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ABSTRACT

Starting School and ADHD:
When Is It Time to Fly the Nest?”

Does deferring school entry for children born just before the enrollment cutoff date
improve their mental well-being? We address this question using administrative data on
prescriptions for attention deficit hyperactivity disorder (ADHD) in England. Higher ADHD
rates among early school starters are often attributed to a peer-comparison bias caused by
differences in relative age among classmates. However, previous studies do not consider
other potential underlying mechanisms. By adopting a more comprehensive framework,
we can confirm that relative age is the primary driver of the gap in ADHD rate in the long
term. Furthermore, we find that such a long-term gap is driven by first-time prescriptions
between ages 5 and 8, which is a critical period when the accuracy of ADHD diagnosis
is most important. Based on these findings, our policy recommendations include sorting
children by age and refining diagnostic decision-making in early primary school.
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1 Introduction

Attention deficit and hyperactivity disorder (ADHD) is one of the most prevalent childhood
disorder (Thomas et al., 2015), characterized by concentration problems, excessive activity, and
impulsivity, which has been found to worsen educational attainment (Currie and Stabile, 2006;
Fletcher and Wolfe, 2008; Ding et al., 2009; Currie et al., 2010) and income (Fletcher, 2014) and
increase crime (Fletcher and Wolfe, 2009).

However, ADHD is difficult to diagnose, and there are increasing concerns about misdiagnoses.
An issue that has been emphasized by previous literature is that children who start school at
a relatively younger age than their school-grade peers are more likely to be diagnosed and to
receive drugs for ADHD, and this difference has been attributed to their relative immaturity with
respect to their older peers (see, e.g., Elder, 2010; Evans et al., 2010). While both the oldest
and the youngest children in a grade are likely to receive drugs if they have extreme ADHD
symptoms, only the youngest children are likely to be treated for milder symptoms (Persson
et al., 2021). More marginal diagnoses for the relatively younger children imply an unfair and
inefficient use of medical resources (e.g. Persson et al., 2021; Furzer et al., 2022).! Emerging new
literature has highlighted that treatment of marginally diagnosed patients may produce modest

or even negative effects on their health and can have long-term economic costs.?

Previous empirical papers have documented the gap in ADHD diagnoses and drug prescriptions
for relatively younger children using quasi-experimental evidence, which exploits the discontinu-
ity in the age at the start of school caused by the cutoff date for school entry.? For example, in
England, the cutoff date is September 1, and there is a gap of almost one year in the age at which
a child starts school if born just after September 1 (late school starters) rather than just before

(early school starters). In this paper, we use rich administrative data from England to study

If more marginal treatments for early starters have beneficial effects, then we would have an unfair under-
treatment for late relative to early starters. On the contrary, if marginal treatments have negative effects, we
would have an unfair over-treatment of early relative to late starters. In all cases, a gap in ADHD treatment
between early and late starters would suggest a misallocation of resources.

2See, e.g., Brewer et al. (2007), Alalouf et al. (2019), Cuddy and Currie (2020), Einav et al. (2020), Persson
et al. (2021), Currie and Zwiers (2023) and Bos et al. (2023).

3See Elder and Lubotsky (2009); Evans et al. (2010); Elder (2010); Layton et al. (2018) for the US, Morrow et al.
(2012) and Furzer et al. (2022) for Canada, Zoéga et al. (2012) for Iceland, Root et al. (2019) and Fleming et al.
(2022) for the UK, Krabbe et al. (2014) for the Netherlands, Schwandt and Wuppermann (2016) for Germany,
Chen et al. (2016) for Taiwan, and Persson et al. (2021) for Sweden. A notable exception is the case of Denmark
where Dalsgaard et al. (2012) and Dalsgaard et al. (2014) do not find strong evidence of increased rates of ADHD
among early school starters, while Pottegard et al. (2014) find some modest evidence. A review of the relationship
between school starting age and ADHD is provided in Whitely et al. (2018) and Schnorrbusch et al. (2020).



what explains the gap in ADHD between early and late school starters, and we suggest how to

design interventions to reduce the unfair and inefficient use of medical resources for ADHD.

Similarly to previous studies, we find evidence that the relationship between ADHD drug pre-
scription rate and children’s date of birth has a discontinuity at the cutoff date for school entry,
and we confirm this discontinuity for any age group between 5 and 15. However, when we look
at the first-time prescription rate, i.e., when focusing on the incidence of ADHD prescriptions
rather than prevalence, we find a discontinuity between ages 5 and 8 but no discontinuity from
age 9 onward. These findings suggest that the long-term gap in ADHD between early and late
starters is caused by prescriptions initiated in the first years of primary school, emphasizing the

importance of correct diagnoses in this early critical period.

The ADHD gap between early and late starters has been interpreted in previous papers as
resulting from a peer comparison bias by teachers. Early starters are the youngest in their grade,
so teachers may misinterpret their more immature behavior relative to older classmates (for
example, more inattention and more disruptive behavior in class) as ADHD symptoms.* Unlike
previous literature that attributes the gap in ADHD against early school starters exclusively
to their younger age relative to their classmates (see, e.g., Elder, 2010; Evans et al., 2010), we
introduce a framework that considers a more comprehensive set of mechanisms. By doing so, we
provide empirical evidence for the first time to confirm that relative age is the main mechanism
explaining the long-term effect of being an early school starter on ADHD prescriptions and

diagnosis rates.

While previous papers have not considered the full set of mechanisms that can explain the effect
of being an early starter on ADHD, they have provided convincing evidence on the relevance
of the effect of relative age and the comparison bias by teachers. Elder and Lubotsky (2009)
show that the classmates’ average age at school entry increases the probability of a child being
diagnosed with ADHD even after controlling for the child’s age at school entry, suggesting a
potential relative age effect. Elder (2010) and Furzer et al. (2022) show that the child’s ADHD
prediction based on teachers’ reports plotted against the date of birth has a discontinuity at the

cutoff date for school entry, while the ADHD prediction based on parents’ reports does not.

4See, e.g, Elder and Lubotsky (2009); Elder (2010); Evans et al. (2010); Morrow et al. (2012); Schwandt and
Wuppermann (2016).



However, previous papers remain silent on other mechanisms that influence teachers’ assessments
besides the relative age effect. Teachers can have an amplified perception of ADHD symptoms in
early starters not only because of their relatively younger age but also because their symptoms
can become temporarily more severe when exposed to higher stress in school. Although school
stress does not cause ADHD, which is primarily genetic (Riglin et al., 2016), it can worsen
symptoms in class even if just temporarily,® leading teachers to notice more ADHD behaviors

and hence to more marginal diagnoses and drug prescriptions.

Early starters may be exposed to higher stress levels of starting school due to their lower age
and maturity at school entry — we refer to this as the age at start of school effect. They are
also in a higher school grade than late starters observed at the same age, thus exposed to higher
expectations and demand by teachers, which can cause an increase in their stress — length of
school exposure effect. Young-for-grade children are more likely to experience an increase in
stress caused by comparing themselves with classmates who tend to be older and more skilled
(Kiessling and Norris, 2023) and by an increased likelihood of being targeted for bullying because
their behavior can stand out more (Sarzosa and Urzta, 2021) — relative age effect. Furthermore,
the ADHD gap between early and later starters could be underestimated if we do not consider
the absolute age effect. Because ADHD diagnoses and prescription rates increase with age, a
non-age-adjusted rate of ADHD for early starters who are observed at a younger age than later

starters in the same grade could underestimate the actual rate.

Our conceptual framework considers 4 potential mechanisms driving the early/late starter
ADHD gap: the age at the start of school, the length of school exposure, the relative age, and the
absolute age. Unlike previous papers focusing only on relative age, we adopt a model including
these four mechanisms to explain the effect of early school start on ADHD.% Below, we explain
how we address the issue of perfect collinearity between absolute age, age at the start of school,

length of school exposure, and relative age.

As in Black et al. (2011), we account for the effect of absolute age by observing both early and

®Studies in behavioral genetics show that a stressful environment has an important role in explaining ADHD
symptoms (see Livingstone et al., 2016; Bjorkenstam et al., 2018; Humphreys et al., 2019; Hartman et al., 2019).
Focusing on adolescents with ADHD and using a qualitative approach, Oster et al. (2020) links stress and ADHD
symptoms.

6See Cornelissen and Dustmann (2019) and Crawford et al. (2014) for similar models applied to other cognitive
and socio-emotional skills.



late starters at the same age using administrative data on general practices, which enables us
to determine whether a child has been diagnosed with ADHD or received prescriptions at any
point in their life. To disentangle the three remaining mechanisms, we follow Crawford et al.
(2014) and compare the effect of starting school early for children observed at the same age
with the corresponding effect for children in the same school grade. This comparison allows
us to isolate the effect of the absolute age and the length of school exposure and reveals that
these two effects are short-lived and disappear by age 8. The only longer-term effects are thus
the age at the start of school and the relative age. Starting school can cause more stress
for early starters. However, we exclude stress as a potential channel explaining the long-term
effects by showing that starting school early has no significant effects on anxiety diagnoses and
prescriptions. Therefore, our results suggest that the long-term effect on ADHD is mainly driven
by the relative age effect, as claimed in previous studies on ADHD (see, e.g., Elder, 2010; Evans
et al., 2010; Persson et al., 2021; Furzer et al., 2022).

We leverage novel administrative data on general practices and hospitals in England, which
provide information on health conditions, prescriptions, and treatments of children from birth
onward. Focusing on a cohort of children born between 2002 and 2010, we estimate the effect of
starting school early on diagnoses and prescriptions for ADHD and anxiety disorders at (i) each
age between 5 and 15 and (ii) each grade from reception (kindergarten) to grade 10. Using the
September 1 entry cutoff, we compare July-August to September-October births, controlling for
observed child/family characteristics and medical practice fixed effects. The ADHD gap between
early and late starters does not decrease with age. By the end of compulsory schooling, early
starters still have a prescription rate for ADHD between 40% and 50% larger than late starters.
This gap is mainly explained by differences in relative age and driven by first-time prescriptions

initiated in the first years of primary school.

We rule out the possibility that our estimates are biased by red-shirting practices or grade reten-
tion because, unlike countries such as the United States, these practices are virtually nonexistent
in England (Crawford et al., 2013). Even in the presence of red-shirting, our estimated effect
of early starters on ADHD can interpreted as a lower bound on the true effect. This is because
parents tend to delay entry into the school for more immature children. We also rule out that our
results are driven by the season of birth, as gaps in ADHD between early and late starters have

been consistently found across countries with varying cutoff dates and in both the south and



north hemispheres (Bedard and Dhuey, 2006). Furthermore, our main findings are confirmed

when considering the regression discontinuity approach and other sensitivity analyses.

Our first main contribution is a better understanding of the role of different mechanisms, besides
the relative age effect, in explaining the gap in ADHD prescriptions between early and later
starters. We analyze the effect of being an early starter on ADHD prescription and diagnosis
rates both across age and school grades and provide a conceptual framework to explain how the

comparison of these rates helps to understand the role of different mechanisms.

Our second main contribution is to the emerging literature on marginal treatments (e.g. Einav
et al., 2020; Persson et al., 2021; Currie and Zwiers, 2023; Bos et al., 2023). A gap in marginal
treatments between early and late starters suggests an inefficient and unfair use of medical
resources. We provide guidelines on how to use the incidence and prevalence rates of ADHD
prescriptions across ages and grades to identify the critical period in the child’s life when gaps in
marginal treatments between early and late starters are most likely to initiate. This is important
because ADHD treatments, similar to treatments for other mental health disorders, tend to last
for years. This means that initiating marginal treatments can have long-term effects on a child’s

health and public resources.

Finally, informed by our findings, we provide some advice on interventions to reduce the gap
in ADHD between early and late starters. We warn against red-shirting indiscriminately for
all early school starters and suggest two alternative strategies to reduce marginal diagnoses
and treatments for early starters: sorting children into classes based on age and improving the

diagnostic decision-making in early primary school.

The remainder of this paper unfolds as follows. In Section 2, we present our conceptual frame-
work. Section 3 provides background on ADHD diagnosis and treatment and the education
system in England. We describe our data in Section 4 and explain our strategy for identifying
the effect of starting school early on ADHD in Section 5. We present our main results on gaps
in prevalence and incidence rates of prescriptions between early and late starters and provide
evidence on the underlying mechanisms and initiation period for such gaps in Section 6. We
then move to explain the interpretation of these gaps in Section 7 and to the presentation of the

heterogeneity and robustness checks in Section 8. Finally, Section 9 concludes with some policy



recommendations.

2 Conceptual Framework

Twin studies have found that ADHD is highly heritable (see Jepsen and Michel, 2006), but
differences in environment can alter the severity of ADHD symptoms (e.g., Livingstone et al.,
2016; Bjorkenstam et al., 2018; Hartman et al., 2019). School stress is a school environmental
factor that differs between children born just before and after the cutoff date for school entry
(i.e., between early and late school starters), which is likely higher for early than late starters.
Such school stress can temporarily amplify ADHD symptoms and explain the higher ADHD
diagnosis and prescription rates, which are usually observed for early school starters. Besides
stress, another factor that may explain the difference in ADHD rates between early and late
starters is a peer-comparison bias. As emphasized by Elder and Lubotsky (2009), McEwan and
Shapiro (2008) and Elder (2010), among others, early starters are younger and more immature

than their classmates, so teachers may perceive ADHD symptoms in early starters as worse.

The temporary amplification and the magnified perception of ADHD symptoms caused by the
heightened school stress and peer-comparison bias can lead to marginal diagnoses for early
starters, i.e., to a higher probability of being diagnosed with ADHD even if the symptoms
are moderate. As emphasized by Persson et al. (2021), these may lead to prescriptions with
increased health care costs without health improvement. Even if marginal treatments for early
starters were beneficial, we still would have an issue of misallocation of health resources with an

unfair under-treatment of late starters with respect to early starters.

As explained in Section 1, there are 4 mechanisms through which being an early starter may

affect ADHD diagnoses and prescriptions, which we describe in more detail in the following:

1. Age at school entry: Younger children have a lower level of emotional and cognitive matu-
rity (low school readiness), causing a higher stress of starting school and making ADHD

symptoms more evident, especially in the first school years.

2. Length of school exposure: Early starters observed at the same age as late starters will
have been exposed to more schooling and less preschool childcare. Teachers’ expectations

and curriculum difficulty increase with school grades (length of school exposure), leading



to an increase in school stress for early starters, which can amplify the severity of ADHD

symptoms, especially in the school environment.”

3. Relative age: Farly starters are the youngest in their grade and can be perceived by
teachers as having more severe symptoms due to peer-comparison bias. Furthermore,
the stress caused by relative immaturity can worsen their mental health and temporarily

aggravate their ADHD symptoms.®

4. Absolute age (also known as age at test, i.e., age when ADHD is measured): Early starters
have a lower absolute age than late starters in the same grade. The effect of absolute age
is explained neither by stress nor by the peer comparison bias but by the fact that ADHD
diagnoses and prescriptions increase steadily from age 5 to 15 (Scahill and Schwab-Stone,
2000). If early and late starters are compared at the same time, late starters will be older

and, hence, more likely to be diagnosed and treated.

If the main cause of the gap between early and late starters was the length of school exposure
and, therefore, the stress caused by higher schools’ and teachers’ expectations by grade, then a
solution could be to adjust the curriculum to the needs of each child’s age within a grade. If
the main driver of the gap was the age at school entry, i.e. the stress caused by lack of school
readiness, then a solution could be to increase the school entry age. If, instead, the ADHD gap
was mainly explained by relative age, then a better solution would be to group children into
more refined classes within the same grade based on their age or improve diagnostic procedures
to take account of the relative age. Finally, if the main mechanism behind the ADHD gap was
the difference in absolute age between early and late starters, then there would be no need for
interventions, as comparing children’s ADHD at the same age would eliminate the ADHD gap.

Below, we present a model that takes into account all four mechanisms.

We define a dummy variable ADH D;; which takes value 1 if the child ¢ received at least one
prescription for ADHD in the 1-year period t and 0 otherwise, and we model the relationship be-

tween ADH D;; and the four mechanisms discussed above adopting a linear probability model:?

"Note that the effect of this higher level of stress for early starters can be in part attenuated by the fact that a
longer school exposure can improve children’s socio-emotional skills (Cornelissen and Dustmann, 2019) and make
them more accustomed to the school environment.

8Kiessling and Norris (2023) show that a worsening of the relative rank of children with respect to their
schoolmates leads to a deterioration of mental health even after controlling for their actual skills.

9This model is similar to the model adopted by Cornelissen and Dustmann (2019) but it is extended to include



ADHD;; = oy +vExpt Exposure;; + yageEe AgeEntry; i+ W
YRELAGE,: RelativeAge;  + vaBsace .+ AbsAge;t + iy,

where the subscript ¢ denotes the specific one-year interval in the life of child 7 (either age or
school grade). The length of school exposure (Exposure), absolute age (AbsAge), age at school
entry (AgeEntry), and relative age (RelativeAge) are all measured in years and days. wu;¢
captures the effect of the covariates, which we will introduce in our empirical section, and a
residual error term. For the reasons explained above, while the probability of having ADHD
should increase with the length of school exposure and the absolute age, it decreases with the age

at entry and relative age. In other words, we expect ygxpt > 0, yapsace,t > 0, YrRELAGE,t < 0

and yagee,: < 0.

Note that we allow the coefficients of the model to change across different periods in the child’s
life, so our assumption of linearity in Ezposure, AbsAge, AgeEntry, and RelativeAge, only
needs to hold within the interval t. We also consider interactions between these mechanisms.
For example, we allow the effects of relative age exposure and age at school entry to decrease as

the child ages by allowing these effects to differ across ¢ (age or school grade).

The effect of being an early school starter (born in July and August) with respect to late
starters (born in September and October) is equivalent to the effect of increasing Exposure by
approximately 1 year and decreasing AgeEntry, RelativeAge, and AbsAge by approximately 1

year, so the effect of being an early starter is given by:

Yt = YEXPt — YAGEE,t — YRELAGE,t — YABSAGE,t- (2)

The slope coefficients in equation (1) cannot be separately identified because of multicollinearity.
However, by observing both early and late starters in the same academic year, i.e., defining the

time ¢ as school grade g, we keep FExposure constant and identify:

Yg = —YAGEE,y — YRELAGE,g — YABSAGE,g (3)

the relative age as an additional mechanism. The assumption of a linear probability model will be relaxed in our
sensitivity analysis.



where 7, denotes the effect of being an early starter in academic grade g, which we call the same
grade effect. Similarly, if we observe children at the same age t = a, we ensure that AbsAge is
the same for early and late starters, and we can identify the following effect of being an early

starter at age a:

Ya = VEXPa — YAGEE,a — YRELAGE,a: (4)

which we call the same age effect.

We compute v, and 7, for age a going from 5 to 15 and for school grade g going from 0 (reception
year/kindergarten)!? to 10 and we compare the same school grade effect g With the same age
effect v, computed at a = g + 5, where 5 is the age that children turn during their first year
in primary school in England, implying that YyAcer. = YagEE,y and YRELAGE,« = VAGEE,q-
Therefore, by taking the difference between v, and 4, we isolate the combined effect of school

exposure and absolute age:

Ya — Vg = VYEXPa + YABSAGE,g- (5)

In our empirical analysis, we find that (YExpa + v4BS AGE,g) goes to zero from grade 3 (age
8) onward. If the effects ygxpo and vaBsace,q are both positive, then we can conclude they
both are short-lived. We expect the effect of absolute age to be positive because the rate of
ADHD prescription increases with age. We also expect the effect of length of school exposure
to be positive, mainly because early starters are in a higher school grade relative to late starters
observed at the same age and, therefore, have heightened stress caused by a more challenging
curriculum. Given these expectations, we conclude that ygxpq and yapsace,q are short-lived.
Hence, from grade 3 onward, we are left with only two mechanisms explaining the effect of being
an early starter: the effects of age at entry and relative age. Starting school early can cause
an increase in stress, which could affect ADHD diagnoses and prescriptions. By looking at the
effect of starting school early on anxiety diagnoses and prescriptions, we can exclude stress as a

potential channel that explains the long-term effect of being an early starter on ADHD.

In our application, we also compute the same age effect v, and the same grade effect v, by

considering first-time prescriptions, i.e., excluding prescriptions that were initiated before age

10Children in England start schooling with a reception year, which is equivalent to the US kindergarten year.



a and before grade g. This allows us to show that the gap in ADHD first-time prescriptions
between early and late school starters vanishes as children grow older and relative age differences

among classmates become less salient.

The gap in ADHD between children born just before and just after the cutoff date for school
entry has been attributed by previous papers exclusively to a relative age effect (see, e.g.,
Elder and Lubotsky, 2009; Elder, 2010; Evans et al., 2010; Morrow et al., 2012; Schwandt and
Wuppermann, 2016). Our conceptual framework helps to assess the role of other mechanisms

to understand how to design better interventions that reduce the gap in ADHD.

3 Background

3.1 ADHD: Diagnosis and Treatment

ADHD is one of the most common neurodevelopmental disorders during childhood (Mannuzza
and Klein, 2000). The symptoms of ADHD include inattentiveness, hyperactivity, and impul-
siveness. Most children are diagnosed when they are between 6 and 12 years old, and ADHD

often persists into adulthood.

In England, when parents or teachers notice ADHD symptoms in a child, they are advised to raise
their concerns with their school’s special educational needs coordinator or general practitioner
(GP). GPs cannot diagnose ADHD; they can discuss parental concerns and refer the child to a
specialist evaluation if necessary. Several specialists can conduct a formal assessment, including
a psychiatrist, pediatrician, and community pediatrician,'' learning disability specialist, social

worker, or occupational therapist with experience with ADHD.

ADHD diagnosis is not determined through a single test. The process typically includes physical
examinations and interviews with the child and significant others (such as parents and teachers).
Symptoms need to be consistently displayed for a minimum of six months for a diagnosis to be
made. These symptoms should be present in at least two different settings (which, in practice,
involves showing them both at home and school) to ensure that they are not a reaction to

certain teachers or parents. Therefore, the views of parents and teachers play a crucial role in

" Community pediatricians are child health doctors trained in hospital and community settings. They have
experience working with children and their families with various conditions and needs (see https://www.nhft.nhs.
uk/community-paediatrics/ for more information).
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determining a diagnosis.

In most cases, ADHD is treated with a combination of behavioral therapy and medication. For
children below the age of 5, behavioral therapy, particularly training for parents, is recommended
as the first line of treatment before any medication is tried. There are five types of drugs licensed
for the treatment of ADHD in England: methylphenidate, lisdexamfetamine, dexamfetamine,
atomoxetine, and guanfacine. While these drugs may not provide a permanent cure for ADHD,
they can provide relief from some of the associated symptoms. They have been known to improve
concentration, reduce impulsivity, induce a sense of calmness, and facilitate the learning and
applying new skills for individuals with this condition. This treatment has the potential to
aid children with ADHD in focusing better in the classroom and minimizing risky behaviors
outside of school. Aizer (2008); Dalsgaard et al. (2014); Chorniy and Kitashima (2016) show
that children diagnosed with ADHD in pharmacological treatment have fewer hospital contacts
if treated and that treatment, to some extent, protects against their engagement in criminal
behavior. However, psychoactive medications also alter brain function and could have short-
and long-term negative effects on the formation of human capital (Gould et al., 2009; Cascade

et al., 2010; Currie et al., 2014).

The National Institute for Health and Care Excellence in the UK (NICE) provides guidelines
for diagnosing and treating ADHD. Since 2008, the importance of considering relative age biases
is explicitly included in these guidelines: “ADHD should be considered in all age groups, with
symptom criteria adjusted for age-appropriate changes in behaviour” (NICE, 2018).

3.2 Early Schooling in England

In England, children are supposed to start their first primary school year (which is equivalent
to the first grade in elementary school in the US) in September after they turn 5, with a large
majority of children starting schooling one year earlier and attending reception year, which is
equivalent to the US kindergarten year. As a result, most children start school full-time in the
September after their fourth birthday, resulting in almost a year’s difference in age between
children born just before and after September 1. Red-shirting — i.e., delaying a child’s entry to
school — is uncommon in England, and virtually all children attend reception classes. We cannot

observe the actual age at school entry in our administrative data, but Crawford et al. (2013)
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show that over 99% of children were enrolled in the correct academic year for their age when
considering the full population of children in state (public) schools in 2008 in England; while
Cornelissen and Dustmann (2019) document that 96% of pupils attended a reception year when

considering children born between 2000 and 2001 in England.

Although most primary schools in England have a single cutoff date for school entry (September
1), in the very early 2000s, a few primary schools in England allowed children to start at different
times during the academic year (for more details, see Cornelissen and Dustmann 2019). Our
sample covers children who started school between 2007 and 2015 (born between 2002 and 2010),

and during this period, almost all minority schools switched to a single-entry cutoff date.'?

Before starting reception class, children in England can be in formal childcare or be cared for
at home. All 3- and 4-year-olds have the right to fully subsidized part-time preschool, which
provides about 12.5 hours a week of free childcare (Blanden et al., 2016).

Children are assessed at the start and end of the reception year with an on-entry assessment
(the reception baseline assessment) and a progress assessment (summary assessment). After
completing the reception class, children attend primary (elementary) school from ages 5 to 11
and secondary school from 11 to 16. Most schools in England are state schools that do not
charge tuition fees, and less than 10% of children are enrolled in independent schools requiring
tuition fees. There are assessments called Standard Attainment Tests (SATs) administered at
ages 7, 11, and 14, and an assessment called General Certificate of Secondary Education (GCSE)

is typically taken at ages 15-16. Compulsory schooling ends at age 16.'3

4 Data

4.1 Data Sources

We use data from QResearch, a large consolidated database derived from anonymized health

records from general practices in England matched with hospital administrative data, the Hos-

12 As our data does not allow us to identify or isolate children from the minority of schools with multiple entry
points, we checked for any potential bias by comparing the effects of early school entry on ADHD rates across
different cohorts of children born from 2002 to 2010. Our analysis shows that the effect of early school entry on
ADHD rates remained consistent across these cohorts.

13 As of 2015, children in England must do one of the following three until age 18: stay in full-time education;
start an apprenticeship or traineeship; or spend 20 hours or more a week working or volunteering while in part-time
education or training.
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pital Episode Statistics (HES). In our analysis, we use individual-level information on general
practice diagnostics, drug prescriptions, and maternity records from HES, which allows us to link
children with their respective mothers. A commissioned report by Hippisley-Cox et al. (2005)
found QResearch to closely match the national sample of practices age-sex distribution and
geographical spread. General practices within the QResearch consortium exhibit a marginally
larger size (i.e., more registered patients) than the average practice in England, a phenomenon
likely indicative of the willingness of clinical practices to collaborate and exchange clinical data.
Nevertheless, the patient demographic profiles within these QResearch-affiliated practices closely
parallel the broader national patient demographics. QResearch has been used as a representa-
tive sample of the primary care population in well-published medical journals (Hippisley-Cox

and Coupland, 2010; Gao et al., 2021; Aveyard et al., 2021).'4

For all children in the data, we consider their prescriptions for ADHD-related disorders'® and
a vector of sociodemographic characteristics which includes the region of residence, ethnicity,
general practice identifier, and socioeconomic status (SES). SES is measured at the postal code
level using the Townsend deprivation index, reported in quintiles (Coupland et al., 2007). The
Townsend deprivation index is an area-based measure of deprivation (Townsend et al., 1988)
which is constructed from the following four census variables: households without a car, over-
crowded households, households not owner-occupied, and unemployed individuals.'® Our data
also include information on the health at birth of children, including date of birth'” and maternal

age at birth.

4.2 Main Sample and Variables

Our main sample is given by all singletons born between July 1 and October 30 in any of the years

between 2002 and 2010 and traceable in the administrative data up to age 10 (N = 97,117). As

MFurthermore, prediction algorithms based on QResearch data have been validated against data from the
Clinical Practice Research Datalink (CPRD) (Hippisley-Cox et al., 2014) and the UK Office for National Statistics
(Nafilyan et al., 2021).

I ADHD prescriptions in the database are coded using British National Formulary (BNF; a standard drug
reference text in the UK) codes (see, e.g., Baker et al., 2017).

Each of these four variables is divided by the appropriate count of households or persons to obtain a percentage
score. The unemployment and overcrowding percentages are then log-transformed to normalize the raw values,
which tend to be highly skewed. All four variables are then standardized using a Z-score. The Townsend
deprivation index is the sum of these four scores.

1"We observe the date of entry and exit to maternity care and proxy date of birth by taking the median point
between these two dates. The average length of stay in maternity care is two days. In Section 6, we run a
sensitivity analysis to show that this approximation of the date of birth does not bias our results.

13



detailed in Section 3, almost all children in England start the school reception (kindergarten)
year in September after their fourth birthday. Restricting the sample to children born between
July and October ensures that children are comparable in most dimensions, except for their
school-starting age. We exclude individuals with missing information on socioeconomic variables
(419 observations, less than 0.5% of the initial sample). This results in a final sample of 96,698
children. Since the children in our sample were born between 2002 and 2010 and our data
includes information up to the end of 2020, we can track all children at least until age 10. After

age 10, the sample gradually reduces. Table 1 shows each age’s sample size.

In our empirical application, we examine the profile of ADHD by age and by school grade and
consider two different definitions of the outcome variable: (1) a dummy variable for ADHD at
age a, ADHD,, that takes value 1 if a child received at least one prescription related to ADHD
in the period [a,a + 1) where a is the child’s age in years and ranges from 5 to 15, (2) a dummy
variable for ADHD in school grade g, ADH D,, that takes value 1 if a child received at least one
prescription related to ADHD during the school grade g (September to August) with ¢ starting
from 0, the reception (kindergarten) year, and following with grades 1 to 10. Our key regressor
is Farly, a dummy variable that takes value 1 for children born in July-August and 0 if born in

September-October.

4.3 Descriptive Statistics

The variables used in our analysis are summarized in column 1 of Table 2, where we report their
averages using the full sample. As expected, approximately half of our sample is male, and half
is female. Half of the children are of white ethnicity, and 15% are of nonwhite ethnicity. We
do not have information about ethnicity for about one-third of the individuals in the sample,
which we code as a separate category labeled ‘unclassified’. Around half of the individuals in our
sample live in postal codes with a deprivation index in the bottom two quintiles, representing
the least deprived areas.'® Over 7% of the children in our sample have a mother aged 20 or
less. In the last two rows, we report the rate (in percentage points) of ADHD diagnosis and

prescription averaged across the age range from 5 to 15.

In columns 2 and 3 of Table 2, we compare the characteristics of early school starters (children

!8Tn Jater analyses, we label the bottom two quintiles as ‘high SES’ and the top two quintiles as ‘low SES’ (see
Section 6).
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born between July 1 and August 31) relative to late starters (children born between September
1 and October 30). We find statistically significant differences between early and late starters
for some of these characteristics. For example, early starters are less likely to live in the least
deprived postal codes (bottom quintile) and more likely to live in a postal code belonging to
the top two quintiles. However, the only differences that are significant both statistically and in
magnitude are the differences in the rate of diagnoses and prescriptions for ADHD. The rate of
ADHD diagnosis increases by 50% for early starters relative to late starters, while the rate of

drug prescriptions has an even larger increase of around 67%.

Next, we inspect the evolution of ADHD prescription rates across ages 0 to 15 for the entire
sample considering the average of the dummy variable ADH D,, which takes the value 1 if a
child was prescribed at least one ADHD-related drug in the 1-year period [a,a+1). The average
of ADH D, multiplied by 100 is the rate of prescription at age a expressed in percentage points,
which we plot for each age from 0 to 15 in Figure 1la. The percentage of children with an ADHD
prescription is close to zero until the age of 5, which is in line with the medical guidelines
described in Section 3, and gradually increases to 1.25 percent by the time children are 15 years
old. Figure 1b again plots the profile of the ADHD prescription rate by age but separately
for early and late starters. As expected, after age 5, early starters are more likely to receive a

prescription for ADHD, and the disparity between them and late starters grows wider over time.

While the main focus of our analysis is to explain the differences between early and later starters,
for completeness we also plot the ADHD prescription rate by age for middle starters (that is,
children born between November and June) in Figure A.2. As expected, the prescription rates

for middle starters are always below the early starters and above the late starters ones.

5 Empirical Strategy

In England, most children start school full-time in September after their fourth birthday by
attending the reception year, equivalent to the US kindergarten year. Therefore, children born
just before September start school almost 1 year earlier than children born on September 1 or
soon after. In this section, we explain how we estimate the effect of being an early school starter
(i.e., born in July-August) with respect to late school starters (i.e., born in September-October)

on the probability of receiving a prescription for ADHD.
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Let us consider the dummy variable ADHD observed at a specific period in the child’s life t,
which takes value 1 if a child has received at least one prescription for ADHD in the 1-year
period ¢ and 0 otherwise. Because the rate of ADHD prescriptions has been increasing across
the years and varies across general medical practices, we control for the year of birth and general

practice by estimating the following linear probability model:

ADHD;; = oy + v Early; + By Xi + e j + pies + €t (6)

where the subscripts 4, j, ¢, and s denote, respectively, the child, the general medical practice
where the child is registered, the time period in the child’s life when the ADHD prescription is
observed, and the child’s year of birth (s = 2002, ...,2010). We observe children born between
July and August, that is, within 2 months from the cutoff date for school entry, September 1.
FEarly; takes value 1 if the child 7 was born in July-August and 0 if born in September-October.
pe; and Ly s are the general practice and birth year fixed effects, respectively, and €;; is the
idiosyncratic error term. ay, <4, and [; are the intercept, the effect of being an early starter as
defined in equation (2) in Section 2, and the vector of coefficients corresponding to the vector of
background controls X;. The vector of controls includes sex, ethnicity, area deprivation index,
and maternal age at birth (see Section 4 for a description of these variables). We account for

heteroscedasticity by using robust standard errors using the Huber-White sandwich estimator.®

We estimate equation (6) separately for different values of ¢ at which the child is observed. In
our empirical application, we consider two ways to define the time ¢: age a and school grade g.
To do so, we consider the following two outcome variables: (1) ADHD; ,, that takes value 1 if a
child received at least one prescription related to ADHD in the period [a,a+1) with a = 5, ..., 15,
and (2) ADHD; 4, which takes the value 1 if child i received at least one prescription related to
ADHD during the school grade g (September to August) with g =0, ..., 10.

(7¢ - 100) measures the effect of being an early starter as a percentage point increase in ADHD
rate, the probability of receiving an ADHD diagnosis at time t. Because the rate of ADHD
prescriptions varies substantially across age (see Figure la), we present the effect of being an

early starter in terms of percentage increase, rather than percentage points increase, in the

9Tn our robustness checks, we show that our results do not change when using a logistic regression specification
rather than a linear probability model.
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ADHD rate at time t, i.e.,

Pr(ADHD;; = 1|Farly; = 1) — Pr(ADHD;; = 1|Early; = 0)

+100 =
"t Pr(ADHD;, = 1|Early; = 0)

2100,  (7)

where the numerator can be replaced with 7 and the denominator with the rate of ADHD

prescription for late starters at time t.

To consistently estimate the effect of being an early starter using model (6), the following
conditions need to hold: (1) parents do not delay the start of the school of their children based
on potential gains (i.e., no red-shirting); and (2) the month of birth is not related to unobserved
child and family characteristics that may affect ADHD. Evidence on the validity of condition
(1) has been provided by Crawford et al. (2013), who find that over 99% of children are enrolled
in the correct academic year for their age, considering the full population of children in state
(public) schools in 2008 in England. If there was a substantial habit of red-shirting in our
sample, our estimated effect could still be interpreted as a lower bound for the effect of early
starters on ADHD. This is because red-shirting would lead parents to delay entry into the
school, especially for more immature children, therefore attenuating the effect of being an early
starter. The birth month can be correlated with child and family background characteristics
(Buckles and Hungerman, 2013; Shigeoka, 2015). In our model, we address this endogeneity issue
by controlling for the general practice and year of birth fixed effect, and a set of background

characteristics.

Our rich administrative data on hospitals and general practices allow us to follow children across
time and observe their ADHD diagnosis and prescriptions at each specific age between 5 and
15, so we can avoid recall and measurement issues, which usually affect parents’ and teachers’
reports on children’s ADHD in sample surveys. However, we do not observe the child’s age at
school entry, so our estimate of the effect of starting school early should be interpreted as an
intention-to-treat (ITT) estimate. We expect the ITT estimate to be close (if not identical) to
the actual treatment effect in our sample given that more than 99% of children are enrolled in

the correct school grade based on their age (Crawford et al., 2013).

To evaluate the robustness of our estimation method, we show that we obtain similar results

17



when considering the following regression discontinuity model:
ADHD;y = Gy + he(2) — A 1(2i > 0) + By Xi + firj + fie.s + €t (8)

where the notation is the same as in equation (6) but we use the tilde sign to emphasize elements
that may differ from model (6). z; is the running variable, which is the birth date of child i
centered around the cutoff date for school entry (September 1), h(.) is a smooth function of the
running variable, 1(z; > 0) is a dummy taking value 1 if the running variable is positive (late
school starters) and 0 otherwise. Notice that 4; captures the effect of being an early starter with
respect to being a late starter when comparing individuals born just before and just after the
cutoff point of September 1. We allow h(.) to be different to the right and left side of the cutoff
point by fitting a local second-order polynomial on each side of the cutoff and restricting the
bandwidth to 2 months (60 days) at both sides of the threshold.?’ Notice that the discontinuity
at the cutoff can be considered a sharp discontinuity, given that almost all children start school

in September after they turn 4.

While it is, in general, important to specify the correct function h(.) for the relationship between
ADHD and the running variable, the specification of h(.) is less crucial if we focus on a narrow
bandwidth, i.e., a sub-sample of children born close the cutoff point. The estimation of the
model (6) is equivalent to the estimation of an RDD (regression discontinuity design) model
with a bandwidth of 2 months on both sides of the cutoff date and a function h.(.) which is
constant between July and October except for the jump (discontinuity) at the cutoff date. It
is, therefore, unsurprising that the estimation of the model (6) produces results similar to the

RDD model (8) as we will show in Section 8.2.

6 Main Results: Gaps in the Rates of ADHD Prescriptions be-

tween Early and Late Starters

In this section, we focus on the differences in the prevalence rates of ADHD prescriptions be-

tween early and late starters. That is, we include children who have either a first-time (new)

20When using covariate-adjusted bandwidth selection and robust bias-corrected inference (see Calonico et al.,
2017), we find that the optimal bandwidth is between 57 and 89 depending on the child’s age. The results remain
similar to the ones produced using the 2-month bandwidth. This suggests that the 2-month bandwidth used to
select our sample of children is close to the optimal choice.
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prescription and children who have renewed prescriptions that were initiated earlier.

6.1 Descriptive Evidence on Our Identifying Variation

To evaluate the effect of starting school early on ADHD, our empirical analysis exploits the
discontinuity in children’s age at the start of school caused by the school entry cutoff. We
compare ADHD rates between children born in July-August and in September-October — that
is, children born before and after the school entry cutoff for England. Figure 2a plots the
ADHD drug prescription rate against the week of birth centered around September 1 for all
children aged between 5 and 15. In sub-figures (b) to (d), we repeat this exercise separately for
children in groups 5-7, 8-10, and 11-15. All four sub-figures show a clear discontinuity in ADHD

prescription rates at the cutoff date for school entry.

We check if the sorting into July-August and September-October births is related to the family
background by comparing the average of background characteristics between early and late
starters while controlling for the year of birth and general practice fixed effect as in our regression
(6). Our results do not suggest any issue of endogeneity, as shown by the fact that the effect
of the dummy FEarly on each of the control variables is never significantly different from zero
at 5% level once we control for general practice and year-fixed effects (see Figure 3).2! Even if
the inclusion of these background variables in our regression is not needed for identification, we

keep them in our model (equation (6)) to increase the precision of our estimation.

Finally, the regression discontinuity approach described in equation (8) relies on the assumption
of random sorting of children and families at the cutoff date for school entry. There should be
no bunching of the child’s date of birth to the right or to the left of September 1. We evaluate
this assumption’s validity by plotting the birth date’s histogram in days and a bandwidth of 60
days around the cutoff for school entry. Following recent developments in the literature on RDD,
we also implement a non-parametric density estimator based on local polynomial techniques to
evaluate the continuity of the density function around the cut-off date as proposed by Cattaneo
et al. (2020). Figure A.1 summarizes the results of this exercise. We cannot reject the null

hypothesis of no discontinuity in the density function at the cut-off point (conventional p-value

2IThe only exception we find is when looking at the probability of living in the most deprived postal codes,
which has a difference between early and late starters that is statistically significant at 5% level but it is very
small in magnitude — 0.02 percentage points.
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= 0.587, robust p-value = 0.588), which suggests that there is no manipulation and supports

the assumption of random sorting at the cutoff.

6.2 Gaps in Prevalence Rates by Age and School Grade: Exploring Mecha-

nisms

Recall from Section 2 that the effect of being an early starter when observing both early and
late starters at the same age a is given by v, = YExXP« — YAGEE,. — YRELAGE,a, While the effect
measured for children in the same grade g is vy = —vaGEE,y — YRELAGE,y — YABSAGE,q, and we
compare the same school grade effect v, with the same age effect v, computed at age a = g+ 5.
Recall also that we expect vgxpt > 0, vapsace,: > 0, YrRELAGE,: < 0 and yagee,: < 0, which
implies that v, will provide an under-estimation of the effect of being an early starter because
biased by the absolute age effect, while v, will provide a larger estimation which includes the

effect of length of school exposure (grade).

We begin by examining the effect of being an early starter on ADHD prescriptions, comparing
early and late starters at the same age a, v,. To do so, we estimate equation (6) considering as
outcome the dummy variable taking value one if a child was prescribed drugs related to ADHD
in [a,a + 1), with age a going from 5 to 15. The results are presented in Figure 4, where we
plot the proportional increase in the ADHD prescription rate caused by being an early starter
(the coefficient r, in equation (7)) with the corresponding 95% confidence interval. Our findings
indicate that early starters are more likely to receive an ADHD prescription at all ages, from 5
to 15. The percentage increase in the ADHD prescription rate for early starters relative to late

starters is statistically significant at 5% level at all ages and varies between 40% to 100%.22

These results are aligned with several other previous studies that have found that being an
early starter leads to increased rates of ADHD regardless of the estimation technique or cutoff
date, which eliminates the seasonal effect as an explanation for these results. For instance,
Elder (2010) finds that in the US, early starters are about 60% more likely to be diagnosed
with ADHD and twice as likely to use ADHD-related stimulants regularly in grades 5 and 8.
Similarly, Evans et al. (2010) find that starting school earlier increases the ADHD rate by about

25% with respect to the mean rate in the US. Recent work by Persson et al. (2021) confirms

22The estimates are less precise at age 5 because the ADHD rate at this age is extremely low, as shown in
Figure 1.

20



these findings in Sweden, where early starters are about 30% percent more likely to receive

ADHD medications than late starters.

Next, we estimate the effect of being an early starter when measuring children in the same school
grade 4. As shown in Figure 5, the percentage increase effect is negative in reception class and
grades 1 and 2, while from grade 3 to grade 10, it is positive and ranges between about 30% and
50%. The negative effects are caused by the absolute age effect yapsace,g, which contributes
to v, with a negative sign. Since medications for ADHD are typically not recommended for
children under the age of 5 and the use of medications increases with age, the effect of age
for early starters —yapsage,g is negative, especially in reception class when early starters are
not yet 5 and in grade 1 when they are just 5 years old. In Section 8.2, we use GP diagnosis
to confirm that the negative and significant coefficient from Figure 5 is driven by the medical

guidelines not recommending prescriptions to children below age 5.23

Most previous studies do not consider ADHD rates by grade. Two exceptions are Pottegard
et al. (2014) and Schwandt and Wuppermann (2016), which focus on Denmark and Germany,
respectively. They found patterns by grade for the gap in prescription rates similar to the
pattern observed in our Figure 5. In both Denmark and Germany, the gaps by grade are small
or even negative in the first two grades of primary school, increase up to grade 3-4, and then

stabilize.24

Finally, we compare the effects of being an early starter on ADHD when considering children
at the same age 7, and in the same grade ~,. Again, we represent these effects as proportional
increases along with the 95% confidence intervals in Figure 6. The difference between the ‘same
age’ effects and the ‘same grade’ effects identifies the sum of the effect of length of school exposure
and absolute age effect, (yapsacE,a +YExPg), as shown in equation (5). Figure 6 reveals that

(YABSAGE,a + YEXP,g) tends to zero from grade 3 onward.2?

We formally test for differences between the same age and the same grade effects in Table 3, and

we find that these differences become statistically not significant at 5% level from age 8 (grade

ZNote that the two negative coefficients in Figure 15 become statistically insignificant when we use ADHD
diagnoses as an outcome variable, instead of prescriptions.

2These gaps by grade are reported in Figure 2 in Pottegard et al. (2014). The gaps by grades are not reported
directly by Schwandt and Wuppermann (2016) but can be derived approximately by looking at their Figure 2.

#Figure 6 reports vy, and 7, divided by the probability of being prescribed for ADHD for late starters at age
a = g+5 and at grade g. In Figure A.3, we show that these probabilities in the denominators are almost identical.
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3) onward. This implies that we do not reject the assumption that (yapsace,.. +vexpg) = 0.
The effect of absolute age vapsagE,. is expected to be positive because the rate of ADHD
prescription increases with age. We also expect the effect of length of school exposure ypxp4
to be positive because of the higher stress for early starters caused by being in a higher grade.
Under these expectations, (YABSAGE,« + YEXPg) = 0 implies that both YyapsagEe.. and YExpg
tend to zero from age 8 (grade 3) onward and the effect of being an early starter ends up being

driven by the effects of relative age and age at school entry.

Starting school early can cause stress for children, which may increase the likelihood of ADHD
prescriptions in the short term. While stress itself is difficult to quantify directly, we leverage
data on anxiety disorder diagnoses and prescriptions for children in our sample. Anxiety dis-
orders can be driven by remarkable manifestations of stress (Rockhill et al., 2010). In Figure
7, we estimate the impact of school starting age on both anxiety prescriptions (Figure 7a) and
diagnoses (Figure 7b). For prescriptions, we observe smaller effects than those documented for
ADHD. Compared with Figure 6, the estimates on anxiety are smaller and often statistically
insignificant. Because prescriptions for anxiety may only capture extreme cases of stress, we
also estimate the effects of starting school early on diagnoses for anxiety. These results are also
close to zero,?% and suggest that stress is not a driver of the short and long term effects of being
an early starter on ADHD. This implies that the age at the start of school is unlikely to be the

mechanism explaining the long-term ADHD gap between early and late starters.

Further, support for this conclusion is provided by comparing our results with countries where
primary school entry is at age 6 rather than 5. In these countries, there is still evidence for a
strong effect of being an early starter on ADHD, which is comparable to ours.?” Taken together
with evidence from other countries, our findings on anxiety disorders reinforce the claim that
the age at school entry is not the main driver of the differences in ADHD between early and
late starters. This ultimately suggests that raising the age at entry into school for all children
by 1 year would not be an effective policy to reduce the gap in ADHD between early and late

starters.

In conclusion, the relative age effect seems to be the main driver of the long-term ADHD gap,

26In Tables 4 and 5, we evaluate the difference between the ‘same age’ and ‘same grade’ coefficients analogously
to what we do in Table 3.
*"See e.g., Elder (2010) for the US and Persson et al. (2021) for Sweden.
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leading to more marginal diagnoses for early starters. While both early and late starters with
high symptoms get treated, only early starters are likely to be treated for milder symptoms.
Marginal diagnoses and treatments for ADHD for early but not late starters indicate an unfair
and inefficient use of medical resources. On the one hand, if marginal treatments have beneficial
effects, we would have an issue of under-treatment for later starters. On the other hand, if
marginal treatments have negative effects, we would have an unfair over-treatment of early
starters. In all cases, a gap in ADHD treatment between early and late starters would suggest

a misallocation of resources.

A school policy that allows red-shirting (that is, allowing parents to delay their child’s entry
when born just before the cutoff date for school entry) may help reduce the gap in ADHD
between children born just before and after the cutoff for school entry. However, it can also lead
to a worse allocation of resources, for example, in the scenario where parents with children who
most need some treatment for ADHD are the ones that delay the school entry and potentially
also the diagnosis and treatment for ADHD. On the contrary, if parents from high socioeconomic
status (SES) were more likely to delay their child’s entry and children from low SES were the
ones most in need of ADHD treatment, then allowing parents to delay school entry could redirect
resources from high to low SES children and help to reduce the misallocation of resources and
make it fairer. However, a gap would remain between low SES children born before and after

the cutoff date, still suggesting an inefficient and unfair allocation of resources.

Since the long-term effects of being an early starter seem to be explained mainly by the relative
age effect, a better solution than red-shirting could be sorting children into classes based on
their months of birth to ensure that children have classmates of similar ages or improving

ADHD diagnostic by making increasing awareness of the relative age issues.

6.3 Gaps in Incidence Rates of Prescriptions: When Do They Initiate?

Figure 6 suggests that the effect of being an early starter persists across ages. Why does the
effect of starting school early not vanish with age? This may be caused by the fact that ADHD
is a condition that continues into adulthood and that ADHD drug treatment requires adherence
for long periods. To confirm this, we check the persistence of ADHD drug treatment between

ages 9 and 15 for children who received at least one prescription between ages 5 and 8. We find
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that 86.16% of children are still prescribed drugs for ADHD at age 9, 83.98% at 10, 81.29% at
11, 82.75% at 12, 74.63% at 13, 70.21% at 14, 64.20% at 15.

Given this persistence in prescriptions, it is important to distinguish between incidence and
prevalence rates of prescriptions. The incidence rate considers only first-time prescriptions, while
the prevalence rate includes first-time and renewed prescriptions, i.e., prescriptions initiated at

an earlier age.?®

We plot the incidence rate of ADHD prescriptions against the week of birth (centered around
September 1) and find a discontinuity between age 5 and 8 but no discontinuity from age 9
onward (see Figure 8). These findings suggest that the gap in the prevalence rate between early
and late starters is generated by prescriptions initiated between the ages of 5 and 8 and not by

new prescriptions.

We then re-estimate the main equation (6) with a new dependent variable FirstPresc;; defined
as a dummy taking value 1 if a child ¢ receives his/her first prescription for ADHD in the 1-year
period t and 0 otherwise. The estimated effects from this exercise are reported in Figure 9 and
expressed as the difference in the probability of first-time prescriptions in period ¢ (either age a
or grade g) between early and late starters over the probability of any prescriptions in period ¢

for later starters,

Pr(FirstPresciy = 1|Early; = 1) — Pr(FirstPresc;; = 1|Early; = 0)
Pr(ADHD;; = 1|Early; = 0) )

(9)

pre =

where ADHD;; in the denominator takes value 1 if a child receives either a new (first) or a
renewed old prescription in period ¢t. Note that the proportional increase in prevalence rate

defined in (7) is

Pr(ADHD;; = 1|Farly; = 1) — Pr(ADHD;; = 1|Early; = 0)
Pr(ADHD; = 1|Early; = 0)
_ Pr(FirstPresciy = 1|Early; = 1) — Pr(FirstPresc;; = 1|Early; = 0) (10)
Pr(ADHD;; = 1|Early; = 0)
Pr(RenewPresc;y = 1|Farly; = 1) — Pr(RenewePresc;; = 1|Early; = 0)
* Pr(ADHD;; = 1|Early; = 0) ’

Tt =

28In Figure A.4, we show most children with ADHD receive their first-time prescription at the age of 9 or
earlier.
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so pry in (9) is the part of the proportional increase in prevalence rate explained by first pre-

scriptions.

From age 9 (grade 4) onward, there is no effect of being an early starter on first prescriptions
for ADHD, whereas there are effects up to age 8 (grade 3) similar in magnitude to the effects
found in Figure 6. Differences in ADHD prescriptions between early and late starters at later
ages are explained by the persistence of treatment for ADHD initiated before age 9. Given
the persistence in prescriptions over time, it becomes clear that an adequate diagnosis in the
early years is essential to reduce a recurrent unfair difference in marginal treatments for ADHD

between early starters and late starters.

Our findings of no effect of starting school early on the rate of prescriptions initiated after age
8 are aligned with the results by Dalsgaard et al. (2012) and Dalsgaard et al. (2014), who find
that there is no effect or very little effect on diagnoses established and prescriptions initiated
after age 7 in Denmark. These findings again emphasize the importance of reducing potential

biases in initiating prescriptions in the first years of primary school.

7 Interpretation of the Gap in ADHD Between Early and Late

Starters

Every child can exhibit varying degrees of ADHD symptoms, including impulsiveness and inat-
tention, and these symptoms follow a natural distribution within the population. Diagnoses and
treatment for ADHD are given to children with symptoms in the top tail of such distribution.
Considering the age-standardized distribution of symptoms, the existence of a gap in ADHD
between early and late starters implies that the symptoms’ threshold over which children get
diagnosed and prescribed for ADHD differ between children born in July-August (early starters)
and in September-October (late starters). This interpretation aligns with the one posited by
Persson et al. (2021) and is graphically summarized in Figure 10. While children displaying
pronounced ADHD symptoms are likely to receive diagnoses and be treated regardless of their
date of birth, those with milder symptoms are more likely to undergo diagnosis and treatment

if born in July-August than if born in September-October.

Why are there two different ADHD symptom thresholds used to identify ADHD in early and late
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starters? One reason that has been suggested in previous papers is that teachers interpret the
worse behavior of early starters to late starters as symptoms of ADHD rather than attributing
these behavioral differences to the relative age gap. Both Elder (2010) and Furzer et al. (2022)
find that the level of ADHD symptoms reported by teachers has a discontinuity at the cutoff
date for school entry while parents’ level does not, therefore suggesting that the gap in ADHD
diagnoses and prescriptions between early and late starters is likely to be driven by teachers.
This implies that the teachers’ perceived density distribution of symptoms is not adjusted for age
and is inherently shifted to the right for early starters and the left for late starters, as stylized
in Figure 11, where the density in blue represents the scientifically correct age-standardized
density, while the green and red densities are non-standardized densities for early and later
starters respectively. Evaluating ADHD symptoms through non-age-standardized distributions
results in an inflation of the level of symptoms among early starters in contrast to their late-
starting counterparts. Specialists are aware that ADHD symptoms vary by age,?” so they are
likely to consider an age-standardized distribution of ADHD symptoms. However, because their
diagnosis process takes into consideration teachers’ reports of ADHD symptoms, they end up
adopting diagnostic thresholds that are lower for early starters and higher for late starters than
their intended age-standardized threshold, as depicted in Figure 10. This ultimately leads to an

increase in marginal diagnoses and prescriptions for early relative to late starters.

The lower symptom threshold for children born in July-August may imply that early starters
are over-diagnosed and over-treated for ADHD. However, the higher symptoms threshold for
children born in September-October could imply that late starters are under-diagnosed and
under-treated. To determine whether there are issues of over- or under-diagnosis and treatment,
we would need to know the threshold in the distribution of ADHD symptoms that is considered
correct by the scientific community. As emphasized by Persson et al. (2021), this scientifically

correct threshold is not observed in any data available to researchers.

Like previous studies, our study cannot determine whether the increased rate of ADHD pre-
scriptions among early starters is due to under- or over-diagnosis of ADHD. Notwithstanding,
we can interpret the increase in ADHD rates for early starters as the consequence of marginal

diagnoses and prescriptions. Furthermore, we can attempt to contribute to this debate about

2In England, the guidelines from the National Institute for Health and Care Excellence recommend that
“ADHD should be considered in all age groups, with symptom criteria adjusted for age-appropriate changes in
behaviour”.
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over- and under-diagnosis and treatment by looking at different subgroups.

For subgroups such as girls that are at risk of under-diagnosis (Faraone et al., 2003), we expect
the scientifically correct threshold to be much lower than the symptoms’ thresholds used to
identify ADHD in late-starter girls and possibly also lower than the threshold used for early
starter girls. If so, late-starter girls would be much more under-diagnosed than early-starter
girls. On the contrary, for subgroups such as high SES children that are at risk of over-diagnosis
(see, e.g., Elder, 2010; Emma Degroote and Houtte, 2022; Elder and Zhou, 2021), we expect the
scientifically correct threshold to be higher than the thresholds used to identify ADHD in early
and late starters. In this case, high-SES children who are early starters are likely to be much

more over-diagnosed than late starters.

In the following, we empirically explore the differences by gender and SES.

8 Heterogeneity and Robustness Analyses

8.1 Is the Effect of Starting School Early Different Across Subgroups?

In this section, we investigate whether the effect of being an early starter varies across subgroups,
particularly those that have traditionally been under-diagnosed. Specifically, we examine the
impact of early school entry on ADHD outcomes for two key characteristics: gender and socioe-

conomic status (SES).

Figure 12a shows the percentage of boys receiving at least one ADHD prescription is higher than
girls across all ages between 5 and 15. One contributing factor to this discrepancy is that ADHD
symptoms in girls are more concealed than in boys. Biederman et al. (2002) compare girls and
boys diagnosed with ADHD and find that girls seem to have fewer in-school and out-of-school
problems and a lower likelihood of experiencing learning disabilities, and their primary ADHD
symptom is inattentiveness, which is a more covert symptom than hyperactivity and impulsivity
usually observed in boys. These gender differences suggest that the lower ADHD prescription

rate among girls may be explained by a risk of under-diagnosis and under-treatment for girls.

To examine how school-starting age affects ADHD differently across genders, we estimate equa-

tion (6) separately for boys and girls. The results are reported in Figure 13a in terms of the
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proportional increase in ADHD prescription rate by age. Interestingly, these effects are greater
for girls than boys, although this difference is not statistically significant at all ages. Girls may
benefit more from an extra preschool year than boys. This can lead to a larger gap in maturity
at the start of school between early and late starters for girls than for boys and, hence, to a

larger peer comparison bias.

To investigate socioeconomic disparities in ADHD prescriptions, we utilize the Townsend de-
privation score, an area-level measure of SES. As explained in Section 4, our measure of SES
is provided in quintiles. We designate areas in the bottom two quintiles (i.e., the two least
deprived quintiles) as high SES, while areas in the top two quintiles are classified as low SES. In
Figure 12b, we present the percentage of children with ADHD prescription by age, separately,
for these two groups. Children living in low SES areas are more likely to be prescribed drugs
related to ADHD. However, because of the much larger risks children from low SES are exposed
to, these results do not necessarily imply that there are no issues of under-diagnosis among low
SES.?" Evidence on under-diagnosis of ADHD in low-SES children has been provided by Elder
(2010), Emma Degroote and Houtte (2022), and Elder and Zhou (2021). Elder (2010) shows
that for low-SES children (i.e., children in the bottom quartile of a composite SES index based
on parental education, occupation, and income), the predicted probability of ADHD based on
parents’ reports is higher than the equivalent probability based on teachers’ reports, which is
higher than the probability based on actual diagnosis. The opposite relationship holds instead
for high SES (top quartile) children. Emma Degroote and Houtte (2022) find that children
with higher cognitive skills are more likely to be excused for their ADHD behavioral issues by
providing them with an ADHD label. Because high-SES children tend to have higher cognitive
skills, they are also probably more likely to be labeled as children with ADHD. Elder and Zhou
(2021) suggest that children from low SES backgrounds, such as black children, are more likely
to have school peers with lower skills, and because of the comparison bias, they are less likely
to be diagnosed with ADHD. An over-diagnosis in children for high SES can also be explained
by parents from privileged backgrounds being more aware of ADHD and more concerned about

having their child treated for potential behavioral issues.

Subsequently, we separately estimate the effects of early school entry for low and high-SES

3%E.g., low SES children are exposed to more ADHD risk factors such as low birth weight and maternal mental
depression (Saigal et al., 2003; Froehlich et al., 2007).
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children following the same procedure as for boys and girls. The results reported in Figure
13b illustrate that the effects of early school entry are more substantial for high SES children.
However, the confidence intervals overlap for all ages except for age 10. The higher effect of
being an early starter on high-SES children can be explained by the fact that investments in
high-SES children during preschool are larger than for low-SES children. Therefore, they lead
to a larger gap in maturity at the start of school between early and late starters for high than
low-SES children (see Elder and Lubotsky, 2009). If high-SES children are more likely to be in
school with high-SES children, then this maturity gap will be more visible to teachers and lead
to an increase in diagnoses and prescriptions caused by a peer comparison bias. The results
in Figure 13b suggest that high-SES children who are early school starters are more likely to

receive marginal prescriptions for ADHD drugs than early starters with a low SES.

Suppose we believe that there are issues of under-prescription for girls and over-prescription for
high-SES children, a theory supported by previous empirical papers. Then, we can go a step
further and suggest the direction of the prescription error caused by the gap in the ADHD rate
between early and late starters. We can thus infer that girls who are early starters are less at risk
of under-prescription than late-starter girls;*! while high-SES children who start school earlier
are at higher risk of over-prescription than high-SES who are late starters. However, given
the lack of precision in our results and the impossibility of knowing the scientifically correct
threshold for the level of ADHD symptoms over which a prescription would be advisable, the

issues of under and over-prescription should be assessed with a degree of caution.

For a complete analysis, we also explore whether the effect of starting school on first-time
prescriptions varies by gender and SES. To do so, we define the first-time prescription rate
and report the effects (see equation (9)) separately by gender and SES in Figure A.5. Once
again, the findings suggest that the effects of early school entry on ADHD prescriptions are
primarily driven by first-time prescriptions initiated before age 9, therefore emphasizing that
there are no long-term effects caused by teachers’ comparison bias but through the persistence

of prescriptions initiated before age 9.

31This conclusion is aligned with recent work by Furzer et al. (2022), who find that teachers underestimate
ADHD symptoms among late-starter females. In contrast, they are overestimated in males regardless of age.
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8.2 Robustness Checks

We conduct several tests to evaluate the internal validity of our findings. First, we address
concerns about differences in unobserved characteristics between early and late starters using
the RDD approach described in Section 5. Being born just before or after the cutoff date
for school entry is more plausibly exogenous than being born in July-August rather than in
September-October, so differences in unobservable characteristics are less of a concern when
comparing individuals born around the cutoff date using the RDD.32 We report the effect of
being born just before the cutoff date using the RDD approach at each age between 5 and 15 in
Figure 14. The effects are expressed as a proportional increase in ADHD prescription rate for
children born immediately before compared to those born right after the cutoff date, as we do
in our baseline results. Our estimates are similar to those reported in Figure 4. If anything, the
relative increase in ADHD prescriptions among early starters is larger when estimated using an

RDD.

Second, we test the sensitivity of our results to the inclusion of family fixed effects instead of
general practice fixed effects. Following Dhuey et al. (2019); Chen et al. (2015), we compare
siblings who just met or missed the cutoff birthdate for school entry. The results of this exercise
are presented in Figure A.6. As this exercise severely constrains the available sample, we extend
our main estimates’ +/— 60-day bandwidth (Figure A.6a) to 120 days (Figure A.6b). While
imprecisely estimated, the results are qualitatively similar to our baseline results, particularly

when we increase the sample in panel (b).

Third, we address concerns about measurement error in the date of birth and conduct a sen-
sitivity analysis excluding children born close to the September 1 cutoff. Note that we do not
observe the exact date of birth in our data; we only observe the start and end of the maternity
care. The length of these maternity care spells is equal to or less than 3 days for 99% of our
sample, with the average and median being around 2 days. We set the date of birth as the mid-
dle date between the start and end date of maternity care. We find virtually identical results
to our baseline specification when we re-estimate our baseline model by excluding children born
within +/— 3 days of the September 1 cutoff. The new results, shown in Figure A.7, are very

similar to our baseline specification, as reported in Figure 4).

32The manipulation test does not reject of absence of discontinuity in the birth date at the cutoff (see Section
6.1).
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Fourth, to test the sensitivity of our results to model specification, we adopt a logistic regression
rather than a linear probability model. We report in Figure A.8 the estimated odds ratios, i.e.,
the ratio of the odds of receiving a prescription for early starters to the odds for late starters at
each age between 5 and 15. These odds ratios are all statistically significantly larger than 1 and

align with our baseline results.

Next, we shift our focus from the rate of ADHD prescriptions to the rate of ADHD diagnoses. To
identify ADHD diagnoses, we use the Read Codes, a clinical terminology system used in general
practices across the UK. We define ADHD using the same codes as Bushe et al. (2015).33
Our dependent variable ADH Ddiagnosis; . (ADH Ddiagnosis; 4) takes value 1 if at least one
relevant ADHD Read Code was recorded in the child’s ¢ medical history or the child received
a prescription for ADHD at any point in time up to age a (grade g). In Figure A.9, we plot
the share of children with an ADHD diagnosis by age group. Using this dependent variable,
we re-estimate our baseline model and plot the proportional increase in ADHD diagnoses rate
caused by being an early starter from age 5 to 15 and grades 0 to 10 in Figure 15. The results

are similar in magnitude and significance to those in Figure 6.34

Finally, we also explore whether these results differ across the different birth cohorts included in
our study. As shown in Figure A.10, there has been an increase in the prescription rates across
cohorts. Such increase has also been observed in other developed countries, such as the US, and
has raised concerns about whether children are being correctly diagnosed and treated for ADHD
(Setlik et al., 2009). Nevertheless, when considering the effect of being an early starter on ADHD
prescription by age and separately for three different adjacent birth cohorts (children born in
2002-2004, 2005-2007, and 2008-2010), we do not find any statistically significant differences

across cohorts (see Figure A.11).

9 Conclusions and Discussion

Children who start school at a younger age are more likely to be diagnosed with ADHD and
receive prescriptions for ADHD. Given the high prevalence of ADHD among children and adoles-

33See Bushe et al. 2015 for a complete list of codes.

34 As mentioned in Section 6.2, we interpret the negative but insignificant coefficients for reception class and
grade 1 as a confirmation of our intuition that these negative coefficients were driven by medications for ADHD
typically not being recommended for children under the age of 5.
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cents, as well as its long-term impact on educational and labor market outcomes, it is crucial to
understand the underlying mechanisms behind this association. Specifically, it is important to
investigate (1) what mechanisms explain the effect of starting school early on the probability of
being diagnosed with and prescribed drugs for ADHD and (2) why this effect does not diminish
with age as it does for the impact on a child’s socio-emotional and cognitive skills, as found in

previous research (e.g., Elder and Lubotsky, 2009; Robertson, 2011; Crawford et al., 2013).

Shedding light on these questions is essential for developing effective interventions to improve
children’s health and education. Our empirical answers can be summarized in the following two
key findings. First, the effect of starting school early on ADHD prescriptions from age 8 onward
is mainly explained by a relative age effect. Second, the long-term impact of early school entry
on ADHD, observed from age 9 onward, is primarily explained by the persistence of prescriptions

made between ages 5 and 8.

Our findings are aligned with previous evidence in two dimensions. First, we documented similar
patterns in the increased rate of ADHD prescriptions for early starters as those in previous
studies. Second, our results reinforce the hypothesis raised in Evans et al. (2010), Elder (2010),
and Furzer et al. (2022) that the relative age difference between early and late starters is the

main mechanism causing a gap in the ADHD prescription rate in the long-term.

The relative age effect is likely to be driven by an amplified perception of ADHD symptoms in
early relative to late starters, which is caused by a peer-comparison bias. Therefore, a gap in
ADHD between early and late starters implies, in the best scenario, more marginal diagnoses
for early starters (Persson et al., 2021) and, in the worst scenario, an over-diagnosis of early
starters or an under-diagnosis of late starters (see, e.g., Furzer et al., 2022). Over-diagnoses can
affect negatively schooling performance (e.g., Currie et al., 2014); under-diagnoses may worsen
children’s future outcomes (e.g., Chorniy and Kitashima, 2016) and lead to negative spillover
effects school mates (e.g., Aizer, 2008) and younger family members (e.g., Breining, 2014; Persson
et al., 2021); while marginal diagnoses can lead to prescriptions with modest or even negative
effects on health and with long-term economic costs (e.g., Persson et al., 2021). In conclusion,
a gap in ADHD rates between early and late starters suggests that there is a misallocation of

medical resources.
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Based on our findings, we offer some key recommendations to parents and policymakers to reduce
the gap in ADHD. First, a cautious approach is necessary when delaying children’s school entry
(red-shirting). This is because it may have varying effects on different subgroups of children.
The effect of being an early starter may harm subgroups of children who have a high risk of
ADHD over-diagnosis, e.g., high-SES children, leading to a potential increase in such risk of
over-diagnosis or to marginal diagnosis with no or little benefit. Conversely, starting early may

be beneficial for under-diagnosed groups, such as girls.

Second, increasing awareness of ADHD symptoms and of the effect of relative age among parents
and teachers and improving early referrals and diagnosis between ages 5 and 8 could help mitigate
biases and lead to reduced long-term prescription gaps after age 8. Improvements in teachers’
assessment of ADHD could be achieved by training teachers to recognize children with ADHD
behavioral issues and other learning disabilities. Furzer et al. (2022) provide some empirical
evidence that teachers with training in learning disabilities report ADHD symptoms with no
discontinuity at the cutoff date for school entry. Another possibility is to modify the ADHD
diagnostic process to give less weight to teachers’ reports when the child is a very early starter or
a very late starter observed in the first years of primary school and with mild symptoms. Persson
et al. (2021) provide a similar suggestion to reduce the propagation of marginal or misdiagnoses
caused by “hereditary tagging” — i.e., by the fact that other cases of ADHD in the family can

lead to an increase in ADHD treatment even for children who have very mild symptoms.

Lastly, another potential way to address the negative consequences of relative age bias is to
sort children into separate classes based on the month and year of birth to ensure they have
classmates of similar ages. This could be achieved by changing how children are sorted into
classes within each cohort of students or by having multiple school entry points throughout the

academic year.
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Figures

Figure 1: Rate of ADHD Prescriptions by Age

Percentage of children with ADHD prescription

Age

(a) Pooled sample

Percentage of children with ADHD prescription
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Notes: Each marker captures the percentage of children receiving an ADHD prescription in the corresponding age
period. Panel (a) considers the full sample of children born between July and October, while Panel (b) considers
early starters (born in July and August) and late starters (born in September and October) separately.
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Figure 2: Prevalence of ADHD Prescriptions by Week of Birth
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(a) All Ages (5 to 15)
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(c) Ages 8 to 10
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(b) Ages 5to 7
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(d) Ages 11 to 15

Notes: Each marker captures the percentage of children receiving a prescription for ADHD by birth date in weeks
relative to September 1. Panel (a) consider children at any age between 5 and 15, while panels (b) to (d) focus
on different age groups, 5-7, 8-10 and 11-15. The vertical dashed line represents September 1 — the cut-off point

for school entry.
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Figure 3: Balance of Observable Characteristics After Controlling for General Practice and Year Fixed
Effects
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Notes: Each covariate is regressed on the dummy for early starters while controlling for general practice and
year-fixed effects. The figure plots the estimated effect of the early starters dummy and the corresponding 95%
confidence intervals.

Figure 4: Effect of Early Start of School on ADHD Prescriptions by Age
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15. The effects are expressed as a proportional increase in the prescription rate for early starters relative
to late starters, ro = va/Pr(ADHD; , = 1|Early; = 0). In each regression, we control for sex, ethnicity, postal
code SES, and maternal age at birth, and include GP and year of birth fixed effects.
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Figure 5: Effect of Early Start of School on ADHD Prescriptions By Grade
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each grade
from reception class to grade 10. The effects are expressed as a proportional increase in the prescription rate for
early starters relative to late starters, ry = v4/Pr(ADHD; 4 = 1|Early; = 0). In each regression, we control for
sex, ethnicity, postal code SES, and maternal age at birth, and include general practice and year of birth fixed

effects.

Figure 6: Effect of Early Start of School on ADHD Prescriptions by Age and Grade
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15 and grade from reception class to grade 10. The effects are expressed as a proportional increase in
the prescription rate for early starters relative to late starters, r, = v¢/Pr(ADHD;; = 1|Early; = 0) with t = a
for age and g for grade. In each regression, we control for sex, ethnicity, postal code SES, and maternal age at
birth, and include general practice and year of birth fixed effects.
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Figure 7: Effect of Early Start of School on Anxiety Prescriptions and Diagnoses by Age and Grade
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15 and grade from reception class to grade 10. The effects are expressed as a proportional increase
in the prescription (panel (a)) and diagnosis (panel (b)) rate for early starters relative to late starters, r, =
~¢/Pr(Anxiety;: = 1|Farly; = 0) with t = a for age and g for grade. In each regression, we control for sex,
ethnicity, postal code SES, and maternal age at birth, and include general practice and year of birth fixed effects.

Figure 8: Incidence of ADHD Prescriptions by Week of Birth
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Notes: Each marker captures the percentage of children receiving a first-time prescription for ADHD by birth
date in weeks relative to September 1. Panel (a) and (b) consider prescriptions for children aged 5-8 and 9-15,
respectively. The vertical dashed line represents September 1 — the cut-off point for school entry.
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Figure 9: Effect of Early Start of School on ADHD First-Time Prescriptions by Age and Grade
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15 and grade from reception class to grade 10. The effects measure the part of the proportional increase
in ADHD prescriptions explained by differences in first-time prescriptions between early and late starters (see 9).
In each regression, we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general
practice and year of birth fixed effects.

Figure 10: Stylized Representation of the Distribution of Age-standardized ADHD Symptoms with
Diagnostic Thresholds
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Notes: The vertical dashed lines represent the early-starters, the intended (age-standardized), and late-starters
diagnostic thresholds potentially adopted by specialists.
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Figure 11: Stylized Representation of the Distributions of Perceived and Age-standardized (Correct)
ADHD Symptoms for Early and Late Starters
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Notes: The vertical dashed lines represent the diagnostic thresholds teachers use.

Figure 12: Rate of ADHD Prescriptions by Age: Heterogeneity by Gender and Socioeconomic Back-
ground

2 LR 2
% « ‘g. s ’
§ 1.5 N ’ E '5 -
3 :
2 X z .
g « g * A
3 =2 a
g 5 e g 57 "
[ i . < 1
0o e e ee | [ N — - :
0 3 6 9 12 15 0 3 6 9 1‘2 15
Age Age
—e— Girls 4~ Boys o Low SES 4~ High SES
(a) By gender (b) By socioeconomic area background

Notes: Each marker captures the percentage of children receiving an ADHD prescription in the corresponding
age period. Low (high) SES is defined as living in deprived (non-deprived) areas where the Townsend deprivation
score is in the top (bottom) two quintiles.
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Figure 13: Effect of Early Start of School on ADHD Prescriptions by Age: Heterogeneity by Gender
and Socioeconomic Background
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Notes: the figure plots point estimates and 95% confidence intervals of separate regressions, one for each age from
5 to 15. Low (high) SES is defined as living in deprived (non-deprived) areas where the Townsend deprivation
score is in the top (bottom) two quintiles. The effects are expressed as a proportional increase in the prescription
rate for early starters relative to late starters, ro = vo/Pr(ADHD; . = 1|Early; = 0). In each regression, we
control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice and year of
birth fixed effects.

Figure 14: Effect of Early Start of School on ADHD Prescriptions by Age, Using a Regression Discon-
tinuity Design
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15. The effects are expressed as a proportional increase in the prescription rate for early starters relative
to late starters, ro = 4o /Pr(ADHD; , = 1|Early; = 0). In each regression, we control for sex, ethnicity, postal
code SES, and maternal age at birth, and include general practice and year of birth fixed effects.
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Figure 15: Effect of Early Start of School on ADHD Diagnoses by Age and Grade
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15 and grade from reception class to grade 10. The effects are expressed as a proportional increase in
the diagnosis rate for early starters relative to late starters, . = v/Pr(ADHD; ; = 1|FEarly; = 0) with t = a for
age and g for grade. In each regression, we control for sex, ethnicity, postal code SES, and maternal age at birth,
and include general practice and year of birth fixed effects.
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Tables

Table 1: Number of Observations by Age

(1) (2)

Age Observations

5 96,698
6 96,698
7 96,698
8 96,698
9 96,698
10 80,805
11 66,434
12 52,599
13 39,290
14 27,446
15 17,384
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Table 2: Summary Statistics, By School Starting Age

(1) (2) (3) )

Full sample FEarly starters Late starters Difference

Sex

Male 51.1 50.9 51.3 -0.4

Female 48.9 49.1 48.7 0.4
Ethnicity

White 54.6 54.8 54.3 0.6*

Non-white 14.7 14.9 14.6 0.3

Unclassified 30.7 30.3 31.1 -0.9%F*
Deprivation index in quintiles

Q1 (least deprived) 28.4 27.8 28.9 -1.1

Q2 24.9 25.0 24.8 0.1

Q3 20.2 20.2 20.2 0.0

Q4 16.1 16.3 15.8 0.5%*

Q5 (most deprived) 10.4 10.7 10.2 0.5%*
Maternal age at birth

<20 7.5 74 7.6 -0.2

21-34 74.4 74.3 74.6 -0.3

35-39 15.6 15.7 15.4 0.3

>40 2.5 2.6 2.4 0.2%*
ADHD rates in percentage points

Average ADHD diagnosis 0.5 0.6 0.4 0.2%%%*

Average ADHD prescription 0.4 0.5 0.3 0.2%**
N 96,698 49,157 47,541 96,698

Notes: All variables are dummies, and we report the average expressed in percentages for the full sample in column 1, for
early starters in column 2, for late starters in column 4, and the difference in the average between early and late starters
in column 4. * p<0.10, ** p<0.05, *** p<0.001. The averages of the dummies for ADHD diagnosis and prescription are
again expressed in percentage and computed by pooling together children observed from 5 to 15 years old.
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Table 3: Testing Differences Between Same Age and Same Grade Estimates on the Effect Early Start
of School on ADHD Prescriptions

(1) (2) 3)
Age/grade Same age Same grade p-value
Age 5/Reception 1.086 -0.609 0.058
(0.55) (0.4)
Age 6/Grade 1 0.509 -0.522 0.037
(0.21) (0.17)
Age 7/Grade 2 0.787 -0.112 0.036
(0.16) (0.13)
Age 8/Grade 3 0.823 0.301 0.052
(0.13) (0.12)
Age 9/Grade 4 0.551 0.266 0.077
(0.1) (0.09)
Age 10/Grade 5 0.549 0.304 0.097
(0.1) (0.09)
Age 11/Grade 6 0.588 0.422 0.141
(0.11) (0.1)
Age 12/Grade 7 0.492 0.379 0.226
(0.11) (0.11)
Age 13/Grade 8 0.412 0.307 0.253
(0.12) (0.12)
Age 14/Grade 9 0.505 0.473 0.602
(0.15) (0.15)
Age 15/Grade 10 0.398 0.494 0.379
(0.19) (0.19)

Notes: The table reports the point estimates and standard errors of separate regression, one for each age from 5 to 15
(column 1) and grade from reception class to grade 10 (column 2). The estimates and standard errors are expressed as a
proportional increase in the diagnosis rate for early starters relative to late starters, r¢ = v¢/Pr(ADHD; ; = 1|Early; = 0)
with ¢ = a for age and g for grade. These estimates are the same as the ones reported in Figure 6. In each regression,
we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice and year of birth
fixed effects. In column 3, we report the p-values of a test of differences in the results of columns 1 and 2, with the null
hypothesis assuming no difference between these estimates.
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Table 4: Testing Differences Between Same Age and Same Grade Estimates on the Effect Early Start
of School on Anxiety Prescriptions

(1) (2) (3)
Age/grade Same age Same grade p-value

Age 5/Reception class 0.141 -0.368 0.077
0.2 0.18

Age 6/Grade 1 0.51 -0.14 0.055
0.18 0.15

Age 7/Grade 2 0.271 0.018 0.114
0.13 0.13

Age 8/Grade 3 0.267 -0.022 0.087
0.11 0.11

Age 9/Grade 4 0.123 -0.02 0.155
0.1 0.09

Age 10/Grade 5 0.184 -0.057 0.094
0.1 0.09

Age 11/Grade 6 0.184 0.006 0.131
0.1 0.1

Age 12/Grade 7 -0.007 -0.102 0.242
0.1 0.1

Age 13/Grade 8 -0.031 -0.127 0.268
0.11 0.11

Age 14/Grade 9 -0.087 -0.09 0.985
0.13 0.13

Age 15/Grade 10 0.011 -0.137 0.236
0.18 0.17

Notes: The table reports the point estimates and standard errors of separate regression, one for each age from 5 to 15
(column 1) and grade from reception class to grade 10 (column 2). The estimates and standard errors are expressed as a
proportional increase in the diagnosis rate for early starters relative to late starters, r¢ = ¢/ Pr(Anxiety; ; = 1|Early; = 0)
with ¢ = a for age and g for grade. These estimates are the same as the ones reported in Figure 7a. In each regression,
we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice and year of birth
fixed effects. In column 3, we report the p-values of a test of differences in the results of columns 1 and 2, with the null
hypothesis assuming no difference between these estimates.
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Table 5: Testing Differences Between Same Age and Same Grade Estimates on the Effect Early Start
of School on Anxiety Diagnoses

(1) (2) (3)
Age/grade Same age Same grade p-value

Age 5/Reception class 0.264 -0.121 0.113
0.26 0.24

Age 6/Grade 1 -0.052 -0.205 0.215
0.19 0.18

Age 7/Grade 2 0.108 -0.366 0.059
0.16 0.14

Age 8/Grade 3 -0.065 -0.218 0.14
0.12 0.12

Age 9/Grade 4 -0.025 -0.286 0.065
0.11 0.1

Age 10/Grade 5 0.117 -0.23 0.05
0.1 0.1

Age 11/Grade 6 0.357 -0.068 0.04
0.11 0.1

Age 12/Grade 7 -0.082 -0.195 0.154
0.09 0.09

Age 13/Grade 8 -0.124 -0.394 0.06
0.08 0.08

Age 14/Grade 9 0.04 -0.336 0.043
0.09 0.08

Age 15/Grade 10 0.074 -0.246 0.054
0.11 0.1

Notes: The table reports the point estimates and standard errors of separate regression, one for each age from 5 to 15
(column 1) and grade from reception class to grade 10 (column 2). The estimates and standard errors are expressed as a
proportional increase in the diagnosis rate for early starters relative to late starters, r¢ = ¢/ Pr(Anxiety; ; = 1|Early; = 0)
with ¢ = a for age and g for grade. These estimates are the same as the ones reported in Figure 7b. In each regression,
we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice and year of birth
fixed effects. In column 3, we report the p-values of a test of differences in the results of columns 1 and 2, with the null
hypothesis assuming no difference between these estimates.
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Appendix
Figures

Figure A.1: Manipulation Testing: Estimated Density of the Running Variable
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Notes: The horizontal axis depicts the date of birth relative to the cut-off point at school entry of September 1.
The solid lines depict the local polynomial density estimate (blue and red on each side of the September 1 cutoff).
The shaded areas capture the robust bias-corrected confidence intervals. The histogram of the running variable,
the children’s birth date in days centered around the cutoff for school entry, is shown in the background.
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Figure A.2: Rate of ADHD Prescriptions by Age

1.5+ . .
°
5 <
= —~
5 . -
o -~
E s
=4 - -
a i >
5 e -
< o s
é // -
= x .
= «
5 54 P
@ s
= /o
= o
5 s
o v
2 7
S
0—-—0—0—.———*.—""‘/
T T
0 3 6 9 12 15
Age
+— Early starter »—  Middle starter = Late starter

Notes: Each marker captures the percentage of children receiving an ADHD prescription in the corresponding
age period. The figure complements Figure 1b, which considers early starters (born in July and August) and
late starters (born in September and October) separately and includes middle starters (born between November
and June. As reported in Table 2, our main sample of early and late starters consists of N = 96,698 individuals
(49,157 early starters and 47,541 late starters). Additionally, the figure above includes N = 196,938 middle
starters, who are not part of our main analyses.

Figure A.3: Rate of ADHD Prescriptions for Late Starters by Age and Grade
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Notes: Each marker captures the percentage of late starters (i.e., born in September and October) receiving an
ADHD prescription in the corresponding age (from ages 5 to 15) and grade period (from reception class to grade
10).
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Figure A.4: Histogram of the Age at Which Children Receive Their First ADHD Prescription
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Notes: To construct this figure, we consider a sub-sample of children who received an ADHD prescription between
ages 5 and 15. We plot the distribution of the age at which these children receive their first prescription.

Figure A.5: Effect of Early Start of School on ADHD First-Time Prescriptions by Age: Heterogeneity
by Gender and Socioeconomic Background
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Notes: the figure plots point estimates and 95% confidence intervals of separate regressions, one for each age from
5 to 15. Low (high) SES is defined as living in deprived (non-deprived) areas where the Townsend deprivation
score is in the top (bottom) two quintiles. The effects measure the part of the proportional increase in ADHD
prescriptions explained by differences in first-time prescriptions between early and late starters (see 9). In each
regression, we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice
and year of birth fixed effects.
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Figure A.6: Effect of Early Start of School on ADHD Prescriptions by Age, Including Maternal Fixed
Effects
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15 and grade from reception class to grade 10. The effects are expressed as a proportional increase in
the prescription rate for early starters relative to late starters, rs = ~v¢/Pr(ADHD;: = 1|Early; = 0) with t = a
for age and g for grade. In each regression, we control for sex and include mother and year of birth fixed effects.
Panel (a) uses all sibling combinations in a sample of children born within 60 days of the September 1 cutoff date.
In Panel (b), we expand this bandwidth to 120 days at either side of the September 1 cutoff point. The effective
sample sizes are reported in Table A.1.

Figure A.7: Effect of Early Start of School on ADHD Prescriptions by Age, Excluding Children Born
Around September 1
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15. The effects are expressed as a proportional increase in the prescription rate for early starters relative
to late starters, ro = vo/Pr(ADHD; , = 1|Early; = 0). In each regression, we control for sex, ethnicity, postal
code SES, and maternal age at birth, and include general practice and year of birth fixed effects. Compared to
the results in Figure 4, we exclude children born within +/— 3 days of the September 1 threshold.
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Figure A.8: Effect of Early Start of School on ADHD Prescriptions by Age, Using a Logistic Model
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 15. The effects are expressed as odds ratios. In each regression, we control for sex, ethnicity, postal
code SES, and maternal age at birth, and include general practice and year of birth fixed effects.

Figure A.9: Average Rate of ADHD Diagnoses by Age
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Notes: Each marker captures the percentage of children diagnosed with ADHD in the corresponding age period.
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Figure A.10: Rate of ADHD Prescriptions by Cohort
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Notes: Each marker captures the percentage of children receiving an ADHD prescription in the corresponding
age period. Since we only observe children until 2020, children born in later cohorts (in blue and black) cannot
be tracked until age 15.

Figure A.11: Effect of Early Start of School on ADHD Prescriptions by Age and Cohort
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Notes: The figure plots point estimates and 95% confidence intervals of separate regressions, one for each age
from 5 to 10 and separately for three different birth cohorts. The effects are expressed as a proportional increase
in the prescription rate for early starters relative to late starters, ro = vo/Pr(ADHD; o = 1|Early; = 0). In each
regression, we control for sex, ethnicity, postal code SES, and maternal age at birth, and include general practice
and year of birth fixed effects.
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Tables

Table A.1: Number of Observations by Age When Including Mother Fixed Effects

(1) 2) (3)

Age Observations with bandwidth = 60 Observations with bandwidth = 120

5 14,163 53,410
6 14,163 53,410
7 14,163 53,410
8 14,163 53,410
9 14,163 53,410
10 10,802 41,194
11 7,825 30,432
12 5,239 20,642
13 3,061 12,434
14 1,429 6,119
15 401 1,886
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