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GENERAL INTRODUCTION
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chapter

1

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER IN CHILDREN AND
ADULTS
Attention-DeficitHyperactivity Disorder (ADHD) is one of the most common psychiatric
disorders in children. ADHD is a neurodevelopmental disorder characterized by symptoms of
inattention and/or impulsivity-hyperactivity (see for description box 1). Although often seen
as a disorder based on a modern societal construct, a German physician already described
ADHD in 1775.1 The first diagnostic criteria were established in 1968.2 Currently, according to
the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)3, a persistent
pattern of inattention and/or hyperactivity-impulsivity alongside with functional impairments
warrants a diagnosis of ADHD. In addition, several symptoms need to be present prior
to the age of 12 years and in two or more settings like home, school, and work. Different
combinations of symptoms lead to the distinction between three presentations of ADHD,
i.e. the predominantly inattentive presentation, the predominantly hyperactive/impulsive
presentation, and the combined presentation.3 However, over the course of the development
these presentations are not stable and tend to shift from being predominantly hyperactive to
being predominantly inattentive. The symptoms of individuals with predominantly inattentive
ADHD symptoms tend to be more stable over time compared to those in individuals with
the predominantly hyperactive presentation and the combined presentation.4 Besides the
presence of different ADHD presentations, most individuals also differ in the severity of the
disorder, ranging from few symptoms with only slight impairment of functioning to the
presence of most if not all symptoms with significant impairment of functioning.3 Because
DSM-5 criteria of ADHD require the symptoms to be present before the age of 12 years, ADHD
is often seen as a childhood disorder. However, symptoms and impairments related to ADHD
often continue to have impact into adulthood, which has raised more awareness of ADHD in
adults and even of adult-onset ADHD.5

Epidemiology of ADHD
The prevalence of ADHD during childhood is estimated to vary between 3% and 7% of children
and adolescents.6,7 Approximately 65% of children with ADHD continue to have symptoms of
ADHD as an adult and ADHD is therefore seen as a chronic disorder.8 Over the last decades
there has been both a scientific and societal discussion about the possible overdiagnosis
and overtreatment of ADHD9, mainly caused by a rise in number of prescriptions of ADHD
medication10. The overall prevalence of ADHD, however is similar between different countries
around the world and does not appear to increase over time.6,11 Taken into account the chronic
character of ADHD it is likely that the annual incidence rate of ADHD has remained stable over
the last years. However, improved awareness of the disorder may have caused the increase of
ADHD related drug prescriptions.6
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Relevance of ADHD
Overall, the course of ADHD into adulthood shows a decrease of symptoms, independent of
the severity of the symptoms in childhood12 A part of the individuals with ADHD-symptoms
grow up without any significant problems; however, ADHD is associated with high rates of
school dropout, poor relationships with peers, and substance misuse, all leading to high
economic and social burdens.13 ADHD is also associated with adverse long-term outcomes
ranging from school related problems during childhood, to social and psychological
dysfunction in adolescent, and health-related comorbidities in adulthood.2 The extent to which
treatment of ADHD, especially in the long term, contributes to the improvement of symptoms
and real-world outcomes like school performance is being discussed.14
Box 1: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, (DSM-5)
symptoms of ADHD.
Attention:
• Often fails to give close attention to details or makes careless mistakes in schoolwork, at
work, or during other activities.
• Often has difficulty sustaining attention in tasks or play activities.
• Often does not seem to listen when spoken to directly.
• Often does not follow through on instructions and fails to finish schoolwork, chores, or
duties in the workplace.
• Often has difficulty organizing tasks and.
• Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental effort.
• Often loses things necessary for tasks or activities.
• Is often easily distracted by extraneous stimuli.
• Is often forgetful in daily activities.
Hyperactivity and impulsivity:
• Often fidgets with or taps hands or feet or squirms in seat.
• Often leaves seat in situations when remaining seated is expected.
• Often runs about or climbs in situations where it is inappropriate.
• Often unable to play or engage in leisure activities quietly.
• Is often “on the go,” acting as if “driven by a motor”.
• Often talks excessively.
• Often blurts out an answer before a question has been completed.
• Often has difficulty waiting his or her turn.
• Often interrupts or intrudes on others.

Treatment of ADHD
Most current European guidelines suggest a stepped care approach of ADHD, starting with
non-pharmaceutical treatment, i.e., psychological education, behavioral therapy, or parent
training, and progressing to pharmaceutical care when there are more severe symptoms,
higher impairments associated with the disorder, or when there is insufficient response to the
non-pharmaceutical approach.15 The use of psychotropic drugs has steeply increased over the
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past years10,16-19, an issue of considerable debate. Although often effective in the short-term
treatment of psychiatric disorders, concerns have been raised regarding the limited long-term
effectiveness of psychotropic drugs due to adverse effects, and lack of clinical significance by
reducing symptoms without improving the associated functional impairments.13,20-22 On the
other hand, without proper treatment, individuals with ADHD are at risk of severe adverse
outcomes, both on the long and short term.
The multimodal treatment study of children with ADHD, a 14-month randomized clinical
trial, assessed the effectiveness of different pharmaceutical and non-pharmaceutical treatment
strategies and concluded that combining non-pharmaceutical therapies like behavioral
therapy with pharmaceutical treatment did not give clear additional benefits over the sole
use of pharmaceutical treatment.14 The main advantages of pharmaceutical therapies like
psychostimulants are their clear, strong, and rapid effect. The unwanted adverse effects may,
however, be substantial such as a delayed onset of sleep, nervousness, headache, decreased
appetite, nausea, and dry mouth often occurring with the use of stimulants.14,23
Although ADHD is thought to be chronic, the effectiveness of treatment beyond a period
of two years is not well established. In a follow-up on the MTA study the outcome of the
originally randomized types of treatment did not lead to differing in functioning after 6 to
8 years of enrolment in the study. The severity of symptoms at the start of the study, the
socioeconomic status of the family, and the best initial response to any of the treatments
showed the best long-term prognosis of ADHD related outcomes. 13,23 Also, little is known
about the long-term adverse effects of psychostimulants. Concerns have been raised regarding
the long-term safety, like reduced growth, adverse brain development, cardiovascular
problems, and risk of other psychiatric problems.24 To what extent treatment is warranted of
adults with ADHD is unclear, partially because ADHD related medication is not registered for
adults.15 In addition, the outcome of the pharmacological intervention is dependent on the
treatment adherence of the patient, which is generally poor in ADHD treatment.25 As in all
pharmacological interventions it is essential to consider treatment adherence in the evaluation
of the efficacy and effectiveness, because the effectiveness stands apart from the fact whether
or not the efficacy of the drug has been proven. Studying adherence in specific populations
can therefore lead to better treatment.25
Moreover, it is estimated that annual costs of ADHD lie between €9,860 and €14,483
per patient, Additional education, healthcare, and productivity and income losses of family
account for the largest proportion of the cost made in ADHD.26 Because of the substantial
economic burden of ADHD and the variety of treatment options and related effectiveness of
the treatment, assessing the potential cost-effectiveness of specific treatment strategies could
make the distinction between the added value of different treatment options.27

Risk factors & pathology of ADHD
Although the precise etiology of ADHD is unknown, ADHD is highly heritable and
multifactorial, with genes and non-inherited factors contributing to the disorder. Even though
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the specific genes underlying ADHD have not been identified, heritability is estimated to be
around 80%.28 However, it has been suggested that genetic factors may be different for ADHD
in childhood and in adulthood.29
Also non-hereditary risk factors play a role in the etiology of ADHD, like low birth weight,
maternal smoking and alcohol use during pregnancy, and birth complications. There is a
clear difference in childhood between male and female prevalence rates (3:1), but this gender
difference is not seen during adulthood.30 Also lower socioeconomic status is associated
with higher rates of ADHD, but it is not clear whether low socioeconomic status is a risk
factor for ADHD or that the heritability of ADHD together with related impairments lead to
an overall lower socioeconomic status in the ADHD population.31 This shows that identifying
specific environmental factors is difficult because of the possible influence of genetics on the
environment and the likely presence of gene-environment interactions.2 Each individual risk
factor only has a small effect on the causal pathway associated with ADHD. It is therefore likely
that cumulative vulnerability plays a role in the etiology of ADHD, in which a certain threshold
needs to be reached for the disorder to unfold.2
Despite the identification of multiple factors associated with ADHD it is unclear how
these factors affect the biological mechanism and pathophysiology of ADHD. At group
level individuals with ADHD show a delayed cortical maturation and dysfunction of specific
pathways in the brain related to among others the control of attention, and response to
reward.2,32,33 This specific pathophysiological process of ADHD is supported by the effect that
methylphenidate, a commonly used psychostimulant, has on neurotransmitter levels in the
brain. Methylphenidate and other psychostimulants, the first line pharmacological treatment
of ADHD, increase the level of dopamine available to synaptic transmission by inhibiting the
dopamine transporter. This results in a stronger signal sent from the dopaminergic system.34
Because of the uncertainty surrounding the etiology and pathology of ADHD, the overlap
and possible associations with comorbid diseases, and the relative lack of knowledge in this
area warrants more research. The assessment of possible associations with other diseases could
lead to a better understanding of the origins of ADHD as well as the best treatment.

Psychiatric comorbidities
Contrary to most physical diseases, mental health problems are mainly based on a construct of
symptoms partly because there is a lack of valid biomarkers. Diagnosis is therefore more subjective
and relying on observed and reported behavior, cognitions, and emotions.13 The classification
and diagnosis of mental health problems in general is grounded on clinical consensus, which
may be subject to change over time, and is often based on arbitrary boundaries on a spectrum
of symptoms.2,35 Moreover, psychiatric comorbidities are often a consequence of the classification
system used for psychiatric disorders, and not necessarily pointing to the true existence of separate
disorders.35,36 Comorbidity with other psychiatric disorders is common in individuals with ADHD
and it is estimated that only a third of the ADHD population is without any other comorbid
psychiatric disorder.37 This makes the ADHD population very heterogeneous. Psychiatric comorbid
disorders most often seen together with ADHD in childhood are oppositional defiant disorder
11
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(47%), mood disorders (28%), conduct disorder (19%), and anxiety disorders (17%), and in adulthood
also substance use disorder (45%) together with mood and anxiety disorders.38

Case of comorbid ADHD and atopy
David is a twelve year old boy who received a diagnosis of Attention-Deficit/Hyperactivity
Disorder at the age of ten. He was born after an uneventful pregnancy. However, at the age of
6 weeks atopic dermatitis evolved and class two local corticosteroids were needed to relieve
the symptoms.
At the age of six years he was admitted to the hospital because of an asthma attack. At
follow up it appeared that sometimes he experienced shortness of breath in playing and
running. Because of these symptoms, short acting bronchodilators were prescribed. At first,
this treatment was sufficient but at the age of eight years he had to use his medication almost
daily. Therefore, inhaled corticosteroids (ICS) were added to his medication regimen. The
starting dose of ICS was not sufficient and therefore the dose was doubled. Unfortunately,
the double dose also did not have the desired effect and therefore David was referred to a
paediatrician. The diagnosis of asthma was established formally by spirometry. However,
the paediatrician noticed that David did not inhale the ICS medication correctly; instead
of 10 breaths, he only took one inhalation. Despite the fact that he had received multiple
instructions he did not take the time to inhale properly. In addition, his mother was instructed
to help him, but she could not convince him to take his medication properly; after one or two
inhalations he was distracted and ran away or started talking.
His mother also reported that the school teacher had contacted her about the dropping
school results of David. The teacher described him as hyperactive and impulsive, not being
able to follow direct instructions and having difficulty in taking turns with peers. On top of
that, he could not sit still during explanations or even during tests, and concentrating was
very hard.
David was referred to a child psychiatrist who established the diagnosis of ADHD.
The parents received parent training in group sessions and the David was prescribed
methylphenidate. The morning dose ICS was given half an hour after taking methylphenidate
and the evening dose ICS was given around 5 o’clock. By doing so David was more relaxed
and could take the ICS properly. His asthma symptoms resolved and the dose of ICS could be
halved. Currently, he is doing well and his school results have improved.
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Atopic comorbidity in ADHD
Surprisingly, much less is known about the possible association between ADHD and somatic
diseases. As mentioned before, ADHD is a heterogeneous disorder with the majority of
individuals experiencing different comorbidities. In a 2010 systematic review 20 studies were
reviewed with a total of 170,175 individuals showing that especially eczema, more often
co-occurs with ADHD than would be expected on the basis of chance.39 Because ADHD and
atopic diseases like eczema are both common diseases in children the possible association
between both disorders has gained scientific interest over recent years. Studies into the
association of ADHD with other (comorbid) somatic diseases could enhance the knowledge
of etiological mechanisms of ADHD and may also improve current treatment approaches or
lead to alternative treatment strategies. By investigating the possible association between
ADHD and atopic diseases, this thesis has addressed the potential involvement of atopy in the
pathophysiology and treatment strategies of ADHD.
The three main atopic diseases, asthma, atopic dermatitis, and allergic rhinitis, all originate
from an immune response triggered by allergens, but differ in clinical manifestation of this
allergic reaction, i.e., inflammation in the lungs, skin, and nose. The immunological sensitization
in all three diseases is mediated by the production of immunoglobulin E (IgE) triggered
by environmental allergens, which cause an inflammatory reaction that is typical of atopic
diseases.40 Because of this link between atopic diseases a common progression is observed
known as the atopic march, usually starting with atopic dermatitis and subsequent asthma
and allergic rhinitis.41 An increase of all three diseases over the past decades has resulted in a
lifetime prevalence rate between 20 and 30% with the majority having its onset in childhood.42
The impairment related to all three atopic diseases is substantial. Atopic diseases affect both
individuals’ physical health through itching, breathing problems and nose obstruction (both
leading to sleep disruption), increase stress, poor school performance but also (recurrent)
hospitalization, and individuals’ psychosocial health e.g. limiting participation in sports,
recreation and other social activities.43
In summary, ADHD is a chronic disorder with high prevalence and despite the availability of
effective treatments many problems with ADHD still remain in patients and society associated.
A lack of knowledge regarding the etiology of ADHD and the subjective nature of the disorder
raises questions about the possible connections with other diseases. The possible association
between ADHD and atopic diseases has been the starting point of this thesis. As described in
the previous section the pathology of ADHD is likely to consist of a complex interplay between
genes and environment. Adding the complexity of the progression of the disorder and the
uncertainty around the treatment of ADHD and long-term effects of treatment makes the
advancement of scientific knowledge surrounding this topic a difficult matter. This thesis aimed
to contribute to these challenges concerning atopy and ADHD focusing on the following
objectives:

13
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THESIS OBJECTIVES
Main objective:
To assess the possible association between presence of drug-treated atopic disorders and
ADHD.

Sub-questions
• What is the clinical and economic impact of psychotropic drug use in children with ADHD?
• What is the association between childhood atopy and ADHD?
• What is the association between atopy and ADHD among adults?

Thesis outline
The first part of the thesis (chapters 2-4) is based on the treatment of children with
psychotropic drugs, the related outcomes, treatment persistence, and cost-effectiveness.
The following two scientific parts of this thesis (chapters 5-9) zoomed in on the possible
association between atopic allergies and ADHD. The first chapters (chapters 5-7) of this
section highlight the possibility of improving treatment of ADHD by looking at somatic
comorbidities like atopic allergy and increasing the knowledge of the pathology of ADHD in
children. The following part of this section (chapters 8-9) focused on the trend of both ADHD
treatment and the association of ADHD with atopic diseases like asthma, eczema, and allergic
rhinitis into adulthood.
This thesis ends with an overall discussion of our main research questions, taking into
account the results presented in the previous chapters of this thesis.
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ABSTRACT
Background There is no conclusive evidence that stimulants have beneficial effects on major
associated outcome parameters, particularly school performance. We assessed the differences
in school performance among children using methylphenidate at the end of primary school in
relation to various parameters of methylphenidate use.
Methods We linked children from a pharmacy prescription database with standardized
achievement test results at the end of primary school. We explored differences in test scores
between current methylphenidate users versus never users and methylphenidate users who
stopped treatment at least 6 months before the test, early versus late starters, different dosage
of methylphenidate, and concurrent antipsychotic or asthma treatment.
Results Out of the 7736 children, 377 (4.9%) children were treated with methylphenidate at
the time of the test. After adjusting for confounders the methylphenidate users (532.58 ± .48)
performed significantly lower on the test than never users (534.72 ± .11). Compared with late
starters of methylphenidate treatment (536.94 ± 1.51) we found significantly lower test scores
for the early starters (532.33 ± .50).
Conclusion Our study indicates that children using methylphenidate still perform less at
school compared to their peers. Our study also suggests that earlier start of methylphenidate
treatment is associated with a lower school performance compared to children starting later
with the treatment. This result could either indicate a limited effect of long term treatment or a
more strongly affected group of early starters.
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BACKGROUND
Attention-deficit/Hyperactivity disorder (ADHD) is the most commonly diagnosed psychiatric
disorder of childhood and is prevalent among approximately 3-5% of school-aged children. 1
The negative impact of ADHD on school performance is profound. Children with ADHD have
been shown to have lower grades, lower mathematics and reading achievement scores, and a
higher rate of school dropout and grade retention. 2-5
Treatment of ADHD usually consists of a multi-model approach in which combinations
of pharmacological and non-pharmacological options are being used. Besides the nonpharmacological options like behavioral therapy (for both child and parents), cognitive training,
neurofeedback, psychoeducation, and dietary interventions 6, stimulants are the first drug of
choice in the management of ADHD. In the Netherlands methylphenidate is most frequently
used 7. In a recent systematic review on the efficacy of methylphenidate the authors concluded
that methylphenidate might have a positive effect on teacher-reported ADHD symptoms
and teacher-reported general behavior, but quality of the reviewed studies was low and
efficacy of psychostimulants was questioned. 8 However, as stated in a commentary on this
study, the study’s methods has been criticized its outcome heavily contradicts the wealth of
available studies. 9 In general, most studies have concluded that the use of methylphenidate
in children and adolescents with ADHD also has a positive effect on school performance when
looking at different medication types of methylphenidate versus controls 10-13, and differences
in adherence14, These results were confirmed by the meta-analysis of Prasad et al. in which
the authors concluded that medication used in ADHD treatment could improve academic
achievement. 15 All in all, however, the long term effectiveness of stimulants on school
performance remains unclear in spite of evidence of their short term efficacy in relieving
the core symptoms of ADHD and the positive effect on school performance in controlled
trial settings. Moreover, it is questioned whether the efficacy of methylphenidate on school
performance holds in real-life treatment settings, outside of formal trials, especially on the long
term. Therefore, population based studies, especially focusing on long term effectiveness are
warranted.
In this study we explored the differences in school performance at the end of primary
school between children using methylphenidate and their peers. In addition, we assessed
differences in school performance among various relevant subgroups and characteristics of
medication use.
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METHODS
Study setting
For this cohort study an analysis of the University of Groningen IADB.nl pharmacy prescription
database was performed. The IADB database is a longitudinal pharmacy-dispensing database
with detailed patient-based drug prescription data from 1994 till 2012 from approximately
600.000 patients in the Netherlands. Prescription rates have been found to be representative
of the Netherlands as a whole, and the database has been widely used for research. 16 Patient
anonymity is guaranteed by the use of a unique anonymous identifier, hence the ethical
approval for observational studies with data from the IADB has been waived. Dutch patients
usually register at a single community pharmacy and therefore this pharmacy can provide an
almost complete listing of the subject’s prescribed drugs. 16

Study population
Our study population consisted of 22 063 children born between 1996 and 2001 (figure
1). By using a personal identification number unique to every citizen, a linkage with data
from Statistics Netherlands (CBS) was performed. Statistics Netherlands was responsible for
performing the linkage between the two datasets and removed all identification information
from the dataset, hence researchers were unable to identify patients. The final study
population comprised all children whose full data were available (n = 7736).

Outcome measure
In the Netherlands, all children at the end of primary education around the age of 12 choose
which type of secondary education is the most appropriate for them. At the end of primary
school, the Central Institute for Test Development (in Dutch: Cito-) test is performed yearly in
February in about 85% of the Dutch primary schools. 17 The Cito-test score is a figure between
501 and 550, based on a transformation of the number of correct answers for two hundred
multiple choice questions covering language, arithmetic/mathematic, and general study skills.
Because of this transformation we were able to compare the scores from year to year despite
difference in difficulty of the tests. The score is an indicator for the learning achievement of a
child; indirectly it also is an indicator for intelligence, motivation, concentration, and drives to
learn. For the reasons mentioned above the Cito-test is used as an independent, standardized,
educational achievement test which indicates the most suitable type of secondary education
(≤523: secondary education leading to vocational education level 3; 524-528: level 2; 529-536:
level 1; 537-544: secondary education leading to higher professional education; ≥545 secondary
education leading to university).
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Figure 1 Flow chart of study population.

2

IADB
n= 22.063
Cito-test score
available
n= 8.008
Matched the
criteria
n= 7.736
Never users
n= 7.295
Late starters
n= 38

Current users
n= 377

Past users
n= 64
Early starters
n= 339

Abbreviations: IADB, InterActive DataBase; ADHD, Attention-Deficit/Hyperactivity Disorder; MPH,
Methylphenidate

Methylphenidate exposure
Methylphenidate exposure was defined as having at least one dispensed prescription for
methylphenidate in the period 2001 to 2012. We included children with a follow-up period
from the date of the first dispensing of a prescription to at least the year the Cito-test was
taken. Children were only included in the study when they were present in the database for
at least 1 year before initiation of methylphenidate treatment. We excluded children with the
date of the first dispensing of a prescription after March in the year the Cito-test was taken.
In addition, children who took the Cito-test twice were also excluded. Non-exposure (never
users) was defined as having no prescription of methylphenidate, and no prescription of
dexamphetamine or atomoxetine due to their association with ADHD. The diagnostic status of
the children was not available.
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Methylphenidate users
We considered children to have been treated on their test day (February) if they had at least
one dispensed prescription for methylphenidate in the year the Cito-test was taken from
January 1st to March 31st. We defined this treatment group as current users.
We compared current with past users, children who have had at least one dispensed
prescription of methylphenidate but no prescription of methylphenidate in the 6 months
before the Cito-test.
To estimate the influence of confounding by indication we further assessed the association
between school performance and different patterns of methylphenidate use by comparing
early versus late start of treatment, current versus past users, different dose regimens and
co-occurring conditions such as psychiatric disorders treated with antipsychotics and atopic
diseases which may all influence school performances. 18 Children with ADHD are more
commonly affected with atopic diseases like eczema, asthma, and allergic rhinitis. 19,20

Start of treatment
The start of treatment for each child was defined by the date of the first dispensing of a
prescription for methylphenidate within the study period. We compared school performance
within the current users group according to methylphenidate treatment start, e.g. early vs.
late start of treatment. We used February in the year of the Cito-test as reference date and we
defined starting the treatment within 12 months (late start) and later than 12 months (early
start) before this reference date.

Dosage of methylphenidate treatment
We compared school performance within the current users group according to their different
dosage of methylphenidate treatment. The dosage was defined as the number of Defined
Daily Dose (NDDD) per day, which we calculated by dividing the total number of DDD’s
prescribed for the drug by the theoretical number of days the drug would be used. To
compare different methylphenidate dosage treatment groups we classified the current users
with prescriptions for methylphenidate in different subgroups according to NDDD’s per day.
Since all children take the Cito tests around the same age we assumed the dosage was not
dependent on body weight, but related to severity.

Concurrent treatment
We also considered concurrent drug use of other psychotropic drugs. Concurrent drug use
was defined as at least 1 prescription for any psychotropic drug in the year the Cito-test was
taken from January 1st to March 31st in addition to at least 1 prescription for methylphenidate in
the same period. Other psychotropic drugs were defined as all psychotropic drugs other than
methylphenidate.
In addition, we also sought to determine concurrent use of medication for atopic diseases,
i.e., inhaled corticosteroids, short acting beta agonists, nasal steroids, and dermatological
corticosteroids. Concurrent use of medication for atopic diseases was defined as having at least
26
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2 prescriptions within a 12-month period in the year the Cito-test was taken, in addition to
having at least 1 prescription from January 1st to March 31st.

Potential covariates
Demographic data on every child during the study period, including sex, ethnicity, presence
of single parenthood, and household income was obtained from the CBS. We used data
registered to 2012, which represented the most recent years of the IADB prescription data
available at the time of our study. We used the household income data of the year 2011, which
represents the halfway of the period in which the Cito-test scores were available. Also, we used
the type of household information of the year the Cito-test was taken. As all children were 12
or 13 years old we did not include birth year as a potential confounding factor.
We classified ethnicity as Dutch or non-Dutch, based on the mother’s country of birth.
Household income was defined as the standardized disposable household income in
percentiles.
We assigned household income to subgroups according to household income as follows:
among the high-income group we considered the highest 20% household incomes. These
households have an income of at least 30 000 euros. The low-income group included the
lowest 40% household incomes with an income around 18 550 euros. The intermediateincome group considered the remaining 40% household incomes.

Statistical analysis
The frequencies of the baseline characteristics were compared by using Pearson chi-squared
test. We also described the characteristics of methylphenidate treatment, e.g. start of
treatment, dosage of treatment, and concurrent use of antipsychotics or asthma medication.
We described crude mean Cito-test scores and tested for significance difference with
analysis of variance (ANOVA). Then we tested the interaction terms between covariates and
methylphenidate exposure by using backward elimination to exclude non-contributable
confounding (p value>.05) from the prediction model to measure whether the association
between methylphenidate use and Cito-test scores differed. An analysis of covariance
(ANCOVA) was subsequently conducted to test whether there was a statistically significant
difference in school performance measured by Cito-test scores between the methylphenidate
treatment groups after controlling simultaneously for the effects of confounding. Finally, we
performed ANCOVA analyses to test for significant differences in school performance between
the different treatment groups. In this study only children with full data on all of the included
variables were analyzed. Cohen’s d was calculated to determine the standardized difference
between two means for the significant findings (Cohen’s d ≥0.20; small difference; ≥0.50:
moderate difference; ≥0.80 large difference). All analyses were conducted using Statistical
Package for Social Sciences (SPSS) version 22 and a two sided p value <0.05 was considered to
be statistically significant.
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Table 1 Comparison of the characteristics between never users and current users.
Never users, n (%) Current users, n (%)
Total

7295 (100)

p value (Chi2)

377 (100)

Sex

<.05*

Boys

3275 (44.9)

298 (79.0)

Girls

4020 (55.1)

79 (21.0)

Dutch

6407 (87.8)

358 (95.0)

Non-Dutch

888 (12.2)

19 (5.0)

Two-parent household

5987 (82.1)

306 (81.2)

Single-parent household

1308 (17.9)

71 (18.8)

Ethnicity

<.05*

Parent Household

.656

Household income

<.05*

Low

3010 (41.3)

171 (45.4)

Intermediate

3176 (43.5)

166 (44.0)

High

1109 (15.2)

40 (10.6)

Treated concurrently with
Asthma medication

100 (1.4)

11 (2.5)

Antipsychotics

19 (4.3)

Only MPH users

347 (78.7)

<.05*

Start of MPH treatment
Late <12 months

38 (10.1)

Early > 12 months

339 (89.9)

Dosage of MPH treatment
≤0.999 NDDD/Day

202 (53.6)

>0.999 NDDD/Day

132 (35.0)

Abbreviations: n, sample size; NDDD, number of Defined Daily Dose
* Significant at .05 level

RESULTS
Characteristics between never users of methylphenidate and current users during the time
of Cito-test are shown in table 1. Baseline characteristics among our study population varied
for sex, ethnicity and household income. Single parenthood was equally distributed over the
current and never users.
We only found sufficient numbers of medication users with regard to antipsychotics in the
other psychotropic medication group, and asthma medication in the atopic medication group.
Therefore we could only compare concurrent use of antipsychotics with methylphenidate use
and concurrent use of asthma medication with methylphenidate use.
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Table 2 shows the baseline characteristics of the study population and results of univariate
analyses of the possible confounders in relation to Cito-test scores.
The difference in Cito-test scores between the household income categories tended to
significance after excluding the non-significant interaction terms (p value .101 from .153).

2

Table 2 Baseline characteristics of the study population and results of univariate
analyses of the possible confounders in relation to Cito-test scores.

Total

Never users M
± SD
534.71 ± 9.47

Current users M
± SD
532.80 ± 9.44

Subgroups p
value
<0.001***

Sex

.020*

Boys

535.25 ± 9.42

533.60 ± 9.26

0.004**

Girls

534.27 ± 9.49

529.75 ± 9.55

<0.001***

Ethnicity

.296

Dutch

535.09 ± 9.33

532.82 ± 9.41

<0.001***

Non-Dutch

531.97 ± 10.0

532.37± 10.27

.86

Parent Household
Two-parent
535.18 ± 9.40
household
Single-parent
532.55 ± 9.49
household
Household income
Low

Interaction p
value

532.31 ± 9.68

.762
533.20 ± 9.42

<0.001***

531.07 ± 9.42

.20
.101

531.26 ± 9.21

.17

Intermediate

535.41 ± 9.11

533.70 ± 9.50

0.019*

High

539.20 ± 7.81

535.63 ± 9.27

0.005**

Treated concurrently with
Asthma
537.10 ± 8.52
medication

535.64 ± 8.94

.591

Abbreviations: n, sample size; M, mean; SD, standard deviation
* Significant at .05 level
** Significant at the 0.01 level.
*** Significant at the 0.001 level.

Results of the crude and adjusted mean Cito-test scores controlled for potential effects of sex,
ethnicity, parent household and household income are presented in table 3.
After adjustments for the potential confounders, the means of Cito-test scores still differed
significantly between the current users and never users. The difference in test score between
groups corresponds to a 4% difference when taking into account the score range and a small
standardized difference between means (Cohen’s d of 0.20). The adjusted mean estimates
remained similar to the crude mean Cito-test scores indicating limited influence of confounding.
In the second part of the table the comparison is made between past and current users of
methylphenidate. Both crude and adjusted analyses show no significant difference between
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both groups. All the covariates, sex, ethnicity, parent household, and household income, had
significant influence on the outcome of the mean Cito-test scores.
When comparing the different dose regimens of methylphenidate (≤0.999 & >0.999 NDDD/
Day) no significant difference was shown in both the crude and the adjusted models.
Compared with late starters (536.94 ± 1.51) we found significantly lower Cito-test scores
for the early starters (532.33± .50) with a small standardized difference between means of the
crude data (Cohen’s d of 0.43). The adjusted mean of the effect of start treatment on Cito-test
scores changed only minimally when we included the covariates, indicating only negligible
confounding by these variables. The average Cito-test scores did not differ significantly
between early and late starters among the covariates ethnicity and parent household.
The adjusted mean Cito-test scores reported remained nearly the same when controlling
simultaneously for all covariates except for the methylphenidate + asthma medication
group. We found no significant differences in Cito-test scores when comparing the different
concurrent medication groups. Average Cito-test scores differed significantly only among the
covariate sex for the concurrent treatment with antipsychotics.
Table 3 Crude and adjusted mean Cito-test scores for different methylphenidate
treatment characteristics.
School performance
MPH treatment

Crude M ± SD

Adjusted§ M ± SE

n

p value

Current users

532.80 ± 9.44

532.58 ± .48

377

<0.001***

Never users

534.71 ± 9.47

534.72 ± .11

7295

Past versus current users
Current users (n=377)

532.80 ± 9.44

532.58 ± .48

377

Past users (n=64)

531.52 ± 10.70

531.67 ± 1.15

64

.470

Dosage of MPH treatment
≤0.999 NDDD/Day

533.17 ± 9.60

533.16 ± .66

202

>0.999 NDDD/Day

532.44 ± 9.28

532.45 ± .81

132

Late start < 12 months

536.37 ± 8.62

536.94 ± 1.51

38

Early start > 12 months

532.40 ± 9.46

532.33± .50

339

Only MPH

532.72 ± 9.45

532.70 ± .497

347

MPH + AP

532.47 ± 9.71

532.87± 2.13

19

Only asthma medication

537.10 ± 8.52

536.90± .865

100

MPH + asthma medication

535.64 ± 8.94

537.49± 2.86

11

.498

Start of MPH treatment
.004**

Concurrent treatment

Abbreviations: M, mean; SD, standard deviation; SE, standard error; n; sample size
* Significant at the .05 level, ** Significant at the 0.01 level, *** Significant at the 0.001 level.
§ Adjusted for sex, ethnicity, parent household, and household income.
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DISCUSSION
This study shows that methylphenidate users have a lower school performance compared
to children who have no history of ADHD medication. Furthermore, our results indicate that
early starters of methylphenidate treatment have significantly lower school performance
than children starting later with the treatment. Finally, past treatment compared to current
treatment of methylphenidate, different dosage of methylphenidate and concurrent treatment
with antipsychotic or asthma medication all appear to not be related to school performance.
In line with the previously established association between ADHD and poor school
performance we found that children using methylphenidate had lower school performance
compared with those who never used methylphenidate. 2-5,21 This indicates that
methylphenidate treatment does not normalize school performance in our study population,
however, it may be questioned whether the difference is clinically relevant which is reflected
by the small standardized differences between school performances of the different treatment
groups. To what extent methylphenidate treatment may still have contributed to improvement
of school performance cannot be concluded from our observational data given the lack of
a non-treated ADHD group. The absent association between methylphenidate dosage and
school performance suggests no major effects. Grizenko et al.(2006) found that children with
ADHD and comorbid learning disability tended to respond more poorly to methylphenidate.
22
It could be that normalization of school performance only occurred in children without
comorbid learning disabilities and therefor lowered the result of our analyses.
In our study, we found that early starters of methylphenidate treatment had significantly
lower school performance than children starting later with the treatment. It may be important
to emphasize that late starters had a higher average Cito-test score than the national average of
the Netherlands, which is around 535. 23 When comparing early start of treatment with late start
of treatment, the short-term effects of methylphenidate may explain these findings, whereas
the long-term effects seem less effective. This is in line with existing studies that demonstrated
the efficacy of short-term stimulant treatment. 24-26 With the correction for confounding factors it
is not likely that we could be dealing with a subgroup of highly intellectual children.
However, we cannot rule out bias due to different disease characteristics between children
starting treatment late and early. These differences may introduce bias to comparison, i.e.,
confounding by indication. It might be expected that children with severe symptoms and
more persistent school problems start treatment earlier than those with less severe symptoms.
With regard to the subtypes of ADHD, children with hyperactive/impulsive symptoms might
be recognized and treated earlier than those who have predominantly inattentive symptoms,
because the hyperactivity/impulsive behavior is more disruptive in the classroom. 18 A previous
study in Iceland also investigated the difference in start of treatment. 18 Although they reported
a significantly lower risk of decline in school performance between ages 9 and 12 with earlier
start of stimulants. Within our study the influence of treatment on school performance over
time could not be examined, as we looked at the performance on one test.
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Comparing current users and past users showed no difference on school performance, which
strengthens the conclusion that methylphenidate treatment either is losing its long-term effect or
that the past users are a group with less severe ADHD problems. Because there was no difference
measured in the different dosage of treatment groups it is less likely that the early starters of methyl
phenidate consist of children with more severe ADHD. It is not likely that missing data of dosage
information in 11.4% of the children affected these results, because the missing data of the dosage
information is caused by the incorrect or missing registration of this information by the pharmacist.
With respect to potential confounding by co-morbidities, on which we also lack direct
information, we attempted to capture co-existing psychiatric disorders by accounting for concurrent
antipsychotic use.However, we were unable to identify an association between school performance
and use of antipsychotics This is in line with other studies. 27,28
In addition, we investigated the difference in school performance among children who
were concurrently treated with asthma medication and only asthma medication users. Again, no
significant difference was found.
In the current study, we employed the unique setting by linking dispensed prescription records
with school records to assess the effect of methylphenidate use in childhood on primary school
performance. A strength of this study was, that we measured drug use by using pharmacy records.
This minimized the risk of recall bias, often associated with survey data, and selection bias associated
with use of localized community data. Another strong aspect is the possibility to track children over
time until the Cito-test was taken. 16 Furthermore, our objective outcome measure was standardized
test scores and because of this we were able to compare the scores from year to year despite
differences in the difficulty of the tests.
The study also had several limitations. The biggest limitation is the fact that we were not able
to take baseline ADHD severity into account. It is not unreasonable to assume that more severely
affected children would have been identified at earlier ages and therefore started earlier on
methylphenidate. In the absence of any controls, it is impossible to know how these children would
have performed on the Cito-test had they not received methylphenidate.
In addition, there was no information about the magnitude of potential bias created by other
possible medication use, family factors and additional school services, which could have over- or
underestimated the actual difference in overall school performance between methylphenidate users
and never users. Since the IADB.nl database contains only records of dispensed medication it is not
possible to measure the actual medication use. Non-adherence could have led to an overestimation
of the actual use of methylphenidate.
Finally, in this study we controlled for several confounders. Our data indicate that
methylphenidate use and school performance is somewhat different across boys and girls. Boys
performed better on Cito-test than girls. Additionally, in the multivariable analysis the interaction
between methylphenidate use and child’s sex was significant. This is in line with existing studies,
which reveal that boys are three to four times more likely than girls to be diagnosed with ADHD
based on studies of community samples. In clinically referred samples the sex differences is as high
as five- to nine-fold. 29-31 We assume that methylphenidate use does not have sex-specific effects
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on school performance and it is therefore likely that ADHD plays a major role. The other possible
confounders, which we included in our multivariable analysis, did not show significant effects.
In the subgroup analysis, it was remarkable that in both the methylphenidate users and the
never users group the school performance was better as household income was higher. On average,
children with a high household income scored nearly 7 point higher in the never users group and
approximately 4 points higher in the current users group compared to the lowest income bracket.
This is consistent with a previous study that is also conducted with Cito-test scores by researchers of
the CBS. 32
It should also be noted that there might be some unmeasured confounding as a result of our
limitations. Taking into account potential clustering of children within schools and/or classrooms
could have prevented part of the unmeasured confounding, but such clustered analysis was not
possible because such identifying information was for privacy reasons not available in the database.
Potentially, the severity of ADHD symptoms and comorbid learning disabilities could have influenced
the school performance. It is known from literature that children with comorbid learning disabilities
respond poorer to stimulant treatment, and this should be taken into account in a future study. 22
We also lack information about non-pharmacological treatment like concurrent behavior therapy
and additional school services. However, from literature we know that concurrent behavioral therapy
provides only modest advantages compared with drug treatment alone. 33 Thus, this may not be of
major concern.
We suspect that children who received special educational services had better outcomes than
children without such services. In a further study this effect could be better explored, while also
taking into account the perspectives of the teachers.
Although our study showed an association between various parameters of methylphenidate use
and school performance, it must be noted that without a clear comparator group and using only
correlational data no conclusions can be drawn about cause and effect of methylphenidate use and
school performance.
Importantly we need prospective, controlled and large-scaled studies on the long term
to evaluate whether short term or chronic methylphenidate treatment will improve school
performance of children with ADHD.

CONCLUSION
In this retrospective descriptive study, earlier start of methylphenidate treatment was
associated with a lower school performance than children starting later with the treatment
which could indicate a limited effect of long term treatment or a more strongly affected group
of early starters. Our study also indicates that children using methylphenidate still perform less
at school compared to their peers. More study is however warranted to unravel why children
who are methylphenidate treated do not score similar as their peers, especially when treatment
starts early.

33

2

part

1, chapter 2

REFERENCES
1.
2.
3.
4.
5.
6.

7.
8.

9.

10.
11.

12.
13.

14.
15.

16.

17.

18.
19.
20.

21.
22.

34

Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. ADHD prevalence estimates across three decades: An
updated systematic review and meta-regression analysis. Int J Epidemiol. 2014;43(2):434-442.
Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen SJ. Long-term school outcomes for children with
attention-deficit/hyperactivity disorder: A population-based perspective. J Dev Behav Pediatr. 2007;28(4):265-273.
Loe IM, Feldman HM. Academic and educational outcomes of children with ADHD. J Pediatr Psychol. 2007;32(6):643654.
Polderman TJ, Boomsma DI, Bartels M, Verhulst FC, Huizink AC. A systematic review of prospective studies on
attention problems and academic achievement. Acta Psychiatr Scand. 2010;122(4):271-284.
Barry T, Lyman R, Klinger L. Academic underachievement and attentiondeficit/hyperactivity disorder: The negative
impact of symptom severity on school performance. Journal of School Psychology. 2002;40:459-283.
Sonuga-Barke EJ, Brandeis D, Cortese S, et al. Nonpharmacological interventions for ADHD: Systematic review
and meta-analyses of randomized controlled trials of dietary and psychological treatments. Am J Psychiatry.
2013;170(3):275-289.
Trip AM, Visser ST, Kalverdijk LJ, de Jong-van den Berg LT. Large increase of the use of psycho-stimulants among youth
in the netherlands between 1996 and 2006. Br J Clin Pharmacol. 2009;67(4):466-468.
Storebo OJ, Krogh HB, Ramstad E, et al. Methylphenidate for attention-deficit/hyperactivity disorder in children and
adolescents: Cochrane systematic review with meta-analyses and trial sequential analyses of randomised clinical
trials. BMJ. 2015;351:h5203.
Banaschewski T, Gerlach M, Becker K, Holtmann M, Dopfner M, Romanos M. Trust, but verify. the errors and
misinterpretations in the cochrane analysis by O. J. storebo and colleagues on the efficacy and safety of
methylphenidate for the treatment of children and adolescents with ADHD. Z Kinder Jugendpsychiatr Psychother.
2016;44(4):307-314.
Wigal SB, Wigal T, Schuck S, et al. Academic, behavioral, and cognitive effects of OROS(R) methylphenidate on older
children with attention-deficit/hyperactivity disorder. J Child Adolesc Psychopharmacol. 2011;21(2):121-131.
Wigal SB, Childress AC, Belden HW, Berry SA. NWP06, an extended-release oral suspension of methylphenidate,
improved attention-deficit/hyperactivity disorder symptoms compared with placebo in a laboratory classroom study.
J Child Adolesc Psychopharmacol. 2013;23(1):3-10.
Hammerness P, Fried R, Petty C, Meller B, Biederman J. Assessment of cognitive domains during treatment with OROS
methylphenidate in adolescents with ADHD. Child Neuropsychol. 2014;20(3):319-327.
Hechtman L, Abikoff H, Klein RG, et al. Academic achievement and emotional status of children with ADHD treated
with long-term methylphenidate and multimodal psychosocial treatment. J Am Acad Child Adolesc Psychiatry.
2004;43(7):812-819.
Marcus SC, Durkin M. Stimulant adherence and academic performance in urban youth with attention-deficit/
hyperactivity disorder. J Am Acad Child Adolesc Psychiatry. 2011;50(5):480-489.
Prasad V, Brogan E, Mulvaney C, Grainge M, Stanton W, Sayal K. How effective are drug treatments for children with
ADHD at improving on-task behaviour and academic achievement in the school classroom? A systematic review and
meta-analysis. Eur Child Adolesc Psychiatry. 2013;22(4):203-216.
Visser ST, Schuiling-Veninga CC, Bos JH, de Jong-van den Berg LT, Postma MJ. The population-based prescription
database IADB.nl: Its development, usefulness in outcomes research and challenges. Expert Rev Pharmacoecon
Outcomes Res. 2013;13(3):285-292.
College voor toetsen en examens. Tabellen schaalscore per schooltype en brugklastype 2015 [tabels of scale scores
per school type and 1st grade type 2015]. https://www.centraleeindtoetspo.nl/media/uploads/files/cvte_tabellen_
schaalscore_per_schooltype_en_brugklastype_2015.pdf. Accessed June 29, 2015.
Zoega H, Rothman KJ, Huybrechts KF, et al. A population-based study of stimulant drug treatment of ADHD and
academic progress in children. Pediatrics. 2012;130(1):e53-62.
Schmitt J, Buske-Kirschbaum A, Roessner V. Is atopic disease a risk factor for attention-deficit/hyperactivity disorder?
A systematic review. Allergy. 2010;65(12):1506-1524.
Hak E, de Vries TW, Hoekstra PJ, Jick SS. Association of childhood attention-deficit/hyperactivity disorder with atopic
diseases and skin infections? A matched case-control study using the general practice research database. Ann Allergy
Asthma Immunol. 2013;111(2):102-106.e2.
Wilens TE, Biederman J, Brown S, et al. Psychiatric comorbidity and functioning in clinically referred preschool
children and school-age youths with ADHD. J Am Acad Child Adolesc Psychiatry. 2002;41(3):262-268.
Grizenko N, Bhat M, Schwartz G, Ter-Stepanian M, Joober R. Efficacy of methylphenidate in children with
attention-deficit hyperactivity disorder and learning disabilities: A randomized crossover trial. J Psychiatry Neurosci.
2006;31(1):46-51.

methylphenidate use and school performance among primary school children : a descriptive study

23. Cito. Terugblik en resultaten 2014 [review and results 2014]. http://www.cito.nl/onderzoek%20en%20wetenschap/
achtergrondinformatie/primair_speciaal_onderwijs/eindtoets_onderzoek_achtergrond. Accessed April 28, 2015.
24. Abikoff H, Hechtman L, Klein RG, et al. Symptomatic improvement in children with ADHD treated with long-term
methylphenidate and multimodal psychosocial treatment. J Am Acad Child Adolesc Psychiatry. 2004;43(7):802-811.
25. Vitiello B. Long-term effects of stimulant medications on the brain: Possible relevance to the treatment of attention
deficit hyperactivity disorder. J Child Adolesc Psychopharmacol. 2001;11(1):25-34.
26. Biederman J, Faraone SV. Attention-deficit hyperactivity disorder. Lancet. 2005;366(9481):237-248.
27. Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen SJ. Modifiers of long-term school outcomes for children
with attention-deficit/hyperactivity disorder: Does treatment with stimulant medication make a difference? results
from a population-based study. J Dev Behav Pediatr. 2007;28(4):274-287.
28. Frick PJ, Kamphaus RW, Lahey BB, et al. Academic underachievement and the disruptive behavior disorders. J Consult
Clin Psychol. 1991;59(2):289-294.
29. Barkley RA. Attention-deficit hyperactivity disorder: A handbook for diagnosis and treatment. Fourth ed. New York, NY: The
Guilford Press; 2014.
30. Gaub M, Carlson CL. Gender differences in ADHD: A meta-analysis and critical review. J Am Acad Child Adolesc
Psychiatry. 1997;36(8):1036-1045.
31. Gershon J. A meta-analytic review of gender differences in ADHD. J Atten Disord. 2002;5(3):143-154.
32. Statistics Netherlands. Children in stepfamilies underachieve on cito test. http://www.cbs.nl/en-GB/menu/themas/
onderwijs/publicaties/artikelen/archief/2013/2013-3815-wm.htm. Updated 2013. Accessed April 20, 2015.
33. Sonuga-Barke EJ, Brandeis D, Cortese S, et al. Nonpharmacological interventions for ADHD: Systematic review
and meta-analyses of randomized controlled trials of dietary and psychological treatments. Am J Psychiatry.
2013;170(3):275-289.

35

2

Chapter 3

36

IS ATOPIC MEDICATION A RISK FACTOR FOR
NON-ADHERENCE AND NON-PERSISTENCE OF
METHYLPHENIDATE IN CHILDREN?

Jurjen van der Schans, Pretty Kambira, Tjalling W. de Vries, Pieter J. Hoekstra, Eelko Hak

37

part

1, chapter 3

ABSTRACT
Background Recent studies have found an association between atopic diseases and
attention-deficit/hyperactivity disorder (ADHD). However, it is unclear what the effect is of
atopic medication on the continuation of methylphenidate treatment of ADHD.
Objective To assess the association between atopic disease and the length of treatment with
methylphenidate.
Methods A retrospective inception cohort study was conducted among methylphenidate
user in a representative medication prescription database. The cohort inclusion criteria were
children who received at least one methylphenidate prescription at age 4 – 17 years old. The
atopic group was defined as children who had received a prescription for an atopic disease in
the year before the start of the methylphenidate treatment. The non-atopic group was defined
as those without any atopic prescription in the database. Non-adherence and non-persistence
were based on the time deviation between two methylphenidate prescriptions from the
dosing as recommended by the physician (non-adherence a at least 30 days but no longer
than 6 months deviation and non-persistence a deviation of at least 6 months).
Result We identified 844 patients using methylphenidate with an history of atopic disease
and 1794 patients using methylphenidate without an history of atopy. There was no difference
in methylphenidate non-adherence between the atopic group and non-atopic group. The
independent hazard ratio for a history of atopic medication and methylphenidate nonpersistence was 1.15 (95% CI 1.02 – 1.29; p = 0.021) compared to controls, when adjusted for sex,
age, antidepressant, antipsychotic, and melatonin prescription, and dosage formulation.
Conclusion Our study provides evidence that an history of an atopic disease increases the risk
of methylphenidate non-persistence in children.
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INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a common childhood-onset
neurodevelopmental disorder with a worldwide prevalence between 3-7%.1 The disorder is
characterized by age inappropriate levels of inattention, hyperactivity, and/or impulsivity.2
Treatment options for ADHD include behavioral therapy and parent training, and different
types of medication.3 Medication should only be considered in individuals with severe
symptoms and impairment, or in those who did not respond sufficiently to psychological
treatment.3 Due to the chronic nature of ADHD, long-term therapy is often required. However,
medication has only proven efficacy on the short-term (up to two years).4 Nevertheless, clinical
decisions regarding the length of treatment with ADHD medication should be based on the
individual level.5 If untreated or sub-optimally treated, ADHD can lead to significant impairment
in academic, psychosocial, and professional development, but also problems with peer and
family relationships.6
Compliance to medication is a common problem and the adherence to treatment is
low especially on the long term.7 It is estimated that 75% of the patients discontinue their
medication within six months after initiation. After 12 months non-adherence or nonpersistence is as high as 84%, indicating that non-persistence increases over time.8,9 In general,
non-persistence of methylphenidate, the most commonly used drug for the treatment of
ADHD, can be explained by several reasons. ADHD symptoms may improve and therefore drug
medication is no longer necessary; the response to methylphenidate may be disappointing;
methylphenidate may have (serious) adverse events10; or non-persistence may be due to factors
inherent to ADHD (e.g., lack of structure). Factors such as comorbidities can influence the nonpersistence of ADHD treatment. Common comorbidities in patients with ADHD, like anxiety
disorder, tic disorders, oppositional-defiant disorder (ODD) and/or conduct disorder (CD), are
known for their association with decreased treatment adherence.11-14
Atopic diseases like asthma, allergic rhinitis, and atopic dermatitis have also been found to be
associated with ADHD.15-17 However, whether the presence of an atopic disease is a risk factor
for ADHD medication non-persistence, similar as the risk of psychiatric comorbidities on nonpersistence, is unclear. Therefore, the goal of this study was to assess the association between
atopic medication and the non-adherence and non-persistence of methylphenidate treatment.
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METHODS
Setting
This study was conducted using data from the IADB.nl database, a prescription database
from the University of Groningen in the Netherlands and has been previously described in
detail.18 The IADB database contains prescription data, with information on users, prescribers,
and costs of drug prescriptions. The data are collected from 60 community pharmacies in the
Netherlands. The catchment population of these pharmacies is approximately 600,000 patients.
Data from the pharmacies are available since 1999. Ethical approval for observational studies
with anonymized data from IADB.nl is waived in the Netherlands. The University of Groningen
IADB.nl prescription database collects and stores data according to the Dutch law on privacy.

Study population
The study population consists of all patients present in the IADB.nl database who met the
inclusion criteria of the study. The following inclusion criteria were used for patient selection; (1)
received at least one prescription of methylphenidate between January 1st, 1994 to December
31st, 2014, with no use of methylphenidate in the prior 365 days in order to only include
starters of methylphenidate. The date of the first prescription was set as the index date; (2) age
between 4 and 17 years at the index date; (3) followed-up at least 12 months after the index
date to a maximum of three years; and (4) already in the database at least a year prior to the
index date.

Definition of atopy
Presence of atopy was defined as being prescribed medication for asthma, atopic dermatitis,
and/or allergic rhinitis in the period of 12 months prior to the index date. The prescription
proxies that were used to define the atopic group in this study were defined according to the
ATC classification system and based on a validation study by Mulder et al.19, in which a positive
predictive value was found for the medication proxies on predicting the corresponding atopic
disease of up to 0.84. A history of asthma medication consisted of at least three prescriptions of
inhaled anti-asthma drugs (ATC code R03) or at least two prescriptions of inhaled corticosteroid
(ATC code R03AK and R03BA). For a history of atopic dermatitis medication least two
prescriptions of dermal steroids (ATC code D07) were required. A history of rhinitis medication
consisted of at least three prescriptions of systemic antihistamine (ATC code R06), or at least
three prescriptions of nasal antihistamine (ATC code R01AC), or at least two prescriptions of
nasal corticosteroid (ATC code R01AD). The non-atopic control group was defined as all children
who did not receive any medication for asthma, atopic dermatitis, and allergic rhinitis as
described above in the year before the index date.
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Definition of outcome
Non-adherence and non-persistence were based on the time deviation between two
methylphenidate prescriptions from the dosing as recommended by the physician or between
the last methylphenidate prescription and end of follow-up. The difference between the
outcomes depended on the length of the gap that was used. Non-adherence was defined
as a minimum gap of 30 days (but no longer than 6 months) between two prescriptions of
methylphenidate within the 3-year follow-up. Non-persistence was defined as a gap of at least
of 6 months calculated by either a gap between two prescriptions of methylphenidate within
the 3-year follow-up or between the methylphenidate prescription and the date when a
patient left the database.

Confounding
Concomitant medication use was also recorded per patient. Medications which are
potentially related to ADHD treatment or comorbidities included psychotropic medication
(antidepressants, clonidine, antipsychotics, antiepileptics, anxiolytics, melatonin, and
hypnotics), hypertension medication, diabetes medication, and dyslipidemia medication were
included as potential confounding factors in our analyses. These comorbidities’ prescriptions
were measured during the whole period of the follow-up in the database. Other confounders
that could contribute to methylphenidate non-persistence such as age (measured at index
date), sex, and the drug’s formulation for the first methylphenidate prescription was also
recorded.

Statistical analysis
Descriptive statistic was conducted for variables within the atopy and non-atopy groups. We
used student t-test and chi-square test to determine the differences between the atopic and
non-atopic group in continuous and categorical variables respectively. A multivariate logistic
regression was performed to obtain odds ratios (ORs) with their corresponding 95% confidence
intervals (CIs) for the non-adherence of the atopic and non-atopic groups. Kaplan-Meier
analysis was used to analyze the survival rate of methylphenidate non-persistence between
the two groups. Additionally, Cox-regression analysis was used to calculate the hazard ratios
(HRs). Multivariate regression was applied to explore the association between each covariate
and methylphenidate non-persistence, and to control for confounding factors. HRs with 95%
confidence intervals (CIs) were presented. SPSS version 23 was used for the statistical analyses.
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RESULTS
In total, there were 2,638 patients included from the IADB.nl database. Among these patients,
844 patients were included in the atopic cohort and 1794 patients in the non-atopic cohort.
The demographic characteristics of the patients in the atopic and non-atopic groups are
shown in Table 1. In the atopic group, 525 patients (62.2%) received asthma medication, 247
patients (29.3%) received atopic dermatitis medication, and 192 patients (22.7%) received
rhinitis medication. Furthermore, 737 patients (87.3%) had a prescription for one atopic
disease, 94 patients (11.1%) for two atopic diseases and 13 patients (1.5%) for all three atopic
diseases. The patients with a history of atopic medication use were younger when they started
methylphenidate treatment than patients without use of atopic medication. Concomitant
prescriptions such as antidepressant, antipsychotics, antiepileptic, anxiolytic, melatonin, other
hypnotics, and hypertension medication were more common in the atopic group compared to
the control group.
Table 1 Baseline characteristics of the atopic and non-atopic cohort of children on
ADHD-medication in the IADB.nl database
Atopic
Yes ( n = 844)
N
Age at index date (mean (sd)

Sex (female)

%

9.33 (3.47)
209

No ( n =1,794)
N
9.97 (3.46)

24.8

P value

%
<0.001a

433

24.1

0.726b

Concomitant prescription Psychotropic medication
Antidepressant

91

10.8

147

8.2

0.030b

Clonidine

11

0.3

10

0.6

0.044b

Antipsychotics

217

25.7

352

19.6

<0.001b

Antiepileptic

29

3.4

33

1.8

0.012b

Anxiolytic

101

12.0

106

5.9

<0.001b

Melatonin

99

11.7

117

6.5

<0.001b

Other hypnotics

125

14.8

158

8.8

<0.001b

Hypertension medication

51

6.0

56

3.1

<0.001b

Diabetes medication

6

0.7

11

0.6

0.770b

Dyslipidemia medication

2

0.2

2

0.1

0.440b

Drug Formulation at therapy initiation

a
b

42

Immediate release

792

93.8

1662

92.6

Extended release

52

6.2

132

7.4

Student’s t-test
Pearson chi-square test

0.260b
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The logistic regression analysis showed that there was no difference in non-adherence
between the atopic group and non-atopic group (ORs 1.0 (95% CI 0.8 – 1.3; p=0.8)) over the
three year follow-up after controlling for sex, age, antidepressant prescription, melatonin
prescription and dosage formulation. The rates of non-adherence with methylphenidate
declined over the three years follow-up after the index date. The declining non-adherence rate
among both groups was similar and did not differ significantly. More than half (>50%) of the
patients in both groups were not persistently using methylphenidate within 6 months after the
initiation of therapy.
In our non-persistence analysis, the Kaplan–Meier survival curve estimated that children
with atopic medication had a significantly higher risk of methylphenidate non-persistence
compared to the control group (p < .017) (Figure 1). The crude hazard ratio was estimated to
be 1.15 (95% CI 1.02 – 1.28; p=0.017). The adjusted hazards ratio of the multivariate analysis are
shown in table 2.
Table 2 Risk of methylphenidate non-persistence in children during the 3-year follow-up
Variable
Atopic medication

Sex (female)
Adolescence
(13 – 17 years old at index date)
Concomitant medication use

Hazard Ratio (95% CI)

p-value

1.15 (1.02 - 1.29)

0.021

1.21 (1.07 - 1.36)

0.003

2.15 (1.72 - 2.68)

<0.001

Antidepressant

1.35 (1.14 - 1.60)

0.001

Antipsychotics

1.5 (1.31 - 1.70)

<0.001

0.67 (0.53 - 0.84)

0.001

1.33 (1.07 - 1.66)

0.010

Melatonin
Immediate release formulation
methylphenidate
Abbreviations: CI, confidence interval
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Figure 1 Survival curve of methylphenidate non-persistence in the atopic and nonatopic group during the 3-year follow-up

DISCUSSION
Our results show that atopic medication use does not significantly affect the non-adherence
rate of methylphenidate use. However, having a history of atopic medication increased the risk
of non-persistence of methylphenidate therapy.
To the best of our knowledge this is the first study looking into the association of atopic
medication use and non-persistence of methylphenidate treatment. In general, non-adherence
and non-persistence rates were high and comparable with literature.8,9 There could be
several reasons why individuals with a history of an atopic disease would have a higher risk to
discontinue their methylphenidate treatment.
A first reasons may lie in the concomitant use of multiple drug regimens. It has been shown
that multiple pill-regimens and comorbidities increase the risk of treatment non-adherence
and treatment non-persistence.12,20 In our study, medication use related to comorbid disorders,
like antidepressants or antipsychotics, also increased the risk of methylphenidate nonpersistence. When individuals with methylphenidate treatment also have to adhere to atopic
treatment this could increase the likelihood of non-persistence in treatment, as a consequence
of the multiple pill-regimens.
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As a second reason for earlier non-persistence of methylphenidate, the association of atopic
medication use and methylphenidate non-persistence could have occurred because of
the interaction between concomitant atopic disease medication and methylphenidate.
Several atopic medications have an interaction with methylphenidate, e.g., budesonide, and
salmeterol. Both the atopic drugs and methylphenidate increase blood pressure and heart
rate. Therefore, concomitant use can enhance the effects of both drugs on the cardiovascular
system. Based on this interaction, we can assume that one reason why having a history of
atopic disease drug prescription is associated with earlier methylphenidate non-persistence is
because it enhances the adverse events of methylphenidate. However, this does not apply to
all atopic drug prescriptions.
In addition to an effect of atopic medication on earlier methylphenidate non-persistence
an increased risk was observed on methylphenidate non-persistence for sex and adolescence.
Also the use of immediate release formulations of methylphenidate was associated with earlier
methylphenidate non-persistence compared to the extended release formulations. Previous
studies showed that older age is related to earlier treatment non-persistence due to an
association with remission of symptoms and to an association with poor compliance.14,21 Also
multiple daily doses are often related to treatment non-persistence due to poor adherence and
decrease in treatment effectiveness.22 A large cohort study also found an association of female
sex with the non-persistence of methylphenidate.23
Although this is the first study assessing the risk of methylphenidate non-persistence and
the association with atopic medication, the results of this study must be considered in the
context of its strength and possible limitations.
The strength of our study was the use of the IADB.nl database, which is a large populationbased prescription database. Almost complete records of prescription are available because
Dutch inhabitants normally only register at one pharmacy. The advantage of using the
database is the absence of recall bias with respect to medication prescription use during
childhood.
Despite this strength, potential limitations must be considered when interpreting the results.
Because only prescription data are available, we did not have information about diagnosis or
indications for the medication use. This makes the interpretation concerning the effect of either
the medication use or the underlying comorbid disorder impossible. Moreover, the reason why
patients discontinue their medication is not available, therefore we did not know whether nonpersistence happened because of either positive or negative effects of the drugs. Consequently,
the study-design restricts us to find out what the underlying mechanism of the association
between the atopic medication use and methylphenidate non-persistence is.
Although we were able to control for potential confounders, we cannot exclude the
possibility of other unmeasured confounding. In addition, there is a possibility that selection
bias occurred in this study. According to Mulder et al, the proxies which are used to define
the specific atopic disease have low sensitivity to include all atopic patients from the
prescription database. This has resulted in the fact that a part of the methylphenidate users
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with an atopic disease were not included in our exposed group and could have resulted in an
underestimation of our results.
Since we defined the exposed time of atopic medication use within one year before the
index date, the development of the atopic disease and the corresponding medication use
after the initiation of methylphenidate therapy was unknown. Therefore, the results of this
study only provide information about the association of an history of atopic medication use
and methylphenidate non-persistence. Although a history of atopic medication is a prediction
of current medication use, it is not possible to generalize our results to individuals with the
concomitant medication use of both atopic drug and methylphenidate.
Concluding, our study provides evidence to support the hypothesis that atopic disease
increases the risk of methylphenidate non-persistence in children. Based on these findings,
physicians should be aware of a patients’ history of an atopic disease in the management of
ADHD. Further research is needed to investigate the underlying mechanism of having an atopic
disease and the consequences for ADHD and the related methylphenidate use.
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ABSTRACT
Background Attention-Deficit/Hyperactivity Disorder (ADHD) is a common psychiatric
disorder in children and adolescents. Immediate-release methylphenidate (IR-MPH) is the
medical treatment of first choice. The necessity to use several IR-MPH tablets per day and
associated potential social stigma at school often leads to reduced compliance, sub-optimal
treatment, and therefore economic loss. Replacement of IR-MPH with a single-dose extended
release (ER-MPH) formulation may improve drug response and economic efficiency.
Objective To evaluate the cost-effectiveness from a societal perspective of a switch from IRMPH to ER-MPH in patients who are sub-optimally treated.
Methods A daily Markov-cycle model covering a time-span of 10 years was developed
including four different health states: (1) optimal response, (2) sub-optimal response, (3)
discontinued treatment, and (4) natural remission. ER-MPH options included methylphenidate
osmotic release oral system (MPH-OROS) and Equasym XL/Medikinet CR. Both direct costs and
indirect costs were included in the analysis, and effects were expressed as quality-adjusted life
years (QALYs). Univariate, multivariate as well as probabilistic sensitivity analysis were conducted
and the main outcomes were incremental cost-effectiveness ratios.
Results Switching sub-optimally treated patients from IR-MPH to MPH-OROS or Equasym XL/
Medikinet CR led to per-patient cost-savings of €4200 and €5400, respectively, over a 10-year
treatment span. Sensitivity analysis with plausible variations of input parameters resulted in
cost-savings in the vast majority of estimations.
Conclusion This study lends economic support to switching patients with ADHD with
suboptimal response to short-acting IR-MPH to long-acting ER-MPH regimens.
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BACKGROUND
Attention-Deficit/Hyperactivity Disorder (ADHD) is a common psychiatric disorder, mostly seen
and diagnosed in children and adolescents with a prevalence around 6%.1 Academic failure,
poor self-esteem, and troublesome peer and family relationships are associated with ADHD
and patients are often diagnosed with one or more co-occurring psychiatric disorders.2 The
majority of diagnosed children and adolescents continue to have impairing symptoms into
adulthood.3 The treatment of ADHD consists of behavioral treatments or pharmacotherapy,
alone or in combination.4 Cost-effectiveness of pharmacotherapy was proven5 higher when
compared to behavioral treatments. Combined pharmacotherapy and behavioral therapy is
less cost-effective due to the large increase in costs associated with behavioral treatments5,
although a combination of psychotherapy and pharmacotherapy could be cost-effective in the
case of ADHD and comorbid disorders5.
Psychostimulants present the most commonly used pharmacotherapy. Immediate-release
methylphenidate (IR-MPH) is a psycho-stimulant drug indicated for the treatment of ADHD
and is the medicine of first choice in most guidelines.6 Although the methylphenidate has a
well-established short term effectiveness in reducing the core symptoms of ADHD compared
to placebo treatment, the effectiveness in the long term (>2 years) is still uncertain.7 In a
follow-up of the Multimodal Treatment Study of Children with ADHD (MTA-study), reduced
longer term stimulant medication effectiveness was associated with decreasing adherence
to the pharmacotherapy.8 It has been suggested that inconvenience, including the frequent
administration, the social stigma in cases of in-school administration and the possibility of
drug diversion due to multiple dosings per day may contribute to poor patients’ compliance to
IR-MPH.9 It is estimated that almost 42% of the IR-MPH-treated patients with ADHD are suboptimally treated due to numerous reasons including reduced adherence.2
By replacing a short-acting MPH with a single dosage extended-release formulation,
adherence may be improved, which may lead to better health and economic outcomes.10,11
Duration of action of extended-release methylphenidate differs among the available products
and ranges from 6 to 12 hours, which is considerably longer compared to IR-MPH of which
the duration of effect ranges from 3 to 5 hours.12 Extended-release psycho-stimulants were
introduced in the Netherlands in 2003 and since then, their use has been steadily increasing.13
It has been estimated that in 2006 approximately 30% of all MPH prescriptions were extendedrelease MPH (ER-MPH).13 An earlier cost-effectiveness analysis from our group reported that
switching sub-optimally treated youths to long-acting methylphenidate osmotic release oral
system (MPH-OROS) was cost-effective, but not cost-saving.2 In our previous economic analysis,
we only included the direct costs of ADHD.2 However, in a recent review, Le et al.,14 showed that
in addition to direct costs, ADHD results in a considerable amount of indirect costs. The aim of
the present study was to conduct an updated economic evaluation of the use of ER-MPH in
patients who were sub-optimally treated with IR-MPH, and to compare switching to ER-MPH
preparations with the continued use of IR-MPH from a societal perspective.
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METHODS AND DATA
Economic model
The economic model of this study was based on the Markov model reported by Faber et al.2.
This model was based on (1) assumptions of an expert panel, consisting of three paediatricians
and two child psychiatrists, all specialised in ADHD and (2) peer reviewed scientific data.
We further refined this previously developed Markov model15 in which costs and outcomes
of a hypothetical cohort of 1,000 patients with ADHD were simulated. For the model, we
considered only patients who were sub-optimal responders to IR-MPH treatment due to
adherence problems with the multiple doses short-acting regimen (3-5 hours) (see Fig. 1).
The model assessed the costs and outcomes of sub-optimally treated patients with ADHD
switching to ER-MPH, i.e., MPH-OROS, Equasym XL, or Medikinet CR, compared to sub-optimally
treated patients with ADHD remaining on IR-MPH. Direct and indirect costs were estimated
and outcomes were measured in terms of quality-adjusted life years (QALYs). Equasym XL
and Medikinet CR were grouped together because of similar costs/mg in the Netherlands.
The model produced incremental cost-effectiveness ratios (ICERs) reported in net costs per
QALY. The time horizon of the model was up to 10 years capturing the time interval between
the recognition of ADHD at school age (around age 8) until patient’s adulthood; i.e., in the
current study potential continuation of ADHD into adulthood was not considered. A societal
analytic perspective was selected in order to encompass the wider economic consequences of
ADHD to children and their parents, in line with the Dutch guidelines for pharmaco-economic
research.16 According to these same guidelines, all future costs were discounted at 4% and
future outcomes at 1.5%.
An illustration of the economic model developed is presented in Figs.1-3. A decision tree
was developed to simulate the first two months of the analysis with sub-optimally treated
patients entering the model. The first two-month period was considered the time interval
during which a patient was identified either as a true non-responder to MPH (17.0%)2 or as a
potential responder, but with compliance being the essential problem (83.0%). The group of
potential responders was subsequently considered to enter the 10-year Markov model (Figs.
2-3). Once in the Markov model the IR-MPH and ER-MPH cohorts could progress to four states:
(1) staying a sub-optimal responder, i.e. only partial attainable reduction of ADHD symptoms
due to ongoing adherence problems, (2) becoming an optimal responder, i.e. maximum
attainable reduction of ADHD symptoms given an optimal adherence, (3) discontinuing
treatment, i.e. stopping treatment despite the perseverance of ADHD symptoms or (4) going
into natural remission, i.e. remission of ADHD symptoms even in the absence of treatment.
The results of an expert panel consultation were used as reported in the Faber et al. study
to determine the use of psychosocial interventions, consultations and special education
of patients optimally responding to MPH, suboptimal responders and patients who have
discontinued treatment. It was assumed that by switching from IR-MPH to ER-MPH, 83.6%
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would become an optimal responder, in line with Gau et al.17 since a European source was
not available. Ergo, 16.4% of the patients switching from IR-MPH to ER-MPH were considered
not to benefit from the switch.17 This differed from the original model by Faber et al.2 where
100% of the patients would become an optimal responder. Each patient could stay in the
optimal responder stage, could become a sub-optimal responder due to adherence problems,
discontinue the treatment, or go into natural remission. The transition from optimal to
suboptimal treatment was not included in the IR-MPH model due to lack of data. As stated,
the Markovian transition probabilities used in the model were obtained from the previous
economic evaluation of ER-MPH reported by Faber et al.2 (Figs.2-3). An additional probability of
restarting treatment after discontinuation, i.e., the transition between discontinuing treatment
to becoming an optimal responder, was investigated to reflect all potential real-life treatment
trajectories and outcomes. The probability of restarting treatment in either the IR-MPH or the
ER-MPH group was not included in the previous model by Faber et al.
Restarting treatment was defined as a gap of six months or more between prescriptions.
In the first year after stopping the treatment, restarting rate was estimated at 11% as derived
from Wong et al.18. In the second year, a 4% probability was used (derived from the cumulative
percentage of 15% probability in two years). In the third and fourth year, an increase of 3%
was modelled until the maximum of 18% would be reached.18 All annual percentages were
converted into daily probabilities to be in line with the model structure. In the last six years of
the model there was no likelihood of restarting the pharmacological treatment.
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Figure 1. Decision tree of the exploratory initial two-month phase prior to the Markov
model.

a. Source: Expert panel Faber et al. (2008)2
b. Source: Expert panel Faber et al. (2008)2
c. Source: Gau et al. (2008)17
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Figure 2. Markov model IR-MPH treatment with daily transition probabilities and
utilities on an annual basis (QALY).

4

QALY = Quality adjusted life years
a Source: Lloyd et al. (2011)19
b Source: Wong et al. (2009)18
c Source: Expert panel Faber et al. (2008)2
d Source: Faber et al. (2008)2
e Source: Biederman et al. (2000) 20
f Source: Remaining probabilities
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Figure 3. Markov model ER-MPH treatment with daily transition probabilities and
utilities on an annual basis (QALY).

QALY = Quality adjusted life years
a Source: Lloyd et al. (2011)19
b Source: Wong et al. (2009)18
c Source: Expert panel Faber et al. (2008)2
d Source: Faber et al. (2008)2
e Source: Steele et al. (2006) 21
f Source: Biederman et al. (2000)20
g Source: Remaining probabilities

Base case costs and outcomes
By building on the previously mentioned model and cost estimates used in the Faber et al.
study the current economic evaluation study integrated the direct and indirect costs of ADHD
with the most recent economic and clinical literature. Direct costs (consultation, intervention,
and special education costs) of this study were derived from the economic analysis of Faber et
al.2. An inflation adjustment was applied to convert the costs to 2013 prices. Pharmacotherapy
list prices were obtained from CVZ.22 In order to quantify the medication costs of each
treatment, an epidemiological database research was performed. Information on drug use was
obtained from the IADB.nl database, containing pharmacy-dispensing data from community
pharmacies in the northern and eastern part of the Netherlands. Dutch patients usually register
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at a single community pharmacy and therefore this pharmacy can provide an almost complete
listing of the subject’s prescribed drugs.23 The database covers a population of 500,000 people
since 1999. A part of the data goes back to 1994. The daily dosing of both the IR-MPH and
ER-MPH formulations was determined following the IADB study population (8-18 years old)
between January 2007 and December 2011. The average daily dose of the MPH formulations
was calculated per age group.
The indirect costs reported by Hakkaart-van Roijen et al.24 (as recently re-analyzed by Le et
al.14) were added to incorporate the broader societal economic consequences of ADHD. In the
Hakkaart-van Roijen et al. study both the direct and indirect costs of ADHD were reported;
however, pharmacotherapy costs were not taken into account. Notably, we only used the
indirect costs due to ADHD symptoms from this study and compared these costs to indirect
costs made by patients without ADHD. In order to attribute the reported indirect costs to
each health state, weighting based on the ratio of direct costs of the different health states, as
assessed by the expert panel, was done. First, patients discontinuing treatment were attributed
a weight of 100%; next, patients optimally responding to treatment were weighted with 21.7%
and patients with a suboptimal response were assigned a weight of 42.9%. The corresponding
annual indirect costs due to direct medical costs of the mother and reduced costs due
to absenteeism and reduced efficiency at work were €2,517, €546 and €1,081 for patients
discontinuing treatment, patients with optimal and sub-optimal response, respectively.
QALYs were calculated from a study reporting utility weights for validated health states
based upon trial data and qualitative information from children with ADHD.19 Thus, the health
state descriptions reflected actual patients’ and parents’ experiences. The study derived utility
weights for each health state from the general public using the time trade-off (TTO) method,
in which the value is determined by the choice of trading length of life for quality of life. The
assessment of utility weights from the general public is encouraged by most decision makers
such as the UK’s National Institute for Clinical Excellence (NICE).25 The utilities per health state
are presented in Figs. 2-3 as well.

Scenario and sensitivity analysis
Deterministic univariate sensitivity analysis was performed on all model’s parameters using
a variation range of ±25%. In addition, multivariate sensitivity analysis was performed in
which the worst-case parameter values for the ER-MPH (with respect to cost-effectiveness)
were analysed. The worst-case scenario consisted of a 25% reduction of all costs, combined
with a 25% increase in the costs of the ER-MPH formulations, a reduction of 25% of use
of consultation, interventions, and special education in the suboptimal response and
discontinuing treatment state, a 25% increase in transition probability of suboptimal response
to optimal response in the IR-MPH model, and a 25% increase in transition probability of
optimal response to suboptimal response and discontinuing treatment in the ER-MPH model.
Furthermore, in order to assess the variation of effectiveness of switching from IR-MPH to
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ER-MPH, a scenario was run considering the non-effective group of switchers as being restarters. A probabilistic sensitivity analysis (PSA) was also performed by assigning probability
distributions to the different parameters of the model. The distributions of the original studies
were used for the effects and transition probabilities, if available. Cost ranges were identified
using the expert panel.2 Common distributions used in a probabilistic sensitivity analyses
of similar cost-effectiveness studies were used.26 The gamma distribution was used for the
costs and utilities. The beta distribution was used for the transition probabilities and the
normal distributions for the expert panel consultation results. The results of the PSA were
summarised in a cost effectiveness plane. In the PSA an overlap of the QALY distributions may
result in suboptimal treatment having more effect than optimal treatment. Although in a few
cases this may be possible, we assumed that this was not possible for the vast majority of the
cohort. Also, whenever this would be the case in real life, it would rather have resulted from
occurrences beyond the types modelled in our design. Therefore, the assumption of a fixed
sequence was used. Whenever the sequence of QALYs did not match the sequence: “optimal
treatment outcomes > suboptimal treatment outcomes > treatment discontinuation’’, the
simulation was replaced. By assuming a fixed sequence we implied that treating a patient
optimally is always better than suboptimal treatment and suboptimal treatment is better than
treatment discontinuation, which seems a logical sequence within the approach from a pure
pharmaceutical perspective being chosen.

RESULTS
Base-case cost effectiveness
Table 1 illustrates the costs and consequences of the analyses and the 95%-confidence
intervals (95%CI). Notably, both long-acting treatment options investigated were estimated to
render cost savings of €4200 to 5400 per patient over the 10-year period investigated.
Compared to the IR-MPH, MPH-OROS resulted in cost savings and QALY gains. Hence, the
results suggest that MPH-OROS is a cost-effective option in patients sub-optimally treated
with IR-MPH who switch to MPH-OROS. The comparison of MPH-Equasym XL/Medikinet
CR with IR-MPH produced a better result, again showing cost-effectiveness of long-acting
pharmacotherapies over IR-MPH. The incremental cost-effectiveness ratio vs. IR-MPH is
therefore dominant for both MPH-OROS and Medikinit CR/Equasym XL given that the
intervention is cost-saving with a net positive health gain.
The resulting amounts of cost-savings were mainly explained by the differences in costs of
medication and by differences in indirect costs, special education costs, consultation costs and
intervention costs. Medication costs in the MPH-OROS and Equasym XL/Medikinet CR longacting pharmacotherapies were up to four times higher than for IR-MPH. Yet, indirect costs,
consultation costs and special education costs accrued to higher total costs for IR-MPH.
Without the indirect costs, responsible for most of the difference between the IR-MPH and
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ER-MPH scenarios, the difference between both treatments was still cost saving in favor of the
ER-MPH treatment (MPH-OROS € -1,099, 95%CI: € -2,071 - € 98).
The base case results suggested that substantial cost-savings could be produced by switching
sub-optimally treated patients with IR-MPH to long-acting pharmacotherapy. Assuming an
ADHD population medicated with IR-MPH of 36,000 in a population of 3 million children and
adolescents in the Netherlands13,27, it is estimated that savings of up to €67 million may accrue
over a 10-year period (when assuming a 42% suboptimal response population of IR-MPH
treated patients with ADHD and 83% MPH responders (see Fig. 1)) (=36,000 * 42% * 83% * costs
saved/patient/10 years).
Table 1. Markov model results of base case analysis per switcher per 10 years.
IR-MPH

MPH-OROS

Medikinit CR/
Equasym XL

Medication costs

€ 769
(€573 - €966)

€ 3,187
(€ 2,248 - € 4,144)

€ 1,977
(€1,425-€2,516)

Consultation costs

€ 4,496
(€3,413-€5,312)

€ 3,854
(€2,897-€4,685)

€ 3,854
(€2,897-€4,685)

Intervention costs

€ 5,228
(€4,233-€5,966)

€ 4,087
(€3,236-€4,752)

€ 4,087
(€3,236-€4,752)

Special education

€ 6,547
(€4,282-€8,952)

€ 4,740
(€2,852-€6,768)

€ 4,740
(€2,852-€6,768)

Indirect costs

€ 9,404
(€6,852-€11,683)

€ 6,267
(€3,921-€8,383)

€ 6,267
(€3,921-€8,383)

€ 22
(€18-€25)

€ 93
(€70-€112)

€ 62
(€48-€75)

Total costs

€ 26,464
(€20,897-€31,172)

€ 22,229
(€17,191-€26,432)

€ 20,988
(€16,155-€25,151)

Total QALYs

6.855
(4.852-8.613)

7.173
(5.253-8.830)

7.173
(5.253-8.830)

€ 3,861
(€2,714-€5,562)

€ 3,099
(€2,089-€4,366)

€ 2,926
(€2,848-€3,075)

-€ 4,235
(€-2,904- €-5,335)

-€ 5,477
(€-4,394- €-6,268)

0.318
(0.053-1.285)

0.318
(0.061-1.313)

Costs and outcomes

Non-responder costs

Costs per QALY
Cost difference vs. IR-MPH
QALYs difference vs. IR-MPH

IR-MPH = Immediate-release methylphenidate
MPH-OROS = Methylphenidate osmotic release oral system
QALY = Quality adjusted life years
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Scenario and sensitivity analysis
The univariate sensitivity analysis showed that in the vast majority of estimations,
switching patients with ADHD who are sub-optimally treated with IR-MPH to a long-acting
pharmacotherapy saved costs and was more effective. The parameter which appeared to
alter these results was the percentage of patients benefiting from switching from IR-MPH
to one of the available ER-MPH regimens. Yet, even when lowering this percentage from
83.6% to 41%, the ICER still indicated cost-effectiveness and cost-saving for all long-acting
pharmacotherapies.
Also in the worst case scenario (see methods) for the ER-MPH treatment, all ER-MPH
pharmacotherapies remained cheaper and more effective. Cost-savings of € 519 and € 257
were estimated for MPH-OROS and the other two available long-acting pharmacotherapies,
respectively, compared to the IR-MPH treatment. All ER-MPH treatments still resulted in QALY
gains of 0.08 compared to the IR-MPH treatment.
The results of the sensitivity analyses are given in Figs. 4-7 and presented as the difference in
costs and effect compared to the IR-MPH group. Fig. 4 and Fig. 6 show the effect on costs and
effects, respectively, when varying the different parameters with 25%. Fig. 5 and Fig. 7 show
the effect on costs and effects respectively when applying different scenarios to the model.
The results of the probabilistic sensitivity analysis are presented in Fig. 8 for MPH-OROS, with
again very similar results for two ER-MPH products that we analyzed.
The probabilistic sensitivity analysis of the other two ER-MPH treatments was similar to the
MPH-OROS treatment except for the higher cost-savings compared to the base case due to the
lower pricing of the products. The 90% confidence box shows a differential effect ranging from
0.063 to 1.287 QALYs. The cost difference ranged from € -4,402 to € -6,267.
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Figure 4. Effect of the univariate sensitivity analyses on the outcome of costs (€)
(IR-MPH vs ER-MPH). Illustrative result for ER-MPH, example of MPH-OROS.

4

tp = transition probability, SR = suboptimal response, OR = optimal response, DT = discontinuing treatment,
NR = natural remission, IR-MPH = immediate release methylphenidate, ER-MPH = extended release
methylphenidate.

Figure 5. Effect of the scenario analyses on the outcome of costs (€) (IR-MPH vs ERMPH). Illustrative result for ER-MPH, example of MPH-OROS.

tp = transition probability, SR = suboptimal response, OR = optimal response, DT = discontinuing treatment,
NR = natural remission, IR-MPH = immediate release methylphenidate, ER-MPH = extended release
methylphenidate.
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Figure 6 Effect of the univariate sensitivity analyses on the outcome of effect (QALY)
(IR-MPH vs ER-MPH). Illustrative result for ER-MPH, example of MPH-OROS.

tp = transition probability, SR = suboptimal response, OR = optimal response, DT = discontinuing treatment,
NR = natural remission, IR-MPH = immediate release methylphenidate, ER-MPH = extended release
methylphenidate.

Figure 7 Effect of the scenario analyses on the outcome of effect (QALY) (IR-MPH vs
ER-MPH). Illustrative result for ER-MPH, example of MPH-OROS.

tp = transition probability, SR = suboptimal response, OR = optimal response, DT = discontinuing treatment, NR =
natural remission, IR-MPH = immediate release methylphenidate, ER-MPH = extended release methylphenidate.
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Figure 8. Cost and effect differences of probabilistic sensitivity analysis in costeffectiveness plane and 95% confidence interval (Illustrative result for ER-MPH,
example of MPH-OROS).

4

QALY = Quality adjusted life years

DISCUSSION
This cost-effectiveness analysis in children and adolescents with ADHD shows that switching
sub-optimally treated patients from short-acting IR-MPH to long-acting ER-MPH is highly
likely to result in societal cost-savings while increasing quality of life. Our results were mainly
influenced by the actual price of the products on one hand and the estimated indirect cost
savings and lowered special education costs on the other hand. Considering the fact that a
generic form of the MPH-OROS has entered the market has significantly improved the costeffectiveness of ER-MPH compared to the short acting MPH.
When varying the parameters of the model the results suggested that ER-MPH remained a
cost-saving option in the vast majority of the scenarios analysed. The parameter, which could
change the direction of the results, is the degree of patients for whom switching from IRMPH to ER-MPH is beneficial. The threshold analysis showed that if the percentage of patients
benefiting from the switch is below 40.8%, less QALYs are produced, whereas cost savings still
remain. Although there is scarce evidence showing the benefit of switching sub-optimally
treated patients from IR-MPH to ER-MPH, it seems unlikely that this relatively low threshold will
be reached considering the sub-optimal state is caused by the daily multiple dose regimen.
The database research showed that medication doses of the long-acting MPH were higher
than the short-acting variants. This is a trend also seen in the OBSEER study28 and may be
responsible for the better treatment response. Increasing dosing of IR-MPH as an alternative to
switching to ER-MPH will likely only increase the non-compliance of patients and thus may in
the end be less effective than the higher dosing long-acting MPH.
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A limitation of the used model was that we did not take into account the fact that ADHD
is often a co-morbid disorder, and other diseases such as psychiatric disorders29 but also
atopic diseases may be present as well.30 Suboptimal treatment due to co-morbid disorders
could cause an overestimation of the adherence problems and thus overestimate the effect
of switching to ER-MPH. Also the possibility of diversion and abuse was not considered in
this model although it is expected that single-dose ER-MPH regimens are less likely to be
misused.31 Furthermore, the utilities used in our model differ from the utility weights used by
Faber et al.2 The latter study did not take the general public’s preferences into account and
health states were assessed based on parental rating.32 In this respect, we would argue that
our analysis adheres to the most recent insights into this topic. Finally, our model was based
on assumptions of an expert panel and not on real data. Although our sensitivity analyse have
indicated the robustness of the model outcome under different scenarios, ultimately it should
be acknowledged that the assumptions of the expert panel have been subjective.
The transition from optimal treatment to suboptimal treatment is not possible in the IRMPH treatment pathway because of a lack of data on this matter. When including this transition
this would be in favour of the ER-MPH treatment because of a higher amount of suboptimally
treated patients in the IR-MPH treatment pathway. Thus, we would argue that despite this lack
in the model, the model tends to estimate savings and QALY gains conservatively, according to
common practice in pharmacoeconomic research.
Transition probabilities of being non-compliant in the ER-MPH group is lacking for longer
follow-up times. It was assumed that the 8-week compliance was similar to the 10- year model
compliance but it is likely that the compliance will worsen over the timespan of 10 years.
However, our sensitivity analysis showed that with a linear decline to a daily non-compliance
probability of 0.9 in the tenth year our model was still cost saving while QALYs were gained
compared to IR-MPH treatment.
Also, the model is restricted to an up to 10-year timespan until adulthood is reached.
Although it is uncertain what the effects will be of switching to ER-MPH into adulthood, it is
likely that there will not be a negative effect compared to IR-MPH and a longer timespan will
only strengthen the effect of switching to ER-MPH. Despite ADHD being a chronic disorder, the
base case of the ADHD treatment duration could also be less than the assumed 10 years due to
the fact that the effectiveness and adherence after 2 years is still uncertain8 and many patients
in clinical practice do not13 and should not receive medical treatment for such a long time span.
Although the 9, 5 and 1 year timespan of the model in the scenario analysis show a reduction
in costs savings and effect gaining, the main outcome of the model remains cost-effective
compared to the IR-MPH treatment.
More extensive research into (non-)compliance in ER-MPH treatment will help to further
improve this aspect in our model. A final limitation relates to the general ‘memory-less’ feature
of a Markov modelling approach. Hence, patients with ADHD, who discontinued treatment,
restart treatment in the optimal group but are more likely to stop treatment again or be noncompliant, cannot explicitly be taken into account in this study, whereas in real-life practice it
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can actually lead to lower effectiveness of switching. This may also apply to the sub-optimally
treated patients who are non-compliant to the treatment. Future research should focus on
collecting pragmatic evidence on the reasons of poor compliance in ADHD, on presence of comorbid conditions that may also benefit from beneficial ADHD treatment, and evidence on the
effectiveness of switching to ER-MPH.

CONCLUSIONS
This study showed that the long acting ER-MPH results in costs up to four times higher than
the short acting IR-MPH. Despite the higher costs, the longer-term economic analysis suggests
that switching sub-optimally treated patients from IR-MPH to ER-MPH is very likely to be costsaving and more effective.
The results of this analysis suggest that over a period of 10 years, considerable cost-savings
may be produced for the society and the health-care system. Further research is needed to
quantify, based on real-life data, the extent of compliance problems with IR-MPH and the
effectiveness of switching to ER-MPH. Such evidence will inform the measurement of the
economic impact on both national and European health budgets.
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ABSTRACT
Background Data on the association between atopic diseases and attention-deficit/
hyperactivity disorder (ADHD) have been inconclusive.
Objective We assessed whether children with drug treated ADHD are more likely to receive
treatment for asthma, allergic rhinitis, or eczema prior to the start of the ADHD medication
compared to controls. Secondly, we assessed the effect of parents receiving medication for
ADHD and atopic diseases on receiving ADHD medication in their offspring.
Methods We conducted a retrospective nested case-control study among children (6-12 years
of age) using the Groningen University prescription database (IADB.nl). Cases were defined as
children with at least two prescriptions of methylphenidate within 12 months. For each case,
four controls were matched on age, gender, and regional area code. Parental prescription data
were linked to cases and controls to assess the influence of parents receiving medication for
ADHD and atopic diseases on receiving ADHD medication in their offspring.
Results We identified 4257 cases and 17,028 matched controls. Drug treatment for asthma,
allergic rhinitis, and eczema was more common in cases than controls (adjusted odds ratios
[aOR] 1.4, 95%CI: 1.3-1.6; 1.4, 95%CI: 1.1-1.8; and 1.3, 95%CI: 1.1-1.5, respectively). Medication
for allergic rhinitis and asthma among parents was associated with ADHD treatment in their
children (aOR=1.3, 95%CI: 1.1-1.5; 1.2, 95%CI: 1.1-1.3, respectively).
Conclusion This study provides further evidence to support the hypothesis that atopic
diseases are associated with ADHD. The parental-offspring association suggests a possible
genetic and/or environmental component.
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INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a common behavioural disorder with
onset in late childhood.1 On the basis of several studies, the estimated worldwide prevalence
rate of ADHD varies between 4% and 12%, with a 3- to 4-fold higher rate among boys
than girls.2 Besides behavioural treatment, pharmacotherapy has an important part in the
treatment strategy among children and adolescents with ADHD. ADHD is characterized by
inattention, impulsivity and hyperactivity, and is a risk factor for the development of antisocial
behaviour, substance abuse, social disabilities, and a variety of problems related to academic
performance.3
The increased prevalence of ADHD during the past decades is also paralleled by a
worldwide increase in atopic diseases.4-8 This and other arguments may point to a link between
atopic diseases and ADHD. Both ADHD and atopic disorders are complex disorders in which
not only environmental factors but also genetics play a major role.9-11 Currently, the etiological
pathways of the possible association between atopic diseases and ADHD are still not well
understood.4,7,12 It has been hypothesized that ADHD might be a distinct form of an allergic
disease based on the possible role of hypersensitivity to foods and inhalants in the etiology
of ADHD. This hypothesis might have significant implications for prevention, diagnosis, and
treatment.12 Epidemiologic data supporting this hypothesis are scarce and inconclusive.13-19 A
systematic review by Schmitt et al. concluded that among the atopic diseases only eczema
was independently associated with ADHD. After the publication of this landmark review,
both Chen et al.20 and Tsai et al.21 who conducted large cohort studies using administrative
databases observed an independent association between asthma and ADHD and among
rhinitis, eczema and ADHD. We recently used the widely researched United Kingdom General
Practitioner Research Database and found a clear association between drug treated ADHD and
presence of clinically diagnosed asthma and use of medications for different atopic diseases
in boys.22 Although most studies reported a positive association between asthma, rhinitis or
eczema and ADHD, outcomes are still conflicting possibly caused by methodological flaws. We
extend these findings by conducting research using the representative University Groningen
prescription database IADB.nl covering more than 1 million persons in the Northern part of
the Netherlands and performing a case-control study to assess the associations between drug
treatments for atopic disorders including asthma, allergic rhinitis, and eczema and childhood
ADHD.23 We further explored the association between parents having received medication
for atopic diseases and prescriptions of ADHD medication in their offspring to provide more
evidence on the potential etiologic pathway of the association.
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METHODS
Design, Setting and Participants
This nested case-control study was conducted using data from the IADB.nl containing
pharmacy-dispensing data from community pharmacies in the Northern part of the
Netherlands. Founded in 1994, the database covers a population of approximately 600,000
individuals annually, and 1.2 million persons in total. Dutch patients usually register at a single
community pharmacy in their neighbourhood and therefore this pharmacy can provide an
almost complete listing of the patient’s dispensed drugs. 23,24 A validation study found that
both the distribution of age and the prevalence of the drugs used are similar between the
IADB.nl and the general Dutch population.24 The IADB.nl contains information about the name
of the drug dispensed, the Anatomical Therapeutic Chemical (ATC) classification, and date of
prescription. Patient anonymity is guaranteed by the use of a unique anonymous identifier,
hence the ethical approval for observational studies with data from the IADB has been waived;
other data available on the patient are date of birth and sex. The database does not cover overthe-counter drugs and in-hospital prescriptions. Data between 1994 and 2013 were used for
our study.

Definition of Cases and Controls
Cases were defined as children born from January 1 1985 through December 31 2007 who
had at least 2 prescriptions of methylphenidate (ATC code, N06BA04) within 12 months
in the period between 6 and 12 years of age. We used the date of the first prescription of
methylphenidate as the index date.
Before this index date the cases also had to be in the IADB.nl database for at least 3 years.
For the nested case-control study, each case was matched to 4 controls on sex, date of birth
(±12 months), and urbanization of the living area (1-5 based on the number of addresses on
each square kilometer as supplied by the National Bureau of Statistics; 1:>2,500 addresses per
km2, 2:1,500-2,500 addresses per km2, 3:1,000-1,500 addresses per km2, 4:500-1,000 addresses
per km2, 5:< 500 addresses per km2). Controls were selected from the source population of
children born from January 1, 1985 through December 31, 2007 who had no prescription for
methylphenidate, atomoxetine (ATC code, N06BA09), or dexamphetamine (ATC code, N06BA02)
during their lifetime medication history. The controls also had to be in the IADB.nl database for
3 years before the index date of their matching case. Both cases and controls were excluded
from this study when they had received drug treatment (≥2 prescriptions within 12 months) for
diabetes mellitus type 1 (ATC code, A10A), epilepsy (ATC code, N03A), or depression (ATC code,
N06A), in the years before the index date, because of the possible association between these
diseases and ADHD.25-27
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Definition of Atopic Diseases
For each case and control, we recorded the presence of drug prescriptions for asthma,
allergic rhinitis, and eczema in the medical histories in the 3 years before the index date
(first prescription of methylphenidate). We used the Dutch College of General Practitioners
guidelines and the guidelines of the Dutch Paediatric Foundation to define the drugs advised
to be prescribed for asthma, allergic rhinitis, and eczema in children. Drug therapy for asthma
was defined as having at least 3 prescriptions of an inhaled corticosteroid (ATC code, R03BA) or
a short-acting β-mimetic (ATC code, R03AC02/03) within 12 months. Allergic rhinitis treatment
was defined as having at least 3 prescriptions of a corticosteroid for nasal use (ATC code,
R01AD) within 12 months. Eczema treatment was defined as having at least three prescriptions
of ointments containing steroids (ATC code, D07) within 12 months or at least three
prescriptions of calcineurin inhibitors (ATC code, D11AH01/02) also within 12 months. Asthma,
allergic rhinitis, and eczema are disease entities that may often occur in parallel; for this reason,
we also examined the prevalence of combinations of drug therapies among cases and controls.
A validation of the medication proxies was performed using the International Classification
for Primary Care (ICPC) codes in a general practitioner-based questionnaire (“Is the patient
diagnosed with asthma [ICPC1 code, R96], atopic eczema [ICPC1 code, S87] or allergic rhinitis
[ICPC1 code, R97]?”) as a gold standard compared with the medication proxies used in this
study. Test characteristics as sensitivity and positive predictive value (PPV) were calculated.

Parental Exposure
We assessed whether prescription medication for ADHD and atopic diseases in parents was
associated with the prescription of ADHD medication in their offspring. In the IADB.nl database
it is possible to match children to their parents if prescription data are available. A woman,
between the ages of 15 and 50 years or a man between the ages of 18 and 50 years, with the
same address code as the child in the first year after birth was identified as the mother or
father, respectively. In general, approximately 65% of the mothers and 69% of the fathers can
be linked to their children in the IADB.nl database, with an accuracy of 99%.28
Prescription of ADHD medication in parents was defined as having at least 2 prescriptions
of methylphenidate (ATC code, N06BA04) within a 12-month period in the person’s lifetime
medication history. Prescription of parental atopic disease medication was defined similarly as
in children except the lifetime medication history of parents was used. Parents of whom we
only had a medication history less than 3 years available in the database were excluded to avoid
wrongfully missing a history of having received ADHD or atopic medication because of the
short period of available medication history. For each case and each control, parental presence
of ADHD and/or an atopic disease medication was defined as having at least 1 parent with
prescription medication for ADHD or for an atopic disease. For these explorative analyses, the
subgroup of cases and controls was used whenever parental prescription data were available for
1 or 2 parents. In the parental analyses the matching was maintained, but the matching ratio (1:4
case:controls) could differ because of incomplete data of the parental controls.
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Statistical Analysis
We first calculated prevalences of childhood exposure to drug treatment for asthma, allergic
rhinitis, and eczema or combinations across both cases and controls. If parental data were
available we calculated the prevalences of parental drug treatment for the atopic diseases and
ADHD in both cases and controls. Conditional logistic regression was used to obtain matched
odds ratios (ORs) with their corresponding 95% confidence intervals (CI). A multivariable
conditional logistic regression model was developed to assess the unique association between
ADHD medication and drug treatment of different atopic diseases. For the parental analysis
a multivariable conditional logistic regression model was developed taking into account the
effect of both ADHD and atopy medication used in parents, and childhood atopic medication
on the association with the prescription of childhood ADHD medication. The statistical
analyses were performed using SPSS statistical software (SPSS Inc, Chicago, Illinois).

RESULTS
We identified 4,257 children as cases between 6 and 12 years of age who were drug treated for
ADHD and 17,028 matched controls. Among the 4,257 children with ADHD medication, 3,265
(76.7%) were boys and 992 were (23.3%) girls; there were 13,060 (76.7%) boys and 3,968 (23.3%)
girls without ADHD drug treatment. The mean age of cases was 8.3 years; the controls had a
mean age of 8.6 years.
Among cases and controls, 503 (11.8%) and 1408 (8.7%), respectively, were exposed to
medication for asthma in the 3 years before index date, yielding a matched OR of 1.4 (95% CI
1.3-1.6) (Table 1). Similarly, increased odds were observed for drug treatment for allergic rhinitis
(OR, 1.4; 95% CI, 1.1-1.8) and eczema (OR, 1.3; 95% CI, 1.1-1.5). The occurrence of drug treatment
of any atopic disease was associated with an increased odds of 40% compared to controls
(OR, 1.4; 95% CI, 1.2-1.5). The combination of treatment for asthma and allergic rhinitis was
associated with an OR of 1.7 (95% CI, 1.2-2.3), combined treatment for asthma and eczema with
an OR of 1.5 (95% CI, 1.0-2.1), and combined treatment for rhinitis and eczema with a statistically
nonsignificant OR of 1.8 (95% CI, 0.9-3.5).
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Table 1. Matched conditional logistic regression analyses on the independent effect of
selected characteristics of children aged 6 to 12 years on the risk of developing drugtreated ADHDa (total n=21,285).
Cases n (%)
(N=4257)
503 (11.8)

Controls n (%)
(N=17028)
1408 (8.7)

Odds ratio
(95% CI)b
1.4 (1.3-1.6)

<0.001***

Allergic rhinitis

94 (2.2)

269 (1.6)

1.4 (1.1-1.8)

0.005**

Eczema

170 (4.0)

541 (3.2)

1.3 (1.1-1.5)

0.008**

Asthma & Allergic rhinitis

53 (1.2)

127 (0.7)

1.7 (1.2-2.3)

0.002**

Asthma & Eczema

45 (1.1)

123 (0.7)

1.5 (1.0-2.1)

0.028*

Allergic rhinitis & Eczema
Allergic rhinitis, Eczema &
Asthma
Allergic rhinitis or
Eczema or Asthma

12 (0.3)

27 (0.2)

1.8 (0.9-3.5)

0.097

6 (0.1)

15 (0.1)

1.6 (0.6-4.1)

0.331

663 (15.6)

2028 (11.9)

1.4 (1.2-1.5)

<0.001***

Medication
Asthma

P value

5

* p<0.05, ** p<0.01, *** p<0.001
a
Attention-Deficit/Hyperactivity Disorder
b
95% CI = 95% confidence interval

The multivariate conditional logistic regression (Table 2) revealed similar results for asthma
medication (OR, 1.4; 95% CI, 1.2-1.5) and eczema medication (OR, 1.2; 95% CI, 1.0-1.4), but did not
indicate a statistically significant OR for rhinitis medication (OR, 1.2; 95% CI, 0.9-1.5).
We further examined subgroups according to sex. The results for the boys and girls were
similar as the overall results, but some associations appeared more pronounced in either boys
or girls. The association between ADHD medication was the strongest in girls with asthma and
allergic rhinitis medication (OR, 4.0; 95% CI, 1.7-9.2) and in boys with allergic rhinitis and eczema
medication (OR, 2.2; 95% CI, 1.1-4.6).
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Table 2. Multivariate matched conditional logistic regression analyses of the
characteristics of children aged 6 to 12 years with drug-treated ADHDa compared with
controls (total n=21,285).
Medication

Odds ratio (95% CI)b

P value

§

Asthma

1.4 (1.2-1.5)

<0.001***

Allergic rhinitis§

1.2 (0.9-1.5)

0.127

Eczema

1.2 (1.0-1.4)

0.043*

§

* p<0.05, ** p<0.01, *** p<0.001
§ Adjusted for asthma, allergic rhinitis and/or eczema
a
Attention-Deficit/Hyperactivity Disorder
b
95% CI = 95% confidence interval

Of all original 4,257 children with ADHD medication, we had prescription data of at least 1 of
their parents in 2,075 cases (48.7%). Of these 2,075 children, 24.0% were female, and the mean
age of the total group was 8.0 years. In 7,972 of the 17,028 original control children (46.8%)
there were also prescription data available. Of these 7,972 controls 29.9% were female, and the
mean age of the total group was 8.5 years. The difference between cases and controls with
and without parental prescription was significant in both age (P < .001) and sex (P <0.001). The
mean level of urbanization in cases (2.64) also differed from the level of urbanization level in
controls (2.73) (P = 0.001).
Within the group of cases, 228 children (11.0%) had 1 or more parents with ADHD
medication compared with 89 (1.1%) in the control group (OR, 3.8; 95% CI, 3.3-4.3) (Table
3). Presence of treatment of parents with eczema medication did not result in an increased
risk of receiving ADHD medication in the child later in life (OR, 1.1; 95% CI, 1.0-1.2). Treatment
of parents with allergic rhinitis and asthma medication, however, was associated with an
increased risk of 30% and 20% respectively compared with controls (allergic rhinitis: OR, 1.3;
95% CI, 1.1-1.5; asthma: OR=1.2; 95% CI 1.1-1.3).
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Table 3. Conditional logistic regression analyses of the effect of parental characteristics
on offspring aged 6 to 12 years with drug-treated ADHDa compared with controls (total
n=10002).
Cases n (%)
(N=2075)

Controls n (%)
(N=7927)

Odds ratio
(95% CI)b

P value

Parental ADHD

228 (11.0)

89 (1.1)

3.8 (3.3-4.3)

<0.001***

Parental asthma

336 (16.2)

1058 (13.3)

1.2 (1.1-1.3)

0.003**

Parental allergic rhinitis

140 (6.7)

398 (5.0)

1.3 (1.1-1.5)

0.006**

Parental eczema

540 (26.0)

1923 (24.3)

1.1 (1.0-1.2)

0.139

Parental Allergic rhinitis or
Eczema or Asthma

827 (39.9)

2851 (36.0)

1.1 (1.0-1.2)

0.004**

Parental ADHD & an atopic
disease

99 (4.8)

35 (0.4)

3.7 (3.0-4.5)

<0.001***

Medication

5

* p<0.05, ** p<0.01, *** p<0.001
a
Attention-Deficit/Hyperactivity Disorder
b
95% CI = 95% confidence interval

The multivariate conditional logistic regression (Table 4) revealed similar results for parental
ADHD medication (OR, 3.7; 95% CI, 3.2-4.3), parental atopic disease (asthma, eczema and/
or allergic rhinitis medication) (OR, 1.1; 95% CI, 1.0-1.2), and atopic disease in children
(asthma, eczema and/or allergic rhinitis medication) (OR, 1.2; 95% CI, 1.1-1.4) in general as an
independent predictor for childhood ADHD.

Table 4. Multivariate conditional logistic regression analyses of the effect of parental
characteristics on offspring aged 6 to 12 years with drug-treated ADHDa compared with
controls (total n=10002).
Medication

Odds ratio (95% CI)b

P value

Parental ADHD

3.7 (3.2-4.3)

<0.001***

Parental Atopic disease§

1.1 (1.0-1.2)

0.035*

Atopic disease child§

1.2 (1.1-1.4)

<0.001**

§

* p<0.05, ** p<0.01, *** p<0.001
§ Adjusted for ADHD parent, atopic disease parent and/or atopic disease child
a
Attention-Deficit/Hyperactivity Disorder
b
95% CI = 95% confidence interval

The information from which parental exposure to ADHD and/or an atopic diseases medication
was defined differed between cases and controls. In 30.2% of the cases the parental exposure
was based on maternal prescription data only, whereas in the controls this was 27.2% (P = .007).
In 57.2% of the cases and 62.1% of the controls was parental exposure based on both maternal
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and paternal data (p < 0.001). Availability of only paternal data differed also between cases
(12.7%) and controls (10.8%) (P = .01).

Test Characteristics of Medication Proxies
PPV was highest in the allergic rhinitis (n = 286) medication proxy (0.73; 95% CI, 0.68-0.79) with
a sensitivity of 0.52 (95% CI, 0.47-0.58). For asthma (n = 289) and atopic eczema (n = 288) the
PPV of our medication proxies was somewhat lower (asthma: 0.60; 95%CI, 0.55-0.66; atopic
eczema: 0.52; 95%CI, 0.47-0.58) with higher sensitivity (asthma: 0.93; 95%CI, 0.90-0.96; atopic
eczema: 0.73; 95%CI, 0.68-0.79)

DISCUSSION
Our findings suggest an increased risk of ADHD drug treatment in children with a history of
drug treatment for atopic diseases. The associations were adjusted for potential differences
in age, sex, and urbanization and not modified by sex or the presence of other child diseases
such as diabetes mellitus type 1, epilepsy, or depression. Children whose parents were exposed
to asthma and allergic rhinitis drug treatment were also at increased risk of using ADHD
medication. This finding suggests a possible genetic or shared environmental component in
the association between the diseases. Multivariate conditional logistic regression revealed that
these associations were independent of predisposition of parental drug treatment of ADHD,
parental drug treatment of atopy, and childhood atopic drug treatment.
These results support the hypothesis of Pelsser et al.12 that ADHD might have an allergic
component. Pelsser et al. 29 found that a strictly supervised restricted elimination diet improved
the symptoms of ADHD in 64% of all children and relapse occurred in 63% of them after ending
the specific diet. Another possible underlying mechanism behind the association could be
the effect of chronic allergic inflammation as proposed by Buske-Kirschbaum et al 30. Both the
release of inflammatory cytokines and increased levels of psychological stress caused by atopy
could affect the young developing brain and neurotransmitter systems which can lead to an
increased risk for the development of ADHD. By passing the blood brain barrier, cytokines
can have their effect on the neuroimmune system involved in the behavioural and emotional
development. In addition, the codevelopment of both atopy and ADHD under the influence of
shared risk factors, such as genetics or prenatal stress, could be part of the development of this
association.30
The association between atopy and ADHD might also be explained by a link between
allergy and emotional problems. Recent studies have found increased rates of depression
and anxiety in children with allergy compared with nonallergic children.31,32 This more general
association is in line with our findings and emphasizes the complexity of the underlying
mechanism between allergy and emotional or behavioral problems.
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Perhaps those who are prescribed medications for 1 diagnosis are more likely to have
additional diagnoses or are more likely to see physicians or seek treatment. Future research
should take into account this possible explanation for the association between prescription
of medications for atopy and ADHD. Although it cannot be ruled out that the association
between prescription of medication for atopic diseases and for ADHD may partially be
explained by generally increased health seeking behaviour or access to care, our findings of a
potential link between atopic disease and ADHD agree with observations of a higher frequency
of hyperactivity-impulsivity and inattention symptoms in children with asthma33 and untreated
allergic rhinitis34.
The independent OR for asthma medication was higher than for rhinitis and eczema
medication. This finding could be explained by the difference in sensitivity of the atopic
diseases, where in the case of rhinitis and eczema a substantial part of these atopic diseases are
missed in our medication proxies.
The results of our study regarding allergic rhinitis are consistent with some previous
studies. Shyu et al.18, for example, reported a slightly higher risk than we observed between the
presence of allergic rhinitis and development of ADHD in their population-based prospective
study using the National Health Insurance database of Taiwan. They compared the prevalence
of ADHD in the general population with the prevalence of ADHD in patients with allergic
rhinitis and found a significantly increased prevalence of ADHD (OR, 1.7) in patients with
allergic rhinitis. Shyu et al. found a significantly increased prevalence of ADHD in persons
with asthma, but not in those with eczema. Schieve et al.17 also observed a significantly
increased risk of ADHD presence in those with asthma, allergic rhinitis, and eczema, although
the estimated risks were somewhat higher than ours. This finding might be attributable to
recall bias, because they used interview surveys to collect data. Mogensen et al.33 also found
a positive independent association between asthma and hyperactivity-impulsivity in their
prospective cohort study (OR, 1.9). However, they did not find an association between asthma
and inattention which could explain the lower OR in our study because we did not separate
these 2 dimensions of ADHD.
A systematic review of the association between atopic diseases and ADHD included
several studies that mentioned an overall positive association between allergic diseases and
ADHD, however, some studies did not find an association. These conflicting results might
be attributable to differences in study design, such as adjusting for confounding factors and
data collection, such as the identification of both ADHD and the atopic diseases.19 In addition,
sample size, age range of the patients, and looking into medical history instead of current
diagnoses of ADHD and atopy could explain the differences. A meta-analysis is needed to
give an overview of the current knowledge concerning the association between ADHD and
atopic diseases. Our study is the first retrospective case-control study, to our knowledge, with
identification of ADHD and atopy in a large prescription database.
Strengths of our study include the use of a large and representative database, which
contains accurate and almost complete data on prescriptions. Because ADHD is more common
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in boys than in girls, the age of children affects the likelihood of using medicine, and the living
area can determine the exposure to environmental factors, we matched our cases on sex, age,
and living area. We also corrected for possible confounding by performing the analyses among
boys and girls together but also separately.34
Despite these strengths, potential limitations must be considered in the interpretation
of the results. A limitation of our study was that we did not have data on the actual clinical
diagnosis; the presence of asthma, allergic rhinitis, eczema, and ADHD were all based
on prescription data. Although the identification of patients can be a valuable tool 35,
misclassification may have occurred because we included only children with these diseases
at the more severe disease spectrum. Treatment with methylphenidate, atomoxetine, or
dexamphetamine is advised only in severe cases in which behavioural interventions such as
psychological-education, parent training, and child-directed behavioural interventions have
not been sufficient. This possible misclassification could have underestimated the association
between the atopic diseases and ADHD because of nonmedically treated ADHD in the control
group. In some rare cases methylphenidate is used as a treatment for other diseases 36, such as
narcolepsy, which could have weakened the association between atopic diseases and ADHD
in this study. The same is true for topical ointments used in the treatment of eczema, but not
restricted to atopic eczema, which may have weakened the association between the atopic
disease and ADHD. However, the association between treatment of both diseases remained
present.
There was no information available on factors such as socioeconomic status, diets and
parental smoking that could have led to confounding. However, there should have been a large
difference between cases and controls in the prevalence of these factors to explain our results.
The use of corticosteroids has been associated with behavioural problems in several
studies 13,37,38, which have suggested that corticosteroid use may induce behavioural problems
in such a way that it could have led to an overestimation of the association between atopic
disease and ADHD drug treatment. However, the study of Holmberg et al. 39 found an
association between asthma and ADHD independent of asthma medication. It has also been
mentioned that having a chronic disease and associated difficulties might lead to behavioural
problems, which is seen in corticosteroid use and specialist care.40 This finding might have led
to an overestimation of the association between atopic disease and ADHD drug treatment.41
Even if it is possible that these factors have had some confounding effect on our results, it is
unlikely that they explain the association between parental atopy medication and childhood
ADHD drug treatment.
Regarding the parental analysis it is not likely that the older age and higher percentage of
females of children in the control group may have explained the association between parental
diseases and childhood ADHD drug treatment. However, the urbanization of the cases also
differed from the controls. In the cases a higher level of addresses per square kilometer was
observed, which may be associated with the development of allergic diseases of the parents,
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assuming a similar exposure in childhood.42 This could explain part of the association between
parents having received medication for atopic diseases and prescription of ADHD medication
in their offspring.
Although the identification accuracy of true parents based on address code in the first year
after birth is as high as 99%, there is still a possibility that the identified parent was not the
biological parent. However, the possible overestimation of the (biological) parent is likely to be
random and cannot explain the results found in the parental analysis of our study.
In addition, the higher percentage of prescription data available in both parents in the
controls compared with the cases, might have led to biased results toward a higher chance
of having parental exposure to medication for ADHD or medication for an atopic disease in
controls compared with the cases. This would give an underestimation of our results.
Our study provides additional evidence to support the hypothesis that atopic disorders
such as asthma increase the risk of developing ADHD. This evidence could indicate that there is
a link between atopy and ADHD or that certain patients are more prone to health care-seeking
behavior and therefore more likely to receive atopy and ADHD medication. Future studies
should focus on genetic and/or environmental components of the association to clarify the
possible underlying mechanism. The association between atopy and ADHD could lead to new
views on pathogenesis and treatment of both diseases. A prospective longitudinal study is
needed to assess the effect of atopy on the development of ADHD. In addition, investigating
the dose-response relation of atopy and ADHD treatment could give more insight into the
association of both diseases.
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ABSTRACT
Over the last decades, the hypothesis has been raised that an atopic response could lead to
the development of attention-deficit/hyperactivity disorder (ADHD). This study systematically
reviews the observational cross-sectional and longitudinal studies that assessed the association
between atopic disorders including asthma, atopic eczema, allergic rhinitis, and ADHD in
children and adolescents. For longitudinal studies, a weighted Mantel-Haenszel odds ratio
of these associations was estimated. The majority of cross-sectional and longitudinal studies
reported a statistically significant positive association. The meta-analysis of longitudinal studies
revealed an overall weighted odds ratio for asthma of 1.34 (95% confidence interval [CI] 1.241.44), 1.32 (95% CI 1.20-1.45) for atopic eczema, and 1.52 (95% CI 1.43-1.63) for allergic rhinitis.
Heterogeneity of study data was low (I2: 0%, p=0.46 and p=0.64, respectively) for both studies
examining asthma and eczema but substantial for rhinitis studies (I2: 82%, p=0.004). This current
systematic review provides strong evidence that ADHD is associated with atopic diseases and
that individuals have a 30% to 50% greater chance of developing ADHD compared to controls.
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INTRODUCTION
In 1975, the hypothesis was already being raised that different food components that could
also act as allergens in an atopic response could lead to the development of hyperactivity.1
Preliminary evidence suggested therapeutic benefits of a hypoallergenic diet for children
with attention-deficit/hyperactivity disorder (ADHD), a childhood-onset neurodevelopmental
disorder. 2-4 Multiple hypotheses have been raised regarding the underlying mechanism of the
association between atopy and ADHD. Besides shared risk factors for both diseases, an increase
in the cytokines release caused by an allergic inflammation may affect specific regions in the
prefrontal cortex and neurotransmitter systems that are known to play a role in the pathology
of ADHD.5
Over the last decade, multiple cross-sectional studies determined an association between
the most common atopic diseases (i.e., asthma, atopic eczema, and allergic rhinitis) and
ADHD.6-9. Atopy often precedes ADHD which is the reason that current reasoning is focused
on the onset of ADHD as a consequence of atopy. However, prospective longitudinal data is
minimal, therefore, conclusions about temporality should be made with caution.
Until now, the majority of studies found a positive association between atopy in general
and ADHD.10 Studies focussing on specific atopic diseases remain inconclusive. The systematic
review of Schmitt et al.9, however, concluded that it is not atopy in general but only eczema
that is related to ADHD independent of other atopic diseases. In this review, the authors
conclude that this positive association between asthma and ADHD was at least partly
confounded by eczema which precedes asthma and allergic rhinitis in the atopic procession.
No association was found between allergic rhinitis and ADHD in the review of Schmitt et al. 9,
however, after that review, multiple studies determined a positive association between asthma
and ADHD independent of eczema11-14. Also multiple recent studies found an association
between allergic rhinitis and ADHD.15-17 Yet, there are still substantial differences in the
quality between the recently published studies and, therefore, the associations of the three
independent main atopic diseases with ADHD remains conflicting.
The objective of this study was to systematically review the available evidence of the
association between the different atopic diseases such as asthma, eczema, and allergic rhinitis
with the onset of ADHD in children and adolescents and to estimate the strength of the
association in a meta-analysis.
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METHODS
The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement
was followed 18. A checklist of the PRISMA statement can be found in Appendix I in
Supplementary material. In an attempt to first update the review of Schmitt et al.9, a qualitative
data synthesis was performed by systematically reviewing the newly available cross-sectional
studies examining the co-occurrence of atopy and ADHD. This was followed by a quantitative
data synthesis with regard to the available longitudinal studies: through a meta-analysis, the
strength of the association was estimated by pooling the studies with a longitudinal design
investigating the presence of atopy and the onset of ADHD.

Selection criteria for eligible studies
Observational studies with the objective to assess the association between one of the three
main atopic diseases (i.e., asthma, eczema, and/or allergic rhinitis) and ADHD in children
and adolescents (under the age of 18 years old) were included. Any of the atopic diseases
were defined as the exposure variable and ADHD as the outcome variable in accordance
with the general order of development in children. Studies were included if they examined
the prevalence and/or incidence of ADHD in relationship to one or more of the three atopic
diseases in children/adolescents. Studies were only included when there was a comparative
reference group available either matched or unmatched to the case or exposed group.
Any exposure assessment method of asthma, eczema, and/or allergic rhinitis was included.
Regarding the outcome measure, any method of assessment of ADHD and/or ADHD
symptoms, all types, i.e., predominantly inattentive or predominantly hyperactive-impulsive
and the combined type, were included in the narrative review as well as the quantitative
meta-analysis. Studies were excluded if there was no quantitative information available on the
association between any of the atopic diseases and ADHD. Either crude data on exposure and
outcome or the odds ratio of the association between an atopic disease and ADHD needed to
be reported. If there was an overlapping or similar dataset used in different published articles,
the dataset with the shorter follow-up or substandard study quality was excluded. Studies
published only as an abstract, not written in a peer reviewed journal, or not written in English
were also excluded.

Search strategy and study selection
Medline, Embase, and PsychINFO were searched from the inception of each database until
September 18, 2015. The following search terms were used in combination and modified
according to the requirements of the database.
•
•
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The complete search terms are located in Appendix II in Supplementary material. Two authors
(JVDS and RC) independently scanned the outcomes of the search based on the abstracts
and titles. Those studies according with the eligibility criteria were retrieved as full text and
reviewed for inclusion. Disagreement between authors concerning eligibility and inclusion was
resolved with a discussion followed by mutual consensus. All references of the included articles
were reviewed in order to identify other studies.

Data extraction
The data of each included article, if available, was extracted on a custom-made data form
by the first author (JVDS) and checked by the second author (RC). This form comprised
information on the study design, study characteristics, crude unadjusted study outcome (2x2
contingency table), study outcome adjusted for confounding factors (odds ratios), information
on confounders, and the assessment method of both the atopic disease and ADHD.
Disagreement between authors concerning data extraction was resolved with a discussion
followed by mutual consensus. If necessary, data was calculated from the available information
in the article. The odds ratios of the association between asthma, eczema, or rhinitis and
ADHD were the main outcome variable. If the point estimate of the adjusted outcome was
presented as a hazard ratio, the outcome as an odds ratio was interpreted. Although it is noted
that the hazard ratio and the odds ratio are different estimates, at low incidence, the hazard
ratio provides a conservative approximation of the odds ratio 19. If there was only information
available on separate types of ADHD, these types were combined into one general ADHD
outcome measure. All information was abstracted from the manuscripts; there was no contact
with the authors.

Data abstraction for the meta-analysis
The independent association of the three atopic diseases with the development of ADHD
was investigated. Cross-sectional studies do not assess the development of a disease20 and
were, therefore, not informative for the meta-analysis. For this reason, the studies with a crosssectional design for the meta-analysis were excluded.
With the Cochrane Revman 5.3 software, the relative weight of the outcome data to the total
dataset was calculated for each study. In those studies where the outcome was adjusted for
confounding factors such as age, gender, and comorbid atopy, the adjusted ORs were utilized
to calculate the summary estimate. Crude data were pooled with the random effect model
meta-analyses using the generic inverse variance method to determine the weighted MantelHaenszel odds ratio with the 95% confidence interval (95% CI). Statistical heterogeneity was
assessed by calculating the I-squared (I2) value. The I2-value represents the total variance of
the pooled estimate explained by the heterogeneity. 21 In accordance with the Cochrane
handbook for systematic reviews of interventions, the I2 thresholds for low (≤40%), moderate
(40%-60%) , substantial(50%-90%), and considerable (≥75%) heterogeneity were established.22
Possible publication bias was assessed by plotting a Funnel plot.
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Sensitivity analyses
In addition to the main analyses of the association between atopic diseases and ADHD, a
sensitivity analysis was performed in order to estimate the strength of the association in
different scenarios. Information regarding the quality of the included studies was determined
by using the Cochrane Risk Of Bias Assessment Tool for Non-Randomized Studies of
Interventions (ACROBAT-NRSI). This tool has seven different categories for which the individual
studies were evaluated, i.e., bias due to confounding; bias in the selection of participants for
the study; bias in the measurement of interventions; bias due to departures from intended
interventions; bias due to missing data; bias in the measurement of outcomes; and bias in the
selection of the reported result. Per study, each category and an overall judgement about risk
of bias was labeled as either being at a low, moderate, serious, or critical risk of bias. As stated
in the guideline of the tool, it is rare if a non-randomized study is judged with a low risk of bias
due to confounding and, therefore, most studies in this meta-analysis have been judged as
having at least a moderate risk. More information on the ACROBAT-NRSI can be found on
www.riskofbias.info. A sensitivity analysis was conducted by excluding low quality studies
(i.e., those with a high risk of bias: serious or critical as rated by the ACROBAT-NRSI).
Additionally, an overall meta-analysis was performed of all of the atopic diseases combined to
illustrate the effect of the general atopic state on the development of ADHD.

RESULTS
Study inclusion
The study selection for the systematic review is presented in a flow diagram (Figure 1). From
the 100 studies included for the full text review, 28 studies were included for the qualitative
synthesis, which are presented in Table 1 and Table 2. In total, 72 full review articles were
excluded for further analysis. The majority of the articles were excluded because: (1) the
study was not published as a peer reviewed article (n = 22), (2) the study used cross-sectional
data already included in the review of Schmitt et al. (n = 19), (3) there was no quantitative
data available in the study for one of the three major atopic diseases (n = 18), or (4) the study
population was not focused on children (<18 years of age) (n = 4).
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Figure 1. PRISMA Flow diagram of the systematic review
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Camfferman 2010

Eczema
107
557

No significant difference in
ADHD score between atopic
and non-atopic group

221,068

80

226,550

38,676

566

26,930

4,113

18,999

16,463

27,556

221,068

OR 1.85 (0.38-9.12)*

OR 1.43 (1.05-1.95)

OR 3.39 (2.04-5.64)

James 2013

Tsai 2014

OR 1.35 (0.97-1.89)

Holmberg 2015

OR 1.37 (0.35-5.33)

OR 3.36 (1.64-6.87)

Garg 2014

Suwan 2011

OR 1.54 (1.13-2.10)*

Chou 2013

OR 1.38 (1.02-1.86)

OR 3.15 (2.67-3.72)*

Chen 2014

Shyu 2012

559

No significant difference in
ADHD score between atopic
and non-atopic group

Chang 2013
9,449

60,338

Number of
participants

OR 1.7 (1.7-2.1)

Blackman 2013

Asthma

Study outcome (95%CI)

3-7 years

6-16 years

0-17 years

5-15 years

0-17 years

3-17 years

6-17 years

Mean (SD): 7.78
(1.17)
0-17 years

4-6 years

9-12 years

2-5 years

0-17 years

10-15 years

3-7 years

6-17 years

Age

Physician diagnosis

Psychiatrist diagnosis

Physician diagnosis
Parental report of
physician diagnosis
Physician diagnosis
Parental
questionnaire

Physician diagnosis

Parental
questionnaire

Parental
questionnaire

Method
assessment ADHD

Parental questionnaire

Attending allergy and
dermatology
clinics

Parental
questionnaire

Parental
questionnaire

Patient was followed-up
Parental
for asthma in allergy
questionnaire
clinic
Parental report of
Parental report of
physician diagnosis
physician diagnosis
Physician diagnosis
Psychiatrist diagnosis
History and physical
Pediatrician
examination
diagnosed
Physician diagnosis
Physician diagnosis

Physician diagnosis

Parental questionnaire

Parental questionnaire

Physician diagnosis
Parental report of
physician diagnosis
Physician diagnosis

Physician diagnosis

Parental questionnaire

Parental questionnaire

Method assessment
atopy

No

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

Correction for
confounding

Table 1. Included studies published after the review of Schmitt et al. looking into the co-occurrence of ADHD and different atopic
diseases.
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2, chapter 6

226,550
144

OR 1.83 (1.48-2.27)

OR 2.76 (1.24-6.16)

OR 1.38 (1.12-1.68)

OR 2.81 (1.12-7.10)*

OR 1.71 (1.48-1.98)

OR 3.8 (1.41-10.26

OR 2.07 (1.83-2.34)*

ADHD symptoms score was
significant higher in allergic
rhinitis group

Chou 2013

Garg 2014

Kwon 2014

Lee 2014

Shyu 2012

Suwan 2011

Tsai 2011

Yang 2014

6-14 years

0-17 years

5-15 years

0-17 years

6-13 years

No

Parental questionnaire

IgE-measurement

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Diagnosis by a pediatric (Parental) Interview
allergist
Physician diagnosis
Psychiatrist diagnosis
History and physical
Pediatrician
examination
diagnosed
Physician diagnosis
Physician diagnosis

Psychiatrist diagnosis

Parental questionnaire

Mean (SD) 7.78
(1.17)

Parental
questionnaire

Parental questionnaire

2-5 years

Parental report of
physician diagnosis

Parental report of
physician diagnosis

Parental report of
physician diagnosis

Pediatrician
diagnosed

History and physical
examination

Physician diagnosis

No

Psychiatrist diagnosis

Physician diagnosis

Parental report of
physician diagnosis

Yes

Parental report of
physician diagnosis

Parental report of
physician diagnosis

Yes

Parental report of
physician diagnosis

Parental report of
physician diagnosis

No

Physician diagnosis

Physician diagnosis

Physician diagnosis

0-17 years

3-7 years

0-17 years

5-15 years

0-17 years

3-17 years

2-5 years

0-17 years

* Calculated from the available information in the article.
Abbreviations: ADHD, Attention-Deficit/Hyperactivity Disorder; OR, Odds Ratio; SD, Standard Deviation.

80

226,550

160

4,113

27,566

221,068

No significant difference in
ADHD score between atopic
and non-atopic group

Chang 2013

Rhinitis
557

79,667

OR mild 1.66 (1.28-2.15),
moderate 1.76 (1.30-2.38),
severe 4.35 (2.73-6.93)

Yaghmaie 2013

80

OR 1.18 (0.27-5.03)

Suwan 2011

226,550

OR 0.73 (0.48-1.09)

38,676

27,566

221,068

Shyu 2012

OR 1.7 (1.5-1.9)

OR 3.85 (1.94-7.64)

Garg 2014

Schieve 2012

OR 0.96 (0.62-1.49)*

Chou 2013
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Genuneit 2014

Cohort

21,285

Van der Schans
Case-control
2016

Eczema

22,845

Case-control

Tsai 2013

770

1812

Cohort

Mogensen
2011

4420

2179

Case-control

Cohort

Goodwin 2013

11,470

Number of
participants

Hak 2013

Cohort

Chen 2013

Asthma

Type of
study

Method
assessment
atopy

Parental
questionnaire

Recorded
diagnosis for
asthma

Parental report
of physician
diagnosis

0-13 years

Parental report
of physician
diagnosis

0-12 years Medication proxy

0-17 years Physician diagnosis

8-14 years

0-14 years

0-17 years

0-14 years Physician diagnosis

Age

Age, sex, urbanization,
comorbid allergic diseases
Maternal age, maternal
education, maternal
smoking in pregnancy,
maternal smoking at age 5,
maternal history of mental
health problems at age 8
and family functioning at
age 5 years.
Serious

Serious

Sex, maternal age,
Parental report of
nationality, school
physician diagnosis education, parental atopic
disease, comorbid rhinitis

Psychiatrist
diagnosis

Age, sex, index year and
index month, urbanization,
comorbid allergic diseases
Age, sex, urbanization,
presence of diabetes
Medication proxy mellitus type 1, epilepsy,
or depression, comorbid
allergic diseases

Parental
questionnaire

Sex, socioeconomic status,
birth weight, previous
symptoms of ADHD,
comorbid eczema

Serious

Moderate

Moderate

Critical

1.27 (0.71-2.28)

1.4 (1.2-1.5)

1.15 (0.95-1.38)

HI: 1.88 (1.143.09)
IN: 0.88 (0.541.43)
Overall ADHD:
OR 1.28 (0.612.70)

1.4 (1.2-1.7)

1.84 (1.11-3.02)

HR:1.31 (1.071.59)

risk Outcome
Confounders adjusted Overall
of bias
Odds Ratio

Recorded diagnosis
Age, low birth and/or
for ADHD and
delivery, comorbid Moderate
prescription for preterm
allergic
diseases, practice
methylphenidate

Parental
questionnaire

Psychiatrist
diagnosis

Method
assessment
ADHD

Table 2. Studies examining the incidence of ADHD and different atopic diseases used in the meta-analysis.
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21,285

Case-control

Tsai 2013

Van der Schans Case-control
2016

0-12 years Medication proxy

Recorded
diagnosis for
allergic rhinitis

Medication proxy

Medication proxy

Age, sex, urbanization,
presence of diabetes
mellitus type 1, epilepsy,
or depression, comorbid
allergic diseases

Recorded diagnosis
for ADHD and
Age, low birth and/or
prescription for
preterm delivery, practice
methylphenidate
Age, sex, index year and
Psychiatrist
0-17 years Physician diagnosis
index
month, urbanization,
diagnosis
comorbid allergic diseases

0-14 years

0-12 years Medication proxy

Age, sex, urbanization,
presence of diabetes
mellitus type 1, epilepsy,
or depression, comorbid
allergic diseases

Abbreviations: ADHD, Attention-Deficit/Hyperactivity Disorder; HR, Hazard Ratio; HI, Hyperactivity/Impulsivity; IN, Inattention

22,845

Case-control

Hak 2013

4420

21,285

Van der Schans Case-control
2016

Rhinitis

22,845

1,578

2916

4420

Case-control

Cohort

Schmitt 2011

Tsai 2013

Cohort

Case-control

Schmitt 2010

Hak 2013

Recorded diagnosis
Recorded
for ADHD and
Age, low birth and/or
0-14 years
diagnosis for
prescription for
preterm delivery, practice
atopic dermatitis methylphenidate
Age, sex, socioeconomic
Parental report
status,
parental education,
Parental
0-10 years
of physician
breast-feeding, single
questionnaire
diagnosis
parent, comorbid allergic
diseases
Sex, location, household
income, breast-feeding,
single parent, early pet
Parental report
Parental
exposure, day care within
0-10 years
of physician
questionnaire
infancy, parental history
diagnosis
for eczema, pregnancy
unplanned/unintended,
comorbid allergic diseases
Age, sex, index year and
Psychiatrist
0-17 years Physician diagnosis
index
month, urbanization,
diagnosis
comorbid allergic diseases
1.78 (1.02-3.09)

1.40 (1.22-1.61)

Serious

Moderate

1.2 (0.9-1.5)

1.59 (1.49-1.71)

Moderate

Moderate

1.1 (0.9-1.4)

Moderate

1.2 (1.0-1.4)

1.19 (0.88-1.61)

Serious

Moderate

1.3 (0.9-1.7)

Moderate
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Qualitative systematic review
A total of 19 studies examining the co-occurrence of asthma, eczema, and/or rhinitis with
ADHD published after the review of Schmitt et al.9, are presented in Table 1. The majority of
the studies assessed the diseases with a parental questionnaire (45%) or a physician diagnosis
(45%) with regard to both the exposure of atopy and the outcome of ADHD. The majority of
the physician diagnoses were assessed through patient registries without a specification of
the method of diagnosis. In addition, some studies specified the method of diagnosis ranging
from following the GINA-guidelines, physical examination, to skin prick tests in an atopy
assessment and a combination of structured interviews and different diagnostic questionnaires
in the assessment of ADHD. Adjustment for common confounding factors was applied in most
studies (n = 20/31 studies). In the vast majority of studies focusing on both asthma and rhinitis
with ADHD, a statistically significant higher co-occurrence of both diseases compared to the
reference group was evident (asthma: n = 10/14; rhinitis: n = 7/9). In studies that examined the
co-occurrence of eczema and ADHD, only three out of the eight studies exhibited a statistically
significant higher prevalence of both atopic diseases. Furthermore, though not significant, five
out of the eight studies showed odds ratios above 1, indicating a higher co-occurrence of both
diseases.

Quantitative review and meta-analysis of longitudinal studies
Nine studies focused on the comparison of one or more atopic diseases in (early) childhood,
children without an atopic disease in (early) childhood, and the development of ADHD later in
life. These studies were performed in either a retrospective case-control study setting or in a
prospective or retrospective cohort study setting.

Asthma and ADHD
When combined over the six included studies, the overall odds ratio of children having asthma
compared to children without asthma and the odds of ADHD onset was 1.34 (95% CI 1.24-1.44).
Combining the different studies resulted in low heterogeneity (I2: 0%, p =0.46) of the studies
(Figure 2a).The funnel plot to assess publication bias (Figure 2b) demonstrates that small
sample sized studies of lower odds of developing ADHD when having asthma are possibly
omitted from the included studies due to publication bias. For inclusion of the study of Chen
et al. in the meta-analysis and comparison with the other studies, the hazard ratio was assumed
to be similar with an odds ratio. Comparing the calculated crude odds ratio (1.56 [95% CI 1.301.87]) of Chen et al. with the adjusted hazard ratio (1.31 [95% CI 1.07-1.59]) yielded similar results.
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Figure 2.
a) Forest plot of meta-analysis of asthma in childhood and the development of ADHD.
b) Funnel plot of meta-analysis of asthma in childhood and the development of ADHD
a

b

6

Abbreviations: ADHD, Attention-Deficit/Hyperactivity Disorder; SE, Standard Error; OR, Odds Ratio; CI,
Confidence Interval.
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Eczema and ADHD
Combining the included studies that focused on eczema in childhood and the development of
ADHD resulted in an overall odds ratio of 1.32 (95% CI 1.20-1.45) compared to children without
eczema (Figure 3a). The heterogeneity of the six studies combined was low (I2: 0%, p = 0.64),
and the funnel plot indicated no signs of publication bias (Figure 3b).

Figure 3.
a) Forest plot of meta-analysis of eczema in childhood and the development of ADHD.
b) Funnel plot of meta-analysis of eczema in childhood and the development of ADHD.
a

b

Abbreviations: ADHD, Attention-Deficit/Hyperactivity Disorder; SE, Standard Error; OR, Odds Ratio; CI,
Confidence Interval.
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Rhinitis and ADHD
The three studies that focused on rhinitis in childhood and the development of ADHD
showed an overall higher odds ratio of 1.52 (95% CI 1.43-1.63) compared to children without
rhinitis but with a substantial higher heterogeneity (I2: 82%, p = 0.004), which is categorized as
considerable (Figure 4a). Although the sample size of the included studies was low (n=3), the
funnel plot indicates an underrepresentation of higher odds of developing ADHD when having
rhinitis in the smaller sample sized studies, which could indicate publication bias (Figure 4b).
Figure 4.
a) Forest plot of meta-analysis of rhinitis in childhood and the development of ADHD.
b) Funnel plot of meta-analysis of rhinitis in childhood and the development of ADHD.
a

6
b

Abbreviations: ADHD, Attention-Deficit/Hyperactivity Disorder; SE, Standard Error; OR, Odds Ratio; CI,
Confidence Interval.
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Sensitivity analysis
The results of the assessment of bias are presented in the last column of Table 2. The complete
risk of bias assessment can be found in Appendix III in Supplementary material. Differences in
the risk of bias assessment between studies were primarily based on differences in the bias due
to confounding and bias in the selection of participants for the study categories. Most studies
adjusted for possible confounding factors such as age, gender, and other comorbid atopic
diseases.
Only including the studies in the meta-analysis that were rated as moderate or low risk of
bias resulted in a different overall outcome for both the effect of asthma and eczema on the
development of ADHD. In both groups, three studies were rated as having a moderate risk
of bias. In the asthma group, this resulted in an overall odds ratio of 1.33 (95% CI 1.22-1.45) of
children having asthma in childhood and developing ADHD compared to children without
asthma with a moderate heterogeneity (I2: 34%). The overall outcome of the scenario analysis
was comparable with the basic analysis of the six studies, however, heterogeneity (I2) was
higher. In the eczema group, the scenario analysis resulted in an overall odds ratio of 1.32 (95%
CI 1.19-1.46) of having eczema in childhood and developing ADHD later in life compared to
children without eczema. The heterogeneity was still low (I2: 0%).
Combining all of the outcomes from the nine studies resulted in an overall odds ratio of
1.41 (95% CI 1.35-1.48) of having an atopic disease in childhood and developing ADHD later in
life compared to children having no atopy. Heterogeneity was rated as substantial (I2: 51%).

DISCUSSION
Both the qualitative systematic review among cross-sectional studies and the quantitative
meta-analysis revealed higher risks for ADHD among children who have an atopic disease than
those who do not have an atopic constitution. The majority of the studies investigating the cooccurrence of one of the atopic disorders, i.e., asthma, eczema, or rhinitis with ADHD showed
a higher co-occurrence compared to the control group, indicating a higher risk of asthma,
eczema, and rhinitis when having ADHD and vice versa. In the meta-analysis, an overall odds
ratio of 1.35 (95% CI 1.23-1.54) was ascertained for asthma, 1.32 (95% CI 1.20-1.45) for eczema,
and 1.52 (95% CI 1.43-1.63) for rhinitis in childhood and the development of ADHD later in life
compared to children not having an atopic disease. These associations were independent of
the other atopic disorders and common confounding factors.
Schmitt et al.9 concluded in their systematic review that eczema, and not atopy in general,
was associated with ADHD. They assumed an approximate 1.5-fold increased risk for ADHD
that could be attributed to eczema. The increased risk of the co-occurrence of eczema and
ADHD corresponds with the results found in this analysis, however, an independent association
between the other two atopic diseases, asthma and rhinitis with the co-occurrence of ADHD
were also detected. The difference between Schmitt et al. and this analysis could be ascribed
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to the relatively lower study quality and lack of adjustment for confounding factors in the
studies included in the systematic review of Schmitt et al. Also, a difference in assessment
of both the atopic diseases and ADHD in the included studies could have influenced the
association between the two diseases. Importantly, the small sample size of the included
studies may have affected the study’s ability to determine independent associations of asthma
and rhinitis with ADHD.
Although this is the first meta-analysis assessing the risk of children experiencing different
atopic disorders and subsequently developing ADHD, the results of a study such as this must
be considered in the context of possible limitations. As the data that is employed in any
meta-analysis depends on the methods used by previous authors, heterogeneity between
studies is inevitable. This is especially the case in the rhinitis sub-group analysis in which the
heterogeneity was rated considerable which was plausibly caused by a small population of
studies (n=3) and different types of assessment of both rhinitis and ADHD. Holmberg et al.23
found similar results of the association between asthma and ADHD despite using multiple
types of asthma and ADHD assessments. This indicates that the significant heterogeneity in the
association between rhinitis and ADHD is probably because of the small population of studies.
Even though the number of studies where rhinitis and ADHD were measured at different time
points was small, the overall number of participants in the three studies resulted in a large
group of study participants (n = 48,550). Although the heterogeneity was considerable, the
association between rhinitis and ADHD remained strong.
Publication bias could have played a role in the asthma sub-group analysis where small
sample sized studies with lower odds are missing from the funnel plot. In this case, it is possible
that studies with no effect (i.e., where the 95% confidence interval of the odds ratio is including
1 or where the point estimate is close to 1) are less likely to be published and, therefore, are
not included in our meta-analysis. However, the publication bias could also be ascribed to the
small sample size of studies (n = 6). Taking this into account, it is not believed that negative
publication bias is of substantial influence since studies with odds ratio of 1 were found,
making it unlikely that a larger study in which no association was determined were missed or
not published.
In this study, asthma, eczema, and rhinitis were all classified as being atopic disorders while
part of the patients might not have had an atopic disease. In a single study, misclassification
could have occurred due to different forms of assessment of the atopic disorder. However, the
majority of the studies used in this meta-analysis directly or indirectly reported a physician
diagnosis, therefore, it could be assumed that the overall outcome was primarily caused by the
atopic form of the disorders.
Much of the current data accords with the Bradford Hill criteria for causation. For example,
the criteria state that the association must be biologically plausible and consistent between
studies. Furthermore, there should be a sequence in time, and the association should be
specific and strong. Currently, there are multiple hypotheses about the biological origin of the
association between atopy and ADHD. ADHD could be part of the allergic cascade through
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the possible role of hypersensitivity to environmental stimuli in the development of ADHD.24
Another option is the effect of either inflammatory cytokines or the early manifestation of
stress, both caused by atopy, and their effect on the development of the brain. A more indirect
association between atopy and ADHD could be the involvement of overlapping genetic and/
or environmental risk factors.5 The role of sleeping problems caused by atopy and the effect
on ADHD-like behavior as an effect modifier was a subject of special interest in past studies
of Romanos et al.25 and Yaghmaie et al.26 since sleep is essential for healthy maturation of
the brain. There appeared to be an effect of sleep loss on the association between atopic
eczema and ADHD, however, after controlling for sleep loss, the relationship still remained
significant. A recent study supported the theory that the association between atopic diseases
and ADHD is independent of sleeping problems by demonstrating an independent association
between increased IgE levels and decline in cognitive functioning.27 The ability of inflammatory
cytokines released during an allergic inflammation to cross the blood-brain barrier makes
them likely candidates for playing a role in cognitive and behavioral development.27 However,
it is likely that multiple other factors including genetic, epigenetic, and environmental factors
may also be responsible for the interplay that leads to neurodevelopmental disorders like
ADHD.28 Importantly, to examine the subtle relationship between atopic symptoms and ADHD
symptoms more closely, prospective-longitudinal study designs which include multiple or
continuous measurements of these symptoms are needed. For example, Mogensen et al.11
adjusted their prospective cohort study for previous symptoms of ADHD in the development
on ADHD symptoms later in life and still determined a positive association between asthma
and ADHD development (hyperactive-impulsivity symptoms).
Next to scientific relevance, the association between atopy and ADHD may also have
clinical relevance. New insights into the underlying working mechanism could improve
both the care for atopic patients as well as patients with ADHD. Currently, a large proportion
of atopic patients is undertreated and underdiagnosed due to under recognition and
acknowledgement of the disease as is also discussed by Chivato et al.29. Also, present treatment
of ADHD is focused on addressing ADHD at a symptomatic level while additional insight
into the etiology of ADHD could lead to prevention and/or treatment of the underlying
pathogenesis of ADHD in children.

CONCLUSION
This study updated and quantified current data on the association between atopic diseases
and ADHD. This systematic review and meta-analysis provide strong evidence to support
that the three main atopic diseases including asthma, eczema, and allergic rhinitis are
independently associated with ADHD in childhood and that individuals have an average of a
30% to 50% greater chance of developing ADHD later in life compared with persons without
these diseases.
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Deficit Hyperactivity Disorder” OR “attention deficit disorder” OR “adhd” OR “hyperkinetic
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Number of papers: 171
Total
Date: September 18, 2015
Records after duplicates removed: 945

109

110
Y

Y

Y

PN NA NA

Y

PY PY

NA

Y

PY PY

PY PY

N

N

N
Y

Y

N

Moderate

N NA

N
N

Y
N

N

N

Moderate NA NA NA

Moderate NA NA NA

Moderate NA NA NA

Moderate NA NA NA

Y

Y

Y

Y

Y

N NA

Moderate NA NA NA

Moderate

Y

N NA

N NA

Y

N NA

Moderate NA NA NA

Moderate

Y

N NA

Moderate NA NA NA

Serious

Moderate

Serious

Moderate NA NA NA

Y

2.1 2.2 2.3 2.4

Moderate NA NA NA

Risk of
bias

Low

Low

Low

Low

Low

Serious

Low

Serious

Serious

Low

Serious

Serious

Critical

Low

Low

Risk of
bias

Abbreviations: Y, Yes; PY, Probably Yes; PN, Probably No; N, No; NI, No Information; NA, Not Applicable

Y

N

PN NA NA

PY

v/d Schans 2016

Y

PN NA NA PN PY PY

PN NA NA

Hak 2013

PY PY

N

Tsai 2013

Y

PY

PY PY

PN NA NA

Y

Y

v/d Schans 2016

Rhinitis

NA

PN NA NA

Y

Tsai 2013

PY PY

PN NA NA PN PY PY

Y

PY PY

PN

NA

Y

Hak 2013

Y

Y

PN PY

Genuneit 2014

PN

PN

Schmitt 2011

Schmitt 2010

NA

N

PY PY

PY

NA PN PY PY

v/d Schans 2016

Eczema

Y

PN

PN

Chen 2013

Goodwin 2013

Y

PN NA NA

PN

Hak 2013

Mogensen 2011

NA

Y

1.1 1.2 1.3 1.4 1.5 1.6

PN NA NA

Tsai 2013

Asthma

Category:

Question:

Risk of Bias assessment ACROBAT-NRSI

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

PN

Y

Y
Low

Low
NA

NA

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Y

Y

Y

Y

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

NA PY

NA

Y Moderate NA

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

of 4.1 4.2 4.3
3.1 3.2 3.3 Risk
bias

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Moderate

Low

Low

Low

Low

Risk of
bias

part

2, chapter 6

APPENDIX III

PY

PY

PY

NI

PY

Hak 2013

Mogensen 2011

Chen 2013

Goodwin 2013

v/d Schans 2016

PY

PY

PN

PY

PY

Schmitt 2010

Hak 2013

Genuneit 2014

Tsai 2013

v/d Schans 2016

PY

PY

Tsai 2013

v/d Schans 2016

PY

NI

NI

5.3

NA

NA

NA

5.4

Y

PY

PY

NI

NA

NA

PY

PY

PY

PY

PY

PY

PY

PY

NI

NI

PY

NI

NI

NI

NA

NA

NA

NA

NA

NA

NA

PY PY/NI NA

Y

PY

PY

PY NI/PY NA

PY

PY

PY

5.2

NA

NA

NA

NA

NA

NI

NA

NA

NA

NA

NA

NA

NA

NA

NA

Low

Low

Low

Low

Low

Moderate

Low

Low

Low

Low

Moderate

Low

Low

Low

Low

Y

PY

PY

Y

PY

PY

PY

PY

PY

Y

Y

PY

PN

PY

PY

5.5 Risk of bias 6.1

PN

PN

PN

PN

PN

PN

PN

PN

PN

PN

PN

PN

N

PN

PN

6.2

NA

NA

NA

NA

NA

Y

NA

Y

Y

NA

Y

Y

Y

NA

NA

6.3

Abbreviations: Y, Yes; PY, Probably Yes; PN, Probably No; N, No; NI, No Information; NA, Not Applicable

PY

Hak 2013

Rhinitis

Y

Schmitt 2011

Eczema

PY

5.1

Tsai 2013

Asthma

Category:

Question:

NA

NA

NA

NA

NA

Y

NA

Y

Y

NA

Y

Y

Y

NA

NA

6.4

7.1

PY
PY
PY
PY
PY
PY
PY
PY
PY
PY
PY
PY
PY
PY
PY

Risk of
bias

Moderate
Moderate
Serious
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

7.2

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

PY

7.3

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Risk of
bias

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate
Serious

Serious

Serious

Moderate

Serious

Serious

Moderate
Critical

Moderate

Overall risk
of bias

a s s o c i a t i o n o f a t o p i c d i s e a s e s a n d a d h d : a s y s t e m a t i c r e v i e w a n d m e t a - a n a ly s e s

6

111

Chapter 7

112

THE TEMPORAL ORDER OF FLUCTUATIONS IN
ATOPIC DISEASE SYMPTOMS AND ATTENTIONDEFICIT/HYPERACTIVITY DISORDER SYMPTOMS:
A PILOT STUDY

Jurjen van der Schans, Qi Cao, Elisabeth H Bos, Ingrid Rours, Pieter J Hoekstra, Eelko Hak,
Tjalling W de Vries.
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ABSTRACT
Background In a recent meta-analysis we found that atopic diseases, like asthma and allergic
rhinitis, occur more frequently prior to the development of Attention-Deficit/Hyperactivity
Disorder (ADHD). Our aim was to determine the temporal order of the association between
fluctuations of atopic disease symptoms and ADHD symptoms in individual patients.
Methods In this observational study we performed a replicated time-series analysis of
asthma and allergic rhinitis symptom fluctuation and ADHD symptom fluctuation. The
study population consisted of 11 children in the age of 7-17 years with ADHD and comorbid
asthma and/or allergic rhinitis. Data was collected through parents who filled in a daily online
questionnaire during up to 50 days. In a vector autoregressive (VAR) model we investigated the
causal dependency between atopic disease symptoms and ADHD symptoms in each individual
participant, with sleeping problems, and medication use as covariates.
Results For 9 out of 11 participants a VAR model could be constructed. For a majority of the
participants multiple significant associations were detected between atopic disease symptoms
and ADHD symptoms. However, the results were heterogeneous, and both the direction, sign,
and timing of the relationship between ADHD, atopy, sleep, and medication use varied.
Conclusion Time-series analysis is a potentially useful method to assess the temporal order
of the association between atopy and ADHD. This study provides additional evidence that the
symptom expression of atopy and ADHD are related. However, the connection between signs
and symptoms of both diseases in children is heterogeneous within our study population.
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INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a common neurobehavioral disorder with onset
of symptoms before the age of 12 years1, characterized by behavioral symptoms of inattention,
impulsivity, and/or hyperactivity that often lead to social impairments. ADHD is a multifactorial
disorder associated with both genetic and environmental factors, including nutrition..2
Atopic diseases are also very common among children. These diseases are characterized
by a hypersensitivity reaction initiated by the immune system, caused by specific allergens
like pollen, dust mites, certain food components, or insect bites. The best well-known
atopic diseases are (allergic) asthma, (atopic) eczema, and allergic rhinitis. In the Netherlands
approximately 115,000 children have been diagnosed with asthma and it has been indicated
that about 20-30% of children has a form of atopic disease.3 ADHD and atopic diseases
co-occur more often than would be expected on the basis of chance.4 In view of this cooccurrence and the fact that ADHD and atopic diseases are both common diseases among
children, the question has been raised whether there is a common causal pathway. Pelsser
et al. studied the therapeutic potential of a low-allergen diet, for children with ADHD. They
found that the diet resulted in a significant and relevant decrease of ADHD symptoms. The diet,
however, was difficult to keep.5
Studies on the association between atopic diseases and ADHD have shown conflicting
results in the strength of the association. However, almost all mention an increased risk
in either the presence of an atopic disease in those with ADHD or an increased risk of the
development of ADHD in people with an atopic disease.6 However, there is large variability
between the studies with regard to controlling for potential bias, adjustment for confounding
factors, and assessment method of both diseases. It is unclear whether atopy is a risk factor
for the development of ADHD and vice versa, or whether there is a more direct link between
both disorders, i.e., a common cause. In epidemiological studies both a more frequent
simultaneous onset of atopy and ADHD as well as a more frequent occurrence of atopy prior
to the development of ADHD than would be expected by chance has been observed.4,7,8 It is,
however, not yet possible to draw any conclusions about causality.
Large cohorts with few measurement waves are only informative to detect general
patterns, and are not suitable for the detection of dynamic relationships between symptoms
on a patient level.9 The expression of symptoms in both atopy and ADHD is among other
things dependent on treatment efficiency, compliance to treatment, and external factors,
which may cause symptom fluctuations in both diseases. Currently, treatment of both
chronic disorders is often suboptimal, like undertreatment in atopic diseases10,11 and possible
overdiagnosis and overtreatment with medication in ADHD12 . Daily fluctuation of symptoms
are a hall-mark of both atopic diseases and ADHD. By studying these fluctuations over
time within individuals and examining the dynamic association between atopic symptom
fluctuations and ADHD symptom fluctuations, we aimed to determine the temporal order of
the association between symptoms of atopic diseases and ADHD.
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METHODS
Study design
We performed a replicated time-series analysis of asthma and allergic rhinitis symptom
fluctuations and ADHD symptom fluctuations in individual patients. The time-series data were
collected by means of a diary study in which one of the parents was asked to fill in the daily
questionnaires, at a specific time of day, preferably at the end of the day between 8-9 pm, for
50 days. A short questionnaire form, applied in the form of a mobile phone application, was
used to assess both the asthma and allergic rhinitis symptoms, and the ADHD symptoms.
Co-variables like age, gender, sleep problems, and medication use were determined during
inclusion or as part of the daily measurement. For each participant age, sex, and the ratings
of for ADHD symptoms (26-item scale Swanson, Nolan, and Pelham Questionnaire (SNAP-26)),
atopy (Control of Allergic Rhinitis and Asthma Test (CARAT)), and sleep (Children’s Sleep Habits
Questionnaire (CSHQ)) as rated by one of the parents in the week before the initiation of the
study, were determined to describe the sample characteristics. To encourage compliance of
filling in the daily questionnaire we provided a personal report of the results to each participant
after the completion of minimal 30 time points.

Study population
The study population consisted of 11 children in the age of 7-17 years in whom the diagnosis
ADHD was established formally by a child psychiatrist, a child psychologist, or a pediatrician and
who had a diagnosis of asthma or allergic rhinitis, as established by a physician. Children were
excluded if they were diagnosed with any chronic disease other than atopic diseases or ADHD.
Parents could not participate if they were not fluent in the Dutch language or were otherwise
unable to fulfill the study procedures. Children and their parents were recruited by their
pharmacists through the IADB.nl prescription database and the patient database of a medical
center in Rotterdam. Participants were asked to continue care as usual throughout the study. Our
local medical ethical committee waived the ethical approval for this observational study design.

Measures
To assess the severity of ADHD symptoms we used the SNAP IV questionnaire. This validated
questionnaire is based on the 18 DSM-IV ADHD items. The combined score of inattention
and hyperactivity/impulsivity subscale scores was used as rating of ADHD symptoms
(18 questions; total score range, 0-54). In addition, the separate inattention scores and
hyperactivity/impulsivity scores were determined. The SNAP IV questionnaire is a frequently
used tool in ADHD studies, for example the Multimodal Treatment Study of Children with
ADHD14,15.To assess the asthma and allergic rhinitis symptom severity the adjusted Control
of Allergic Rhinitis and Asthma Test (CARAT) was used (7 questions; total score range, 0-21).
The CARAT questionnaire is a validated and consistent way to measure asthma and allergic
rhinitis symptoms.17 Currently, the Adapt Asthma application, which is based on the CARAT, is
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already in use to monitor asthma and rhinitis symptoms18. In total, seven questions for atopy
and eighteen questions for ADHD needed to be answered daily by the parents, with different
response categories per question (see appendix I). The questions and answer options of both
questionnaires were adapted for daily measurement by changing the phrasing and time
periods the original questions were referring to.

Covariates
To address the possible involvement of sleep problems in the fluctuations in ADHD and
atopic symptom expression we added eight questions concerning assessment of waking
up and daytime sleepiness selected from the Children’s Sleep Habits Questionnaire (CSHQ)
(8 questions; total score range, 7-31) to the daily diary. In addition, items on medication use
of both ADHD and atopic medication were added to the daily diary (2 questions; total score
range, 0-3) to account for the possible effects of fluctuations in medication use on symptom
expression in the models.

Statistical analyses
A vector autoregressive (VAR) model was used to investigate the dynamic associations
between changes in atopy symptoms and changes in ADHD symptoms in each individual
participant, and to examine the possible involvement of covariates in this association.19 An
important feature of the VAR model is the possibility to examine the temporal dynamics
between multiple time series, which allows to study the temporal order of the association
between atopy and ADHD symptoms accounting for potential bidirectional effects and effects
of time-varying covariates like sleep problems and medication use.13,19 An important feature
of the VAR technique is the ability to investigate the temporal order of relationships between
different variables by separating the dynamic longitudinal part from the simultaneous part
of the associations between the variables.19 In addition, the model allows to investigate and
correct for potential feedback effects and bidirectionality.
A VAR model consists of a set of regression equations, in which each of the variables
is regressed on its own lagged values (autocorrelation) as well as the lagged values of the
other variables (cross-lagged associations).19 We built VAR models with two variables, atopy
symptoms and ADHD symptoms. The variable sleep problems was added to the primary
model as an endogenous variable. Medication use was added to the model as an endogenous
variable if there was variation in medication use during the follow-up period. We first
investigated the optimal lag number, used in each of the models (a lag = one day), according
to a comparison of the final prediction error of each lag model. Subsequently, we compared
four different types of VAR models (constant, trend, both, and none) to determine if a additional
trend or intercept term is needed in the model, since VAR models assume stationarity. Then we
selected the optimal model with the Akaike Information Criterion (AIC) based on the one with
the smallest value of AIC, a measure of relative quality of the fitted model.
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To assess the temporal order of the association between atopy and ADHD symptoms, and
the possible involvement of sleep problems therein, we determined the independent crosslagged associations between each variable. In addition, we assessed the contemporaneous
correlations between symptoms of atopy, ADHD, and sleep problems per participant to
determine the simultaneous associations between (or co-occurrence of) the expression of
symptoms. These can be computed from the residuals of the VAR model.19 In general, a p value
≤ 0.05 was considered to be statistically significant. Per individual model multiple diagnostic
tests were performed to test for stability, residual autocorrelation, homoscedasticity, and
normality of the model.20 If one of these assumptions was not met, the model was adjusted
until all assumptions were met.
Simulation studies have shown that for VAR modelling a minimum of 30 time points is
needed, although larger numbers of observations yield more reliable results.20 To allow for
some missing data, we chose for a time-series length of 50 measurement points.
Missing values on the daily sum scores of ADHD, allergy, and sleep were dealt with
using multiple imputation on the individual level 21. The imputed disease ratings were then
computed by taking the average scores generated in each imputation. ADHD ratings were
calculated subsequently by summing up the separate inattentive score and hyperactive score.

RESULTS
A description of the characteristics of our study sample is presented in table 1. The majority
(72.7%) of the study population consisted of boys. All participants were between 7 and 16 years
of age at the start of the study period. Per participant the overall ratings of ADHD symptoms
(SNAP-26), atopy (CARAT), and sleep (CSHQ) are shown. Within our study sample more than
50% of the participants was diagnosed with both asthma and allergic rhinitis. The baseline
ratings of inattention was higher compared to the score for hyperactivity/impulsivity (p=0.008).
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Table 1. Characteristics of the study sample (n=11).
Characteristics

Mean (SD)

Number of completed
observations

Participants
1

2

3

4

5

6

7

8

9

10

11

39

48

46

49

30

5

30

22

43

44

42

Gender (female), n

3 (27.3%)

girl boy boy boy boy boy girl girl boy boy boy

Age

11.0 (2.5)

12

11

12

7

11

16

13

10

9

12

8

ADHD diagnosis

yes yes yes yes yes yes yes yes yes yes yes

Asthma diagnosis
Allergic rhinitis
diagnosis
SNAP-26 score
Total

yes

no

no

yes yes yes

no

no

yes

no

yes

yes yes yes yes yes yes yes yes yes yes yes
32.7 (13.4)

60

37

12

40

35

39

31

32

17

18

39

Inattention

17.0 (4.1)

19

17

11

18

17

23

20

15

9

17

21

Hyper/Impuls

10.7 (6.5)

18

11

1

20

15

8

9

15

7

0

14

CARAT score

8.3 (3.8)

7

6

7

12

17

4

11

4

8

8

7

CSHQ score

46.5 (8.8)

60

52

42

45

53

54

56

37

37

38

37

6.7 (2.1)

4

8

8

7

5

3

5

8

9

8

9

Overall sleep grade
(0-10)

7

Abbreviation: SD, standard deviation; n, sample size; ADHD, attention-deficit/hyperactivity disorder; SNAP,
Swanson Nolan and Pelham questionnaire; Hyper/Impuls, hyperactivity/impulsivity; CARAT, control of allergic
rhinitis and asthma test; CSHQ, children’s sleep habits questionnaire.

Estimation of the VAR model
Out of the 11 participants, two participants (#6 and #8) did not have enough observations
(n<30) completed during the data collection and no analyses were performed for these
participants. Considering the percentage of the missing measurements per participant, we
obtained five imputed datasets for participant 1, 2, 3, 4, 9, 10, and 11, and ten imputed datasets
for participant 5 and 7. In all models an optimal lag of one day was selected to be optimal. The
model of four of the remaining ten participants were log-transformed for either the score of
atopy (participant 10 and 11) or for both atopy and sleep (participant 2 and 3), because the
residuals of the VAR model did not meet the normality assumption. Participants 5 showed an
increasing trend in ADHD symptoms during the study period (regression coefficient (B)= 0.22,
p-value=0.008), while participant 2 and 9 showed a decreasing trend in ADHD symptoms (B=
-0.19, p=0.011; B= 0.10, p= 0.002).

Temporal order of the relationship between atopy, ADHD, and sleep
Both the temporal direction as well as the sign (positive or negative) and size of the effect
varied between the participants. Three out of the ten participants showed a significant
(p<0.05) cross-lagged association between one of the symptom variables ( table 2). In
participant 1 an increase in expression of atopic symptoms preceded a worsening in ADHD
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B

0.048

0.052

0.40

-1.25

x

x

0.004

P value

x

x

3.59

x

x

x

0.075

-9.27

x

0.013

P value

-1.51

B

SleepàADHD

0.051
0.007

0.12

x

x

0.056

P value

0.22

x

x

-0.13

B

ADHDàAtopy

-0.07

x

x

B

0.058

x

x

P value

SleepàAtopy

x

x

B

x

x

P value

ADHDàSleep

x

x

0.71

B

x

x

0.023

P value

AtopyàSleep

Abbreviations: à, dynamic effect; atopy, sum score of atopic symptoms; ADHD, sum score of attention-deficit/hyperactivity
disorder symptoms; sleep, sum score of sleep problems; B, unstandardized regression coefficient.
*
Cross-lagged associations are adjusted for ADHD medication use (participant 2, 3, 10, and 11) and allergic medication use
(participant 10).

11*

10*

9

8

7

6

5

4

3*

*

2

1

Patient ID AtopyàADHD

Table 2. Significant and trend 1-day cross-lagged associations.
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symptoms (B=3.59; p=0.004) and sleep (B=0.71; p=0.023), while increases in sleep were
followed by decreases in ADHD symptoms. In participant 10 an increase in ADHD symptoms in
this participant was followed by an increase in symptoms of atopy (B=0.12; p=0.007). In contrast
to the other participants, in participants 11 a negative association was detected in which
an increase in ADHD symptoms were preceded by a decrease in atopic symptoms (B=-1.25;
p=0.048).
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Contemporaneous associations
In addition to the temporal order of the association between symptoms of atopy, ADHD, and
sleep problems we also addressed the co-occurrence of the expression of symptoms of the
different diseases. Table 3 shows an overview of the contemporaneous associations between
atopy, ADHD, and sleep. Both atopy and ADHD, sleep and ADHD, and sleep and atopy were
contemporaneously associated in a number of participants. Most often, the effect was positive
but sometimes it was negative.

Variation in medication use
In four participants the medication use related to ADHD (participants 2, 3, 10, and 11) and
allergy (participant 10) varied during the study period. We included these variables as an extra
endogenous parameters in the model. When adjusting for medication use the significant
cross-lagged associations remained significant. In addition, participant 10 showed a significant
cross-lagged association between sleep (B=0.14; p=0.048) and ADHD medication: an increase
in sleep problems was followed by an increase in ADHD medication. In participant 10 also a
trend negative cross-lagged association was detected between ADHD-related medication use
and sleep problems (B=-0.66; p=0.096); increases in ADHD–related medication was followed by
decreases in sleep problems.
When looking at the contemporaneous association between medication use and the
symptom expression of the different diseases we detected a negative association between
ADHD medication and atopy (r=-0.29; p=0.042) and sleep (r=-0.36; p=0.010) in participant 2. In
addition, we observed a negative association between sleep and ADHD medication (r=-0.29;
p=0.044) in participant 10.
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Table 3. Contemporaneous significant and trend associations between symptoms of
atopy, ADHD, and sleep problems.
Patient ID

Atopy&ADHD

Sleep&ADHD

Sleep&Atopy

r

P value

r

P value

r

P value

-0.29

0.093

-0.24

0.045

0.40

0.004

0.26

0.067
-0.70

<0.001

x

x

x

x

0.27

0.093

x

x

1
2*
3

*

4
5
6

x

x

7

0.28

0.080

8

x

x

x

x

0.31

0.032

-0.45

0.001

9
10*
11

*

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; r, correlation coefficient.*Crosslagged associations are adjusted for ADHD medication use (participant 2, 3, 10, and 11) and
allergic medication use (participant 10).

Differentiating inattention and hyperactivity/impulsivity
When stratifying the ADHD sum score into separate scores of inattention and hyperactivity/
impulsivity similar results were observed. A notable difference was that the cross-lagged
effect of sleep on ADHD symptoms in participant 2 appeared to be driven by an effect on
hyperactivity/impulsivity symptoms. The same applied to the effect of ADHD on atopic
symptoms in participant 4, which was also driven by an effect on hyperactivity/impulsivity
symptoms. The opposite was true for the cross-lagged effect of ADHD symptoms on atopic
symptoms in participant 10, which was driven by symptoms of inattention.
A separate cross-lagged association appeared in participant 3 for the effect of inattention
on sleep (B=0.02; p=0.072). Also a separate positive effect of inattention on hyperactivity/
impulsivity symptoms (B=0.38; p=0.010) and a negative effect of hyperactivity/impulsivity on
inattention (B=-0.42; p=0.034) was observed in participant 7.
As regards the contemporaneous associations between the different symptoms also
similar results were observed as in the original analyses. The contemporaneous association
between atopy and ADHD, and sleep and ADHD in participant 10 was driven by symptoms
of inattention. In comparison with table 3, new associations were found between atopy and
inattention (r=0.40; p=0.005), and sleep and inattention (r=0.37; p=0.010) in participant 4, sleep
and inattention (r=0.46; p=0.002) in participant 7, and sleep and hyperactivity/impulsivity
(r=-0.37; p=0.010) in participant 9. The majority of the participants (#1, 2, 4, 5, 7, 11) showed a
positive association between contemporaneous symptoms of inattention and hyperactivity/
impulsivity.
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DISCUSSION
To our knowledge this is the first study using time-series analysis to examine the temporal
order of the association between atopic disease symptoms and ADHD symptoms. For a
majority of the participants multiple significant associations were detected between atopic
disease symptoms and ADHD symptoms. However, the results were heterogeneous, and
both the direction, sign, and timing of the relationship between ADHD, atopy, sleep, and
medication use varied. In other words, the observed associations were not consistent across
the participants.
Looking at the ADHD symptoms as outcome, our analysis showed a relationship between
symptoms of allergy or sleeping problems and ADHD symptoms in some of the participants.
The association of atopy and ADHD differed in sign between the participants. However, the
negative association between sleep problems and ADHD was consistent. When looking at
atopic symptoms as the outcome, only one participant showed a lagged significant association
of ADHD on allergy symptoms. When assessing the more direct contemporaneous relationship,
our analyses showed an association in six participants between ADHD symptoms or ADHD
medication use, allergy, and/or sleep problems. The associations differed in both sign and
strength. Participants 3 was the only participants who did not show a significant lagged or a
direct effect between symptoms of allergy, sleep problems, and symptoms of ADHD.
Based on different group-based observational studies the association between atopy
and ADHD is weak to moderate4,22. Although the association between symptom patterns
in some participants does correspond with these between-subject results, in just as much
participants a relationship between ADHD and atopy is absent or even reversed from what
would be expected based on the literature of between-subject results. This could be explained
by the fact that both atopic disease and ADHD are complex and heterogeneous diseases,
and both diseases can vary in etiology and treatment, which leads to different patterns of
symptoms expression.23,24 Another reason may be that our series were rather short, which
has limited our power. Future studies should preferably collect longer series.
In general,
the heterogeneity of our study results can be interpreted as one of the reasons that the effect
size of the association between atopy and ADHD in group-based studies is considered to be
weak. In a heterogeneous population, in which the association between atopy and ADHD is
not present in every individual the group-based association between the two diseases can be
diluted, while the association between the diseases can still be significant at an individual level.
This is illustrated by our results in which the cross-lagged association of atopy and subsequent
ADHD symptoms is reversed in participant 1 compared to participant 11, while both show a
significant association between the diseases. A similar pattern is evident when comparing the
between-subjects correlation and the within-subject correlation, representing the correlation
over individuals and over time, respectively. Participant 5 and 7 both scored relatively high on
the baseline score of atopy and sleep compared to the other participants, while at an individual
level over time atopy and sleep were negatively correlated in participant 5 and positively
correlated in participant 7.
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Clinical Relevance
A recent study showed that treatment of allergic rhinitis decreased ADHD ratings significantly
compared with the change of ADHD ratings in healthy controls and children with pure
ADHD.25 In our study, in only one participant increases in allergic symptoms were followed
by subsequent increases in ADHD symptoms, suggesting that a specific treatment of the
atopic symptoms might perhaps improve the symptoms of ADHD in this individual. On the
contrary, treatment of ADHD might be beneficial for the symptoms of allergy of participant
10, because increases in ADHD symptoms were followed by increases in ADHD symptoms in
this participant. Participants 4 (inattention), 7, and 10 showed a contemporaneous positive
association between allergic and ADHD symptoms, in which an improvement of atopic
symptoms could potentially benefit the participant by also improving the ADHD symptom
expression, and vice versa. Because of a direct relationship between sleep and inattention
in participant 3, and a contemporaneous positive association between ADHD and sleep in
participants 4, 7 (inattention), and 10, these participants might perhaps benefit from improving
their sleep for amelioration of their ADHD symptoms .
Taking into account the group-based cross-sectional and prospective association between
atopy and ADHD in the literature4, it might be expected that this study would show a more
consistent direct or lagged effect between ADHD and atopy. Because no such consistent
relationship was established in this study it is possible that the association between atopy
and ADHD partly exists because of an indirect mechanism, like genetic predisposition, or that
the temporal association of cause and effect is stretched over a longer period of time. While a
general group-based approach of treating atopy to improve ADHD symptoms, and vice versa,
will not necessarily benefit the whole group, individualized assessment of interdisciplinary
treatment of both diseases could benefit individual patients.

Strengths and Limitations
Our findings should be interpreted in the light of the strengths and limitations. To our
knowledge, this was the first study which examined symptom fluctuations of both allergy,
ADHD, and sleep problems on a daily basis. This allowed us to observe the concurrent as well
as the temporal relationships between the different variables. Although our study population
was heterogeneous, a limitation was the small sample size of the study, which limits the
generalizability of the results. However, due to the multiple repeated measurement points
per patients it was possible to examine each individual participant in detail and to explore the
possible temporal order of the association between atopy and ADHD. Combining both study
types, with repeated measurements of symptom expression of both atopy and ADHD in a large
cohort, would benefit the study of the association between both diseases.
Another limitation has been the limited study period. The participants were followed
daily for a maximum of 50 days, but the effects of the symptom expression of one of the
diseases could accumulate over time to have a larger and more significant effect on the
long term.26,27 For example, weekly measurements over a longer period of time could reveal
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a more consistent association between the symptom expression of both diseases. Multiple
pathophysiological hypotheses have been raised to explain the possible comorbidity between
atopic diseases and ADHD.28 Among other things, chronic stress and chronic inflammation have
been raised as possible connections between atopy and ADHD. Because of the limited study
period it was not possible to measure these possible effects.

CONCLUSION
Time-series analysis is a potentially useful method to assess the temporal order of the
association between atopy and ADHD. This study provides additional evidence that the
symptom expression of atopy and ADHD are related. However, the connection between sign
and symptoms of both diseases in children is heterogeneous and differs in both sign, direction,
and strength within our study population. Personalized treatment needs of children with both
an atopic disease and ADHD should be assessed at an individual basis to possibly improve the
care of this patient group.
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APPENDIX I
Vragenlijst voor de dagboekstudie naar ADHD en atopische symptoom expressie
De volgende vragen en stellingen gaan over symptomen van ADHD, symptomen van allergie
en slaapproblemen. Alle vragen hebben betrekking op uw kind. Bij het beantwoorden van de
vragen verzoeken wij u om terug te denken aan hoe het de afgelopen dag met uw kind is
gegaan. Selecteer daarvoor het rondje dat van toepassing is.
Datum:_____-_____-__________
ID nummer:___________

Slaapgedrag

Helemaal
mee
oneens (1)

Mee
oneens

Neutraal

Mee
eens

Helemaal
mee eens
(5)

1. werd (van)zelf wakker.(r)

□

□

□

□

□

wakker met een slecht
2. werd
humeur.

□

□

□

□

□

moeite vanochtend uit bed
3. had
te komen.
Had vanochtend lang de tijd
4. nodig om goed wakker te
worden.

□

□

□

□

□

□

□

□

□

□

5. lijkt vermoeid.

□

□

□

□

□

Mijn kind:

Mijn kind leek vandaag erg slaperig of is in slaap gevallen tijdens het volgende (kruis alles aan waarbij
bovenstaande is voorgevallen):
Niet slaperig (1)

Erg slaperig

Viel in slaap (3)

6.

TV kijken

□

□

□

7.

Autorit

□

□

□

8. Hoe beoordeelt u de slaap van uw kind de afgelopen nacht op een schaal van 0 tot 10? (omcirkel het
juiste getal)
0

Slechts
denkbare slaap
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1

2

3

4

5

6

7

8

9

10

Best
denkbare
slaap
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Allergie
Hoe vaak heeft uw kind, vanwege zijn/haar allergische neusklachten en/of astma, vandaag last
gehad van:
deel van (Bijna) de
Niet (0)
Nauwelijks Eende
dag
hele dag (3)
1. Verstopte neus?

□

□

□

□

2. Niezen?

□

□

□

□

3. Jeuk aan de neus?

□

□

□

□

4. Loopneus?

□

□

□

□

5. Benauwdheid/Kortademigheid?

□

□

□

□

6. Piepende ademhaling?

□

□

□

□

7.’s Nachts wakker worden?

□

□

□

□

Hoe vaak moest uw kind vandaag, vanwege allergische neusklachten en/of astma:
Mijn kind
kind
Mijn kind heeft Mijn
Mijn kind heeft
heeft
heeft
vandaag
de
vandaag geen
vandaag een normale dosis vandaag een
medicijnen
lagere dosis
hogere dosis
medicijnen
gebruikt (0)
medicijnen
medicijnen
gebruikt
gebruikt
gebruikt (3)
8. Zijn/haar medicijnen
□
□
□
□
extra gebruiken?
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ADHD
Wilt u bij elke vraag aangeven in welke mate u het daarmee eens bent of niet? Het gaat om het
gedrag van uw kind vandaag.
Helemaal niet
(0)

Enigszins

Behoorlijk

Heel
duidelijk
(3)

1.

Slaagt er niet in voldoende
aandacht te geven aan details
of maakt achteloos fouten in
schoolwerk of taken.

□

□

□

□

2.

Heeft moeite de aandacht bij
taken of spel te houden.

□

□

□

□

3.

Lijkt niet te luisteren als hij/zij
direct aangesproken wordt.

□

□

□

□

4.

Volgt aanwijzingen niet op en
slaagt er niet in schoolwerk,
karweitjes af te maken of
verplichtingen na te komen.

□

□

□

□

5.

Heeft moeite met het
organiseren van taken en
activiteiten.

□

□

□

□

□

□

□

□

□

□

□

□

6.

7.

Vermijdt, heeft een afkeer van of
is onwillig zich bezig te houden
met taken die een langdurige
geestelijke inspanning vereisen.
Raakt dingen kwijt die nodig
zijn voor taken of bezigheden
(bijvoorbeeld speelgoed,
huiswerk, potloden of boeken).

8.

Wordt afgeleid door uitwendige
prikkels.

□

□

□

□

9.

Is vergeetachtig bij dagelijkse
bezigheden.

□

□

□

□

Beweegt onrustig met handen
10. of voeten, of draait in zijn/haar
stoel.

□

□

□

□

Staat op in de klas of in andere
waar verwacht wordt
11. situaties
dat men op zijn plaats blijft
zitten.

□

□

□

□

rond of klimt overal op in
12. Rent
situaties waarin dit ongepast is.

□

□

□

□

Kan moeilijk rustig spelen
13. of zich bezig houden met
ontspannende activiteiten.

□

□

□

□

“in de weer’ of “draaft maar
14. Is
door”.

□

□

□

□

15. Praat aan een stuk door.

□

□

□

□

Gooit het antwoord er al uit
16. voordat de vragen afgemaakt
zijn.

□

□

□

□
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Helemaal niet

Enigszins

Behoorlijk

Heel
duidelijk

moeite op zijn/haar beurt
17. Heeft
te wachten.

□

□

□

□

Verstoort bezigheden van
anderen of dringt zich op
18. (bijvoorbeeld mengt zich
zomaar in gesprekken of
spelletjes).

□

□

□

□

Hoe vaak heeft uw kind vandaag, vanwege ADHD:
kind heeft Mijn kind heeft Mijn kind heeft
Mijn kind heeft Mijn
vandaag een
vandaag de
vandaag een
vandaag geen
lagere dosis normale dosis hogere dosis
medicijnen
medicijnen
medicijnen
medicijnen
gebruikt (0)
gebruikt
gebruikt
gebruikt (3)
8. Zijn/haar medicijnen
gebruikt?

□

□

□

□

7

Overig
Opmerkingen:
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The association of atopy and
attention-deficit/hyperactivity
disorder among adults.
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SAMENVATTING
Doel Inzicht verkrijgen in de trends in het gebruik van psychostimulantia bij volwassenen.
Opzet Retrospectief databaseonderzoek.
Methode We selecteerden de gegevens van volwassenen (≥ 18 jaar), die minimaal 2 recepten
binnen een jaar voor psychostimulantia hebben gekregen, uit de IADB.nl, een Nederlandse
database met gegevens over afgeleverde geneesmiddelen (59 apotheken, circa 600.000
patiënten). Berekend zijn zowel het aantal nieuwe als het totaal aantal gebruikers van
psychostimulantia per jaar over de jaren 2004-2014. Daarnaast is gekeken welk middel het
meest wordt voorgeschreven en wie de behandeling heeft geïnitieerd.
Resultaten Het aantal volwassenen dat psychostimulantia (methylfenidaat, dexamfetamine
en amfetamine) voorgeschreven heeft gekregen is gestegen van 1,5 per 1000 volwassenen
in 2004 naar 7,8 per 1000 volwassenen in 2014. De gebruikers zijn veelal mannen (63,0%) en
methylfenidaat is het meest voorgeschreven middel (85,7%). Het aantal nieuwe gebruikers
van deze middelen is gestegen van 0,5 naar 1,5 per 1000 volwassenen waarbij vooral een
toename is waargenomen onder jongvolwassenen (< 30 jaar). Sinds 2012 lijkt het aantal nieuwe
gebruikers zich te stabiliseren. Ongeveer 40% van de nieuwe behandelingen is geïnitieerd door
de huisarts.
Conclusie De grote toename in het aantal volwassenen dat psychostimulantia krijgt
voorgeschreven is grotendeels het gevolg van een toename in het aantal nieuwe gebruikers,
met name onder de jong volwassenen. Aangezien psychostimulantia alleen zijn geregistreerd
voor de behandeling van ADHD bij kinderen vanaf 6 jaar en adolescenten en dus niet voor
de behandeling van ADHD bij volwassenen, dienen korte en lange termijneffecten evenals
bijwerkingen bij volwassenen beter onderzocht te worden.
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INLEIDING
De afgelopen jaren is er een toename in het aantal volwassenen dat wordt gediagnosticeerd
met attention-deficit/hyperactivity disorder (ADHD).1 Daarnaast is uit recent onderzoek
gebleken dat twee-derde van de kinderen met ADHD op volwassen leeftijd nog steeds last
heeft van ADHD-symptomen.2-4 Volwassenen met ADHD ervaren de symptomen van deze
stoornis als een belemmering in het dagelijks functioneren. De maatschappelijke druk op
volwassenen met ADHD is hoog; ze hebben vaak een achterstand in kennisontwikkeling en
ondervinden problemen met het behouden van werk.5
In Europa worden psychostimulantia (centraal werkende sympathicomimetica) zoals
methylfenidaat, dexamfetamine en amfetamine beschouwd als de eerstelijnsbehandeling
voor ADHD.6 In Nederland is methylfenidaat het meest voorgeschreven geneesmiddel voor
de behandeling van ADHD bij kinderen.6,7 De beschikbare medicatie voor de behandeling
van ADHD is echter alleen geregistreerd voor gebruik door kinderen en adolescenten.6
Volwassenen wordt afgeraden om gebruik te maken van ADHD-medicatie en tot op
heden is er geen NHG-standaard voor de behandeling van ADHD bij volwassenen.8 In
verschillende Europese landen is de afgelopen jaren een toename te zien in het voorschrijven
van psychostimulantia.7,9,10,11 Echter, onderzoek naar het gebruik van deze middelen door
volwassenen is schaars12. In dit onderzoek hebben wij daarom de trends in het gebruik van
psychostimulantia voor de behandeling van ADHD bij volwassenen in Nederland van 20042014 in kaart gebracht.

8
METHODE
Databron
In dit descriptieve retrospectieve dynamisch cohortonderzoek hebben wij gebruik gemaakt
van voorschrijfgegevens uit een IADB.nl prescriptiedatabase van de Rijksuniversiteit Groningen
met informatie over medicijnen die zijn afgeleverd in 59 openbare apotheken in Noordoost
Nederland.13,14 De database bevat informatie over ongeveer 600.000 patiënten (geslacht en
geboortedatum) en de afgeleverde medicijnen (voorschrijver, afleverdatum, ‘Anatomical
therapeutical chemical’ (ATC)-code, afgeleverde hoeveelheid, dagdosering en aantal ‘defined
daily doses’ (DDD’s)).13 Een patiënt wordt opgenomen in de database zodra een medicijn
wordt afgeleverd bij een van de deelnemende apotheken. De voorschriften worden
opgenomen in de database ongeacht de voorschrijver of zorgverzekeraar. Informatie over
medicatie voorgeschreven tijdens een ziekenhuisopname en over-the-counter medicatie zijn
niet opgenomen in de database. Ook informatie over de indicatie van de voorgeschreven
middelen en verdere patientkarakteristieken zoals ethniciteit, sociaal economische status en
leefstijlfactoren ontbreken. De database is gevalideerd en is representatief voor de Nederlandse
populatie.13

137

part

3, chapter 8

Onderzoekspopulatie en -periode
De onderzoekspopulatie omvat alle volwassenen (≥ 18 jaar) die gedurende de
onderzoekperiode van 2004 – 2014 ten minste 2 recepten binnen 12 maanden voor
psychostimulantia (centraal werkende sympathicomimetica (ATC N06BA)) hebben ontvangen.
Recepten voor modafinil (ATC N06BA07) hebben wij buiten beschouwing gelaten, omdat de
hoofdindicatie van dit geneesmiddel narcolepsie is.15

Data-analyse
De jaarprevalentie hebben wij gedefinieerd als het aantal patiënten dat ten minste 2 recepten
binnen 12 maanden voor psychostimulantia heeft gekregen in het desbetreffende jaar per
1000 volwassenen in de onderliggende populatie. Daarnaast hebben wij bepaald welk middel
jaarlijks het meest is voorgeschreven op basis van het aantal recepten.
Om de incidentie, het aantal nieuwe gebruikers per jaar per 1000 volwassenen, te bepalen
hebben wij alleen volwassenen die minimaal 6 maanden in de database aanwezig waren ten
tijde van het eerste recept voor een psychostimulans geïncludeerd; deze patiënten hadden
niet eerder een dergelijk middel voorgeschreven gekregen. Verder hebben wij alleen patiënten
meegenomen die binnen 12 maanden een tweede recept hebben ontvangen om eenmalige
gebruikers buiten beschouwing te laten. Tevens hebben wij bepaald welk percentage van de
behandelingen geïnitieerd is door de huisarts.

Statistiek
De prevalentie en incidentie zijn gestratificeerd naar geslachts- en leeftijdscategorieën. Bij de
jaarlijkse prevalentie en incidentie zijn 95% betrouwbaarheidsintervallen berekend.

RESULTATEN
In totaal zijn 12.328 volwassenen, waarvan 63% man, met 2 of meer voorschriften binnen
12 maanden voor psychostimulantia, in dit onderzoek geïncludeerd. De prevalentie van het
voorschrijven van psychostimulantia steeg van 1,5 per 1000 volwassenen in 2004 naar 7,8
per 1000 volwassenen in 2014 (figuur 1A). Onder mannen is de prevalentie in deze periode
toegenomen van 2,2 naar 10,1 per 1000 mannen terwijl de prevalentie onder vrouwen is
toegenomen van 0,9 naar 5,7 per 1000 vrouwen. Het gebruik van psychostimulantia steeg in
alle leeftijdsgroepen. In 2014 was de prevalentie echter het hoogst onder 18- en 19-jarigen
(23,0 per 1000) en 20-24 jarigen (19,6 per 1000) (figuur 1B). Het meest voorgeschreven middel
in de gehele onderzoekperiode is methylfenidaat (85,7%). Wel is er, ten opzichte van het totaal
aantal afgeleverde recepten, een daling in het voorschrijven van methylfenidaat zichtbaar
van 97,4% naar 85,7%. Daar tegenover staat een stijging in het percentage voorschriften voor
dexamfetamine, van 2,6% in 2004 naar 11,2% in 2014.
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De incidentie van psychostimulantia gebruik nam toe van 0,5 per 1000 volwassenen in
2004 naar 1,5 per 1000 volwassenen in 2014 (figuur 2A). Bij zowel mannen als vrouwen is de
incidentie gedurende de onderzoekperiode toegenomen en wel van 0,7 tot 1,7 per 1000
mannen en van 0,3 tot 1,2 per 1000 vrouwen. De incidentie is het meest gestegen onder 18-19
jarigen, namelijk van 1,0 naar 3,6 per 1000 volwassenen maar ook onder 20-24 jarigen (van 1,0
naar 3,5 per 1000) en 25-29 jarigen (van 1,1 naar 3,3 per 1000) is een grote toename zichtbaar
(figuur 2B). Wel lijkt het aantal nieuwe gebruikers zich te stabiliseren vanaf 2012. Het percentage
behandelingen dat is geïnitieerd door de huisarts is licht gestegen van 38,7% in 2004 tot 40,4%
in 2014.
Figuur 1. Jaarprevalentie (per 1000 volwassenen) van het gebruik van psycho
stimulantia onder volwassenen. (A) Totaal en opgesplitst naar geslacht. (B) Voor de
verschillende leeftijdscategorieën.
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Figuur 2. Incidentie (per 1000 volwassenen) van het gebruik van psychostimulantia
onder volwassenen. (A) Totaal en opgesplitst naar geslacht. (B) Voor de verschillende
leeftijdscategorieën.
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DISCUSSIE
Het aantal volwassenen dat psychostimulantia voorgeschreven heeft gekregen voor de
behandeling van ADHD is meer dan vervijfvoudigd tussen 2004 en 2014. In dezelfde periode is
het aantal nieuwe gebruikers van deze middelen verdrievoudigd, maar sinds 2012 lijkt dit zich
te stabiliseren. De toename van het gebruik psychostimulantia is vooral groot onder vrouwen
(6,7 keer zo hoog in 2014 in vergelijking met 2004) en onder jongvolwassenen (20-24 jaar; 6,7
keer). De meeste nieuwe gebruikers zijn volwassenen onder de 30 jaar. In 2014 is 40% van de
nieuwe behandelingen geïnitieerd door huisartsen wat een lichte stijging is ten opzichte van
2004. Alhoewel methylfenidaat nog steeds veruit het meest voorgeschreven middel is voor de
behandeling van ADHD, is er een stijging in het gebruik van dexamfetamine waargenomen.
Uit deze resultaten blijkt dat de toename in het aantal volwassen gebruikers van
psychostimulantia, zoals gesignaleerd in eerder onderzoek, verder doorzet. 12 De stijging
is voor een deel het gevolg van een toename in het aantal volwassenen dat wordt
gediagnosticeerd met ADHD. Een verklaring hiervan is een toegenomen bewustzijn onder
huisartsen en specialisten van het voorkomen van ADHD en de impact van deze aandoening
bij volwassenen.16 Opvallend is dan ook de toename in het aantal nieuwe gebruikers in 2006,
een jaar na de publicatie van de multidisciplinaire richtlijn ADHD bij kinderen en jeugdigen in
2005.17 Deze publicatie heeft waarschijnlijk dus ook geleid tot meer aandacht voor ADHD onder
volwassenen. Daarnaast duidt de sterkere toename van de prevalentie dan van de incidentie,
zeker na 2012, op een toegenomen behandelduur.
Het toegenomen gebruik van psychostimulantia onder volwassenen wordt ook in andere
landen waargenomen. In de UK is het gebruik van ADHD-medicatie onder volwassenen (1845 jaar) 4-5 keer toegenomen tussen 2003 en 2008.18 Een vergelijkbare toename is gezien in
IJsland ( 2003-2013) en Zweden (2006 en 2009).19 10
In de periode 2004-2014 is ongeveer 40% van de medicamenteuze behandelingen van
ADHD geïnitieerd door de huisarts. Alhoewel we een lichte stijging hebben waargenomen
is dit nog steeds beduidend lager dan in een eerdere studie is gevonden. In de periode
1998-2003 bleek dat ruim bij de helft van de patiënten die methylfenidaat gebruikten
geen verwijzing naar de specialist had plaats gevonden in het jaar voor en na start van de
medicatie12.
De prevalentie van ADHD was 2,1% in Nederland in 2014.20 Het aantal psychostimulantia
gebruikers ligt met 0,8% in 2014 duidelijk lager. Dit komt waarschijnlijk doordat niet alle ADHDpatiënten baat hebben bij een medicamenteuze behandeling en een niet-medicamenteuze
behandelingen therapie heeft bovendien de voorkeur.21
Psychostimulantia worden vaker voorgeschreven aan mannen dan vrouwen. Vergelijkbare
onderzoeken uit de UK en IJsland laten hetzelfde patroon zien.19, 22, 23 Tijdens de kindertijd
wordt ADHD 3 tot 5 keer vaker gediagnosticeerd bij jongens.24, 25 Onderzoek laat echter zien
dat ADHD niet geslacht specifiek is.24 Uit ons onderzoek blijkt dat de relatieve toename van
het gebruik van psychostimulantia onder vrouwelijke patiënten 1,5 keer zo hoog is als bij
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mannelijke patiënten; wat een vergelijkbare trend is met onderzoeken in andere landen.18, 19, 23
ADHD wordt bij meisjes tijdens de kindertijd minder onderkend, omdat ze over het algemeen
een minder hoge mate van hyperactiviteit vertonen dan jongens.24, 26 De bewustwording
onder artsen dat ADHD in meisjes minder snel onderkend wordt, is mogelijk de reden voor de
grotere toename van het gebruik van psychostimulantia onder volwassen vrouwen.
Het gebruik van psychostimulantia is het hoogst in de groep jongvolwassenen van
18 tot en met 24 jaar. De prevalentie in deze leeftijdsgroep is gestegen naar ruim 20 per
1000 jongvolwassenen. Onderzoeken in IJsland, Zweden, Denemarken en de UK laten een
vergelijkbaar beeld zien.18,19,23,25 De hoge mate van gebruik onder jongvolwassenen komt
waarschijnlijk voor een groot deel doordat adolescenten door gaan met het gebruik van
ADHD-medicatie zodra ze volwassen worden.
In 2010 is een lichte, tijdelijke daling in het gebruik van psychostimulantia onder 18 en
19 jarigen waargenomen. Mogelijk is dit het gevolg van de publicatie van de Multimodal
Treatment Study of Children with ADHD waaruit blijkt dat de balans van voor- en nadelen van
langdurige behandeling met psychostimulantia een stuk minder gunstig is dan was gedacht.27.
In hetzelfde jaar worden in een uitzending van Zembla ‘De ADHD hype’ (18 september) zorgen
worden geuit over het grote aantal kinderen dat ADHD medicatie gebruikt.
Ondanks een stijging in het gebruik van dexamfetamine de afgelopen jaren, is
methylfenidaat nog steeds veruit het meest voorgeschreven middel voor de behandeling
van ADHD. In andere Europese landen ligt het aandeel van methylfenidaat ook ruim boven
de 80%.12,18,19,21,24,25. In de Verenigde Staten wordt methylfenidaat bij kinderen en adolescenten
echter maar in ongeveer 50% van de gevallen voorgeschreven. 12 De stijging in het gebruik
van dexamfetamine kan mogelijk worden verklaard door de verhoogde aandacht voor de
non-respons op methylfenidaat. De helft van de non-responders lijkt baat te hebben bij een
behandeling met dexamfetamine6.
Een sterk punt van dit onderzoek is het gebruik van de IADB.nl prescriptiedatabase
waarin voorschrijfgegevens zijn opgenomen van een populatie die representatief is voor de
Nederlandse bevolking. 7,13,14,28 Een beperking van dit onderzoek is dat we geen informatie
hadden over het daadwerkelijk gebruik en over de indicatie waarvoor de psychostimulantia
zijn voorgeschreven. Uit eerder onderzoek is gebleken dat bij patiënten jonger dan 60 jaar
ADHD de meest voorkomende indicatie voor methylfenidaat is.7 Daarnaast kan methylfenidaat
ook worden voorgeschreven bij de behandeling van narcolepsie wat kan leiden tot een lichte
overschatting van de prevalentie en incidentie van het gebruik voor de diagnose ADHD. 29 Bij
oudere patiënten zijn vooral somatische aandoeningen in de palliatieve fase een indicatie voor
het voorschrijven van methylfenidaat.7 Verder zijn patiënten die slechts één keer een recept
voor een ADHD-middel hebben gekregen buiten beschouwing gelaten in deze studie. Gezien
het chronische karakter van ADHD is er een grote kans dat aan een eenmalig voorschrift
namelijk een andere indicatie ten grondslag ligt.
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CONCLUSIE
Het gebruik van psychostimulantia in Nederland onder volwassenen, in het bijzonder vrouwen,
is de laatste jaren sterk toegenomen. Dit is niet alleen het gevolg van een continuering van
behandeling die is gestart op de kinderleeftijd, maar ook door een duidelijke toename in
het aantal volwassenen dat start met het gebruik van deze middelen en een toegenomen
behandelduur. Opvallend is dat ongeveer 40% van de behandelingen geïnitieerd wordt door
huisartsen. Zeker ook gezien het grote aantal meldingen dat bij het bijwerkingencentrum
Lareb is binnen gekomen over mogelijke bijwerkingen bij het gebruik van methylfenidaat bij
volwassenen is het belangrijk om de veiligheid van dit gebruik in kaart te brengen.30
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ABSTRACT
Background Recently, we showed in a meta-analysis that in children there is an association
between attention-deficit/hyperactivity disorder (ADHD) and atopic diseases, especially
asthma. Not much is known about this association among adults. The aim of the present study
was to assess the association between ADHD and asthma (severity) in an adult population.
As secondary aim we investigated the association between the presence of ADHD and the
presence of eczema and allergic rhinitis.
Methods We conducted a case-control study using a prescription database. Cases were
defined as adults aged between 18 and 50 years with at least two prescriptions of ADHD
medication within 12 months. Controls were defined as adults without any history of ADHD
medication prescriptions and were matched (4:1) on age and sex for each case. The presence
of asthma, eczema, allergic rhinitis, and asthma severity was based on the type and frequency
of the prescription of drugs used to treat the specific atopic allergy. Multivariable logistic
regression analyses were applied to control for urbanization and presence of allergic rhinitis
and eczema.
Results We identified a total of 3,987 individuals being treated with ADHD medication who
were matched to 15,948 controls. Among ADHD patients, 387 (9.7%) were prescribed drugs to
treat asthma, versus 499 (3.1%) among controls. The adjusted odds ratio for asthma medication
in patients with ADHD was 2.9 (95% Confidence Interval 2.5-3.4; p <0.001), 1.5 (95% CI 1.3-1.7) for
rhinitis, and 1.4 (95% CI 1.2-1.7) for eczema compared to controls. No significant association was
seen between asthma severity and the presence of ADHD.
Conclusion This study supports the hypothesis that also in adults asthma is more common
among ADHD patients than the general population.
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INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a common childhood-onset disorder which
affects between 3 and 7% of school-aged children. 1,2 Approximately 65% of individuals with
ADHD continue to have symptoms as adults.3,4 Over recent years, there has been a steep
increased prevalence of ADHD treatments5, paralleled by an increased prevalence of atopic
diseases6 which fueled the interest in research into the association between both disorders.7
While early studies on the relationship between ADHD and atopic diseases in children
presented conflicting results concerning a possible association7, a recent meta-analysis from
our group showed the existence of a clear association between ADHD and the prevalence of
atopic diseases, particularly asthma, in children.8 The nature of this relationship is still unknown,
although findings suggest links with environmental and/or genetic risk factors contributing to
inflammatory mechanisms.9 Asthma medication is also mentioned as a possible explanation for
the association; however, results are conflicting.10,11
In adults, much less is known about a possible association between ADHD and asthma.
A better understanding of the association between ADHD and atopic diseases adults could
contribute to a better understanding of both disorders. The aim of this study was to investigate
associations between the presence of ADHD and the presence and severity of asthma in
adults. As secondary aim we investigated the association between the presence of ADHD and
the presence of eczema and allergic rhinitis.

METHODS
Study population
We performed a matched case-control study following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement.12 Information on drug prescription
data was obtained from the University Groningen IADB.nl database containing pharmacydispensing data from 60 community pharmacies in the Netherlands, covering a population
of approximately 600,000 people since 1994. The medication data were used as proxies for
the diagnoses of ADHD and asthma. Dutch patients usually register at a single community
pharmacy and therefore one pharmacy can provide an almost complete listing of a subject’s
prescribed drugs.13 Pharmacy data contain, among other data, information on the name of the
drug dispensed, Anatomical Therapeutical Chemical (ATC) classification, date of prescription,
number of days the drug was prescribed, and dosage. The database is representative for drug
use in the Netherlands as a whole.

Definition of cases and controls
Cases were defined as adults between the age of 18 and 50 years who had at least two
prescriptions of ADHD medication, i.e., of methylphenidate (ATC: N06BA04), atomoxetine (ATC:
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N06BA09), or dexamphetamine (ATC: N06BA02) within a period of 12 months. The requirement
of at least two prescriptions within a 12 month period was to prevent the inclusion of sporadic,
non-chronic, medication use. The date of the first prescription of ADHD medication was set
as the index date. Controls were defined as adults who were matched on age and sex to the
case (4:1) on the index date (±1 year), but had no history of ADHD medication anywhere in the
database. To ensure both cases and controls had a similar at risk time in the database, it was
necessary for both cases and controls to have prescription data of at least three years prior to
the index date.

Definition of asthma
In both cases and controls we identified whether individuals had received treatment for
asthma before the index date. Treatment for asthma was defined as at least two prescriptions
of anti-asthma medication (Drugs for obstructive airway diseases, ATC: R03) within a period
of 12 months. When studying asthma in adults based on prescriptions, it is possible that
other airway related diseases treated with anti-asthma drugs could be a confounding factor.
Especially chronic obstructive pulmonary disease (COPD) must be considered as both diseases
are prescribed similar medication.14 To avoid misclassification, only adults below the age of 50
were included in the study and combinations of medication specifically for COPD treatment
were excluded (long-acting inhaled anticholinergics)14, therefore, making misclassification in
this study unlikely.
As part of our sensitivity analyses, we also defined asthma treatment based on alternative
medication proxies as defined by Mulder et al.15 and described in table 3, to assess the possible
association between asthma severity and ADHD.
The assessment of asthma severity categories (intermittent, persistent mild, persistent
moderate - severe) was estimated using different medication proxies based on the evidencebased guidelines on adult asthma from the Dutch College of General Practitioners and the
local pharmaceutical formulary, 10th edition (Appendix I).

Covariates
We also recorded whether individuals had received treatment for rhinitis and eczema, because
of the observed association of these atopic diseases with childhood ADHD.8,16 Having received
treatment for rhinitis and eczema that are both strongly linked to asthma, was defined as ≥2
prescriptions within a period of 12 month of specific anti-allergic agents and corticosteroid
nasal preparations for topical use, and specific dermatological preparations with corticosteroids
(ATC: R01AC/R01AD/R06AE/R06AX and D07, respectively).
Urbanization of the living area was measured to correct for the association between high
urbanization levels and a higher prevalence of asthma.17,18 Based on the address code of each
individual the urbanization level was determined (1-5 based on the numbers of addresses on
each km2 as supplied by the National Bureau of Statistics; 1=2500 or more addresses per km2,
2=1500-2500 addresses per km2, 3=1000-1500 addresses per km2, 4=500-1000 addresses per
km2, and 5=less than 500 addresses per km2).
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Statistical analysis
We first assessed the frequency of the occurrence of asthma medication prescription in both
cases and controls. In addition, the co-variables age, sex, urbanization, eczema, and rhinitis
were compared between cases and controls. Pearson chi-square test was used to compare
the frequencies of categorical variables and Student’s t-test for the continuous variables. To
estimate the associations between ADHD and asthma prescriptions, the association between
ADHD and eczema/rhinitis prescriptions, and the association between ADHD and the
different severity categories of asthma, odds ratios (OR) with 95% Confidence Interval (CI) were
calculated using conditional logistic regression analysis. The adjusted ORs were calculated
by matching the cases and controls on age and gender, and adjusting for urbanization level
and two of the other atopic diseases (asthma, eczema and rhinitis). We also stratified the
analysis of the association between asthma and ADHD by sex. A p- value <0.05 was considered
statistically significant. All analyses were conducted using Statistical Package for Social
Sciences, version 22.
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RESULTS
A total of 3,987 individuals were identified as cases that were matched to 15,948 adult controls
that met all study criteria. Table 1 shows the characteristics of the study population. Among
cases, methylphenidate (95.7%) was the most prescribed ADHD drug.
Table 1: Cohort characteristics of patients with ADHD and the matched comparator
group

Cases with ADHD
medication (3,987),
N(%)
1,652 (41.4%)

Controls without
ADHD medication
(15,948), N(%)
6,608(41.4%)

32.4 (SD 8.2)

32.8 (SD 8.3)

.147a

1

1248 (31.3%)

4610 (28.9%)

<.001b

2

1123 (28.2%)

3823 (24.0%)

3

811 (20.3%)

3260 (20.4%)

4

437 (11.0%)

1868 (11.7%)

5

323 (8.1%)

2124 (13.3%)

Gender (Female)
Age in years (mean)
Urbanization level

1

Missing

P value

45 (1.1%)

263 (1.6%)

Rhinitis

310 (7.8%)

651 (4.1%)

<.001b

Eczema

222 (5.6%)

534 (3.3%)

<.001b

Asthma

387 (9.7%)

499 (3.1%)

<.001b

Abbreviations: SD, standard deviation.
1
1=2500 or more addresses per km2, 2=1500-2500 addresses per km2, 3=1000-1500 addresses per km2, 4=5001000 addresses per km2, and 5=less than 500 addresses per km2
a
Pearson chi-square test
b
Student’s t-test

The multivariable analysis revealed that asthma, rhinitis, and eczema were significantly more
common in cases than controls (see table 2). After matching the cases and controls on age
and gender, and adjusting for urbanization level and for the other two atopic diseases the
association with ADHD medication still existed and was the strongest for asthma with an
adjusted odds ratio of 2.9 (95% CI 2.5-3.4), odds ratios of 1.5 (95% CI 1.3-1.7) for rhinitis, and 1.4
(95% CI 1.2-1.7) for eczema.
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Table 2: Multivariable conditional logistic regression model of association of atopic
diseases and ADHD in adults
Cases
(n=
3987)

Controls Crude
(n=15948)
OR

95% CI
Lower
Upper

p Adjusted
value
OR1

95% CI 1
Lower
Upper

p
value1

Asthma

387
(9.7%)

499 (3.1%)

3.3

2.9

3.9

<0.001

2.9

2.5

3.4

<.001

Rhinitis

310
(7.8%)

651 (4.1%)

2.0

1.7

2.3

<0.001

1.5

1.3

1.7

<.001

Eczema

222
(5.6%)

534 (3.3%)

1.7

1.5

2.0

<0.001

1.4

1.2

1.7

<.001

Abbreviations: OR, Odds Ratio; CI, Confidence Interval
1
Adjusted for urbanization level and the other two atopic diseases.

In a sub-analysis the data was stratified per sex. In both groups asthma had the highest
adjusted odds ratio with 2.4 (95% CI 2.0-3.0; p< .001) in males and 3.5 (95% CI 2.8-4.3; p<.001) in
females, although the difference was not significant (p=0.147). Table 3 describes the odds ratios
using two alternative definitions of asthma, based on an earlier study by Mulder B et al., and
the severity categories of asthma with ADHD. Using our first alternative definition ( i.e., more
than three prescriptions for asthma medications within 12 months), we identified 643 patients
with asthma . With our second alternative definition of the presence of asthma (i.e., at least one
prescription of an inhaled corticosteroid and one other anti-asthma drug) a total of 408 (2.2%)
adults were considered patients with asthma . The adjusted ORs for these two alternative
definitions of asthma were similar as the OR when using the original proxy of ≥2 prescriptions
per year.
There was no significant difference between the different severity categories of asthma and
the odds of receiving ADHD medication. In addition, no significant difference between cases
and controls was detected in the asthma persistent severe category probably due to a low
number of patients in this category.
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Table 3: Multivariable conditional logistic regression model of association of ADHD in
adults and asthma defined by different proxies2 and severity3
95%
Cases Controls Crude 95% CI
p
Adjus

t
ed
CI 1
P
(n=
(n=
Lower value
1
OR
OR
Lower
value1
3987) 15948)
Upper
Upper
Asthma
medication
387
≥2
(9.7%)
prescriptions*
Asthma
medication
Asthma
272
definition2 ≥3
(6.8%)
prescriptions*
Asthma ≥1
ICS + ≥1
171
other asthma (4.3%)
medication*

Asthma
severity3

499
(3.1%)

3.3

2.9 3.9 <0.001

2.9

2.5 3.4 <.001

371
(2.3%)

3.1

2.6 3.6 <0.001

2.6

2.2 3.1 <.001

237
(1.5%)

3.0

2.5 3.7 <0.001

2.5

2.1 3.1 <.001

Asthma
Intermittent

45
(1,1%)

64(0,4%)

2.9

1.9 4.2 <.001

2.4

1.5 3.5 <.001

Asthma
Persistent
Mild

129
(3,2%) 193 (1,2%)

2.7

2.2 3.4 <.001

2.3

1.8 2.9 <.001

3.4

2.7 4.2 <.001

2.8

2.2 3.5 <.001

Asthma
Persistent
Moderate Severe

137
(3,4)

168 (1,1%)

Abbreviations: OR, Odds Ration; CI, Confidence Interval; ICS, Inhaled corticosteroid
*
Within a period of 12 months.
1
Adjusted for urbanization level and, eczema and rhinitis.
2
Asthma medication: drugs for obstructive airway diseases, ATC: R03.
3
Asthma severity was estimated using different medication proxies (Appendix I).

DISCUSSION
The results of our study suggest that there is an even stronger association between ADHD and
asthma in adults than what has been reported among children.8 Having ADHD significantly
increases the odds of a history of asthma. Even after adjustment for eczema and rhinitis the
odds ratio remained significant. The association found in our study is in accordance with
another study, in which the presence of prescriptions for anti-asthma drugs were significantly
higher in adult patients with ADHD compared to controls.9 Similar studies also found a higher
co-occurrence of both diseases than would be expected by chance.19 However, in our study
we determined an association of a history of asthma before the first prescription of ADHD
medication.
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In children, the magnitude of the association between asthma and ADHD was found to
increase with asthma severity.10 In this study, the association between asthma and ADHD did
not increase as the severity of asthma increased making a severity-response relation between
asthma and ADHD less likely.
Besides an increased co-occurrence of asthma in children with ADHD compared to children
without ADHD, longitudinal studies in children have indicated that there is also a higher
chance of ADHD developing in the presence of asthma.16,20,21 This is similar to the results of
our study in adults which indicate an association between ADHD and a history of asthma
independent of medication definition of asthma or asthma severity and corrected for age, sex,
urbanization, and the presence of eczema and rhinitis. In addition to environmental and/or
genetic risk factors as underlying mechanism for the association between ADHD and asthma
in both children and adults, the association could also be explained by a higher health care
seeking behavior of asthma patients making it more likely to receive a diagnosis and treatment
for ADHD and vice versa. This is a form of selection bias which is unavoidable in a prescription
database. However, all persons in the database have received at least one drug to become
registered.

Strengths and limitations
A major strength of our study is the use of a large and representative prescription database
and statistical power of the study. In addition, we corrected for the possible confounding
of age, sex, urbanization and other atopic diseases, important strong risk factors that could
have influenced the association between ADHD and asthma. However, our results must be
considered in the context of possible limitations. Confounding must be considered when
interpreting results from an observational study, as it can lead to an over- or underestimation
of the association between ADHD and asthma. Since the cases and controls were matched not
only on age but also on sex, the possible confounding influence of these factors was controlled
in the analysis. Sex could be an effect modifier, however, as boys are more prone to develop
asthma and ADHD compared to girls.22 This sex-based difference was expected to also exist in
adults. In this study, ADHD was indeed more common in males than females, but unexpectedly
the asthma occurrence was similar as in females. Though non-significant, the stratified analysis
showed some higher odds ratio among females than males. This is in accordance with the
result from a previous study where the association between ADHD and asthma was stronger
for women than men.9 It is often thought that ADHD in women is probably underrecognized.23
We can only speculate that a potential explanation might be found in differences in health care
seeking behavior of asthmatic women in combination with under-recognition of their ADHD in
childhood.
Since there was no diagnostic information provided with the prescriptions, the diagnostic
status remains uncertain. This may have led to misclassification bias, in both the case and
control groups. However, previous studies have indicated that asthma medication proxies in
the IADB database correspond with the diagnosis of asthma.13,15 As shown in our sensitivity
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analysis the alternative definitions of presence of asthma yielded similar results. Therefore, we
assume that our results indicate an association of ADHD with asthma rather than just asthma
medication.
To what extent prescription data is a valid proxy for a diagnosis of ADHD in adults remains
uncertain. In this study population, at least two prescriptions of either methylphenidate,
atomoxetine, or dexamphetamine were used as a proxy for presence of ADHD, as these drugs
are specific for ADHD and usually not prescribed for other diseases. Methylphenidate is also
prescribed for narcolepsy, but only for a very small group, making confounding negligible.
Since treatment of ADHD in adults in the Netherlands also is done through behavioral
therapy, only a limited number of the actual patients with ADHD can be determined through
a prescription database.24 This could have led to an underestimation of the strength of the
associations in our study.
As the information was purely based on prescription data, it is not possible to take
environmental or genetic factors into account. Particularly in the case of asthma, environmental
risk factors such as exposure to pets or air quality in urban areas could play a role in the
development or expression of the disease. Especially smoking may be a relevant factor, as the
prevalence of smoking is higher in adults with ADHD. Although arguably not causal, smoking
could worsen symptoms in adults with pre-onset asthma leading to aggravate the need for
medication.25 This could lead to an overestimation of our results.

CONCLUSIONS
This study shows that adult asthma is associated with ADHD. ADHD and asthma both have an
early onset and it is therefore difficult to determine the effect of asthma on ADHD in adults
or vice versa. Future studies should determine the underlying mechanism and the possible
clinical implications of the association between ADHD and asthma.
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APPENDIX I
Medication proxies for the definition of atopic diseases and asthma severity*.
Rhinitis; Rhinitis was defined as at least two prescriptions of anti-rhinitis medication (Specific
anti-allergic agents and corticosteroid nasal preparations for topical use, ATC: R01AC/R01AD/
R06AE/R06AX) within a period of 12 months.
Eczema; Eczema was defined as at least two prescriptions of anti-eczema medication (specific
dermatological preparations with corticosteroids, ATC: D07) within a period of 12 months.
Asthma; Asthma was defined as at least two prescriptions of anti-asthma medication (Drugs
for obstructive airway diseases, ATC: R03) within a period of 12 months.
Asthma intermittent; Asthma intermittent was defined as ≥2 prescriptions of a short acting
beta-2-agonist (ATC: R03AC) within a period of 12 months.
Asthma persistent mild; Asthma persistent mild was defined as ≥1 prescriptions of a short
acting beta-2-agonist (ATC: R03AC0) and ≥1 prescriptions of a glucocorticoid (ATC: R03BA)
within 12 months or ≥2 prescriptions of a glucocorticoid within a period of 12 months.
Asthma persistent Moderate-Severe; Asthma persistent moderate was defined as
≥1 prescriptions of a short acting beta-2-agonist (ATC: R03AC0) and ≥1 prescriptions of a
glucocorticoid (ATC:R03BA) and ≥1 prescriptions of a long acting beta-2-agonist (ATC:R03AC1)
within 12 months or ≥1 prescriptions of a combination preparation of a glucocorticoid and a
long acting beta-2-agonist and ≥1 prescriptions of a short acting beta-2-agonist (ATC: R03AC0)
within 12 months or ≥2 prescriptions of a combination preparation of a glucocorticoid and a
long acting beta-2-agonist.
* Different medication proxies were based on the evidence-based guidelines on adult asthma
from the Dutch College of General Practitioners and the local pharmaceutical formulary, 10th
edition.
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The overall focus of this thesis was to assess the possible association between presence
of drug-treated atopic disorders and ADHD and to contribute to a biopsychosocial model
of psychotropic drug use by addressing three different research aims. The first aim of this
thesis (chapters 2-4) was to assess the effectiveness and impact of psychotropic drug use
in children. The first chapter reports on the differences in school performance in relation to
various characteristics of psychotropic drug use. The second chapter looked at the persistence
and adherence of methylphenidate, and the possible influence of atopic diseases. In the third
chapter the cost-effectiveness of psychotropic drug use in children and adolescents was
discussed. In the second and third section of this thesis (part II and III) I addressed both
the association between ADHD and atopic diseases in children (chapter 5-7) and in adults
(chapters 8-9).
This chapter summarizes the findings of each individual chapter. Combining the main
findings per section and putting them in context of current literature further insight is given
into the outcomes of each of the three main research questions. In the last section the
strengths and limitations of the research projects will be discussed, and the possible clinical
implications of our main findings. This thesis ends with the concluding remarks.

SUMMARY PER CHAPTER
Although psychotropic drugs like methylphenidate are known to reduce symptoms
of ADHD of the related disorders, data on school performance among children using
methylphenidate is limited. In chapter 2 the objective was to explore school performance
among children using methylphenidate at the end of primary education. We linked
data from a pharmacy prescription database with a standardized school achievement
test. By doing so we could explore the association between test scores and different
characteristics of methylphenidate use, like moment of initiation of treatment, dose of
treatment, and concomitant treatment. The results of this study suggest that an earlier start
of methylphenidate treatment is associated with lower school performance than children
starting later with the treatment. This could indicate a limited effect of long-term treatment or
a more strongly affected group of early starters. The study also indicates that children using
methylphenidate still perform worse at school compared to their peers. In the next part of
the section the focus was on the effectiveness of psychotropic drug use, chapter 3, and the
association between atopic disease and the adherence and persistence of treatment with
methylphenidate was assessed. By linking long-term prescription data of children being treated
with methylphenidate with specific patient characteristics, possible risk factors contributing
to methylphenidate non-persistence could be determined: atopic disease increases the risk
of methylphenidate non-persistence in children. Older age, concomitant use of psychotropic
drugs, and being prescribed short-acting methylphenidate also increased the risk of
methylphenidate non-persistence.
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In the last chapter of the first part of this thesis the societal impact of psychotropic drug
use is addressed by combining treatment effects with related cost, calculated from a societal
perspective. The objective of chapter 4 was to evaluate the cost-effectiveness of a switch from
immediate-release methylphenidate (IR-MPH) to extended-release methylphenidate (ER-MPH)
in children who are sub-optimally treated. Although IR-MPH is the medical treatment of first
choice, the necessity to use several IR-MPH tablets per day and associated potential social
stigma at school often leads to reduced compliance, sub-optimal treatment, discontinuation of
treatment and therefore economic loss. This study showed that the long acting ER-MPH results
in costs up to four times higher than the short acting IR-MPH. Despite the higher costs, the
longer-term economic analysis indicated that switching sub-optimally treated patients from
IR-MPH to ER-MPH is very likely to be cost-saving and more effective. The results of this analysis
imply that over a period of 10 years, considerable cost-savings may be produced for the society
and the health-care system.
The second part of this thesis zoomed in on the association between atopic diseases
and ADHD in both children and adults. More knowledge about the possible involvement of
atopy in the pathogenesis of ADHD could provide insight into possible approaches for the
prevention, treatment, and progression of psychiatric disorders such as ADHD.
In chapter 5 the objective was to assess whether children with drug-treated ADHD are
more likely to have received treatment for asthma, allergic rhinitis, or eczema before the start
of ADHD medication use compared with controls. The second objective was to examine the
effect of parents receiving medication for ADHD and atopic diseases on ADHD medication
use in their offspring. By using medication proxies as a definition for both ADHD and atopic
diseases, we conducted a retrospective nested case-control study. The results provided
additional evidence to support the hypothesis that atopic disorders, such as asthma, increase
the risk of developing ADHD. This evidence supports the hypothesis that there is a link
between atopy and ADHD or that certain patients are more prone to health care seeking
behavior and therefore more likely to receive atopy and ADHD medication. In the subsequent
literature study presented in chapter 6, observational, cross-sectional, and longitudinal, studies
were systematically reviewed that assessed the association between atopic disorders including
asthma, atopic eczema, allergic rhinitis, and ADHD in children and adolescents. For longitudinal
studies, a weighted odds ratio of these associations was estimated. The results provide strong
evidence to support the hypothesis that the three main atopic diseases asthma, eczema, and
allergic rhinitis are independently associated with ADHD in childhood and that individuals
have on average a 30% to 50% greater chance of developing ADHD later in life compared with
persons without these diseases.
The study in chapter 7 shifted focus from the association between atopy and ADHD on
group level to individual patient data to determine the temporal order of the association. The
study showed that atopic symptoms and sleeping problems may have a direct association
with subsequent ADHD symptoms on an individual patient level. In addition, an association
between symptoms of ADHD and sleep problems on atopy was also shown on an individual
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patient level. Both associations were however heterogeneous, and differences in sign, direction,
and strength of the association between atopy and ADHD were detected within the study
population.
In the last chapters of this thesis the focus was on the association between atopy and
ADHD in adults. First, in chapter 8 it was shown that the use of ADHD medication has
increased in the Netherlands over the last decade (2004-2014), especially in women where
the prevalence rate increased from 0.9 to 5.7 per 1000. This high medication use in adults is
not only the result of the continuation of treatment started in childhood, but also of a marked
increase in the number of new adult users (0.5 to 1.5 new users per year per 1000 adults).
Although the number of new users seems fairly constant since 2012, it is important to monitor
future trends regarding the use of ADHD medications among adults because pharmacological
options for treating ADHD in adults are being used on an off-label base.
In chapter 9 the association between atopy and ADHD in adults was determined in a large
pharmacy prescription database looking at presence of both diseases, similar to the study in
chapter 5, and the severity of asthma. It was found that the presence of rhinitis, eczema, is
associated with ADHD in adults. The strength of the association was similar compared to that
in children. However, we found a higher association between ADHD and a history of asthma,
with similar results for the different asthma severity groups. Both ADHD and asthma have an
early onset and it is therefore difficult to determine the effect of asthma on ADHD in adults or
vice versa.

WHAT IS THE CLINICAL AND ECONOMIC IMPACT OF PSYCHOTROPIC
DRUG USE IN CHILDREN?
The prevalence of psychiatric disorders is high. It is estimated that up to 10% of the overall
disease burden across the lifespan can be attributed to mental health problems. Contrary to
somatic diseases, which have the largest impact during late adulthood, psychiatric disorders
peak during early adulthood.1 The impact of psychiatric disorders is also considerably larger
in children and adolescents compared to other (somatic) diseases due to their high incidence
and high prevalence rates in childhood.2 With an increased cure of especially communicable
diseases the relative impact of global mental health will become even bigger in future years.3
In 2011 the findings from the Grand Challenges in Global Mental Health initiative, a consortium
of patients, researchers, clinicians, lawyers, and policy makers were published. This initiative
announced a top 25 of research priorities for improvement of mental health around the
globe.4 Four of these priorities directly relate to ADHD, i.e., clarifying the causes of the disorder,
improving diagnosis and treatment, developing preventive strategies, and defining the global
burden of disease.5 In the next sections the ADHD treatment with methylphenidate will be
discussed related to multiple real life outcomes.
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School performance and psychotropic drug use
Psychiatric disorders have a negative impact on academic functioning, which is largely
accounted for by problems with inattention and conduct, and are associated with lower
achievements in school. Most symptom patterns of psychiatric disorders are associated
with impairment on emotional, cognitive, and social level.6,7 There is an ongoing discussion
about the impact of psychotropic drugs, like psychostimulants and antipsychotics, on school
performance. Overall, the literature suggests that pharmacotherapy of ADHD benefits children
on the short term, especially when looking at behavioral improvements, while effects of
pharmacotherapy of ADHD on academic performance vary between studies.8,9
Our study into school performance and methylphenidate treatment in a large prescription
database suggests that an earlier start of methylphenidate treatment is associated with
lower school performance compared to children starting later with treatment. This could
indicate that methylphenidate has a limited effect in long-term treatment or that the group
who started treatment earlier was more severely affected. Unfortunately, no information
concerning ADHD severity was available for this study. However, dosing of methylphenidate,
which could be interpreted as an indirect measurement of ADHD severity, was not associated
with school performance. The long-term effects of methylphenidate on school performance
could therefore be questioned by the results of this study. Because both continuation and
performance at school are important factors in the improvement of behavioral problems like
ADHD, but also in the future perspectives in the development of the child10,11, it is essential
to monitor the long-term effectiveness of treatment, taking into account the academic
achievement of the child, the treatment goals of the parents, but especially the goals of the
child. If there is no effect of treatment on an essential factor like school performance, it should
be questioned whether treatment is desirable. This may prevent unnecessary, prolonged, and
unwanted drug use in children. Regular evaluations of treatment goals and assessment of
treatment effectiveness by planning medication holidays could contribute to a more adequate
therapy.
The results of this thesis also indicate that methylphenidate treatment in children does not
normalize school performance. This remains true even after statistical adjustment for factors
like household income, concurrent treatment, and ethnicity, which are associated with lower
school performance. Because it is not clear if this result is clinically relevant, future research into
the normalizing effect of ADHD treatment if any is warranted and could indicate a need for
future treatment developments. Studies have shown that although factors related to academic
performance, like academic productivity, may improve with the use of stimulant medication,
an increase of quality of the academic performance is not seen.12 This is confirmed by a study
that showed a distinction between an increase of executive functioning without a clear clinical
improvement.13 If stimulant treatment is mainly influencing academic productivity instead
of academic performance, the misuse of stimulants and ethics of cognitive enhancement of
children need to be considered in the discussion regarding the effects of pharmacotherapy in
children with ADHD.14,15
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Adherence and methylphenidate use
Patient compliance is one of the most common problems in the treatment of ADHD, and
persistence and adherence to ADHD treatment is generally low.16 Untreated or sub-optimally
treated ADHD can lead to significant problems in both academic and social setting.17 Overall,
the discontinuation rate of ADHD treatment varies but can be up to 84% within a 12-months
period.18,19 Multiple factors related to the medication but also to the patient itself, like age, are
associated with adherence problems and discontinuation of treatment.18,20 One of these factors
that is associated with treatment discontinuation is the presence of comorbidities.21 Besides
common psychiatric comorbidities, atopic diseases are often present in children22, but little is
known about the association with treatment discontinuation and non-persistence. The results
in chapter 3 provide evidence that atopic diseases may increase the risk of methylphenidate
non-persistence in children. Whether the association between atopic diseases and treatment
non-persistence should be implemented into the management of ADHD is dependent on the
underlying cause of the non-persistence of treatment. Without a clear association between
the two diseases findings could indicate a more general problem with the concomitant use
of multiple drugs. If there is an association between atopic diseases and ADHD the treating
physician should be more alert on treatment adherence when a comorbid atopic disease is
present in ADHD. The association between atopic diseases and ADHD will be discussed in the
last sections of this discussion.

Cost-effectiveness of methylphenidate use in children
When looking at the outcome of methylphenidate treatment it is not only essential to
determine the real-life effectiveness of the treatment but also consider costs. In the field of
health-economy the objective is to determine the maximum value for money by combining
the assessment of clinical effectiveness with the related costs. By assessing the costeffectiveness of a treatment, it is possible to compare not only alternative treatment options
for the same disease, but also treatment options between different diseases. This may prevent
the unlimited increase of healthcare costs by comparing the cost-effectiveness of a treatment
with a local cost-effectiveness threshold.23 In previous studies it has been shown that costeffectiveness analyses of child and adolescent mental health problems are often still lacking
and more knowledge is needed.24 Currently, it seems that pharmacotherapies in ADHD are
cost-effective compared to no treatment and to behavioral therapies.25,26 As stated in the
previous section, adherence can be of influence on the outcome of the treatment. In chapter
4 the cost-effectiveness has been evaluated from a societal perspective of a switch from shortacting methylphenidate to long-acting methylphenidate in children who are sub-optimally
treated. The switch of medication type was deemed cost-effective because of the possible
improvement of adherence. An effective treatment could not only benefit the patients’ health
but also reduce indirect costs in healthcare and productivity loss of family members.
In summary, although often highly effective in the treatment of (short-term) behavioral
problems in children, more factors need to be considered when looking at the effectiveness
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of psychotropic medication like methylphenidate. Like all drugs, it should be questioned to
what extent the efficacy, established in controlled trial settings, hold outside formal trials.
This is especially true for long-term effects and complex outcomes like school performance.
In addition, it is important to also consider the negative (long-term) effects of drug use, like
growth retardation.
In the first chapters of this thesis the use of methylphenidate was assessed, related to
the real life outcomes of school performance, treatment adherence and persistence, and
cost-effectiveness of treatment. All three studies have shown that there are opportunities
for improvement in the treatment with methylphenidate. In school performance related to
methylphenidate use the early starters of methylphenidate treatment are lagging behind
compared to their peers when it comes to academic performance. When it comes to treatment
adherence of methylphenidate, comorbid atopic diseases increase the risk of treatment nonpersistence in children with ADHD. Our cost-effectiveness analysis showed that it could be
cost-effective to switch children with adherence problems from short-acting to long-acting
methylphenidate.
In the next chapters the association between atopic diseases and ADHD will be discussed
in both children and adults, and the possibilities for treatment improvement.

WHAT IS THE ASSOCIATION BETWEEN ATOPY AND ADHD IN
CHILDREN AND IN ADULTS?
The uncertain effects of long-term use of ADHD medication and the related improvements of
functional limitations, together with the non-curing effect of ADHD medication has triggered
a scientific and societal discussion regarding the treatment of ADHD. Current treatment
strategies are mainly focused on coping with symptoms of ADHD. The possibilities of early
intervention or even the prevention of ADHD is being discussed as a possible future alternative
for treatment of ADHD later in life. Targeting the possible causal pathway that leads to ADHD
could reduce the burden of the disorder, the associated impairment on the long term and the
possible need for future treatment.27 However, currently the etiology and pathophysiology
of ADHD are still largely unclear. Therefore, research is needed into high risk and negative
outcome predictors of ADHD, ADHD treatment strategies for early intervention of atypical
neurodevelopment in preschool children and strategies to reach the specific target group
of children at high risk for developing ADHD before early intervention could make a possible
contribution in the care and cure of ADHD.27
Psychiatric disorders are defined by a set of symptoms associated with clinically significant
impairment of functioning, and may affect cognition, emotion regulation, or behavior.
The distinction between psychiatric disorders and physical diseases is mainly a practical
consideration based on which medical discipline is primarily responsible for the treatment.28
The DSM defines a mental health disorder as described in box 1. However, the classification and
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definition of psychiatric disorders have been discussed for over 150 years and still a consensus
has not been reached.29 A reason for the expressed doubts regarding the validity of psychiatric
disorders is the high level of heterogeneity of psychiatric disorders, caused by a lack of a clear
biological defect. Rather, psychiatric disorders have a multifactorial etiology, leading to differing
patterns of symptoms and severity and varying effectiveness of treatment strategies.29,30 This
heterogeneity of psychiatric disorders makes that diagnosis, treatment, and research into
psychiatric disorders need to take a different approach compared to the study of most somatic
diseases, e.g., where there is often a clearer distinction between disease and health.

Box 1. Definition of a mental health disorder by the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition.

“A mental disorder is a syndrome characterized by clinically significant disturbance in an
individual’s cognition, emotion regulation, or behavior that reflects a dysfunction in the
psychological, biological, or developmental processes underlying mental functioning.
Mental disorders are usually associated with significant distress or disability in social,
occupational, or other important activities. An expectable or culturally approved response to
a common stressor or loss, such as the death of a loved one, is not a mental disorder. Socially
deviant behavior (e.g., political, religious, or sexual) and conflicts that are primarily between
the individual and society are not mental disorders unless the deviance or conflict results
from a dysfunction in the individual, as described above.” - Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition.

Atopy and ADHD in children
In 2010 Schmitt et al.31 reviewed the available evidence regarding the possible association
of atopic diseases, like asthma, eczema, and rhinitis, and ADHD. The authors concluded that
although it appeared that eczema was independently associated with ADHD, and not atopy
in general, the quality of studies was low and conclusions about causality were impossible to
make. The study in chapter 4 showed that besides an association between eczema and ADHD,
it is also likely that there is an independent association between ADHD and asthma and rhinitis.
In addition, we showed that parental medication use for asthma and allergic rhinitis was
associated with ADHD medication in the child. These findings suggest a possible genetic link or
a shared environmental component in the association between atopy and ADHD. Alternatively,
increased healthcare-seeking behavior could be underlying the association between the
diseases, in which being treated for one disease makes it more likely that a second disease is
also noticed. However, our whole study population is to a greater or lesser extent exposed to
healthcare, which makes healthcare-seeking behavior a less likely explanation, especially in the
association between parental atopy and ADHD in the child. Moreover, studies have shown an
association between asthma, rhinitis, and ADHD independent of treatment.32,33
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The study in chapter 5 showed that individuals with atopic disease have greater chance
of developing ADHD later in life compared with persons without these diseases. A recent
meta-analysis confirmed the strength of this association between atopic diseases and ADHD
with similar results. (Miyazaki et al. 2017) The underlying mechanism behind the association
is still unclear. The lack of studies measuring ADHD symptoms at baseline shows that both an
association in co-occurrence or an association in atopy preceding ADHD could exist; atopy
before the occurrence of ADHD is a predictor for atopy later in life and vice versa. The lack
of baseline correction of ADHD symptoms is also the base for the poor study quality rating
addressed in both meta-analysis.
To test the association in a real-life setting we performed a time-series analysis in chapter
7 to address the possible causal pathway between atopic diseases and ADHD. The objective
was to determine the temporal order of the co-occurring association between symptoms
of atopic disease and ADHD on an individual patient level. Although time-series analysis has
the potential to be a useful method to assess the temporal order of the association between
atopy and ADHD, no consistent order was observed within our study population. Nevertheless,
chapter 7 provided additional evidence that the symptom expression of atopy and ADHD are
related.

Pathophysiology of the association between atopy and ADHD
Multiple pathophysiological mechanisms have been raised to explain the possible comorbidity
between ADHD and atopic diseases. Three main biological models have been proposed
which could explain the possible relation between ADHD and atopic diseases.34 The first
model proposes that the chronic inflammation caused by the allergic reaction can expose
the developing brain of a child to both high levels of inflammatory cytokines and to early life
stress.34 For example, the ability of inflammatory cytokines to cross the blood-brain barrier
allows to potentially interfere with cognitive and behavioral development.35 Also, both stress
and cytokine release have been found to play a crucial role in the development of specific
brain regions that control functions like attention, motivation, and cognition. Changes in the
development of these specific brain regions can increase the chances of developing ADHD.
The second model proposes an alternative direction of the possible association between
ADHD and atopic diseases, in which an increased level of stress related to ADHD is the base for
neuroendocrine processes related to the onset of allergic inflammation.34 Sleep problems as an
effect modifier or mediator of the association between atopy and ADHD has been of special
interest.36,37 Although sleep is essential for the maturation of the brain, and atopy is known
for affecting sleep quality, associations between atopy and ADHD independent of sleep have
been shown.35 In chapter 7 even an association was observed between sleep problems and
decreased ADHD symptoms.
The last model proposes involvement of shared risk factors, like genetic predisposition38, or
perinatal problems which could lead to both disorders.34 Since neurodevelopmental disorders
like ADHD are likely to be caused by an interplay of multiple factors, i.e., genetics, epigenetics,
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biological, psychosocial, and other environmental factors, the three proposed models do not
have to be mutually exclusive and could reinforce eachother.39
An alternative hypothesis, fueled by the effect of the hypoallergenic restricted elimination
diet in children with ADHD, suggests that ADHD itself is a hypersensitivity reaction in some
individuals.40,41 Multiple studies found a significant positive effect of diet on ADHD related
symptoms. However, a review of the studies found significant methodologic shortcomings
and labeled the effect of diet as uncertain.42 Future randomized and double-blind trials into
the effects of the treatment with the restricted elimination diet could indicate the added
value of this diet over current treatment strategies. Despite results indicating that it is more
likely that ADHD is a non-allergic hypersensitivity reaction these cannot rule out the possible
involvement of allergic mediated mechanisms.41 For example, the histaminergic system has
a central role in the allergic process, but is also involved in the neurotransmitter pathways
involved with ADHD. 40 The multifactorial etiology of ADHD and the co-occurrence of
both allergic and non-allergic hypersensitivity complicate the determination of a possible
mechanism of action behind the possible association between ADHD and atopic diseases.
A recent hypothesis of the pathophysiology behind the association between atopy and
ADHD was fueled by results of a small randomize, double-blind, placebo-controlled crossover
study in which 38 children diagnosed with comorbid ADHD and allergy were exposed to
cetirizine, methylphenidate, or a combination of both.43 Measurements of serum nerve growth
factor (NGF) levels were done to assess the possible involvement of NGF and the interaction
between the immune and the nervous system. NGF could accommodate the association
between ADHD and atopy by regulating immunoglobulin production, essential for an allergic
response, and playing a major role in the regulation of the allergic inflammatory response,
which is critical in the interaction between the nervous and immune system, but also to the
endocrine system.43
The majority of the hypotheses raised for the pathophysiological mechanism behind the
association between atopy and ADHD remain speculative. However, the results collected in
both chapter 5, chapter 6 and chapter 7, together with the results of Yang et al. (2016)44, could
point in a specific direction. A link in the co-occurring of both atopic diseases and ADHD,
with the possibility of the atopic disease being of influence on the symptoms or symptom
expression of ADHD. Since ADHD has a subjective nature and the assessment of ADHD
symptoms in both the study of Yang et al. (2016)44 and chapter 7 were done using subjective
measurement methods it is difficult to determine if atopy is influencing the disorder or
symptoms itself, the burden of the symptoms or just the subjective perception of the disorder.
To unravel to complex pathophysiological mechanism behind the association between atopic
diseases and ADHD, prospective and longitudinal study-designs with multiple measurements
of atopic and ADHD symptoms are needed.
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Atopy and ADHD in adults
In the previous sections we have shown that an association between atopy and ADHD is
present in children. However, whether the association is also present in adults is still unclear.
Over the last years there seems to have been an increase in diagnosis of ADHD in the adult
population.45 However, good quality epidemiological studies into the prevalence of adult
ADHD is limited.46 About two-thirds of the children with ADHD continue to have problem
into adulthood.47 Recently, however, interest has gained in the adult onset ADHD.48 A
recent report by the Dutch pharmacovigilance center Lareb reviewed adverse drug events
of methylphenidate in the adult population. Because of an uncertain risk-benefit ratio
methylphenidate is not registered for the use in adults.49 Based on the reports of adverse
drug events submitted to the Lareb, in which the majority of the adverse events were either
cardiovascular or psychiatric adverse drug reactions, Lareb advises to monitor the effects
and adverse events of ADHD medications in daily practice. Therefore, it is recommended for
future studies to describe the extent of ADHD medication use in the adult population is using
medication for the treatment of ADHD was however not clear. In chapter 8 we assessed the
increased prevalence incidence trends of methylphenidate use in adults. Taken into account
the results of chapter 5, 6, and 7 concerning the association between atopy and ADHD
in children, looking into the association in adults could benefit and clarify the increase in
medication use in adults with ADHD. However, the association between asthma and ADHD
appears to be stronger in adults compared to children. Because pharmaceutical treatment
of adults with ADHD is on an off-label base it could be that selecting adult patient based on
methylphenidate use is resulting in more severe ADHD. This could have caused the stronger
association between asthma and ADHD, but does not explain the similar strength of the
association between rhinitis, eczema and ADHD in both children and adults. Although, the
underlying mechanism of the association in adults is also not clear, similar studies also found a
co-occurrence of both diseases comparable to the association in children.50
As the diagnosis of ADHD and the related medication use in adults seems to increase,
evidence indicates an association between atopic diseases and ADHD, similar or even stronger
compared to the association in children.

Evaluation of causality
To evaluate the possible causal link between atopy and ADHD the Bradford Hill criteria for
causation are very useful.51 Although not a checklist, the list of criteria does give an idea about
the possible causal link between two biological parameters.
The first criteria are the strength and consistency of the association. In chapter 6 we
showed that children with an atopic disease have over higher odds of having ADHD later
in life, compared to controls. A second meta-analysis considered the association between
asthma and ADHD to be even higher at 80%.38 The results of the association between atopy
overall and ADHD in both meta-analyses is considered to be weak to moderate. However,
both meta-analyses show a consistent association under different study conditions. Although
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a strong association is considered to be more likely to be causal because of the possibility of
(unmeasured) confounding this does not mean that causality should be ruled out because
of the observation of a weak association. Moreover, studies have found a severity-response
association52 and a duration-response association53.
The next criterion is the specificity of the association, in which an exposure is more
likely to be causal if it is associated with a specific disease, rather than multiple outcomes. In
chapters 5, 6 and 7 we have shown that atopy is linked to ADHD, however, similar studies have
also found an association between atopy and autism.54-56 This indicates that the association
between atopy and ADHD is not considered specific. However, as stated before, psychiatric
disorders like ADHD have a high level of heterogeneity, and are usually caused by a lack of a
clear biological defect. As a result, psychiatric comorbidities could therefore be a consequence
of the classification system, and not primarily pointing to the existence of separate disorders,
as discussed in the introduction of this thesis. This leaves the possibility open for a specific
association between atopy and a biological problem leading to ADHD and possibly other
(neurodevelopmental) mental health problems, of which the mechanism is not yet understood.
Another criterion is the temporality of the association, which is established when the exposure
precedes the outcome. The fact that atopic manifestations often exceed ADHD naturally,
because assessing ADHD in early childhood is difficult, makes the assessment of temporality
complex.57 Chapter 7 gave insight into the temporal order of the association between atopy
and ADHD, but showed a difference in direction of the association within our study population.
The last criterion is the biological plausibility of the association. Although not scientifically
proven, there are multiple hypotheses about the biological origin of the association between
atopy and ADHD, which are described in the previous section.
Overall, we cannot conclude that there is a causal link between atopic diseases and ADHD
on a group-based level.

Clinical implications
Although the mechanism behind the association between atopy and ADHD is not clear, the
association may have clinical relevance. New insights into underlying mechanism could not
only improve the care of both diseases but can also lead to new views on pathogenesis and
treatment of both diseases. A large proportion of patients with atopy face undertreatment and
underdiagnosing because of low recognition and acknowledgement.58 Greater awareness in
physicians of increased atopic symptoms in children with ADHD could deal with these issues in
diagnosis and treatment of atopic diseases.
A recent study, considering the effects of treatment of allergic rhinitis on ADHD symptoms
supports our findings that there could be a direct link between symptom expression of atopy
and symptom expression of ADHD.59 The study showed that ADHD scores improved with
the treatment and decreasing symptoms of rhinitis. Furthermore, having multiple atopic
diseases was a predictor for the improvement of ADHD when being treated for rhinitis. In a
second study in which children with comorbid allergic rhinitis and ADHD were treated with
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either an antihistamine, a stimulant, or a combination of both, a benefit was shown when
being treated with the combinational therapy. An enhancement of both treatment efficacies
in reducing symptoms of the diseases suggest a synergistic effect, in which stimulants have
a antihistaminic effect and antihistamines have an anti-inflammatory effect and reduce
ADHD symptoms. This could potentially reduce dosage of both treatments.43 Interventions
of comorbid ADHD and atopy should be explored in which collaboration between care
disciplines is essential. For example, the screening for atopy during ADHD diagnosis could
be a strategy to explore further in the treatment of ADHD. It has been shown that a treatable
comorbid somatic disorder in an individual is masking as a psychiatric disorder. For example,
metabolic screening of individuals with psychosis revealed a significant amount of new
treatment options.60 Interdisciplinary awareness of associations between psychiatric disorders,
like ADHD, and somatic diseases, like atopy, has the potential to improve care in both children
and adults. Thoughtfully planning of ADHD management by the physician in patients with
comorbid atopic disease is an example of which both less costs and better treatment can be
established. Especially in disorders with complex etiology and heterogeneity of treatment
effectiveness, prioritizing the control or even cure of somatic symptoms and comorbidities
should be explored.
In summary, ADHD and atopy are both prevalent diseases in which symptoms both cooccur and precede each other. Whether the symptoms of both disorders are part of one
disease pattern or as a separate psychiatric and somatic disorder is unclear. Both in children
and adults, an association between both conditions is likely to be a direct link between both
conditions. Data suggest that treatment of either ADHD or atopy can benefit the other disease.
Because atopy is generally a treatable disease but not always acknowledged and recognized,
the assessment of an atopic disease in the diagnosis of ADHD should be explored as part of
future care of ADHD.

10

GENERAL CONCLUSION
In the first part of this thesis we have looked at the use of methylphenidate and considered
real life outcomes of school performance, treatment adherence, and cost-effectiveness of
treatment, to assess the impact of psychotropic drug use in children with ADHD. Based
on our findings we do not only show the need for the improvement of treatment with
methylphenidate related to a diverse range of outcomes, but also show the potential to
improve treatment with methylphenidate. In second part of this thesis we zoomed in on the
association between atopic diseases and ADHD, to see if there is an association between
both diseases in children and adults. Although the underlying mechanism of the association
between atopy and ADHD is not clear, the association is present in both children and adults.
Thus, more knowledge is needed concerning the underlying mechanism of the association
between atopy and ADHD. For clinical practice the association between atopy and ADHD
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could have the potential to contribute to the improvement of care for individuals with either
atopy or ADHD. The first step will be to increase the awareness of physician treating either
children or adults with ADHD or atopic diseases. The second step could be that a better
recognition and acknowledgement of atopic diseases in the diagnosis of ADHD could already
have the potential to improve care by tailor fitting treatment to the individual. Because atopy
is a treatable and even curable disease the presence of an atopic diseases should be addressed
in the diagnostic process of ADHD and vice versa. In addition, the monitoring of medication
use in individuals with both comorbid ADHD and atopy could have the potential to improve
adherence problems and improve treatment outcome.

174

a gen er a l di sc ussion

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.

13.

14.
15.
16.
17.
18.

19.

20.
21.
22.
23.
24.
25.
26.

Whiteford HA, Ferrari AJ, Degenhardt L, Feigin V, Vos T. The global burden of mental, neurological and substance use
disorders: An analysis from the global burden of disease study 2010. PLoS One. 2015;10(2):e0116820.
Mathers CD, Vos ET, Stevenson CE, Begg SJ. The burden of disease and injury in australia. Bull World Health Organ.
2001;79(11):1076-1084.
Erskine HE, Moffitt TE, Copeland WE, et al. A heavy burden on young minds: The global burden of mental and
substance use disorders in children and youth. Psychol Med. 2015;45(7):1551-1563.
Collins PY, Patel V, Joestl SS, et al. Grand challenges in global mental health. Nature. 2011;475(7354):27-30.
Faraone SV, Asherson P, Banaschewski T, et al. Attention-deficit/hyperactivity disorder. Nat Rev Dis Primers.
2015;1:15020.
Esch P, Bocquet V, Pull C, et al. The downward spiral of mental disorders and educational attainment: A systematic
review on early school leaving. BMC Psychiatry. 2014;14:237-014-0237-4.
Kumpulainen K, Rasanen E, Henttonen I, et al. Psychiatric disorders, performance level at school and special education
at early elementary school age. Eur Child Adolesc Psychiatry. 1999;8 Suppl 4:48-54.
Swanson J, Baler RD, Volkow ND. Understanding the effects of stimulant medications on cognition in individuals with
attention-deficit hyperactivity disorder: A decade of progress. Neuropsychopharmacology. 2011;36(1):207-226.
Rubia K, Alegria AA, Cubillo AI, Smith AB, Brammer MJ, Radua J. Effects of stimulants on brain function in attentiondeficit/hyperactivity disorder: A systematic review and meta-analysis. Biol Psychiatry. 2014;76(8):616-628.
Bartels, A & Heiner, H. De condities voor optimale ontwikkeling. het belang van het kind in hulpverlening, preventie
en beleid [the conditions for optimal development. the best interest of the child in care, prevention and policy].
Jeugd en Samenleving. 1994;24(5):282-295.
Van der Ploeg J. Gedragsproblemen. ontwikkelingen en risico’s [behavioural problems. developments and risks]. Rotterdam:
Lemniscaat; 2007.
Prasad V, Brogan E, Mulvaney C, Grainge M, Stanton W, Sayal K. How effective are drug treatments for children with
ADHD at improving on-task behaviour and academic achievement in the school classroom? A systematic review and
meta-analysis. Eur Child Adolesc Psychiatry. 2013;22(4):203-216.
Coghill DR, Hayward D, Rhodes SM, Grimmer C, Matthews K. A longitudinal examination of neuropsychological
and clinical functioning in boys with attention deficit hyperactivity disorder (ADHD): Improvements in executive
functioning do not explain clinical improvement. Psychol Med. 2014;44(5):1087-1099.
Smith ME, Farah MJ. Are prescription stimulants “smart pills”? the epidemiology and cognitive neuroscience of
prescription stimulant use by normal healthy individuals. Psychol Bull. 2011;137(5):717-741.
Hildt E, Lieb K, Franke AG. Life context of pharmacological academic performance enhancement among university
students--a qualitative approach. BMC Med Ethics. 2014;15:23-6939-15-23.
Gajria K, Lu M, Sikirica V, et al. Adherence, persistence, and medication discontinuation in patients with attentiondeficit/hyperactivity disorder - a systematic literature review. Neuropsychiatr Dis Treat. 2014;10:1543-1569.
NICE. Attention deficit hyperactivity disorder: Diagnosis and management of ADHD in children, young people and
adults. clinical guidelines CG72. http://guidance.nice.org.uk/CG72. Updated 2016. Accessed May/12, 2016.
Lawson KA, Johnsrud M, Hodgkins P, Sasane R, Crismon ML. Utilization patterns of stimulants in ADHD in the
medicaid population: A retrospective analysis of data from the texas medicaid program. Clin Ther. 2012;34(4):944-956.
e4.
Setyawan J, Guerin A, Hodgkins P, et al. Treatment persistence in attention deficit/hyperactivity disorder: A
retrospective analysis of patients initiated on lisdexamfetamine vs other medications. J Med Econ. 2013;16(11):12751289.
Toomey SL, Sox CM, Rusinak D, Finkelstein JA. Why do children with ADHD discontinue their medication? Clin Pediatr
(Phila). 2012;51(8):763-769.
Palli SR, Kamble PS, Chen H, Aparasu RR. Persistence of stimulants in children and adolescents with attention-deficit/
hyperactivity disorder. J Child Adolesc Psychopharmacol. 2012;22(2):139-148.
Schmitt J, Buske-Kirschbaum A, Roessner V. Is atopic disease a risk factor for attention-deficit/hyperactivity disorder?
A systematic review. Allergy. 2010;65(12):1506-1524.
Drummond M. Methods for the economic evaluation of health care programmes. 4th ed. Oxford: Oxford University Press;
2015.
Kilian, R, Losert, C, Park, A, Knapp, M, McDaid, D. Cost-effectiveness analysis in mental disorders of children and
adolescents. an updated review of the literature. International Journal of Mental Health Promotion. 2010;12:45-57.
Jensen PS, Garcia JA, Glied S, et al. Cost-effectiveness of ADHD treatments: Findings from the multimodal treatment
study of children with ADHD. Am J Psychiatry. 2005;162(9):1628-1636.
Wu EQ, Hodgkins P, Ben-Hamadi R, et al. Cost effectiveness of pharmacotherapies for attention-deficit hyperactivity
disorder: A systematic literature review. CNS Drugs. 2012;26(7):581-600.

175

10

chapter

27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

37.
38.
39.
40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

176

10

Sonuga-Barke EJ, Koerting J, Smith E, McCann DC, Thompson M. Early detection and intervention for attentiondeficit/hyperactivity disorder. Expert Rev Neurother. 2011;11(4):557-563.
Kendell RE. The distinction between mental and physical illness. Br J Psychiatry. 2001;178:490-493.
Kendler KS, Zachar P, Craver C. What kinds of things are psychiatric disorders? Psychol Med. 2011;41(6):1143-1150.
Kessler RC, Aguilar-Gaxiola S, Alonso J, et al. The global burden of mental disorders: An update from the WHO world
mental health (WMH) surveys. Epidemiol Psichiatr Soc. 2009;18(1):23-33.
Schmitt J, Buske-Kirschbaum A, Roessner V. Is atopic disease a risk factor for attention-deficit/hyperactivity disorder?
A systematic review. Allergy. 2010;65(12):1506-1524.
Yang M-, Chen C-, Liang J-, Lee W-. Hyperactivity and impulsivity in children with allergic rhinitis. J Neurol Sci.
2013;333:e593.
Mogensen N, Larsson H, Lundholm C, Almqvist C. Association between childhood asthma and ADHD symptoms in
adolescence--a prospective population-based twin study. Allergy. 2011;66(9):1224-1230.
Buske-Kirschbaum A, Schmitt J, Plessow F, Romanos M, Weidinger S, Roessner V. Psychoendocrine and
psychoneuroimmunological mechanisms in the comorbidity of atopic eczema and attention deficit/hyperactivity
disorder. Psychoneuroendocrinology. 2013;38(1):12-23.
Trikojat K, Buske-Kirschbaum A, Schmitt J, Plessow F. Altered performance in attention tasks in patients with seasonal
allergic rhinitis: Seasonal dependency and association with disease characteristics. Psychol Med. 2015;45(6):1289-1299.
Romanos M, Gerlach M, Warnke A, Schmitt J. Association of attention-deficit/hyperactivity disorder and atopic
eczema modified by sleep disturbance in a large population-based sample. J Epidemiol Community Health.
2010;64(3):269-273.
Yaghmaie P, Koudelka CW, Simpson EL. Mental health comorbidity in patients with atopic dermatitis. J Allergy Clin
Immunol. 2013;131(2):428-433.
Miyazaki C, Koyama M, Ota E, et al. Allergic diseases in children with attention deficit hyperactivity disorder: A
systematic review and meta-analysis. BMC Psychiatry. 2017;17(1):120-017-1281-7.
Homberg JR, Kyzar EJ, Nguyen M, et al. Understanding autism and other neurodevelopmental disorders through
experimental translational neurobehavioral models. Neurosci Biobehav Rev. 2016;65:292-312.
Pelsser LM, Buitelaar JK, Savelkoul HF. ADHD as a (non) allergic hypersensitivity disorder: A hypothesis. Pediatr Allergy
Immunol. 2009;20(2):107-112.
Pelsser LM, Frankena K, Toorman J, et al. Effects of a restricted elimination diet on the behaviour of children with
attention-deficit hyperactivity disorder (INCA study): A randomised controlled trial. Lancet. 2011;377(9764):494-503.
Stevenson J, Buitelaar J, Cortese S, et al. Research review: The role of diet in the treatment of attention-deficit/
hyperactivity disorder--an appraisal of the evidence on efficacy and recommendations on the design of future
studies. J Child Psychol Psychiatry. 2014;55(5):416-427.
Melamed I, Heffron M. Attention deficit disorder and allergic rhinitis: Are they related? J Immunol Res.
2016;2016:1596828.
Yang MT, Chen CC, Lee WT, Liang JS, Fu WM, Yang YH. Attention-deficit/hyperactivity disorder-related symptoms
improved with allergic rhinitis treatment in children. Am J Rhinol Allergy. 2016;30(3):209-214.
Fayyad J, De Graaf R, Kessler R, et al. Cross-national prevalence and correlates of adult attention-deficit hyperactivity
disorder. Br J Psychiatry. 2007;190:402-409.
Thapar A, Cooper M. Attention deficit hyperactivity disorder. Lancet. 2016;387(10024):1240-1250.
Faraone SV, Biederman J, Mick E. The age-dependent decline of attention deficit hyperactivity disorder: A metaanalysis of follow-up studies. Psychol Med. 2006;36(2):159-165.
Asherson P, Buitelaar J, Faraone SV, Rohde LA. Adult attention-deficit hyperactivity disorder: Key conceptual issues.
Lancet Psychiatry. 2016;3(6):568-578.
Lareb. Ervaringen van volwassenen met ADHD medicatie. https://databankws.lareb.nl/Downloads/Signals_2017_
methylphenidate_adults_overview.pdf. Updated 2017. Accessed May/10, 2017.
Instanes JT, Klungsoyr K, Halmoy A, Fasmer OB, Haavik J. Adult ADHD and comorbid somatic disease: A systematic
literature review. J Atten Disord. 2016.
Hill A. The environment and disease: Association or causation? Proc R Soc Med. 1965;58:295-300.
Goodwin RD, Robinson M, Sly PD, et al. Severity and persistence of asthma and mental health: A birth cohort study.
Psychol Med. 2013;43(6):1313-1322.
Genuneit J, Braig S, Brandt S, et al. Infant atopic eczema and subsequent attention-deficit/hyperactivity disorder - A
prospective birth cohort study. Pediatr Allergy Immunol. 2014;25(1):51-56.
Chen MH, Su TP, Chen YS, et al. Is atopy in early childhood a risk factor for ADHD and ASD? a longitudinal study. J
Psychosom Res. 2014;77(4):316-321.
Lee CY, Chen MH, Jeng MJ, et al. Longitudinal association between early atopic dermatitis and subsequent attentiondeficit or autistic disorder: A population-based case-control study. Medicine (Baltimore). 2016;95(39):e5005.

a gen er a l di sc ussion

56. Jyonouchi H. Marked improvement of neuropsychiatric symptoms following control of allergy symptoms with the
use of humanized murine anti-IgE antibody (omalizumab) in 2 patients with severely limited expressive language.
Allergy Asthma Clin Immunol. 2015;11:38-015-0105-x. eCollection 2015.
57. American Psychiatric Association, American Psychiatric Association. DSM-5 Task Force. Diagnostic and statistical
manual of mental disorders: DSM-5. 5th ed. Washington, D.C.: American Psychiatric Publishing; 2013:947.
58. Chivato T, Valovirta E, Dahl R, et al. Allergy, living and learning: Diagnosis and treatment of allergic respiratory diseases
in europe. J Investig Allergol Clin Immunol. 2012;22(3):168-179.
59. Yang MT, Chen CC, Lee WT, Liang JS, Fu WM, Yang YH. Attention-deficit/hyperactivity disorder-related symptoms
improved with allergic rhinitis treatment in children. Am J Rhinol Allergy. 2016;30(3):209-214.
60. Demily C, Sedel F. Psychiatric manifestations of treatable hereditary metabolic disorders in adults. Ann Gen Psychiatry.
2014;13:27-014-0027-x. eCollection 2014.

10

177

178

ADDENDUM

179

SUMMARY
Attention-deficit/hyperactivity disorder (ADHD) is a chronic disorder with high prevalence
and despite the availability of effective treatments many problems associated with ADHD still
remain in patients and society. A lack of knowledge regarding the etiology of ADHD and the
subjective nature of the disorder raises questions about the possible connections with other
diseases. The possible association between ADHD and atopic diseases has been the starting
point of this thesis. The pathology of ADHD is likely to consist of a complex interplay between
genes and environment. Adding the complexity of the progression of the disorder and the
uncertainty around the treatment of ADHD and long- term effects of treatment makes the
advancement of scientific knowledge surrounding this topic a difficult matter. Therefore, the
main objective of this thesis was to assess the possible association between presence of drugtreated atopic disorders and ADHD.
The first aim of this thesis was to assess the effectiveness and impact of psychotropic
drug use in children. Although psychotropic drugs like methylphenidate are known to
reduce symptoms of ADHD of the related disorders, data on school performance among
children using methylphenidate is limited. In chapter 2 the objective was to explore school
performance among children using methylphenidate at the end of primary education. We
linked data from a pharmacy prescription database with a standardized school achievement
test. By doing so we could explore the association between test scores and different
characteristics of methylphenidate use, like moment of initiation of treatment, dose of
treatment, and concomitant treatment. The results of this study suggest that an earlier start
of methylphenidate treatment is associated with lower school performance than children
starting later with the treatment. This could indicate a limited effect of long-term treatment or
a more strongly affected group of early starters. The study also indicates that children using
methylphenidate still perform worse at school compared to their peers. In the next part of
the section the focus was on the effectiveness of psychotropic drug use, chapter 3, and the
association between atopic disease and the adherence and persistence of treatment with
methylphenidate was assessed. By linking long-term prescription data of children being treated
with methylphenidate with specific patient characteristics, possible risk factors contributing
to methylphenidate non-persistence could be determined: atopic disease increases the risk
of methylphenidate non-persistence in children. Older age, concomitant use of psychotropic
drugs, and being prescribed short-acting methylphenidate also increased the risk of
methylphenidate non-persistence.
In the last chapter of the first part of this thesis the societal impact of psychotropic drug
use is addressed by combining treatment effects with related cost, calculated from a societal
perspective. The objective of chapter 4 was to evaluate the cost-effectiveness of a switch
from immediate-release methylphenidate (IR-MPH) to extended-release methylphenidate (ERMPH) in children who are sub-optimally treated. Although IR-MPH is the medical treatment of

180

sum m a ry

first choice, the necessity to use several IR-MPH tablets per day and associated potential social
stigma at school often leads to reduced compliance, sub-optimal treatment, discontinuation of
treatment and therefore economic loss. This study showed that the long acting ER-MPH results
in costs up to four times higher than the short acting IR-MPH. Despite the higher costs, the
longer-term economic analysis indicated that switching sub-optimally treated patients from
IR-MPH to ER-MPH is very likely to be cost-saving and more effective. The results of this analysis
imply that over a period of 10 years, considerable cost-savings may be produced for the society
and the health-care system.
The second part of this thesis zoomed in on the association between atopic diseases and
ADHD in both children and adults. More knowledge about the possible involvement of
atopy in the pathogenesis of ADHD could provide insight into possible approaches for the
prevention, treatment, and progression of psychiatric disorders such as ADHD.
In chapter 5 the objective was to assess whether children with drug-treated ADHD are
more likely to have received treatment for asthma, allergic rhinitis, or eczema before the start
of ADHD medication use compared with controls. The second objective was to examine the
effect of parents receiving medication for ADHD and atopic diseases on ADHD medication
use in their offspring. By using medication proxies as a definition for both ADHD and atopic
diseases, we conducted a retrospective nested case-control study. The results provided
additional evidence to support the hypothesis that atopic disorders, such as asthma, increase
the risk of developing ADHD. This evidence supports the hypothesis that there is a link
between atopy and ADHD or that certain patients are more prone to health care seeking
behavior and therefore more likely to receive atopy and ADHD medication. In the subsequent
literature study presented in chapter 6, observational, cross-sectional, and longitudinal,
studies were systematically reviewed that assessed the association between atopic disorders
including asthma, atopic eczema, allergic rhinitis, and ADHD in children and adolescents. For
longitudinal studies, a weighted odds ratio of these associations was estimated. The results
provide strong evidence to support the hypothesis that the three main atopic diseases asthma,
eczema, and allergic rhinitis are independently associated with ADHD in childhood and that
individuals have on average a 30% to 50% greater chance of developing ADHD later in life
compared with persons without these diseases.
The study in chapter 7 shifted focus from the association between atopy and ADHD on
group level to individual patient data to determine the temporal order of the association. The
study showed that atopic symptoms and sleeping problems may have a direct association
with subsequent ADHD symptoms on an individual patient level. In addition, an association
between symptoms of ADHD and sleep problems on atopy was also shown on an individual
patient level. Both associations were however heterogeneous, and differences in sign, direction,
and strength of the association between atopy and ADHD were detected within the study
population.
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In the last chapters of this thesis the focus was on the association between atopy and ADHD
in adults. First, in chapter 8 it was shown that the use of ADHD medication has increased in
the Netherlands over the last decade (2004-2014), especially in women where the prevalence
rate increased from 0.9 to 5.7 per 1000. This high medication use in adults is not only the
result of the continuation of treatment started in childhood, but also of a marked increase in
the number of new adult users (0.5 to 1.5 new users per year per 1000 adults). Although the
number of new users seems fairly constant since 2012, it is important to monitor future trends
regarding the use of ADHD medications among adults because pharmacological options for
treating ADHD in adults are being used on an off-label base.
In chapter 9 the association between atopy and ADHD in adults was determined in a large
pharmacy prescription database looking at presence of both diseases, similar to the study in
chapter 5, and the severity of asthma. It was found that the presence of rhinitis, eczema, is
associated with ADHD in adults. The strength of the association was similar compared to that
in children. However, we found a higher association between ADHD and a history of asthma,
with similar results for the different asthma severity groups. Both ADHD and asthma have an
early onset and it is therefore difficult to determine the effect of asthma on ADHD in adults or
vice versa.
In conclusion the first part of this thesis looked at the use of methylphenidate and considered
real life outcomes of school performance, treatment adherence, and cost-effectiveness of
treatment, to assess the impact of psychotropic drug use in children with ADHD. Based
on our findings we do not only show the need for the improvement of treatment with
methylphenidate related to a diverse range of outcomes, but also show the potential to
improve treatment with methylphenidate. In second part of this thesis we zoomed in on the
association between atopic diseases and ADHD, to see if there is an association between
both diseases in children and adults. Although the underlying mechanism of the association
between atopy and ADHD is not clear, the association is present in both children and adults.
Thus, more knowledge is needed concerning the underlying mechanism of the association
between atopy and ADHD. For clinical practice the association between atopy and ADHD
could have the potential to contribute to the improvement of care for individuals with either
atopy or ADHD. The first step will be to increase the awareness of physician treating either
children or adults with ADHD or atopic diseases. The second step could be that a better
recognition and acknowledgement of atopic diseases in the diagnosis of ADHD could already
have the potential to improve care by tailor fitting treatment to the individual. Because atopy
is a treatable and even curable disease the presence of an atopic diseases should be addressed
in the diagnostic process of ADHD and vice versa. In addition, the monitoring of medication
use in individuals with both comorbid ADHD and atopy could have the potential to improve
adherence problems and improve treatment outcome.
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SAMENVATTING
Aandachtsdeficiëntie-/hyperactiviteitsstoornis (ADHD) is een chronische aandoening met
hoge prevalentie en ondanks de beschikbaarheid van effectieve behandelingen blijven
er veel met ADHD geassocieerde problemen bestaan bij patiënten en samenleving. De
pathologie van ADHD bestaat waarschijnlijk uit een complexe wisselwerking tussen genen en
omgevingsfactoren. Dit maakt, in combinatie met de complexiteit van de pathogenese van
ADHD en de onzekerheid over behandeling en langetermijneffecten ervan, het bevorderen
van wetenschappelijke kennis van ADHD een moeilijke kwestie. Gebrek aan kennis over de
etiologie van ADHD en de subjectieve aard van de aandoening roepen vragen op over een
mogelijke samenhang met andere aandoeningen.
Door het mogelijke verband tussen atopische aandoeningen en ADHD te onderzoeken,
geeft dit proefschrift een eerste aanzet. Daarom was het algemene doel van dit proefschrift
om de mogelijke associatie tussen aanwezigheid van enerzijds met medicatie behandelde
atopische aandoeningen en anderzijds met medicatie behandelde ADHD te beoordelen.
Het eerste doel van dit proefschrift was om de effectiviteit en impact van psychotrope
medicatie bij kinderen te beoordelen. Hoewel psychotrope medicatie zoals methylfenidaat
de symptomen van ADHD vermindert, zijn gegevens over schoolprestaties bij kinderen
die methylfenidaat gebruiken beperkt. Hoofdstuk 2 beschrijft het deelonderzoek dat ten
doel had schoolprestaties aan het einde van het basisonderwijs te meten van kinderen
die methylfenidaat gebruiken. De gegevens van een apotheek voorschriften database
werden gekoppeld aan de gegevens van een gestandaardiseerde schoolprestatie test.
Hierdoor was het mogelijk om de associatie tussen testscores en verschillende kenmerken
van methylfenidaat gebruik, zoals het moment van start van de behandeling, dosering en
comedicatie, te onderzoeken. De resultaten van deze studie suggereren dat een eerdere
start van de behandeling met methylfenidaat verband houdt met lagere schoolprestaties, in
vergelijking met kinderen die later met de behandeling beginnen. Dit kan veroorzaakt worden
door een beperkt effect van langdurige behandeling of door een sterker aangedane groep
vroege starters. Deze studie wijst er ook op dat kinderen die methylfenidaat gebruiken nog
steeds slechter presteren op school dan hun leeftijdsgenoten. In het volgende onderdeel van
dit proefschrift, hoofdstuk 3, ligt de nadruk op de effectiviteit van psychotrope medicatie en
werd de associatie tussen atopische ziekte en de therapietrouw en duur van de behandeling
met methylfenidaat bepaald. Door langdurige voorschriftgegevens van kinderen die met
methylfenidaat behandeld worden te koppelen aan specifieke patiëntkenmerken, konden
mogelijke risicofactoren worden bepaald die bijdragen aan vroeg staken van behandeling met
methylfenidaat. De resultaten gaven aan dat atopische ziekte het risico op vroeg staken van
methylfenidaat bij kinderen verhoogt. Oudere leeftijd, gelijktijdig gebruik van psychotrope
geneesmiddelen en het voorschrijven van kortwerkende methylfenidaat verhoogden ook het
risico op vroeg staken van methylfenidaat.
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In het laatste hoofdstuk van het eerste deel van dit proefschrift wordt de maatschappelijke
impact van psychotrope drugsgebruik geëvalueerd door behandelingseffecten te combineren
met aanverwante kosten, berekend vanuit een maatschappelijk perspectief. Het doel van
hoofdstuk 4 was om de kosteneffectiviteit te bepalen van de overstap van methylfenidaat
met onmiddellijke afgifte (IR-MPH) naar methylfenidaat met verlengde afgifte (ER-MPH), bij
kinderen die suboptimaal behandeld worden. Hoewel IR-MPH de eerste keus medicamenteuze
behandeling van ADHD is, leidt de noodzaak om meerdere IR-MPH-tabletten per dag te moeten
nemen en met daardoor kans op stigmatisering op school vaak tot verminderde therapietrouw,
suboptimale behandeling, stoppen van de behandeling, met als gevolg economisch verlies. Uit
deze studie bleek dat ondanks de hogere kosten bleek van ER-MPH dat de kosteneffectiviteit op
langere termijn aangetoond is en dat het overstappen van IR-MPH naar ER-MPH bij suboptimaal
behandelde patiënten zeer kostenbesparend en effectief is. De resultaten van deze analyse
laten zien dat over een periode van 10 jaar aanzienlijke kostenbesparingen kunnen worden
gerealiseerd voor zowel het gezondheidszorgsysteem als de gehele maatschappij.
Het tweede deel van dit proefschrift richt zich op de associatie tussen atopische ziekten en
ADHD bij zowel kinderen als volwassenen. Meer kennis over de mogelijke betrokkenheid van
atopie bij de pathogenese van ADHD kan inzicht bieden in mogelijke benaderingen voor de
preventie, behandeling en progressie van psychiatrische stoornissen zoals ADHD.
Het onderzoek beschreven in hoofdstuk 5 had ten doel te beoordelen of kinderen met
ADHD, voorafgaand aan de start van de ADHD medicatie, eerder behandeld worden voor
astma, allergische rhinitis of eczeem in vergelijking met een controlegroep. De tweede
doelstelling was het effect te bepalen van medicatie voor ADHD en atopische ziekten bij
ouders en de invloed op met medicatie behandelde ADHD in hun nageslacht. Door middel
van medicatie proxies als definitie voor zowel ADHD als atopische ziekten, hebben we een
retrospectieve nested case-control studie uitgevoerd. De resultaten leverden aanvullend
bewijs voor de hypothese dat atopische stoornissen, zoals astma, het risico op het ontwikkelen
van ADHD verhogen. Dit resultaat ondersteunt de hypothese dat er een verband bestaat
tussen atopie en ADHD, of dat bepaalde patiënten vatbaarder zijn voor het ontvangen van
medische hulp en daarom meer kans hebben op het ontvangen van atopische en ADHD
medicatie. In het opvolgende hoofdstuk 6 wordt een literatuurstudie gepresenteerd met
een systematische beoordeling van observationele, cross-sectionele en longitudinale studies
die de associatie tussen atopische aandoeningen, waaronder astma, atopisch eczeem, en
allergische rhinitis en ADHD bij kinderen en adolescenten onderzochten. Voor de longitudinale
studies werd een gewogen odds ratio van deze associaties berekend. De resultaten geven
sterke aanwijzingen voor de hypothese dat de drie belangrijkste atopische aandoeningen
astma, eczeem en allergische rhinitis onafhankelijk zijn geassocieerd met ADHD in de kindertijd
en dat individuen gemiddeld 30% tot 50% meer kans hebben op het ontwikkelen van ADHD
later in het leven in vergelijking met personen zonder deze ziekten.
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In hoofdstuk 7 verschuift de focus van de associatie tussen atopie en ADHD op groepsniveau
naar individuele patiëntgegevens om de tijdsvolgorde van de associatie te bepalen. Uit deze
studie blijkt dat atopische symptomen en slaapproblemen een direct verband kunnen hebben
met de daaropvolgende ADHD-symptomen op individueel patiënt-niveau. Daarnaast bleek
ook een verband te bestaan tussen symptomen van ADHD en slaapproblemen enerzijds en
atopische symptomen anderzijds. Beide associaties waren echter heterogeen en verschilden
in teken, richting en sterkte van de associatie tussen atopie en ADHD die werd gedetecteerd
binnen de studiepopulatie.
In de laatste hoofdstukken van dit proefschrift lag de nadruk op de associatie tussen atopie
en ADHD bij volwassenen. Ten eerste werd in hoofdstuk 8 aangetoond dat het gebruik
van ADHD medicatie in het afgelopen decennium (2004-2014) in Nederland is toegenomen.
Dit is vooral het geval bij vrouwen, waar de prevalentie is gestegen van 0,9 naar 5,7 per
1000. Dit toegenomen medicatiegebruik bij volwassenen is niet alleen het gevolg van de
voortzetting van de behandeling die in de kindertijd is gestart, maar ook van een duidelijke
toename van het aantal nieuwe volwassen gebruikers (0,5 tot 1,5 nieuwe gebruikers per jaar
per 1000 volwassenen). Hoewel het aantal nieuwe gebruikers sinds 2012 redelijk constant lijkt,
is het belangrijk om toekomstige trends te volgen van het ADHD medicatiegebruik, omdat
farmacologische medicatie voor de behandeling van ADHD bij volwassenen op een off-label
basis worden gebruikt.
In hoofdstuk 9 werd de associatie tussen atopie en ADHD bij volwassenen bepaald in een
grote apotheekvoorschriftendatabase, waarbij zowel de aanwezigheid van beide ziekten werd
bekeken, vergelijkbaar met de studie in hoofdstuk 5, als de ernst van astma. Er werd vastgesteld
dat de aanwezigheid van rhinitis en eczeem verband houdt met ADHD bij volwassenen. De
sterkte van de associatie was vergelijkbaar met de associatie in kinderen. We vonden echter
een sterker verband tussen ADHD en een voorgeschiedenis van astma, met vergelijkbare
resultaten voor verschillende ernstgradaties van astma. Zowel ADHD als astma hebben een
vroeg begin en dat maakt het moeilijk om het effect van astma op ADHD – of vice versa – bij
volwassenen te bepalen.
Concluderend, is in het eerste deel van dit proefschrift gekeken naar het gebruik van
methylfenidaat en uitkomsten zoals schoolprestaties, therapietrouw en kosteneffectiviteit van
de behandeling. Deze uitkomsten zijn bepaald om de impact van psychotrope medicatie bij
kinderen met ADHD te beoordelen. Op basis van onze bevindingen wijzen we niet alleen op
de behoefte aan een verbetering van de behandeling met methylfenidaat, maar tonen we
ook het potentieel aan om de behandeling met methylfenidaat te verbeteren. In het tweede
deel van dit proefschrift hebben we gekeken naar de associatie tussen atopische ziekten en
ADHD om te zien of hier een verband tussen bestaat bij zowel kinderen als volwassenen.
Hoewel het onderliggende mechanisme van de associatie tussen atopie en ADHD niet
duidelijk is, is de associatie aanwezig in zowel kinderen als volwassenen. Meer kennis is nodig
over het onderliggende mechanisme van de associatie tussen atopie en ADHD. Voor de
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klinische praktijk zou de associatie tussen atopie en ADHD potentieel kunnen bijdragen tot
de verbetering van de zorg voor individuen met ofwel atopie of ADHD. De eerste stap is het
verhogen van het bewustzijn van artsen die kinderen of volwassenen met ADHD of atopische
aandoeningen behandelen. De tweede stap zou kunnen zijn dat een betere herkenning
en erkenning van atopische ziekten bij de diagnose ADHD kan leiden tot verbetering van
de zorg door middel van een aangepaste behandeling voor elk individu. Omdat atopie een
behandelbare en zelfs geneesbare ziekte is, moet de aanwezigheid van atopische ziekten
worden aangepakt in het diagnostische proces van ADHD en vice versa. Daarnaast zou het
toezicht op medicatiegebruik bij individuen met comorbide ADHD en atopie potentie kunnen
hebben om problemen met therapietrouw en behandeluitkomsten te verbeteren.
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