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ABSTRACT

The Youngest Get the Pill: ADHD Misdiagnosis
and the Production of Education in Germany *

Attention Deficit/Hyperactivity Disorder (ADHD) is a leading diagnosed health condition
among children in many developed countries but the causes underlying these high levels of
ADHD remain highly controversial. Recent research for the U.S., Canada and some
European countries shows that children who enter school relatively young have higher ADHD
rates than their older peers, suggesting that ADHD may be misdiagnosed in the younger
children due to their relative immaturity. Using rich administrative health insurance claims
data from Germany we study the effects of relative school entry age on ADHD risk in
Europe's largest country and relate the effects for Germany to the international evidence. We
further analyze different mechanisms that may drive these effects, focusing on physician
supply side and demand side factors stemming from the production of education. We find
robust evidence for school-entry age related misdiagnosis of ADHD in Germany. Within
Germany and internationally, a higher share of misdiagnoses are related to a higher overall
ADHD level, suggesting that misdiagnoses may be a driving factor of high ADHD levels.
Furthermore, the effects in Germany seem to be driven by teachers and parents in an
attempt to facilitate and improve the production of education.
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1. Introduction

ADHD has been rising dramatically among schooldcbn over the past decade and it is now the
leading diagnosed health condition in Germany attteroWestern countries like the U.S. ADHD
treatment has the potential to help children wibHD - as well as their peers - focus in class aulice
risky behavior outside of school (Aizer 2008; Dalagl, Nielsen, and Simonsen 2014; Chorniy and
Kitashima 2014) . But the psycho-active medicatitso alters the brain function and might have riegat
short- and long-term effects on human capital dgwakent (Gould et al. 2009; Cascade, Kalali, andalVig
2010; Currie, Stabile, and Jones 2014). It is floeeean important question whether the increasdhédn
diagnosis of ADHD are due to an actual deterioraiio mental health among recent generations of
children or whether some of it is driven by an e@ase in cases of misdiagnosis. And if there is
misdiagnosis, it is important to know which factene driving it. For example, it could be driven by
doctors who overtreat in response to a more cothgethealth care environment or by teachers and

parents who seek to improve the teaching environiuash children's educational outcomes?

One way to identify potential cases of ADHD miggtiasis in observational health care data is to
study ADHD rates around school entry cutoff dateklér 2010; Evans, Morrill, and Parente 2010).
Children who are born right before the cutoff dai## enter school a year earlier than those bogtri
after the cutoff and will be almost a year yountjem the oldest (those born right after the cutofthe
year before) in their class. Relatively youngedstus are less mature and often less disciplineal tieir
older classmates. But being born right before aftwtate should not be correlated with the risk of
ADHD, a largely genetically determined conditioraf&one et al. 2005; Tarver, Daley, and Sayal 2014).
Hence, jumps in ADHD prevalence between cohorts lhast before and just after school entry cutoff
dates are an indicator of misdiagnosis. Previoudias have found such evidence of misdiagnosisnarou
the age cutoffs for the U.S., Canada, the NethdslaBweden, and Iceland (Elder 2010; Evans, Morrill
and Parente 2010; Morrow et al. 2012; Halldnerl.e2@l4; Krabbe et al. 2014; Zoéga, Valdimarsdottir

and Hernandez-Diaz 2012), while no effects haven feend for Denmark (Dalsgaard et al. 2012;



Pottegard et al. 2014). Overall, drivers behind ARHD jumps around cutoff dates remain uncertain,

though plausible explanations have been proposgd@alsgaard et al. 2012).

In this paper we use data on more than 7 milli@mn@n children to analyze ADHD rates around
school entry cutoff dates in unprecedented detaibhe of the largest countries of the developeddvo
The data is based on the universe of outpatiedtrh@aurance claims for publicly insured childr@iout
90% of all children in Germany) over the years 2Q081. The German education system is organized at
the level of 16 states and there are various @iffecutoff dates. The variation in cutoff datesetibgr
with the large sample size provides us with sudfiti statistical power to estimate jumps around age
cutoffs non-parametrically and conduct subgroupdyasea across cohorts, ages, gender and districs. W
further merge information on regional physician@ypschooling environment and parental background

to our data in order to investigate factors assediwith the cutoff jumps.

We find large jumps in ADHD rates around cutoffeda amounting to 22 % for children aged 9 to
13 (1 percentage point at a baseline ADHD rateboiua 5% in that age range). These jumps occur at
different months across states in accordance \ihdifferent cutoff dates, indicating that the juarip
prevalence rates represent misdiagnoses ratherattal differences in children's health which are
unlikely to be spuriously correlated with the diffat cutoff dates across states. The cutoff daws a
impact medical treatment of ADHD. Moreover, thesenio comparable pattern for the prevalence of
diabetes or for hay fever, a condition with simjaevalence rates as ADHD. This indicates that gpimp
ADHD rates around cutoffs are not driven by a gaheffect of relative age on physicians' diagnosing
behavior but specific to ADHD. There is also noeetfof relative age on injury rates among children
without ADHD diagnosis. This finding supports thetion that misdiagnoses around age cutoffs are
driven by overdiagnoses among younger studenterdilan underdiagnoses among older students who

should - if lackig required ADHD treatment - suffesm higher injury rates.

Misdiagnosis rates around cutoff dates are styoogtrelated with the average level of ADHD

rates, both across regions as well as within regiomer time. Remarkably, this relationship of



misdiagnosis rates and average ADHD levels is ww@milar to the relationship that we find when
comparing the estimates across the countries that been analyzed in the existing literature. Tésult

suggests that misdiagnosis rates around cutofsdate an explanatory factor of the high ADHD rates
observed in many countries, perhaps proxying fogeaeral tendency to overdiagnose ADHD. An

important question therefore is: Which factorsdnieing these misdiagnoses?

Merging the ADHD data to district level characséids we find that jumps in ADHD prevalence
around the cutoff dates are weakly negatively eelab the density of pediatricians, psychiatrists o
psychologists. This finding rejects the hypothetfiat a more competitive health care environment
characterized by a higher physician density indygiegsicians to overdiagnose. If anything a larger
supply of physicians leads to a decrease in misdisgs. However, we do find that misdiagnosis rates
within regions increase over time with the shardaskign students and class sizes as well as with a
region's average income and education. These sesudgest that jumps might be driven by teachais an
parents in an attempt to facilitate and improve pheduction of educatiohOn the teacher side, the
relative immaturity of younger students might beeomore apparent in difficult schooling environments
and teachers might be more inclined to interpretugitive behavior as pathological. Well-educated
parents, on the other hand, might be particulaslycerned about their children's education and tityu®
counteract the possible disadvantages in perforen@ntheir children are particularly young for thei
grade level. Whether such potential ADHD overtreaitncan actually lead to improvements in

educational outcomes for a misdiagnosed child oit$gpeers remains an open question.

Previous studies have found a wide range of etgsnir jumps in ADHD rates around school
entry age cutoffs, ranging from zero in DenmarkléDaard et al. 2012) to 50% in Iceland (Zoéga et al
2012) and the U.S. (Elder 2010; Evans et al. 20@0}. estimates of about 20% are in the mid-range an
closest to the cutoff jumps found in Canada (Morrewal. 2012). We show that this cross-country

variation in cutoff jumps is highly predictive of@untry’s average ADHD level and that this positiv

! Both teachers and parents can influence ADHD diagsi0As in the U.S., ADHD diagnosis guidelines eri@any
require that doctors take parents’ and teaches&sasnent of a child’s behavior into account.
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relationship is remarkably linear. Moreover, itvery similar to the relationship observed acrosan@aa
states. In other words, countries and regions sfithng jumps in ADHD rates around age cutoffs have
also higher overall ADHD rates, perhaps becausetieff jumps proxy for a general tendency to mis-
and overdiagnose ADHD. This finding does not omyfyithe wide range of estimated cutoff jumps from
previous studies, it also underlines the importaonfethe literature on cutoff jumps to help the

understanding of the high ADHD rates in the Westeond.

Whether jumps in ADHD rates around age cutoffsesgnt misdiagnoses and --in case they do--
whether they are driven by over- or underdiagnisescentral question in the literature that hasyet
been explored extensively. Elder (2010) providegaence that jumps represent misdiagnoses, based on
the comparison of how teachers and parents assedsnts' behavior. However, in principle these
misdiagnoses might not only stem from overdiagn¢fdse positives) among younger students but could
also be driven by underdiagnoses (i.e. false neg@tiamong older students (Evans, Morrill, and iRtare
2010). Our analysis of injury data supports theiamothat these misdiagnoses actually represent fals

positives.

Another central question of the literature is whiactors drive the observed jumps in ADHD rates
around cutoff dates. Dalsgaard et al. (2012) sugpes one factor leading to low misdiagnosis rates
Denmark could be the supply of physicians with gali@gnostic skills. In Denmark only specialist
physicians are allowed to diagnose ADHD and thesgods might be less prone to misdiagnoses. Our
findings are in line with the hypothesis of Dalsghat al. (2012). We find that a greater per-cagéasity
of those doctors who are typically diagnosing ADHOGermany is associated -- if anything -- widkver

misdiagnosis rates and this is also true when fapki changes over time.

Elder (2010) provides evidence for the U.S. -hwitgh misdiagnosis rates at the other end of the
ADHD spectrum -- that teachers might be a driviagcé behind cutoff jumps. Our finding of increasing
misdiagnoses rates in areas with increasing class and rising shares of foreign students isrie With

Elder's (2010) hypothesis that teachers' demand\iHD medication of their students might be part of



the story. However, we find that parents may alag p role as areas with rising shares of employéts

higher education and increasing labor income haseasing rates of misdiagnoses.

The paper proceeds as follows: Section 2 discuisesschool and health care system in
Germany. Section 3 provides an overview of our daih methods. Section 4 presents the resultsaand

conclusion follow in Section 5.

2. Germany's school and health care system
2.1. School system

School policy is almost exclusively legislated e tevel of the 16 states in Germdnin all states,
children generally have to start school in the &dlthe year in which they have turned six by actfme
date — the school entry cutoff date. Historicallyne 30 was the cutoff date in all states. Whigedtoff
is the general rule, there are exceptions: Alldreih are examined by a government physician béfhene
are allowed to enroll in school. Children who aot considered “ready for school” although they nibet
age cutoff are supposed to wait another year. &stime time, children can enter school although dioe
not meet the age cutoff following parental applmatand the school readiness exam. Compliance with
the age cutoff is high in Germany: Between 2000 20#1, on average about 86% of children entered
school according to the cutoff date (own calculaidased on Federal Statistical Office, 2014.) As a
comparison, the compliance rate in Denmark is ab6& (Dalsgaard et al. 2012) while it ranges from

70% (Elder 2010) to a mere 35% (Evans, Morrill, &@adente 2010) in the U.S.

In order to decrease the school starting age rm&aey, states started to push back the cutoff date
from 2003 onwards. As Appendix Table 1 indicate®f&he 16 states have since changed their cutoff
date. One state (Thuringia) only postponed theftudtate by 1 month to July 31. Others postponed it

further, often in several steps. In Baden-Wuerttempfor example, the cutoff date was postponeliitp

2 See Lohmar and Eckhardt (2013) for a general deerover the German education system.
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31 for children entering school in 2005, to Augusf'3ar children entering school in 2006, and to
September 30 for children entering school in 200¥e most extreme policy change occurred in Berlin
where the cutoff date was moved from June 30 fddien entering school in 2003 to Decembet &ir
those entering in 2004. As the sizes of the ergecwhorts necessarily vary in years in which theftu

dates are shifted, we exclude cohorts who entexat@h reform years from the following analyses.
2.2.Health caresystem

In this paper, we focus on children covered byadwealth insurance (SHI) in Germany. Roughly 9G% o
the German population is covered in the SHI. Mospleyees and their families are mandatorily endblle
in the SHI. Only few individuals with higher sogs@onomic status (SES) — the self-employed, empkoyee
with labor income higher than a specific yearlyidedl threshold, and civil servants — can decidepic

out of this system. By focusing on children insunedhe SHI, we thus study the majority of German

children, disregarding mainly those whose pareat®thigher SES.

Within the SHI, children are covered free of clea@n their parents’ policy. Furthermore, no
copayments or coinsurance apply to most care thiddren receive (doctor visits, hospital stays, and
prescription drugs). This includes diagnoses aedttnent of ADHD. Any physician registered with the
SHI can generally diagnose — and get reimbursethodiagnosis of — ADHD. The majority of children
with ADHD, however, have a diagnosis from speciglisuch as pediatricians (51%), or child and youth
psychiatrists (28%) (Grobe, Bitzer, and Schwartt32@®. 173). The largest group of diagnoses from no
specialists is made by primary care physicians wming for 36% of diagnosésMainly two different
drugs are used to medically treat ADHD among chitdn Germany: Methylphenidate and Atomoxetine.
In Germany, both of these are only approved forttbatment of ADHD. Until the end of 2010, medical
treatment for ADHD could be prescribed by any regied physician. Since 2011, however, only

specialists (including pediatricians, neurologistsid psychiatrists) are allowed to prescribe ADHD

* However, Grobe et al. 2013 do not distinguish first from follow-up diagnoses. The diagnoses made by primary care
physicians may thus reflect follow-up treatment based on initial diagnoses made by specialists.
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medication. Since then primary care physicians aally prescribe ADHD medication as a follow-up

prescription (e.g. Hering et al. 2014).

According to medical guidelines published by thesaiation of German Child and Youth
Psychiatrists (German Association for Child and thoBsychiatry et al. 2007), doctors should basi the
diagnosis on an examination of the child hersafwall as information on the child’s behavior itnert
settings (e.g. at home and at school) from pammdsfrom third parties (e.g. teachers). This imfation
is typically elicited using parents and teacher stjpenaires. For an ADHD diagnosis, the typical
symptoms of hyperactivity, inattentiveness, and uhapity have to occur repeatedly in at least two
different settings for at least six months, havdeocabnormally high for the developmental stagéhef

child, and should have first occurred before the afgsix.
3. Data and Methods
3.1 Data

The analyses presented in this paper rely on oriie dada source: administrative medical claims rdsor
from all physicians registered with the SHI, cougrithe universe of outpatient visits of all childre
insured in the SHI aged 4 to 14 for the years 2668ugh 2011. The data are collected at and praviye
the Zentralinstitut fuer die Kassenaerztliche Versomin Deutschland (ZI)* For each of the years
2008-2011, the data cover information on rough® fillion children with all their outpatient visijts
diagnoses of different conditions (ICD 10 codesyl diming of the visits. The data further contain
information on the children’'s sex, month and ye#frbioth, and current place (state and district) of
residence. In addition, we make use of a sepaedteset collected at the ZI that contains inforrmaba

all prescription drugs received for the same chitdThe two datasets are not generally linkablehen

individual level.

* For a description of the data in German, see/hitpw.versorgungsatlas.de/der-versorgungsatlasieagete-
methoden/
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Using these data, we construct prevalence measti/dBHD diagnosis and ADHD treatment, as
well as diagnosis prevalence of other diseasesféhay and diabetes) for each birth cohort in ezfdne
412 German districts. We define as birth cohortchlldren born in the same month and year. For each
birth cohort in each of the 412 German districtd aach data year, we generally define ADHD diagnosi
prevalence as the number of children with at least ADHD diagnosis in two different quarteduring

the data year relative to the overall number ofidcln in that birth cohort and district.

Diagnoses prevalence of diabetes and hay fevecanrstructed similarly, except that only one
quarter with a diagnosis is required for hay feteetake account of its seasonal pattern. As childreex
is known in the data on outpatient visits, we ds® able to construct these measures by sex. Ulkag
data on prescription drugs, we construct the foacof children treated with either Methylphenidate
Atomoxetine — two drugs only approved for treatmemADHD in Germany — by dividing the number of
children who receive medical treatment in a givearyby the overall number of children in that birth

cohort.

A caveat with this data source is that we onlyeobs children if they visited a doctor at least@nc
or received some prescription drugs in a given.yAarnot all children insured in the SHI necesgaril
have at least one doctor visit or prescription egehr, our measures of diagnosis prevalence may
overestimate the true prevalence. We therefore acenpur measures to ADHD rates across several age
groups that are available from administrative ddt&ermany's second largest health insurance peovid
(Barmer GEK). The latter data include information all children with this insurance provider,
independent of whether they have visited a do@ar. ADHD prevalence estimates align closely wité th

rates from Barmer GEK (see Appendix A).

® ADHD is coded according to thaternational Classification of DiseagéCD) 10 diagnostic manual. We rely on
at least one valid diagnosis in two quarters ofyiis@r to identify diseases from the claims. Thérietion increases
the probability to identify only children as ADHIafients who are actually treated for the condition.
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We augment the administrative health claims dath imformation at the district level on the
supply of physicians, socio-economic informationwaell as information on the school environmentrfro

different data sources, as listed in Appendix T&ble

Table 1 provides descriptive statistics basedhenctaims data. Pooling the observations from all
four years (2008-2011) and across all 16 Germaasstave have a sample of roughly 29 million chitdre
that are on average 9 years old at June 30 ofitled glata years. Among them 3.8% are diagnosed with
ADHD, and 2.7% receive medical treatment for ADHDiagnosis prevalence of hay fever is a little
higher than ADHD (5.8%), while only 0.3% of childreare diagnosed with diabetes. As we restrict
several of the following analyses to the statey ¢imat had no reforms in cutoff dates, Table 1 show
descriptive statistics for all states and only tfurse that had no reforms. Although only roughlye2df
all children live in states that did not enact refe in cutoff dates, the descriptive statisticssingilar in

these states as column (2) indicates.

Columns (3) to (12) show how these outcomes vgrgrade level. We assign children to school
grades based on their month of birth relative todhtoff date that applied in the year they wergpessged
to enter school in their state of residence. Fangde, -1 indicates that children should enter sthothe
year following the data year if they comply withetBchool entry cutoff date in their state of resme
Similarly, I indicates that children should have entered §ratle in the data year if they complied with
the cutoff date. For both ADHD diagnoses and nmadreatment, Table 1 shows a strong increaseein th
prevalence from pre-school to grade 4. While ADHBgdosis prevalence starts to level off and desline
slightly after grade 4, the prevalence of ADHD treent further increases untif'@rade and then starts
declining. Hay fever and diabetes also show in@®as diagnosis prevalence with assigned gradehbut

trend does not reverse aftél/@" grade.
3.2 Methods

To study possible misdiagnoses of ADHD, we folldve tearlier literature and document how ADHD
diagnosis and treatment are affected by studeassigned) relative age as compared to their classma

10



Diagnoses of ADHD are highly subjective (Furman20Bruchmuiiller and Schneider 2012) and medical
guidelines and diagnostic criteria such as DSM-id #CD 10 used for diagnoses in Germany state that
symptoms have to persist to a degree inconsistétht a child’s developmental level. If a child’s
classmates are used to define the normal behamidhé developmental level, younger children irssla
may be misdiagnosed with ADHD if they are behavags maturely than the “norm” in class due to their
younger age. Such systematic misdiagnosis wouldyirapnegative relationship of relative age and
ADHD prevalence. However, the correlation of relatage and ADHD prevalence in observational data
might not be informative because the age at whindldien enter school might itself be a functiortlodir
behavior. In Germany children can only enroll ih@al once their readiness for school has been atexdu

by a government physician. The children who enthosl very young are likely those who are considere
advanced for their age — and thus have lower clsapicehowing ADHD symptoms — while children who
are retained and then enter school older are lizehind for their age — with stronger ADHD symptoms
A simple correlation between relative age in grasel ADHD prevalence may thus reflect reverse

causality rather than the effect of a child’s rieltage position within a grade.

School entry cutoff dates provide a plausibly etwmus source of relative age for grade that
allows for solving the described endogeneity probl&he idea behind this is to only use the vanmatio
relative age in grade that stems from the diffeeemicchildren’s birth dates relative to the cutdite, i.e.
the (assigned) relative age that children wouldehdad everyone complied with the cutoff. Under the
assumption that children’s birth dates relativehi® cutoff date are not related to health for otieasons
than the resulting relative age in grade, thisatamm allows to identify the effect of relative age health

outcomes (see also Elder 2010; Evans, Morrill, Baente 2010; Dalsgaard et al. 2012).

This identifying assumption would be violated tildren born in different months differed
systematically in their health for other reasonanthheir relative age in grade. Currie and Schwandt
(2013) and Schwandt (2015) show that mothers satéxtconception months according to their socio-

economic status and that the pregnancy seasorhassa direct effect on infant health, e.g. via seals
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influenza waves. Parents could also time concegfiororrespondence with the cutoff dates. Thisnsea
there might be seasonality in children's baseliralth (or health at birth) and some of it could be
spuriously correlated with the distance from thoffuTo test for such spurious relationships walgre
other health outcomes such as hay fever or diabetd@sh correlate with children's baseline healti b
which should not be affected by relative age indgraMoreover, we analyze states that reformed the
cutoff dates. If the jumps in ADHD rates move wtitle cutoff dates, this shows that they are notedrivy

a general seasonal pattern in baseline healtheTileésrms could also not be anticipated half a deca

advance, so that parents could not time their quiares accordingly even if they intended.

Given that the identifying assumption is rathexugible, differences in ADHD prevalence across
birth months around the cutoff date provide theuoed form (or intent to treat) effect of relativgeain
grade on ADHD. To obtain the respective IV estin&teelative age we would need to divide the reduce
form estimate by the compliance rate. We only oleséne latter, however, on the grade level. In otde
obtain the IV estimate, we would thus have to neds®umptions on how the compliance rate varies acros
birth months. To avoid making these untestableraptions we report the more transparent reduced form
estimates. When comparing the results to the aegiditerature, we could scale our estimates with th

overall compliance rate. As compliance is high ari@any this would only lead to small changes.

In principle, there are two margins along which eeelld compare children born in adjacent birth
months around cutoff dates. First, we could comphileren assigned to the same grade. Those bgint ri
after the cutoff are likely the oldest childrentieir grade, those born right before the cutoffytbengest.

A disadvantage of this approach is that these @riléire essentially a year apart in age. They were
utero in different years and may have been sulbedifferent general time shocks during their early
childhood. Furthermore, if ADHD prevalence varigghvage, the age trend may confound the relatiee ag

effect.

Second, we could compare children born in the sgeae just before and just after a specific

cutoff date. These children are essentially ofdhme age and the issues with the first approachdbu
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not apply. However, these children are assignedifferent grades. Therefore differences in ADHD
prevalence may not only be due to relative ageade but also depend on school exposure: Those born
just before the cutoff are the youngest in therdgy, while those born after the cutoff are the sildBut

those born before the cutoff have likely been imost for one additional year.

Our rich data allow us to look at both discussegims — jumps in ADHD rates by age within
grade as well as jumps in ADHD rates across adfdgieth months between grades. In a first step, we
conduct a simple non-parametric analysis on how BD#evalence varies across birth cohorts (month
and year of birth) and plot the fraction of childréiagnosed with ADHD in a birth cohort (weighteg b
the number of children in the cohort) against tikbort's month and year of birth. To simplify the
interpretation of these results as much as possitdeuse only data from the 8 states that have not
changed their cutoff dates (see Appendix Tablent) @onduct the analysis by data year. As all states
without reforms in cutoff dates have the same ¢utbine 30), restricting the data to children iesd
states and looking at one specific year at a tieseilts in a clear relationship between birth mantd

thus age and assigned grade level.

As a next step, we average the birth month diffees over different birth cohorts in a regression

analysis. We estimate the following equation

(1) ADHDL'St = MObl‘ + €Eist

by OLS, whereADHD; is the prevalence of ADHD diagnosis in birth cdhipin states, in data yeat,
Mob; represents month of birth dummies, ang is an error term that captures all other influsnoa
ADHD prevalence. All estimations are weighted by thumber of children used to calculate the
prevalence of ADHD diagnoses. Equation (1) is camiple to the reduced form estimations conducted in
the earlier literature (e.g. Evans, Morrill, anddtae 2010; Dalsgaard et al. 2012). Similar toghdier
literature, we could include additional control iadtes in this estimation, such as state fixedot$fetime
fixed effects, and year of birth fixed effects. the extent that month of birth is unlikely cortelé with

other influences on ADHD prevalence — in particwenen considering differences across adjacent
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months of birth — adding these additional contiiolsreases the precision but should not change the
estimated coefficient. We use this framework to ly#®a differences across data years as well as

differences across cohorts affected by differetmftdates.

Finally, we are interested in explaining the origif the jumps in ADHD prevalence across the
cutoff dates. We construct aggregate measureseojuthps on the district level and analyze how they
vary with district level observables. In particylare use the difference in average ADHD prevalence
between children born in the quarter before theftdtate and children born in the quarter afterdbwoff
date to construct average jumps. We aggregatesaquasters around the cutoff date (rather thanlesing
months) to increase the precision of these disteigel estimates which are in some cases based on
relatively small populations. We further aggregateoss different (assigned) grade levels to olnam

measure per district and data year. We then esithatfollowing equation

(2) Jumpy: = a + BiPhysiciansg + Bo,SES e + f3Schoolsgy + yXgr + te +ng + Uge

whereJump,; represents the jump around the cutoff date avdrageoss different assigned grade levels
in districtd and yeat, Physicians SES andSchoolsare three vectors of district levels variabletetisin
Appendix Table 2 that represent measures of thplgugh physicians in the district, SES in the distr
and school environment in the district, respecyivahd the vectoX captures additional control variables.

t captures data year fixed effeajg, captures district level fixed effects, amg denotes the error term.

Importantly, district characteristics such as shpply of physicians or the average size of school
classes are not "randomly assigned" but themselreE®mes of other state or district level procesdes
these processes also directly affected the incelehdDHD misdiagnoses, the estimated coefficiémts
equation (2) would be biased and could not be pnéted causally. For example, there could be
unobservable differences between states whichitédeilthe incidence of misdiagnoses and also impact
the equilibrium density of physicians in the longrr While it is difficult to think of concrete exahes for
such potential confounders, the inclusion of disttevel fixed effects absorbs any unobservablal (an

observable) differences between districts that atochange over time. This means we compare changes
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of characteristics within district over time andk aghether these changes are related to changhe #ize

of the cutoff jumps. A causal interpretation ofgaeestimates requires assuming the absence ofsstwck
ADHD misdiagnoses that are also related to chaimgése explanatory variables. Although it is haod t
think of examples for such shocks, we refrain fronterpreting the results causally in a strict sense
Instead, we take them as first suggestive evidéargeossible relationships between ADHD misdiagisose

and outpatient care, the school system, or parbatdground.
3.3. Limitations

Although differences in underlying health may neisebefore school entry, relative age in gradeld¢dau
principle have an effect not only on the diagna$i&\DHD but also on its true prevalence, in whicse

the jump around the cutoff dates does not refldstdimgnoses but differences in ADHD caused by the
school system. However, Elder (2010) shows thaemgar reports of ADHD symptoms among their
children are not related to their children’s relatiage in grade, while teacher perceptions and ADHD
diagnoses are affected. This suggests that atdbddten’s behavior at home does not vary by aesig

age in grade and makes it unlikely that being ydiengrade causes ADHD.

Furthermore, as Evans et al (2010) note jumps HB prevalence around the cutoff could
potentially also indicate false negative diagndseslerdiagnoses) among the older children in tlaelegr
rather than false positive diagnoses (overdiagnaaesng the younger children. Even though the eatur
of the disease as well as results from brain ssaggest that overdiagnoses are more likely andratse
troublesome (Evans et al. 2010), we shed more bghthe possibility of underdiagnoses by focusing o

injuries.

It is known that children with ADHD are more likelio suffer accidents and injuries than healthy

children (Nigg 2013). If the jumps were driven kglse negative cases among the older children, we

® As Evans et al (2010) note, the relationship leetwrelative age in grade and ADHD diagnosis agatrment is
worrying even if it does not reflect misdiagnosgshool policies would then induce differences inHD
prevalence and treatment for children that arevemnaae identical except that one group is bornreedind the other
after a specific legislative cutoff date. A relatship should thus lead to a reconsideration of gigholicies and
diagnoses guidelines.
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should see a higher risk of injuries among the rotdeldren in the group of children without ADHD
diagnosis. We therefore compare the fraction afriagp among children without ADHD diagnoses around

the cutoff dates.

4. Results

In Table 1 we show ADHD rates over single yeara@é. In Figure 1 we plot ADHD rates over
age disaggregated to the monthly level for alldreih in states with June 30 as school entry culafié.
We focus on one data year, 2010, so that childrencartain age all belong to the same birth cohert
the age in months shown on the x-axis can be mappeadunique month of birth. The dashed red line
shows the school start assigned by the school entoff. For the children who comply with the assd
entry date those to the left of the cutoff areyeitin school, while those one to twelve monthgh®right
of the cutoff are in the first grade, those 134aaonths to the right are in the second grade,Téte.solid
vertical lines indicate switches between assignediey levels. The green line shows the overall age o
cohort trend from a regression fitting a basis replof 3° degree through the oldest cohorts in each

assigned grade.

As already described in Table 1, ADHD rates inseeantil about age 10 and flatten thereafter.
The variation in ADHD rates across months withisigised grades, however, suggests that this isheot t
whole story. In contrast to the overall positiveedgend, there is a strongly negative age trendinvit
grade and dramatic positive jumps between grades.ybunger the children relative to their assigned
classmates, the higher are their ADHD rates. Angdrborn right before the cutoff (who are the yastg
in their assigned grade) have up to one percenaige higher ADHD rates compared to those borntrigh
after the cutoff (who are the oldest in their ased) grade). Given a baseline rate of 3-5%, a one

percentage point difference is substantial.
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Since children born only one month apart are @hfiko be very different in their underlying
health the dramatic jumps around the cutoff datggest that there is substantial misdiagnosis itHBD
Notice that there are no cutoff jumps before thegaed school start, suggesting that the jumpaaesed

induced by the school system and not reflectingxisting differences in underlying health.

Figure 2 shows that the cutoff jumps in ADHD diagis rates translate into comparable jumps in
prescription of ADHD medication of about 0.8 peregye points around the cutoff with a baseline of
about 2.5% to 4%. The younger children are thusonty at higher risk of ADHD diagnoses but also at
higher risk of treatment with psychoactive drugatthave potential short- and long-term side effects

the children's physical and mental health.

Figure 3 shows the ADHD rates across age in mosgipsrately for boys and girls. The same
pattern of negative age trends within grades arsitipe jumps around cutoffs between grades is lsib
for both genders, but the cutoff jumps are muchenmwonounced for boys who also have a higher agerag
ADHD rate across all ages. It seems that boys arécplarly strongly subject to misdiagnosis, autes

that could also partly explain why their averageH{Drate is higher than for girls.

Our results thus far have focused on one singde gé data so that ages could be mapped to
individual birth dates. In Table 2 we show that #aene pattern across birth months with jumps betwee
June and July are observable across all four detesy(pooled for the assigned grades 3 to 8) walight
increase in the jump's magnitude over time frompg&&entage points in 2008 to 1.1 percentage pivints

2011.

The absence of cutoff jumps before the assignbdadentry date in Figure 2 suggested that the
jumps are not due to preexisting health differenoetsveen cohorts born before and after the cutoff.
However, from Figure 2 alone one cannot exclude ltlealth differences between children born in June
and July already exist before they enter schookbeijust not revealed, perhaps because childeenar
examined systematically. School entry medical erations may then first reveal these differences. In
Table 3 we compare the pattern across birth mopti@ed across all data years, for states withltime
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30 cutoff (column 1) to states with cutoffs atyJ8L (column 2), September 30 (column 3) and Deegmb
31 (column 4). None of the additional cutoff dasésws a significant difference in ADHD rates betwe
June and July cohorts. However, a pronounced jurdHD rates across birth months is observable in
all columns, with jumps occurring at different mlosit precisely matching the respective cutoff month.
Figure B1 in the Appendix visualizes the estimataeadinth coefficients. This result suggests that it is
indeed the assigned cutoff date that leads to E jumps and not preexisting differences in clalls

health that just happen to coincide with a givetoffu

Finally, one might wonder whether the jumps betwgemdes and the negative age trend within
grades could be driven by a general medical exaimmaias based on children's relative age whiatois
specific to ADHD. To shed light on possible difaces in medical examination, Figures 4 and 5 alyspl
the fraction of children diagnosed with hay feved @iabetes across age. Analogously to FiguresiRan
we show results for the data year 2010 and staitbsJwne 30 as school entry cutoff. In contrasthi
results on ADHD, there are no systematic jumpsreatdhe cutoff month for either of the two conditon
This finding indicates that the pattern observed A®HD is not driven by relative-age dependent

differences in general medical examination prastice

Overall, these results suggest that the jumpsnarachool entry cutoff dates are not mere
statistical artifacts or driven by differences @teint health between cohorts but policy induced ADH
misdiagnoses. It is not clear whether these misdisgs represent overdiagnoses among younger ssudent
or underdiagnoses among older students in a gikemtegEvans et al. (2010) provide evidence thatftut
jumps represent overdiagnosis and they also ailftptetiie nature of the disease as well as resulis fr
brain scans suggest that overdiagnoses are maly. IlWe shed additional light on the possibilityath
cutoffs jumps represent underdiagnoses among sldelents by looking at injury rates. Children with

untreated ADHD are more likely to suffer accideatsl injuries (Nigg 2013) hence if cutoff jumps are

"Figure 4 shows a remarkable seasonal pattern fofevar that persists across all ages: childrem rowinter
months generally seem to have higher risks of bagrfcompared to children born in summer monthssg&hesults
reflect that season of birth can be significangiated to health.
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driven by underdiagnoses among older students,sbpoeld observe higher injury rates among these

students.

Figure B.2 in the Appendix plots injury rates oege in states with a June 30 cutoff for children
without ADHD diagnosis. Within most grades injugtes are indeed higher for older students but this
pattern is driven by a general age effect. Injutes among the oldest cohorts in one grade aréasitoi
those of the youngest cohorts in the next highadgyr This absence of a relative age effect inynjates
among children without ADHD diagnosis is in linetlwithe hypothesis that cutoff jumps represent

overdiagnoses among younger students rather ttgerdingnoses among older students.

A further way to assess whether cutoff jumps aiged by over- or underdiagnoses is to look at
the relationship of cutoff jumps with overall ADHBvels. If the misdiagnoses around cutoff jumpspro
for a general tendency to over- (under-) diagndsa tcutoff jumps should be positively (negatively)
related to overall ADHD levels. We have alreadyvshaa positive relationship of cutoff jumps and
overall ADHD levels in Figure 3 in the context oérgler heterogeneity. In Figure 6 we show this

relationship for different states as well as foistent studies in different countries.

The hollow circles in Figure 6 plot state averagésADHD levels against the relative jump
around cutoff dates. There is a strongly positeationship: States with stronger jumps around fEuto
dates (proxying for higher rates of misdiagnosmyehhigher ADHD levels. The solid triangles compare
the average for Germany (based on non-reform tagainst the cutoff jumps and ADHD levels
observed in Denmark (Dalsgaard et al. 2012), Ca(iddarow et al. 2012), the U.S. (Elder 2010; Evans,
Morrill, and Parente 2010) and Iceland (Zoéga €2@12). There is a wide range of cutoff jumpsnfro
% in Denmark to about 50 % in the U.S., but theeaission with ADHD levels is surprisingly linear @n
similar to the relationship across German statkis pattern is in line with the hypothesis thathgigrates
of overdiagnoses uncovered around age cutoffs raiadicator for a broader tendency to overdiagnose

which could be a driving factor of high ADHD levels
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A natural question to ask is therefore, what igidlg the jumps in ADHD rates around the cutoff
dates. Are they driven by the supply of doctors wight have financial incentives to diagnose and
overprescribe, in particular in competitive markevironments? Or is it a demand-side phenomenon,
induced by parents who want their children to penfdetter in school or by teachers pushing for ADHD

diagnosis and treatment to discipline their stusfent

To explore this question we analyze the relationgf cutoff jumps with a broad range of
characteristics at the district level. There issiderable variation in cutoff jumps at the distietel as
illustrated by Figure B3 in the Appendix. We fo¢bs analysis on the states without reforms ofciineff
dates as for these states we observe childrennassig grades 3 to 8 who are not directly affedted

shifts in cutoff dates for all data years, whiches us a balanced panel of cohorts.

Table 4 contains descriptive statistics for thstrait characteristics that we analyze. The first
group of variables shows the density of differgpies of physicians which commonly diagnose ADHD in
Germany (all physicians are allowed to diagnose BDiH Germany). As we can read from the first
column, which shows means for all districts in meferm states, the largest group are primary care
physicians, followed by psychologists, and the $ssalgroups are pediatricians and psychiatrist& Th
next two groups of variables include charactesstié the school environment and of the parental
background. About 7% of students are foreign wihiteaverage class size in primary school is 20. 64%
employees have higher education, a variable thatigs for the educational attainment of the parent
generation in a district, and log labor income.&. The final group of district characteristics amntrol
variables such as the overall physician densityclwvlive include in the regressions to absorb fadtas
determine the broader living environment withouvihg a direct impact on ADHD diagnoses. The
compliance rate, i.e. the share of students wherestthool at the official school starting age, ighh
(86.1% in this sample) compared to other countfgee section 1). In contrast to the other control

variables, the compliance rate is measured at tdte si0t the district level, which explains the low
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standard deviation of 5.9. We still include itaasontrol, as a low compliance rate would mectlalyic

imply a smaller cutoff jump.

The second and third columns of Table 4 resthetdample to districts with cutoff jumps below
and above the median. Comparing the expert physatéasity in districts with below and above median
cutoff jumps suggests that districts with largetotiujumps have a lower density of these expert
physicians. This relationship would reject our hfyesis that more competitive physician markets tead
higher rates of misdiagnoses. However, the demdityxpert physicians might be correlated with third
factors such as state legislation, urbanizatioedrcation levels in the population. These factoighin
also have direct effects on the rate of ADHD migdizses and potentially bias the unconditional
relationship of physician density and cutoff jump¥e therefore present regression results in Table 5
which control for a broad set of district charaistiizs. We also sequentially include state andididixed

effects to control for unobserved characteristieg tlo not change over time.

The first column of Table 5 shows regressionshef tutoff jump on district-level physician
density, school characteristics, parental backgitpand control variables. The coefficients on afext
physician density variables are negative and inimailas range, though only the coefficient on
psychologists is significantly different from zerApparently, a more competitive market environment
does not lead to more misdiagnoses. If anythingghen expert physician density weakens the jumps
around the cutoff dates. This pattern changee liithen state and district fixed effects are added i

columns (2) and (3).

The share of foreign students, on the other hlas,a persistently significant and positive effect
on misdiagnoses. The coefficient is around 0.hénfirst two columns and increases slightly to Gu@n
district fixed effects are added in the column &iggesting that a 1 percentage point increadeeishare
of foreign students is associated with a 0.1 top@&entage point increase in the cutoff jump. &ath

errors in columns (3) and (4) are large which is swprising since the time-series variation ofefgn
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student shares within states and districts is éichiAlso note that we control for the share of ifgmers in

the overall population so this effect is not simmflecting a general impact of migration.

In column (4) we restrict the sample to statescivigrovide information on class sizes to include
this variable of interest. Bigger classes correlgith higher rates of misdiagnoses. The effect.@R0s
significant at the 10 percent level and suggestsdh increase of the average class size by oderdtis
associated with an increase in cutoff jumps by aloguarter of a percentage point. This is quiterge

effect of about 24 percent given an average ciuafp of 1 percentage point.

The coefficient of the share of employees withhkigeducation is not significantly different from
zero in the first two columns but it becomes pusitind significant at the 5 percent level whenmetuide
district fixed effects. A similar pattern is obsedvfor log labor income, which has a significansifive
effect when state or district fixed effects areluded. These estimates suggest that districts with

improvements in parental education or income eepes increases in misdiagnosis rates.

Table 6 shows regressions in the subsample tichides states that have mandatory health exams
by government physicians of all students in primseiool (Mecklenburg-West Pomerania, Thuringia,
Saxony, and Saxony-Anhalt). These health examssysmatically carried out in specific grades and
therefore could add to the cutoff jumps in ADHDyakence and treatment. Excluding these statestaffec

some of the point estimates slightly but the ovgrattern remains unchanged and becomes even strong

5. Conclusion

In this paper, we present strong and robust ecel@f jumps in ADHD diagnosis and treatment
around school entry cutoff dates in Germany basethe universe of outpatient claims for all childre
insured in the German social health insurance.|&irto other North American and European countries,
children in Germany born in months right before shbool entry cutoff dates have higher rates of ADH
diagnoses and a higher chance of receiving methieatment for ADHD than children born in months

right after the cutoff date. These jumps do notodor children younger than 6, the usual schoaitistg
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age in Germany. Furthermore, the months betweeahithie jumps occur vary with different cutoff dates
across German states. It is therefore likely thathigher rates among the children born beforetiteff
date result from the fact that these children bglmnthe youngest in their grade. Because of toaier
age, these children are likely less attentive, mayperactive and more impulsive than their older
classmates, thus show higher ADHD symptoms andttegeefore more likely to get diagnosed with

ADHD.

Our results further suggest that these misdiagnoSADHD add to increases in the prevalence of
diagnosed ADHD. We show that larger jumps in preneé around school entry cutoff dates are strongly
correlated with higher ADHD levels, both across iG&n states as well as for the different countties t
have been analyzed in the past. This relationghgurprisingly linear and homogenous across German
states and internationally. These findings sugtfest misdiagnoses, empirically detectable aroural ag

cutoffs, may be a driving force behind the high ADkates observed in many countries.

In the last part of the paper we analyze how ceamgthe ADHD jumps around cutoff dates vary
with the supply of doctors, the school environmantl SES. In this analysis we rely on district level
variation over time, holding constant average ole®and unobserved characteristics at the digénvet.
Jumps in ADHD prevalence are negatively but hasiiyificantly related to the supply of doctors, but
increase with worsening of teaching conditions,hsas large classes, and with improvement of the
general educational level of adults in the distridtese findings could imply that in particular dears
and highly educated parents play a role for thatiathdl ADHD diagnoses among the children who are
young for their grade, while the supply of docttesdly matters in the German setting. In order to
interpret these results causally, however, we havassume that there are no time-varying unobserved
factors at the district level that drive jumps ilDIAD prevalence and are related to the explanatory
variables. Although it is hard to think of concret@amples for such factors, it remains a strong

assumption and we therefore suggest interpretiagdbults as first evidence that the school enxreont
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and parental background may play a role for schemity age-related ADHD misdiagnoses. Future

research should test the role of these factorsdbasdruly exogenous variation.

Although we refrain from interpreting our resutia the factors driving ADHD misdiagnoses
causally, our study has several implications faurfel research and policy. In order to mitigate effect
of school entry age on ADHD diagnoses and reducgiagnoses, it is crucial to raise the awareness
among doctors, parents and teachers that ADHD symgptdepend on a child’s actual age while
differences in age are large within today’s clagsrs. A further possibility to weaken the impactage
differences within classrooms on misdiagnoses ity allow children to enter school if they are
sufficiently mature, i.e. if they are sufficienthple to focus, sit still and control themselve$aitow the
school curriculum. This requires making school gmtiore flexible and deciding on a case-by-casesbasi

whether a child should be enrolled in school or not

Mitigating the effect of school entry age on ADHIdagnoses and thereby reducing ADHD
misdiagnoses is important, as a wrongfully attelutdiagnosis of ADHD can have dramatic
consequences. An ADHD diagnosis may carry a stigt@ses 2010). For a child who truly has ADHD
this stigma may be outweighed by the benefitsezdttnent as well as the benefits for its classn#tesr
2008). However, a child who does not have ADHD carimenefit from the treatment. Even worse,
medical treatment for ADHD is known to have strosige effects, such as an increased risk of
cardiovascular disease, effects on sleep and &pémould et al. 2009; Cascade, Kalali, and WidgHl®
as well as increases in emotional problems (CuBtapile, and Jones 2014). These side effects of
wrongful ADHD diagnosis and treatment may have igental long-term impacts on human capital

development and labor market outcomes.
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7. Figures and Tables

Figure 1: ADHD prevalence across age, in states Wwitlune 30 as school entry cutoff date.
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Notes: This figure shows the percent of schooldrhit diagnosed with ADHD in 2010 by children's ageasured
in months as of June 2010. The sample includestatits with June 30 as school entry cutoffs andowitreforms in
the cutoff dates. N=1,685,730. Average ADHD preneteis 3.5%. The dashed line indicates the assigcieabl
start (i.e. those who are of age 6 or above in 2016 are supposed to enter school). The solid khew the
respective assigned cutoffs between grades at hagfess.

28



Figure 2: ADHD medication across age, in states witJune 30 as school entry cutoff date.
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Notes: This figure shows the percent of schooldrhit who receive Methylphenidate or Atomoxetin @@ by
children's age, measured in months as of June A00sample includes all states with June 30 asa@ntry
cutoffs and without reforms in the cutoff dates.INg85,730. Average ADHD treatment is 2.45%. Théndddine
indicates the assigned school start (i.e. thosearb®f age 6 or above in June 2010 are supposattdo school).
The solid lines show the respective assigned autodfween grades at higher ages.
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Figure 3: ADHD prevalence across age, by gender (da 30 cutoff date).
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Notes: This figure shows the percent of boys and diagnosed with ADHD in 2010 by children's agesasured in
months as of June 2010. The sample includes &fssteith June 30 as school entry cutoffs and witheiorms in
the cutoff dates. N(boys)=799,576. N(girls)=768,9%6erage ADHD prevalence is 5.22% for boys an@%5or
girls. The dashed line indicates the assigned ddtad (i.e. those who are of age 6 or above me 010 are
supposed to enter school). The solid lines showdbpective assigned cutoffs between grades athages.
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Figure 4: Hay fever prevalence across age, in staevith June 30 as school entry cutoff date.
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Notes: This figure shows the percent of schooldrhit diagnosed with Hay fever in 2010 by childrexgs,
measured in months as of June 2010. The sampledexlall states with June 30 as school entry cugofll without
reforms in the cutoff dates. N=1,685,730. Averagevalence is 5.81%. The dashed line indicatesshigmaed
school start (i.e. those who are of age 6 or aliovyene 2010 are supposed to enter school). Theklsws show the
respective assigned cutoffs between grades at hagfes.
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Figure 5: Diabetes prevalence across age, in statggh June 30 as school entry cutoff date.
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Notes: This figure shows the percent of schooldrhit diagnosed with diabetes in 2010 by childragés measured
in months as of June 2010. The sample includestatis with June 30 as school entry cutoffs ankownitreforms in
the cutoff dates. N=1,685,730. Average prevalea®.iThe dashed line indicates the assigned seltexbl(i.e.
those who are of age 6 or above in June 2010 amosed to enter school). The solid lines show ¢spective
assigned cutoffs between grades at higher ages.
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Figure 6: Jumps in ADHD rates around cutoff dates ad ADHD levels, state and country averages.
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Notes: Circles show average rates for German statheut reforms of the cutoff date (HB-Bremen, Hgsse, HH-
Hamburg, MV-Mecklenburg-West Pomerania, SA-Saxomxdlt, SL-Saarland, SS-Saxony), pooled across 2008-
2011, for the grades 3 to 8. The triangles for Garyrpresents the weighted average of these stagaltions. The
averages for Denmark, Canada, the U.S., and Icelenderived from Dalsgaard et al. 2012, Morrowle2012,

Elder 2010 and Evans at al. 2010, and Zoéga 20&R, respectively. The rates for Iceland refeABdHD

medication rates (rather than diagnosis rates).
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Table 1: Descriptive Statistics

By assigned grade level (States w\o reform)

States w\o
All States cutoff -2 -1 T ond 3 4 5 e 7 gn
reforms
1) (2 ©)] (4) ®) (6) ) (8 9 (10) (11) (12)
Age (June) 9.085 8.959 4514 5.515 6.516 7.517 8.517 9.517 5210. 11.52 12.52 13.52
(3.177) (3.174) (0.293) (0.293) (0.292) (0.292) 202) (0.292) (0.292) (0.292) (0.292) (0.292)
ADHD (%)
Diagnosis 3.840 3.381 0.736 1.344 2.010 3.303 4,416 5.005 8.9 4.826 4,557 4,104
(2.064) (1.874) (0.360) (0.589) (0.724) (0.900) 161) (1.310) (1.298) (1.197) (1.078) (0.953)
Medical 2.745 2.374 0.0567 0.199 0.668 1.733 2.882 3.730 9913. 4.044 3.861 3.525
Treatment  (1.922) (1.740)  (0.0783)  (0.134) (0.288) (0.528) .7%7) (0.930) (0.977) (0.930) (0.904) (0.821)
Hayfever 5.829 5.858 2.754 3.760 4514 5.370 6.022 6.694 677.2 7.805 7.735 7.817
(%) (2.108) (2.391) (0.915) (1.189) (1.296) (1.470)  5¢B) (1.582) (1.674) (1.600) (1.620) (1.556)
Diabetes 0.294 0.279 0.158 0.189 0.207 0.231 0.254 0.280 140.3 0.354 0.396 0.421
(%) (0.139) (0.177) (0.118) (0.139) (0.142) (0.149)  18%) (0.155) (0.154) (0.158) (0.174) (0.170)
N kids 29,015,143 6,820,814 633,025 629,615 621,939 684,73 617,244 623,508 624,379 624,755 612,613 598,563
N states 16 8 8 8 8 8 8 8 8 8 8 8
N districts 412 95 95 95 95 95 95 95 95 95 95 95
N years 4 4 4 4 4 4 4 4 4 4 4 4

Notes: Means and SD in parentheses. All childrezdagr14 in years 2008-2011 who have public heattiriance and had at least 1 doctor visit or prgstion

filled in respective year. Assigned grade levelereo grades that kids should be in at the enthefdata year according to their birth date andtstaf residence. -2
refers to the cohort that are assigned to enteost years later. Information for assigned grad@snd Mot shown, as only half of the cohorts availabletfiese
assigned grade levels.
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Table 2: ADHD by month of birth — assigned grades 8 8 — Cutoff June 30

2008 2009 2010 2011 All years
() 2 3) (4) ©)]
Month of Birth — Ref Jan
Feb 0.002 0.002 0.001 0.001 0.002
(0.002) (0.002) (0.002) (0.002) (0.001)
Mar 0.004* 0.003 0.004* 0.003 0.004***
(0.002) (0.002) (0.002) (0.002) (0.001)
Apr 0.004* 0.004* 0.004* 0.004 0.004**
(0.002) (0.002) (0.002) (0.002) (0.001)
May 0.005** 0.005** 0.005** 0.004* 0.005***
(0.002) (0.002) (0.002) (0.002) (0.001)
Jun 0.005** 0.005** 0.006** 0.006** 0.005***
(0.002) (0.002) (0.002) (0.002) (0.001)
Jul -0.004 -0.005** -0.005** -0.005** -0.005***
(0.002) (0.002) (0.002) (0.002) (0.001)
Aug -0.003 -0.003 -0.004* -0.004* -0.004***
(0.002) (0.002) (0.002) (0.002) (0.001)
Sep -0.004* -0.005* -0.005* -0.005** -0.004%***
(0.002) (0.002) (0.002) (0.002) (0.001)
Oct -0.002 -0.002 -0.003 -0.002 -0.002*
(0.002) (0.002) (0.002) (0.002) (0.001)
Nov 0.001 -0.000 -0.001 -0.001 -0.000
(0.002) (0.002) (0.002) (0.002) (0.001)
Dec 0.002 0.000 0.001 0.001 0.001
(0.002) (0.002) (0.002) (0.002) (0.001)
N kids 929,284 946,150 917,382 908,246 3,701,062
ADHD prev. (%) 4.29 4.5 4.79 4.85 461
p-value (Jun=Jul) .000147 <0.0001 <0.0001 <0.0001 <0.0001

*p <0.1 ** p <0.05 *** p<0.01
Notes: Coefficients after OLS estimation. Includimy children in states without reforms of cutddtes. Last row shows p-values
for tests of hypothesis that June and July coefiicare equal.
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Table 3: Different cutoff dates— grades 3to 8

June 30 July 31 Sept 30 Dec 31
€Y (2 3) (4)
Month of Birth — Ref Jan
Feb 0.002 0.001 0.003 0.005
(0.001) (0.004) (0.004) (0.003)
Mar 0.004*** 0.003 0.006 0.003
(0.001) (0.004) (0.004) (0.003)
Apr 0.004*** 0.006* 0.006 -0.001
(0.001) (0.004) (0.004) (0.003)
May 0.005*** 0.007** 0.009** 0.004
(0.001) (0.004) (0.004) (0.003)
Jun 0.005*** 0.005 0.010** 0.009***
(0.001) (0.004) (0.004) (0.003)
Jul -0.005*** 0.007* 0.007* 0.009***
(0.001) (0.004) (0.004) (0.003)
Aug -0.004*** -0.006 0.009** 0.009***
(0.001) (0.004) (0.004) (0.003)
Sep -0.004*** -0.007** 0.003 0.006**
(0.001) (0.004) (0.004) (0.003)
Oct -0.002* -0.007* -0.000 0.011***
(0.001) (0.004) (0.004) (0.003)
Nov -0.000 -0.002 -0.004 0.009***
(0.001) (0.004) (0.004) (0.003)
Dec 0.001 0.002 0.002 0.012%**
(0.001) (0.004) (0.004) (0.003)
N kids 3,701,062 559,420 419,239 233,654
ADHD prev (%) 4.6 7.15 6.04 5.25
p-value <0.0001 0.519 0.484 0.968
(June=July)
p-value (diff <0.0001 0.001 0.4696 0.0001

between months
around cutoff)

*p <0.1 ** p <0.05 *** p<0.01
Notes: Coefficients after OLS estimation. Poolifiglata years (2008-2011) and cohorts in assignextlg levels 3
to 8. Cohorts who are directly affected by shiftgutoffs (and are thus larger than normal cohogsgluded. p-
values in last two line for two hypotheses tesgsiadity between June and July coefficients and éetwcoefficients
around cutoff date in respective column.
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Table 4: Descriptive Statistics — Districts

Districts in States without Reform:s
Jump<=Median = Jump>Median

1) 2 (3)
Physicians (per 100,000 inhabitant:
Pediatricians 7.317 7.590 7.041
(2.170 (2.201 (2.108
Primary care physicians 63.07 63.80 62.34
(5.247 (5.296 (5.108
Psychiatrists 5.743 6.495 4,985
(2.951) (3.222) (2.433)
Psychologist 27.1: 34.7¢ 19.4C
(20.75) (22.79) (14.96)
Schoolt
Share foreign students (%) 6.835 8.776 4.877
(5.872) (6.282) (4.688)
Class siz 20.0¢ 20.41 19.75
(1.318 (1.143 (1.388
Parental Background
Share employees with higher education 94.01 93.40 4.6
(2.324) (2.519) (2.927)
Unemployment rate (9 9.017 8.60: 9.43¢
(3.288) (2.992) (3.519)
Log labor income/employ: 7.91¢ 7.972 7.85¢
(0.168) (0.173) (0.141)
Controls
Doctors 169.4 184.0 154.6
(49.81) (53.51) (40.87)
Shareforeigner: 7.11: 9.11¢ 5.091
(5.373) (5.630) (4.242)
Compliance ate (state 86.1( 84.4: 87.7¢
(5.952) (5.246) (6.158)
Urban district 0.605 0.701 0.507
(0.490 (0.459 (0.501
East Germany 0.342 0.204 0.483
(0.475 (0.404 (0.501
N (district x year) 38C 167 21z

Notes: Means (standard deviations) weighted by mwrabkids in district. Number of observations &bess size
column (1): 376, (2): 163, (3): 213
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Table 5: Explaining jumps around cutoff dates acros districts

Dep. var.: Change in ADHD prevalence 1) 2) 3) 4)
around age cutoff (in p.p.)
Physicians (per 100,000 inhabitants)
Pediatricians -0.020 -0.053 -0.007 -0.033
(0.044) (0.047) (0.127) (0.126)
Primary care physicians -0.020 -0.004 -0.050+ 8105
(0.014) (0.014) (0.034) (0.036)
Psychiatrists -0.044 -0.085* -0.026 -0.059
(0.033) (0.048) (0.094) (0.094)
Psychologists -0.015** -0.021** -0.044 -0.049
(0.008 (0.010 (0.032 (0.034
Schools
Share foreign students (%) 0.110* 0.104** 0.191+ 186+
(0.045) (0.043) (0.119) (0.124)
Class size 0.224*
(0.133)
Parental Background
Share employees with higher education (%) 0.004 3®.0 0.406** 0.331*
(0.038) (0.050) (0.192) (0.193)
Unemployment rate (%) -0.019 -0.068+ 0.053 0.079
(0.027) (0.041) (0.090) (0.088)
Log labor income 0.484 0.461 6.090* 6.178*
(0.815) (1.314) (3.236) (3.153)
Controls Yes Yes Yes Yes
State F.E. No Yes - -
Distr. F.E. No No Yes Yes
R2 0.272 0.354 0.770 0.769
N (district x year) 380 380 380 376

*** n<0.01, ** p <0.05 * p <0.1, + p<0.15
Notes: Dep var=cutoff jump (averaged across asdignades 3-8) in p.p. in years 2008-2011. StanHamaks
clustered at district level in parentheses. Allcfieations include year fixed effects. Controlslude district-
level share of foreigners, physicians per 100,00@bitants, dummies for urban districts, for Eastr@any, and

the state-level compliance rate. The sample exslgties that had cutoff date reforms. In columroiie

district (Hamburg) is excluded because informatiarclass size is not available for this district.
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Table 6: Robustness Analysis: Excluding States witheneral health screenings in school

Dep. var.: Change in ADHD prevalence 1) 2) 3) 4)
around age cutoff (in p.p.)

Physicians (per 100,000 inhabitants)

Pediatricians -0.100* -0.072 0.018 -0.027
(0.051) (0.086) (0.184) (0.174)
Primary care physicians -0.032** -0.024 -0.018 1®0
(0.015) (0.015) (0.039) (0.042)
Psychiatrists 0.018 -0.017 -0.001 -0.041
(0.030) (0.051) (0.127) (0.132)
Psychologists -0.029*** -0.025** -0.056 -0.068
(0.010 (0.011 (0.041 (0.045
Schools
Share foreign students (%) 0.137** 0.120%** 0.277* 0.282**
(0.040) (0.039) (0.115) (0.116)
Class size 0.251*
(0.145)
Parental Background
Share employees with higher education (%) -0.010 0290. 0.578** 0.538**
(0.039) (0.048) (0.249) (0.240)
Unemployment rate (%) -0.1271%** -0.097* 0.096 0.138
(0.039) (0.051) (0.114) (0.111)
Log labor income/employee -1.657* -1.228 2.224 227
(0.891) (1.325) (3.878) (4.179)
Controls Yes Yes Yes Yes
State F.E. No Yes No No
Distr. F.E. No No Yes Yes
R2 0.271 0.307 0.725 0.727
N (district x year) 200 200 200 196

*** n<0.01, ** p <0.05 * p <0.1, + p<0.15
Notes: Dep var=cutoff jump (averaged across gr&dgsin p.p. in years 2008-2011. Standard Erranustered
at district level in parentheses. All specificaganclude year fixed effects. Controls include riistievel share
of foreigners, unemployment rate, physicians p&,a@0 inhabitants, dummies for urban districts,Hast
Germany, and the state-level compliance rate.olmnens (4) one district (Hamburg) is excluded bseau
information on class size is not available for tistrict.
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Appendix

A. Comparison of ADHD Prevalence Rates across Dafsources

A study published in 2013 by one of the largestlitheimsurance plans in the SHI (Barmer GEK)
presents ADHD diagnosis prevalence rates for ahildiged 5-9 and 10-14 in the years 2008 through
2011. The data contain information on all childiesured with Barmer GEK, irrespective of their
health care use in the given year. The resultepted in the study rely on only one valid diagndsis
calculate ADHD diagnosis prevalence. To compareHBDprevalence in our data to the published
results, Figure A.1 displays diagnoses prevalemasedon one diagnosis in our data in additionéo th
baseline measures using two diagnoses. As Figuresggests, the rates based on one diagnoses are
almost identical across the two data sources fodifierent age groups and data years, suggestaig t
even though we only observe children if they visitedoctor at least once in our data our approach

does not vastly overestimate ADHD prevalence im@ety.

Figure A.1 ADHD Prevalence in Germany — Baseline and Comepari3ata
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B. Additional Figures and Tables

Figure B.1: ADHD prevalence across birth months irstates with different school entry cutoffs.
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Figures show the difference in ADHD prevalence compared to January
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Figure B.2: Percent of children treated for injuries, among those without ADHD diagnosis
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Notes: This figure shows the percent of schooldehit without ADHD diagnosis treated for injuries2®10 by
children's age, measured in months as of June 20tsample includes all states with June 30 asemntry
cutoffs and without reforms in the cutoff. N=1,6262. Average prevalence is 25.5%. The dashedrilieates
the assigned school start (i.e. those who are @bagy above in June 2010 are supposed to enteolyciihe
solid lines show the respective assigned cutoff@éen grades at higher ages.
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Figure B.3: Average jumps in ADHD prevalence arounccutoff (pooled 2008-2011)
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Notes: Pooling jumps across grades 3-8. Due taogrof reforms, included grade levels vary for statéh
cutoff date reforms.

43



Appendix Table 1: Cutoff Dates Across States and Yes

Until 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

States without Reform of Cutoff Date

Bremen June 30 June 30
Hamburg June 30 June 30
Hesse June 30 June 30
Mecklenburg West- June 30 June 30
Pommerania
Saarland June 30 June 30
Saxony June 30 June 30
Saxony -Anhalt June 30 June 30
June 30 June 30

Schleswig-Holstein
States with reform of Cutoff Date

Baden-Wuerttemberg June 30 July 31 Aug 31 Sep 30 Sep 30
Bavaria June 30 July31 Aug3l Sep30 Oct31 Nov30 3Eep Sep30
Berlin June 30 Dec 31 Dec 31
Brandenburg June 30 Sep 30 Sep 30
Lower Saxony June 30 July 31 Aug 31
North-Rhein Westphalia June 30 July 31 Aug 31 Sep 30
Rhineland-Palatinate June 30 Aug 31 Aug 31
June 30  July 31 July 31

Thuringia

44



Appendix Table 2: Additional Data Sources

Variable Geo. Level Data Source

Supply of Physicians

Pediatricians/100,000 inhabitants District level KIR?

General Practitioners/100,000 inhabitants Distecel INKAR

Psychotherapists/100,000 inhabitants District leviNKAR

Psychologists/100,000 inhabitants District level KINR

Physicians/100,000 inhabitants District level INKAR

Socic-Economic Backgrounc

Share employees with higher education (%) Disteeel INKAR

Unemployment rate (%) District level INKAR

Share foreigners (%) District level INKAR

School Environment

Average class size (students/class) District lev8latistical services of the different German states
Share foreign students in schools (%) District levéNKAR

Compliance rate with cutoff dates (%) State level erm@an Federal Statistical Office, Fachserie 11h&@&i

Notes (¥)INKAR (Indikatoren und Karten zur Raum- und Stauiteicklung) is a service provided liye German Federal Institute for Research on Badldi
Urban Affairs and Spatial Development (BBSR) (seeminkar.de).
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