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Abstract

Children who start school at a younger age are more likely to receive pharmacological
treatment for attention deficit hyperactivity disorder (ADHD). This pattern is widely
attributed to peer-comparison biases, but the relative importance of different underly-
ing mechanisms remains debated. We use administrative data from England to study
how school starting age affects ADHD prescription rates from ages 5 to 15. Exploiting
a sharp school-entry cutoff and comparing children born just before and after Septem-
ber 1, we estimate both age- and grade-specific effects of early school entry. We find
that early starters are 40-50% more likely to be treated for ADHD by age 15. This
long-term gap is entirely driven by first-time prescriptions among children aged 5 to 8.
Using a novel decomposition strategy, we isolate the roles of relative age, absolute age,
the length of school exposure, and age at school entry. We find that relative age is the
primary long-term driver, aligning with previous evidence on peer-comparison bias,
while absolute age and the length of school exposure have only short-lived effects.
Our findings suggest that early starters are more likely to receive marginal diagnoses
due to their relative immaturity, and we recommend refining diagnostic guidelines and
classroom grouping practices to reduce diagnostic gaps.
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1 Introduction

Attention deficit and hyperactivity disorder (ADHD) is a prevalent childhood disorder
(Thomas et al. 2015), characterized by concentration problems, excessive activity, and
impulsivity. It 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. Children who start school at a relatively younger age than their school-
grade peers are more likely to receive an ADHD diagnosis and medication than older
peers. This difference has been attributed to their relative immaturity compared with
older peers (Elder 2010). While both the oldest and the youngest children in a grade are
likely to receive pharmacological treatment if they have extreme ADHD symptoms,
only the youngest children are likely to be treated for milder symptoms (Persson et al.
2025). More marginal diagnoses for the relatively younger children imply an unfair
and inefficient use of medical resources (Persson et al. 2025; Furzer et al. 2022).!
The treatment of marginally diagnosed patients may produce modest or even negative
effects on their health and can have long-term economic costs.”

Quasi-experimental evidence has exploited school-entry age cutoffs to document
the gap in ADHD diagnosis and pharmacological treatment rates for relatively younger
children.? For example, in England, the cutoff date is September 1, and there is a gap
of almost 1 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 what explains the gap in ADHD
pharmacological treatment rates between early and late school starters.

In line with previous studies, we confirm a discontinuity in treatment rates at the
school entry cutoff across all ages 5 to 15. However, when we look at the first-time
prescription rate (i.e., the incidence of ADHD pharmacological treatments instead
of their prevalence), we find a discontinuity at ages 5-8, but not after age 9. These
findings suggest that the long-term gap in ADHD pharmacological treatment rates

Lf marginal treatments for early starters prove beneficial, this could lead to an unjust undertreatment
of late starters compared to their early counterparts. Conversely, if such treatments have negative effects,
early starters could be unfairly overtreated relative to late starters. In either case, the gap signals resource
misallocation.

2 See, e.g., Brewer et al. (2007); Alalouf et al. (2024); Cuddy and Currie (2020); Einav et al. (2020); Persson
et al. (2025); Currie and Zwiers (2025) and Bos et al. (2023).

3 See 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. (2025) for Sweden. A notable
exception is the case of Denmark, where Dalsgaard et al. (2012) and Dalsgaard et al. (2014a) 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 diagnosis and
treatment is provided in Whitely et al. (2018) and Schnorrbusch et al. (2020).
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between early and late starters is caused by prescriptions initiated in the first years
of primary school, highlighting the importance of accurate diagnosis in early primary
school.

This gap is often attributed to teachers’ peer-comparison bias. Early starters are the
youngest in their grade, so teachers may misinterpret their more immature behavior
relative to older classmates (e.g., inattention or disruptiveness) as ADHD symptoms.*
Few studies have examined other mechanisms. Evans et al. (2010) provide suggestive
evidence that the gap in ADHD diagnosis between early and late school starters is not
explained by differences in stress and the length of school exposure by age. Schwandt
and Wuppermann (2016) emphasize that the gaps in ADHD diagnosis and prescrip-
tions between early and late school starters can partly be explained by differences in
absolute age and the length of school exposure. We build on these previous papers and
introduce a more comprehensive framework. This allows us to rule out some of these
potential mechanisms and confirm that relative age is the main mechanism explaining
the long-term effect.

Previous evidence has documented the effects of relative age and teacher com-
parison biases. 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 symptoms of ADHD
among children, as reported by teachers’ reports, plotted against the date of birth have
a discontinuity at the cutoff date for school entry. In contrast, there is no discontinuity
in parents’ reports.’

However, previous papers largely overlook other influences on teachers’ assess-
ments beyond relative age. Teachers can have an amplified perception of ADHD
symptoms in early starters, not only due to age but also because stress may tem-
porarily worsen symptoms. Although school stress does not cause ADHD, which is
primarily genetic (Riglin et al. 2016), it can temporarily worsen symptoms in class,
prompting more teacher-reported symptoms and marginal diagnoses.®

Early starters may face more stress at school entry due to their lower age and
maturity at that time—we refer to this as the age at start of school effect. They are
also in a higher school grade than late starters at the same age, thus exposed to higher
expectations and demands from teachers, which can increase 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 Urzda
2021)—relative age effect. Furthermore, the ADHD gap in pharmacological treatment

4 See, e.g, Elder and Lubotsky (2009); Elder (2010); Evans et al. (2010); Morrow et al. (2012); Schwandt
and Wuppermann (2016); Bertoni et al. (2023).

SA systematic review by Frisira et al. (2025) summarizes the existing evidence on the relative age effect
on ADHD diagnoses and prescriptions.

6 Studies in behavioral genetics show that a stressful environment has an important role in explaining
ADHD symptoms (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) link stress
and ADHD symptoms.
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between early and later starters may be underestimated if we do not account for the
absolute age effect. Because rates of ADHD pharmacological treatment increase with
age, a non-age-adjusted rate of ADHD for early starters who are observed at a younger
age than late starters in the same grade could underestimate the actual rate.

Our conceptual framework considers four potential mechanisms behind the ADHD
treatment gap between early and late starters: the age at the start of school, the length
of school exposure, relative age, and absolute age. Unlike previous papers that focused
solely on relative age, we adopt a model that includes these four mechanisms to explain
the effect of an early school start on the rate of ADHD pharmacological treatment.’
Below, we explain how we address 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 late starters at the same age, using administrative data on general
practices to determine whether a child has been prescribed pharmacological treatment
for ADHD 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 effects of absolute
age and school exposure duration, revealing that both 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
provide suggestive evidence that role of stress is, at most, minor in explaining the long-
term effects by showing that starting school early only has small effects on anxiety
diagnoses and drug prescriptions, which should be affected by manifestations of stress
(Rockhill et al. 2010; Chaby et al. 2015) and is a common psychiatric comorbidity
of ADHD (Toole and Frank 2024).% Therefore, our results suggest that the long-term
effect on ADHD pharmacological treatment rates is mainly (although not necessarily
exclusively) driven by the relative age effect, as claimed in previous studies (see, e.g.,
Elder, 2010; Evans et al., 2010; Persson et al., 2025; Furzer et al., 2022; Bertoni et al.,
2023).

We leverage novel administrative data from general practices and hospitals in
England that provide information on children’s health conditions, prescriptions, and
treatments from birth onward. Focusing on a cohort of children born between 2002
and 2010, we estimate the effect of starting school early on pharmacological treatment
for ADHD at (i) each age between 5 and 15 and (ii) each grade from reception (kinder-
garten) to grade 10. Using the September 1 entry cutoff, we compare July—August to
September—October births, controlling for observed child/family characteristics and

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

8 Similarly to us, Evans et al. (2010) provide suggestive evidence that stress is not a relevant mechanism
by showing that there are no gaps in ADHD diagnosis between early and late starters when looking at
childhood ailments that may be amplified by stress, such as respiratory allergies, hay fever, and frequent
headaches.
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medical practice fixed effects.” The gap in ADHD pharmacological treatment rates
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 40-50% larger than
late starters.'® This gap is mainly explained by differences in relative age and is 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 retention, as these practices are rare in England, unlike in the US (Crawford
etal. 2013). Even in the presence of red-shirting, our estimate likely represents a lower
bound on the true effect, since parents tend to delay entry for less mature children. We
also rule out that our results are driven by the season of birth, as similar gaps have been
documented across countries with varying cutoffs and in both hemispheres (Bedard
and Dhuey 2006). Furthermore, our main findings are confirmed when considering
the regression discontinuity approach and other sensitivity analyses.

Our first contribution to the literature is a broader understanding of the mech-
anisms, beyond relative age, underlying the gap in pharmacological treatment for
ADHD between early and late starters. We analyze the effect of early start on ADHD
pharmacological treatment rates across age and school grades and provide a concep-
tual framework to explain how comparing these rates helps identify the roles of each
mechanism.

Our second contribution is to the emerging literature on marginal treatments (e.g.,
Einav et al., 2020; Persson et al., 2025; Currie and Zwiers, 2025; Bos et al., 2023).
A gap in marginal treatments between early and late starters implies inefficient and
unequal resource use. We use incidence and prevalence rates of ADHD pharmaco-
logical treatments across ages and grades to identify when marginal treatment gaps
are most likely to emerge. This is important because ADHD pharmacological treat-
ments, like other mental health treatments, tend to last for years, so initiating marginal
treatments can have lasting effects on health and public spending.

Finally, we provide guidance on interventions to reduce the early-late starter treat-
ment gap. We caution against indiscriminate red-shirting for all early school starters
and suggest two alternatives to reduce marginal diagnoses among early starters: sort-
ing children into classes based on age and improving diagnostic decision-making in
early primary school.

The paper proceeds as follows: Section2 outlines the conceptual framework.
Section 3 reviews ADHD diagnosis, treatment, and the education system in England.
Section4 describes the data, and Section 5 details the identification strategy. Section 6
presents the main results on prevalence and incidence gaps, underlying mechanisms,
initiation periods, and robustness checks. Section 7 discusses the interpretation of our
results. Finally, Section 8 concludes with policy recommendations.

9 Date of birth is proxied using administrative maternity care records, which report the start and end of the
maternity care spell rather than the exact birth date. In the main analysis, we use the midpoint of this spell
as a proxy for date of birth. The results are robust to alternative definitions that use the beginning or the
end of the maternity care spell, as well as to excluding observations close to the September 1 cutoff (see
Section4 for more detail and Section 6.4 for internal validity checks.

10 1f we instead measure differences on the extensive margin (i.e., whether a child receives an ADHD
prescription at least once by age 15), the difference is 61%.
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2 Conceptual framework

Twin studies have found that ADHD is a highly heritable disorder (Jepsen and Michel
2006), but environmental factors can alter the severity of ADHD symptoms (Liv-
ingstone et al. 2016; Bjorkenstam et al. 2018; Hartman et al. 2019). School entry
represents a transition into a more structured and evaluative environment, which may
differentially affect children depending on developmental maturity. Evidence from
the developmental psychology and education literatures suggests that transitions into
structured group settings can be more demanding for younger or less mature chil-
dren, suggesting that adjustment challenges or stress at entry could temporarily affect
observed behavior (Rimm-Kaufman and Pianta 2000; Dettling et al. 1999; Ahnert
et al. 2004; Gunnar and Quevedo 2007).!!

Besides stress, another factor that may explain the gap in ADHD pharmacological
treatment rates is a peer-comparison bias. As emphasized by Elder and Lubotsky
(2009); McEwan and Shapiro (2008), and Elder (2010), 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. (2025),
these may result in prescriptions that increase healthcare costs without corresponding
health improvements. Even if marginal treatments for early starters were beneficial, we
would still face a misallocation of health resources, resulting in unfair undertreatment
of late starters.

As explained in Section 1, there are four 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 cog-
nitive maturity (low school readiness), which may be associated with greater
short-run adjustment challenges when entering formal schooling, especially in
the first school years (Rimm-Kaufman and Pianta 2000; Gunnar and Quevedo
2007). Stress, in this context, reflects differences in children’s capacity to cope
with a given stimulus at a fixed point in time.

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. Teach-
ers’ expectations and curriculum demands 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.

' The cited studies motivate the plausibility of short-run adjustment or stress responses at institutional
transitions rather than persistent effects. Rimm-Kaufman and Pianta (2000) describe school entry as a
salient developmental transition with heterogeneous adjustment by maturity. Using physiological measures,
Dettling et al. (1999) and Ahnert et al. (2004) document elevated cortisol responses among younger children
during transitions into structured group-care environments. Gunnar and Quevedo (2007) review evidence
that stress responses to novel and socially demanding environments depend on developmental readiness
and are strongest around periods of transition. This focus on early or immediate transitions may explain
why we do not find evidence of a lasting stress-at-entry channel at later ages.
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Under this mechanism, stress does not arise simply because children are younger
at a given point in time, but because prolonged exposure to the school environ-
ment increases the frequency and duration of situations in which their behavior
is evaluated. In the early school years, early starters are placed in higher grades
relative to their age and therefore face more demanding curricula and behavioral
expectations, increasing the likelihood that ADHD-related behaviors are noticed
and acted upon.]2 Over time, however, continued exposure to schooling may also
foster the development of socio-emotional skills and greater familiarity with class-
room routines, which can attenuate these effects as children adapt (Cornelissen and
Dustmann 2019). We therefore treat the net short-run effect of the length of school
exposure as potentially positive, while allowing the data to determine whether this
effect persists into later grades.

3. Relative age: Early starters are the youngest in their grade and can be perceived
by teachers as having more severe symptoms due to peer-comparison bias. Fur-
thermore, the stress caused by relative immaturity can worsen their mental health
and temporarily aggravate their ADHD symptoms.'? Relative age is measured as
the number of days between a child’s date of birth and the school-entry cutoff
date. With a September 1 cutoff in England, children born on August 31 are the
youngest in their cohort (relative age minus 364 days), while children born on
September 1 are the oldest (relative age 0). Under this definition, more negative
relative age values indicate being younger than classmates.

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 in ADHD pharmacological treatment rates 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 gap
in ADHD pharmacological treatment rates were mainly explained by relative age, a
better solution would be to group children within the same grade into more refined age-
based classes or to improve diagnostic procedures to account for relative age. Finally,
if the main mechanism behind the ADHD pharmacological treatment rates was the
difference in absolute age between early and late starters, no intervention would be
needed, since comparisons at the same age remove the gap. Below, we present a model
that accounts for all four mechanisms.

12 This effect is likely to be strongest in the early school years, when transitions into more structured and
evaluative environments are relatively abrupt, and children have had limited time to adapt to classroom
routines.

13 Kiessling 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.
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We define a dummy variable AD H D; ; which takes value 1 if the child i received
at least one prescription for ADHD in the 1-year period ¢ and O otherwise, and we
model the relationship between AD H D; ; and the four mechanisms discussed above
adopting a linear probability model'# The assumption of a linear probability model
will be relaxed in our sensitivity analysis.

ADHD;; = oy + yexp, Exposure; s + YAGEE.: AgeEntry; ; n

+ YRELAGE, RelativeAge; ; + vABSAGE,: AbsAge; s +u; ,

where the subscript # denotes the specific 1-year interval in the life of child i (either age
or school grade). The length of school exposure (Exposure), absolute age (AbsAge),
age at school entry (AgeEntry), and relative age (RelativeAge) are measured at a
daily level using exact dates. u; ; captures the effect of the covariates, which we will
introduce in our empirical section, and a residual error term. Based on the mechanisms
above, the probability of ADHD treatment should increase with the length of school
exposure and absolute age, but decrease with age at entry and relative age. In other
words, we expect yexp,r > 0, Yapsage,r > 0, YvrReLace,r < 0and 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 Exposure, AbsAge, AgeEntry, and
Relative Age, needs to hold only within each interval 7. 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
Abs Age by approximately 1 year, so the effect of being an early starter is given by
the following:

Vi = YEXP,t — YAGEE,t — YRELAGE,t — YABSAGE,t- (2)

The slope coefficients in Eq.1 cannot be separately identified because of multi-
collinearity. However, by observing both early and late starters in the same academic
year, i.e., defining the time ¢ as school grade g, we keep Exposure constant and
identify the following:

Y¢ = —YAGEE,s — YRELAGE,g — VABSAGE, g 3)

14 This model is similar to the model adopted by Cornelissen and Dustmann (2019) but it is extended
to include the relative age as an additional mechanism. Equation:1 is a conceptual decomposition rather
than an estimating equation. Because the length of school exposure, age at school entry, relative age, and
absolute age are mechanically related, their coefficients cannot be separately identified in a single regression.
We therefore allow all coefficients to vary freely by period ¢ and exploit comparisons that hold different
subsets of mechanisms constant. This approach avoids reliance on shared time trends and instead leverages
institutional timing differences between age-based and grade-based comparisons.
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where y, 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 Abs Age is the same for early and late starters, and we can identify the
following effect of being an early starter at age a:

Ya = YEXP,a — YAGEE,a — YRELAGE,a» 4

which we call the same-age effect.

We compute y, and y, 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 y, with the same age effect y, computed at a = g + 5, where 5 is the age
that children turn during their first year in primary school in England, implying that
YAGEE,a = YAGEE,g a0 YRELAGE,a = YAGEE,g- Therefore, by taking the difference
between y, and y,, we isolate the combined effect of the length of school exposure
and absolute age:

Ya — V¢ = YEXP,a + VYABSAGE,g- (5)

The comparison between the same-age and same-grade effects isolates the com-
bined contribution of the length of school exposure and absolute age, yexp,o +
YABSAGE,g- For ease of reference, Appendix Table A.l1 summarizes the mapping
between the coefficients in the conceptual framework and the effects estimated in the
empirical analysis. Under the plausible assumption that both the absolute-age compo-
nent (reflecting increasing diagnosis with age) and the exposure component (reflecting
higher institutional demands at higher grades) operate in the same direction, a near-
zero difference would suggest that these components are small in magnitude relative
to the remaining mechanisms: relative age and age at entry. We expect both effects
to be positive: absolute age, because treatment increases with age, and the length of
school exposure, because early starters face more pressure from advanced curricula at
least in the early school grades.

3 Background
3.1 ADHD: diagnosis and treatment

ADHD is one of the most common neurodevelopmental disorders during childhood
(Mannuzza and Klein 2000). It is characterized by inattentiveness, hyperactivity, and
impulsiveness. 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 the child’s school’s special educational needs coor-
dinator or a 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

15 Children in England start schooling with a reception year, which is equivalent to the US kindergarten
year.
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community pediatrician,'® learning disability specialist, social worker, or occupational
therapist with experience in ADHD diagnosis.

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 must be consistently present for at least
6 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 at
school) to ensure that they are not a reaction to a particular teacher or parent. Therefore,
the views of parents and teachers are crucial in 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 the disorder, they can pro-
vide relief from some of the associated symptoms. They have been shown to improve
concentration, reduce impulsivity, induce a sense of calm, and facilitate the learning
and application of new skills in individuals with this condition. This treatment has the
potential to aid children with ADHD in focusing better in the classroom and minimiz-
ing risky behaviors outside of school. Aizer (2008); Dalsgaard et al. (2014b); 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 medi-
cations 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 con-
sidering 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 1 year earlier and attending
reception year, which is equivalent to the US kindergarten year. As a result, most
children start school full-time in September after their fourth birthday, creating an
almost 1-year age difference between children born just before and after September

16 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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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) 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. Parents
can delay the start of reception class from September to later in the school year, but
not beyond September after the child’s Sth birthday. This means that children who are
delayed will still start the first grade in September after their Sth birthday. Furthermore,
children born between April 1 and August 31 can apply to skip reception class, but
they still start their first grade in September after their Sth birthday. All these delays
are not automatic and require the parents to submit a successful application to the
competent admission authority.!”

Although most primary schools in England have a single cutoff date for school
entry (September 1), in the very early 2000s, a few schools 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). During this period, almost all minority schools
switched to a single-entry cutoff date.'8

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 approximately 12.5h of free childcare per week (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 (elemen-
tary) 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 fewer than 10% of children
are enrolled in independent schools requiring tuition fees. The Standard Attainment
Tests (SATs) are administered at ages 7, 11, and 14, and the General Certificate of
Secondary Education (GCSE) is typically taken at ages 15—16. Compulsory schooling
ends at age 16."°

17 Using data from a period when there was variation across schools in the age at the start of reception
class, Cornelissen and Dustmann (2019) find that starting reception a few months earlier has a positive
effect on cognitive and non-cognitive skills, especially for disadvantaged children.

18" A 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
pharmacological treatment rates across different cohorts of children born from 2002 to 2010. Our analysis
shows that the effect of early school entry on rates of pharmacological treatment for ADHD remained
consistent across these cohorts.

19" 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 20h or more a week working or volunteering
while in part-time education or training.
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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 Hospital Episode Statistics (HES). In our analysis, we use individual-level
information on general practice diagnostics, drug prescriptions, and maternity records
from HES, enabling us to link children to their mothers. QResearch has been used
as a representative sample of the primary care population in well-published medical
journals (Hippisley-Cox and Coupland 2010; Gao et al. 2021; Aveyard et al. 2021).2°

For all children in the data, we consider their prescriptions for ADHD-related disor-
ders?! 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, overcrowded households, households
not owner-occupied, and unemployed individuals.?> Our data also include information
on the health at birth of children, including maternal age at birth, birth weight, and
date of birth. We observe the dates of entry and exit from maternity care and use the
median between these two dates as a proxy for the date of birth. The average length
of stay in maternity care is 2 days. In Section 6.4, we run several sensitivity analyses
to show that this approximation of the date of birth does not bias our results.

In addition to information on ADHD diagnoses and prescriptions, QResearch and
the linked Hospital Episode Statistics provide rich health information for both children
and mothers that we use in internal validity and robustness checks. These data include
hospital admissions for a range of pediatric and maternal conditions recorded in HES,
as well as primary care records containing information on maternal health behaviors
such as smoking status and body mass index (BMI). The timing and construction of
these variables, and their use in balance tests, are described in Section 6.1 for maternal
characteristics and in Section 6.4 for child placebo health outcomes.

20° 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 large 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. Furthermore, 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).

21 ADHD pharmacological treatments 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).

22 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 are highly skewed. All four variables are then standardized using a Z-score. The
Townsend deprivation index is the sum of these four scores.
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4.2 Main sample and variables

Our main sample comprises 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 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
extends to the end of 2020, we can track all children at least until age 10. After the
age of 10, the sample gradually decreases. Table 1 shows each age’s sample size.

In our empirical application, we examine the profile of ADHD pharmacological
treatments by age and by school grade and consider two different definitions of the
outcome variable: (1) a dummy variable for ADHD prescription at age a, ADH D,,
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,
and (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 g starting from 0, the reception (kindergarten)
year, and following with grades 1 to 10. In secondary analyses, we repeat the analysis
using diagnoses defined analogously, rather than prescriptions for pharmacological
treatment. To identify ADHD diagnoses, we use the Read Codes, a clinical terminology
system used in general practices across the UK, and define ADHD using the same
codes as Bushe et al. (2015).23 We define a child as diagnosed with ADHD at age ¢
if either in his/her GP medical history there is at least one ADHD-related behavioral
symptom recorded at any point in time up to age ¢, or if he/she has been prescribed
ADHD-related medications at any point in time up to age ¢ given that children cannot
be prescribed without a formal diagnosis.?* This definition is relatively lenient, so we
treat diagnoses as a secondary outcome and report them separately in Appendix B.
Our key regressor is Early, 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 consists of males, and the other half consists of females. Half of the
children are white, and 15% are nonwhite. We do not have ethnicity information for
about one-third of the individuals in the sample, which we code as a separate category

23 See Bushe et al. (2015) for a complete list of codes.

24 In other words, we assume there is a diagnosis whenever there is a prescription. Hence, the rate of
diagnoses in our data is always higher than the rate of prescriptions.
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Table 1 Number of observations A

by age ge 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
Table 2 Summary statistics, by school starting age

Full sample Early starters Late starters Difference
Sex, in percentage points
Male 51.1 50.9 51.3 —0.4
Female (%) 48.9 49.1 48.7 0.4
Ethnicity, in percentage points
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%**
Deprivation index quintiles, in per-
centage points
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, in percentage
points
<20 75 7.4 7.6 —-0.2
21-34 74.4 74.3 74.6 —0.3
35-39 15.6 15.7 154 0.3
>40 2.5 2.6 2.4 0.2%*
Maternal age (continuous)
Maternal age, continuous 29.1 29.2 29.1 0. 1%%*
(5.6) (5.6) (5.6) (0.0)
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Table 2 continued

Full sample Early starters Late starters Difference
ADHD rates, in percentage points
Average ADHD diagnosis 0.8 1.0 0.6 0.47%%*
Average ADHD prescription 0.6 0.7 0.4 0.3%**
Ever diagnosed with ADHD 22 2.7 1.7 0.9%#*
Ever prescribed ADHD drugs 1.4 1.7 1.1 0.6%#*
Anxiety rates, in percentage points
Average anxiety diagnosis rate 1.0 1.1 0.9 0.27%*
Average anxiety prescription rate 0.5 0.6 0.4 0. 1%
Ever diagnosed with anxiety 4.7 5.1 44 0.7%%*
Ever prescribed anxiety drugs L5 1.7 1.4 0.3%%
Child admissions while aged 5 to 15,
in percentage points
Any admission 32.7 32.6 32.8 —-0.2
Gastroenteritis 0.7 0.7 0.6 0.1
Chest pain 0.4 0.4 0.4 0.0
Epilepsy 0.4 0.4 0.5 —0.1
Ear infections 1.7 1.7 1.7 0.1
Asthma 3.8 3.6 3.9 —0.3%**
Flu 0.1 0.1 0.1 —0.0
Pneumonia 0.5 0.4 0.5 —0.1%*
Conjunctivitis 0.1 0.1 0.1 -0.0
Maternal health and health behaviors
while the child was
aged 0to4, in percentage points unless
otherwise indicated
Any admission 68.2 68.2 68.3 —0.1
BMI (kg/m2) 26.3 26.3 26.2 0.1*

(5.5) (5.5) (5.5) (0.0)
Overweight (BMI > 25kg/m?) 50.9 51.4 50.5 0.9%%*
Missing info BMI 449 44.9 45.0 —0.1
Smoker 20.7 21.0 20.4 0.6*
Missing smoking 26.0 25.9 26.2 —-0.3
Alcohol consumption >2 units/day 4.7 4.8 4.7 0.1
Missing alcohol consumption 62.8 62.9 62.7 0.2
N 96,698 49,157 47,541 96,698

Notes: For dummy variables, 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. For continuous variables, we report the mean and standard deviation. *

p<0.10, ¥ p<0.05, *** p<0.01
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cription

escrption

with ADHD pr

Percentage of children with ADHD pres:

centage of children

Per

0 3 6 9 12 15

Age
0 3 6 9 12 15
Age o+ Earystater 4 Late starter

(a) Pooled sample (b) Early vs late starters

Fig.1 Rate of ADHD prescriptions by age. Notes: Each marker captures the percentage of children receiving
an ADHD prescription in the corresponding age period. a) considers the full sample of children born
between July and October, while b) considers early starters (born in July and August) and late starters (born
in September and October) separately

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
pharmacological treatment 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 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 postal codes in 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 pharmacological treatment 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 AD H D, multiplied by 100 is the
rate of prescription at age a expressed in percentage points, which we plot for each
age from O to 15 in Fig. 1a. Thepercentage of children with an ADHD prescription is
close to zero until the age of 5, which is in linewith the medical guidelines described
in Section 3, and graduallyincreases to 1.25% by the time children are 15 years old.
Figure 1b again plots theprofile of the ADHD prescription rate by age, but separately
for early and late starters. As expected, after age 5, earlystarters are more likely to

25 In later analyses, we label the bottom two quintiles as “high SES” and the top two quintiles as “low
SES” (see Section6).
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receive a prescription for ADHD, and the disparity between them and late startersgrows
wider over time.?® A similar pattern holds for ADHD diagnoses(Appendix Fig. B.1).

While the main focus of our analysis is to explain the differences between early
and late starters, for completeness, we also plot the ADHD pharmacological treatment
rate by age for middle starters (that is, children born between November and June) in
Appendix Fig. A.1. As expected, the prescription rates for middle starters are consis-
tently below the prescription rates for early starters and above the rates for late starters.

5 Empirical strategy

In England, most children start school full-time in September after their fourth birthday,
by attending the reception year, which is 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) relative
to late school starters (i.e., born in September—October) on the probability of receiving
pharmacological treatment for ADHD.

Let us consider the dummy variable ADHD observed at a specific period in the
child’s life #, which takes the 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 phar-
macological treatment 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;; = ar + v Early; + B Xi + [, j + a5 + €its (6)

where the subscripts i, 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. Early; takes the value 1 if the child i
was born in July—August and 0 if born in September—October. u, ; and i, ¢ are the
general practice and birth year fixed effects,?® respectively, and ¢; ; is the idiosyncratic
error term. o4, ¥, and B, are the intercept, the effect of being an early starter as

26 Beau-Lejdstrom et al. (2016) estimate the annual prevalence rates of ADHDpharmacological treatment
among children below age 16 to be around 51 per 10,000 children,which is comparable to the estimates
we report in Table 2. Similarly, McKechnie et al. (2023) estimate thatl.4 to 2.4% of children in the UK
between ages 10 and 16 have a prescriptionfor ADHD. Studies using prescription data from primary care
records are likely to underestimate the total prevalence of ADHD pharmacological treatment, as children
may also receive medication via other providers.

27 As detailed in the following paragraph, the time period ¢ is defined either by age or by school grade, and
Eq. 6 is estimated separately under each definition.

28 Birth-cohort fixed effects absorb cohort-specific trends in ADHD diagnosis and treatment that are com-
mon to children born in the same period, such as changes in diagnostic guidelines, prescribing norms,
or awareness over time. As a result, identification does not rely on secular trends across cohorts but on
within-cohort comparisons of early and late starters.
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defined in Eq. 2 in Section 2, and the vector of coefficients corresponding to the vector
of background controls X;. The vector of controls includes sex, ethnicity, the area
deprivation index, and maternal age at birth (see Section4 for descriptions of these
variables). We account for heteroscedasticity by using robust standard errors using the
Huber-White sandwich estimator.?

We estimate Eq. 6 separately for different values of 7 at which the child is observed.
In our empirical application, we consider two ways to define the time 7: age @ and school
grade g. To do so, we consider the following two outcome variables: (1) ADH D; ,,
that takes value 1 if a child received at least one prescription related to ADHD in the
period [a,a + 1) witha = 5, ..., 15, and (2) ADH D; g4, 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.

(¢ - 100) measures the effect of being an early starter as a percentage point increase
in ADHD pharmacological treatment rate—the probability of receiving a pharmaco-
logical treatment for ADHD at time ¢. Because the rate of ADHD pharmacological
treatment prescription varies substantially across age (see Fig. 1a), we present the
effect of being an early starter in terms of percentage increase, rather than percentage
points increase, in the ADHD pharmacological treatment rate at time ¢, i.e.,

Pr(ADHD; = 1|Early; =1) — Pr(ADHD,;; = 1|Early; = 0) 10

re-100 =
Pr(ADHD;; = 1|Early; = 0)

0,
)

where the numerator can be replaced with y; and the denominator with the rate of
ADHD prescription for late starters at time 7.

To consistently estimate the effect of being an early starter using model Eq. 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
pharmacological treatment rates. 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, based on the full population of children in state
(public) schools in England in 2008. 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 the probability of receiving pharmacological treatment for
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 general practice and year-of-birth
fixed effects, along with a set of background characteristics.

Our rich administrative data on hospitals and general practices enable us to follow
children over time and observe their ADHD prescriptions at each specific age between
5 and 15, thereby avoiding recall and measurement issues that typically affect parents’
and teachers’ reports on children’s ADHD in sample surveys. However, we do not

29 In 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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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).

Because the baseline specification restricts attention to narrow birth-date windows
around the school-entry cutoff and includes cohort and practice fixed effects, identifi-
cation comes from local variation in date of birth rather than from long-run age trends.
Formally, this specification can be viewed as similar to a regression discontinuity
design with a 2-month bandwidth’:

ADHD;; =& — 7 1(zi = 0) + h; (z)1(zi < 0) +h (z1)1(z; = 0)

< N . 5 )

+ B Xi + Mt,j + s + € gy
where the notation is the same as in Eq. 6, but we use the tilde sign to emphasize
elements that may differ from the model Eq. 6. z; is the running variable, which is the
birth date of child i centered around the cutoff date for school entry (September 1);
1(z; = 0) is a dummy taking value 1 if the running variable is positive (late school
starters) and O otherwise. Notice that ; 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. To flexibly control for smooth relationships
between the running variable and the outcome, we allow the functional form to differ
on each side of the threshold by estimating separate local second-order polynomials,
h; (z;)and h?’ (z;), for observations below and above the cutoff, respectively. We adopt
a symmetric bandwidth of 60 days (2 months) on either side of the cutoff, ensuring
identification relies on observations close to the threshold, where units are plausibly
comparable.’! 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 functions for £; (z;) and
h,Jr (z;) for the relationship between ADHD and the running variable, this specification
is less crucial if we focus on a narrow bandwidth, i.e., a sub-sample of children
born close to the cutoff point. The estimation of the model Eq. 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 where /; (z;) and h,+(zi) are assumed
to be the same ones, implying that the conditional expectation of ADHD varies only

30 Although the running variable is calendar time (date of birth), our design differs from a “pure” Regression
Discontinuity in Time (RDiT) setting (Hausman and Rapson 2018). In RDiT designs, a policy change at
a single date affects the same units over time. By contrast, our design exploits a birth-date cutoff that
assigns different individuals to different school-entry cohorts, so identification comes from cross-sectional
comparisons of children born just before and just after the cutoff. For this reason, standard RD diagnostics,
including manipulation tests and local polynomial estimation within narrow windows, are appropriate in
this setting.

31 When 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 those produced with 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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through a discontinuous shift at the cutoff rather than through smooth variation in the
running variable. It is, therefore, unsurprising that the estimation of the model Eq. 6
produces results similar to the RDD model Eq. 8, as we show in Section 6.4.

6 Results

In this section, we focus on differences in the prevalence of pharmacological treatment
for ADHD between early and late starters. That is, we include children who have either
a first-time (new) prescription or a renewed prescription initiated earlier.

6.1 Descriptive evidence on our identifying variation

We compare ADHD pharmacological treatment rates between children born in July—
August and those born in September-October (i.e., children born before and after the
school entry cutoff for England). Figure 2a plots the ADHD pharmacological treatment
rate against the week of birth, centered around September 1, for all children aged 5 to
15. In sub-figures b to d, we repeat this exercise separately for children aged 5-7, 8-10,
and 11-15. All four sub-figures show a clear discontinuity in ADHD prescription rates
at the school entry cutoff.

Percentage of children with ADHD prescrptions

-5 -10 5 0 5 10 15 15 -10 5 0 5 10

Birth date relative to the cutoff date, in weeks Birth date relative to the cutoff date, in weeks

(a) All Ages (5 to 15) (b) Ages5to 7

Percentage of children with ADHD prescriptions

5 -10 5 0 5 10 15 15 -10 5 0 5 10 15

Birth date relative to the cutoff date, in weeks Birth date relative to the cutoff date, in weeks

(c) Ages 8 to 10 (d) Ages 11 to 15

Fig. 2 Prevalence of ADHD prescriptions by week of birth. Notes: Each marker captures the percentage
of children receiving a prescription for ADHD by birth date in weeks relative to September 1. a) considers
children at any age between 5 and 15, while b) to d) focus on different age groups: 5-7, 8-10, and 11-15.
The vertical dashed line represents September 1, the cutoff point for school entry
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We investigate whether the sorting into July-August and September—October births
is related to family background by comparing the average of background characteris-
tics between early and late starters, while controlling for the year of birth and general
practice fixed effects, as in our regression Eq. 6. Our results do not suggest any issue
of endogeneity, as shown by the fact that the effect of the dummy Early 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 Fig. 3).>> Even though including these
background variables is not necessary for identification, we retain them in Eq.6 to
increase estimation precision.

To further assess balance around the school-entry cutoff, we extend the analysis in
Fig.3 to include a set of predetermined maternal health and lifestyle characteristics
observed prior to school entry. Using linked hospital and primary care records, we
test for discontinuities in maternal hospital admissions and health behaviors measured
while the child is aged 0 to 4.33-3% We also examine maternal smoking status, alcohol
consumption, and body mass index (BMI) using primary care records.>> For each
of these variables, we estimate the effect of the early-starter indicator using the same
specification as in Eq. 6, controlling for year of birth and general practice fixed effects.
We find generally insignificant and small effects for these maternal characteristics.
Because these variables are not observed for all mothers, we do not include them as
baseline controls in our main specifications in order to preserve sample size and avoid
selection driven by missing data.

Finally, the regression discontinuity approach described in Eq. 8 assumes that chil-
dren and families are randomly assigned to the treatment and control groups 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 the validity of this assumption by
plotting the histogram of birth dates in days, with a 60-day bandwidth around the cut-
off for school entry. Following recent developments in the literature on RDD, we also
implement a nonparametric density estimator based on local polynomial techniques
to evaluate the continuity of the density function around the cutoff date as proposed
by Cattaneo et al. (2020). Appendix Fig. A.2 summarizes the results of this exercise.
We cannot reject the null hypothesis of no discontinuity in the density function at the
cutoff point (conventional p-value = 0.587, robust p-value = 0.588), suggesting no
manipulation and supporting the assumption of random sorting at the cutoff.

32 The 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—?2 percentage points.

33 All maternal health and lifestyle variables are measured prior to school entry to avoid post-treatment or
bad-control concerns.

34 Maternal hospital admissions are defined as an indicator equal to one if the mother experiences at least
one hospital admission while the child is aged O to 4, using Hospital Episode Statistics.

35 Maternal BMI is defined as the average of all recorded BMI measurements over the same period, and an
indicator for overweight status takes value one if this average exceeds 25. Maternal smoking is defined as an
indicator equal to one if the mother is recorded as a light, moderate, or heavy smoker at least once, and zero
if records indicate only non-smoker or ex-smoker status. Alcohol consumption is defined as an indicator
equal to one if there is evidence of average consumption of at least two daily units while the child is aged
0 to 4 in the primary care records, and zero if and only if there is evidence of lower or no consumption.
Because lifestyle variables have missing values, we also examine differences in the share of missing values.
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Fig. 3 Balance of observable characteristics after controlling for general practice and year fixed effects.
Notes: Each covariate is regressed on the dummy for early starters while controlling for general practice
and year-of-birth fixed effects. This plots the estimated coefficient on the early-starter indicator and the
corresponding 95% confidence intervals. Covariates include child gender, ethnicity, family socioeconomic
status measured by Townsend deprivation quintiles, maternal age at birth, and a set of predetermined
maternal health and lifestyle characteristics observed prior to school entry (i.e., when their child is between
ages 0 and 4). Maternal health and lifestyle care include an indicator for at least one hospital admission
while the child is aged 0—4 (from Hospital Episode Statistics), as well as maternal smoking status, alcohol
consumption, and body mass index derived from primary care records and measured prior to school entry.
Maternal BMI is defined as the average of all recorded BMI measurements over the same period, and an
indicator for overweight status takes value 1 if this average exceeds 25. Maternal smoking is defined as an
indicator equal to 1 if the mother is recorded as a light, moderate, or heavy smoker at least once, and 0
if records indicate only non-smoker or ex-smoker status. Alcohol consumption is defined as an indicator
equal to 1 if there is evidence of average consumption of at least two daily units while the child is aged 0 to
4 in the primary care records, and O if and only if there is evidence of lower or no consumption. Because
lifestyle variables have missing values, we also examine differences in the share of missing values

Before examining the effect of school starting on ADHD pharmacological treat-
ment by age and grade, we estimate its effect on the extensive margin of ADHD
pharmacological treatment, i.e., on an indicator equal to 1 if a child received at least
one prescription for ADHD by age 15. Table 3 shows that early starters are 61% more
likely to receive at least one prescription.® For completeness, we also show diagnoses:
early starters are 53% more likely to have ever been diagnosed with ADHD (Appendix
Table B.1).

36 Because our data cover children born between 2002 and 2010 and extend to the end of 2020, not all cohorts
are observed through age 15. As a result, this cumulative outcome may be affected by right-censoring for
younger cohorts. In Section 6.4, we assess the sensitivity of these results to attrition by comparing estimates
across cohorts and by re-estimating cumulative outcomes using exposure-length weights. These checks
show that attrition is unlikely to be a driver of our results.
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Table 3 Effect of early start of school on ever being prescribed ADHD pharmacological treatment

Ever prescribed ADHD drugs
(€]

Early start 0.006™**
(0.001)

N 96,698

Mean ever being prescribed for late starters, Pr(Ever ADH D; 5 = 0.011

1|Early; = 0)

Effect size, y15/Pr(Ever ADHD; 15 = 1|Early; = 0) 0.611

Notes: This reports the estimated y;5 in Eq. 6 when the dependent variable is an indicator taking value 1 if
the individual received at least one ADHD drug prescription up to age 15. The effect size is expressed as
the proportional increase in the rate of having ever been treated with pharmacological treatment for early
starters relative to late starters, r15 = yg/Pr(EverADHD; 15 = 1|Early; = 0). We control for sex,
ethnicity, postal code SES, and maternal age at birth and include general practice and year of birth fixed
effects

6.2 Gaps in prevalence rates of ADHD pharmacological treatment by age
and school grade: exploring mechanisms

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 ¥, = YEXP.« — VAGEE.a« — YRELAGE.a»
while the effect measured for children in the same grade g is ¥y = —VAGEE,s —
YRELAGE,g — YABSAGE,g» and we compare the same school grade effect y, with the
same age effect y, computed at age a = g+ 5. Recall also that we expect yrxp ; > 0,
VABSAGE,t > 0, YRELAGE,t < 0and YAGEE,t < 0, which implies that Vg will provide
an underestimation of the effect of being an early starter because biased by the absolute
age effect, while y,, will provide a larger estimation which includes the effect of length
of school exposure (grade). Appendix Table A.1 provides a summary of how these
effects map into the coefficients of the model.

We begin by examining the effect of being an early starter on ADHD pharmaco-
logical treatment rates, comparing early and late starters at the same age a, y,;. To do
so, we estimate Eq. 6 with the dummy variable as the outcome, taking a value of one if
a child was prescribed drugs related to ADHD in the interval [a, a + 1), where age a
ranges from 5 to 15. The results are presented in Fig. 4, where we plot the proportional
increase in the ADHD prescription rate caused by being an early starter (the coefficient
r, in Eq. 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 the 5% level at all ages and varies between 40%
and 100%.37 The effect at age 15 is lower than in Table 3, partly because the sample
is not fully tracked until age 15, and partly due to imperfect treatment adherence.

37 The estimates are less precise at age 5 because the ADHD rate at this age is extremely low, as shown in
Fig.1
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Fig. 4 Effect of early start of school on ADHD prescriptions by age. Notes: This 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, r, =
Ya/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

These results align with previous studies that have found that being an early starter
leads to increased rates of ADHD pharmacological treatment, regardless of the esti-
mation 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, in the
US, starting school earlier increases the ADHD prescription rate by about 25% relative
to the mean. Recent work by Persson et al. (2025) confirms these findings in Sweden,
where early starters are about 30% more likely to receive ADHD medications than
late starters.

We then estimate y,, the effect of being an early starter within the same school grade.
Figure 5 shows negative effects in reception and grades 1 and 2, and positive effects
from grade 3 onward (30%—50%). The early negative estimates reflect the absolute
age effect yaBsaGE,g» especially in reception and grade 1, when early starters are not
yet 5. Appendix Fig. B.2 confirms this pattern using GP diagnoses, consistent with
guidelines discouraging ADHD prescriptions before age 5. After age 7, the estimates
based on diagnosis converge, and the early negative coefficients become statistically
insignificant.

Few prior studies examine ADHD prescription rates by grade. Two exceptions, Pot-
tegard et al. (2014) and Schwandt and Wuppermann (2016), show patterns in Denmark
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Fig. 5 Effect of early start of school on ADHD prescriptions by grade. Notes: This 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, rg = yg/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

and Germany similar to ours: small or negative effects in the early grades, increasing
through grades 3—4, then stabilizing.*®

Finally, we compare y,; and y, (the effects of being an early starter by age and grade)
as shown in Fig. 6. The difference between them identifies the sum of the absolute age
and the length of school exposure effects, (YapsaGe,a + YExp,g), per Eq.5. This
combined effect tends to zero from grade 3 onward.>®

To address concerns about the interpretation of relative effect sizes, we also report
absolute differences (alongside the relative effect) and formally test for differences
between the same-age and same-grade effects in Table 4. From age 8 (grade 3), these
differences are no longer statistically significant, implying that we do not reject the
assumption that (YapsaGe,a +VExp,g) = 0. The effect of absolute age yapsaGE,q 1S
expected to be positive because the rate of ADHD prescription increases with age. We
also expect the effect of the length of school exposure, ygx p g, to be positive because
early starters experience higher stress due to being in a higher grade. Under these
expectations, (YABSAGE,a + VExP,g) = 0 implies that both YApsaGE.« and yexp ¢
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.

38 These grade gaps appear in Fig. 2 in Pottegard et al. (2014). They are not directly reported by Schwandt
and Wuppermann (2016) but can be inferred from their Fig. 2.

39 Figure 6 reports y, and yg divided by the ADHD prescription probability for late starters atagea = g+5
and grade g. Appendix Fig. A.3 shows that these denominators are nearly identical.
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Fig. 6 Effect of early start of school on ADHD prescriptions by age and grade. Notes: This 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; = y;/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

Table 4 Testing differences

between same age and same Age/grade (S{a)me age (Sza)me grade (p3—)va1ue
grade estimates on the effect of
early start of school on ADHD A ge 5/reception 0.027 —0.014 0.058
prescriptions (0.014) (0.009)
[1.086] [—0.609]
Age 6/Grade 1 0.067 —0.063 0.037
(0.027) (0.020)
[0.509] [—0.522]
Age 7/Grade 2 0.195 —0.027 0.036
(0.039) (0.032)
[0.787] [-0.112]
Age 8/Grade 3 0.315 0.109 0.052
(0.049) (0.043)
[0.823] [0.301]
Age 9/Grade 4 0.319 0.149 0.077
(0.056) (0.052)
[0.551] [0.266]
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Table 8 continued

Age/grade Same age Same grade p-value
() (@) 3

Age 10/Grade 5 0.373 0.206 0.097
(0.067) (0.063)
[0.549] [0.304]

Age 11/Grade 6 0.443 0.308 0.141
(0.079) (0.075)
[0.588] [0.422]

Age 12/Grade 7 0.414 0.316 0.226
(0.094) (0.090)
[0.492] [0.379]

Age 13/Grade 8 0.393 0.286 0.253
(0.116) (0.111)
[0.412] [0.307]

Age 14/Grade 9 0.488 0.448 0.602
(0.144) (0.140)
[0.505] [0.473]

Age 15/Grade 10 0.389 0.489 0.379
(0.184) (0.187)
[0.398] [0.494]

Notes: This reports the point estimates, standard errors (in parenthe-
ses), and effect sizes (in brackets) of separate regressions, 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 in
absolute values, while the effect sizes are expressed as a proportional
increase in the prescription rate for early starters relative to late starters,
re = yt/Pr(ADHD; ; = 1|Early; = 0) with t = a for age and g
for grade. These estimates are the same as the ones reported in Fig. 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 for a test of the
difference between the results in columns 1 and 2, assuming the null
hypothesis of no difference between the estimates

Starting school early can cause stress for children, which may increase the likelihood
of ADHD pharmacological treatment 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 disorders can be driven by remarkable manifestations
of stress (Chaby et al. 2015; Rockhill et al. 2010).? In Fig. 7, we estimate the impact
of school starting age on both anxiety prescriptions (Fig. 7a) and diagnoses (Fig. 7b).
For prescriptions, we observe smaller effects than those documented for pharmacolog-
ical treatment of ADHD. Compared with Fig. 6, the estimates on anxiety are smaller

40 The guidelines for pharmacological treatment of children with anxiety are reviewed in Patel et al. (2018).
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Fig.7 Effect of early start of school on anxiety prescriptions and diagnoses by age and grade. Notes: This
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
(a) and diagnosis (b) rate for early starters relative to late starters, r; = y;/Pr(Anxiety; ; = 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

and often statistically insignificant. Because prescriptions for anxiety may only cap-
ture extreme cases of stress, we also estimate the effects of starting school early on
diagnoses of anxiety. While significant in some periods, these results are also closer
to zero than our baseline results.*! While these findings provide suggestive evidence
that anxiety is unlikely to be the main driver of our results, we emphasize that anxiety
captures only one dimension of psychological distress. We therefore cannot exclude
the presence of other context-induced symptoms or behaviors (observable to teachers
and clinicians but unobserved in our data) that may differ by relative age.

Evidence from countries with school entry at age 6 also supports our conclusion.
Even there, early starters show comparable increases in ADHD treatment.*> This
suggests that uniformly raising school entry age by 1 year would not effectively reduce
the ADHD treatment gap.

In sum, the relative age effect appears to be the main driver of the long-term ADHD
treatment gap, leading to more marginal prescriptions for early starters. While chil-
dren with severe symptoms are treated regardless of birth month, those with milder
symptoms are more likely to be treated if they are early starters. This pattern suggests
that school-entry timing can shift access to ADHD treatment at the margin. Whether
this reflects overtreatment of early starters or undertreatment of late starters depends
on the long-run benefits of marginal treatment, which we cannot observe directly.

Allowing parents to delay school entry for children born just before the cutoff may
help reduce the ADHD treatment gap between children born on either side of the
cutoff. However, it may worsen resource allocation if parents of children most in need
of treatment delay both school entry and diagnosis. Alternatively, if high-SES parents
are more likely to delay entry while low-SES children are more in need, red-shirting
could shift resources from high- to low-SES groups, improving fairness. Yet even then,

4 1n Appendix Tables A.2 and A.3, we evaluate the difference between the “same age” and “same grade”
coefficients for anxiety prescriptions and diagnoses, analogously to what we do in Table 4.

42 gSee, e.g., Elder (2010) for the US and Persson et al. (2025) for Sweden.
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a gap would remain among low-SES children on either side of the cutoff, still pointing
to inefficiency and inequity.

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 diagnosis by raising awareness of the relative age
issues.

6.3 Gaps in incidence rates of prescriptions: when do they initiate?

Figure 6 shows that the effect of being an early starter persists across ages. Why
does this effect not diminish over time? One explanation is that ADHD is a chronic
condition that often requires long-term pharmacological treatment. To examine this,
we assess treatment persistence between ages 9 and 15 among children who received
at least one prescription between ages 5 and 8. We find 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, and 64.20% at 15 (Appendix Fig. A.4a). Moreover,
this treatment persistence is present among both early and late starters (Appendix
Fig. A.4b). Given this persistence, distinguishing between incidence and prevalence is
important. Incidence refers to first-time prescriptions, while prevalence includes both
initial and renewed treatments.*>

Plotting incidence rates against week of birth (centered on September 1), we find
a clear discontinuity from age 5 to 8, but none after age 9 (Fig.8). This suggests that
the prevalence gap is driven entirely by prescriptions initiated before age 9.

We re-estimate Eq. 6 using a new dependent variable, First Presc; ;, equal to 1 if
child i receives their first ADHD prescription in year ¢, and O otherwise. The results
are reported in Fig.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 late starters,

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

pr=

)
where ADH D;; in the denominator takes value 1 if a child receives either a new
(first) or a renewed old prescription in period 7.**

3 Appendix Fig. A.5 shows that most children receive their first ADHD prescription by age 9.
44 Note that the proportional increase in prevalence rate defined in Eq.7 is

Pr(ADHD; = 1|Early; = 1) — Pr(ADHD; ; = 1|Early; = 0)
"= Pr(ADHD; ; = 1|Early; = 0)
Pr(FirstPresciy = 1|Early; = 1) — Pr(FirstPresc; ; = 1|Early; = 0)
Pr(ADHD; ; = 1|Early; = 0)
Pr(RenewPresc; ; = 1|Early; = 1) — Pr(RenewPresc; ; = 1|Early; = 0)
+ Pr(ADHD; ; = 1|Early; = 0) ’

so pry in Eq.9 is the part of the proportional increase in prevalence rate explained by first prescriptions.
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Fig. 8 Incidence of ADHD prescriptions by week of birth. Notes: Each marker captures the percentage of
children receiving a first-time prescription for ADHD by birth date in weeks relative to September 1. a) and
b) consider prescriptions for children aged 5-8 and 9-15, respectively. The vertical dashed line represents
September 1, the cutoff point for school entry

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 Fig.6. Differences in ADHD drug 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 the
recurrent unfair difference in marginal treatments for ADHD between early starters
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Fig. 9 Effect of early start of school on ADHD first-time prescriptions by age and grade. Notes: This
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 pharmacological treatments explained by differences in first-time prescriptions between early and
late starters (see Eq.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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and late starters. We find a similar pattern when considering diagnoses instead of drug
prescriptions (Appendix Fig. B.3).%

Our finding of no effect on first prescriptions after age 8 aligns with Dalsgaard
et al. (2012) and Dalsgaard et al. (2014a), who report little or no effect after age 7 in
Denmark. This reinforces the need to address diagnostic biases in the early years of
primary school.

6.4 Robustness checks

We conduct several tests to evaluate the internal validity of our results. First, we
address concerns about differences in unobserved characteristics between early and
late starters using the RDD approach described in Section5. 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.*® We report the effect of being born just before the cutoff
date using the RDD approach at each age between 5 and 15 in Fig. 10. 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 Fig.4. This similarity
reflects the fact that both the baseline and the RDD specifications rely on the same local
variation in date of birth around the school-entry cutoff, rather than on extrapolation
of age trends.

Second, we test the sensitivity of our results to using 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 for school entry. General practice
fixed effects absorb time-invariant differences across practices and local areas, while
family fixed effects absorb all time-invariant family background characteristics shared
by siblings. The results are presented in Appendix Fig. A.6. As this approach constrains
the sample, we expand the bandwidth from £60 (Appendix Fig. A.6a) to 22120 days
(Appendix Fig. A.6b). While the estimates are imprecise, they are qualitatively similar
to our baseline results, particularly when using the larger bandwidth, consistent with
the interpretation that unobserved family background characteristics are unlikely to
be driving our results.

Third, we address concerns about measurement error in the date of birth in Appendix
Fig. A.7. As detailed in Section4, we do not observe exact birth dates; instead, we
observe only the start and end of maternity care. For 99% of the sample, this span is
3 days or less, with an average and median around 2 days. We use the midpoint as a
proxy for date of birth. Results remain virtually unchanged when we exclude children
born within 3 days of the cutoff. In addition, we re-estimate the main specifications

45 A child is defined as having a first-time diagnosis at age ¢ (grade g) if symptoms are first recorded at
that age or, if absent, if treatment begins then.

46 The manipulation test does not reject of absence of discontinuity in the birth date at the cutoff (see
Section6.1).
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Fig. 10 Effect of early start of school on ADHD prescriptions by age, using a regression discontinuity
design. Notes: This 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, rq, = yq/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

using the beginning and the end of the maternity care spell as alternative definitions
of date of birth. The estimated effects are very similar across all three definitions and
our baseline specification.

Fourth, we estimate effects on a vector of placebo outcomes that should not be
affected by relative age at school entry or by teachers’ assessments. Using Hospital
Episode Statistics (HES) data on inpatient admissions, we construct binary indicators
equal to one if a child experiences at least one hospital admission between ages 5 and
15 for a set of common pediatric conditions.*” Appendix Table A.5 shows generally
statistically insignificant and economically small effects: only one outcome is statis-
tically significant, and the estimated magnitudes are substantially smaller than those
observed for ADHD treatment. Taken together, these results suggest that the early-
late discontinuities documented for ADHD are unlikely to reflect broad differences in
physical health or hospital utilization and instead are specific to outcomes related to
ADHD diagnosis and treatment.

47 Placebo outcomes include malnutrition, gastroenteritis, chest pain, epilepsy, ear infections, asthma, flu,
pneumonia, conjunctivitis, and an indicator for any hospital admission. These conditions are chosen because
they are typically diagnosed and treated based on clinical symptoms, laboratory tests, or acute medical
presentation, rather than through school-based behavioral observation or teacher referral, as reflected in
standard diagnostic classifications and clinical guidelines (e.g., ICD-based coding and NICE guidelines for
pediatric asthma and epilepsy).
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Fifth, we adopt a logistic regression rather than a linear probability model. We
report the estimated odds ratios in Appendix Fig. A.8, i.e., the ratio of the odds of
receiving a prescription for early starters to those for late starters at each age between
5 and 15. All odds ratios are statistically significantly greater than 1 and align with
our baseline results.

Sixth, we examine whether our results are sensitive to attrition due to age-related
right-censoring. In our data, attrition is mechanical and reflects the finite observa-
tion window rather than selective dropout. As a result, it does not affect age-specific
estimates at younger ages, but it can influence cumulative outcomes such as whether
a child is ever prescribed ADHD medication, which mechanically depends on the
length of exposure. To address this concern, we re-estimate the effect of being an
early starter on ever being prescribed pharmacological treatment for ADHD using
weights proportional to each child’s observed length of exposure (Appendix Table
A.6). The weighted estimates are very similar to the baseline results (see Table 3),
suggesting that age-based right-censoring is unlikely to drive our findings.

We then examine whether the estimated effects differ across birth cohorts. This
comparison is informative because, as discussed in Section 3, school entry rules may
have changed over time for a subset of schools. While cohort fixed effects account
for trends in prescriptions and school entry rules that affect early and late starters
equally, cohort-specific changes could still bias our estimates if they generate differ-
ential prescribing trends between early and late starters. As shown in Appendix Fig.
A.9, prescription rates have increased over time, consistent with trends observed in
other developed countries such as the United States (Setlik et al. 2009). Nevertheless,
when examining the effect of early school entry by age across three adjacent cohorts
(2002-2004, 2005-2007, and 2008-2010), we find no statistically significant differ-
ences in the estimated effects (Appendix Fig. A.10). Together, these results suggest
that neither right-censoring by age nor cohort-specific changes in school entry rules
are likely to bias our estimates.

Finally, we examine whether the effect of early school entry varies systematically
across general practice (GP) providers, which provides an indirect test of whether the
estimated early-entry effect is driven by provider-specific diagnostic behavior. Because
the QResearch data are not linked to school identifiers, we cannot include school fixed
effects or school-by-early-entry interactions. Instead, we estimate specifications that
interact the early-entry indicator with GP practice fixed effects, restricting the sample
to practices with at least 200, 100, and 50 observations, respectively (Appendix Table
A.7). Reporting the full set of interaction coefficients is impractical, so we summarize
these results by computing the average marginal effect of early entry and comparing
it to the baseline estimate. The marginal effects are very similar to those obtained
from the baseline specification. Most importantly, if the early-entry effect were driven
by GP-specific diagnostic bias, one would expect substantial heterogeneity in the
GP-by-early-entry interaction coefficients. We formally test this and cannot reject
the null hypothesis that these interaction effects are homogeneous across practices.
Taken together, these results suggest that the early-entry effect is not driven by a small
subset of providers with atypical diagnostic behavior, but instead reflects a systematic
mechanism operating across practices.
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7 Interpretation of the gap in ADHD pharmacological treatment
between early and late starters

Every child can exhibit varying degrees of ADHD symptoms, including impulsive-
ness and inattention, which follow a natural distribution in the population. Diagnoses
and treatment target those in the upper tail of this distribution. The observed gap
in ADHD prescriptions between early (July—August) and late (September—October)
starters suggests that diagnostic and treatment thresholds differ between the groups.
This interpretation aligns with Persson et al. (2025) and is illustrated in Fig. 11. While
children with pronounced symptoms are treated regardless of birth month, those with
milder symptoms are more likely to be diagnosed and treated if born in July—August
than in September—October.

Why do thresholds differ between early and late starters? A common explanation is
that teachers may perceive relatively younger children’s behavior as more severe in the
classroom, where behavior is evaluated relative to peers and classroom expectations.
Both Elder (2010) and Furzer et al. (2022) find that teacher-reported symptoms show a
discontinuity at the school-entry cutoff, while parent-reported symptoms do not. This
suggests that teacher perceptions (unadjusted for age) shift the symptom distribution
rightward for early starters and leftward for late starters, as stylized in Fig. 12. The
blue density reflects the age-standardized distribution, while the green and red curves
represent unadjusted perceptions. Using non-age-standardized distributions inflates
perceived symptom severity in early starters. Although clinical guidelines acknowl-
edge age differences,*® diagnostic decisions rely on teacher reports, which can lead
to lower effective thresholds for early starters and higher thresholds for late starters.
This dynamic can contribute to marginal diagnoses and increased treatment among
early starters. Although diagnostic criteria are formally defined by clinical guidelines,
evidence suggests that behavioral assessments in school settings are often calibrated
relative to grade-level expectations rather than chronological age (Efron 2017). As
a result, similar behaviors may cross the threshold for concern more readily for rel-
atively younger children, because classroom norms and expectations define what is
considered appropriate behavior at a given grade level (Singh 2008).

Importantly, this mechanism does not require that teachers determine diagnoses or
that clinical guidelines are not followed. ADHD diagnosis is carried out by specialists
and relies on information from multiple settings, including school and home. Because
teacher reports are a key input into both referral and clinical assessment (Schwandt
and Wuppermann 2016), differences in how behavior is evaluated in the classroom can
translate into differences in diagnosis, even when formal criteria remain unchanged.

The lower threshold for July—August births may lead to overdiagnosis and overtreat-
ment; conversely, the higher threshold for September—October births may result
in underdiagnosis and undertreatment. Identifying whether over- or underdiagnosis

48 In England, the National Institute for Health and Care Excellence advises that “ADHD should be con-
sidered in all age groups, with symptom criteria adjusted for age-appropriate changes in behaviour.”
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Fig. 11 Stylized representation of the distribution of age-standardized ADHD symptoms with diagnostic
thresholds. Notes: The vertical dashed lines represent the early starters, the intended (age-standardized),
and late starters diagnostic thresholds potentially adopted by specialists

dominates would require knowing the scientifically appropriate threshold (data that
are not available to researchers, as noted by Persson et al. (2025)).

As in previous studies, we cannot definitively assess whether early starters are
undertreated or late starters are overtreated. Nonetheless, the increased treatment rate
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Fig. 12 Stylized representation of the distributions of perceived and age-standardized (correct) ADHD
symptoms for early and late starters. Notes: The vertical dashed lines represent the diagnostic thresholds
teachers use
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for early starters suggests a role for marginal diagnoses.** We contribute to this debate
by examining subgroup variation. Prior research has documented systematic differ-
ences in ADHD diagnosis and treatment across groups, conditional on symptoms. In
particular, girls have been shown to be at higher risk of underdiagnosis relative to boys
(Faraone et al. 2003). By contrast, several studies suggest that children from higher
socioeconomic backgrounds may be more likely to receive an ADHD diagnosis for
comparable behaviors, reflecting differences in referral patterns, parental advocacy, or
diagnostic practices (Elder 2010; Emma Degroote and Houtte 2022; Elder and Zhou
2021). In this context, relative age at school entry could plausibly interact with these
group-specific detection and referral processes.

However, because we do not observe underlying symptom severity or a clinically
appropriate treatment threshold, and because subgroup estimates are often imprecise,
we do not use our heterogeneity results to infer the direction of over- or underdiagnosis
within specific groups. We therefore treat the heterogeneity analysis in Appendix C as
exploratory and descriptive, and interpret it as evidence that relative-age mechanisms
may operate differently across groups in ways consistent with patterns emphasized in
the prior literature.

Finally, while ADHD prescription rates increase across birth cohorts in our data,
particularly at older ages, we find that the early-late school entry gap is driven by
differences in first-time prescriptions at younger ages and does not vary systematically
across cohorts. This pattern suggests that the relative age mechanism operating at
school entry is stable over time and distinct from the forces driving aggregate increases
in ADHD diagnoses. As such, our results speak to marginal diagnosis at school entry
rather than to changes in underlying mental health trends.

Consistent with this interpretation, cross-country evidence shows that relative-age
gradients in ADHD diagnosis and treatment vary across institutional settings and are
weaker or absent in some contexts, such as Denmark (Dalsgaard et al. 2012, 2014b;
Pottegard et al. 2014), suggesting that features of the diagnostic and referral process
influence the magnitude of these effects.

8 Discussion

Children who start school at a younger age are more likely to be diagnosed with
and receive pharmacological treatment for ADHD. Given the high prevalence of such
treatment and its long-term impact on educational and labor market outcomes, it is
important to understand the mechanisms behind this association. In particular, we

49 A related debate in the literature concerns whether increases in observed ADHD diagnosis and treatment
reflect misdiagnosis and marginal treatment or genuine deterioration in child mental health. Our analysis
does not aim to explain aggregate trends over time, nor can it distinguish correct from incorrect diagnoses,
since we do not observe underlying symptom severity or a scientifically appropriate treatment threshold.
Rather, our findings are most naturally interpreted through a threshold-based lens: relative age at school entry
shifts treatment decisions for children near a latent diagnostic threshold. This interpretation is consistent
with recent evidence summarized by Nicoletti and Vidiella-Martin (2025), who emphasize the role of
changing diagnostic thresholds and marginal diagnoses in explaining rising ADHD diagnosis rates, as well
as with structural evidence showing that substantial diagnostic disparities can arise from decision-making
under uncertainty rather than from differences in underlying symptom prevalence (Marquardt 2025).
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investigate (1) what explains the effect of early school entry on the likelihood of
ADHD diagnosis and treatment and (2) why this effect persists with age, unlike the
impact on cognitive and socio-emotional skills found in prior research (Elder and
Lubotsky 2009; Robertson 2011; Crawford et al. 2013).

Understanding these mechanisms is key to designing interventions that improve
children’s health and education. We summarize our findings in two points. First, the
persistence of the ADHD treatment gap after age 8 is primarily due to relative age
effects. Second, the long-term impact of early school entry is driven by prescriptions
initiated between ages 5 and 8.

Our results align with earlier studies in two ways. First, we replicate the observed
increase in ADHD treatment rates among early starters. Second, we reinforce the
hypothesis advanced by Evans et al. (2010); Elder (2010), and Furzer et al. (2022) that
relative age differences are the main long-term driver of the ADHD treatment gap.

This relative age effect is consistent with teacher peer comparisons in early school
years shaping referrals and diagnostic decisions for ADHD treatment. As a result,
treatment gaps may reflect marginal diagnoses at best (Persson et al. 2025), and over-
or underdiagnoses at worst (Furzer et al. 2022). Overdiagnosis can negatively affect
schooling outcomes (Currie et al. 2014); underdiagnosis may impair future outcomes
(Chorniy and Kitashima 2016) and have spillover effects on peers (Aizer 2008) and
siblings (Breining 2014; Persson et al. 2025). Marginal diagnoses may yield limited or
even harmful health effects, with long-run economic costs (Persson et al. 2025). Taken
together, the treatment gap suggests that relative age can shift treatment decisions for
children near the margin, which may not always align with underlying need.

Based on these findings, we suggest key recommendations for parents and
policymakers. First, caution is warranted when considering delayed school entry (red-
shirting). Our results suggest that changes in school entry timing can interact with
relative age and institutional evaluation processes in early primary school, potentially
leading to unintended consequences for diagnosis and treatment patterns.

Second, raising awareness of ADHD symptoms and relative age effects, especially
among parents and teachers, could reduce biases in early referrals and diagnoses.
Improving teachers’ ability to identify ADHD symptoms through targeted training is
one avenue: Furzer et al. (2022) show that trained teachers do not exhibit relative age
bias in symptom reports. Another option is to modify diagnostic protocols to reduce
reliance on teacher reports for very early or late starters with mild symptoms. Persson
et al. (2025) offer a similar recommendation to address “hereditary tagging,” where
family history drives marginal diagnoses even in children with only mild symptoms.

Finally, schools could group students by narrower age bands (e.g., month or quarter
of birth) to reduce peer age gaps. This could be done by adjusting classroom compo-
sition or introducing multiple school entry points throughout the year.
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