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Abstract 

Research in past decades has demonstrated the persistence of attention 
deficit hyperactivity disorder (ADHD) into adulthood, but many ques-
tions regarding prevalence, causes, and comorbidities of ADHD in adults 
remain to be investigated. Previous research focusing on childhood 
ADHD identified high heritability. Genetic and environmental influences 
on ADHD symptoms in adults and their association with comorbid con-
ditions are not fully understood. 

The overall aim of this thesis was to study adult ADHD symptoms in the 
population and investigate associations with substance use disorders 
(SUD) and binge eating. In all four papers, we used population-based 
self-report data from twins aged 20–46 years from the Swedish Twin 
Registry. We used twin methods to explore the role of genetic and envi-
ronmental factors underlying ADHD symptoms and their comorbidities. 

Study I examined the phenotypic association between ADHD and various 
forms of SUD. We found that ADHD in adults was strongly associated 
with alcohol abuse and alcohol dependence, illicit drug use and regular 
nicotine use, with no differences between ADHD subtypes and no appar-
ent substance preference. 

In Studies II and IV, we used bivariate twin models to examine the role 
of genetic and environmental factors in the association of adult ADHD 
symptoms with alcohol dependence (II) and with binge eating (IV). For 
ADHD symptoms and alcohol dependence, 64% of the overlap was ex-
plained by common genetic factors. The remaining variance was ac-
counted for by environmental factors specific for each twin, with no sex 
differences for the overlap. Similarly, 91% of the association between 
ADHD symptoms and binge-eating behaviour was explained by common 
genetic factors. The inattentive ADHD symptom shared specific genetic 
factors with binge eating, even after controlling for genetic factors shared 
between the HI and IN symptom dimensions. 

In Study III, using a within-twin pair analysis, we demonstrated that alt-
hough most of the association between adult ADHD symptoms and self-
reported childhood maltreatment (an environmental risk factor for 
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ADHD) was explained by familial (genetic and environmental) con-
founding, our results were also consistent with a causal interpretation. 

In conclusion, adult ADHD symptoms show extensive overlap with SUD 
and binge-eating behaviour. We replicated findings from adolescent stud-
ies for alcohol dependence in an adult population. For binge-eating be-
haviour, we showed for the first time that common genetic factors play 
an important role in the overlap with ADHD symptoms in adults. Non-
shared environmental factors account for the remaining variance. Our re-
sults support, in part, a causal hypothesis regarding association between 
childhood maltreatment and ADHD symptoms in adults. This needs to be 
further investigated in longitudinal clinical samples that can examine 
neurobiological underpinnings of environmental effects.  

Recently, common pleiotropic risks have been identified for psychiatric 
conditions; there is, however, research supporting shared genetic factors 
specific for ADHD and SUD. Alterations in mesolimbic reward pro-
cessing as well as the frontal, executive and inhibitory systems have been 
described for ADHD, alcohol dependence and binge-eating behaviour, 
possibly suggesting common genetic and neurobiological factors for all 
three conditions. Research on endophenotypes could add to the under-
standing of these associations between ADHD and alcohol dependence 
and between ADHD and binge-eating behaviour. 

Clinically, the results of this thesis support that ADHD in adults be con-
sidered and addressed in the context of the investigated comorbidities. 
Given the common genetic risk factors and the role of the early childhood 
environment, family interventions should be considered for these popu-
lations. 

 

 

Keywords: ADHD, Substance use disorder, Binge-eating behaviour, 
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Introduction 
Attention deficit hyperactivity disorder (ADHD) is a persistent disabling 
condition, manifesting with pathological levels of hyperactivity, impul-
sivity and inattention (1, 2). Although early descriptions from the 18th 
century recognized a continuity of attention problems over the lifespan 
(3, 4), for the best part of the 20th century, the psychiatric literature con-
sidered ADHD as a childhood developmental disorder, which resolved 
with maturity. I recall the rather vacant expression on the face of my psy-
chiatry teacher during medical school: “ADHD? That’s something child 
psychiatrists do.” In recent decades, longitudinal studies have demon-
strated the persistence of ADHD over time. Diagnostic criteria, based 
mainly on childhood referral cases, were revised and adapted to describe 
symptoms more specific for adults with ADHD (5), and now adult ADHD 
is a well-established clinical diagnosis (6, 7). In adults, ADHD increases 
the risk for psychological maladjustment, educational and job difficulties, 
driving problems, disruptive behaviour (8) and multiple psychiatric (1, 9) 
and medical (10) comorbidities. Clinical cases can be regarded as the ex-
treme manifestations of ADHD symptoms that are distributed in the pop-
ulation (7, 11). 

ADHD is, similar to other psychiatric conditions, a complex disorder, 
caused by interplay between genetic and environmental risk factors (7). 
Initially twin and family studies concentrated on childhood manifestation 
of the disorder (12) and identified a high heritability for childhood 
ADHD. ADHD has been less studied in adults, and the respective roles 
of genetic and environmental risk factors in adult ADHD and its comor-
bidities are not yet fully understood. Several environmental risk factors 
have been proposed for ADHD in children and adults (13). However, re-
cent genetically informative studies demonstrated that associations, such 
as between ADHD and smoking during pregnancy, are mainly due to fa-
milial (genetic and family environmental) confounding (14, 15). This un-
derscores the importance of using genetically informative designs when 
studying influences of the environment on ADHD. 

The cover illustration is a scenery on “The Road to Motala”, a small town 
where I did my residency in psychiatry. It is where I met my first ADHD 
patient: Sara, a thirtysomething mother of three. She had never completed 
her education; was hopping between temporary jobs, unable to manage 
the mess at home, the half abandoned re-decorating projects; forgetting 
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stuff she had written on one of her endless to-do lists. Always late, always 
on the run, castigating herself for yelling at her children, yet unable to 
stop herself when she got disturbed by some noise the very next day. She 
was desperate. I thought she was depressed, but both she and I knew it 
was not only that. I wrote a prescription on antidepressants that didn’t 
help. Only a year later I learned about ADHD in adults, which put Sara’s 
problems in an entirely new perspective. By that time, she had moved. So 
had I. I had started my training at a small unit for treatment of substance 
use disorders (SUD), where I ended up assessing and treating adults with 
ADHD. Mostly young men, a few women as well. Mostly tough guys 
with behavioral problems. In parallel I continued work in general psychi-
atric services, also assessing ADHD. Often women in their early thirties. 
Stressed, anxious, many of them struggling with chronic pain, weight is-
sues, desperate to cope. Same assessment, same diagnosis, yet different! 
Driving on the road to Motala, during those long hours commuting, I 
started to wonder: Why were my ADHD patients with concomitant SUD 
different from the ones I met in general psychiatric outpatient care? Why 
does ADHD and substance use overlap? Why only in some patients? Are 
there sex differences in the overlap? Are these two groups of patients dif-
ferent to begin with, or is it the substance use that makes them different?  

The main purpose of this thesis was to further elucidate the role of envi-
ronmental and genetic risk factors for adult ADHD symptoms in the pop-
ulation and some of its more common comorbidities, such as SUD (16) 
and binge-eating behaviour, utilizing the unique possibilities of the Swe-
dish Twin Registry and twin research.  
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Adult Attention-Deficit Hyperactivity Disorder 
ADHD is a childhood-onset, neurodevelopmental disorder characterized 
by impairing inattention, motor hyperactivity and impulsivity (7). ADHD 
often continues into adulthood (17) and co-exists with other psychiatric 
and medical conditions (1). 

Historic background 
This short historic background focuses on the development of the modern 
concept of ADHD, influenced by theories on genetic and environmental 
risks, and on how knowledge about the persistence of ADHD into adult-
hood evolved late in the 20th century. 

Attentio volubilis 
Although ADHD is a relatively new concept, its two main symptom di-
mensions, inattention and hyperactivity/impulsivity, were described 
much earlier. According to Barkley and Peters (18), the first descriptions 
date back to the 18th century, when German physician and philosopher 
Melchior Adam Weikard defined, in his medical textbook The Philosoph-
ical Physician, 1779 (3), fleeting, fickle attention (Attentio Volubilis) as 
the incapacity to maintain attention over time. Individuals with this prob-
lem were described as “unwary, careless, flighty and bacchanal”, who 
were distracted by “a hundred minor matters”, will “only hear half of 
everything; … memorize or inform only half of it or do it in a messy man-
ner” (18). The problems were thought to diminish with age but were also 
identified in adults. A more comprehensive description from 1798, by Sir 
Alexander Crichton, in “On Attention and its Diseases” (4), depicts the 
“the incapacity of attending with a necessary degree of constancy to any 
one object.” On the course and prognosis, he wrote: 

“It may be either born with a person, or it may be the effect of accidental 
diseases. When born with a person it becomes evident at a very early 
period of life, and has a very bad effect, inasmuch as it renders him inca-
pable of attending with constancy to any one object of education. But it 
seldom is in so great a degree as totally to impede all instruction; and 
what is very fortunate, it is generally diminished with age.”  
During the 19th century, German physician Heinrich Hoffmann created 
children’s stories and book illustrations (19) on characters such as Zap-
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pelphilipp (Eng. Fidgety Philip) and Struwwelpeter describing hyperac-
tivity, untidiness, and opposition; and Hans Guck-in-die-Luft (Eng. 
Johnny Look-in-the-Air), depicting inattention. 

 

 

Fig. 1 Zappelphillip, Heinrich Hoffmann 1848 (19) 

According to Lange, et al. (20), it is unclear if any of these characters 
actually described a specific psychopathology, or were simply “humor-
ous depictions of naughty children”. Nonetheless, they have become 
iconic images for ADHD in children, especially in the German literature 
(20). 

Several case descriptions from the late 19th, early 20th century refer to 
problems with hyperactivity or inattention similar to ADHD in children, 
but the first scientific description is attributed to Sir George Fredric Still, 
Professor of Paediatrics at King’s College Hospital, London. In a series 
of lectures (known as the Goulstonian lectures) published in 1902 (21), 
he conceptualized the “defect of moral control, as a morbid manifesta-
tion, without general impairment of intellect and without physical dis-
ease.” These lectures presented 20 cases with symptoms of hyperactivity, 
impulsivity, inattention and conduct problems in children. Still identified 
some of the key symptoms in ADHD, such as an “abnormal incapacity 
for sustained attention”. However, these cases, describing a wide range 
of externalizing (e.g., hyperactive/impulsive, destructive, oppositional, 
aggressive) problems in children, are not equivalent to current ADHD 
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(20). Remarkably, Still recognized persistence of symptoms into adult-
hood and seemed to be aware of the role of environmental factors in the 
outcome:  

“although some of them persist into adult life, at no other period are the 
opportunities for investigating them so favourable as in childhood; for in 
early years the influence of environment has not yet become so varied 
and complicated as to be altogether beyond our gauge”. 
Brain damage or disorder? 
A contemporary of Still, Tredgold (22) identified in 1908 an association 
between behavioural problems and early brain damage, such as perinatal 
anoxia. Possible genetic factors were also described for conditions such 
as “feeble mindedness” (23), but these early genetic considerations in the 
context of contemporary Europe were soon connected to eugenics, and a 
dark period in human genetics (24), possibly in part explaining post-
World War II weariness to address genetic factors in mental health. 
Meanwhile, environmental causes found further confirmation in “post-
encephalitic behaviour disorder”, a consequence of encephalitis lethar-
gica, of which there was an epidemic between 1917 and the late 1920s. 
The cause is still unknown, but influenza (Spanish Flu) may be a factor. 
The epidemic affected both adults, with mainly neurological symptoms, 
and children, who showed markedly changed personality with symptoms 
of hyperactivity, distractibility, and antisocial, destructive behaviours 
(25). In the 1930s, the German psychiatrists Kramer and Pollnow (26) 
described the “hyperkinetic disease of infancy”, which Lange et al. (20) 
found to be very similar to the modern definition of ADHD. It includes 
both hyperactivity/impulsivity and inattention, alongside other key symp-
toms of ADHD such as executive function problems and emotional 
dysregulation. Although influential for a while (6), the two authors had 
to flee Nazi Germany, and their work on the definition of hyperkinetic 
problems was soon forgotten.  

In 1937, largely unnoticed by the scientific community of the time (27), 
Bradley (28) published his chance discovery that stimulants (ampheta-
mine) dramatically improved inattention and hyperactivity in about 50% 
of children with apparent brain damage. These results were later con-
firmed in several clinical trials (27). Taylor (6) emphasizes that the effi-
cacy of stimulant medication was established by the medical and scien-
tific community. Early descriptions fuelled the hypothesis of “minimal 
brain damage” in the 1940s, implicating the brain as the source of ADHD 
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(2). Due to the failure to demonstrate an actual brain injury in most cases, 
the concept of brain damage was redefined as “minimal brain dysfunc-
tion” (MBD) (29) or “minimal cerebral dysfunction” (22). However, 
these concepts were problematic. They assumed brain damage or dys-
function from a description of behavioural symptoms without actually 
being able to demonstrate either in most cases (20). There were also con-
cerns that an increase in diagnosis and medication came with the com-
mercialization of Ritalin for the treatment of MBD during the 1970s (6). 

Hyperactivity, inattention, or both? 
In the early 1960s, a condition similar to ADHD, the “hyperkinetic reac-
tion” was included in the second edition of the Diagnostic and Statistical 
Manual of Mental Disorders, the DSM-II (30). Authors such as Chess 
(31) considered hyperactivity, with motoric disinhibition as the main 
symptom (32). In this period, several authors emphasized that symptoms 
resolved in adulthood (31, 33). A decade later, following recognition of 
attention problems related to MBD, authors such as Douglas and Peters 
(6, 34), described inattention as the primary manifestation of the disorder. 
Consequently, the DSM-III introduced the term Attention Deficit Disor-
der with or without hyperactivity (35). Meanwhile the International Clas-
sification of Diseases (ICD) included, in its 8th and 9th editions, “hyper-
kinetic disorder”, with hyperactivity as the key symptom (36). Hyperki-
netic disorder does not entirely overlap with ADHD. It covers the more 
severe spectrum of the disorder, somewhat limiting comparability of re-
search using ICD (mainly in Europe) and DSM. 

ADHD and subtypes 
Later research indicated that neither hyperactive/impulsive nor inatten-
tive symptoms seem to be the primary problem. The two symptom di-
mensions co-vary with moderate to high correlation (r = 0.63, 0.75) (37). 
They share in part genetic risk factors (38, 39), but genetic influences 
specific for each symptom dimension have also been identified (38). 

Consequently, the contemporary term “ADHD” introduced in DSM-IV 
(40) is characterized by impairing symptoms of both hyperactivity/im-
pulsivity and inattention. A large validation study based on children and 
adolescents in the United States (41) identified three clinical subtypes, 
which were included in DSM-IV: predominantly inattentive (IN), pre-
dominantly hyperactive/impulsive (HI) and combined (CO). 
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Adult ADHD 
Although we do not know if the conditions described more than two cen-
turies ago (3, 42) were indeed ADHD, these early accounts seemed to 
recognize persistence of symptoms into adulthood. Weikard (3), for in-
stance described, a young chaplain distracted from his duties by “every 
humming fly, every shadow, every sound… even his imagination, if and 
when it is copious”. Persistence into adulthood is also mentioned by Still 
(21). Why then, for the best part of the 20th century, were hyperactiv-
ity/impulsivity and inattention problems seen as childhood disorders that 
resolve with maturity? Authors such as Barkley (33) describe several pos-
sible contributing factors. For example, focus on early family environ-
mental causes of behavioural problems in psychoanalytic approaches 
could be one. The belief that symptoms resolved by adolescence (31) may 
also have contributed to delaying recognition of ADHD as a persisting 
condition. Another explanation could be that similar symptoms in adults 
were seen as secondary to other disorders. For instance, in the second 
edition of the Oxford Textbook of Psychiatry in 1988, when looking up 
attention problems (p. 33), we find: 

“Attention is the ability to focus on the matter in hand. Concentration is 
the ability to maintain that focus. These abilities may be impaired in a 
wide variety of psychiatric disorders including depressive disorders, ma-
nia, anxiety disorders, schizophrenia, and organic disorders. Therefore 
the finding of abnormalities of the attention and concentration does not 
assist in diagnosis.”(43) 
Given the large number of comorbidities in adults, identifying underlying 
ADHD may have been difficult.  

From the late 1960s, an increasing number of publications described per-
sisting ADHD symptoms (44, 45) into adulthood. Studies revealed that 
the role of the early environment may have been overemphasized in be-
haviours such as hyperactivity/impulsivity (45). Later research demon-
strated that about 65% of all childhood cases have continued functional 
impairment and about 15% have the full syndrome (Fig. 2) (2). 

Clinically, adult ADHD was still diagnosed using childhood criteria in 
DSM-IV-TR (TR, text revision) (46). The 5th edition DSM-5 (5) finally 
included adult ADHD as a distinct diagnosis. The threshold for diagnosis 
in adults was lowered, based on the recognition that symptoms, especially 
HI symptoms (47), diminish with age. Age of onset was increased from 
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before age 7 years to before age 12 years, based on research findings sup-
porting similarities in the course of disease, severity, and comorbidities 
(48, 49). 

 
Fig. 2. The age-dependent decline and persistence of ADHD throughout 
the lifetime. Faraone et al. (2015) (2), Nat. Rev. Dis. Primers. 

 
Clinical versus research diagnosis 
Similar to most behavioural disorders, ADHD is a syndrome diagnosis 
based on reported symptoms, with no specific tests or laboratory findings 
to ascertain the diagnosis. In clinical settings, a dichotomous diagnosis is 
necessary to inform decisions on referral, medication, and management. 
However, the symptoms of ADHD in the population seem to vary across 
a continuum within the symptom dimensions (hyperactive/impulsive and 
inattentive). Subthreshold cases, i.e. individuals who have ADHD symp-
toms without meeting the criteria for a full diagnosis, may be less severe 
manifestations of the syndrome (48). Twin research has demonstrated 
similar heritability estimates for dichotomously assessed ADHD and for 
ADHD symptoms as a continuous variable in the population (11, 50). 
Furthermore, the same genes seem to be associated in ADHD, as in 
ADHD symptoms in the general population (51). Therefore, from a re-
search perspective, there is evidence supporting a continuous, dimen-
sional approach to ADHD (7, 11). 

In some settings, a dichotomous research diagnosis, or cut-off, is neces-
sary for population studies. One method, suggested by Barkley and Fisher 
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(52) is a norm-based approach, which sets a cut-off at 1.5 or 2.0 standard 
deviations (SD) above the mean on the symptom count scales of hyper-
activity/impulsivity and inattention. In American college students, a 2 SD 
cut-off resulted in prevalence similar to DSM-IV diagnosis (53), how-
ever, in other population studies, it rendered higher estimates, probably 
including subthreshold cases (54). 

 

Epidemiology 
ADHD is the most common developmental disorder. Recent meta-anal-
yses (55) including 86 child and adolescent studies (N=163,688) and 11 
adult studies (N=14,112) based on DSM-IV criteria, estimated the preva-
lence of ADHD at 5.9–7.1% in children and adolescents. In adults, the 
prevalence is between 2.5% and 5% (55-57). Similar to other neurode-
velopmental disorders, ADHD is more common in males than in females. 
Child and adolescent studies reported male/female ratios of 1.9:1 based 
on self-rating and 3.2:1 for combined parent and teacher rating (55). 
Adult samples are generally more balanced for sex (58). 

Variability in prevalence is thought to be due to methodological differ-
ences such as the source of information or diagnostic tools used (55, 56, 
59). The most recent meta-analytical review of the literature (60) did not 
confirm geographic variability in prevalence. Nonetheless, there are cul-
tural differences in the recognition, diagnosis and treatment of ADHD, 
affecting prevalence estimates in different countries, mainly due to dif-
ferences in attitudes towards stimulant medication (6). 

In Sweden, the prevalence of adult ADHD in the population is still un-
clear. Earlier studies reported a prevalence around 2.1 and 8.8% based on 
self-reports in the general population (54, 61), and between 6.6% and 
21.9% (61, 62) in adult psychiatric outpatients. National diagnose register 
studies show an increase in clinically diagnosed cases between 2006 and 
2011 from 0.11% to 0.48% (63). Prescription data from the Swedish Na-
tional Board of Health and Welfare indicates a nationwide prevalence of 
ADHD in adults 20 years and older of around 1% (64), which is still much 
lower compared with the self-reported data. 

Is the prevalence of ADHD increasing, or is the increase still an effect of 
the growing recognition of the disorder during the past decades? Recent 
population surveys in the United States indicated increasing prevalence 



Adult Attention-Deficit Hyperactivity Disorder 

 22 

of ADHD (65), but a meta-analytical review conducted in 2014 found no 
evidence for this over the past three decades, when DSM-II to IV were 
used (59). The lower threshold for diagnosis in DSM-5 raised concerns 
about increased prevalence. Initial research indicates a certain increase in 
ADHD diagnosed with DSM-5 compared with DSM-IV (66, 67). There 
is some evidence that the additional cases, were more likely from a lower 
income and ethnic minority background, which suggests that “late-onset” 
cases may actually be “late-recognized cases” (60) in individuals with 
less access to health care. 

Another group potentially contributing to an apparent increase in preva-
lence are adults seeking help with lifetime problems not previously rec-
ognized as ADHD. There is a concern that cases seeking help in adult-
hood differ from those recognized as childhood ADHD (58). This poses 
questions regarding the concept of ADHD as a lifetime developmental 
disorder. It also raises the issue of comorbidities and differential diagno-
sis, especially difficult in adults. In addition to possible unrecognized 
ADHD, adults may have developed cognitive and behavioural conse-
quences of other psychiatric and substance-related problems, presenting 
with ADHD-like symptoms. Therefore, a better understanding of ADHD 
and its comorbidities in adults is crucial. 

 

Comorbidity 
ADHD in adults shows considerable comorbidities with other psychiatric 
disorders, mainly affective, anxiety, substance use, eating and personality 
disorders (1, 8), as well as with medical disorders (8, 10) including obe-
sity and cardiovascular disease. 

Substance use disorder (SUD) is one of the most common and harmful 
comorbidities in adults with ADHD (1, 63), resulting in poorer outcome, 
lower quality of life (16), higher rates of other psychiatric comorbidities 
(68), and poorer intellectual performance (69), in individuals with both 
conditions compared with those with only ADHD or SUD. Higher prev-
alence of ADHD in adults with SUD (68, 70-72) and vice versa more 
SUD in individuals with ADHD (73, 74) compared with the general pop-
ulation have been reported repeatedly. This comorbidity was also identi-
fied in selected populations such as prison inmates (61, 75), or inpatients 
in SUD clinics (71). Several longitudinal studies suggest that childhood 
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ADHD is an important risk factor for SUD later in life (76, 77). Clini-
cally, the comorbidity is especially important as SUD may delay an 
ADHD diagnosis (73). Also, individuals with both conditions may have 
different therapeutic needs (78) compared with individuals with only 
ADHD or only SUD. 
Several aspects of the association with SUD are poorly understood. First, 
only a few studies describe the association between adult ADHD symp-
toms in the general population and SUD. Clinical studies have the prob-
lem of selection bias, because treatment-seeking individuals are probably 
at the more severe end of the spectrum.  

Second, the role of ADHD DSM-IV subtypes in the association between 
adult ADHD symptoms with SUD in the general population is not clear. 
There is some evidence that HI ADHD symptoms were more often asso-
ciated with externalizing disorders including conduct, and antisocial per-
sonality disorder, and SUD, whereas the IN symptoms were associated 
with internalizing problems such as depression and anxiety (37). Prior 
research regarding the role of the ADHD subtypes in comorbidities with 
SUD is conflicting. Some authors find an association mainly between the 
HI subtype with SUD (76, 79, 80); others identified more SUD in the 
combined (CO) subtype (81). The IN subtype has mainly been associated 
with increased nicotine dependence (82-85). However, more recently, a 
large epidemiological study of retrospectively recorded childhood/ado-
lescent ADHD symptoms found no significant differences between the 
three ADHD subtypes and risk for SUD in adults (86). Also, it is still 
unclear if ADHD leads to specific substance preferences and whether this 
differs across subtypes. Preference for stimulants (69, 87) and cannabis 
(87) in individuals with ADHD have been proposed; whereas a prefer-
ence for nicotine use was suggested for the IN subtype (82), consistent 
with a self-medication hypothesis. Clearly, it is relevant to examine the 
specific roles of the ADHD subtypes in the risk for different types of 
SUD. 

Binge-eating behaviour and related eating disorders, such as binge-eating 
disorder (BED) and bulimia nervosa (BN), have recently been recognized 
as comorbid conditions to ADHD (88-90). Prior research indicate the role 
of impulsivity in the association between ADHD and binge-eating behav-
iors (88, 91). Other studies suggest that impulsivity is not the only factor 
leading to the co-morbidity between ADHD and binge eating (92). 
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ADHD and binge-eating behaviour show overlapping problems in neuro-
behavioral mechanisms that involve response inhibition, emotional regu-
lation, and reward processing (93). To date, the association between 
ADHD and binge-eating behaviour and disorders in the Swedish popula-
tion and to which extent genetic and environmental risk factors contribute 
to this association are not known. 

 

Etiology  
ADHD is a complex disorder; its pathophysiology and cause are not fully 
understood. Similar to other psychiatric disorders, genetic and environ-
mental risk factors interact, contributing to ADHD (7). 

At a population level, individuals with ADHD display deficits in several 
neurocognitive domains such as working memory, inhibitory control, 
vigilance, and planning (94, 95). This leads to suboptimal decision mak-
ing and preference for immediate as opposed to delayed rewards (96, 97). 
Large inter-subject variability suggest a heterogeneity of cognitive defi-
cits in ADHD (94). This explains why no specific neurocognitive test can 
identify the disorder. 

Neuroimaging studies have identified some of the anatomical and func-
tional structures underlying cognitive deficits in ADHD. For instance, 
functional magnetic resonance imaging (fMRI) studies identified lower 
frontostriatal activation, and hyper-activation in the visual, somatomotor 
and default mode networks (98) in individuals with ADHD compared 
with controls. Findings also include lower ventral striatum activity in re-
ward anticipation (99) and lower connectivity in the default mode and the 
frontostriatal cognitive and motivational networks (100). Structural MRI 
studies found reduced total brain size (101) and reduced grey matter vol-
ume (102) compared with controls, and an inverse association between 
brain size and ADHD symptoms in the population (103). Longitudinal 
MRI studies in children with ADHD show delayed cortical development 
and maturation (104, 105), and contraction over time of ventral striatal 
areas (106), potentially explaining altered reward processing in ADHD. 
Remission of ADHD in adulthood is associated with a decrease of the 
observed abnormalities, but most patients with ADHD do not show com-
plete recovery (2). 
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Genetic risk factors 
Multiple twin, family and adoption studies have demonstrated a strong 
heritability for ADHD (13). First-degree relatives of individuals with 
ADHD run a 5- to 10-fold increased risk for the disorder (87, 107). Twin 
studies played an important role in demonstrating the genetic nature of 
ADHD (108). The first indication came from a univariate twin study iden-
tifying genetic factors for hyperactivity (109), later confirmed in several 
studies (12, 110). 

Quantitative genetic studies in ADHD and its comorbidities 
In the beginning, ADHD was mainly regarded as a childhood disorder, 
therefore the initial twin and family studies concentrated on ADHD in 
children and identified 70–80% heritability (107). In adolescent and adult 
samples based on self-report, heritability was estimated to be around 40–
50% (39, 111). More recently, heritability similar to that in childhood 
samples was found in adult clinical samples (12, 107, 112). Lower relia-
bility of measurements in self-rating, with higher risks for measurement 
errors (12), as well as rater effects (113) explain the variability in herita-
bility estimates. Twin research also indicated a continuous distribution of 
ADHD-related problems in the population (11, 50), a finding supported 
by molecular genetic (51) and structural imaging (103) studies. 

Given the sex difference for ADHD in children, several studies have ex-
plored possible sex differences for genetic factors. Twin studies using 
opposite sex DZ twin pairs indicate that girls may require a higher genetic 
liability in order to manifest ADHD symptoms (114-116). We do not 
know, however, if there are sex differences in the overlap between ADHD 
and comorbidities (e.g. with alcohol dependence). 

Research regarding the overlap between ADHD and comorbid conditions 
initially also focused on children, identifying common genetic factors for 
externalizing disorders (79, 117-119), with autism spectrum disorder 
(ASD) (120), cognitive performance such as reading problems (121), as 
well as with psychiatric disorders such as mood disorder (122). More re-
cently, common genetic factors have been identified in adults for a wide 
range of psychiatric disorders, indicating involvement of a set of plei-
otropic genes (123). Common genetic risk factors for adolescent ADHD 
and SUD (124), family aggregation of ADHD and SUD in adults (125), 
as well as common genetic risk factors for adult ADHD and problem 
drinking (126) in the general population, have been described. 
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Previous studies have generated conflicting results regarding the role of 
genetic and environmental risk factors in the association between alcohol 
dependence and ADHD. A family study (127) suggested independent fa-
milial transmission of ADHD and alcohol dependence, whereas a twin 
study (79) found shared genetic risks for adolescent ADHD in males and 
alcohol dependence. The role of genetic and environmental risk factors 
in the overlap between adult ADHD symptoms and alcohol dependence 
needs to be clarified. 

Even less is known about the role of genetic and environmental risk fac-
tors in the association between ADHD and binge-eating behaviour. Re-
search (88-90) indicates an association between these phenotypes. Alt-
hough genetic factors play a substantive role in both ADHD (12, 39, 113) 
and binge-eating behaviours and disorders (128-133), to our knowledge 
no previous twin study has examined the extent to which genetic and en-
vironmental factors are shared between ADHD symptoms and binge eat-
ing. 

Molecular genetics 
ADHD is a complex polygenic disorder. Common genetic factors with 
small effects sizes, rare variations with larger effect sizes (such as copy 
number variations [CNVs]) and very rare chromosomal anomalies, with 
even bigger effect sizes, contribute to the disorder in the population (2, 
134) (Fig. 3).  
Genome-wide association studies (GWAS) suggest that 40% of the herit-
ability of ADHD is explained by a large number of common genetic var-
iants (Fig. 3). Combined GWAS for ADHD, ASD, bipolar disorder, and 
schizophrenia identified four genome-wide significant loci (135). Poly-
genic risk scores for ADHD showed a positive association with ADHD 
symptoms in the general population (51), supporting earlier twin and 
family findings. More recently pathway analysis of GWAS studies sug-
gests the possible role of the regulation of neurotransmitter release, neu-
rite outgrowth and axon guidance in contributing to ADHD (136).  

Genome-wide linkage studies found rare (prevalence <1%) genetic vari-
ants, such as CNVs in 15.6–42.4% of cases of ADHD, with or without 
concomitant intellectual disability. CNVs involve genes implicated in 
other disorders such as ASD and schizophrenia (2, 137). This supports 
twin and family research mentioned earlier (120), as well as the suggested 
pleiotropic genetic risks for psychiatric disorders (123). 
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Fig. 3 Genetics of attentions deficit/hyperactivity disorder. Faraone et al. 
(2015) (2), Nat. Rev. Dis. Primers. 

 
 

Candidate gene studies were the earliest attempts to identify genetic 
causes of ADHD. Studies on childhood ADHD on the role of dopamin-
ergic and serotonergic genes as well as genes involved in synaptic plas-
ticity (107, 138), have repeatedly been replicated, although effect sizes 
are small. Other studies, such as recent meta-analysis, involve SNAP-25 
(a cellular calcium modulator) polymorphism (139). Candidate gene 
studies identified both similarities and differences between genetics of 
childhood and adult ADHD (12). This emphasizes the importance of spe-
cifically studying genetic risk factors for adult ADHD.  

To address the genetic complexity of psychiatric disorders and heteroge-
neity of diagnostic constructs, Gottesman and Gould (140) suggested the 
use of endophenotypes or intermediate phenotypes. These are heritable, 
measurable phenotypic markers associated with the disorder, more often 
present in healthy family members of cases than in the general popula-
tion, and more closely linked to genes. Several endophenotypes involving 
neuropsychological and neuroimaging findings (141, 142) have been de-
scribed for ADHD. Research suggests that this approach increases power 
and could be more successful at identifying relevant genes for ADHD 
(141, 143) (Fig. 4). 
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Fig. 4. Simplified schematic representation of the endophenotype concept 
in psychiatric genetics. Franke et al, 2009 (141), Human Genet. 

Many genes (genes A–I) are involved a categorical disease phenotype or symp-
toms and behaviours. A decreasing number of genes are involved in disease-re-
lated endophenotypes at functional, structural and cellular levels (Levels 1 to 3). 

 

Environmental risk factors  
ADHD is associated with a wide range of pre-, peri- and postnatal envi-
ronmental risk factors (7). Twin studies in both children and adults sug-
gest a significant role for (non-shared) environmental risk factors. How-
ever, much remains to be investigated on their role in causing ADHD and 
comorbidities (6). Many associations have proved not to be causal when 
tested with genetically informative, quasi-experimental studies (144). For 
instance, one of the most robust associations, smoking during pregnancy 
(145), initially thought to cause ADHD in the offspring, proved to be 
mainly due to unmeasured familial confounding (14, 15). 

Psychosocial risks factors have also been described in ADHD, but their 
role as causal environmental risk factors is still unclear (6, 13). Low in-
come, family adversity, and hostile parenting proved to be correlated with 
ADHD rather than causal (7). Childhood maltreatment has been associ-
ated with ADHD in children (146-149) and adults (150, 151), but these 
studies have not been able to rule out the role of familial confounding. 
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One prior genetically informative study demonstrated that severe institu-
tional deprivation leads to ADHD-like inattention/overactivity (148). 
Childhood maltreatment may affect working memory, executive and 
emotional control (152), inhibitory network connectivity, and response 
inhibition (153). These are neurocognitive processes potentially involved 
in ADHD. It is therefore important to study the association between child-
hood maltreatment and adult ADHD and the potential role of familial 
confounding with genetically informative studies. 

Gene–environment interplay 
Nature and nurture operate together, the respective effects of genes and 
environment are strongly intertwined (13, 154). Genetic influences may 
confound assumed environmental effects and vice versa, environmental 
influences may lead to expression of genetic risks. 

According to the classification proposed by Kraemer et al. (155), risk is 
the probability of developing an outcome. A widely held view is that, in 
the case of complex disorders, no single risk factor is either necessary or 
sufficient to cause the disorder. Rather, their influence has to be under-
stood in the context of other factors (155). Risks operating in the whole 
population, over the normal distribution, exert a “probabilistic rather 
than deterministic” effect (156). Thus causal risk factors (X) can be de-
fined as factors that alter the risk of an outcome (Y) when manipulated. 
For one factor X to cause an outcome Y, 1) X has to precede Y, 2) X has 
to be related to Y and 3) no plausible alternative explanation can better 
explain Y. There are many reasons why an observed association might 
not be causal. Rutter (157) describes several alternative explanations, 
such as genetic mediation of environmental risk factors, other factors of-
fering a plausible alternative explanation (confounding), and selection 
bias, to mention only a few. In epidemiological studies, identifying and 
ruling out alternative explanations is essential. 

One mechanism for genetic mediation is gene–environment correlation 
(rGE) (154, 158), divided into: 1) passive rGE, which occurs because 
parents provide both their genes and the home environment, and 2) non-
passive rGE, which is subdivided into 2a) evocative rGE, where a certain 
genetically influenced trait in the child will evoke a response from the 
rearing environment (e.g. disruptive behaviour evoking harsh parenting) 
and 2b) active rGE, where children will seek certain environments due to 
their genetic make-up (e.g. children with high verbal cognitive abilities 
will go to the library more often, or children with high novelty-seeking 
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traits will more often expose themselves to potentially dangerous situa-
tions, increasing risk for injury). Passive rGE has been identified as a 
mechanism in the intergenerational transmission of externalizing behav-
iours (including ADHD and SUD) (159), whereas evocative rGE may 
play a role in corporal punishment in conduct disorder (160), as well as 
in the association between hostile parenting style and ADHD symptoms 
(161). Rutter (154) also described several other forms of gene–environ-
ment interplay, such as gene–environment interactions, epigenetic effects 
of environmental risks, as well as variations in heritability according to 
environmental circumstances. 

Clever designs, such as sibling comparison designs and discordant twin 
designs can rule out passive rGE (144), but not reverse causation, i.e. 
evocative and active rGE. Other designs can address these mechanisms, 
where exposure precedes the studied outcome and cannot be influenced 
by behaviour in the offspring (e.g. intrauterine exposure), and thus 
strengthen causal inference (144, 157). Other possible designs to study 
the effect of non-passive rGE are adoption studies and children of twins 
studies (157). 

To strengthen causal inference, gene–environment interplay needs to be 
addressed when examining possible environmental risk factors in obser-
vational studies. This can be done with the use of different quasi-experi-
mental designs in various settings and populations (144, 162). 
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Twin Methods to Study Genetic and Environmental 
Risk Factors 
Before the era of molecular genetics, twin, family and adoption studies 
were the only way to estimate the role of genetic risk factors in the oc-
currence of a disorder. In essence, twin studies rely on the difference be-
tween monozygotic (MZ) (identical) twins who share 100% of their genes 
and fraternal, dizygotic (DZ) twins sharing an average of 50% of their 
segregating genes. First discovered by Galton in 1875 (163), twin re-
search developed with the recognition of the difference between MZ and 
DZ twins in the early 20th century (164, 165). Its importance in behav-
ioural sciences and in studying the interplay between genetic (the original 
nature) and environmental factors was already recognized in 1905 by 
Thorndike (166): “…the influences of the environment are differential, 
the product varying not only in accord with the environmental force itself, 
but also in accord with the original nature upon which it operates”. 

Progress in mathematical knowledge, such as the introduction of Pear-
son’s correlation coefficient, which allowed computing twin correlations; 
and Fisher’s analysis of variance and the possibility of obtaining intra-
class correlations, partitioning variance between and within twin pairs, 
contributed to the development of twin research (165). These advances 
led to the establishment of national twin registries, the first in Denmark 
in 1954 (167), followed a few years later by the Swedish National Twin 
Registry (STR) (168). Including around 200,000 individuals, 150,000 
with known zygosity, the STR is the largest in the world. Zygosity is as-
signed based on intra-pair similarities in childhood, validated with DNA 
analysis, a method with 98% accuracy (169). Data have been repeatedly 
collected from the registry in various studies since the 1960s. 

Traditionally, twin research used twin correlations and analysis of vari-
ance to calculate heritability (167). Twin correlations, i.e. the correlation 
between the same phenotype (trait) measured in both twins in pairs, give 
an indication of the role of genetic and environmental factors. Correla-
tions in MZ twins > DZ twins for a phenotype indicate genetic effects. 
MZ correlations < 2 times the DZ correlations suggest the role of com-
mon environmental factors, and MZ correlations < 1 indicate the role of 
environmental effects that make twins different (non-shared environ-
ment). Thus, MZ correlations = 1 and DZ correlations = 0.5, indicates 
100% heritability; if however MZ = DZ correlations, heritability is 0 
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(158). Twin correlations can also show genetic factors in the overlap be-
tween two traits, utilizing cross-twin cross-trait (CTCT) correlations. If 
correlations for a trait in one twin and the other trait in the other twin in 
MZ pairs exceed respective CTCT correlations in DZ twins, we can as-
sume a genetic overlap between traits. 

Quantitative genetic methods 
Using MZ and DZ twins, quantitative genetic methods evaluate the per-
centage of total variance of a trait attributed to genetic factors (i.e. herit-
ability, traditionally labelled h2). Heritability in a narrow sense refers to 
additive genetic effects (A), i.e. the extent to which genotypes “breed 
true” in the offspring. If a parent has a certain allele, the offspring has 
50% chance of getting the same allele. The total (100%) variance of a 
trait can be defined in a simple model as a sum of additive genetic factors 
(A), common environmental factors (C) and non-shared environmental 
factors (E). This can also be represented as a path diagram, where the 
variance is decomposed into A, C and E. (Fig. 5). 

Fig. 5. Path diagram for classical twin analysis. 

 

A = additive genetic; C = shared environmental; and E = non-shared en-
vironmental influences. A + C + E = Total variance; MZ = monozygotic 
twins; DZ= dizygotic twins. 

In Figure 5, A, C and E have an associated path a, c and e, respectively. 
In this model, we assume no difference in the genetic and environmental 
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influences for twin 1 and twin 2, therefore paths are written with the same 
letter. The assumption is valid if twins are assigned randomly as twin 1 
and twin 2. The paths can be estimated using observed correlations for a 
trait (r) for MZ and DZ twins. Correlations, written as the sum of shared 
genetic and environmental effects, are: rMZ = a2 + c2 for MZ twins and 
rDZ = a2/2 + c2 for DZ twins. It is now possible to calculate: a2 = 2(rMZ – 
rDZ), c2 = rMZ – a2 and e2 = 1 – rMZ. 

This is of course a simplified model. Genetic factors may include other 
genetic effects, such as dominance (D). MZ correlations > 2 times DZ 
correlations indicate dominant genetic effects. This necessitates another 
model: A + D + C + E= total variance. However, as we can only observe 
two distinct correlations (rMZ and rDZ), this equation cannot be solved, 
and another simplified model A + D + E = total variance can be used 
(158). C and D cannot be estimated simultaneously with twin methods. 

Modern computational methods permit modelling of genetic, shared en-
vironmental and non-shared environmental (unique for each twin) influ-
ences. The most widely used model is structural equation modelling (co-
variance modelling), where contributions of genetic and environmental 
factors are modelled as unmeasured (latent) variables for the potential 
differences between individuals by using likelihood-based methods. The 
variance of a phenotype, as well as the covariance between phenotypes, 
are decomposed into additive genetic (A), shared environmental (C) or 
dominant genetic factors (D), and non-shared environmental (E) factors 
(ACE or ADE analysis) (170). Model fitting has several advantages: it 
permits testing and comparison of different models, estimation of confi-
dence intervals, and can accommodate covariates (158). Modelling al-
lows for testing the influence of sex on heritability estimates. Models can 
also give an indication of possible GxE effects by including environmen-
tal measures, by which the sample can be stratified (167). Twin modelling 
can be done for one trait (univariate models), estimating the role of ge-
netic and environmental factors for that trait, and for the overlap between 
traits, i.e. bivariate twin models or multivariate models, estimating the 
respective role of genetic and environmental factors in the overlap. 

Within-twin pair design 
Twin studies can also be used to strengthen causal inferences in observa-
tional studies by examining the role of possible underlying genetic and 
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family environmental confounders in an environmental risk factor. Ran-
domized controlled trials (RCT) are the most accurate method for study-
ing causal relationships between an exposure and an outcome. The role 
of potentially harmful exposures or exposures that are not randomly as-
signed in the population (e.g. childhood maltreatment or smoking during 
pregnancy) obviously cannot be studied using RCTs. In these situations, 
observational studies offer an alternative. They also have an advantage in 
the possibility of studying large samples from the general population. 
But, observational studies are subject to confounding and bias. Quasi-
experimental designs can address underlying genetic and family environ-
mental confounding in observational studies (144). MZ and DZ twins 
have differential genetic relatedness, and are matched on a large number 
of known (e.g. age, sex) and unknown familial (genetic and shared envi-
ronmental) confounders. With a co-twin control design, it is possible to 
study the relationship between an environmental risk factor and an out-
come, controlling for these unmeasured familial factors. 

Lichtenstein et al. (169) described co-twin control as an analysis in three 
steps. The first step is to analyse the association in the populations (unre-
lated individuals). In the next step, disease discordant or exposure dis-
cordant twin pairs are analysed. An association within twin pairs similar 
to the one in the population supports a causal inference not confounded 
by familial factors. Lower associations within-DZ and -MZ twin pairs, 
indicate familial (environmental and/or genetic) confounding. In the third 
step, MZ twin pairs are used to control for the role of shared genetic fac-
tors. If the studied association within genetically identical MZ twin pairs, 
discordant for an exposure or outcome, is zero, we can conclude that it is 
due to shared genetic factors (genetic confounding). If, on the other hand, 
the association within exposure discordant MZ twin pairs is less than in 
the population, but more than zero, this will be indicative of both familial 
confounding and also consistent with a causal interpretation for the envi-
ronmental risk factor studied.  

We can only study environments where siblings are differentially ex-
posed. If, the differential exposure is confounded by an underlying envi-
ronmental factor that causes dissimilarity in exposure, and is associated 
with both the exposure and the outcome, then an observed association 
may be spurious (144). 
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Rationale for the Thesis 
ADHD in adults has been recognized as a clinical entity only in recent 
decades. Earlier genetically informative studies have mainly focused on 
childhood manifestations, and ADHD in adults is less studied. ADHD 
symptoms are continuously distributed in the population, and clinical 
cases are the extreme manifestations of these traits (7, 11, 48), with sim-
ilar heritability estimates and genetic influences (11, 50, 51) warranting 
study of genetic and environmental aspects of ADHD in population-
based samples on ADHD symptoms. Treatment-seeking cases may be a 
selected group different from ADHD in the population, therefore findings 
regarding comorbidities have to be replicated in population-based sam-
ples. According to several studies, adults are a reliable source of infor-
mation regarding ADHD symptoms, and self-reported measures of 
ADHD symptoms display acceptable psychometric properties (171, 172) 
and stability over time (39). 

ADHD in adults shows multiple comorbidities. Some of these, such as 
with SUD, have been extensively described, but the role of subtypes and 
possible substance preference have not been studied sufficiently in pop-
ulation-based samples in adults. Other comorbidities in adult ADHD, 
such as with binge-eating behaviour, are emerging and have yet to be 
characterized. 

In addition, it is still unclear to what extent the association between 
ADHD symptoms in adults and comorbidities with alcohol dependence 
and with binge-eating behaviour can be explained by common genetic or 
environmental risk factors. 

There are surprisingly few studies regarding the role of environmental 
risk factors in adult ADHD in the population. Childhood maltreatment is 
one of the known risk factors for childhood and adult ADHD. Environ-
mental risks can be confounded by genetic aspects, therefore genetically 
informative designs are necessary to rule out the role of possible unmeas-
ured familial (genetic and environmental) confounding. 

  



Aims 

 36 

Aims 
Overall aims of the thesis 
The aim of the thesis was to analyse the association between ADHD 
symptoms in adults with SUD and with binge-eating behaviour in the 
general population, and the role of genetic and environmental risk factors 
in these associations. We also analysed the importance of a specific en-
vironmental risk factor, namely self-reported childhood maltreatment, 
and to what extent this association was confounded by unmeasured fa-
milial (genetic and environmental) factors or could be causal. 

Study-specific aims 
Study I 
In the first study, we aimed to analyse the association between self-re-
ported ADHD symptoms and alcohol use disorder, use of common illicit 
drugs and regular nicotine use in a large adult sample from the general 
population. Also, the role of ADHD DSM-IV subtypes in these associa-
tions and possible substance preferences were analysed. 

Study II 
In this paper, we focused specifically on the association between ADHD 
symptoms and alcohol dependence. We used twin methods to elucidate if 
the association was best explained by common genetic or environmental 
factors. We also examined potential sex differences for the overlap be-
tween ADHD symptoms and alcohol dependence. 

Study III 
This study analysed a specific environmental risk factor, namely child-
hood maltreatment, and its associations with ADHD symptoms in adults. 
The main focus of the study was to explore, using a within-twin pair de-
sign, whether the association between ADHD and self-reported child-
hood maltreatment was mainly due to familial confounding or if it could 
be regarded as causal. 

Study IV 
In this paper, the aim was to analyse the association between ADHD and 
binge-eating behaviour and related disorders (BED and BN). Using a bi-
variate twin method, we examined if this association was mainly due to 
common genetic or environmental factors.  
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Methods 
 
Study population 
This thesis is based on data from the national Swedish Twin Registry, the 
Study of Twin Adults: Genes and Environment (STAGE) (173). The pro-
ject was reviewed and approved by the regional ethics committee of the 
Karolinska Institutet Stockholm, Sweden (reference number 03-224). All 
participants provided informed consent. Participants, who were adult 
Swedish twins born between 1959 and 1985, where both individuals had 
survived their first birthday, received a personal login to the study’s web 
page. The questionnaire contained around 1300 questions on lifestyle, 
physical and mental health (54, 169, 174). Questions were set in a 
“branching” format, which meant that subsequent questions were only 
asked if participants answered yes to the first “gate”-question/s in a sec-
tion. Non-responders were reminded up to three times and offered the 
alternative of a telephone interview with a trained interviewer using a 
computer-based data collection method and an additional self-adminis-
tered paper questionnaire instead of the web page. Test–retest reliability 
and comparison of methods of data collection (i.e. web versus telephone 
interview) were assessed in 100 twins after 2–5 months (175). From the 
initial target population of 42,582 twins, 25,484 (60%) responded in 
STAGE. Zygosity was determined with a standard similarity question-
naire, described in more detail elsewhere (169, 176), which had previ-
ously been validated through genotyping. A subsample of 200 twin pairs 
also provided DNA to determine zygosity (175). 

ADHD symptoms: 18,167 twins, provided data on current ADHD symp-
tom in adulthood; assessed with the 18 self-report items based on and 
DSM-IV-TR criteria (9 IN and 9 HI items), with three possible answers: 
0 = “no”, 1 = “yes, to some extent” and 2 = “yes”. Two years later, 54 
twins were re-assessed with Adult ADHD Self-Report Scales (ASRS) 
(177, 178). The correlation coefficient between ADHD symptom counts 
and ASRS measures estimated at 0.63 (p < 0.001) suggested stability over 
time for ADHD symptoms (39), in accordance with previous findings on 
self-reported adult ADHD symptoms (111). Data on childhood symptoms 
and functional impairment were not available. 
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Substance use disorders were assessed with questions set in a branching 
format. Alcohol abuse and addiction were assessed according to DSM-
IV criteria with questions based on the Structured Clinical Interview for 
DSM-IV-TR (SCID) (173). Of all STAGE participants, 17,734 individu-
als provided data on both ADHD symptoms and alcohol dependence, 
17,940 for alcohol abuse and 17,779 for drug use and ADHD symptoms. 
Drug use was assessed in a branching format, regarding ever use. Current 
use and repeated use were also assessed for classes of substances. How-
ever, these classes of substances also included prescription drugs. Nico-
tine use was assessed with questions set in a branching format, i.e. fre-
quency of use was assessed in those who reported use (see Appendix). 
All 18,167 provided data on nicotine use and ADHD symptoms. 

Binge eating was assessed with questions based on SCID for DSM-IV-
TR questions on eating disorders. 23,767 provided data on binge eating. 
Only 18,029 provided information on both binge eating and ADHD 
symptoms. Questions were set in a branching format. Subsequent ques-
tions were only asked if gate questions were answered with yes. For in-
stance, compensatory behaviour in association with binge-eating behav-
iour was only assessed if eating binges were endorsed (see Appendix for 
SCID symptoms and questions). The total sample included 13,773 fe-
males with known zygosity. 

 

Study designs and measures 
Study I 
Study population: 18,167 adult twins, aged 20–46 years; 7281 (40%) 
males, mean age 34.0 years and 10,886 (60%) females, mean age 33.6 
years. 
Measures: 
ADHD, and ADHD DSM-IV HI, IN and CO subtypes – Self-reported 

symptoms based on DSM-IV-TR. To create cut-offs, we used a norm-
based approach, based on 2 standard deviation (2 SD) above the mean 
on a symptoms scale (52, 54). With this method, the DSM-IV HI sub-
type was defined as 2 SD above the mean on the hyperactive/impulsive 
scale but not on the inattentive scale. Correspondingly, the IN subtype 
was defined if an individual was 2 SD above the mean on the inatten-
tion scale but below 2 SD on the hyperactive/impulsive scale. The CO 
subtype was classified if a participant scored 2 SD above the mean on 
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both scales. ADHD was set as yes if any of the subtypes was set as 
yes. 

Alcohol abuse – Based on self-reported symptoms assessed with ques-
tions from SCID for DSM-IV-TR (173). Set as yes, according to 
DSM-IV criteria, if ≥1 criteria was yes and no alcohol dependence was 
set (see Appendix for criteria and STAGE questions). 

Alcohol dependence – Based on self-reported symptoms assessed with 
questions from SCID for DSM-IV-TR (173). According to DSM-IV, 
set as yes if ≥3 DSM-IV criteria were set as yes during 1 year (see 
Appendix for criteria and questions). 

Illicit drug use – Yes, if tried at least one illicit drug. 
Polysubstance use – Yes, if tried ≥2 illicit drugs. 
Polysubstance use and alcohol – Yes, if tried ≥2 illicit drugs and/or alco-

hol use disorder (abuse or addiction). 
Cannabis use, stimulant use, opioid use – Use any drug in the respective 

class at least once. Included prescription drugs. Frequency of cannabis 
use was assessed as times/month. 

Regular nicotine use – Daily use of cigarettes or Swedish-type smokeless 
tobacco (snus) for a period of time during the life span. 

Study design: Cross-sectional epidemiological study in a large twin sam-
ple from the general population. 
 
Statistical analysis: Random effect logistic regression for binary out-
come, logit-link and adjusting for sex and age on completing the ques-
tionnaire and education to obtain prevalence odds ratios (OR) and 95% 
confidence intervals (CI) as measures of association between ADHD 
symptoms and substance use-related outcomes. To assess sex differences 
for the overlap between ADHD and any SUD, we repeated the analysis 
stratified for sex. Data were analysed using STATA 11.2 (StataCorp LP). 
 
Study II 
Study population: 18,167 adult twins, same as Study I. 17,711 twins 
(total 12,291 pairs, 5420 complete) were included in the twin analyses. 
Measures:  
ADHD symptoms – Symptom count of self-reported DSM-IV symptoms, 

used as a continuous variable in the twin analysis 
ADHD and ADHD DSM-IV subtypes – Same as Study I 
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Alcohol dependence – Based on DSM-IV criteria assessed by self-re-
ported questions from SCID (173), same as above. 

Study design: Bivariate twin study (bivariate correlated factors model). 
 
Statistical analysis: Random effect logistic regression as in Study I for 
descriptive purposes. We used the “lincom” command in Stata to analyse 
differences between HI, IN and CO subtypes and alcohol dependence 
(STATA 11.1; StataCorp LP). 
Intra-class correlations, assessing twin similarity for a trait, and cross-
twin cross-trait correlations (CTCT), i.e. correlation between twin 1’s 
status on trait 1 and the co-twin’s status on trait 2, were used for an initial 
examination of the relative contributions of additive genetic (A) (bivari-
ate heritability), common environmental (C) and non-shared environmen-
tal (E) factors to the overlap between ADHD and alcohol dependence. 
 
We used structural equation modelling to perform maximum-likelihood 
model-fitting analyses with OpenMx (179). In a bivariate model, we es-
timated the additive genetic (rA), shared (rC), non-shared environmental 
(rE) correlations between ADHD and alcohol dependence. These corre-
lations vary from −1.0 to +1.0 and indicate the extent to which genetic 
and environmental influences on one measure overlap with those on the 
other. We then calculated the proportion of the overlap between ADHD 
and alcohol dependence explained by A (bivariate heritability), C and E. 
We fitted models separately for males and females as well as for the 
whole population; considering both quantitative (we allowed males and 
females to have different magnitude of A, C, and E) and qualitative (op-
posite sexed twin pairs were allowed to have lower correlation in A pa-
rameters than same sexed twin pairs) sex differences.  
We assessed goodness of fit for the different twin models by a likelihood 
ratio χ2 test. Akaikes Information Criterion (AIC) was computed and used 
to assess the overall best-fitting model (in ACE and AE separately, as 
well as across all models). Lower AIC values indicate better fit of the 
model to the observed data. AIC rewards parsimony. 
 
Study III 
Study population: same as Studies I and II 
Measures: 
ADHD symptoms – Same as Study II, ADHD symptoms used as a stand-

ardized continuous variable. 
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Childhood maltreatment – Based on retrospective self-reports of five Life 
Stressor Checklist – Revised (LSC-R) (180) items: 1) emotional ne-
glect, 2) physical neglect, 3) physical abuse, 4) sexual abuse, and 5) 
witnessing family violence. If the response to any of these was yes 
before age 18 years, childhood maltreatment was set as yes; if yes be-
fore age 7 years, then childhood maltreatment before age 7 years was 
set as yes (see Appendix for measures and STAGE questions). 

Childhood neglect – Yes, if emotional and/ or physical neglect were set 
as yes before age 18 years, and before age 7 years for childhood ne-
glect before age 7 years. 

Childhood abuse – Yes, if physical and/or sexual abuse was set as yes, 
before age 18 years, and before age 7 years for childhood abuse before 
age 7 years. 

 
Study design: Within-twin pair design. 
Statistical analysis: We used linear regression models to evaluate the 
association between childhood maltreatment and adult ADHD symptoms 
(as a standardized continuous variable), comparing individuals exposed 
and unexposed to maltreatment, controlling for sex, age when completing 
the questionnaire, and lack of independence of twin data using a cluster-
robust sandwich estimator. 
Conditional linear regression (within-twin pair analysis) was performed 
for the associations between childhood maltreatment and adult ADHD 
symptoms within-DZ and -MZ twin pairs discordant for childhood mal-
treatment. 

Sensitivity analyses: 
1) Association between childhood maltreatment and HI and IN ADHD 
symptom scores separately analysed using the same methods as above; 2) 
association between maltreatment before age 7 years and ADHD symp-
toms, controlling for subsequent maltreatment between age 7 and 18 
years; and 3) analyses separately for neglect and abuse before age 7 years 
with adult ADHD symptoms. 
 
Study IV 
Study population: From the STAGE population, 23,767 provided data 
on binge-eating behaviour and nutrition and 18,167 on ADHD. For the 
twin analysis, the total population included 13,773 female twins (3664 
complete pairs, 6445 incomplete pairs): MZ = 5262 (2156 complete) 
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pairs; same sex DZ = 4089 (1508 complete) pairs; and 4422 opposite sex 
DZ twins. 
Measures: 
ADHD – same as Studies II and III 
Binge eating – Set as yes if binge-eating behaviour ever and loss of con-

trol were both yes. Binge eating DSM-5, set if binge-eating behaviour 
at least 3 months, at least 4 times/ month 

Binge eating disorder (BED) – Based on DSM-5 criteria, yes = binge-
eating behaviour for at least 3 months, at least 4 times/month, no com-
pensatory behaviour, and at least three additional DSM-5 symptoms 
for BED. 

Bulimia nervosa (BN) based on DSM-5 – Set as yes when binge eating 
for at least 3 months, at least 4 times/month, at least one type of com-
pensatory behaviour, and self-evaluation unduly influenced by body 
shape and weight (see Appendix for measures and questions). 

 
Study design: Bivariate twin study in female adult twins. 
 
Statistical analysis: Mixed effect logistic regression, with random ef-
fects shared between twins in the same pair, controlling for sex and age 
at assessment, for descriptive purposes (STATA 11.1; StataCorp LP). 
Structural equation modelling similar to Study II, with OpenMx (179). 
We used maximum-likelihood model-fitting analyses and fitted first a 
fully saturated model and then compared this with more parsimonious 
models (ACE, AE, ADE etc.). We used AIC to assess the overall best-
fitting model. Binge-eating behaviour was defined as a binary trait. We 
used a liability-threshold approach (observed binge eating is 1 if the lia-
bility is above a threshold and 0 if below). Underlying normally distrib-
uted liability to binge eating is assumed. The phenotypic correlation, re-
fers to the correlation between the ADHD symptoms and underlying lia-
bility to binge-eating behaviour. We estimated heritability for ADHD and 
binge-eating behaviour with univariate analysis. We estimated bivariate 
correlations with a bivariate correlated factors model and also calculated 
the proportion of the total phenotypic covariance between ADHD and 
binge-eating behaviour explained by genetic and environmental factors. 
BED and BN could not be analysed due to low power. 
 
Sensitivity analysis: We analysed separately the overlap between binge-
eating behaviour and HI and IN ADHD symptom dimensions. Phenotypic 
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correlations, intra-class correlations and CTCT were estimated. To deter-
mine if the genetic or environmental effects shared with binge-eating be-
haviour were specific to HI or IN symptom dimensions, we fitted two 
separate tri-variate models. First we fitted a model that allowed us to es-
timate the partial correlation, as well as the genetic and non-shared envi-
ronmental correlation between HI and binge-eating behaviour when con-
trolling for the IN symptom dimension. The second tri-variate model es-
timated the partial correlation between IN and binge-eating behaviour, as 
well as the genetic and non-shared environmental correlation between IN 
and binge-eating behaviour when controlling for HI.  
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Table 1. Overview of methods by study 
Study Study  

population 
Measures Research  

questions 
Statistical analysis 

I 18,167 twins aged 
20-46 years from 
the Study of Adult 
Twins – Genes and 
Environment 
(STAGE), from 
the Swedish Twin 
Registry 

ADHD and HI, IN, CO subtypes: 
self-reported current symptoms, 
norm-based approach, with 2 SD 
cut-off.  

Alcohol abuse: self-reported DSM-
IV criteria  

Alcohol dependence: self-reported 
DSM-IV criteria (se below) 

Illegal drug use: tried at least one 
illicit drug 

Polysubstance use: tried ≥ 2 illicit 
drugs  

Polysubstance use and alcohol: tried 
≥2 illicit drugs and/or alcohol use 
disorder 

Regular nicotine use: daily use of 
cigarettes or Swedish smokeless 
tobacco 

Association in the 
population between 
ADHD symptoms and 
substance use disorder? 
Is there a difference 
between subtypes? 
Does ADHD or subtypes 
lead to preference of any 
class of substances? 

Mixed effect logistic 
regression for binary 
predictor, binary 
outcome, controlled for 
sex and age and a 
random effect shared 
between twins 

II 18,167 twins, as 
above. 
17,711 twins 
(12,291 pairs, 
5420 complete) 
included in the 
twin analyses 

ADHD norm-based, 2 SD approach, 
for descriptive purposes 

ADHD symptoms score used as a 
continuous variable in the twin 
analysis 

HI and IN symptoms: scores on the 
respective ADHD symptom scales.  

Alcohol dependence: based on 
DSM-IV, yes if ≥3 DSM-IV 
criteria  

Is the association between 
ADHD symptoms and 
alcohol dependence best 
explained by common 
genetic or environmental 
risks? 
Are there sex differences 
in this association? 

Bivariate structural 
equation modelling for 
maximum-likelihood 
model-fitting analyses to 
estimate the additive 
genetic shared 
environmental and non-
shared environmental 
risk factors 

III 18,167 twins, as 
above 

ADHD symptoms score used as a 
standardized continuous variable 

Childhood maltreatment = based 
Life Stressor Checklist Revised: 1) 
emotional neglect; 2) physical 
neglect; 3) physical abuse; 4) 
sexual abuse; 5) witnessing family 
violence + specify when 
maltreatment first occurred by 
intervals 0–6 years, 7–12, 13–15, 
16–18 or >18 years 

Is there an association 
between self-reported 
childhood maltreatment 
and ADHD symptoms in 
adults? 
Is the association due to 
familial confounding or 
could it be consistent with 
a causal hypothesis? 

Linear regression, 
adjusted for sex, 
controlled for lack of 
independence of twin 
data.  
Conditional linear 
regression, within-DZ 
and -MZ twin pairs 
discordant for 
childhood maltreatment 

IV 23,767 provided 
data on binge-
eating behaviour 
18,167 on ADHD. 
13,773 female 
twins (3664 
complete, 6445 
incomplete pairs) 
in the twin 
analysis 

ADHD symptoms score, used as a 
continuous variable. 

HI and IN = symptom scores on the 
respective ADHD symptom scales.  

Binge eating = lifetime eating binges 
with loss of control; BED = based 
on DSM-5 criteria  

BN = based on DSM-5 criteria 

Is there an association 
between adult ADHD 
symptoms and binge-
eating behaviour, BED 
and BN in the general 
population? 
Is the association best 
explained by common 
genetic or environmental 
risk factors? 

Structural equation 
modelling for 
maximum-likelihood 
model fitting. 
Univariate modelling 
for ADHD and binge-
eating behaviour and 
bivariate modelling for 
the association between 
ADHD and binge-
eating behaviour 
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Results 
Study I 
Comorbidity of adult ADHD and its Subtypes with SUD 
ADHD with a norm-based, 2 SD approach was observed in 1598 participants 
(8.8%), with similar distribution in males and females. We identified alcohol 
dependence in 1070 individuals (6.0%), alcohol abuse in 3.0%; 16.5% had 
ever tried illicit drugs, 15.5% had tried cannabis, 2.5% reported ongoing use, 
and 3.9% had tried stimulants (181).  

 
Table 2. Associations of ADHD symptoms with SUD (adjusted for sex, age, education and 
controlled for the random effect of twins) compared with controls/ twins with no ADHD 
symptoms 

Substance 
abuse 

All twins, n (%) ADHD, total ADHD, hyperactive/im-
pulsive 

ADHD, inattentive ADHD, combined 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Alcohol 
Alcohol abuse 543/17,940 

(3.06) 
1.88*** 1.44–2.46 1.61* 1.03–2.51 1.68** 1.15–2.46 3.17** 1.89–5.29 

Alcohol de-
pendence 

1070/17,734 
(6.03) 

3.58*** 2.86–4.49  2.52*** 1.75–3.63 3.63*** 2.69–4.91 6.29*** 4.01–9.87 

Drugs 
Stimulants 688/17,779 

(3.87) 
2.45*** 1.79–3.35 1.69 0.99–2.89 2.32*** 1.51–3.57 5.17*** 2.72–9.81 

Opiates 1912/17,779 
(10.75) 

1.97*** 1.65–2.36 1.77*** 1.32–2.37 2.17*** 1.69–2.78 1.88** 1.24–2.87 

Cannabis 2751/17,779 
(15.47) 

2.19*** 1.80–2.68 1.83*** 1.33–2.52 2.15*** 1.63–2.83 3.45*** 2.21–5.41 

Illicit drug use 2940/17,779 
(16.54) 

2.27*** 1.86–2.76 1.83*** 1.33–2.51 2.27*** 1.73–2.98 3.58*** 2.30–5.57 

Polysubstance 
use 

1425/17,779 
(8.02) 

2.54*** 2.00–3.23 1.84** 1.23–2.74 2.71*** 1.95–3.76 3.95*** 2.34–6.68 

Polysubstance 
use including 
alcohol 

1704/18,027 
(9.42) 

2.78*** 2.21–3.50 2.03*** 1.39–2.96 2.81*** 2.06–3.84 4.98*** 3.04–8.18 

Nicotine (smoke and/or snus) 
Regular nico-
tine use 

3115/18,167 
(17.15) 

1.33*** 1.12–1.59 1.23 0.92–1.63 1.39** 1.09–1.77 1.41 0.94–2.12 

OR, odds ratio, calculated from multilevel logistic regression adjusted for sex, age, education and 
controlled for the random effect of twins; 95% CI, 95% confidence interval, *p < 0.05; **p < 0.01; 
***p < 0.001. 
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All substance use was significantly more common in men compared with 
women. ADHD and ADHD subtypes were associated with all the SUD-
related outcomes (Table 2). Overall, we found no statistically significant dif-
ferences between subtypes, as indicated by overlapping confidence intervals. 
But estimates for the CO subtype were higher for alcohol use disorder, illicit 
drug use and polysubstance use. No evidence for substance preferences 
emerged for participants with ADHD or within any of the ADHD subtypes. 
Participants with ADHD symptoms used cannabis significantly more often 
every month: 7.49 (95% CI: 6.23, 8.75) individuals compared with 5 (95% 
CI: 4.54, 5.40) individuals without ADHD, p < 0.001, with similar results for 
all subtypes. 

Given significant sex differences regarding SUD variables in the population, 
we also analysed data stratified for sex. We found no sex differences in the 
association between ADHD and various types of SUD-related outcomes. 

 

Study II  
Genetic and environmental factors in the association between adult 
ADHD and alcohol dependence 
We identified a strong phenotypic association between ADHD and alcohol 
dependence. Individuals with ADHD had a 3.58-fold (95% CI: 2.85, 4.49) 
increased risk for alcohol dependence (p < 0.001) compared with those with-
out ADHD. All ADHD subtypes, HI, IN and CO, were associated with an 
increased risk for alcohol dependence. Odds ratios (OR) were 2.52 (95% CI: 
1.75, 3.63) for the HI subtype; 3.63 (95% CI: 2.69, 4.91) for the IN subtype; 
and 6.29 (95% CI: 4.01, 9.87) for the CO subtype. ORs for the CO subtype 
were higher than for the IN subtype (p < 0.035), and compared with the HI 
subtype (p < 0.001). HI and IN did not significantly differ (p < 0.108). 

Twin correlations indicated genetic factors for the overlap between ADHD 
and alcohol dependence. Model fitting suggested that shared environmental 
influences (C) were negligible and that there were no sex differences present 
for the overlap between ADHD and alcohol dependence. The full sex differ-
ence AE model, where A stands for additive genetic and E for non-shared 
environmental factors, did not fit the data less well than the full sex difference 
ACE model (χ2 = 0.82, df = 6, p < 0.992), also including shared environmental 
(C) factors. We tested for qualitative and quantitative sex differences. Our 
final best-fitting model (AE model including qualitative sex difference in 
ADHD) did not fit the data any worse than the full AE model (χ2 = 4.85, df = 
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7, p < 0.678). Estimates from the best-fitting univariate models (Table 3) 
showed moderate heritability, 41% (95% CI: 38, 44) for ADHD and 57% 
(95% CI: 27, 66) for alcohol dependence. E factors explained the remaining 
variance for ADHD of 59% (95% CI: 56, 62) and 43% (95% CI: 34, 53) for 
alcohol dependence. Parameter estimates from the full ACE model and sex-
stratified results are also shown for descriptive purposes (Table 3). 

We observed a statistically significant genetic correlation between ADHD 
and alcohol dependence (rA = 0.33; 95% CI: 0.24, 0.42) as well as a signifi-
cant non-shared environmental correlation (rE = 0.18; 95% CI: 0.10, 0.26) 
(Table 3). Common genetic factors (A) explained 64% (95% CI: 47, 80) of 
the covariance between ADHD and alcohol dependence. Non-shared envi-
ronmental factors were also significant, whereas the role of C was small and 
not significant. Parameter estimates from the ACE model for females, males 
and collapsed over gender (whole population) generated a similar pattern of 
results. (Table 3) 
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Study III 
Childhood Maltreatment and ADHD Symptoms in Adults 

All self-reported childhood maltreatment was more common in the 
ADHD symptom group compared with the non-ADHD group (Table 4). 
Women reported sexual abuse more often than men, both in the whole 
population (7.9% in women compared with 1.0% in men) and in the 
ADHD symptom group (16.7% in women compared with 1.9% in men) 
(Table 4). Most childhood maltreatment first occurred before puberty. 
Participants born before 1980 (age at data collection >25 years) reported 
slightly less childhood maltreatment compared with younger twins (OR, 
0.85, 95% CI: 0.75, 0.97). The distribution of self-reported childhood 
maltreatment in the population by ADHD symptom status and sex is pre-
sented in Table 4. 

 
Table 4. Distribution of retrospectively recalled childhood maltreatment before 
age 18 years in the population by ADHD symptoms (2 SD on the symptoms 
scale cut-off) and gender 

 Total 
n (%) 

No ADHD  
n (%) 

ADHD 
n (%) 

  Total Male Female Total Male Female 
Total  18,168 16,570 6644 9926 1598 637 961 
No trauma 11,508 

(63.3) 
10,784 
(65.1) 

4511 
(67.9) 

6273 
(63.9) 

724 
(45.3) 

298 
(47.8) 

426 
(44.3) 

CM 6660 
(36.7) 

5786 
(34.9) 

2133 
(32.1) 

3653 
(36.8) 

874 
(54.7) 

339 
(53.2) 

535 
(55.7) 

Neglect 4940 
(27.2) 

4251 
(25.6) 

1516 
(22.8) 

2733 
(27.6) 

689 
(43.1) 

262 
(41.1) 

427 
(44.4) 

Emotional 
neglect 

4834 
(26.6) 

4164 
(25.1) 

1494 
(22.5) 

2670 
(26.9) 

670 
(41.9) 

255 
(40.0) 

415 
(43.2) 

Physical 
neglect 

647  
(3.6) 

504  
(3.0) 

159  
(2.4) 

345  
(3.5) 

143  
(9.0) 

55  
(8.6) 

88  
(9.2) 

Abuse 2479 
(13.6) 

2083 
(12.6) 

612  
(9.2) 

1471 
(14.8) 

396 
(24.8) 

117 
(18.4) 

279 
(29.0) 

Physical 
abuse 

1779 
(9.8) 

1486 
(9.0) 

567  
(8.5) 

919  
(9.3) 

293 
(18.3) 

110 
(17.3) 

183 
(19.0) 

Sexual 
abuse 

1016 
(5.6) 

844  
(5.1) 

65  
(1.0) 

779  
(7.9) 

172 
(10.8) 

12  
(1.9) 

160 
(16.7) 

Witnessed 
family vio-
lence 

3043 
(16.8) 

2596 
(15.7) 

1081 
(16.3) 

1515 
(15.3) 

447 
(28.0) 

182 
(28.6) 

265 
(27.6) 

CM, childhood maltreatment. 
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Linear regression revealed an association between childhood maltreat-
ment and ADHD symptoms in adults (Table 5), with regression coeffi-
cient estimated to 0.4 (95% CI: 0.37, 0.43), which means that each re-
ported childhood maltreatment increased ADHD symptoms with 0.4 
standard deviations (SD).  

 
Table 5. Association between adult ADHD symptoms and childhood maltreat-
ment before age 18 years: results from linear regression analysis, crude and ad-
justed for sex, age and substance misuse, as well as within-DZ1 and -MZ2 twin 
pairs and for HI3 and IN4 ADHD symptom dimensions 

 Crude  
(95% CI5) 

Adjusted6  
(95% CI) 

Within-DZ pairs 
(95% CI) [no. of 
exposure discord-
ant twins7] 

Within-MZ pairs 
(95% CI) [no. of ex-
posure discordant 
twins7] 

ADHD     
Childhood mal-
treatment 

0.40  
(0.37, 0.43)** 

0.40  
(0.37, 0.43)** 

0.29  
(0.21, 0.36)** 
[2,072] 

0.18  
(0.10, 0.25)** 
[1452] 

Neglect     
   Emotional neglect 0.41  

(0.37, 0.44)** 
0.40  
(0.37, 0.44)** 

0.31  
(0.22, 0.39)** 
[1836] 

0.19  
(0.12, 0.27)** 
[1360] 

   Physical neglect 0.66  
(0.55, 0.77)** 

0.67  
(0.56, 0.78)** 

0.47  
(0.21, 0.74)** 
[238] 

0.25  
(-0.04, 0.54)NS 

[170] 
Abuse     
   Physical abuse 0.47  

(0.40, 0.53)** 
0.46  
(0.40, 0.53)** 

0.31  
(0.18, 0.45)** 
[814] 

0.08  
(-0.06, 0.23)NS 

[586] 

   Sexual abuse 0.43  
(0.36, 0.51)** 

0.45  
(0.37, 0.53)** 

0.21 (0.04, 0.38)* 
[556] 

0.20  
(0.02, 0.38)* 
[380] 

Witnessing family 
violence 

0.41  
(0.36, 0.45)** 

0.41  
(0.37, 0.46)** 

0.27  
(0.16, 0.39)** 
[1066] 

0.16  
(0.05, 0.28)** 
[756] 

ADHD: HI     
Childhood maltreat-
ment 

0.29  
(0.26, 0.32)** 

0.29  
(0.26, 0.32)** 

0.21  
(0.13, 0.29)** 
[2072] 

0.14  
(0.06, 0.22)** 
[1452] 

ADHD: IN     
Childhood maltreat-
ment 

0.39  
(0.36, 0.42)** 

0.39  
(0.36, 0.43)** 

.28  
(.20,.36)** 
[2072] 

0.17  
(0.08, 0.25)** 
[1452] 

NS p > 0.05; *p < 0.05; **p < 0.01. 1DZ dizygotic (fraternal) twins. 2MZ monozygotic (genetically identical) 
twins. 3HI, hyperactive/impulsive symptom dimension. 4IN, inattentive symptom dimension. 5CI, confidence 
interval. 6Adjusted for sex and age when answering the questionnaire. 7Exposure discordant twins, number 
of individual twins (participants) from exposure discordant twin pairs in analysis. 

Adjustments for sex and age did not influence the observed association. 
Separate analysis by sex did not reveal any differences as indicated by 
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overlapping confidence intervals. Within-twin pair analyses suggested fa-
milial confounding (unmeasured genetic and environmental factors), as 
seen by the decreasing estimates for within-DZ and -MZ twin pairs. Re-
sults, significantly >0 within-MZ twin pairs, were also consistent with a 
causal interpretation of the association for different types of maltreatment 
with ADHD symptoms, as well as for HI and IN ADHD symptoms. 

 

Sensitivity analyses 
We examined the association between childhood maltreatment before age 
7 years and ADHD symptoms in adults, controlling for later re-traumati-
zation. Results reveal the role of familial confounding and are also con-
sistent with a causal hypothesis, regarding the role of early childhood 
maltreatment, before age 7 years (Fig. 6) and adult ADHD symptoms. 

In a second sensitivity analysis we analysed the associations for ADHD 
symptoms with neglect and abuse before age 7 years separately. Both as-
sociations decreased in within-twin pair analyses for DZ and MZ twins 
for abuse to a point estimate of 0.08 (95% CI: 0.06, 0.23); for physical 
neglect, the estimate was 0.25, with a similar though wider CI (0.04, 
0.54), due to lower power, both suggesting familial confounding. 
 

 
Fig 6. Estimates for the association between childhood maltreatment before age 
7 years and adult ADHD symptoms, unadjusted and adjusted for re-traumatiza-
tion. *Age when completing questionnaire. MZ, monozygotic twins; DZ, dizy-
gotic twins. 
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Within-pair estimates for MZ twins were more than zero for both esti-
mates and were statistically significant for abuse (physical and sexual), 
which is consistent with a causal interpretation. Although estimates were 
similar for neglect, estimates within MZ were not significant. It is unclear 
if this is due to the limited sample size or, if in the case of neglect at such 
a young age, associations are entirely due to familial confounding. 

 

Study IV 
Genetic and environmental factors in the association between adult 
ADHD and binge-eating behaviour 
Binge-eating behaviour and related outcomes were rare in the population: 
639 (2.69%) had life-time binge-eating behaviour with loss of control, 
355 (1.50%) reported binge-eating behaviour DSM-5 (3 months, at least 
4 times/ month); 43 (0.18%) DSM-5 BED, 277 (1.18%) BN. All binge 
eating outcomes were particularly rare in males. Adult ADHD symptoms 
(2 SD above the mean cut-off) were significantly associated with in-
creased risk for binge-eating behaviour (odd ratio (OR) = 3.65 [95%CI: 
2.72, 4.91], p<.001) as well as binge eating DSM-5 (OR = 3.01 [95%CI: 
2.09, 4.35], p<.001) compared to those without ADHD symptoms. Also, 
both BED (OR= 2.55, [95%CI: 1.11, 5.86], p<.05) and BN (OR= 3.09, 
[95%CI: 2.09, 4.56], p<.001) were significantly more common in adults 
with ADHD symptoms.  

Model fitting showed that a parsimonious AE model, including additive 
genetic (A) and non-shared environmental (E) effects, was the best-fitting 
model for both ADHD, binge-eating behaviour and the association be-
tween ADHD and binge-eating behaviour. The AE model did not fit the 
data significantly worse than the fully saturated model. The heritability 
estimate in female twins for current ADHD symptoms was 0.42 (95% CI, 
0.41–0.44), and 0.65 (95% CI, 0.54–0.74) for lifetime binge-eating be-
haviour (Fig. 7). Bivariate twin analysis revealed moderate genetic cor-
relation of 0.35 (95% CI, 0.25–0.46) between these phenotypes. 

The bivariate heritability estimate, i.e. the proportion of the total covari-
ance between ADHD and binge-eating behaviour explained by genetic 
factors, was 91% (Fig. 7); non-shared environmental factors explained 
the remaining covariance. 
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Fig. 7. Proportion of the variance for ADHD, binge-eating behaviour (BE) from 
univariate (AE) models, and of the covariance between ADHD and BE explained 
by genetic and non-shared environmental factors from the bivariate (AE) twin 
model, in female adult twins. 

 
Sensitivity analysis 
Analysis of the association between hyperactive/impulsive (HI) and inat-
tentive (IN) ADHD symptom dimensions and binge-eating behaviour 
showed similar phenotypic correlation between the HI symptom dimen-
sion and binge-eating behaviour of 0.18 (95%CI: 0.12, 0.24), and be-
tween the IN symptom dimension and binge-eating behaviour 0.18 
(95%CI: 0.13, 0.24). CTCT indicated shared genetic factors for both the 
HI and the IN dimension with binge-eating behaviour (Table 6).  

The partial correlation between binge-eating behaviour and the IN symp-
tom dimension when controlling for the HI symptom dimension (0.10 
95% CI: 0.06, 0.13) was somewhat stronger and compared with the par-
tial correlation between binge-eating behaviour and the HI (0.03, 95%CI: 
-0.01, 0.07) when controlling for IN. The genetic correlation for the IN 
symptom dimension and binge-eating behaviour remained statistically 
significant when controlling for the factors shared between the HI and IN 
dimension (0.28, 95%CI 0.13, 0.42). In contrast, the genetic (0.03, 95% 
CI -0.14, 0.18) and environmental correlations (0.05, 95%CI -0.06, 0.16) 
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between the HI symptom dimension and binge-eating behaviour attenu-
ated substantially and became non-significant, when controlling for fac-
tors common for the HI and IN symptom dimensions. 
Table 6. Phenotypic correlations, intra-class correlations, and cross-twin cross-trait cor-
relations for hyperactive/impulsive (HI) and inattentive (IN) ADHD symptoms with 
binge-eating behaviour in 13,773 female twins (3664 complete twin pairs), adjusted for 
age (linear), and males set as missing 

Type of correlation  
Correlation es-
timate  

(95% CI) 

HI and binge-eating  behaviour   
Phenotypic correlation1 MZ female 0.18  (0.12, 0.24) 
 DZ female 0,14  (0.10, 0.18) 
Intra-class correlation, HI MZ female 0.40  (0.35, 0-44) 
 DZ female 0.18  (0.12, 0.24) 
Intra-class correlation,  MZ female 0.66  (0.55, 0.76) 
binge-eating behaviour DZ female 0.30  (0.09, 0.49) 
CTCT2 MZ female 0.16  (0.10, 0.23) 
 DZ female 0.05  (-0.04, 0.12) 

IN and binge-eating behaviour 
Phenotypic correlation MZ female 0.18  (0.13, 0.24) 
 DZ female 0.19  (0.14, 0.23) 
Intra-class correlation IN  MZ female 0.38  (0.34, 0.43) 
 DZ female 0.16  (0.10, 0.22) 
Intra-class correlation MZ female 0.65  (0.54, 0.75) 
binge-eating behaviour DZ female 0.30  (0.09, 0.49) 
CTCT MZ female 0.17  (0.11, 0.23) 
 DZ female 0.07  (-0.01, 0.15) 

95% CI = 95% confidence interval. Means and prevalence assumed symmetric between 
twin 1 and twin 2; Variance of each phenotype allowed to differ between different twin 
types; 1Phenotypic correlation assumed the same in twin 1 and twin 2; 2Cross-twin-
cross-trait correlation assumed to be the same between twin 1 and twin 2 as between 
twin 2 and twin 1. 
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Discussion and Conclusions 
ADHD and substance use disorder 
We examined the association between ADHD symptoms and subtypes on 
the one hand with SUD and related outcomes on the other, in a population 
representative sample of over 18,000 adult Swedish twins aged 20–46 
years. All SUD-related outcomes (alcohol dependence and abuse, illicit 
drug use and regular nicotine use), as well as multiple substance use, were 
more common in adults reporting ADHD symptoms compared with con-
trols. Our findings are in line with the literature regarding increased risks 
for SUD in adults with ADHD (16, 70, 79, 82, 85, 182-185).  

We found that all adult ADHD subtypes were associated with substance 
use-related problems, similar to a recent epidemiological study in adoles-
cent ADHD (86). Prior research, mainly studying childhood and adoles-
cent ADHD symptoms, has mainly linked HI (76, 79, 85, 124) or IN (82) 
ADHD symptoms with SUD. Apart from methodological differences, 
one possible explanation for the difference in results for adult and ado-
lescent studies could be that ADHD subtypes are not stable over time. HI 
symptoms tend to diminish with age (47), and we can therefore not ex-
clude that adults reporting mainly IN symptoms in our sample possibly 
had more HI symptoms earlier in life. Adults tend to be more bothered by 
IN symptoms; HI symptoms are more subtle and may be under-reported 
(171). We can therefore not exclude misclassification of HI or CO as IN. 
It is also possible that adults with more severe HI symptoms were less 
likely to have responded to a lengthy questionnaire. In general, no statis-
tically significant differences were detected between subtypes, as indi-
cated by overlapping confidence intervals. During the years since DSM-
IV, the role and validity of the subtypes is increasingly being questioned, 
but HI and IN symptom dimensions do seem to play a role in comorbidi-
ties (37). 

Self-medication has been proposed as a theory to explain the association 
between ADHD symptoms and possible preference for various sub-
stances of abuse (69, 82, 84, 85, 186, 187). The present results did not 
support a preference for any type of substance studied. Individuals with 
ADHD probably try to alleviate symptoms using various substances, pos-
sibly depending on availability rather than preference for a specific sub-
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stance type. For example, a study in Iceland (182) found that a large pro-
portion of adolescents with ADHD reported abuse of sedatives, which 
were more readily available locally. Another possible explanation could 
be that preference for stimulants, for example, is present in severe cases 
of ADHD involving antisocial behaviours (69), a group unlikely to have 
answered the lengthy questionnaire in the present study. 

Common genetic and environmental risks for ADHD and 
comorbidities 
We examined the overlap between self-reported ADHD symptoms with 
alcohol dependence (Study II), and with binge-eating behaviour (Study 
IV). We were able to establish that a substantial part of the association 
between ADHD and both comorbidities were explained by common ge-
netic factors. The remaining variability was accounted for by non-shared 
environmental risks. 

Our findings on alcohol dependence and ADHD symptoms in adults rep-
licate for the first time findings similar to those described for adult ADHD 
in association with less severe forms of alcohol use disorder (problem 
drinking) (126) as well as the results for adolescent ADHD in men and 
alcohol dependence in adulthood (79). We found no sex differences in 
the genetic and environmental overlap. These results show a robust ge-
netic overlap across different developmental periods, similar in males and 
females, and present in those with milder and more severe alcohol use 
problems. 

Common pleiotropic genetic risks have been described for psychiatric 
disorders, and externalizing disorders also share genetic risks (79, 117-
119). There is some evidence for a specific genetic overlap between 
ADHD and alcohol dependence (79), not entirely explained by genetic 
risks common for externalizing problems, as well as between ADHD and 
SUD (125) even after controlling for other psychiatric disorders. These 
findings suggest that the genetic overlap between ADHD symptoms and 
alcohol dependence could be at least in part specific for these two condi-
tions and not entirely be due to common pleiotropic risks for psychiatric 
disorders.  

Non-shared environmental factors explained the remaining part of the 
overlap between ADHD and alcohol dependence. Shared environmental 
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factors, although important in alcohol dependence (188), were of minimal 
importance. This was similar to a previous twin study on ADHD and 
problem drinking (126). It was also in line with a large meta-analysis of 
heritability in humans (189), which indicates a parsimonious model with 
shared genetic and non-shared environmental factors for the majority of 
complex traits, without considerable influence of shared environmental 
effects. 

The association between adult ADHD symptoms and lifetime binge-eat-
ing behaviour, was largely explained by common genetic factors (91%), 
with non-shared environment accounting for the remaining variance. 
Both the HI and the IN symptom dimensions were associated with binge-
eating behaviour. Based on previous literature (88, 91, 92), we expected 
that HI symptoms would be more strongly associated with binge-eating 
behavior. However, we found somewhat stronger partial correlation for 
the IN symptom dimension with binge-eating behaviour as well as sig-
nificant genetic correlations between IN and binge-eating behaviour, 
even after controlling for the genetic effects shared with HI. This supports 
a dimension specific genetic effect on binge-eating behaviour for IN 
symptoms. In contrast, the genetic correlation between HI and binge-eat-
ing behaviour was primarily explained by genetic factors shared between 
the two ADHD symptoms dimensions.  

Our results indicate that non-shared environmental risk factors play a sig-
nificant role in the association between ADHD symptoms and alcohol 
dependence and may play a role in the association between ADHD and 
binge-eating behaviour. Research has not previously focused on these 
factors, and how they possibly contribute to the manifestation of genetic 
predispositions.  

Can environmental risks causally contribute to ADHD? 
Study III examined childhood maltreatment as a specific environmental 
risk factor for adult ADHD symptoms, and found that, similar to earlier 
research (146, 147, 149, 150), self-reported maltreatment during child-
hood was associated with increased levels of ADHD symptoms in adults. 
Using a genetically informative design, we extend previous studies by 
showing that the observed association could partly be causal in nature and 
partly due to familial confounding.  



Discussion and Conclusions 

 58 

Within-MZ twin pair estimates >0 provide a basis to infer a causal effect 
of childhood maltreatment on ADHD symptoms in adults. This is con-
sistent with an earlier adoption study reporting that severe institutional 
deprivation can cause inattention/overactivity symptoms (148) and with 
similar findings for other psychiatric conditions (190, 191). Vulnerability 
for ADHD symptoms could result from alterations in neural pathways 
involved in working memory, executive and emotional control (152, 153, 
192) following maltreatment. Maltreatment is also associated with epige-
netic changes influencing the expression of genes potentially implicated 
in neurocognitive processes underlying ADHD (193, 194).  

Results also revealed that the association between childhood maltreat-
ment and ADHD symptoms in adults is partly due to familial confound-
ing, as indicated by attenuation of estimates in within-DZ and -MZ twin 
pairs compared with population estimates. Similar findings have been re-
ported regarding the association between physical punishment and 
ADHD (195), as well as intergenerational transmission of externalizing 
behaviours (159). Familial confounding could be explained by passive, 
evocative and active gene–environment correlations (rGE) (158, 196). 
Evocative rGE is of little importance in the case of severe maltreatment 
(physical or sexual abuse) according to Jaffe et al. (160, 197), but may be 
relevant in corporal punishment (160) and hostile parenting style (161). 
Based on previous findings we assumed that abuse would be less influ-
enced by genetic factors and more likely be due to idiosyncratic events in 
children’ lives. We found however similar patterns of association for both 
abuse and neglect, but we cannot draw any more specific inferences, 
given lower power, when maltreatment variables were examined sepa-
rately. A recent international study (198) suggested that interaction be-
tween evocative rGE mechanisms (externalizing behaviour in children) 
and societal norms (parents’ perception of normativeness of corporal 
punishment in their community), predicted maltreatment. This suggests 
that both evocative rGE and social factors may contribute to our results.  
Somewhat fewer twins born before 1979 reported childhood maltreat-
ment compared with twins born after this year, when corporal punishment 
was made illegal in Sweden (199). Societal norms changed gradually, 
from the 1960s to the 1990s (199), when study participants were growing 
up. We cannot exclude that changes in attitudes may have influenced re-
call and thus our estimates. Younger participants may have reported 
physical punishment as maltreatment. However, differences in recall 
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could also explain the differences in reported maltreatment. Participants 
in their early 20s may more easily remember and report events occurring 
before age 18 years compared with older participants. 

Active rGE, where a child selects certain environments as a result of ge-
netically influenced characteristics, is probably less relevant for maltreat-
ment of children before age 7 years, who are less likely to actively choose 
harmful environments unless parenting is insufficient (160, 200). How-
ever, this mechanism may be relevant in adolescents with ADHD. Due to 
impulsivity, low tolerance to boredom or substance use, adolescent with 
ADHD may be more prone to select potentially dangerous environments, 
thereby increasing the risk of physical or sexual violence. We analysed 
the effect of childhood maltreatment before the age of 7 years and con-
trolled for later re-traumatization to isolate the effect of early childhood 
maltreatment. The pattern of results was similar to that in the main anal-
ysis, indicating that this form of reversed causation (i.e. adolescent with 
ADHD actively seeking more harmful environments) did not fully ex-
plain the observed associations.  

Our results support, for the first time, that childhood maltreatment could, 
at least in part, be a causal psychosocial risk factor for ADHD symptoms 
in adulthood. This is similar to effects in other psychiatric conditions, 
such as depression, eating disorders and alcohol dependence (190), as 
well as in the overlap between alcohol dependence, anxiety and depres-
sion (201). Possibly, several of these outcomes are due to common neu-
robiological changes affecting regulation of negative affects (202), work-
ing memory, executive and emotional control (152), as well as inhibitory 
network connectivity and response inhibition (153). The mechanisms ex-
plaining structural and functional alterations of the brain are not entirely 
clear but could possibly occur due to gene–environment interaction in 
susceptible individuals, altering gene expression.  

Limitations and methodological considerations 
Response rates 
Response rates around 60% for STAGE were in line with similar epide-
miological research. Drop-out was chiefly attributed to unwillingness to 
respond to a lengthy questionnaire (39). Drop-out analysis showed that 
participants did not differ from non-participants regarding birthweight 
and age, but non-participants were significantly more often male, had at 
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least one parent born outside Sweden, had more often been diagnosed 
with a psychiatric disorder, and been convicted of any type of crime (39, 
54, 174). ADHD in adults is associated with psychiatric comorbidities (1) 
and is more common in prison populations (61, 75). Individuals with 
more severe ADHD are less likely to have answered a questionnaire com-
prising 1300 questions, therefore we have to assume that non-responders 
were more often individuals with severe ADHD problems. This limits 
generalizability to the more severe cases of the ADHD spectrum. 

Self-reported measures for ADHD symptoms 
Studies I to IV used self-reported measures of ADHD symptoms, which 
in adults are considered to have adequate psychometric properties (171, 
172), and are stable over time (39). However, information on childhood 
onset of ADHD symptoms or degree of functional impairment were not 
available. This and the norm-based 2 SD approach account for a higher 
prevalence of ADHD symptoms (8.8%) in our material compared with 
the international prevalence of ADHD of between 5.9 and 7.1% in chil-
dren and adolescent (55) and between 2.5 and 5% in adults (55-57, 203). 
The 2 SD cut-off level has been described as optimal for a DSM-IV cut-
off in American college population (52, 53), but is higher according to 
other studies (54). Higher prevalence suggests that the ADHD symptoms 
group in our studies partly covers subthreshold cases, where ADHD 
symptoms are present without reaching a clinical diagnosis. These may 
be the less severe expression of the syndrome (48), which nonetheless 
have similar heritability estimates (11, 50) and polygenic risks in molec-
ular genetic studies (51) as for the dichotomously assessed ADHD. 
Therefore, we can assume that the genetic overlap between the self-re-
ported ADHD symptoms will also apply for the clinical cases of ADHD. 
However, this will need to be confirmed in future behavioural and mo-
lecular genetic studies focusing on clinical ADHD and comorbidities. As 
ADHD diagnoses were not clinically confirmed, we cannot exclude that 
the sample also contains phenocopies, where symptoms of inattention and 
hyperactivity are related to other disorders, such as for instance post-trau-
matic stress disorder or personality disorders. 

Self-reported measures for comorbidities 
The SUD data in Studies I and II are also self-reported. Over-reporting 
of substance-related problems in epidemiological surveys is unlikely, and 
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drop-out cases more often had psychiatric and conduct problems, conse-
quently our data may underestimate the prevalence of substance use over-
all. Another limitation is that measures for SUD are heterogeneous. For 
alcohol, as DSM-5 was not available, cut-offs are based on DSM-IV di-
agnostic criteria separately for dependence and abuse, instead of alcohol 
use disorder. Illicit drugs were assessed regarding use, which may over-
estimate prevalence by possibly including individuals only experiment-
ing with these substances. However, the results are in line with previous 
Swedish data regarding serious problem drinking affecting around 10–
15% of men and 3–5% of women (204) and illicit drug use affecting 
around 16% of high school youths (age 17–18 years) in Sweden (205), 
and somewhat lower compared with earlier international studies (85). It 
is therefore unlikely that our data overestimate the prevalence of sub-
stance use-related outcomes.  

Even data regarding binge eating in Study IV was self-reported. Preva-
lence for binge-eating behaviour was extremely low, which suggests that 
our results are conservative. It is possibly that asking about loss of control 
over food intake contributes to underreporting, especially among men 
(206), because these symptoms are generally considered shameful. An-
other limitation is that, while we assess lifetime occurrence of binge-eat-
ing behaviour, ADHD is assessed as current symptoms. Data are cross-
sectional; we are not able to draw any inference on whether ADHD leads 
to binge eating but, in children and adolescents, earlier longitudinal fol-
low-up indicated ADHD as a risk factor for binge eating (90, 207, 208). 

Retrospectively reported childhood maltreatment data 
Another limitation is that childhood maltreatment in Study III is retro-
spectively reported. Several studies support the use of retrospectively rec-
orded childhood maltreatment data, which display acceptable psychomet-
ric properties (209), predict emotional problems later in life (210), and 
was equally associated with increased risk for psychopathology as pro-
spective data (211). Some aspects of maltreatment, such as emotional ne-
glect (212), may be more influenced by recall bias (213) as well as by 
raters’ perception, probably explaining the large number of twins discord-
ant for emotional neglect in our results. In clinical populations, it has been 
suggested that individuals with ADHD have difficulties recalling their 
childhood. However problems recalling childhood experiences have been 
broadly described in epidemiological studies (214) and are not specific 
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for the ADHD population. Therefore, although maltreatment data could 
be influenced by recall bias, it is unlikely that this differentially affects 
reporting in ADHD and non-ADHD individuals. 

Probably due to the methodology used to define our variables, prevalence 
of maltreatment in our population was relatively high (36%). This was 
mainly accounted for by a high proportion of emotional neglect (27%), a 
variable not included in other studies (215). Reported physical abuse 
(9.8%) was lower compared with a Swedish study on adolescents (15.2%) 
(216) but comparable with British data (7%) (215). Reported sexual 
abuse (5.6%) was similar to other Nordic countries for both men and 
women (217) but lower than 11% in British youth, supporting the validity 
of our data regarding these variables. Associations with ADHD symp-
toms for childhood maltreatment in general (including emotional ne-
glect), and specifically for different types of maltreatment (physical and 
sexual abuse, etc.) were similar, which indicates that this limitation is 
probably of lesser importance. Also, our present results could be con-
flated by unknown environmental risk factors, potentially influencing 
both ADHD and maltreatment, affecting the causal interpretation. 

Limitations inherent to twin methods 
Twin methods rely on a number of basic assumptions such as: 1) the equal 
environment assumptions, 2) the assumption on random mating in the 
population, 3) the assumption that genes and environment exert their in-
fluences separately, without gene–environment interaction, and 4) usu-
ally they consider only one (or maximum two) types of genetic mecha-
nisms. Violation of these assumptions could influence how results of twin 
studies can be interpreted.  

For instance, the equal environment assumption has long been ques-
tioned. One argument is that MZ twins tend to be treated more alike com-
pared with DZ twins where parents are more likely to emphasize differ-
ences. This type of rater effect possibly inflates heritability estimates 
(108). However, when studying cases where perceived zygosity was not 
the actual zygosity of the twins, parental perception did not seem to in-
fluence resemblance regarding common psychiatric disorders (major de-
pression, generalized anxiety disorder, phobia, and alcoholism) (218), 
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which shows that significant violations of the equal environmental as-
sumption are unlikely, and supports the use of twin studies in psychiatric 
research. 

Assortative mating, violating the second assumption, would increase the 
variability of a trait in the population and affect heritability estimates in 
first-degree relatives. In twin studies, assortative mating may increase DZ 
correlations (DZ twins as first-degree relatives), while leaving MZ (iden-
tical) twin correlations unaffected. The net effect would be to spuriously 
decrease heritability estimates for the traits (158). Indeed, recent evidence 
has emerged for non-random mating in populations with a wide range of 
psychiatric conditions such as ADHD, SUD and affective and anxiety 
disorders (219). Thus, if anything, true heritability may in fact exceed the 
estimates obtained in twin studies. 

We were unable to explore the role of gene–environment interactions 
(GxE). It has previously been suggested that GxE underlies the associa-
tion between conduct disorder and childhood maltreatment (160), but this 
was not replicated by later studies (220, 221). The role of GxE is still 
unclear for ADHD and comorbidities.  

Within-twin design does not rule out reverse causation. In this regard, 
both evocative and active rGE constitute possible contributing mecha-
nisms. Also, within-twin pair design cannot identify the relative im-
portance of different types of rGE. Maltreatment in older children and 
adolescents could at least in part be a consequence of ADHD-related be-
haviours, increasing the risk for potentially harmful and traumatic situa-
tions. In addition, data were not available on whether trauma occurred 
before or after the onset of ADHD-related problems. 

Although large twin registries are representative of the population (175) 
and twins are in many ways similar to the general population, they also 
differ for instance regarding the intrauterine environment and birth 
weight (175). Furthermore, given that shared genetic risks play an im-
portant role in the comorbidity between ADHD and the conditions stud-
ied (125, 222), associations may be spuriously increased in a twin popu-
lation. These issues raise concerns regarding external validity and gener-
alizability of findings from twin research to the general population. 
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Ethical aspects 
Research regarding the genetic nature of psychiatric disorders raises sev-
eral ethical concerns. Current research was approved by the ethics com-
mittee of the Karolinska Institute, and all participant provided informed 
consent. Register data are anonymized before being used for research, so 
that sensitive information on individual participants is not be divulged to 
the researchers. Accumulating health care and research data in registries 
to further explore the genetic nature of diseases is a priority for epidemi-
ological and behavioural genetic research, but the risks for data leakage 
are obvious and therefore this has to be done with adequate measures for 
robust data security (223).  

The genetic nature of disease poses significant ethical, public health and 
professional concerns (224). For complex disorders, genetic risk factors 
are probabilistic rather than deterministic (155, 156). Patients and some-
times professionals tend to regard genetic risks as static, and this may 
lead to misinterpretation of research findings. It is therefore very im-
portant how the research community and health care professionals com-
municate these genetic risks, both to the public and the individual pa-
tients. Patients are in general concerned with straightforward questions 
such as: “Do I have a disorder or not?”, “If my parents have a disorder, 
does this mean that there is nothing I can do about becoming ill myself?”, 
or “Are my children at risk?” The knowledge we now have about the 
genetic contributions to the risk for several psychiatric conditions will 
obviously not enable us to give confident yes or no answers to these ques-
tions. It becomes increasingly important to include knowledge on inter-
preting and communicating data on complex genetic and environmental 
risks in the training of professionals working in psychiatric and addiction 
services. 
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General Conclusions 
Symptoms of adult ADHD in the population are strongly associated with 
substance use disorder (SUD) in both men and women, with no evidence 
for specific substance preference associated with ADHD or any ADHD 
subtypes. Clinicians need to consider evaluation and treatment for ADHD 
as part of the management of SUD in adults. 

The overlap between ADHD symptoms and alcohol dependence in adults 
was largely explained by shared genetic risk factors, similar for men and 
women. Non-shared environment also played a significant role in the 
overlap. This suggests that individuals with ADHD and their family 
members are important targets for alcohol use disorder prevention and 
treatment. 

The association between adult ADHD symptoms and lifetime binge eat-
ing was mainly explained by common genetic risk factors. The remaining 
overlap was due to non-shared environmental risk factors. We found a 
somewhat stronger specific genetic association between IN symptoms 
and binge-eating behaviour, when controlling for genetic factors shared 
with HI symptoms, but not for the HI symptoms when controlling for IN. 

Retrospectively recorded childhood maltreatment is strongly associated 
with ADHD symptoms in adults. Our findings suggest, for the first time 
in an adult population, that while part of the association is attributable to 
familial confounding, this may at least in part reflect a casual association. 

Future Considerations 
Genetic overlap between ADHD symptoms in adults and alcohol depend-
ence and binge eating are important steps towards understanding the un-
derlying nature of the risk of these comorbidities in patients with ADHD. 
Emerging evidence suggests a common pleiotropic genetic risk for psy-
chiatric conditions, which could in part explain the genetic overlap that 
we identified (2, 123, 137). However, for SUD, there is also evidence for 
specific genetic risk factors in the association with ADHD (125).  

Previous research has failed to identify the genetic risk variants underly-
ing psychiatric disorders, possibly because the current definitions of these 
conditions include complex heterogeneous behaviours (6). Hyperactivity, 
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impulsivity and inattention are complex behavioural constructs, the com-
ponents of which will need to be studied in individuals with ADHD and 
their healthy relatives, to better understand the mechanisms underlying 
the heritability of traits. Future research could focus on endophenotypes 
(140), which are intermediate, measurable components between a disor-
der and the genotype. Studies have focused on identifying endopheno-
types specific for ADHD, alcohol dependence (225), or eating disorders 
(226). Future research informed by the genetic overlap between these 
conditions could explore possible endophenotypes common for ADHD, 
alcohol dependence and/or binge eating. 

As an alternative approach to studying psychiatric disorders, the National 
Institute of Mental Health proposed the Research Domain Criteria 
(RDoC) (227), which instead of the clinical diagnoses, focuses on func-
tional constructs (representing specified functional dimensions of behav-
iour) characterized in aggregate by the genes, molecules and circuits. An 
RDoC approach could probably identify several domains shared by 
ADHD, SUD and possibly at least some forms of binge eating. Earlier 
studies have identified several different mechanisms involving reward 
deficiency, difficulties in emotional regulation, lack of inhibitory control, 
and preference for immediate versus later rewards present in ADHD (94-
97). These could potentially contribute to the overlap with SUDs (73) and 
also with binge eating (93). 

Non-shared environmental risk factors and how they possibly contribute 
to the manifestation of genetic predispositions have previously been un-
deremphasized. Future directions for research could be to investigate the 
role of various common environmental factors, as well as possible mech-
anisms for gene–environment interaction. These might, for instance, in-
clude the role of prevalent alcohol- or food-related cues in the modern 
environment in individuals with low executive control, as well as psycho-
social risk factors in the expression of inherited vulnerabilities. 

Our finding regarding a causal hypothesis for childhood maltreatment for 
ADHD symptoms will need to be replicated in longitudinal, clinical stud-
ies with prospectively recorded childhood maltreatment. The neurocog-
nitive and neurobiological underpinnings to the observed associations 
will have to be investigated. Recognizing and studying different causes 
of ADHD symptoms could improve interventions for adults who have 
experienced childhood maltreatment and present with ADHD symptoms. 
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In Studies II and IV, we have shown that non-shared environmental fac-
tors explain part of the variance in the association between ADHD symp-
toms with alcohol dependence and binge eating. Future studies should 
consider investigating childhood maltreatment as one of these possible 
common environmental risk factors. 

We found a strong association between binge eating in the population and 
ADHD symptoms. However, binge eating was rare, especially in men. 
Men may under-report their eating-related problems, possibly due to fear 
for stigmatization (206). More knowledge and possibly other methods, 
such as structured interviews in clinical populations regarding impulsive/ 
compulsive behaviours, including loss of control over food intake, are 
necessary to investigate binge eating problems and their association with 
ADHD in adults. 

Given increasing evidence that ADHD and its comorbidities with other 
conditions have a significant degree of shared heritability, it is important 
that health providers are educated in interpreting and communicating ge-
netic and environmental risks to their patients.  
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Summary in Swedish - Svensk sammanfattning 
Attention deficit hyperactivity disorder (ADHD) är en funktionsnedsätt-
ning som drabbar 2,5 - 5 % av vuxna. ADHD-symptom återfinns i varie-
rande grad i hela befolkningen och är förknippade med liknande gene-
tiska faktorer som hos de som uppfyller kriterier för diagnos, varför po-
pulationsstudier är viktiga för att kunna undersöka ADHD och överlap-
pande tillstånd. Orsaken till ADHD är okänd. Både ärftlighet och miljö-
faktorer har betydelse. Hur dessa inverkar på samsjukligheter är oklart.  

Avhandlingens huvudsyfte var att studera genetiska och miljöfaktorers 
betydelse i överlappningen mellan ADHD-symptom i befolkningen med 
två av dess vanligaste samsjukligheter: beroende/missbruksproblem och 
hetsätning. Den undersökte också eventuellt orsakssamband mellan miss-
handel i barndomen (en miljöfaktor) och ADHD-symptom i vuxen ålder. 
I samtliga studier användes självrapporterade data från över 18000, 20-
46 år gamla tvillingar, från det Svenska Nationella Tvillingregistret. 

Första delarbetet undersökte sambandet mellan självrapporterade 
ADHD-symptom, indelade i 1.) hyperaktivitet/ impulsivitet, 2.) oupp-
märksamhet, och 3.) kombination av de båda symtomgrupperna, med be-
roende/missbruk. Samtliga substansrelaterade besvär (alkoholberoende/ 
missbruk, användning av illegala droger och regelbunden rökning/snus-
ning) var vanligare vid samtliga typer av ADHD-symptom. Ingen prefe-
rens för viss typ av substans framkom. De olika ADHD typerna medförde 
lika stor riskökning för beroende/ missbruk. 

Tvillingmetoder användes för att undersöka om samsjuklighet mellan 
ADHD-symptom och alkoholberoende (delarbete II) respektive hetsät-
ning (delarbete IV) bäst förklaras av gemensamma genetiska faktorer el-
ler miljö. Generellt talar ett starkare samband hos enäggstvillingar (med 
100% lika genuppsättning) jämfört med tvåäggstvillingar (som i genom-
snitt delar 50% av sina segregerande gener) för ärftlighet. Delarbete II 
visade att samsjukligheten mellan ADHD-symptom hos vuxna och alko-
holberoende i befolkningen i hög grad (64%) förklaras av gemensamma 
genetiska faktorer, medan resterande 36% förklarades av egna miljöfak-
torer för varje individ i tvillingparet. Gemensamma miljöfaktorer (upp-
växt och familjemiljö) hade ingen betydelse för sambandet. Det fanns 
ingen skillnad mellan könen vad gäller genetiska risker.  
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Delarbete IV påvisade för första gången att sambandet mellan ADHD-
symptom och hetsätning hos kvinnor till största delen (91%) beror på ge-
mensam ärftlighet för de två tillstånden, men egna miljöfaktorer är också 
av betydelse. Män rapporterade i mycket liten omfattning symptom på 
hetsätning. Forskning har visat förändringar i hjärnans belöningssystem, 
nedsatt förmåga till känsloreglering, exekutiv- och impulskontroll vid 
både ADHD, alkoholberoende och hetsätning. Det skulle kunna finnas 
gemensamma genetiska faktorer mellan samtliga tre tillstånd.  

I delarbete III framkom ett starkt samband mellan självrapporterad miss-
handel (vanvård, psykisk, fysisk och sexuell misshandel) i barndomen 
och ADHD-symptom hos vuxna. Med tvillingmetod undersökte vi om 
sambandet främst beror på familjefaktorer (genetiska och gemensamma 
miljöfaktorer) eller kan vara kausalt. Resultaten visar för första gången 
att det kan finnas ett orsakssamband mellan misshandel i barndomen och 
ADHD-symptom hos vuxna, men att en del av sambandet beror på ge-
mensam ärftlighet och miljö under uppväxten. Fynden är preliminära och 
behöver undersökas vidare i kliniska populationer med objektivt registre-
rat trauma. Funktionella hjärnavbildningsstudier kan ge information om 
hur trauma kan påverka hjärnan och ge ADHD symptom. 

Kliniker behöver vara medvetna om samsjuklighet mellan ADHD, bero-
ende/ missbruk och hetsätning. Verksamheter behöver undersöka och be-
handla dessa problem parallellt. Med tanke på stark samsjuklighet, bör 
diagnostik och behandling av ADHD ingå vid behandling av beroende/ 
missbruksbesvär hos vuxna. Den gemensamma ärftligheten gör tidigare 
familjeinterventioner viktiga för individer med ADHD, beroende/miss-
bruk, och ätstörningar.  
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Appendix 
Study I Substance use disorder variables used in Study I  

Measures Self-report questions 

Alcohol abuse: Alco-
hol abuse = yes if ≥ 1 
DSM-IV criteria = yes 
and alcohol depend-
ence = 0 
 

Based on SCID for DSM-IV (Structured Clinical Inter-
view for DSM-IV) with 3 response alternatives, “yes”, 
“no”, “don’t know/don’t wish to answer” 

1) Failure to fulfil ma-
jor role obligations at 
work, school or home 

Did you ever miss, during this period work or school be-
cause you were intoxicated, high, or very hung over? 
What about doing a bad job at work or failing courses at 
school because of your drinking? 

What about not keeping your house clean, or not taking 
proper care of your children because of your drinking? 
 

2) Recurrent use in sit-
uations where the use 
is physically hazardous 
(driving, operating ma-
chinery while intoxi-
cated) 

Did you ever drink/Have you ever drank in a situation in 
which it might have been dangerous to drink at all? Did 
you ever drive/Have you ever driven while you were re-
ally too drunk to drive? 

How many times? 
 

3) Recurrent alcohol-
related legal problems 

Did your drinking get//Has your drinking gotten you into 
trouble with the law? 
Did it happen more than once? 
 

4) Continued use de-
spite alcohol-related 
social or interpersonal 
problems 

Did your drinking cause/Has your drinking caused prob-
lems with other people, such as with family members, 
friends, or people at work? Did you get/Have you ever 
gotten into physical fights when you were drinking? What 
about having bad arguments about what happens when 
you drink too much? 
 

Alcohol dependence See below 
Illicit drug use = yes, 
if tried at least one il-
licit drug 
Polysubstance use = 
yes, if tried ≥ 2 illicit 
drugs  
Polysubstance use 
and alcohol = yes, if 
tried ≥2 illicit drugs 

Questions set in branching format 
Have you ever used any of the following drugs? Mariju-
ana, hashish, opium, morphine, heroin, codeine (Codeine, 
Treo-Comp®, Citodon®), cocaine, amphetamine, 
methylphenidate (Ritalina®, Ritalin®), LSD, hallucino-
genic mushrooms (psilocybin, psilocin), Rohypnol® 
(Roppar), other sedatives or sleeping medication (e.g. So-
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and/or alcohol use dis-
order 
 

bril®, Xanor®, Stilnoct®, Stesolid®, Zopiklon®), ana-
bolic steroids (AAS), growth hormones, GHB, other 
drugs/specify”? 

Cannabis use 
Stimulant use 
Opioid use 

Use at least once of either marijuana or hashish or both. 
Use at least once of any of the following stimulants: co-
caine, amphetamine and methylphenidate. 
Use at least once of any opiates (heroin, opium, mor-
phine, codeine and combinations) 
 

Regular nicotine use Questions set in branching format 
≥1x/day for a period of 
time during the life 
span 

Have you ever tried smoking or snus? with alternatives 
“no”, “yes but only tried smoking/snus”, “yes, occasion-
ally smoking/ snus”, “yes regularly smoking/snus”. Sub-
sequent questions in a branching format, about quantity 
and duration 

 
Study II Criteria for alcohol dependence and self-report questions used 
in Studies I and II 

Measures Self-report questions 
1) Development of tol-
erance 

Did you during this period notice you needed to drink 
more to get the same effect? 
Did you notice being less affected by the same amount of 
alcohol during this period? 
 

2) Symptoms of with-
drawal or avoidance of 
withdrawal symptoms 
by means of continued 
alcohol use 

Have you felt you needed a drink first thing in the morn-
ing (eye opener), to steady your nerves or to get rid of a 
hangover? 
During this period notice did you any signs of withdrawal 
when you cut down or stopped drinking entirely? (Mark 
in the list below if relevant) 
    Sweating 
    Tremor of the limbs 
    Difficulties sleeping 
    Nausea, vomiting 
    Restlessness 
    Anxiety 
    Epileptic fits or seeing, feeling, hearing  things that 
were not real 
 

3) Alcohol consump-
tion for a longer time 
or higher amounts than 
intended 

Did you often find/Have you often found that when you 
started drinking you ended up drinking much more than 
you were planning to?  
What about drinking for a much longer period of time 
than you were planning to? 
 

4) Persistent desire to 
control alcohol use 

Have you ever felt you needed to cut down on your drink-
ing? 
Have people annoyed you by criticizing you drinking? 
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Have you ever felt guilty about drinking? 
Did you try/Have you tried to cut down or stop drinking 
alcohol? 
Did you ever actually stop drinking altogether? 
(How many times did you try to cut down or stop alto-
gether?) 
Times 
Did you want to stop or cut down? 
 

5) Great amount of 
time spent on obtaining 
alcohol 
 

Did you spend/Have you spent a lot of time drinking, be-
ing high, or hung over? 

6) Decrease in social 
activity due to the sub-
stance use 

Did you have times/Have you had times when you would 
drink so often that you started to drink instead of working 
or spending time at hobbies or with your family or 
friends, or engaging in other important activities, such as 
sports, gardening, or playing music? 
 

7) Continued use of al-
cohol despite proven 
negative effects 

Did your drinking during this period lead to psychiatric 
problems such as anxiety, depression, sleeping problems 
or memory loss? 
Did your drinking during this period lead to any disease 
or worsen a disease you already had? 
Did you continue drinking nontheless? 
 

 
Study III Childhood maltreatment measures based on Life Stressor 
Checklist – Revised (LSC-R) (180)  

Measures  Self-report items from LSC-R 
Emotional neglect Have you ever been emotionally abused or ne-

glected? For example, being frequently shamed, em-
barrassed, ignored, or repeatedly told that you were 
“no good” 
 

Physical neglect Have you ever been physically neglected? For exam-
ple, not fed, not properly clothed, or left to take care 
of yourself when you felt you were too young or ill 
 

Physical abuse Have you ever been physically abused – hit, choked, 
burned, or beaten or severely punished (e.g. locked 
up in a closet, tied up, or chained) by someone you 
knew well such as a parent, sibling, boyfriend or girl-
friend? 
 

Sexual abuse Were you ever touched or made to touch someone 
else in a sexual way, because you felt forced in some 
way or threatened by harm to yourself or someone 
else? 
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Did you ever have sex because you felt forced in 
some way or threatened by harm to yourself or some-
one else? With sex, we mean orally, anally, and/or 
genitally’ If any of these two questions were an-
swered with “yes”, sexual abuse was set as “yes” 
 

Witnessing family violence When you were young, before age 18 years, did you 
ever observe physical violence between family mem-
bers? For example, hitting, kicking or punching  

 
Study IV Measures for binge eating, BED and BN based on Structured 
Clinical Interview (SCID) (173) 

Measures  Self-reported items based on SCID 
Binge eating Have you ever had eating binges when you ate what 

most people would regard as an unusually large amount 
of food in a short period of time? 
 

Duration For how long did you have binge eating episodes? 
 

Frequency When you were binging the most, how many binges 
would you have in a month? 
 

Loss of control over 
food intake = yes if  ≥ 2 
on the Likert scale 

When you were having eating binges, did you feel your 
eating was out of control? With responses on a five-
point Likert scale: 1, not at all; 2, slightly; 3, somewhat; 
4, very much; 5, extremely 
 

Influence of body shape 
and weight on self-eval-
uation 

Weight and body shape do not at all influence how I feel 
about myself” to “weight and body shape is most im-
portant for how I feel about myself”  
 

Compensatory behav-
iours to avoid weight 
gain = at least one set as 
yes 

Which of these did you use during the same time that you 
were binge eating? Making yourself vomit? Laxatives? 
Diuretics? Diet pills? Exercise more than 2 hours per 
day? Fast or not eat? Other methods? 
 

Feeling distressed over 
binge eating = ≥ 2 de-
fined as yes 

How distressed or unhappy were you when binge eat-
ing? With responses on a five-point Likert scale: 1, not 
at all; 2, a little; 3, somewhat; 4, much; 5, extremely 
 

Specific binge eating 
disorder symptoms, 
DSM assessed by yes or 
no questions 

1) Eating much more rapidly than normal; 2) eating un-
til feeling uncomfortably full; 3) eating large amounts of 
food when not feeling physically hungry; 4) eating alone 
because of being embarrassed by how much one is eat-
ing; 5) feeling disgusted with oneself, depressed, or very 
guilty after overeating, all assessed by yes or no answers 
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