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Abstract

Purpose/Background: Despite a decreasing population of children and adolescents, the cumulative
total amount of dispensed methylphenidate (MPH), the first-choice treatment of attention-
deficit/hyperactivity disorder (ADHD) in this age group, has increased dramatically in Germany. We
investigated potential reasons for this increase like changes in the ADHD prevalence over time and
other potential explanations including the cumulative amount of dispensed MPH per person.
Methods/Procedures: Based on German claims data, we calculated standardised annual ADHD
prevalence rates, proportions of ADHD cases treated with MPH and/or psychotherapy and mean
cumulative defined daily doses (DDDs) of ADHD drugs for 3- to 17-year-old children and adolescents
from 2004 to 2013.

Findings/Results: The ADHD prevalence increased continuously from 2004 to 2011 and remained
stable thereafter. In ADHD cases, there was little variation in the proportion of individuals treated
with drugs and in the frequency of psychotherapeutic treatment during the whole study period. The
annual cumulative mean amount of MPH DDDs increased by about 30% from 2004 to 2008.
Implications/Conclusions: Our analyses suggest that the increase in MPH use in Germany was mainly

influenced by an increasing ADHD prevalence and increasing amounts of dispensed MPH per person.
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Introduction

Methylphenidate (MPH) is an important pillar in the medical treatment of attention-
deficit/hyperactivity disorder (ADHD) in children and adolescents. In several countries, prescriptions
for MPH increased substantially during the past decade [1-7]. In Germany, the cumulative absolute
number of defined daily doses (DDDs) of MPH dispensed for children and adolescents increased by
168% between 2003 and 2008 and has remained at this high level since 2009 [1, 8], despite a
decrease of the population of 3-17-year-olds (i. e. the typical age range in which ADHD is usually
initially diagnosed) by 10% between 2004 and 2013 [9]. However, most studies described such
increments on a population level without investigating the underlying reasons on the individual level.
In fact, increased MPH utilizations may not necessarily be caused by increased ADHD prevalence
alone. Actually, there are five potential explanations for increased MPH dispensations, including 1) a
simple overall increase in ADHD prevalence [10]; 2) a cohort effect resulting from raised awareness
of ADHD in combination of ADHD at the age of 9 years [11] followed by an expansion of the age
range with higher prevalence rates or resulting from longer drug treatments of ADHD cases; 3) and
increase of MPH treated patients among ADHD cases, 4) an increase of MPH dispensations per ADHD
patient; 5) An increase of MPH utilisations due to decreases of alternative treatment options (e.g.
other drugs like atomoxetine or psychotherapy) [6]. Each of these reasons could cause by itself an
increase of MPH prescriptions on the population level. However, the calculated ADHD disease and
treatment prevalence rates are also influenced by the age and sex distribution of the examined
population of children and adolescents as ADHD prevalence and drug treatment regimes strongly
vary with age and sex [11, 12]. So far, to our best knowledge, no study has investigated the role of
the potential explanations listed above, independent of age and sex, and focussing on ADHD
prevalence, MPH utilisations and alternative treatment options in total as well as relative to the

number of ADHD cases.



We therefore aimed to investigate the above-mentioned influences on the increase in dispensed
MPH among children and adolescents with ADHD disentangled from the possible effects of a

changing age distribution in this population, using a large German claims database.

Materials and Methods

Data source

We used the German Pharmacoepidemiological Research Database (GePaRD) which includes claims
data from four SHIs with information on about 20 million persons from all over Germany as described
elsewhere [13-15]. In brief, for each included subject, GePaRD contains demographic data such as
age, sex and residence as well as information on in- and outpatient diagnoses and treatment.
Diagnoses are coded according to the German modification of the International Classification of
Diseases version 10 (ICD-10-GM) and codes for outpatient procedures follow the German fee

schedule (so-called “Einheitlicher BewertungsmaRstab”, EBM).

Study population and identification of ADHD cases

For each calendar year from 2004 to 2013, we selected a separate study population. Included
subjects had to be insured for a continuous period of at least 365 days beginning in the respective
analysed calendar year and they had to be aged between 3 and 17 years in that year.

Then, we identified ADHD cases based on diagnosis codes and dispensed drugs specific to ADHD
treatment according to an algorithm explained elsewhere [11, 13]. In brief, case definition was based
on ADHD diagnoses from the inpatient or outpatient care sector, the latter of which requiring re-
confirmation to increase validity. Thus, individuals were classified as ADHD cases, if they had 1) at
least one inpatient diagnosis for a hyperkinetic disorder (ICD-10 codes F90.0 or F90.1), or IlI) an
corresponding outpatient diagnosis (F90.0 or F90.1) followed by at least another outpatient diagnosis
(F90.0, F90.1 or F90.9) in at least one of the following three calendar quarters or from a different
doctor in the same quarter or Ill) a F90.0 or F90.1 diagnosis and an MPH (ATC-code: NO6BA04) or
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atomoxetine (ATX; ATC-code: NO6BAQ9) prescription dispensed within a period of 365 days. We
assigned an index date to each ADHD case using the date of the first event (diagnosis or prescription)
considered for case identification. Due to the focus of this manuscript, psychotherapy was not

considered for case identification.

Identification of treatment among ADHD cases

In Germany, MPH and ATX can only be dispensed in pharmacies upon prescription from a physician.
Such dispensations are covered by SHIs and are therefore documented in claims data. In Germany,
MPH was approved for children and adolescents during the total study period while ATX received
approval for this age group in 2005.

Starting with the index date of the ADHD case, each subject was followed for 365 days. ADHD cases
with any dispensed prescription of MPH or ATX (which are the most frequently used drugs in ADHD
therapy in Germany [1]) during this period were classified as treated with ADHD drugs. Based on
conventional DDD values and information on the amount of active component included in a single
drug package, both provided by the scientific institute of the 'Allgemeine Ortskrankenkassen' (WIdO),
for each single record of dispensed prescriptions the number of DDDs dispensed were calculated
(one DDD represents the mean individual daily dose proposed by therapy guidelines).
Lisdexamphetamine and dexamphetamine were not considered in this study. In Germany, the former
was only approved in 2013 and the latter is rarely used [16].

To identify psychotherapeutic treatment among ADHD cases, we used fee schedule items (EBM-
codes) specific to behaviour therapy with a treatment date in the respective period. These items
included short- and long-term individual and (small) group therapy for which approval from SHls is

required (see Table with EBM-codes in Supplemental Digital Content_1).

Statistical analyses



We calculated ADHD prevalence rates per calendar year by dividing the number of identified ADHD
cases with an index date in that year by the number of persons who were continuously insured from
the 1% of July of that year until the 30™ of June of the following year. The latter correlates with the
so-called 'midyear population' in which each of the included subjects had a continuous insurance
period of at least one year. First, we calculated crude 1-year prevalence rates for each calendar year
stratified by sex, age (one-year age classes), and federal state. Second, we calculated standardised
prevalence rates for each calendar year using the German population figures of 2006 derived from
the German Federal Statistical Office as reference. As described in detail in the Supplement (see text
in Supplemental Digital Content_2), standardisation took into account sex, age, and federal state. We
used the same methods to calculate standardised proportions of ADHD cases under treatment based
on the age distribution of ADHD cases in 2006 for each calendar year.

For standardised rates and proportions, we calculated 95% confidence intervals (Cl) [17].

On the individual level, we calculated cumulative amounts of DDDs prescribed within 365 days after
the index date. Separately for MPH and ATX, the DDDs of all respective dispensed prescriptions in
this period were summed up. Based on these individual cumulative DDDs, we calculated age-
weighted means for MPH and ATX for the age group 5 to 17 years and corresponding 95% Cl for each
calendar year stratified by sex (for details see text in Supplemental Digital Content_3).

All statistical analyses were conducted using SAS Version 9.3.

Results

Study population

From 2004 to 2013, a total of 17,571,290 subjects were included in our analyses (9,004,505 males,
8,566,785 females). The annual sample size varied between 1,564,677 subjects in 2004 and
1,852,056 subjects in 2013 (for details see Table in Supplemental Digital Content_4 with figures for

each year) and about 18% of all included individuals were younger than 6 years.



ADHD prevalence

For the study years 2004 to 2013, the standardised ADHD prevalence rates of the study population
are depicted in Figure 1 (corresponding values are tabled in Supplemental Digital Content_5). The
rates increased continuously from 2004 to 2011 and showed only slightly varying values from 2011 to
2013. From 2004 to 2011, the prevalence increased by 69% from 33.9/1,000 (95% Cl: 33.5-34.3) to
57.2/1,000 (95% Cl: 56.7-57.7) among males and by 107% from 8.6/1,000 (95% Cl: 8.4-8.9) to
17.8/1,000 (95% Cl: 17.5-18.1) among females.

The crude age-stratified prevalence rates increased annually in almost all 1-year age bands from
2004 to 2010 (see Figure in Supplemental Digital Content_6). Contrarily, in the following years,
increases occurred only in the age groups 12 years or older and were less pronounced. A mere cohort
effect, which would have led to a widening of the curve of the age-specific prevalence rates over the

years, was not found.

Proportion of treated ADHD cases

Among ADHD cases, the annual standardised proportion with MPH or ATX drug treatment varied
between 50.5% and 61.8% for males and between 41.5% and 55.4% for females from 2004 to 2013
(see Figure 2; corresponding values are tabled in Supplemental Digital Content_5). Proportions varied
in time with alternating directions during the observed period. A maximum was reached in
2006/2007. After that, proportions slowly decreased until 2013 and already dropped below the
values of 2004/2005 in 2011. This was similar for both sexes. Only a small proportion of all ADHD
cases had both drug and psychotherapeutic treatment (see Figure 3; corresponding values are tabled
in Supplemental Digital Content_5). From 2004 to 2013, this proportion slightly increased from 2.65%
(95% Cl 2.41%-2.91%) to 3.76% (95% Cl 3.47%-4.07%) for males and from 2.61% (95% Cl 1.83%-
3.54%) to 3.49% (95% Cl 2.86%-4.17%) for females. An even smaller proportion of all ADHD cases
received behavioural treatment without any MPH or ATX treatment (see Figure 3; corresponding

values are tabled in Supplemental Digital Content_5): from 2004 to 2009, this proportion varied only



slightly for males between 1.45% (95%Cl 1.27%-1.63%) and 1.61% (95%CI| 1.42%-1.81%) and for
females between 1.71% (95%Cl 1.29%-2.20%) and 2.04% (95%Cl 1.64%-2.48%) while in the following
3 years, especially for males, this proportion increased reaching 2.75% (95% Cl 2.47%-3.05%) for

males and 2.80% (95% Cl 2.39%-3.24%) for females in 2013.

Prescribed DDD per drug-treated ADHD case

The mean cumulative amount of MPH DDDs prescribed during one year for MPH-treated ADHD cases
was lower for females than for males (see Figure 4). The temporal trend of the mean cumulative
DDDs was similar for both. For MPH, the values increased from 2004 to 2008, remained nearly
unchanged until 2012 and then slightly decreased in 2013. This pattern was similar for all 1-year age
bands (see Figure in Supplemental Digital Content_7). For ATX, the values increased only from 2004

to 2006 and showed hardly any change afterwards.

Discussion

This study is among the first to investigate several factors possibly determining the increase in
dispensed MPH prescriptions in Germany during the past decade and disentangled these influences
from the effects of a changing age distribution among the population of prevalent ADHD cases. We
identified an increase in the ADHD prevalence and higher amounts of prescribed MPH per drug-
treated ADHD case as the main triggering factors.

MPH is the most frequently used first-line treatment option for ADHD cases in children and
adolescents in Germany. In Germany, the population aged 3-17 years declined between 2004 and
2013 in Germany due to years with decreasing birth rates between 2000 and 2010 [18].Beside this
decline, these ageing cohorts with a low birth rate also changed the age distribution of the
population aged 3-17 years during the study period by subsequently reducing the proportion of
lower age groups. Thus, one might have expected a decrease in the total amount of prescribed ADHD

drugs recorded in claims data. The opposite, a substantial increase, occurred. Therefore, rather



influential factors must have counteracted the effect of the decreasing population. We proposed five
potential mechanisms each of which could have resulted in an increase of dispensed MPH. We
explored these potential influences independently of the demographic development of the whole

population and the population of ADHD cases by calculating standardised estimates.

First, an increasing prevalence of diagnosed ADHD could have increased the number of potential
MPH users and therefore the amount of prescribed MPH. In the present claims data-based study, the
overall diagnosis-based ADHD prevalence estimates increased starting in 2004 and reached a plateau
in 2011. Importantly, the overall prevalence rates increased by 65% and more than doubled in
females during the same time. As we used age-standardized estimates this reflects a true disease
prevalence increase independent from possible effects of a changing age distribution in the
population. The prevalence increase is in line with other German claims data-based studies for the

years 2006-2011 [19] and 2006-2013 [20].

Second, ADHD prevalence and incidence rates in Germany have been described to reach a maximum
at the age of 9-10 years in 2005/2006 [11]. Due to the chronic character of ADHD, one would expect
a widening of the prevalence maximum towards older ages over the years [11]. This would increase
the total ADHD prevalence over the years and consequently the total amount of consumed ADHD
drugs [10]. We found no clear indications for this potential influence on the increase of dispensed
MPH. However, such an effect could have been masked by the prevalence increase in all individual
age groups. In this context, it should also be noted that in other countries rapid expansions of
psychiatric diagnoses in youth were reported to be associated with more rapid increases of “mild”,
“subthreshold” and “NOS” diagnoses [21, 22]. However, this explanation can be ruled out as a
contributing factor in our study, which on the one hand was based on claims data and ICD-10

diagnoses which do not allow to code different severity of ADHD explicitly (see also below the



discussion of administrative prevalence as a potential limitation) and on the other hand used a ADHD

case definition that required at least one specific diagnostic code of “hyperkinetic disorders” [11, 13].

Third, an increase in the proportion of drug-treated ADHD cases among all ADHD cases could have
increased the amount of dispensed MPH. We showed that variations in the proportion of patients
treated with either MPH or ATX were only small from 2004 to 2013. Considering the population
decline in the age group 3-17 years, this should have decreased rather than increased the total
amount of dispensed MPH in Germany. Another claims data analysis for 2006-2013 [20] found a time
trend of the proportion of drug-treated ADHD cases similar to our results while the absolute values
for their proportions were considerably lower. Contrary to our approach, the authors analysed the
data only per individual year. Therefore, only prescriptions in the same calendar year as the diagnosis
were considered for each ADHD case. This could have led to an underestimation of the proportion of
drug-treated cases if treatment start was delayed to the time of the diagnosis or if updating the
diagnosis was inconsistent. Based on claims data, Abbas et al. [23] presented prevalence rates for the
use of stimulating drugs showing increasing values from 2004 to 2009. However, in the
corresponding calculations, all insured subjects were used as the reference population, while we

considered all ADHD cases as reference population.

Fourth, an increase in the amount of MPH prescribed per individual could have increased the amount
of MPH dispensed in total. Our results showed that the mean amount of MPH DDDs prescribed per
drug-treated ADHD case increased by about 31% from 2004 to 2008 and remained nearly unchanged
thereafter. This pattern might have been partially due to the decision of the ‘The Federal Joint
Committee (G-BA)' in 2009 to restrict stimulant therapy for children and adolescents. In brief,
stimulants for minors with ADHD should only be prescribed within a therapeutic regimen and by

specialised psychiatrists and psychotherapists [24, 25].



Fifth, a variation in the frequency of applied treatment options alternative or complementary to MPH
drug treatment such as behaviour therapy might have influenced the amount of dispensed MPH.
However, the proportion of ADHD cases with behaviour therapy was low, with less than 4% with
additional psychotherapeutic treatment and less than 2% with psychotherapy alone. It seems
unlikely that changes in the frequency of psychotherapeutic treatment played more than a minor
role in the variations of the proportion of drug-treated ADHD cases. The slight decrease of the
proportion of ADHD cases treated with MPH or ATX after 2006 was not accompanied by a
corresponding increase in psychotherapies. Also ATX could have been used alternatively to MPH, but,
as also shown in our data, the dispensed annual cumulative DDDs for ATX were much lower than for

MPH and changed only marginally during the study period [8].

A trend of an increasing number of patients with prescriptions for MPH during the last decade was
observed in several countries [1-7, 20, 26, 27]. However, the identification of reasons for this
increasing treatment prevalence was restricted in most of these studies either due to the calculation
based on the total population instead of ADHD cases or due to not taking into account potential
variations in the age distribution or both. As an exception, Roick and Waltersbacher [20] presented
for the age group of 6-17 years in Germany claims data-based annual prescription rates of ADHD
drugs for 2006 to 2013 that were age-standardised with the German population and that referred to
the annual population of ADHD cases. However, they provided no Cl for their prevalence estimates
and did not consider potential variations in the age distribution of the population of ADHD cases.
Steinhausen and Bisgaard [7] used a different approach. In addition to an age standardisation based
on the total population, they adjusted for the annual number of patients attending mental health
services in their calculation of prevalence rates for stimulant drug prescriptions which could
indirectly consider as a proxy the potentially varying prevalence of diagnosed ADHD over time. In
Europe, a recently published Spanish study based on pharmacy dispensing data from 2010-2014 also

identified an increase of MPH prescriptions during the observation period, with higher treatment
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rates of male patients as well [28]. They confirm the results from an earlier published study from the
UK primary care sector, which was also based on a large health care database, and which also
detected a significant increase in prescriptions from 2003 to 2008 [29]. Similar findings were also
obtained outside Europe, e. g. Taiwan [30]. Although the estimated prevalence figures from these
studies are difficult to compare with our findings due to — as already discussed — differences of age
ranges and years under study or due to the choice of total populations as denominator, it can be
considered a strong indicator for the validity of our own findings, that prescription increases
apparently can be observed worldwide. Based on additional assumptions, some studies discussed
possible reasons for the increasing treatments with ADHD drugs on the population level. For
example, the increased public and clinician awareness about the symptoms and associated
impairments of ADHD [1, 6, 26, 27, 31] may have led to an increase in medicated ADHD patients
and/or in the individual duration of pharmacological ADHD treatment [6, 23, 32]. This would
correspond to the cohort effect in our study. More recently, the trend of treatment rates with ADHD
drugs on the population level in some European countries showed a plateau [1, 23, 32]. Possible
reasons discussed for this stagnation are changes in product labelling recommended by a European
Medicines Agency committee [33] as well as prescription restrictions for MPH products by the
German regulatory agency [24], a more cautious stance toward pharmacotherapy among physicians
and parents due to these restrictions or simply a sufficient medication supply for ADHD patients in
need of treatment [1, 23, 32]. Otherwise, the decrease in the proportion of drug treated ADHD cases
after 2009 shown in our study might have been initiated by the warnings concerning potential
cardiovascular risks of ADHD medications [34]. However, it is not clear to which extent the trend
patterns used for the lines of argument were influenced by changes in the age distribution of the

total population or the population of ADHD cases.

Based on claims data from several SHIs, this study population covered all geographical regions in

Germany and the data source has been shown to be representative for Germany [35, 36]. In addition
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to the size of GePaRD, the main strength of the present analyses is that data on ADHD diagnoses and
treatments were available both on the individual level and in one data source. As case identification
and treatment were based on routinely recorded physician diagnoses and prescriptions, recall bias
can be ruled out. The use of a three quarter follow-up additionally increased the validity of
outpatient diagnoses. It remains unclear, whether a longer follow-up would have further contributed
to validity, yet it should be noted that longer follow-up periods would have limited the number of
available data years, in which ADHD cases could have been identified. Based on our longstanding
experiences in case validation in health claims data [11, 13] and the diagnostic criteria for ADHD
which require the presence of relevant symptoms for at least 6 months, the choice of 3 quarters can
be regarded a reasonable compromise. By using the 12-month prevalence as the main outcome in
our study, our results can also be regarded robust against potential seasonal variations of MPH
intake (e. g. treatment interruptions during summer breaks). Since cross-sectional analyses have
shown regional variations in ADHD prevalence in Germany for different years [19, 20], the
consideration of regional heterogeneity in the standardisation of ADHD prevalence rates is a further
strength of our study. Despite unchanged regional age-specific rates, regionally varying development
of the age distribution alone could result in changes in the nationwide age-specific prevalence rates.
To compensate, we stratified the crude prevalence rates and the population used in the
standardisation method also by federal state. Further, we identified treatment in a follow-up period
of one year for each ADHD case starting with its index diagnosis and did not restrict the analysis to

prescriptions and procedures exclusively from the calendar year under study.

However, some limitations should be mentioned. Due to the nature of our data source, our results
can only be regarded as administrative prevalences, not including ADHD cases with subthreshold
symptomatology or without contact to the medical sector. Similarly, information on interventions
other than drug treatment and behaviour therapy (e.g. occupational therapy) as well as on non-

reimbursable therapeutic procedures is not included in GePaRD. Temporal variations in the usage of
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this therapy option may have also influenced the proportion of ADHD cases treated with medications
or psychotherapy. However, we assume this influence was small as occupational therapy is intended
to accompany drug treatment, not to replace it. It is also possible, that qualitative changes in the
diagnostics of ADHD (e.g. new screenings, increased awareness of ADHD among treating physicians)
could have influenced ADHD prevalence. As such changes are also not visible in GePaRD, we cannot
estimate whether this might have biased our results. A recent review [31] has shown no change in
the worldwide population-based prevalence of ADHD in the past 30 years and it has been suggested
that changes in the prevalence based on administrative or claims data result from improved
diagnostics or increased functional impairment [37]. Despite stable disease prevalence, however, an
increase in diagnosed ADHD prevalence and therefore an increase in the number of ADHD cases
treated by physicians would also increase the population potentially treated with ADHD drugs.
Further, ADHD prevalence rates based on ICD-10-GM criteria are lower than those based on DSM
criteria [38, 39] and compared to “ADHD” according to DSM-1V, the “hyperkinetic disorder” according
to ICD-10 can generally be seen as a more severe subtype [1]. In the past, German guidelines have
favoured diagnosing according to DSM-IV although coding of ADHD occurs in ICD-10-GM. This change
could have, at least partly, triggered the ADHD prevalence increase found in this study. The
dispensation of stimulants in Germany requires a prescription by a physician. Although people may
choose to pay out of pocket for these stimulants it seems very unlikely that this would happen for
children and adolescents as stimulants are fully covered by SHIs for this age group. Therefore, we
believe that stimulant therapy of insured children and adolescents is almost fully documented in the
claims data. However, as it applies also to other pharmacoepidemiological databases, we could not
assess whether the dispensed drug amounts were actually taken by the individuals. Overall, the
trends and developments of MPH prescriptions as described in our cross-sectional analyses could be
substantially enriched by further longitudinal analyses of incidence rates across time. Such analyses
were not planned for and covered by funding of the underlying study as they were beyond the scope

of its initial objectives. Thus, further studies could contribute to our findings by considering
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longitudinal investigations of MPH prescriptions across longer periods of time. Further, the low rates
of psychotherapy in our study should be interpreted very cautiously, especially in lights of
international guidelines that actually recommend non-medical interventions over pharmacological
treatments, particularly in the very young. Thus we have deliberately chosen a very narrow
operationalisation, which depicted psychotherapy in terms of long-term cognitive behavioural
therapy but this might have resulted in an underestimation of the number of actually treated
children. Otherwise, Gellad et al. [40] found in a US study in 2010 among 0-17 years old children
treated with ADHD medication a median county-level proportion of 7.1% receiving at least 8 visits of
concurrent psychotherapy which is similar to our results based on reimbursed psychotherapeutic
sessions typically including 25 visits. Based on our data, the calculation of corresponding percentages

reveals increasing annual proportions of 5.6% to 7.1% for the years 2010-2013.

In summary, between 2004 and 2008, the increase of the total amount of prescribed and dispensed
MPH drugs in Germany can be explained by the increasing ADHD prevalence and the concurrent
increasing mean amount of DDDs prescribed per case. In contrast, the small increase of the total
amount of dispensed MPH drugs after 2008 could mainly be based on the fact that increases in ADHD
prevalence were counteracted by decreasing proportions of drug-treated ADHD cases and slightly
decreasing mean amounts of DDDs prescribed per drug-treated case. Finally, it is important that our
analyses do not allow any inferences about potential benefits or hazards that might come along with
the prescription trends as presented. Our figures should rather be taken as a helpful groundwork for
further studies investigating such effects, since the mode of action of MPH treatment is not fully
understood and the long-term effects and safety of ADHD treatments are still understudied.
Considering the facts that MPH is often combined with other medication that might warrant special
caution, such as antipsychotics [41, 42], and that such outcomes might be dose-related, it is
important to clarify whether an overall increase of prescriptions is rather due to an increase of cases,

increase of dosage per case or a combination of both, in order to estimate potential future risks.
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Figure Captions

FIGURE 1. Administrative 1-year period prevalence of ADHD for 3- to 17-year-old children
and adolescents in Germany standardised for age and federal state for the years 2004 to
2013, overall and by sex (vertical bars indicate 95% Cl) (corresponding values are listed in

Supplemental Digital Content_5)

FIGURE 2. Age-standardised proportions of ADHD cases treated with methylphenidate or
atomoxetine for the years 2004 to 2013, overall and by sex (vertical bars indicate 95% Cl)

(corresponding values are listed in Supplemental Digital Content_5)

FIGURE 3. Age-standardised proportions of ADHD cases with psychotherapeutic treatment
only or with both psychotherapy and drug treatment (methylphenidate or atomoxetine)
within one year after case diagnosis by sex and calendar year (vertical bars indicate 95% Cl)

(corresponding values are listed in Supplemental Digital Content_5)

FIGURE 4. Age-standardised mean cumulative Defined Daily Doses (DDDs) prescribed within
one year after case diagnosis per drug-treated ADHD case for the age group 5 to 17 years
stratified by drug (MPH=methylphenidate, ATX=atomoxetine), sex and calendar year
(vertical bars indicate 95% Cl)

2 children’s DDDs for MPH and adult DDDs for ATX
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Supplemental Digital Content 1. Fee schedule items considered for the identification of

outpatient behaviour psychotherapy

Code Validity period Type of behaviour Number of sessions (each of at
within study period  therapy least 50 minutes duration)

0881 2004 - 2005 Short-term, individual Up to 25 sessions

0882 2004 - 2005 Long-term, individual More than 25 sessions

0883 2004 - 2005 Short-term, group Up to 25 sessions

0884 2004 - 2005 Long-term, group More than 25 sessions

35220 2005 - 2013 Short-term, individual ~ Up to 25 sessions

35221 2005 - 2013 Long-term, individual More than 25 sessions

35222 2005 - 2013 Short-term, group Up to 25 sessions

35223 2005 - 2013 Long-term, group More than 25 sessions




Supplemental Digital Content 2. Calculation of standardised prevalence rates

First, claims data-based crude ADHD 1-year period prevalence rates were calculated
stratified by sex, age (one-year age classes), federal state and calendar year. Subjects were
included as cases for the numerator of the prevalence rate if their records showed any index
date which met the ADHD definition in the respective year. The denominator included all
persons who were at least continuously insured from July 1 of the respective year until June
30 of the following year. This correlates with the so-called 'midyear population' but was
restricted to those subjects which had a continuous insurance period of at least one year.
This length corresponds to the insurance period that was necessary in order to be identified
as an ADHD case via the case algorithm (for details see section ‘Study population and
identification of ADHD cases’). Second, based on the crude 1-year period prevalence rates,
we calculated standardised annual prevalence rates using the German population figures of
2006 derived from the Federal Statistical Office: sex-specific rates were standardised for age
(one-year age classes) and federal state and overall rates additionally for sex. Let z
enumerate the 10 calendar years of the study period (z=1,...,10), let k differentiate sex
(k=1,2), let j distinguish the 16 federal states of Germany (j=1,...,16), let i enumerate the 15
one-year age classes from age 3 to age 17 (i=1,...,,15), let n be the population counts of
Germany from 2006 and let CPR be the crude prevalence rates, then annual sex-specific

standardised prevalence rates STPR,, were calculated by

16 15
_ z j=1 Zizl CPRZkJ"'nkﬁ
- 16 15 (1)

Z = Z,-:l i

Total standardised prevalence rates were calculated in the same way by additionally

STPR,,

aggregating the figures on the level of sex.



Supplemental Digital Content 3. Calculation of the mean amount of prescribed DDDs per
ADHD case and corresponding 95% confidence intervals

For MPH and based on the individual cumulative DDDs prescribed within one year for all
ADHD cases with MPH treatment, we estimated the mean amount of DDDs among MPH-
treated ADHD cases stratified by sex and age (one-year age classes). As case numbers for the
age groups 3 and 4 years were very low, these age groups were excluded from the
calculation. Further, the age-weighted mean amount of MPH DDDs for the total age group of
5- to 17-year-old children and adolescents was calculated for each calendar year stratified by
sex. Let y; be the mean amount of DDDs for a single age group i {1, ... ,13} in calendar year j,
let oj; be the corresponding standard error of the mean, let @; be the age-specific weight and
let zg.975 be the 97.5% quantile of the standard normal distribution, then the age-weighted

mean g and corresponding limits CL ; for 95% Cl were calculated using

13
By =20, Oty (2) and

_ 13 2 2
CL, = p; £ 2547504/, @0 (3).

In the same way, amounts for mean cumulative ATX DDDs per ATX-treated ADHD case were

calculated.



Supplemental Digital Content 4. Descriptive figures [N] for the annual total study

populations of 3- to 17-year-old children in GePaRD stratified by sex and calendar year

Calendar Study Prevalent Drug-treated ADHD cases with

e year population ADHD cases ADHD cases psychotherapy
Boys 2004 801628 26930 15708 1357
2005 879211 34660 20030 1680

2006 878672 35908 23265 1818

2007 885638 40157 26421 2082

2008 882715 44084 28769 2376

2009 917690 49103 32047 2711

2010 932750 53237 32878 3016

2011 933579 54101 32927 3284

2012 943020 53677 32506 3399

2013 949602 53904 31842 3325

Girls 2004 763049 6608 3271 291
2005 838556 8867 4405 401

2006 837112 9139 5354 480

2007 843412 10706 6343 561

2008 839664 12181 7049 637

2009 872561 13916 8023 722

2010 886331 15599 8473 854

2011 887637 15928 8490 975

2012 896009 15865 8311 1045

2013 902454 16181 8140 1047

All 2004 1564677 33538 18979 1648
2005 1717767 43527 24435 2081

2006 1715784 45047 28619 2298

2007 1729050 50863 32764 2643

2008 1722379 56265 35818 3013

2009 1790251 63019 40070 3433

2010 1819081 68836 41351 3870

2011 1821216 70029 41417 4259

2012 1839029 69542 40817 4444

2013 1852056 70085 39982 4372




Supplemental Digital Content 5. Annual age standardized estimates and 95% confidence
intervals for ADHD prevalence, for the proportion of ADHD cases treated with ADHD drugs
only, for the proportion of ADHD cases treated with psychotherapy only, and for the
proportion of ADHD cases treated with ADHD drugs and psychotherapy (values are
presented graphically in Fig. 1-3 in the corresponding article)

Age adjusted estimates (95% confidence interval) for

Proportion of ADHD

Proportion of
ADHD cases with

Proportion of ADHD
cases with drug

ADHD prevalence cases with drug psychotherapy treatment and
Sex Year [n/10%] treatment only [%)] only [%] psychotherapy [%]
Male 2004 | 33.88(33.47-34.30) 57.46 (56.04-58.89) 1.57 (1.36- 1.79) 2.65(2.41-2.91)
Male 2005| 39.31(38.89-39.74) 57.25 (56.01-58.50) 1.61(1.42- 1.81) 2.50 (2.30- 2.72)
Male 2006| 40.47 (40.04-40.90) 61.82 (60.57-63.08) 1.45 ( 1.27- 1.63) 2.75 (2.53- 2.99)
Male 2007 | 44.48 (44.03-44.93) 61.61 (60.43-62.80) 1.48 ( 1.31- 1.66) 2.91(2.68- 3.15)
Male 2008 | 48.57 (48.10-49.04) 60.20 (59.08-61.33) 1.46 ( 1.30- 1.64) 3.26 ( 3.02- 3.51)
Male 2009 | 52.14 (51.66-52.62) 59.51 (58.47-60.56) 1.56 ( 1.41-1.73) 3.21 (2.99- 3.44)
Male 2010| 55.84 (55.35-56.34) 55.51 (54.55-56.48) 1.76 ( 1.60- 1.94) 3.27 ( 3.05- 3.50)
Male 2011| 57.19 (56.69-57.70) 53.12 (52.21-54.03) 2.18 (1.99- 2.37) 3.565 (13.32-3.79)
Male 2012| 56.82 (56.32-57.33) 52.65 (51.75-53.56) 2.65(2.44-2.87) 3.60 ( 3.37- 3.85)
Male 2013| 57.16 (56.66-57.66) 50.50 (49.51-51.50) 2.75(2.47- 3.05) 3.76 (3.47-4.07)
Female | 2004| 8.63( 8.41- 8.84) 48.79 (45.98-51.67) 1.71 (1.29- 2.20) 2.61(1.83-3.54)
Female | 2005| 10.45(10.23-10.68) 49.27 (46.73-51.88) 1.70 (1.33- 2.10) 2.13 (1.74- 2.56)
Female | 2006| 10.73(10.51-10.96) 54.10 (51.76-56.48) 1.98 (1.54- 2.47) 2.63 (2.20- 3.09)
Female | 2007 | 12.38(12.14-12.62) 55.40 (53.11-57.74) 1.74 (1.37- 2.15) 2.55(2.18- 2.95)
Female | 2008| 14.05(13.80-14.31) 53.08 (51.02-55.18) 2.04 (1.64-2.48) 3.14 ( 2.65- 3.67)
Female | 2009| 15.50 (15.24-15.78) 51.33 (49.52-53.18) 1.97 ( 1.65- 2.32) 2.72 (2.32- 3.16)
Female | 2010, 17.32(17.04-17.61) 47.62 (45.90-49.37) 2.08 (1.76- 2.43) 2.79 (2.43- 3.17)
Female | 2011, 17.83(17.54-18.12) 44,57 (42.97-46.20) 2.61 (2.23- 3.00) 2.94 (2.58- 3.32)
Female | 2012, 17.72(17.44-18.01) 43.33 (41.76-44.93) 2.80 (2.41- 3.22) 3.46 ( 3.04- 3.90)
Female | 2013, 18.14 (17.85-18.43) 41.54 (39.67-43.45) 2.80 (2.39- 3.24) 3.49 (2.86-4.17)
All 2004 | 21.58 (21.34-21.82) 55.74 (54.49-56.99) 1.60 ( 1.41- 1.80) 2.61(2.38- 2.85)
All 2005| 25.25(25.01-25.50) 55.62 (54.52-56.73) 1.62 ( 1.45-1.81) 2.45 (2.26- 2.64)
All 2006 | 25.99 (25.74-26.23) 60.36 (59.26-61.48) 1.54 (1.38-1.71) 2.74 ( 2.54- 2.95)
All 2007 | 28.84 (28.59-29.10) 60.42 (59.37-61.47) 1.53 (1.38- 1.69) 2.84 (2.64- 3.05)
All 2008 | 31.76 (31.49-32.03) 58.74 (57.76-59.73) 1.58 (1.43-1.74) 3.22(3.01-3.44)
All 2009 | 34.30 (34.02-34.58) 57.75 (56.85-58.66) 1.66 ( 1.52- 1.81) 3.09 ( 2.90- 3.29)
All 2010| 37.08 (36.79-37.37) 53.73 (52.90-54.57) 1.83 (1.69- 1.99) 3.17 (2.98- 3.36)
All 2011| 38.02(37.73-38.31) 51.22 (50.43-52.01) 2.28 (2.11-2.46) 3.43(3.23-3.63)
All 2012| 37.78 (37.48-38.07) 50.50 (49.72-51.28) 2.70 (2.51- 2.89) 3.59 ( 3.38- 3.80)
All 2013| 38.15(37.86-38.45) 48.46 (47.59-49.33) 2.79 ( 2.55- 3.04) 3.69 ( 3.44- 3.96)
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Supplemental Digital Content 6. Crude annual ADHD 1-year period prevalence and
corresponding 95% confidence intervals (vertical bars) stratified by age and calendar year for

children and adolescence: a) boys, b) girls
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Supplemental Digital Content 7. Mean cumulative DDDs (=vertical axis; vertical bars indicate
95% confidence intervals) of prescribed methylphenidate within one year per person
stratified by age for different calendar years based on all ADHD cases treated at least once
within one year after case index date: A) boys, B) girls (figures for the age groups of 3 and 4

years are not presented)



