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Abstract The present study aimed at identifying the full
range of mental disorders comorbid to attention-deficit/
hyperactivity disorder (ADHD) in children and adolescents
(age 4-17) diagnosed in Danish psychiatric hospitals
between 1995 and 2010. A total of 14,825 patients were
included in the study and comorbid disorders diagnosed
concurrent with ADHD were identified. Associations of
comorbid disorders with sex, age, and other mental disor-
ders were investigated by logistic regression analysis. In
the total sample, 52.0 % of the patients had at least one
psychiatric disorder comorbid to ADHD and 26.2 % had
two or more comorbid disorders. The most frequent
comorbid disorders were disorders of conduct (16.5 %),
specific developmental disorders of language, learning and
motor development (15.4 %), autism spectrum disorders
(12.4 %), and intellectual disability (7.9 %). Male sex was
generally associated with an increased risk for neuropsy-
chiatric disorders while female sex was associated more
frequently with internalizing disorders. The analysis of
associations between the various comorbid disorders
identified several clusters highlighting the differential
developmental trajectories seen in patients with ADHD.
The study provides evidence that comorbidity with mental
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disorders is developmentally sensitive. Furthermore, the
study shows that particular attention should be given to
patients with neurodevelopmental disorders such as autism
and intellectual disability in future longitudinal analyses.
These disorders are very frequent in patients with ADHD,
and the affected patients might follow a different course
than patients without these disorders.

Keywords ADHD - Comorbidity - Development

Introduction

Both epidemiological and clinical studies have found that
non-comorbid  attention-deficit/hyperactivity  disorder
(ADHD) occurs in only 13-32.3 % of cases, and that most
patients with ADHD have multiple comorbid disorders
(Ghanizadeh 2009; Larson et al. 2011; Kraut et al. 2013;
Kadesjo and Gillberg 2001). Although the concept of
comorbidity is often used in both research and in everyday
practice, there is considerable diversity both in the use and
the definition of the construct. Comorbidity can refer to both
the co-occurrence of disorders temporally separate from
ADHD (sequential comorbidity) or can be defined as tem-
porally concurrent with ADHD (concurrent comorbidity).
The time span of co-occurrence of ADHD and other dis-
orders also varies with some studies investigating lifespan
prevalence rates of disorders, whereas others assess past
year prevalence rates or past three-month prevalence rates,
etc. (Angold et al. 1999; Pliszka 2000; Taurines et al. 2010).

Among the most frequently observed comorbidities in
children and adolescents with ADHD are conduct disorders
and oppositional defiant disorder, which across a wide
range of studies from both clinical and epidemiological
settings and age ranges, are seen in some 4-60 % of
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children and adolescents with ADHD (Bauermeister et al.
2007; Elia et al. 2009; Freitag et al. 2012; Ghanizadeh
2009; Jensen et al. 1997; Kraut et al. 2013; Kadesjo and
Gillberg 2001; Larson et al. 2011; Levy et al. 2005;
Wichstrom et al. 2012). The second most frequently stud-
ied group of comorbidities in ADHD deals with the
coexistence with anxiety disorders and affective disorders.
Various reviews report an average 25 % coexistence rate
between anxiety disorders and ADHD with prevalence
rates ranging from 10 to 35 % (Spencer 2006; Taurines
et al. 2010; Pliszka 2000). According to these reviews,
affective disorders are found in 15-75 and 10-40 % of
patients with ADHD, respectively (Spencer 2006; Pliszka
2000). In various studies, the prevalence rates of bipolar
disorders comorbid with ADHD ranged quite substantially
from 0 to 20 %, which may be partly due to differences in
epidemiological and clinical populations and partly due to
differences in the criteria for bipolar disorder and the
diagnostic culture (Taurines et al. 2010).

Comorbid developmental disorders of learning have
been studied less frequently and have been found to coexist
in 10-92 % of patients with ADHD (August and Garfinkel
1990; Germano et al. 2010; Kadesjo and Gillberg 2001;
Spencer 2006; Larson et al. 2011; Willcutt et al. 2000). The
rates of intellectual disability have been reported less fre-
quently in ADHD samples with ranges from 4 to 13 %
(Faber et al. 2010; Kadesjo and Gillberg 2001; Kraut et al.
2013). Only a few studies have addressed the prevalence of
comorbid autism spectrum disorder and reports range from
5 to 52 % (Larson et al. 2011; Smalley et al. 2007).

Many patients with ADHD also show language
impairments (Bellani et al. 2011) with one study reporting
a prevalence of 11.8 % (Bellani et al. 2011; Larson et al.
2011). Tic disorders comorbid with ADHD have also been
investigated less frequently with one review reporting
prevalence rates between 20 and 30 % (Taurines et al.
2010), but some studies find even lower prevalence rates in
the 6-14 % range (Ghanizadeh 2009; Smalley et al. 2007).

The emergence of personality disorders and substance
abuse problems is less relevant to the study of comorbidity
in ADHD in children, but crucial for late adolescence on the
brink of early adulthood. Patients with ADHD are consid-
ered to experience an elevated risk of antisocial and bor-
derline personality disorders often associated with
persistent ADHD, preceding conduct disorder, and a fre-
quent co-occurrence with substance use disorders (Bieder-
man et al. 2006; Costello et al. 1999; Miller et al. 2008;
Taurines et al. 2010). Substance use disorders are co-
occurring in up to 25-50 % of adolescents with ADHD
(Taurines et al. 2010).

Although there is an abundance of studies on ADHD
and comorbidity reporting quite divergent findings, studies
with large samples, studies of girls and studies
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investigating associations among the various comorbid
disorders are sparse. There is a lack of studies reporting the
whole spectrum of disorders comorbid to ADHD and
studies often overlook or even exclude patients with
common disorders such as pervasive developmental dis-
orders or intellectual disability. Furthermore, knowledge
about patterns of comorbidity in patients identified by ICD-
10 criteria is limited, although the ICD-10 classification is
the most widely used diagnostic system worldwide
(Mezzich 2002).

The diverse use of the construct of comorbidity and the
above-mentioned limitations of the existing literature may
distort clinicians’ expectations as to how many children
and adolescents visiting the clinics with ADHD will
experience additional psychopathology. It is important to
clearly delineate which disorders were preceding, which
are concurrent, and which are consequent to ADHD, and to
know which psychiatric disorders are clustering in which
individuals.

The objectives of the present study are (1) to study the
entire spectrum of concurrent mental comorbidities diag-
nosed according to ICD-10 criteria in a large cohort of
newly diagnosed patients with ADHD, (2) the identifica-
tion of potential differences by sex and age at onset in this
pattern of comorbidities, and (3) the study of the associa-
tions among these various comorbid disorders.

Methods

Although the terms hyperkinetic disorder (HD) and ADHD
are not fully exchangeable, the term ADHD will be used
predominantly in this article given the fact that the wider
construct of ADHD includes all HD patients. In the present
study, all first time diagnosed children and adolescents (age
4-18) with HD (F90-F90.9) diagnosed using ICD-10 cri-
teria in the time period 1995-2010 in Danish psychiatric
inpatient or outpatient clinics were identified from the
Danish Psychiatric Central Research Registry (DPCRR)
(Mors et al. 2011). In Danish child and adolescent psychi-
atry, children and adolescents are seen several times before
a diagnosis is made. They are assessed in a multidisciplin-
ary setting by psychiatrists and psychologists with special
training in child and adolescent psychiatry. Most children
are both seen for psychological assessment (general intel-
ligence testing and testing for specific neuropsychological
strengths and difficulties) and somatic assessment and when
indicated observed in their natural environments. A multi-
informant procedure is used and often both parents and
teachers are asked to provide information on the everyday
behavior and functioning of the child.

In the present study, concurrent comorbidity was defined
as disorders registered within a three-month period before
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Box 1 Comorbid disorders by ICD-10 code

Disorders ICD-10 codes

F30-F39
Anxiety disorders F40-F41, F93.0-F93.2
Attachment disorders Fo4

Attention-deficit/hyperactivity Fo0
disorder/hyperkinetic disorders

Affective disorders

Autism spectrum disorder F84 (minus F84.2)
F30-F31

F90.1, F91-F92

Bipolar disorder

Conduct disorder

Depression F32-F33, F92.0
Disorder of language, learning and F80-F83
motor skill development
Eating disorders F50
Elimination disorders F98-F98.12
Intellectual disability F70
Mixed specific developmental F83
disorders
Obsessive compulsive disorder F42
Personality disorders F60-F62.9
Reactions to severe stress F43
Schizophrenia/psychosis F20-F29
Specific developmental disorders of F80
development of language
Specific developmental disorders of F82
motor development
Specific developmental disorders of F81
scholastic skills
Substance use disorders F10-F19
Tic disorder F95

and after the date of the contact that led to the first time
diagnosis of ADHD. The disorders investigated in the
present study can be seen from Box 1. The restrictive
definition of comorbidity in the present study was chosen
to study those disorders that children and adolescents
present with at close temporal proximity to their first
contact in clinical practice relating to ADHD. Wider defi-
nitions of comorbidity might have inflated the results.

Danish studies of registries have a long-standing tradi-
tion and reputation in psychiatric epidemiological research
because the data is close to complete since the registries are
formed for administrative purposes (Munk-Jorgensen and
Ostergaard 2011). Data from the DPCR provides good
coverage of the patient population since the access to
assessment and intervention in Denmark is free and
available in all regions of Denmark.

Statistical analysis

In addition to the calculation of descriptive statistics,
Mann—Whitney U-tests, independent #-tests, and Chi square

tests were used to analyze data. To measure age at onset of
comorbid disorders more precisely, it was defined as the
age at which the disorder was diagnosed for the first time
even if the first time registration was outside the 3-month-
time window used to define concurrent comorbidity.
Logistic regression models were used to estimate the risk
associated with sex for a given comorbid disorder and both
crude and age-adjusted models were specified. Logistic
regression models were also used to identify associations
among various comorbidities within the ADHD population.
The results of the logistic regression analyses are presented
as odds ratios (OR) with 95 % confidence intervals (95 %
CI). Associations among comorbid disorders were inves-
tigated for disorders with a prevalence rate of 5 % or more
in the ADHD sample. Covariates included in these models
were disorders with a prevalence of at least 2 % within in
the groups with the comorbidity in order to ensure suffi-
cient sample size. In addition, these models were also
controlled for age. Separate analyses for the two sexes were
carried out to allow for the investigation of potential sex
differences in the patterns of associations. The SPSS 19th
version was used for the analyses (IBM Corp., 2010), and
Stata 11th edition (StataCorp., 2009) was used for the
production of figures. Non-corrected, two-tailed hypothesis
testing was carried out with the alpha level set to 0.05.

Results
Sex and age distributions

A total of 14, 825 patients in the time period from 1995 to
2010 were diagnosed for the first time with ADHD in the
age range of 4-17 years. The sex distribution was 79.4 %
males vs. 20.6 % females ()(2 = 5118.5,df = 1;p = 0.01).
Males were significantly younger than females at the first
time of ADHD diagnosis (Mean = 9.6, SD = 3.4 vs.
Mean = 10.7, SD = 3.9 years; t = —15.0, df = 14.823,
p > 0.01). When looking at the subcategories of the ICD-10
classification in the total population, 70.1 % were diag-
nosed with disturbance of activity and attention (F90.0),
12.5 % with hyperkinetic conduct disorder (F90.1), 1.1 %
with other hyperkinetic disorders (F90.8), and 16.5 % with
hyperkinetic disorder, unspecified (F90.9).

Frequencies of comorbidities

In the sample, 48.0 % had none of the investigated
comorbidities, 52 % had at least one comorbid disorder,
and 26.2 % had two or more disorders. The distribution of
comorbid disorders in the total sample and the two sexes
can be seen in Table 1 and Fig. 1. The most prevalent
comorbid disorders were conduct disorders (16.5 %),
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Fig. 1 Proportion of individuals with comorbid disorders

specific developmental disorders of language, learning and
motor skills (15.4 %), autism spectrum disorder (12.4 %),
and intellectual disability (7.9 %).

Effects of age and sex on prevalence of comorbidities

The median age at onset for the various comorbid disorders is
shown in Table 1 and Fig. 2. Elimination disorders, autism
spectrum disorder, intellectual disability, and attachment dis-
orders were among the disorders diagnosed in early childhood,
whereas other disorders including anxiety disorders, reactions
to stress, conduct disorder, tics, and the specific disorders of
development manifested only in late childhood or early ado-
lescence. A third group of disorders including substance use
disorders, psychotic disorders, affective disorders, and per-
sonality disorders occurred only in later adolescence. Signifi-
cant differences in age at onset of the disorders were found
between the two sexes, and females were generally diagnosed
later than males. Males had a 1- to 2-fold higher risk than
females for specific disorders of development, autism spec-
trum disorder, conduct disorder, and tic disorders, and females
were at increased risk for a range of disorders. However, after
controlling for age, some of these findings disappeared. The
results showed that females were at increased risk for comorbid
affective disorders, anxiety disorders, reactions to severe
stress, and eating disorders, whereas males were at a particular
risk for comorbid autism spectrum disorder, conduct disorder,
tic disorders, and specific disorders of development (Table 1).

Associations among comorbid disorders

Table 2 and Fig. 3 presents the significant associations
between the major types of comorbidity. ADHD/conduct

SuUD
Sz
AFF
BD
DEP
ANX
OCD
RS
EAT
PD

DisDev
LANG
LEARN
MOTOR
MIXED
ASD

CD
ATTACH
TIC
ELIM

Age
|_ Male [7] Female |

Fig. 2 Median age and interquartile range (IQR) at first time
diagnosis of disorders comorbid with ADHD by sex. AFF affective
disorder, ANX anxiety disorder, ASD autism spectrum disorder,
ATTACH attachment disorder, BD bipolar disorder, CD conduct
disorder, DEP depression, DisDev disorder of language, learning and
motor development, EAT eating disorder, ELIM elimination disorders,
ID intellectual disability, LANG specific developmental disorders of
language, LEARN specific developmental disorders of learning,
MIXED mixed specific developmental disorders, MOTOR specific
developmental disorders of motor function, OCD obsessive—compul-
sive disorder, PD personality disorder, SUD substance use disorder,
SZ schizophrenia/psychosis, RS severe reactions to stress, TIC tic
disorder

disorder was uniquely associated with substance use dis-
orders and had significant associations with attachment
disorders and elimination disorders in both sexes. Having
an autism spectrum disorder was negatively associated
with ADHD/conduct disorder in both sexes, in males spe-
cific disorders of development were positively associated
with ADHD/conduct disorder and intellectual disability
was weakly negatively associated with ADHD/conduct
disorder in males.

In both sexes, patients with intellectual disability and tic
disorders had higher risk of ADHD/autism spectrum dis-
order. Furthermore, in males a significant association
between ADHD/autism spectrum disorder and elimination
disorders was identified. Negative association between
ADHD/autism spectrum disorder and conduct disorder and
attachment disorders were found in both sexes.
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Fig. 3 Associations (OR with 95 % CI) between ADHD/CD,
ADHD/ASD, ADHD/ID, ADHD/DevDis ADHD/TIC, ADHD/RS,
and ADHD/ATTACH and other comorbid disorders for males and
females. AFF affective disorder, ASD autism spectrum disorder,
ATTACH attachment disorder, CD conduct disorder, DisDev disorder

The risk of having ADHD/disorders of language,
learning and motor development was associated with
comorbid attachment disorders and tic disorder in both
sexes, with reactions to severe stress, conduct disorder and
elimination disorders in males, and was associated with
affective disorders in females. Patients with autism spec-
trum disorder and attachment disorders had an increased
risk of having comorbid ADHD/intellectual disability. In
males, there was a negative association between conduct
disorder and ADHD/intellectual disability.

The association of ADHD/tic disorder was only ana-
lyzed for males because the frequencies were too low for
females. The analyses showed that obsessive compulsive
disorder, specific disorders of development, and autism
spectrum disorder were associated with ADHD and tic
disorder. In females, ADHD/reaction to severe stress was
associated with having comorbid psychotic disorders,
affective disorders, and personality disorders. Associations
between ADHD/attachment disorders and intellectual dis-
ability, disorders of language, learning and motor devel-
opment, and conduct disorders were identified in females.

Discussion

In the present study, we analyzed the overall pattern of
comorbid mental disorders in a nationwide large sample of
patients diagnosed with hyperkinetic disorders according to
ICD-10 criteria over a sixteen-year period. Approximately
50 % of the sample had at least one comorbid disorder and
the prevalence of patients with more than one comorbid
disorder was around 25 %. This overall rate is lower than
in many studies, and a range of factors might have led to
this finding. Before discussing the findings in more detail, a
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of language, learning and motor development, ELIM elimination
disorder, ID Intellectual disability, OCD obsessive—compulsive
disorder, PD personality disorder, SUD substance use disorder, SZ
schizophrenia/psychosis, RS severe reactions to stress, TIC tic
disorder

few general considerations regarding the relevance and
interpretation of the present study shall be made.

Research on ADHD and comorbidity is often based on
results from rather small samples studied with highly
structured assessments; a clear definition of exclusion cri-
teria and the assessment of impaired functioning are often
ignored. In contrast, the present register-based study reflects
the assessments in daily clinical routine work with disorders
only diagnosed if they are the primary reason for the
patient’s mental problems and if they are associated with
impairments. By definition, the present study contained
only individuals with both mental problems and impairment
present because otherwise they would not have passed first-
line assessments by pediatricians and general practitioners
before being referred to public mental health services.

In addition, the age of the sample under investigation is
relevant because various comorbid disorders might not yet
have developed at first time diagnosis of ADHD as pointed
out in the recent review on developmental comorbidity in
ADHD (Taurines et al. 2010). Furthermore, the present
study used only a 6-month window for registering
comorbid disorders. Thus, prevalence rates of comorbid
disorders are expected to be lower than in studies investi-
gating larger time spans. Furthermore, the focus of the
study on all major comorbid mental disorders and the lack
of exclusion of any patients with intellectual disability or
autism spectrum disorder might have made findings less
comparable to previous studies which mostly exclude these
patients.

Finally, clinical practice is less prone to cover, accord-
ing to Rutter, “absurdly large number of diagnostic cate-
gories” listed in the contemporaneous classification
systems which “... has resulted in an equally ridiculous,
very high rate of co-occurrence of conditions misleadingly
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labeled as ‘comorbidity’, because much of the supposed
comorbidity is artifactual” (Rutter 2011). Thus, the find-
ings based on the present clinical data set may have been
not only more conservative but also more representative
than previous studies. However, it may not be fully dis-
missed that under-recognition of comorbid disorders in the
patients did occur. The assessments of patients with ADHD
in everyday clinical practice only rarely include the use of
a fully structured diagnostic interview which could have
identified psychiatric disorders not otherwise noticed by
the clinician.

Prevalence and the effect of sex

In accordance with the findings of the literature, the most
frequently observed comorbid mental disorder in the
present study was conduct disorder/oppositional defiant
disorder, which occurred in 16.5 % of the sample. Of these,
12.5 % were diagnosed with hyperkinetic conduct disorder
and the rest received both the diagnosis of hyperkinetic
disorder and the registration of either ICD-10 F91 (Conduct
disorder) or F92 (Mixed disorders of conduct and emotion)
within the specified observation period. These results are
somewhat comparable to a series of studies with preva-
lence rates of comorbid conduct disorder ranging between
9.9 and 19.0 % (Bauermeister et al. 2007; Ghanizadeh
2009; Kraut et al. 2013; Levy et al. 2005; Wichstrom et al.
2012) and the 13.9 % prevalence rate of comorbid conduct
disorder at baseline in the multimodal treatment study of
ADHD (MTA) where the patients had a similar mean age
as in the current study (1999). Similar to findings from both
community-based (Costello et al. 2003) and patient popu-
lation studies (Kraut et al. 2013; Levy et al. 2005), males
had an increased risk for comorbid conduct disorder. It is
unclear whether this is a true sex difference or caused by a
male bias in the diagnostic criteria for conduct disorder
since females compared to males are less likely to engage
in aggressive and rule breaking behavior, but more likely to
express relational aggression (Abikoff et al. 2002; Hinshaw
2002).

The second most frequently observed comorbid mental
disorders in the present study were the specific disorders of
development such as disorders of language, learning and
motor development with a prevalence rate of 15.4 %. This
diagnostic group represents a composite category with
most patients having the mixed category of the specific
developmental disorders. The group of mixed disorders can
be compared to the literature on both comorbid disorders of
learning and speech and language disorders with some
caution. Reading disorders are expected to exist in
18—40 % of the patients with ADHD (Germano et al. 2010)
and disorders of language development have been found to
coexist with ADHD in 11.8 % of the patients (Larson et al.
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2011). Thus, the prevalence rates of these disorders in the
present study are lower than in previous studies. In ordin-
ary clinical practice, clinicians might be reluctant to
diagnose the specific developmental disorders before
ADHD symptoms have been sufficiently treated, leading to
the low prevalence in the present study. Furthermore, in
Denmark the assessment of these disorders are often con-
ducted by school psychologist and speech and language
professionals rather than in child and adolescent psychia-
try. In accordance with the literature on speech and lan-
guage impairments and learning disabilities, the study also
identified an increased risk for males for the specific dis-
orders of development (Germano et al. 2010).

Contrary to the findings from other studies, autism
spectrum disorders were the third most prevalent comorbid
disorder in the present sample with a prevalence of 12.4 %.
This finding adds to more recent studies of comorbidity
documenting the coexistence of autism spectrum disorder
and ADHD with a wide prevalence findings ranging
between 2 and 52 % (Faber et al. 2010; Kraut et al. 2013;
Larson et al. 2011; Smalley et al. 2007). These results
clearly indicate that clinicians have abandoned the exclu-
sion criterion of ADHD in autism spectrum disorder as set
out in the ICD-10 guidelines for diagnosis. The exclusion
criterion of autism spectrum disorder for the diagnosis of
ADHD is now formally abandoned in the DSM-5 criteria
for ADHD. In addition to autism spectrum disorder, the
present study also documented a high rate of 7.9 %
comorbid intellectual disability in patients with ADHD
which is in line with findings from other studies including a
prevalence rate of intellectual disability of 3-5 % in
methylphenidate-treated children and adolescents in Ger-
many (Kraut et al. 2013) and a prevalence rate of intel-
lectual disability at 13 % in an epidemiological study of
Swedish school-aged children (Kadesjo and Gillberg
2001). As expected, both intellectual disability and autism
spectrum disorder were diagnosed early in life and, in
accordance with the literature; the present study also found
that males compared to females were at an increased risk
for having autism spectrum disorder and intellectual dis-
ability (Newschaffer et al. 2007; Roeleveld et al. 1997).

Although anxiety disorders and affective disorders were
among the most prevalent comorbid disorders in patients
with ADHD in previous studies, the prevalence rates of
1.3 % for anxiety disorders and of 2.0 % for affective
disorders in the present study were rather low. These low
rates may be related both to diagnostic traditions in clinical
practice and the narrow temporal definition of comorbidity.
Anxious and depressive symptoms in children and ado-
lescents with ADHD and the accompanying psychosocial
impairment are often regarded by clinicians as a reaction to
stressful life conditions and, thus, are often coded as a
reaction to stress rather than an anxiety or affective
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disorder. Furthermore, the developmental context of
comorbidity may help to explain the low rates. In accor-
dance with the literature, the age at onset of the two groups
of disorders most frequently was in adolescence (Costello
et al. 2003) and the present sample only contained few
patients diagnosed with ADHD at this age.

The 4.8 % prevalence rate of tic disorders in the present
study is lower than the most frequently reported rates
ranging between 20 and 30 % in previous studies (Spencer
2006; Taurines et al. 2010). Besides subject selection bia-
ses in other studies, the reason for the relatively low rate of
tics in the present study might again be due to the narrow
definition of comorbidity, since tics are considered to have
their onset frequently only after the occurrence of ADHD
(Pliszka 2000; Taurines et al. 2010). Furthermore, the study
replicated findings from the literature suggesting that males
are at increased risk of developing tic disorders (Freeman
2007).

As expected, the prevalence rates of substance use dis-
order and personality disorders were low due to the young
age of the sample. There was no significant sex effect in the
prevalence rates of comorbid substance use disorders in
this sample after controlling for age. However, because the
disorders were very rare in this large sample and because
patients were in general still very young, firm conclusions
must be established in studies based on older cohorts of
patients with ADHD.

The findings of low rates of schizophrenia/psychosis and
eating disorders in the sample confirms earlier findings
(Kraut et al. 2013) and suggest that at least at this age, rates
of the disorders do not exceed the rates that may be
observed in the general population (Gillberg et al. 1986;
Hoek and van Hoeken 2003). The prevalence rate of
elimination disorders were lower than expected from the
review of preceding studies of enuresis in patients with
ADHD (Taurines et al. 2010). It may well be that elimi-
nation disorders had been diagnosed mainly by other health
care professionals outside psychiatry such as pediatricians.
Furthermore, a large part of the sample might have had
outgrown elimination disorders at the time of assessment of
ADHD.

Associations among comorbid disorders

An aim of the study was the investigation of the associations
among the various comorbid disorders. The present study
found a unique association of ADHD/conduct disorder with
substance use disorders in both sexes. This finding is in line
with expectations since conduct problems are well-known
risk factors for substance abuse (Barkley et al. 2004; Bie-
derman et al. 2006; Elkins et al. 2007). Due to the focus of
the present study on a wide variety of comorbid disorders,
the strength of this association between ADHD/conduct

disorder and substance use disorder was further amplified
by proving that no other comorbid disorder was positively
associated with substance use disorder.

The findings that attachment disorders were associated
with ADHD/conduct disorder in both sexes is in accor-
dance with existing knowledge that attachment disorders
emerge early in life (Zeanah and Smyke 2009) and are
associated with social and relational adversities which in
turn are well-known risk factors for the development of
antisocial behaviors (Boden et al. 2010; Biederman et al.
2008) although the present study cannot make conclusions
about causality. Furthermore, elimination disorders were
positively associated with ADHD/conduct disorder as
found in previous studies (Ellington and McGuinness 2012;
Ghanizadeh 2010).

There was a clear bidirectional association between
autism spectrum disorder and intellectual disability in this
sample of ADHD patients replicating the findings of a
previous study (Campbell and Malone 1991). Furthermore
and in line with findings from the literature (Simonoff et al.
2008), ADHD/autism spectrum disorder was associated
with tic disorders. ADHD/intellectual disability but not
ADHD/autism spectrum disorder was associated with an
increased risk for attachment disorders. Although some
studies have found less secure attachment behaviors in
children with autism spectrum disorder and intellectual
disability (van Ijzendoorn et al. 2007; Rutgers et al. 2007),
attachment disorders were not associated with autism
spectrum disorder in the current study. This finding was
most probably due to the fact that attachment disorders
serve as an exclusion criterion for autism spectrum disorder
in ICD-10 and because the lack of age appropriate social
and interpersonal reciprocity are core symptoms in autism
spectrum disorder.

Most of the associations of comorbid disorders with
ADHD/disorders of language, learning and motor devel-
opment were rather sex-specific but proved that the specific
developmental disorders were associated with specifically
the disorders characterized by emotional problems. The
present study found that the association among ADHD,
autism spectrum disorder, and tics is bidirectional. Fur-
thermore, ADHD/tic disorder was strongly related to
obsessive compulsive disorder and with anxiety disorders.
This finding replicates the strong relation between tics/
Tourette syndrome with obsessive compulsive disorder
found in a previous study (Freeman 2007).

In females with ADHD/reactions to severe stress, sig-
nificant associations with schizophrenia/psychosis, affec-
tive disorders, and personality disorders were found. These
associations may reflect either stressful life events and
subjective stress inherent to these disorders, or the rather
limited clinical specificity of reactions to severe stress as a
diagnostic category. In females, the reciprocal relationship
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between attachment disorders, intellectual disability, and
conduct disorder was also established.

The present results based on multiple comorbid associ-
ations with ADHD at first time diagnosis allow the delin-
eation of various potential developmental trajectories and
risks. In general, any developmental disorder increased the
risk of co-occurring of other developmental disorders. Both
for intellectual disability and autism spectrum disorder, a
negative relationship was found with conduct disorder in
ADHD cases. ADHD/disorders of language, learning and
motor development was associated with internalizing dis-
orders and tics. Both ADHD/conduct disorder and ADHD/
intellectual disability were associated with attachment
disorders, but ADHD/CD showed a unique relation with
substance use disorders, and ADHD/intellectual disability
had a unique relation with autism spectrum disorder. While
the ADHD/Conduct disorder and ADHD/intellectual dis-
ability subgroups had the risk of attachment disorders in
common, the two groups might follow different trajectories
because ADHD/conduct disorder and ADHD/intellectual
disability were negatively associated with each other.
Finally, tic disorders were associated with disorders of
development highlighting the fact that neurodevelopmental
disorders are highly frequent in patients with tics.

Strengths and limitations

The present study has a number of strengths including the
large, nationwide, and representative sample of both males
and females, and the wide focus on all clinically relevant
disorders coexisting with ADHD. Furthermore, the present
study had a strong focus on how the range of comorbid
mental disorders relate to each other leading to clusters
within the heterogenic group of patients with ADHD.
However, some limitations also apply to the present study.
First, the study is limited by the fact that the data came
from registries. Although the validity of the DPCR data has
been documented for childhood autism (Lauritsen et al.
2010), schizophrenia (Loffler et al. 1994), and affective
disorders (Kessing 1998), data on patients with ADHD has
not been validated yet.

However, it should be kept in mind that the diagnosis of
ADHD in Danish psychiatric institutions is performed by
trained and experienced child and adolescent psychiatrists
and psychologists. Assessments of ADHD are thorough
and include both somatic and psychological assessments,
patients are seen several times and multiple informants are
included before a diagnosis is made. Preliminary findings
from an ongoing validation study of childhood and ado-
lescent ADHD cases in the DPCR by the authors so far
supports the notion that ADHD diagnoses in the DPCR are
valid. As mentioned above, the assessments do, however,
rarely include the use of standardized diagnostic
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interviews. Thus, there might occur under-reporting of the
less severe and not very visible disabilities at the first
assessments of the patients. Another limitation of the study
might stem from a referral bias with the most severely
affected patients with ADHD sent to child and adolescent
psychiatric services, so that the findings may not generalize
fully to non-referred patients with ADHD in the commu-
nity and to patients seen in private mental health care
facilities or by pediatricians, general practitioners, and
neurologists only.

Conclusions

Despite the limitations, the findings of the present study are
important in various ways. They document comorbidity
rates of mental disorders in children and adolescents with
ADHD using ICD-10 criteria, they provide more knowledge
about age and sex effects on the rates of comorbidity in
patients with ADHD and they point to the clustering of
comorbid disorders in patients with ADHD. The current
study highlights that comorbidity in ADHD is both dynamic
and developmental. Risk patterns associated with sex and
comorbidity at first time diagnosis of ADHD might also be
early risk markers of later developmental trajectories thus
making comorbidity an important area of assessment. The
differential validity of these emerging developmental tra-
jectories in ADHD as early phenotypic markers may be
confirmed by long-term outcome studies. Furthermore,
since the study identified very low rates of disorders
otherwise thought to be highly prevalent among children
and adolescents with ADHD, such as affective disorders,
learning, and language disabilities, it might be worthwhile
for clinicians to consider whether under-recognition of
certain comorbid disorders is occurring in order to secure
that patients receive the best possible intervention.
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