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Introduction

Mental illness is increasingly recognized as a global health issue. Recent estimates find that the burden
of mental, neurological, and substance abuse disorders increased by 41 percent in the last 20 years
to 13 percent of the total disease burden (WHO, 2018). The most common mental disorders belong
to two main diagnostic categories, depressive disorders and anxiety disorders: it is estimated that in
2015 about 4.4 percent of the global population lived with depression and about 3.6 percent with
anxiety, which represent an increase of 18.4 and 14.9 percent, respectively, since 2005 (WHO, 2017).
Globally, depressive disorders and anxiety disorders rank as the first and sixth largest contributors
to non-fatal health loss, respectively. Of particular concern is the fact that the incidence of mental
health problems during childhood and adolescence is increasing: depression is one of the leading
causes of illness and disability among adolescents, and suicide is one of the leading causes of death
among children 15-19 years old (WHO, 2018). Combined with the fact that the median age of onset
of all mental disorders is before the age of 14, these imply that there is a need for better understanding
the consequences of mental disorders and their treatment in adolescence.
The most commonly used drugs to treat both depression and anxiety are antidepressants (AD).
Previous clinical research indicates that most types of AD successfully alleviate short-term negative
symptoms of depression, especially among adults (Amsterdam, 1998; Ryan, 2003; Nemeroff, 2007).
However, there is no general consensus on their benefits for children and adolescents, including in
Denmark. For example, in a letter to the editor of Politiken ( January 6th, 2014), Peter Gøtzsche, the
then-leader of the Nordic Cochrane Institute, criticizes what he sees as a dangerous over-prescription
of drugs by psychiatrists. In their response (Politiken, January 17th, 2014), three of Denmark’s most
influential psychiatrists (Lars Kessing, Merete Nordentoft and Thomas Middelboe) defend current
practices on the basis of the evidence in the literature. The debate among (Danish) psychiatrists on
whether the level of use of AD is appropriate, and especially if children and adolescents have any
benefits from treatment, still continues. In order to make informed policy decisions, more evidence
is needed on the consequences of AD treatment beyond purely clinical outcomes.
In this paper we aim to fill this gap by studying the impact of treatment with AD on the educational outcomes of children. We rely on rich register data from Denmark which allows us to follow
children over time and to observe their AD use as well as their academic achievement. Empirical
identification of the effects of AD use is complicated by the endogeneity in drug use. For example,
higher-achieving children may choose pharmaceutical treatment, leading to a spurious correlation
between AD use and education outcomes in simple regressions. To address this issue, we exploit
the plausibly exogenous variation in AD use stemming from physician differences in the propensity
to prescribe AD. Focusing on children aged 10–15 when first diagnosed, our instrumental variable
estimates point to large and significant benefits of AD use on test scores, particularly in math: using
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AD leads to an increase in math test scores of 1.162 standard deviations, and moving a child from
the 25th to the 75th percentile in the distribution of daily-defined doses increases the math test score
by 0.616 standard deviations. The estimated effects have relatively wide confidence intervals, with
lower bound as low as 0.045 standard deviations for the effect of ever using AD. For comparison,
Norwegian children who received medical treatments soon after birth because of very low birth
weight experienced higher test scores by 0.476 standard deviations (Bharadwaj et al., 2013), while
Figlio et al. (2014) find that a 10 percent increase in birth weight leads to an increase in test scores
of 0.044 standard deviations. We also provide some evidence suggesting that girls benefit more than
boys from treatment with AD, and we show that or results are not driven by selective test-taking.
Our study is closely related to previous research in economics examining the effects of mental
disorders, particularly depression. Within this literature the majority of papers focuses on how
depression affects an individual’s labor market outcomes (e.g., Ettner et al., 1997; Berndt et al., 1998;
Alexandre and French, 2001; Marcotte and Wilcox-Gök, 2003; Chatterji et al., 2011; Fletcher, 2013)
and human capital accumulation (e.g., Kessler et al., 1995; Currie and Stabile, 2009; Fletcher, 2010;
Fletcher and Lehrer, 2011; Busch et al., 2014). The impact of depression on other individual outcomes
is largely unexplored, one exception being Anderson et al. (2015), who examine the relationship
between youth depression and future crime.
Our project is most related to the body of research studying the effects of pharmaceutical treatment of depression. This literature almost exclusively examines how AD use impacts an individual’s
own health outcomes. Findings from previous clinical trials generally suggest that antidepressants,
especially selective serotonin reuptake inhibitors (SSRIs), are successful in alleviating symptoms of
depression (e.g., Ryan, 2003; Green, 2003). Recent cross-country evidence from economics also suggests that higher SSRI sales are associated with reduced suicides (Ludwig and Marcotte, 2005; Ludwig
et al., 2009). Despite this evidence, there is very limited research on how AD impact the non-health
outcomes of adults (Schoenbaum et al., 2002, and Galárraga et al., 2010, on labor market outcomes,
Marcotte and Markowitz, 2011, on violent crime) and none that we are aware of for the non-health
outcomes of children.
Our paper makes several contributions. First, we examine how treated children are affected by
AD use along a set of dimensions that, to the best of our knowledge, were not previously examined.
Second, the richness of the administrative data allows us to separately investigate short-term and
long-term effects as well as the dynamics over the life-cycle. For example, we can investigate the
effects on human capital accumulation and criminal behavior at various points in the life cycle.
While some studies do look at the long-term effects of depression, there is no investigation of the
relationship between AD and long-term outcomes or how this relationship changes over the lifecycle. Third, we investigate differences in effects by observable individual and family characteristics
such as gender and parental income and education. This is especially relevant to understanding the
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existing health disparities and the intergenerational transmission of health and education. Fourth,
our sample includes the entire population as opposed to the previous literature relying on select
subpopulations. Finally, our empirical strategy improves upon previous studies by relying on a
plausibly exogenous source of variation in antidepressant use.

2 Background
Adolescent mental health

The formative years between 10-18 are a crucial time for development

and school choices impacting long into adult life. Adolescent mental health problems are common,
with WHO estimating 16 percent of the global burden of disease coming from mental health and
siucide being the third leading factor for the age group, with depression and anxiety being the primary
illnesses.1 In the Danish setting of our study hospital diagnosis of 10-19 year old’s mental health issues
tripled in the 200-2013 period Skovlund et al. (2017). Mental health is more difficult to define and
measure than somatic diseases with issues ranging from mild, periodic problems, to long-term very
Organization of mental health care Health care in Denmark, including mental health care, is
primarily publicly organized and funded. Care is provided trough decentralized health care regions
that runs hospitals, and contracts privately practicing physicians in primary care. Care is generally
provided free of charge to the patient with some exceptions (Pedersen et al., 2005). General practitioners (GPs), child psychiatrist and pharmacies are the main actors in our analysis and their role in
treating depression in children is detailed below.
General practitioners. All patients are assigned a GP as the main entry to mental health care. GP’s
screens patients and acts as gatekeepers to more specialized treatment. Patients pay no co-payment
for services and GPs are instead reimbursed in a tax financed fee-for-service model. The GP will
either initiate treatment or refers patients to a specialist. In the majority of non-severe adult cases the
GP will administer treatment after diagnosis (Bauer et al., 2012). Generally the GP decides between
"watchful waiting", psychoeducation, prescribing antidepressants or a combination of the two latter.
For children the GP’s options are limited by strong guidelines on prescription of antidepressant to
children. Guidelines establish that antidepressant prescription to children is a specialist task because
of the uncertain efficacy and possible adverse effects in the group. Following guidelines, this leaves
GPs with the option of non-pharmaceutical treatment or referring to a child psychiatrist.
Child psychiatrists are specialists in treating mental illnesses in children. Consultations are free
to patients when referred from the GP. Specialists can be either privately practising (reimbursed in
a similar way as GPs) or hospital (salaried) doctors at child psychiatric departments. GPs refers
1See WHO Mental Health Action Plan 2013-2020.
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patients to both types of specialists primarily determined by availability at the time. In our analysis we treat the two types as substitutes as long waiting times limits the degree to which patients
can select either. Patients can seek specialist services at private clinics without a referral but must
then pay the full cost themselves. The specialist will verify the GPs diagnosis and treat the patient
based on a stepped care approach with psychoeducation and psychotherapy being the first options
with introduction of pharmaceutical treatment in more severe cases.2. Antidepressants are not exclusively prescribed to treat depression but importantly also anxiety and obsessive compulsive disorder.3
Child psychiatric services have historically faced a significant overdemand. In our study period waiting times for hospital psychiatry where at times up to 200 days and limited the patients ability to
choose a specific provider or type of provider.4 Lack of available specialist also explains part of the
significant GP non-compliance with prescription guidelines observed in our data as GPs resort to
own prescriptions when a specialist is not available.
Pharmacies. Prescription medication are not provided by the prescribing physician but at central
pharmacies. Patients covers part of the cost of medication with a co-payment decreasing with the
yearly aggregrated medicine costs and a lower co-payment for children.5
Educational System

We study outcomes related to the outcome of education within the Danish

education system. In the Danish system education is compulsory from the year the child turns seven
until the completion of 9th grade (grades being classified as school years from 0-10 where the 10th
grade is optional and attended by roughly half of children completing the 9th grade). Further education is voluntary and can be either academically oriented (three year high-school) or vocational.
Children either attend public schools or private alternatives both with heavily regulated curriculum
and learning goals. A small number of children are home schooled and these children are still tested
in similar ways as other children. Schools are either directly managed or overseen by local municipalities. All municipalities implements some form of psycho-social guidance program that aid parents
and health care professionals in detecting student mental health issues but schools can neither treat
or refer students to treatment. Final examinations, which is the basis of our main outcome, is compulsory for all children in primary school also children with special needs or who is enrolled in
some form of special education.6 While final examination results are not directly related to further
educational options they are permanently recorded and are generally considered high stakes tests.
2See the guidelines on treatment of depression, anxiety and obsessive compulsive disorder from the association of
child psychiatrists
3In our study period an equal number of children are prescribed antidepressant for treating depression and anxiety,
see the medicine monitoring report from the Danish Health Authority.
4See the reporting of waiting times for child psychiatry from the Danish Health Authority.
5Cost to children are reimbursed 60 % for first 1,625 dkk, 75 % up till 3,520 dkk , 85 % up till 23,428 after which 100
% of costs are reimbursed.
6Individual exceptions are made but there are no general exemptions criteria based on mental health condition. See
the law on mandatory final assessment (folkeskoleloven Act No. 313 of 19 April 2006).
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Empirical strategy

We are interested in estimating the effect of AD use during teen years on the outcomes of treated
children. The equation of interest is:

Yi = β 0 + β 1 AD i + δ Xi +  i ,

(1)

where Yi is an (academic) outcome of child i , AD i is a measure of AD use during teen years, and
Xi is a vector of child and family characteristics.
Simple estimates of (1) are likely to yield biased estimates of the parameter of interest β 1 because
AD use is likely to be correlated with unobservable characteristics that also affect child outcomes.
For example, parents who are focused on the academic performance of their children might “shop
around” for a physician who will have the same attitude toward treatment with AD as they do. In
order to plausibly estimate the causal effect of AD use, we exploit the plausibly exogenous physician
propensity to prescribe AD to other children in an instrumental variables (IV) framework. This
strategy is similar to the one used in other contexts by, among others, Duggan (2005), Doyle (2007,
2008), Maestas et al. (2013), and Dalsgaard et al. (2014).
The intuition of our instrument is as follows. Consider two identical children, child A and
child B, who both suffer from similar mental health issues that can be treated with AD (typically
depression or anxiety). These children are both referred by their general practitioners to a specialist.
Child A is seen by a physician who tends to prescribe AD for the treatment of mental health issues,
but the specialist who sees child B is less likely to do so. As a result, child A will have a higher chance
of being prescribed and using AD than child B, so any difference in outcomes between the two will
likely be due to differences in (the probability of) the use of AD.
Let P P i be a measure of the propensity to prescribe AD of the specialist who treats child i . The
first stage in our IV setup describes the relationship between teen AD use and physician propensity
to prescribe AD:

AD i = α0 + α1 P P i + δ F S Xi + u i ,

(2)

while the reduced form equation relates child outcomes to the propensity to prescribe of the treating
specialist:

Yi = γ0 + γ1 P P i + δ RF Xi + v i .

(3)

Consistent with the previous literature, we construct the propensity to prescribe measure as the
fraction of children receiving AD among those treated by the specialist, excluding child i themselves:

Í
P Pi =

j≠i

Í

AD j 1(C P j = C P i )
j≠i

1(C P j = C P i )
5

,

(4)

where 1(C P j = C P i ) indicates whether children i and j are treated by the same specialist (psychiatrist or child psychiatrist).
In order for our instrument to be valid, it needs to satisfy several conditions. First, it needs to be
relevant, meaning that it needs to have an effect on the probability of receiving treatment with AD.
This condition can be easily verified using the first-stage regression (2).
Second, the instrument needs to be as-good-as-random. In our context, this implies that a specialist’s propensity to prescribe AD should not be correlated with (observable and unobservable)
characteristics of the child and their family. One potential scenario which would violate this assumption is when parents who are very invested in their children’s academic performance “shop
around” for a specialist who is more likely to prescribe AD to their children. However, such a scenario is unlikely to be a main driver in our context. As mentioned in section 2, there is a limited
number of specialists operating in Denmark, particularly child psychiatrists. During our sample
period, there are only 26 child psychiatrists treating children, meaning that in most cases it would
be very difficult for children to change specialists. Still, in order to reduce the potential endogeneity
in the treating specialist, we assign to each child the first specialist who treats them and we abstract
from any subsequent changes in treating physicians.
Third, the instrument should only affect outcomes through the endogenous variable, i.e., a specialist’s propensity to prescribe AD should impact child outcomes only through its effect on the
probability that the child uses AD. This assumption precludes cases in which the propensity to prescribe captures some other characteristics of the physician, such as their overall quality, or of their
interaction with their patients (e.g., physicians with a lower propensity to prescribe AD might be
better at non-pharmaceutical treatment).
Finally, the monotonicity assumption requires that children affected by the instrument should
all be impacted in the same direction. In other words, a specialist who is more likely to prescribe
AD should not increase the chances that some of their patients are treated with AD while decreasing
the chances of others.
All the assumptions other than the relevance assumption are untestable in practice. Therefore, in
section 5 we present several pieces of suggestive evidence that can shed more light on their plausibility.
If all the assumptions hold, then our IV estimate can be interpreted as an average marginal treatment
effect, the average effect of AD use on children who are on the margin to receive it.
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Data

Our analysis requires information on physician prescription behavior, the use of AD, educational
attainment, and background characteristics of children and their families. We obtain this information
by combining several Danish administrative databases using unique person and physician practice
6

identifiers.
The National Prescription Register records all prescriptions filled at pharmacies in Denmark starting from 1995 (Kildemoes et al., 2011). It includes detailed information on the medication, such as
the class according to the Anatomical Therapeutic Chemical (ATC) Classification System, and the
amount included in the prescription measured in defined daily doses (DDD).7 It also records the
exact date when the prescription was filled, as well as the personal identifier of the person for whom
the prescription was written and the identifier of the prescribing physician. The first identifier allows us to link prescriptions of AD to individuals and to construct our main independent variable,
an indicator for whether the person uses AD at any point between the ages of 10 and 15. We use
the second identifier to link prescriptions to physicians and hence to construct our instrument, the
propensity to prescribe of a given specialist. At this point we should note that we only observe filled
prescriptions, not actual consumption of AD or unfilled prescriptions. Therefore, our estimated effect is an intention-to-treat effect combining the effect of physicians prescribing and of patients filling
prescriptions, rather than the effect of actually using AD.
The Health Insurance Register holds information on reimbursements to private-practice physicians, both general practitioners and specialists, for all patient-related services covered by the national
health insurance after 1990 (Andersen et al., 2011). Each record includes the personal identifier of the
patient, the identifier and the specialty of the treating physician practice, limited information on the
nature of treatment provided (often just a consultation service), and the date of the reimbursement
request.8 Importantly, although this register does not record information on diagnoses, it allows us
to identify children who were treated by child psychiatrists, the first specialist who treats them, and
the approximate date of that treatment.9 We use this information to select our sample, but also to
determine the set of patients that are used to construct the propensity to prescribe of each specialist.
We obtain educational outcomes from two registers. The Academic Achievement Register records
the grades for all subjects in the graduating class of primary school (9th grade or 10th grade) and the
type of examination (standardized exit test or teacher-assessed regular course exam) for all students
graduating in or after 2001 (Jensen and Rasmussen, 2011). From this register we keep the grades in
the written part of the exit tests in math and in Danish, which we then standardize at the cohort
level to have mean zero and variance one. The second source of education data is the Population
Education Register, which provides the highest level of completed education and current enrollment
7The WHO defines the DDD as “the assumed average maintenance dose per day for a drug used for its main indication
in adults.” The actual prescribed dose may differ from this as a function of disease severity or patient characteristics such
as age, weight, etc.
8The date of the reimbursement request is not the same as the date when the treatment was performed. However, it
is reasonable to assume that the request is filled relatively soon after the treatment.
9The register provides the identifier of the practice and not of individual physicians. General practitioner practices,
especially in urban areas, typically involve more than one physician. However, specialist practices, especially for (child)
psychiatry, tend to be single-physician practices.
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for the entire population for each year starting from 1981 (Jensen and Rasmussen, 2011). From this
register we extract information on the number of years of schooling obtained by the parents. In a
future version, we will also construct indicators for enrollment in education beyond primary school
(i.e., beyond compulsory education) and its type (i.e., academic or vocational).
The National Patient Register records all inpatient, outpatient and ER visits to Danish hospitals
starting in 1977 (Lynge et al., 2011). It provides information on the personal identification number
of the patient, the hospital identification number, the date and time of the visit, the date and time
of discharge in case of admission, and the main diagnosis recorded according to the International
Classification of Diseases (ICD-8 until 1995, ICD-10 afterwards). In a future version of the paper
we will use this information to construct variables related to hospital visits for specific reasons (e.g.,
self-harm, or attempted suicide) and to total length of stay. A related source of data, the Psychiatric
Central Research Register, keeps track of all inpatient, outpatient and ER visits to the psychiatric
departments of Danish hospitals starting from 1977 (Mors et al., 2011). It includes the same type of
information as the National Patient Register and can be used to construct variables related to the use
of psychiatric services in hospitals.
We use several other national registers to extract background information on children and their
families. The Population Register provides, among others, information on gender, birth date, marital
status, and immigration status for all Danish residents on January 1 of each year starting from 1980.
We construct indicators for whether the child is an immigrant (first- or second-generation) or a boy,
for the age at first contact with a specialist (which we will call “age at diagnosis” in the rest of the
paper), for the year of birth, and for the municipality of residence at the time of diagnosis. The
register also lists the personal identifier of the mother and father for virtually all persons born after
1960 (Pedersen, 2011), which allows us to link children to both parents and siblings. For each parent
we construct indicators for whether they are an immigrant (first- or second-generation), married,
and for their age. In order to avoid any potential reverse causality, all parental characteristics refer
to the year when the child turns 6 years old (the school-starting age). The Register-based Labour
Force Statistics record the labor force participation status of all individuals in the population at the
end of November of each year starting from 1980, allowing us to construct indicators for whether
each parent is employed when the child turns 6 (Petersson et al., 2011). Finally, the Income Statistics
Register provides information extracted from tax records on total annual gross income and salaries
for all Danish residents beginning in 1980 (Baadsgaard and Quitzau, 2011). As before, we use this to
construct indicators for the income decile in the full population in which each parent’s total income
was situated in the year when the child is 6 years old.10 Note that, when used on their own, all
10We miss parental information for a small number of cases. In these cases, we assign the mode of each variable to the
missing value and we include an indicator for missingness. In section 5 we test the robustness of our results to alternative
approaches.
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monetary variables are deflated to 2015 Danish kroner.
We would like to restrict our analysis to the population at risk of being prescribed antidepressants. As a first step, this would mean restricting our analysis to children diagnosed with an emotional disorder. The first such diagnosis is made by the general practitioner. As mentioned above, the
data available from general practitioners, the Health Insurance Register, only include services provided and not diagnoses. Fortunately, as mentioned in section 2, the guidelines require that general
practitioners refer children diagnosed with mental disorders to a psychiatrist specialized in treating
children, i.e., either a private-practice child psychiatrist or one employed in a hospital psychiatric
department. Therefore, we can identify children with mental disorders as children who have a consultation with a child psychiatrist or with a psychiatric department.
In order to eliminate the endogeneity in treating physician due to parents “shopping around”
specialists, we assign children to the first specialist treating them. We then construct our instrument
as the propensity to prescribe AD of the first treating specialist. This raises two issues. First, we
would be able to restrict the sample to children diagnosed with an emotional disorder only for children whose first contact is with a hospital psychiatric department because we only have information
on diagnoses from hospital visits. These are generally the more serious cases, so only including these
children would not give us a very clear picture of the effect of treatment with AD.11 In addition,
the data available does not allow us to link (physicians employed at) psychiatric departments to
prescriptions, meaning that we are not able to construct our instrument for these children.
Instead, we restrict ourselves to children whose first treatment is provided by a private-practice
child psychiatrist, and we restrict the sample in a way that presumably get us closer to the population at risk (i.e., diagnosed with an emotional disorder).12 Specifically, we focus only on children
who have their first consultation with a psychiatrist after turning 10 years old.13 By doing so we
likely exclude most children diagnosed with the other major mental disorder diagnosed in childhood,
attention-deficit hyperactivity disorder, because about 80 percent of them are diagnosed between the
ages of 4 and 11 (Kessler et al., 2007; Dalsgaard et al., 2014). In addition, the incidence of emotional
disorders rises sharply in adolescence and especially after puberty (Costello et al., 2005; Thapar et al.,
2012; Wesselhoeft et al., 2015; National Health Service, 2018). Finally, emotional disorders are the
most common types of mental disorders among adolescents (National Health Service, 2018).
We are interested in the effect of AD use on academic achievement, specifically on the scores in
11See, for example, the description of how the psychiatric departments in the Capital Region (one of the five health
regions in Denmark) decide on whether to accept referrals from general practitioners for mental disorders, available at
https://www.psykiatri-regionh.dk/undersoegelse-og-behandling/Behandling/Center-for-visitatio
n-og-diagnostik/fagperson/Documents/Visitationskriterier.pdf.
12A very small number of children are treated by general psychiatrists. We exclude them from the analysis sample and
we check whether this affects our main estimates in section 5.
13We define a first consultation as the situation when the child had no consultation with a (child) psychiatrist or a
psychiatrist after the age of 6, i.e., after the school-starting age.
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tests taken at the age of 16 or 17 and subsequent school enrollment. Therefore, we also restrict the
sample to children diagnosed by the age of 15. These restrictions imply that our sample consists of
children born between 1986 and 1999 who had a consultation with a child psychiatrist at some point
between the ages of 10 and 15.14 This results in a total sample of 5,378 children. We further impose
the constraint that the treating specialist should treat at least 10 children aged 10–15 in the year of the
first consultation, which results in a final analyses sample of 5,373 children, of which 1,944 eventually
use AD before the age of 16 and 3,429 do not.15
Table 1 describes the analysis sample, both overall and separately for children who use AD by
age 15 and those who do not, and compares it to the full sample of children who use specialized
psychiatric services (at a hospital or with a privately-practicing specialist) for the first time between
the ages of 10–15. A comparison of columns 1 and 2 shows that our analysis sample is more likely
to include girls, native Danes, children from smaller families, and children diagnosed at a younger
age (Panel A). Panels B and C show that the parents of children in our analysis sample tend to
be slightly older and better educated, and more likely to be natives, married, and to have higher
income. In order to summarize these characteristics, we construct predicted outcomes by regressing
our measures of educational attainment on all the control variables discussed above in the entire
population of children born between 1986–1999. The results, listed in Panel D, suggest that children
in our analysis sample are positively selected as compared to the population of 10–15 year old children
who received psychiatric treatment, as they are predicted to have higher test scores in both Danish
and math.
In the rest of the paper we focus only on our analysis sample, and we start by comparing children
who filled an AD prescription between the ages of 10–15 and children who do not. Panel A in the
Table shows that children treated with AD are much more likely to be girls, natives, to be diagnosed
when they are older, and to come from smaller families. Interestingly, it does not appear that subsequent fertility is affected given that the number of younger siblings is similar across the two groups.
In terms of parental characteristics (Panels B and C), there seem to be some statistically significant
but small differences between children who are prescribed AD and those who are not. For example,
children who fill an AD prescription tend to have parents who are native Danes, are older by a few
months, are slightly more likely to be married, are slightly more educated, and are more likely to be
employed when the child is 6 years old. However, the gross annual income of the parents seems to
be similar between the two groups. In order to figure out how important these differences are for
our educational attainment outcomes, in Panel D we compare the predicted educational outcomes
between the two groups of children. The results, indicate that children who are prescribed AD tend
14We should note that our instrument is constructed using all 10–15 year old children who had a consultation with
that specific specialist, not only those in our selected birth cohorts.
15In section 5 we test the sensitivity of our results to all the sample restrictions.
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to be slightly positively selected, with higher predicted scores in both tests.
Panel E in the table lists some characteristics of the specialist providing the first consultation. On
average, they tend to prescribe AD to about 17 percent of their patients, with slightly higher propensity to prescribe for the physicians treating children who end up receiving AD. Child psychiatrists
consult around 115 children between 10 and 15 years old per year. Children who are prescribed an
AD seem also to be more likely to have seen another specialist than the diagnosing physician before
the age of 15, at a rate three times higher than children who do not fill an AD prescription. This
underscores the potential endogeneity in provider choice and the importance of assigning children to
the first provider who treats them. Panel F shows that around 44 percent of the children who eventually receive an AD prescription do so in the year of the first consultation, and around three quarters
of these (0.325/0.435) are written by the specialist conducting this consultation. In total, children
receive on average about 103 DDDs of AD between the ages of 10 and 15, that is, the equivalent of
3.5 months of treatment for an average adult.
Finally, Panel G describes the academic achievement of children in our sample. Roughly 77
percent of them take either test (the corresponding number in the population of children is who
use psychiatric services is 71 percent), and they tend to perform worse than the average student in
both Danish and math. As suggested before, children who fill an AD prescription tend to perform
better than the rest of the children in the analysis sample, although part of this result could be due
to selection because they are also less likely to take the two tests.

5 Results
5.1 Academic achievement
We start by describing the relationship between AD use and academic achievement. Panel A in
Table 2 provides the estimated coefficients from simple regressions of 9th grade tests scores in Danish
and math on the indicator for having taken AD at any point between the ages of 10 and 15. The
specifications in columns 1 and 4 only control for child characteristics: immigrant status, gender, age
at diagnosis, birth cohort, and municipality of residence at the time of diagnosis. Columns 2 and 5
add information on the mother in the year when the child is 6 years old: immigration and marital
status, age, place in the distribution of total annual gross income. Finally, columns 3 and 6 add the
corresponding variables for the fathers.
There are two main conclusions that can be drawn from the results in Panel A. First, adding
parental controls significantly changes the estimated coefficients. In the case of Danish, controlling
for parental characteristics reduces the correlation between using AD and test scores by about one
third, while in the case of math it increases it by a factor of 5. Second, the specification including all
11

the controls suggests that taking AD is associated with higher test scores in Danish by a statistically
significant 10 percent of a standard deviation and lower in math by about 5 percent.
In order for an IV approach to provide useful estimates, the instrument needs to be relevant. In
our case, this means that the specialist propensity to prescribe must have an effect on the probability
of ever filling an AD prescription. We start by providing some visual evidence on this relationship in
Figure 1. Figure 1(a) shows that there is a strong positive relationship between a specialist’s propensity
to prescribe AD to other children 10–15 years old and the probability of having a prescription filled
at any point between the ages of 10–15. The same relationship can also be seen in terms of the total
number of DDDs filled between the ages of 10 and 15, as shown in Figure 1(b).
Panel B in Table 2 investigates this relationship more formally. The estimates suggest that moving from the 25th (0.117) to the 75th (0.229) percentile in the distribution of physician propensity to
prescribe increases the probability of ever using AD between the ages of 10 and 15 by 4.8–5.0 percentage points, or 13–14 percent as compared to the average probability. It is also important to note that
the estimated coefficients are much more stable to the inclusion of covariates than the coefficients
in Panel A, suggesting that our instrument is less likely to be correlated with any omitted variables.
In addition, the F test of significance of the instrument produces a statistic that is well above 10, the
rule-of-thumb threshold for a strong instrument.
We next examine the relationship between our instrument and the main outcomes, or the reduced
form. As before, we start by presenting some visual evidence in Figure 2. Both in the case of Danish
and in the case of math, the Figure suggests that higher propensity to prescribe AD to other children
is associated with slightly higher test scores. This conclusion is supported by the estimated results in
Panel C of Table 2, which indicate that moving from the 25th to the 75th percentile in the distribution
of physician propensity to prescribe increases test scores by 0.019–0.026 (Danish) or 0.054–0.059
(math) percent of a standard deviation, with only the second set of coefficients being statistically
significant. Just as in the case of the first stage, the estimates change little when additional controls
are included, suggesting again that there is little correlation between the instrument and any relevant
omitted variables.
Finally, the IV estimates of the effect of using AD on academic achievement are presented in
Panel D of Table 2. In our one endogenous variable-one instrument framework, the IV coefficient is
just the ratio of the reduced form estimate to the first stage estimate. It is not surprising, then, that
we find that using AD leads to an insignificant increase in Danish test scores of approximately 0.4
of a standard deviation, and to a significant increase in math test scores of around 1.2 of a standard
deviation. It is also not surprising that these results are relatively large and somewhat imprecise, but
they are very stable to the the inclusion of controls, suggesting again that our IV approach is able to
eliminate the effects of unobserved characteristics.
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5.2 Instrument validity
We already showed in the previous section that our instrument satisfies the relevance condition. In
the rest of this section we will investigate the remaining assumptions required for a valid instrument:
the exogeneity assumption, the exclusion restriction, and the monotonicity assumption. Both of
them are technically untestable, but we can bring some suggestive evidence on their plausibility.
The exogeneity assumption states that the instrument should be as good as randomly assigned.
This means that the instrument should not be correlated with any unobserved characteristics of
the individuals. In practice we can only check if the instrument is correlated with observed characteristics. If we do not find evidence of such a correlation, this makes us more confident that the
instrument is also uncorrelated with the unobservables. We estimate regressions of all the covariates
included in our main specification on the instrument and present the results in Table 3. Given that
the “randomization” of children to specialists is done at the level of year of diagnosis and municipality of residence, all our regressions control for indicators for these two characteristics. Out of
20 estimates in the Table, only one is statistically significant at a 5 percent level and one more at a
10 percent level. Most of the estimates imply relatively small effects within the range of the instrument. For example, moving from the 25th to the 75th percentile in the distribution of propensity
to prescribe AD is associated with an increase in the probability that the mother is married when
the child is 6 years old of 2.3 percentage points, or 3.7 percent as compared to the mean. Similar
to the approach in section 4, we gauge the importance of these correlations by regressing predicted
educational outcomes on the instrument. The results in Panel E of Table 3 indicate again that the
propensity to prescribe AD is not significantly related to the characteristics that matter for educational achievement. We interpret these findings to suggest that the instrument is likely uncorrelated
with any relevant omitted variables.
The exclusion restriction holds that the instrument affects the outcomes of interest only through
the endogenous variable. In our context, this implies, for example, that the propensity to prescribe
AD should not convey any information about the general quality of care provided by the physician.
In a future version we will provide some suggestive evidence on the plausibility of this assumption
by checking if the educational outcomes of children who had a first contact with a child psychiatrist
before the age of 10 (and who are thus more likely to suffer from ADHD and less likely to have been
diagnosed with an emotional disorder) are correlated with our instrument.
The final requirement for a valid instrument is the monotonicity assumption, which requires the
instrument to affect all individuals in the same way. In other words, all children should be more
likely to be prescribed AD if they visit a specialist with higher propensity to prescribe AD. In the
spirit of (Norris, 2019; Norris et al., 2019), in a future version we will check whether the first-stage
coefficient of the instrument has a different sign in any subgroup as defined by several characteristics.
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5.3 Robustness checks
In this section we check the sensitivity of our results to several choices made in the construction of
the sample or of the instrument. We start by examining whether any of our sample selection criteria
affect the baseline estimates. We report the estimates from IV models in Table 4 and the first stage
and reduced form results in Appendix Table ??.
Our analysis sample includes children first treated by child psychiatrists who treat at least 10
children during the year of that first consultation. In Panel A of Table 4 we explore how the selection
of specialists affects our results by requiring that they treat at least 20 or 50 children in the year of the
first diagnosis. We find remarkably similar estimated effects, especially for math test scores, although
the coefficients lose some statistical significance due to the smaller sample sizes. We then add to the
sample children treated by general psychiatrists (who, again, have to treat at least 10 children 10–15
years old in that year). Although the estimated coefficients become smaller, we still find significant
positive effects of AD treatment on math test scores.
In Panel B of the Table we turn to the role of the criteria used in selecting the children into the
sample. In particular, we check whether the age limit we impose for the first psychiatric contact
has any influence on the estimated effects of AD treatment. As we increase the minimum age for
selection into the sample, we increase the likelihood that children are diagnosed with an emotional
disorder but we also reduce the sample size and hence the power. The results indicate that AD use
before the age of 16 is indeed related to higher test scores, particularly in math, with coefficients
generally similar to our baseline estimates, although we do lose significance in the most restrictive
sample (children at least 13 years old at diagnosis).
A body of literature in statistics discusses the advantages and benefits of different approaches to
handling missing values of covariates (see Gelman and Hill, 2006, Chapter 25, for a review). In our
main specification we employ the widely-used approach of imputing a value (in our case, the mode
in the sample) to missing covariates and including an indicator for whether such an imputation was
conducted for each variable. We report the results from two alternative approaches in Panel C of
Table 4. First, we simply exclude observations with missing values for parental characteristics (the
“complete-case” approach), which yields consistent estimates under the assumption that the values
are missing at random. Second, we add to our main specification interactions between the indicators
for missing values and the imputed variables (Jones, 1996). In both cases, we find that the effect of
using AD is very similar to our baseline estimates, especially in the case of math test scores.
We next consider the possibility that our results are driven by outliers, i.e., by children who are
treated by specialists whose propensity to prescribe AD lies in the tails of the distribution of propensity to prescribe. We apply to widely used techniques for dealing with outliers, namely excluding
these observations and winsorizing the distribution (i.e., censoring the distribution at particular values in the tails). We examine the robustness of our results to excluding or winsorizing the 1 and 5
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percent tails in Panel D of Table 4. As before, we find estimates that are very similar to our baseline
effects of using AD, especially in the case of math test scores.
In Panel E of the Table we investigate alternative ways of constructing our instrument. Our
main instrument is calculated as the propensity to prescribe AD to other children treated during
the year of diagnosis, even if they were treated after the “focal child.” Our results could then be
biased if there is feedback from the treatment of the focal child to these other children. Although
this scenario is unlikely to drive our results because of the generally long lag between treatment
initiation and alleviation of symptoms (Trivedi et al., 2006), we report estimates from a specification
using the physician propensity to prescribe AD in the calendar year prior to the first contact. The
effects are more imprecisely estimated due to the smaller sample, but very close in magnitude to our
baseline estimates. This confirms our conjecture that there is no within-year feedback that influences
the propensity to prescribe AD of a specialist.
Our estimated effects represent a local average treatment effect (LATE) for the compliers, the
children who receive AD because they are treated by a physician with a higher propensity to prescribe medication. The compliers cannot be identified in the data, but their characteristics can be
described if the instrument is binary.16 To this end, we first check if our results are similar when using a discrete version of our instrument, an indicator for whether the propensity to prescribe of the
treating specialist is higher than the median propensity to prescribe in our sample. The estimated
effects of using AD, shown in the bottom of Panel E of Table 4, are again similar to the baseline
estimate in the case of math test scores.
Our results may be driven by the particular measure of treatment with AD used in the baseline
specification. In Panel F of Table 4, we report estimates from specifications using two alternative
measures of treatment with AD: the average number of DDDs filled per year between the year of
diagnosis and the year the child turns 15, and an indicator for whether an AD prescription was
filled in the year of the first contact with a child psychiatrist. We again find that treatment with
AD has a statistically significant effect on math test scores. Receiving an AD prescription in the
year of diagnosis leads to an increase in the math test score of 0.776 of a standard deviation, while
an additional DDD per year increases it by 0.004 of a standard deviation. Among children in our
sample who use AD, the 25th and the 75th percentile of the average yearly DDD are 32.67 and 182,
respectively. Our estimates then suggest that moving from the 25th to the 75th percentile in terms
of AD use increases math test scores by 0.616 of a standard deviation.
Finally, recall that students can be exempted from taking the standardized exit tests. In our
IV framework we find that AD use leads to a decline in the probability of taking the exit tests of
16This method can also be applied in the case of multiple binary instruments, for example when a continuous-valued
instrument is discretized. However, we choose to avoid this approach because of the issues related to multiple (weak)
instruments (Bound et al., 1995; Stock et al., 2002).
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27–29 percent. Although statistically insignificant, these results are large enough to warrant closer
examination. If treatment with AD allows worse-performing students to be exempt from the test, or
alternatively if it enables academically-better students to take the test, then our results would provide
an upward-biased estimate of the true effect of using AD in our population of students. We examine
this issue in several ways. First, we compare the predicted outcomes among non-test-takers who
take and who do not take AD. The means listed in Table 5 show that the sample of non-test-takers
is indeed negatively selected, although the pattern does not seem to differ between the groups of
children who take and who do not take AD. Second, we predict the outcomes of non-test-takers
using the test-takers in our sample and we re-estimate our baseline specification. The estimated effect
of using AD is now 0.284 (s.e. 0.326) for Danish test scores and 0.814 (s.e. 0.372) for math test scores.
Although lower than our baseline estimates, these findings still suggest that treatment with AD has
significant benefits for academic achievement, especially with respect to math.

5.4 Academic achievement by gender
Previous research finds that girls are more likely than boys to be diagnosed with emotional disorders
during adolescence (Costello et al., 2005; Thapar et al., 2012; Wesselhoeft et al., 2015; National Health
Service, 2018). It would be interesting then to see if girls also benefit more from pharmaceutical
treatment of their mental disorders. Unfortunately, our instrument is not strong enough in the subsamples defined by gender to allow us to draw definitive conclusions. The results shown in Table 6
point again to larger effects on math test scores, particularly for girls, but they are very imprecisely
estimated. Based on these, we cautiously conclude that girls seem to indeed benefit more than boys
from AD.

6

Conclusions

In this paper we investigate the effects of AD use in adolescence on academic achievement, using the
propensity to prescribe aD of the first specialist as instrument. our results point to large benefits
from AD treatment, particularly for math tests. We also provide some suggestive evidence that
girls benefit more than boys from AD treatment. These results are particularly important given the
current debate on the effectiveness of the pharmaceutical treatment of depression and anxiety with
AD.
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(a) Probability of ever filling a prescription between ages 10–15

(b) Number of DDDs of AD filled between ages 10–15

Figure 1: Relationship between AD prescriptions and specialist propensity to prescribe
Notes: Each circle represents the average over a bin of width 0.02, and its size indicates the number of
observations in the bin. The solid line plots the estimated simple relationship between the outcome
and the physician propensity to prescribe.
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(a) 9th grade test score, Danish

(b) 9th grade test score, math

Figure 2: Relationship between academic achievement and specialist propensity to prescribe
Notes: Each circle represents the average over a bin of width 0.02, and its size indicates the number of
observations in the bin. The solid line plots the estimated simple relationship between the outcome
and the physician propensity to prescribe.
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Table 1: Sample characteristics
All
(1)
A. Child characteristics
Age at diagnosis

Analysis sample
All
(2)

No AD
(3)

AD
(4)

p-value
(5)

13.362
( 1.421)

13.033
( 1.437)

12.904
( 1.428)

13.260
( 1.426)

0.000∗∗∗

B. Mother’s characteristics at child age 6
Age
34.548
( 5.040)
Years of schooling
13.107
( 2.400)
Employed
0.718
Missing values for any variable
0.048

35.124
( 5.028)
13.624
( 2.485)
0.768
0.041

35.018
( 5.091)
13.539
( 2.487)
0.750
0.044

35.311
( 4.911)
13.776
( 2.473)
0.798
0.034

0.038∗∗

C. Father’s characteristics at child age 6
Age
37.278
( 5.931)
Years of schooling
13.452
( 2.578)
Employed
0.853
Missing values for any variable
0.088

37.588
( 5.864)
13.888
( 2.619)
0.878
0.079

37.414
( 5.833)
13.845
( 2.596)
0.870
0.089

37.894
( 5.906)
13.965
( 2.657)
0.892
0.063
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0.001∗∗∗
0.000∗∗∗
0.069∗
0.004∗∗∗
0.107
0.017∗∗
0.000∗∗∗

Table 1: Sample characteristics (cont.)
All
(1)
D. Predicted outcomes
9th grade test score, Danish
9th grade test score, math
E. Specialist characteristics
Physician propensity to prescribe
AD in the year of diagnosis
Physician propensity to prescribe
AD in the year prior to diagnosis
Number of 10–15 year old children
treated in year of diagnosis
Number of 10–15 year old children
treated in year prior to diagnosis
Indicator for changing doctors
F. Filled AD prescriptions
AD prescription between ages 10–15
AD prescription in year of diagnosis
AD prescription in year of diagnosis
written by diagnosing specialist
Total number of DDD of AD
filled between ages 10–15
G. Academic achievement
Took 9th grade Danish test
Took 9th grade math test
Age when test taken
9th grade test score, Danish
9th grade test score, math
Observations

1.514
( 0.401)
2.205
( 0.373)
—
—
473.355
( 514.924)
440.139
( 493.181)
0.173

Analysis sample
All
(2)

No AD
(3)

AD
(4)

p-value
(5)

1.554
( 0.405)
2.296
( 0.376)

1.503
( 0.402)
2.284
( 0.380)

1.643
( 0.396)
2.317
( 0.368)

0.000∗∗∗

0.173
( 0.087)
0.173
( 0.088)
113.562
( 65.866)
107.107
( 64.186)
0.162

0.165
( 0.082)
0.167
( 0.084)
118.632
( 69.043)
111.921
( 67.082)
0.089

0.188
( 0.093)
0.182
( 0.093)
104.621
( 58.812)
98.424
( 57.610)
0.290

0.000∗∗∗

0.332
—

0.362
—

0.000
—

—
—

—
—

—
—

1.000
0.435
0.325
103.253
( 181.454)

0.711
0.710
16.862
( 0.808)
−0.171
( 1.035)
−0.372
( 1.020)

0.776
0.766
16.824
( 0.795)
−0.110
( 1.030)
−0.237
( 1.011)

0.782
0.774
16.839
( 0.770)
−0.215
( 1.025)
−0.249
( 1.033)

0.767
0.752
16.796
( 0.837)
0.078
( 1.013)
−0.215
( 0.971)

38,412

5,373

3,429

1,944

0.003∗∗∗

0.000∗∗∗
0.000∗∗∗
0.000∗∗∗
0.000∗∗∗
—
—
—
—

0.211
0.068∗
0.105
0.000∗∗∗
0.294

Notes: Column 1 reports statistics for the sample of children born between 1986–1999 who have their first
contact with a hospital psychiatric department or a (child) psychiatrist between the ages of 10–15. Columns
2–5 report statistics for the analysis sample, i.e., the sample of children whose first contact is with a child
psychiatrist who treated at least 10 children 10–15 years old during the year of that first consultation. Column
2 reports means for the entire analysis sample, column 3 for the subsample of children who do not fill an
AD prescription between the ages of 10–15, and column 4 for the subsample of children who fill at least one
AD prescription between the ages of 10–15. Column 5 reports the p -value for the test of equality between the
means in columns 3 and 4. The predicted outcomes reported in panel D are calculated based on the entire
population of 10–15 year-old children during our sample period. * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 2: Antidepressant use and academic achievement
9th grade test score, Danish
(N = 4, 172)
(1)
A. OLS
Ever used AD
Mean outcome
B. First stage
Physician propensity to prescribe
Mean outcome
First-stage F statistic
C. Reduced form
Physician propensity to prescribe
Mean outcome
D. IV
Ever used AD
Mean outcome
Child characteristics
Mother’s characteristics
Father’s characteristics

(2)

(3)

9th grade test score, math
(N = 4, 114)
(4)

(5)

(6)

0.141∗∗∗
( 0.035)
−0.215

0.104∗∗∗
( 0.034)
−0.215

0.099∗∗∗
( 0.035)
−0.215

−0.009
( 0.037)
−0.249

−0.050
( 0.035)
−0.249

−0.054
( 0.035)
−0.249

0.443∗∗∗
( 0.097)
0.357
20.670

0.414∗∗∗
( 0.097)
0.357
18.157

0.415∗∗∗
( 0.098)
0.357
17.878

0.449∗∗∗
( 0.099)
0.355
20.542

0.426∗∗∗
( 0.099)
0.355
18.618

0.430∗∗∗
( 0.101)
0.355
18.182

0.231
( 0.198)
−0.110

0.178
( 0.188)
−0.110

0.170
( 0.191)
−0.110

0.530∗∗
( 0.209)
−0.237

0.485∗∗
( 0.202)
−0.237

0.500∗∗
( 0.202)
−0.237

0.522
( 0.469)
−0.215

0.429
( 0.474)
−0.215

0.409
( 0.474)
−0.215

1.181∗∗
( 0.550)
−0.249

1.137∗∗
( 0.568)
−0.249

1.162∗∗
( 0.570)
−0.249

Yes
No
No

Yes
Yes
No

Yes
Yes
Yes

Yes
No
No

Yes
Yes
No

Yes
Yes
Yes

Notes: Sample of children whose first contact is with a child psychiatrist who treated at least 10 children
10–15 years old during the year of that first consultation. Each cell reports the estimated coefficient from a
separate regression with outcome variable indicated in the column heading, dependent variable indicated in
the row heading, specification indicated in the panel heading, and list of control variables indicated in the
footer. Mean outcomes are calculated for children not using AD (Panels A and D) or for all children in the
sample (Panels B and C). Child characteristics include indicators for whether the child is an immigrant (firstor second-generation), boy, for the age at first contact with a specialist, for the year of birth, and for the
municipality of residence at the time of diagnosis. Mother’s and father’s characteristics include the number of
years of schooling and indicators for whether they are an immigrant (first- or second-generation), married, for
their age, and for the total annual gross income decile in the full population, all measured in the year when the
child is 6 years old. Information on a small number of parents is not available, in which case the corresponding
variables are set equal to the mode in the analysis sample and indicators for missingness are included in the
regression. Robust standard errors clustered at the specialist-year of diagnosis level are reported in brackets.
First-stage F statistic refers to the F-test of significance of the instrument in the specification in Panel B. *
p < 0.10, ** p < 0.05, *** p < 0.01.
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−0.026
( 0.047)
5,373
0.071

Immigrant

Father

−0.049
( 0.053)
5,373
0.088

Mother

−0.021
( 0.039)
5,373
0.048

D. Missing parental characteristics

1.297
( 1.187)
5,373
37.276

Age

0.024
( 0.046)
5,373
0.060

Immigrant

Age
0.707
( 0.991)
5,373
34.547

−0.038
( 0.033)
5,373
0.054

−0.133
( 0.099)
5,373
0.501

( 4)

−0.086
( 0.180)
5,370
1.558

Number of
siblings

0.018
( 0.460)
5,373
13.106

Years of
schooling

0.081
( 0.078)
4,866
1.513

9th grade test
score, Danish

0.108
( 0.091)
5,373
0.651

Married

0.074
( 0.060)
5,373
0.853

Employed

0.136∗
( 0.081)
5,373
0.718

Employed

−0.129
( 0.161)
5,370
0.770

Number of
older siblings

( 5)

0.034
( 0.072)
4,866
2.205

9th grade test
score, math

0.002
( 0.006)
3,926
0.983

Took test,
Danish

E. Predicted academic outcomes

−0.242
( 0.488)
5,373
13.451

Years of
schooling

C. Father’s characteristics at child age 6

0.204∗∗
( 0.094)
5,373
0.625

Married

B. Mother’s characteristics at child age 6

0.174
( 0.252)
5,373
13.358

Age at
diagnosis

A. Child characteristics

( 3)

−0.001
( 0.006)
3,924
0.980

Took test,
math

2.890
( 49.969)
5,165
374.211

Gross annual
income

−1.206
( 27.235)
5,286
285.113

Gross annual
income

0.043
( 0.159)
5,370
0.789

Number of
younger siblings

( 6)

Notes: Sample of children whose first contact is with a child psychiatrist who treated at least 10 children 10–15 years old during the year of that first
consultation. Each cell reports the estimated coefficient from a separate OLS regression with outcome variable indicated in the column heading and
independent variables: physician propensity to prescribe and indicators for year of diagnosis and municipality of residence. Mean outcomes are calculated
for the entire analysis sample. Robust standard errors are reported in brackets. * p < 0.10, ** p < 0.05, *** p < 0.01.

Observations
Mean outcome

Physician propensity to prescribe

Observations
Mean outcome

Physician propensity to prescribe

Observations
Mean outcome

Physician propensity to prescribe

Observations
Mean outcome

Physician propensity to prescribe

Immigrant

( 2)

Boy

( 1)

Table 3: Instrument balance

Table 4: Robustness checks
9th grade test scores
Danish
(1)
A. Selection of specialists
Number of children treated in year of diagnosis ≥ 20

Math
(2)

0.208
( 0.507)
4,121
−0.214
14.715

1.249∗
( 0.640)
4,063
−0.251
15.317

0.330
( 0.492)
3,710
−0.224
18.079

1.183∗
( 0.612)
3,663
−0.261
18.987

0.159
( 0.355)
4,302
−0.223
25.708

0.732∗
( 0.414)
4,241
−0.260
25.696

0.287
( 0.593)
3,342
−0.229
12.141

1.744∗∗
( 0.833)
3,281
−0.276
11.020

0.373
( 0.623)
2,507
−0.209
9.270

1.114
( 0.748)
2,448
−0.278
9.781

Observations
Mean outcome
First-stage F statistic

0.431
( 0.554)
3,823
−0.205
13.979

1.259∗∗
( 0.633)
3,776
−0.235
14.155

Add interactions between indicators for missingness
and the corresponding variables
Observations
Mean outcome
First-stage F statistic

0.344
( 0.471)
4,172
−0.215
18.321

1.075∗
( 0.572)
4,114
−0.249
17.843

Observations
Mean outcome
First-stage F statistic
Number of children treated in year of diagnosis ≥ 50
Observations
Mean outcome
First-stage F statistic
Add children first treated by general psychiatrists
Observations
Mean outcome
First-stage F statistic
B. Selection of children
First psychiatric consultation at or after age 12
Observations
Mean outcome
First-stage F statistic
First psychiatric consultation at or after age 13
Observations
Mean outcome
First-stage F statistic
C. Handling of missing parental characteristics
Exclude children with missing parental characteristics
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Table 4: Robustness checks (cont.)
9th grade test scores
Danish
(1)
D. Handling of outliers in the distribution of physician propensity to prescribe
Exclude 1% tails
0.311
( 0.511)
Observations
4,047
Mean outcome
−0.217
First-stage F statistic
14.270
Exclude 5% tails
Observations
Mean outcome
First-stage F statistic
Winsorize 1% tails
Observations
Mean outcome
First-stage F statistic
Winsorize 5% tails
Observations
Mean outcome
First-stage F statistic
E. Alternative instruments
Propensity to prescribe in the year prior to diagnosis
Observations
Mean outcome
First-stage F statistic
Physician propensity to prescribe above median
Observations
Mean outcome
First-stage F statistic
F. Alternative measures of AD use
Average yearly number of DDDs until age 15
Observations
Mean outcome
First-stage F statistic
AD prescription in year of first consultation
Observations
Mean outcome
First-stage F statistic

1.270∗
( 0.646)
3,993
−0.253
13.931

−0.034
( 0.481)
3,791
−0.222
15.339

1.324∗
( 0.678)
3,746
−0.261
12.621

0.378
( 0.480)
4,172
−0.215
17.211

1.169∗∗
( 0.582)
4,114
−0.249
17.496

0.341
( 0.492)
4,172
−0.215
16.144

1.233∗∗
( 0.623)
4,114
−0.249
15.699

0.404
( 0.616)
3,872
−0.215
5.657

1.059
( 0.909)
3,823
−0.249
5.242

−0.033
( 0.480)
4,172
−0.215
18.887

1.385∗∗
( 0.640)
4,114
−0.249
15.947

0.001
( 0.002)
4,172
−0.161
24.824

0.004∗∗
( 0.002)
4,114
−0.260
25.518

0.267
( 0.301)
4,172
−0.161
90.472

0.776∗∗
( 0.332)
4,114
−0.260
92.704

Notes: See notes to Table 2 for a description of the sample and control variables used.
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Math
(2)
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1.692
( 0.382)
1,392
2.361
( 0.352)
1,364

1.556
( 0.386)
2,429
2.331
( 0.362)
2,411

Predicted 9th grade test score, Danish

Predicted 9th grade test score, math

0.015∗∗

3,821

0.000∗∗∗

No AD
(3)

1.301
( 0.396)
643

AD
(4)

2.112
( 0.396)
Observations
3,775
661
Notes: See notes to Table 1 for a description of the sample and variables used. * p < 0.10, ** p < 0.05, *** p < 0.01.

Observations

p-value
(2)

AD
(1)

No AD

Test-takers

Table 5: Predicted academic achievement, test takers and non-test-takers

2.180
( 0.383)
430

1.474
( 0.398)
402

p-value
(5)

Non-test-takers

1,091

0.004∗∗∗

1,045

0.000∗∗∗

(6)

Table 6: Heterogeneity in the effects of AD use
9th grade test scores
Danish
(1)
A. Child gender
Boy
Mean outcome
Observations
First-stage F statistic
Girl
Mean outcome
Observations
First-stage F statistic

0.401
( 0.574)
−0.495
2,162
13.536

0.932
( 0.626)
−0.275
2,156
11.981

0.375
( 0.822)
0.202
1,914
5.379

1.783
( 1.081)
−0.210
1,860
6.208

Notes: See notes to Table 2 for a description of the sample and control variables used.

30

Math
(2)

