutoff approach through 
screening or categorical diagnostic criteria as defined in DSM-5 and ICD-11 
may have delivered different results in regard to shared explained variance. 
Nonetheless, prevalence rates from Study IV support our findings as, although 
not previously investigated, anxiety/depression differed with age of onset. That 
is, only 6.8% of the individuals with adolescence-onset anxiety/depression also 
had anxiety/depression in childhood, whereas 43% had childhood-onset 
anxiety/depression that was also present into adolescence. 

Table 15. Associations between anxiety categories at baseline and psychiatric outcome in self-
reports (i.e., twins whose parents did not respond) and parent reports (i.e., parents whose twins 
did not respond). Figures are hazard ratios (95% confidence intervals). 

  Anxiety category 

Psychiatric outcome Normal† Borderline Abnormal 

Self-report 

Any psychiatric outcome 1.00 1.02 (0.35–3.01) 3.48 (1.88–6.47) 

Anxiety disorders 1.00 2.28 (0.57–9.15) 5.31 (1.92–14.70) 

Depressive disorders 1.00 2.41 (0.72–8.01) 4.26 (1.76–10.30) 

Parent report 

Any psychiatric outcome 1.00 4.23 (1.75–10.19) 6.68 (3.10–14.39) 

Anxiety disorders 1.00 27.68 (5.71–134.11) 36.68 (8.72–154.22) 

Depressive disorders 1.00 2.96 (0.60–14.70) 9.58 (3.21–28.59) 
Note. Estimates are adjusted for sex, attention-deficit/hyperactivity disorder, autism spectrum 
disorder, and developmental coordination disorder at age 9/12. Bold estimates indicate 
significance at the 0.05 level. 
† Reference category 
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Table 16. Associations between anxiety categories and psychiatric outcomes dependent on 
parent report and twin report agreement. Figures are hazard ratios (95% confidence intervals). 

Any psychiatric outcome 

Anxiety category 
Parent report 

Normal Borderline Abnormal 

Normal 1.00† 0.89 (0.50–1.60) 1.37 (0.83–2.28) 

Self-report Borderline 0.91 (0.56–1.50) 1.37 (0.52–3.60) 2.86 (1.58–5.17) 

Abnormal 1.24 (0.80–1.92) 3.32 (1.99–5.55) 4.15 (2.70–6.39) 

Note. Estimates are adjusted for sex, attention-deficit/hyperactivity disorder, autism 
spectrum disorder, and developmental coordination disorder at age 9/12. Bold estimates 
indicate significance at the 0.05 level. † Reference category 
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6 CONCLUSIONS 
In conclusion, the studies presented in this thesis suggest that: 

I. Anxiety in adolescence represents an important risk factor in the 
development of psychiatric diagnoses and suicidal ideation and unveils 
unique predictions depending on anxiety categories or levels, which 
were independent of the risk presented by childhood ADHD, ASD, 
and DCD.

II. Internalizing problems in adolescence are an important risk factor for 
subsequent educational underachievement and go beyond the risk 
conferred by childhood NDDs. Internalizing problems in adolescence 
and NDD symptoms in childhood furthermore share genetic influences 
on educational achievement, but there are also unique genetic effects 
of adolescent internalizing problems on educational achievement.

III. Adolescent internalizing symptoms are modestly affected by 
childhood symptoms of anxiety, depression, and NDDs, indicating that 
childhood and adolescent internalizing symptoms may be partially 
different constructs.

IV. Screening diagnoses of NDDs are very common in childhood and 
adolescent anxiety and depression. However, NDDs appear to be 
substantially more prevalent in childhood-onset anxiety/depression 
than in adolescent-onset anxiety/depression. 

Taken together, internalizing problems in adolescence predict a plethora of 
psychiatric outcomes and educational underachievement, with internalizing 
problems sharing etiological influences with the latter, and independently of 
NDDs. Internalizing problems in childhood versus adolescence were 
differently associated with co-existing NDDs, possibly representing different 
constructs according to age of onset. 
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7 FUTURE PERSPECTIVES 
Our findings indicate that adolescent anxiety/internalizing problems have 
unique predictive value, i.e., beyond the occurrence of multiple NDDs 
assessed in childhood. Studies I and II revealed that anxiety/internalizing 
problems were predictive of a range of adverse outcomes in late 
adolescence/early adulthood, even after adjusting for a variety of NDDs. This 
has been somewhat surprising, given that the literature states that NDDs are 
generally stronger predictors of adverse outcomes, for both psychiatric135, 183 
and educational96, 140 outcomes. Future studies should thus validate our 
findings by further investigating the relationship between teenage internalizing 
problems and later adverse outcomes while including different NDDs. Given 
the relatively short follow-up time in our studies (i.e., up to around age of 22 
for the oldest participants), it would also be interesting to know how this 
relationship develops if individuals are followed for a longer period, i.e., well 
into adulthood. Related to this, in Study I we merged all anxiety disorders 
retrieved from the NPR (ICD-codes F40 – 41) and collapsed them into a single 
outcome variable, but it would have been interesting also to see whether 
different associations can be discerned between adolescent anxiety and the 
different anxiety disorders in adulthood. The “borderline” and “abnormal” 
anxiety categories introduced in Study I constitute further predictive value, 
suggesting that adolescent anxiety at “subthreshold” level may be predictive 
of several psychiatric outcomes in late adolescence/early adulthood. Previous 
studies have linked subthreshold depression211 and anxiety212 in youth to 
elevated risks of later adverse psychiatric and functional outcomes, suggesting 
that diagnostic procedures may need to adapt to the dimensional nature of 
anxiety and depressive disorders, if not to all psychiatric disorders.129-131 

Internalizing symptoms in adolescence were only modestly affected by 
internalizing symptoms and NDDs in childhood, suggesting that these 
constructs may differ depending on age. Investigating the continuity of 
anxiety and depression from childhood to adolescence has delivered mixed 
results,61-63 but quantitative genetics generally support heterogeneity by age of 
onset of anxiety and depression.67, 68 In genome-wide association studies, the 
genomes of large numbers of people are scanned for genetic markers more 
commonly present in individuals with specific diseases than in individuals 
without these diseases. In such a study,213 it was demonstrated that depression 
was differentially related to polygenic risk scores for schizophrenia and bipolar 
disorder, depending on age of onset. However, studies largely rely on adult 
samples, which is why it seems essential that future studies include age at 
assessment, as potentially different associations may be revealed in child and 
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adolescent samples. Viewing anxiety and depression differently according to 
age of onset has further implications for diagnostic procedures. Currently, the 
same criteria are employed for anxiety and depressive disorders for every age, 
possibly increasing the rate of false negatives in younger children whose 
symptoms do not (yet) coincide with those of adult criteria. 

We found large genetic contributions to the association between internalizing 
problems and educational achievement stemming from both internalizing 
problems and NDDs, suggesting shared (genetic) etiology. Positive genetic 
correlations between anxiety, depression and several NDDs, albeit of weak to 
moderate nature, have been described before.118, 119 In Study IV, we discovered 
NDDs (i.e., ADHD, ASD, DCD, LD, and TD) to be more common in 
childhood-onset versus adolescent-onset anxiety/depression. These findings 
imply that internalizing problems such as anxiety and depression may be more 
closely associated with NDDs in childhood than in adolescence and possibly 
in adulthood. Considering age of onset may thus be beneficial for future studies 
investigating the etiology of internalizing problems, and for preventive and 
treatment approaches.
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