














Figure 8. Effect of parenthood on antidepressant prescription and
hospitalization for mental and behavioral disorders by education for
different types of families
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Note: The figure reports event-study estimates, relative to the year of first childbirth,
of the effect of parenthood on annual antidepressant prescriptions (ATC code NO6A)
and inpatient psychiatric hospitalizations for mental and behavioral disorders (ICD-
10 codes FO0-F99), separately by educational attainment and relative income within
the couple. Educational attainment is defined as upper secondary education or less
and tertiary education. Relative income is measured as the mother’s share of total
household income two years before childbirth, where households are classified ac-
cording to whether the mother’s income share is above or below the sample median.
Estimates are obtained from a fully interacted stacked staggered difference-in-differ-
ences model with implementation cohorts defined by age at first childbirth. For each
age-at-first-birth cohort, treated individuals are compared with not-yet-treated indi-
viduals of the same sex, age, and birth cohort period who have their first child 2—12
years later. Effects are estimated separately for each implementation cohort and ag-
gregated using the share of parents in each age-at-first-birth cohort as weights. The
sample is restricted to parents whose age at first birth falls within the interquartile
range of the parental age-at-first-birth distribution. Regressions include individual-by-
cohort fixed effects and cohort-specific calendar-year fixed effects. 95 percent confi-
dence intervals based on standard errors clustered at the individual level.

5. Discussion

For mothers, the transition to parenthood is associated with a pronounced
short-run decline in both antidepressant use and inpatient psychiatric care. The
pattern is similar across groups defined by education, within-couple income
position, and is stable across cohorts. This limited heterogeneity suggests that
the decline is not confined to mothers in particular socioeconomic circum-
stances or gender roles. The reductions are largest around childbirth and dur-
ing the first years of motherhood.
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Several mechanisms may contribute to this pattern. A decline in antidepres-
sant use around pregnancy could partly reflect changes in prescribing or treat-
ment-seeking behavior. However, the persistence of the decline beyond child-
birth, together with the concurrent reduction in severe psychiatric hospitaliza-
tions, makes it unlikely that the results are explained solely by reduced access
to treatment or lower health-care utilisation. The findings are also consistent
with a short-run improvement in maternal mental health. Potential mecha-
nisms include biological and psychological effects related to maternal bond-
ing, as well as increased contact with maternal and child health services, which
may improve well-being by strengthening social support, facilitating monitor-
ing and early detection of mental health problems, and expanding access to
non-pharmacological care.

For fathers, the pattern is reversed: Both antidepressant use and inpatient
psychiatric care rise steadily following family formation, indicating increasing
psychological distress and accumulating mental health burdens after the tran-
sition to parenthood. The consistency of these patterns across population
groups and over time suggests that this gradual deterioration may reflect bur-
dens that are intrinsic to the transition to fatherhood.

In the longer run, antidepressant use increases more sharply among mothers
and eventually exceeds that of fathers. By contrast, mothers’ rates of hospital-
ization for mental and behavioral disorders remain consistently below those
of fathers throughout the follow-up period. The persistently lower inpatient
care among mothers may partly reflect enduring effects of an initial health
improvement following childbirth, consistent with a lasting positive health
shock, combined with the increasing use of antidepressants. At the same time,
fathers’ comparatively lower use of antidepressants, despite their higher rates
of hospitalization, may indicate that they are less likely than mothers to seek,
receive, or adhere to outpatient pharmacological treatment before mental
health problems become sufficiently severe to require inpatient care. Taken
together, these findings suggest that family formation may widen pre-existing
gender differences in health behavior, with women more likely to seek treat-
ment at less severe stages and men more likely to enter care only once their
conditions have become more acute.

More broadly, our results challenge the prevailing view in the literature that
men are largely unaffected by family formation. Importantly, mild and severe
measures of mental ill-health tell different stories. The fact that fathers exhibit
especially large increases in severe psychiatric outcomes suggests that
parenthood may contribute to a deterioration in men’s underlying mental
health capital.
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Taken together, the distinct mental health trajectories of mothers and fa-
thers are remarkably stable across parental cohorts, education, and relative in-
come positions within the household. This limited heterogeneity suggests that
the mental health consequences of family formation reflect broadly shared
features of the transition to parenthood rather than circumstances specific to
particular socioeconomic groups or family types.

6. Conclusion

Using population-wide Swedish administrative data, this paper examines how
the transition to parenthood affects mental ill-health among mothers and fa-
thers. We combine information on antidepressant use and inpatient psychiatric
care and apply a novel staggered event-study design in which individuals who
become parents at a given age are compared with individuals of the same sex,
age, and birth cohort who enter parenthood somewhat later.

We find markedly different mental health trajectories for mothers and fa-
thers. Among mothers, antidepressant use and psychiatric hospitalization de-
cline sharply around childbirth and remain below pre-pregnancy levels during
the first years of parenthood. Antidepressant use subsequently rebounds and
rises above its pre-pregnancy level, whereas the increase in inpatient psychi-
atric care is more moderate. Among fathers, both antidepressant use and psy-
chiatric hospitalization increase gradually after childbirth, with the strongest
deterioration observed in hospitalizations for substance use disorders. These
patterns are broadly similar across cohorts, educational groups, and relative
income positions within the household.

The results show that focusing exclusively on maternal outcomes or on less
severe measures of mental ill-health provides an incomplete account of the
consequences of parenthood. The pronounced short-run reductions in both an-
tidepressant use and inpatient psychiatric care among mothers challenge the
prevailing view that the transition to parenthood is associated primarily with
a deterioration in women’s mental health. At the same time, the increase in
psychiatric hospitalization among fathers challenges the conclusion that men
are largely unaffected by family formation. More broadly, the findings demon-
strate that parenthood is an important determinant of adult mental health tra-
jectories and that its effects differ substantially by gender, time since child-
birth, and the severity of the outcome considered.
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Appendix

Figure Al. Beta coefficients using Kleven et al (2019) strategy
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Note: The figure reports event-study estimates, relative to the year of first childbirth,
of the effect of parenthood on annual antidepressant prescriptions (ATC code NO6A)
and inpatient psychiatric hospitalizations for mental and behavioral disorders (ICD-
10 codes FO0-F99). Estimates are obtained using the standard event-study approach
in Kleven, Landais, Posch, et al. (2019) and Kleven, Landais, and Segaard (2019).
The sample is restricted to parents whose age at first birth falls within the interquartile
range of the parental age-at-first-birth distribution. Regressions include individual
fixed effects and calendar-year fixed effects. The shaded areas represent 95 percent
confidence intervals based on standard errors clustered at the individual level.
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Figure A2. Effect of parenthood on antidepressant prescriptions and
psychiatric hospitalization, by completed parity

Antidepressants (NO6A) Mental and behavioral disorders (FO0-F99)

Men Women Men Women

.04 .004
.004

.03 .003

> .003 1
.02 .002
.002
014 .001+

.001
0+

Estimated effect
llEstimat_ed ef_fecl_
Estimated effect
Estimated effect

-014 o011 \.. -.001
-.02 _0024 -.0024
-.034 -.0034 -.0034
““““““““
-5-4-3-2-1012345678910 -5-4-3-2-1012345678910 -54-32-1012345678910 -543-2-1012345678910
Time since child birth Time since child birth Time since child birth Time since child birth

@ Onechild @ More that one child

Note: The figure reports event-study estimates, relative to the year of first childbirth,
of the effect of parenthood on annual antidepressant prescriptions (ATC code NO6A)
and inpatient psychiatric hospitalizations for mental and behavioral disorders (ICD-
10 codes FO0-F99), separately for parents with one child and parents with more than
one child. Estimates are obtained from a fully interacted stacked staggered difference-
in-differences model with implementation cohorts defined by age at first childbirth.
For each age-at-first-birth cohort, treated individuals are compared with not-yet-
treated individuals of the same sex, age, and birth cohort period who have their first
child 2—12 years later. Effects are estimated separately for each implementation cohort
and aggregated using the share of parents in each age-at-first-birth cohort as weights.
The sample is restricted to parents whose age at first birth falls within the interquartile
range of the parental age-at-first-birth distribution. Regressions include individual-by-
cohort fixed effects and cohort-specific calendar-year fixed effects. 95 percent confi-
dence intervals based on standard errors clustered at the individual level.
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1. Introduction

Few innovations have shaped women’s economic lives as profoundly as the
birth control pill. Introduced in the 1960s, it gave women new control over
their fertility and transformed their educational and career trajectories. The
influential studies by Goldin and Katz (2000, 2002) documented how access
to the pill delayed marriage, increased college enrollment, and strengthened
women’s attachment to the labour market. These contributions launched what
is now widely known as the "power of the pill" literature, inspiring numerous
subsequent studies that demonstrated how the pill enhanced women’s educa-
tional attainment and employment opportunities (Bailey, 2006; Bailey et al.,
2012; Steingrimsdottir, 2016). Despite these advantages, recent research, in-
cluding the present study, examines a critical yet often overlooked dimension,
namely whether oral contraceptives have adverse consequences for women.
Specifically, emerging evidence from the medical literature points to signifi-
cant negative effects of oral contraceptive use on women’s mental health, rais-
ing important questions about the broader economic and societal trade-offs
associated with fertility control (Valder, 2025; Costa-Ramon et al., 2023).

Hormonal oral contraceptives' , used by about 150 million women world-
wide (United Nations, 2022), rank among the most common forms of preg-
nancy prevention and are also routinely prescribed for a variety of gynaeco-
logical conditions?. In Sweden, women between 12 and 25 years old can easily
obtain a prescription for any type of hormonal contraceptive through the youth
clinics, where they can also receive consultation from midwives and gynae-
cologists, making it an especially relevant setting for this study. Nevertheless,
hormonal contraceptives are not risk-free and the literature reports that there
may be several potential risks * and side effects * associated with contraceptive
use, notably depression and mood changes (FSRH Guideline, 2022; FSRH
Guideline, 2023).

The present study investigates whether oral contraceptives play a role in
the prevalence of depression among adolescents and young women. Depres-
sion is one of the most prevalent mental health disorders, affecting

! Contraception refers to the intentional prevention of pregnancy using artificial methods.

2 The most common disorders treated with hormonal contraceptives are endometriosis, heavy
or irregular menstrual bleeding, premenstrual syndrome, polycystic ovarian syndrome, acne,
and hirsutism (Brant et al., 2017).

3 Risks associated with the use of hormonal contraceptives are venous thromboembolism, is-
chemic stroke, myocardial infarction, breast cancer, cervical cancer, ovarian cysts, and ectopic
pregnancy (FSRH Guideline, 2022; FSRH Guideline, 2023).

4 Common side effects reported are changes in bleeding patterns, breakthrough bleeding, alter-
ations in libido, headaches, acne, and weight gain (FSRH Guideline, 2022; FSRH Guideline,
2023).
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approximately one in five individuals in Sweden over their lifetime’ (Folkhil-
somyndigheten, 2024). It disproportionately affects women (WHO, 2023) and
is particularly common during adolescence (WHO, 2024). Since depression
may arise independently or be triggered by external factors such as medication
side effects (Celano et al., 2011), evaluating whether hormonal contraceptives
contribute to these risks is therefore essential for informing public-health pol-
icy and clinical practice.

In order to answer the question of whether oral contraceptives affect
women’s mental health, specifically the likelihood of receiving antidepressant
prescriptions, this study employs an event-time strategy following the meth-
odology introduced by Callaway and Sant’Anna (2021). The analysis utilizes
detailed Swedish administrative data from 2005 to 2017 for women who ini-
tiated oral contraceptives between the ages of 14 and 25, extending the age
coverage beyond that considered in earlier economic studies. A key contribu-
tion of the study lies in improving the credibility of the counterfactual by
closely aligning treated and control groups by age, birth cohort, and timing of
initiation. The treated individuals are compared only to not-yet-treated indi-
viduals born in the same year and quarter, which ensures that both are exposed
to similar life events. Furthermore, comparisons are restricted to peers who
initiate oral contraceptive use one or two years later, thereby securing expo-
sure to similar social environments and enhancing comparability in age and
calendar time.

Within this framework, identification assumes that in the absence of treat-
ment, treated and not-yet-treated women would have followed similar trajec-
tories. The pre-treatment evidence is consistent with this assumption for
women aged 17-25, as the coefficients are close to zero and statistically in-
significant, but is violated for younger initiators (ages 14—16), who exhibit
upward pre-trends consistent with selection into treatment. Additional analy-
sis indicates that these pre-treatment patterns are largely driven by women
with ADHD, suggesting systematic differences between treated and control
groups among the youngest cohort.

The findings reveal that oral contraceptive initiation is followed by a sta-
tistically significant increase in antidepressant prescriptions, consistent with
prior evidence linking hormonal contraception to adverse mental health out-
comes (Valder, 2025; Costa-Ramon et al., 2023). The largest increase in anti-
depressant prescriptions is observed among women who initiated oral contra-
ceptive use between ages 14 and 16, in line with previous studies that indicate
that the strongest association is among young teenagers (Skovlund et al., 2016;

5 In 2023, 1.2 million people were prescribed antidepressants in Sweden, including 8.8% of
adolescents and young adults aged 10 to 24 (Socialstyrelsen, 2025).
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Zettermark et al., 2018; Johansson et al., 2023). However, this study shows
that at least part of the observed increase may reflect underlying trends rather
than a causal effect, as indicated by the upward trajectory in antidepressant
use prior to treatment. In contrast to the younger cohort, women aged 17-25
display no statistically significant pre-treatment differences in antidepressant
use, enhancing the credibility of a causal interpretation. For the 17-19 age
group, the estimated effect emerges one quarter after initiation and remains
positive for seven quarters, reaching 9.62% two years after initiation. Among
women aged 20-25, antidepressant use increases immediately after initiation
and continues to rise, attaining 18.65% seven quarters after treatment. Taken
together, the evidence shows that oral contraceptive use leads to increased an-
tidepressant prescriptions, particularly among older adolescents and young
adults. The effects arise immediately after initiation and persist for two years,
with notable heterogeneity in both magnitude and persistence across age
groups.

Motivated by the increasing pre-trends observed for the youngest group, I
also examine whether ADHD diagnosis captures systematic selection into
early initiation (ages 14—16). Women with ADHD represent a particularly rel-
evant group, as they are more likely to engage in riskier sexual behavior during
adolescence, which may affect the timing of contraceptive initiation (Flory et
al., 2006; Hosain et al. 2012). In addition, ADHD is often comorbid with de-
pression and anxiety, conditions that influence antidepressant use (Gillberg,
1983; Larson et al., 2007). Despite its relevance, this dimension has received
little attention in the literature, with only one medical study by Lundin et al.
(2023) documenting stronger associations between oral contraceptive use and
mental health outcomes among women with ADHD. Consistent with this ev-
idence, I find a stronger relationship between oral contraceptive initiation and
antidepressant prescriptions for women with ADHD in the post-treatment pe-
riod. In the pre-treatment period, women with ADHD exhibit increasing trends
that are larger than in the baseline case. On the other hand, women without an
ADHD diagnosis have smaller estimates compared to the baseline analysis but
follow a similar trajectory throughout the observed period. These patterns sug-
gest that the baseline pre-treatment dynamics in antidepressant use are primar-
ily driven by women diagnosed with ADHD.

The next part of the analysis examines whether the effects differ by contra-
ceptive type and by the reasons for oral contraceptive initiation. This section
focuses on women who initiate oral contraceptives in late adolescence (ages
17-19) and young adulthood (ages 20-25), where the timing of initiation can
be considered as good as random. The youngest group (ages 14-16) is ex-
cluded from the main analysis, since initiation at these ages appears to be
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driven primarily by selection among women with an ADHD diagnosis. Ap-
pendix Figures A14—A15 present the corresponding estimates by ADHD sta-
tus, revealing that women without ADHD follow the trajectories of antide-
pressant prescriptions of older initiators.

The first heterogeneity analysis examines whether the effects of oral con-
traceptives differ by contraceptive type. Combined and progestogen-only oral
contraceptives differ in hormonal composition and medical indications, which
may induce distinct mental health responses. Aggregating them into a single
treatment group could obscure meaningful heterogeneity and lead to mislead-
ing conclusions about the relationship between hormonal contraception and
depression. Within this sample, the results show that the estimated effects for
different contraceptive types are similar to the baseline, except among women
aged 17-19 using progestogen-only pills, for whom no significant change in
antidepressant prescriptions is observed. Despite this age-specific difference,
the overall effects of the two contraceptive types are not statistically different
in most cases, in contrast to findings in earlier studies (Skovlund et al., 2016;
Zettermark et al., 2018; Lundin et al., 2022).

The second analysis investigates whether the mental health effects of oral
contraceptives vary by the primary motivation for initiation. To my
knowledge, earlier work has not considered this distinction, even though nu-
merous clinical and epidemiological studies indicate that gynaecological dis-
orders are associated with elevated risks of depression. Therefore, disentan-
gling these motives is important, as women who initiate contraceptives for
pregnancy prevention may differ systematically from those who initiate for
medical indications, such as menstrual regulation or acne treatment, in under-
lying health and behavioral characteristics associated with mental health vul-
nerability. In line with this hypothesis, the findings suggest that women who
initiate contraceptive use primarily for pregnancy prevention exhibit trajecto-
ries that closely mirror the baseline estimates. At the same time, women diag-
nosed with a gynaecological condition around initiation show larger estimated
increases in antidepressant use, although these estimates are imprecise given
the small size of this group. Overall, the analysis suggests that the main find-
ings are not driven by women whose initiation is associated with an underly-
ing gynaecological condition that may itself affect mental health.

In economics, a small but growing body of literature investigates the effects
of oral contraceptives on women’s mental health. Specifically, Valder (2025)
and Costa-Ramon et al. (2023), who are, to the best of my knowledge, the only
two papers in the economics literature on this topic, both find adverse effects
of contraceptives on women’s mental health. Valder (2025) exploits variation
in access to the pill in the US between 1960 and 1977 and finds long-term
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negative mental health effects, with women who had access to the pill
throughout adolescence reporting depression scores around 20-35% higher
later in life. In this study, I examine the effect of oral contraceptive initiation
among women aged 14-25 in Sweden during 2007-2016 and find more mod-
erate increases in antidepressant use, of around 9-19%. The magnitude of the
estimates is not directly comparable, however, as the two studies examine dif-
ferent age groups, outcomes, and stages of the life course.

Methodologically closest to my setting is Costa-Ramon et al. (2023), who
use Danish registry data on adolescents aged 12—17 and apply the Sun and
Abraham (2021) event-study estimator, comparing treated individuals with
the last-treated cohort. They find sizeable adverse effects: contraceptive initi-
ation increases the probability of a psychiatric visit by 17%, a depression di-
agnosis by 40%, and antidepressant use by 65%. In this study, I find more
moderate effects for the older age groups, at around 9—19%, while the esti-
mates for women aged 14—16 cannot be interpreted causally because of dif-
ferential pre-initiation trends. Moreover, I find no evidence that oral contra-
ceptive initiation affects outpatient visits or hospitalizations for depression.
My analysis differs from Costa-Ramon et al. (2023) along several dimensions
that may account for the differences in the empirical findings. First, the insti-
tutional settings differ. In Denmark, contraceptive prescriptions are generally
issued through primary care, whereas in Sweden youth clinics provide a
widely accessible, low-threshold point of entry. Selection into contraceptive
initiation may therefore differ across the two settings, potentially contributing
to differences in the estimated effects. Second, I study a broader age range of
14-25 and report separate estimates across adolescence and young adulthood,
while Costa-Ramoén et al. focus on a younger population. Third, I compare
treated women with not-yet-treated peers born in the same year and quarter
who initiate oral contraceptives one or two years later, rather than using the
last-treated cohort as the comparison group, which may involve comparisons
with women who differ in age, cohort composition, or the circumstances sur-
rounding contraceptive initiation. Furthermore, the studies also differ in the
contraceptive methods considered. Costa-Ramoén et al. (2023) include im-
plants within their broader progestogen-only category, whereas I restrict the
analysis to oral contraceptives because previous evidence suggests that mental
health responses may vary across contraceptive methods and routes of admin-
istration. Finally, I follow women for two years after initiation, allowing me
to examine whether the estimated effects persist beyond the first year.
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Evidence from the medical literature is mixed regarding the association be-
tween hormonal contraceptives and depression®. While several studies docu-
ment increased risks of depressive symptoms (Skovlund et al., 2016; Anderl
et al., 2022; Johansson et al., 2023), others report positive effects (Toffol et
al., 2012; Keyes et al., 2013; Gawronska et al., 2024) or do not find a statisti-
cally significant association (Duke et al., 2007; Cheslack-Postava et al., 2015).
Several studies in the medical literature draw on large administrative registers
comparable to those used in this study, yet they remain observational and do
not establish whether oral contraceptives affect mental health (Skovlund et al.,
2016; Zettermark et al., 2018; Lundin et al., 2022). My study, however, uses
an event-study design which observes trajectories pre- and post-initiation and
contrasts initiators with not-yet-treated counterparts, enhancing the basis for
causal inference. The causal impact of contraceptives has explicitly been ad-
dressed in the medical literature using randomized controlled trials (RCTs)
(Lundin et al., 2017; Zethraeus et al., 2017; Gingnell et al., 2013; Bengtsdotter
et al., 2018). These studies provide particularly strong causal evidence by ex-
ploiting random assignment and are therefore an important benchmark for as-
sessing the mental health effects of hormonal contraceptives. However, their
findings are mixed, which may partly reflect differences in the hormonal for-
mulations examined across trials. At the same time, these RCTs have a short
intervention period and a small number of individuals compared to this study
where I use an extended follow-up period after the pill initiation drawing on
data from several age cohorts over multiple years covering the entire popula-
tion of Sweden.

This paper makes several contributions to the literature on the effects of
oral contraceptives on women’s mental health. First, the study provides new
causal evidence by leveraging within-cohort variation in treatment timing to
compare women who initiate oral contraceptive use with not-yet-treated coun-
terparts who initiate use one or two years later. The empirical design, which
combines population-wide Swedish administrative data with the Callaway and
Sant’ Anna (2021) event-study framework, strengthens identification by align-
ing women on age, cohort, and timing, thus enhancing the credibility of the

% These discrepancies may stem from variations in study design, including differences in how
hormonal contraceptive methods are categorized. Some studies analyze each hormonal method
separately—including oral contraceptives, implants, intrauterine devices, injections, patches,
and vaginal rings—while others focus specifically on progestogen-only or combined contra-
ceptives of all types. Additionally, comparison groups vary, with some studies comparing
never-users, past-users, or users of other hormonal contraceptive methods. Differences in the
choice of covariates may also influence results. Furthermore, depression is measured using var-
ious indicators, such as antidepressant use, depression scales, self-reported depressive symp-
toms, or clinical diagnoses. Finally, some studies focus on specific subpopulations, such as
women with polycystic ovarian syndrome or those with no prior psychiatric history.
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counterfactual and the validity of the parallel-trends assumption. Second, the
study makes an important contribution by broadening the age scope of existing
research to include all women aged 14-25 and provides separate estimates by
age group. This wider coverage enables a detailed examination of heterogene-
ity in the effects of oral contraceptives, revealing distinct patterns across ado-
lescence and early adulthood. Third, it explores key dimensions of heteroge-
neity in the estimated effects, focusing on the role of ADHD, and the motives
for initiation. This approach helps uncover underlying mechanisms, showing
that pre-trends among early initiators are largely driven by women with
ADHD, while mental health effects are more pronounced among women who
initiate for medical rather than contraceptive reasons. Taken together, these
contributions bridge insights from the economics and medical literature and
provide a comprehensive understanding of how hormonal contraceptive use
affects women’s mental health.

The remainder of the paper is organized as follows: Section 2 presents the
literature review, Section 3 describes the data, Section 4 outlines the empirical
strategy, Section 5 presents the main results, Section 6 discusses the hetero-
geneity analysis and Section 7 concludes.

2. Literature Review

Since their introduction, oral contraceptives have generated a substantial eco-
nomics literature that weighs emancipation through reproductive autonomy
against emerging evidence of mental health costs. Specifically, a part of the
economics literature examines how access to oral contraceptives has shaped
women’s career and educational trajectories. The introduction of the pill in the
U.S. led to an increase in the age at first marriage, increased the participation
of women in higher education and reduced the cost for women of investing in
long-term careers (Goldin and Katz, 2000; Goldin and Katz, 2002). Similarly,
Steingrimsdottir (2016) found that the pill influenced labour market choices,
shifting women toward higher-paying, male-dominated jobs. Access to oral
contraceptives increased women’s labour force participation, reduced early
childbearing and contributed to narrowing the gender wage gap (Bailey, 2006;
Bailey et al., 2012). Another branch of the literature focuses on the pill’s im-
pact on teenage pregnancies, finding that access to oral contraceptives halved
the pregnancy rates (Ragan, 2025). Additionally, research on Sweden’s sub-
sidization of the pill shows that it reduced abortion rates by 8% and lowered
the likelihood of teenage childbearing by 20% (Grongvist, 2009). Further-
more, Madestam and Simeonova (2012) found that the children born to
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women with access to the pill’s subsidization in Sweden have higher educa-
tional attainment and are more likely to succeed in the labour market.

On the other hand, there is a newer strand of the economics literature, com-
plementing the existing medical literature that explores the health effects of
oral contraceptives and specifically the effects on depression. Using U.S. sur-
vey data, Valder (2025) found that women in the U.S. with access to the pill
report depression scores that are 27% higher on average, with even larger ef-
fects for those who had access during adolescence. Similarly, Costa-Ramoén et
al. (2023), using Danish registry data and an event study approach, found that
teenage girls aged 12 to 17 experience worse mental health outcomes after
initiating contraceptive use. When distinguishing between combined hormo-
nal contraceptives and progestogen-only contraceptives, they found that the
increased probability of being prescribed antidepressants was statistically sig-
nificant only for those using combined hormonal contraceptives. Additionally,
their findings suggest that girls whose physicians prescribe at higher rates tend
to have worse mental health outcomes. Finally, examining a more severe but
less common mental health outcome, Ragan (2024) uses variation in hormonal
contraceptive sales around the introduction of the pill in Sweden in 1964 and
finds no evidence that the diffusion of hormonal contraception caused a large
increase in suicide among teenage girls. Taken together, the literature portrays
the effects of the pill as a trade-off—substantial gains in education, earnings,
and fertility control alongside non-negligible mental health costs for some us-
ers, especially adolescents.

In the medical literature, the link between hormonal contraception and
women’s mental health has been studied for many years and it remains incon-
clusive, largely because studies vary in data sources, outcome measures, and
quality of empirical strategies. In a population akin to this paper, some papers
utilize detailed population-registry data, yet their designs are more descriptive.
Using nationwide Danish registers, Skovlund et al. (2016) followed every
woman aged 15-34 from 2000 to 2013 and showed that initiating hormonal
contraception increased the risk of a first depression diagnosis or antidepres-
sant prescription, with the strongest relationship among adolescents. Using
Swedish registers, Zettermark et al. (2018) tracked women aged 12-30 with
no prior psychiatric morbidity. They linked first contraceptive prescriptions to
subsequent psychotropic-drug use and found that the association was greatest
for girls 1214, weaker at 15-19, and absent in adults. Similarly, Lundin et al.
(2022) observed Swedish women aged 15-25 between 2010 and 2017 and,
after adjusting for parental mental health history, found no overall link for
combined oral pills but did detect elevated risk among 15—19-year-olds using
progestogen-only pills, with even higher estimates for the patch, ring, implant,
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and hormonal [UD. The aforementioned studies differ in outcome measures
(first depression diagnosis, antidepressant prescriptions, both, or psychotropic-
drug use), exclusion criteria (age, prior psychiatric diagnoses, childbirth his-
tory, prior psychotropic-drug use), and empirical methods. Even so, they indi-
cate that associations with mental health vary by contraceptive formulation,
with non-oral methods showing particularly strong associations with antide-
pressant or other psychotropic-drug prescriptions. They also reveal a clear age
gradient, with adverse associations concentrated in adolescence and attenuat-
ing with age, motivating separate analyses by method and age group.

Because few countries maintain integrated population registers that link in-
dividuals across sectors through personal identifiers, most studies in this area
rely on survey microdata or population-based cohorts (Duke et al., 2007; Tof-
fol et al., 2012; Keyes et al., 2013; Cheslack-Postava et al., 2015; Gregory et
al., 2018; Anderl et al., 2022; Johansson et al., 2023; Gawronska et al., 2024).
These studies are heterogeneous along several dimensions. Outcomes differ,
with many relying on self-reported questionnaires with different depression
scales, symptoms and clinical diagnoses. Study populations encompass sec-
ondary-school populations, undergraduate cohorts, and adult women. Exclu-
sion rules also differ, including concurrent sex-steroid use, gynaecological
conditions related to hormonal contraception use, and prior pregnancy. Meth-
odologies and covariate sets are not uniform, as well. Finally, exposure defi-
nitions range from all hormonal methods to oral contraceptives only, and
within the latter to progestogen-only versus combined formulations. This het-
erogeneity complicates cross-study comparisons and causal interpretation,
motivating an approach that harmonises outcomes and exposure definitions in
linked administrative data.

Another strand of medical research uses randomised controlled trials
(RCTs), which provide an important source of causal evidence on the effects
of hormonal contraception on women’s mental health. Although these studies
play an important role in establishing whether observed mental health differ-
ences can be attributed to contraceptive use, their findings are mixed. RCTs
typically have short intervention windows, small samples, and only test for a
specific drug formulation, limiting power, external validity, and the ability to
assess longer-run effects or heterogeneity across methods. By extending the
follow-up to two years, observing the whole Swedish population, and cover-
ing all oral contraceptive types, the present study helps address those gaps in
the literature. Lundin et al. (2017) conducted an RCT in which one group re-
ceived a combined oral contraceptive while another received a placebo. Their
findings showed a slight increase in anxiety, mood swings, and irritability dur-
ing the intermenstrual phase, but a decrease in depressive symptoms during
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the premenstrual phase. Similarly, Zethraeus et al. (2017) found that oral con-
traceptive users experienced a decline in general well-being scores compared
to placebo users; however, the impact on depression scores was not statisti-
cally significant. Gingnell et al. (2013) provided stronger evidence of a causal
link between combined oral contraceptive use and depression in users who
had experienced emotional side effects in the past. Additionally, Bengtsdotter
et al. (2018) found that women with a history of mental health issues were
more susceptible to developing mood disorders when using a combined oral
contraceptive. These studies highlight the complexity of the causal relation-
ship between hormonal contraceptives and mental health, emphasizing the im-
portance of considering individual susceptibility and different phases of the
menstrual cycle.

3. Data

3.1. Youth Clinics and Access to Contraceptives

In Sweden, hormonal contraceptives are dispensed only by pharmacies and
require a prescription. For adolescents and young adults aged 13 to 25, a pre-
scription is usually acquired through the youth clinics (ungdomsmottagning).
These clinics are open to all, and individuals may attend any clinic regardless
of residence. Care is free of charge, with the exception of a fee for missed
appointments, and access is straightforward. Appointments can be booked
online or by phone, many clinics hold drop-in sessions, and an increasing
number of them offer video and chat consultations.

Youth clinics are staffed by multidisciplinary teams that include midwives,
physicians and gynaecologists, psychologists and psychotherapists, counsel-
lors, dietitians, venereologists, and nurses. They provide information and
counselling on sexual and reproductive health, including contraception and
protection against sexually transmitted infections and unintended pregnancy,
as well as testing for sexually transmitted infections, prescription of hormonal
contraceptives, and provision of emergency contraception. Beyond sexual and
reproductive health, youth clinics also provide psychosocial support for men-
tal health concerns such as sadness, depression, stress, disordered eating, and
experiences of violence or abuse. Importantly, youth clinics are not authorized
to prescribe antidepressants or other medication for mental health disorders
and when further treatment is needed, patients are referred to specialized
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mental health services.” Staff are bound by medical confidentiality, which co-
vers both the content of consultations and the fact that a visit occurred, subject
to narrowly defined legal exceptions such as imminent risk of serious harm.

3.2. Hormonal Contraceptives and Mental Health
Mechanisms

Hormonal contraceptives may influence mental health through several inter-
connected pathways. First, progesterone acts on the central nervous system,
but it does not appear to offer protection against cognitive decline and affec-
tive disorders which can lead to worsened mood. The synthetic progesterone
called progestogen, which is included in all contraceptive formulations, has
similar effects on the brain (Zethraeus et al., 2017; Mu et al., 2022). Second,
many formulations lower testosterone, a change associated with reduced well-
being and mood symptoms such as depression, irritability, and moodiness
(Zimmerman et al., 2014; Zethraeus et al., 2017). Third, users of androgenic
oral contraceptives more frequently report adverse side effects such as mood
changes, acne, increased appetite, and weight gain, which can indirectly im-
pair mental health (Zethraeus et al., 2017). Fourth, neuroimaging evidence in-
dicates lower global brain serotonin-4 receptor binding in users, providing a
plausible molecular link to the risk of depression (Larsen et al., 2020). Finally,
symptoms often worsen during the hormone-free interval, suggesting that
withdrawal from contraceptive steroids during the pill pause can itself trigger
adverse mental health effects (Noachtar et al., 2023).

3.3. Sample
3.3.1. Data Sources

In this analysis, four registries were utilized for data collection and analysis.
The first is the Population Registry, which contains demographic information
on individuals born between 1982 and 2002 who were assigned female at birth
and resided in Sweden from 2005 to 2017. Secondly, I utilize the Like-
medelsregistret (National Prescribed Drug Register), which contains infor-
mation on the prescribed drugs in Sweden from July 2005 to December 2017
using the fifth-level ATC codes that indicate the chemical substance of the

7 Contact with a youth clinic may nevertheless facilitate the detection of depressive symptoms
and referrals to specialized care. The potential implications of this mechanism for the empirical
strategy are discussed in Chapter 4.2.
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drug. Specifically, I have information on drugs used for the nervous system
that begin with the ATC code NO6A (Antidepressants) and I use them as a
measure of depression and deteriorated mental health. Furthermore, I have in-
formation on medications used for the genitourinary system and sex hor-
mones, which begin with the ATC code G02B (Contraceptives for Topical
Use) and GO3A (Hormonal Contraceptives for Systemic Use), excluding
GO3AD (Emergency Contraceptives). The Hormonal Contraceptives for Sys-
temic Use (G03A) and the Contraceptives for Topical Use (G02B) are divided
into two categories according to route of administration: oral contraceptives
(GO3AA07, GO3AA09, GO3AA10, GO3AA1l, GO3AA12, GO3AAIl4,
GO3AA16, GO3AA18, GO3ABO0S, GO3ACO01, GO3AC02, GO3ACO09,
GO03AC10) and non-oral contraceptives (G02B, GO03AA13, GO03ACO06,
GO03ACO08). Then, first-time use is defined by the first dispensed prescription
for an oral contraceptive, and this quarter determines event time. Women who
have been using any type of non-oral hormonal contraceptives are excluded
from the sample, and further analysis is not conducted due to the small number
of users among adolescents and young adults. Thirdly, the Patientregistret Op-
penvard (National Patient Register - Outpatient) is used, as it contains infor-
mation such as the primary diagnosis using ICD-10 codes and the date of the
appointment for all persons who received outpatient care services, i.e. treat-
ment, consultation, or a procedure without an overnight stay in the hospital,
from 2005 to 2017. Finally, the Patientregistret Slutenvérd (National Patient
Register - Inpatient) contains information such as the principal admission di-
agnosis using ICD-10 codes, the number of hospital days and the dates of ad-
mission and discharge for all persons who were hospitalized from 2001 to
2017. The last two datasets provide information on mental health disorders
and ADHD, gynaecological diagnoses and pregnancies.

3.3.2. Study Population

This analysis uses individual-level data from the Swedish Population Register
on all individuals assigned female at birth who continuously resided in Swe-
den from the third quarter of 2005 to the last quarter of 2017. I focus on indi-
viduals whose first use of oral contraceptives occurred between ages 14 and
25 using the dispensing date of hormonal oral contraceptive medication from
the National Prescribed Drug Register (Lakemedelsregistret). To improve
identification of first-time users, I ensure that the individual had no prescrip-
tion for any type of hormonal contraceptives for at least two years before their
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first oral contraceptive prescription ®. Although younger initiators and those
observed later in the period are most likely true first-time users, confirming
first use for older cohorts in the early years is harder because the lookback is
limited to two years. However, research has shown that any effects of the pill
should have returned to normal after one year (Gnoth et al., 2009; Mansour et
al., 2011). Additionally, I follow all individuals for two years after they begin
using oral contraceptives to ensure a well-balanced dataset with sufficient co-
horts for analysis and an adequate window to capture short- to medium-run
changes in mental health. As a result, my final sample consists of individuals
who had their first oral contraceptive prescription between the third quarter of
2007 and the first quarter of 2016, while they were aged 14 to 25.

The age range of 14 to 25 years is chosen because individuals who started
contraceptive use before age 14 cannot be followed for the full study period.
Those who initiate after age 25 may be preparing for pregnancy in the two
years of the follow-up which is a factor that could independently affect mental
health. Therefore, I exclude these groups from the analysis. Moreover, to en-
sure that all individuals remained in Sweden throughout the study period, I
exclude those with gaps in the observation period. Finally, I further exclude
women who are pregnant at any point during the observation window, as preg-
nancy may independently affect both contraceptive use and mental health out-
comes.

All individuals in the sample have information on whether they use antide-
pressant medication, whether they have used any form of hormonal contra-
ceptives from the National Prescribed Drug Register (Lakemedelsregistret),
information on whether they received inpatient or outpatient care for endome-
triosis, heavy or irregular menstrual bleeding, premenstrual syndrome, poly-
cystic ovarian syndrome, acne, and hirsutism®, whether they have been hospi-
talized or referred to a specialized doctor for a mental health disorder and
whether they ever had an outpatient care visit with an ADHD diagnosis!'® from
the National Patient Register (Patientregistret).

8 Individuals who initiate oral contraceptives later in the study period are observed for a longer
pre-initiation period, allowing first-time use to be identified over a longer lookback window.

9 The corresponding ICD-10 codes are N8O for endometriosis, N92 for heavy or irregular men-
strual bleeding, N94 for premenstrual and other menstrual-cycle-related conditions, E28.2 for
polycystic ovarian syndrome, L70 for acne, and L68 for hirsutism.

19 ADHD is identified based on whether an individual ever had an outpatient care visit with an
ADHD diagnosis (ICD-10 code F90), since information on ADHD medication use is not avail-
able in the National Prescribed Drug Register data used in this study.
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3.3.3. Treatment and Outcome Variables

The primary measure of mental health is a binary indicator equal to 1 if an
individual is prescribed antidepressants (ATC code NO6A) during a given
quarter and 0 otherwise. Accordingly, the estimated coefficients can be inter-
preted as changes in the probability of receiving an antidepressant prescription
in a given quarter.

The treatment variable in the baseline analysis is also a binary indicator. It
takes the value of 1 starting from the first quarter in which an individual re-
ceives a prescription for oral hormonal contraceptives and remains 1 for all
subsequent quarters. It is also set to O for all prior periods as individuals with
contraceptive use in the two years before initiation are excluded. In the main
analysis, I focus exclusively on oral hormonal contraceptives, identifying pre-
scriptions using ATC code GO3A (Hormonal Contraceptives for Systemic
Use). However, I exclude hormonal contraceptives that do not fall in the cat-
egory of oral contraceptives, namely GO3AA13 (norelgestromin and ethi-
nylestradiol, which refers to contraceptive patches), G03AC06 (medroxypro-
gesterone, referring to injectables), GO3ACO08 (etonogestrel, referring to im-
plants), and GO3AD (emergency contraceptives) (FASS.se Vérdpersonal,
2025), because these products contain the same hormones as the pills, but their
administration and exposure profiles differ in ways that may influence mental
health outcomes (Skovlund et al., 2016; Lundin et al., 2022).

3.4. Summary Statistics

Figure 1 plots the age distribution of first oral contraceptive initiation. Most
first-time users initiate during middle and late adolescence, peaking at age 16,
and then the trend declines monotonically with age. The high concentration
during adolescence is consistent with initiation of contraceptives soon after
sexual debut and/or with common non-contraceptive reasons (i.e. alleviation
of symptoms of gynaecological conditions). The steady decline after 17—18 is
consistent with saturation of the population where most women who will ever
start contraception have already done so, so new starts are infrequent. After
about age 21, year-to-year differences are small, indicating low levels of first
use in the mid-20s.
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Figure 1: Number of Women Initiating Oral Contraceptives by Age
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Notes: This figure displays the number of women initiating oral contraceptives by
age. The data covers the period from July 2005 to December 2017.

To examine the pattern of antidepressant prescriptions over time, Figure 2 pre-
sents the probability of receiving an antidepressant prescription (ATC code
NO6A) from two years before to two years after the initiation of oral contra-
ceptives (ATC code GO3A). The event time is measured in quarters, with neg-
ative values representing the periods before initiation and positive values in-
dicating the periods after. The probability of an antidepressant prescription
rises steadily from about 2.5% in the earliest period to about 5.6% by the end
of the window. The black dashed line depicts the extrapolated pre-treatment
trend. After the initiation of oral contraceptives, the observed probability di-
verges upward from this projected path, suggesting an increase in antidepres-
sant use around initiation. While this figure does not provide a formal causal
estimate, the pattern is consistent with a potential effect of oral contraceptives
on women’s mental health.
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Figure 2: Antidepressant Prescriptions Before and After Oral
Contraceptive Initiation
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Notes: This figure presents the unadjusted probability of having an antidepressant
prescription at each event time. Event time O corresponds to the quarter in which an
individual initiated oral contraceptive use for the first time. The analysis covers the
period July 2005 to December 2017 and includes women aged 14-25 who began con-
traceptive use between the third quarter of 2007 and the first quarter of 2016. Vertical
lines indicate 95% confidence intervals based on standard errors clustered at the indi-
vidual level. The dashed line represents the extrapolated pre-treatment trend.

4. Empirical Strategy
4.1. Empirical Design and Identifying Assumptions

Estimating the mental health consequences of oral contraceptive initiation
faces a classic identification challenge, namely constructing a credible coun-
terfactual for outcomes in the absence of initiation. This challenge is particu-
larly important in staggered adoption settings, where conventional two-way
fixed effects event-study models are subject to issues extensively discussed in
the recent literature. In particular, already-treated groups may serve as controls
for later-treated groups, generating “forbidden” comparisons which assign
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negative weights to the treatment effect parameters of the weighted average
estimator and contaminate lead and lag coefficients by mixing the effects of
other lag and post-treatment periods (Borusyak and Jaravel, 2018; de
Chaisemartin and D’Haultfoeuille, 2020; Goodman-Bacon, 2021; Sun and
Abraham, 2021). To address these concerns, I use an event-study difference-
in-differences design that compares treated cohorts with appropriate not-yet-
treated controls, implementing the estimator of Callaway and Sant’Anna
(2021).

Following the Callaway and Sant’Anna (2021) framework, I tailor the de-
sign to my setting by defining cohorts by age-at-initiation within birth year
and birth quarter, and by restricting controls to not-yet-treated peers who ini-
tiate one or two years later. More specifically, I construct separate datasets by
age at initiation. Within each age-at-initiation dataset, the treated group con-
sists of individuals who initiated contraceptives at that age, and the control
group, which consists of peers who will initiate contraceptives when they are
one or two years older. This design aims to compare treated individuals to
peers who initiate contraceptives at a similar age, since lifestyle factors and
health trajectories are more likely to be similar. It is important to mention that
treatment is an irreversible state and therefore, once individuals are treated,
they remain treated throughout the whole time period. To further enhance
comparability, comparisons are restricted to those born in the same year and
quarter and not to other individuals in the control group who initiate contra-
ceptives later, since patterns in contraceptive use may change over time. To
illustrate the structure, initiators at age 14 are compared to peers from the same
birth year and quarter who begin at ages 15 or 16. This means that at the time
of comparison, all individuals are 14 years old, but only the treated have ini-
tiated contraceptive use. This structure is intended to strengthen the credibility
of the counterfactual and help isolate the potential effect of oral contraceptive
use on mental health outcomes.

Building on the Callaway and Sant’Anna (2021) setup and the cohort defi-
nitions above, identification requires that, in the absence of treatment, women
who initiate oral contraceptives would have followed a similar trajectory in
antidepressant use as their not-yet-treated peers. This also implies no treat-
ment anticipation, meaning that outcomes in the quarters preceding initiation
are unaffected by future contraceptive use and that any effect should arise only
after exposure to the pill. Although the no-anticipation assumption cannot be
tested directly, Figure 2 provides descriptive support, as the pattern shows no
clear deviation from the prevailing trend in the pre-treatment period. The es-
timated pre-treatment event-time coefficients provide further evidence on the
evolution of outcomes before treatment. As shown in Section 5, these
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coefficients are close to zero and statistically insignificant for women initiat-
ing oral contraceptives at ages 17—-19 and 20-25. In contrast, women initiating
at ages 14-16 exhibit increasing pre-treatment coefficients, raising concerns
about the validity of the identifying assumption for the youngest group. Be-
cause outcome trends may vary with observable characteristics, the parallel-
trends assumption is imposed conditional on covariates, specifically birth year
and birth quarter. In this setting, this implies that, absent treatment, women
born in the same year and quarter would have evolved similarly in their anti-
depressant use. Appendix Figures A1-A4 provide additional evidence on the
comparability of the treated and comparison groups, showing broadly similar
pre-initiation patterns in outpatient visits and inpatient episodes, including
those related to mental health disorders, with any observed differences being
negligible in magnitude.

4.2. Potential Threats to Identification

Beyond the standard identifying assumptions, two potential sources of bias
may affect the interpretation of the estimated effects. The first concern is that
the estimated effect may partly reflect increased healthcare contact rather than
a change in underlying mental health. Initiating oral contraceptive use requires
contact with a healthcare professional, which may increase the probability that
existing mental health symptoms are noticed and treated. This concern is
partly mitigated by the Swedish institutional setting. Adolescents and young
women usually obtain oral contraceptive prescriptions through youth clinics,
which are staffed by multidisciplinary teams that may include psychologists,
counsellors, and physicians. However, youth clinics are not authorized to pre-
scribe medication for mental health disorders. Instead, they provide psycho-
social support and may refer individuals to child and adolescent psychiatric
services or other specialized healthcare providers when further treatment is
needed. Thus, oral contraceptives and antidepressants are not necessarily pre-
scribed by the same provider or during the same healthcare contact, reducing
the likelihood of a purely mechanical increase in antidepressant prescriptions.
Nevertheless, contact with a youth clinic may still facilitate the detection of
mental health problems and access to treatment. The estimated increase in an-
tidepressant use may therefore partly reflect increased detection or treatment
uptake rather than only a deterioration in underlying mental health caused by
the pill.

The second concern is that events occurring around oral contraceptive ini-
tiation may affect both the decision to start the pill and women’s mental health.
Such events may include an unintended pregnancy or abortion, or the onset of
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a gynaecological condition. I address this concern in several ways. First, the
baseline design compares treated women with not-yet-treated peers born in
the same year and quarter who initiate oral contraceptives only one or two
years later. The two groups are therefore closely aligned in age, calendar time,
and life stage, making them more likely to experience similar social and
health-related circumstances. Second, I exclude women who are pregnant at
any point during the observation window, since pregnancy may independently
affect both contraceptive use and mental health. Third, I assess the robustness
of the findings using alternative comparison groups that vary the difference in
the timing and age of initiation, and the estimates remain closely aligned with
the baseline results. Finally, I distinguish between women diagnosed with a
gynaecological condition around initiation and women who appear to initiate
oral contraceptives for pregnancy prevention. The estimates for the latter
group, which represents approximately 98 percent of the sample, closely re-
semble the baseline results, suggesting that the main findings are not driven
by women initiating the pill to treat gynaecological conditions. Nevertheless,
some events occurring around initiation cannot be observed directly, which
remains a limitation of the empirical design. In particular, information on
abortions and relationship changes is not available in the data, so their poten-
tial role cannot be assessed.

4.3. Event-Study Estimation and Interpretation of
Treatment Effects

The age-at-initiation group-time average treatment effect is estimated with the
doubly robust procedure of Callaway and Sant’Anna (2021) using not-yet-
treated units as controls, as shown below. The model is estimated as follows:
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where Y ; is the binary outcome equal to 1 if individual i has received an an-
tidepressant prescription in quarter t and 0 otherwise. D; ; is the treatment in-
dicator that equals 1 if the individual { has initiated oral contraceptives at time
t onward. G; 4 is a binary variable that takes the value 1 if the individual i has
initiated contraceptives for the first time in quarter g.n is the number of indi-
viduals at each age-at-initiation dataset. p; 4 . (X;) denotes the generalized pro-
pensity score, which shows the probability that individual i is treated at quarter
g, conditional on pre-treatment covariates X which are birth year and birth
quarter, and on either belonging to those initiated contraceptives at time g, or
belonging in the not-yet-treated group at time t. mg't(X ;) is the outcome re-

gression function for the not-yet-treated group, that is, the conditional mean
difference in the probability of prescription of antidepressants between time ¢
and g — 1 for all those who are not-yet-treated in time t for specific pre-treat-
ment covariates X; which are birth year and birth quarter. Time is measured
in quarters. Finally, the group-time average treatment effects are estimated
using the doubly robust estimator rather than the inverse probability weighting
(IPW) or outcome regression (OR) estimators, as it combines both approaches
and is therefore more robust to model misspecification.

Given the close alignment of treated and comparison women in age, birth
cohort, and timing of initiation, I assume that the exact timing of oral contra-
ceptive initiation is as good as random, conditional on birth year and birth
quarter. Under this assumption, together with no anticipation and conditional
parallel trends, I estimate the group-time average treatment effects separately
for each age-at-initiation cohort. The A/T—Tzlr (g, t) are normalized to time pe-
riod g — 1, since it is the last time period that an individual is not treated. I
then aggregate the group-time average treatment effects to construct the event
time coefficient for e quarters relative to treatment initiation, separately for
each age-at-initiation cohort k, while following all individuals for eight quar-
ters after treatment initiation. The event-time coefficient is defined as follows:
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where the indicator 1{g + 7 < T} is an indicator function equal to 1 if I ob-
serve the individual for 7 quarters after the pill initiation. P(G = g | G +7 <
T) is the probability that individuals belong to the group of women who first
started treatment at time g. The ATT (g, g + e) is the estimated group-time
average treatment effects for women who first started treatment at time g and
I observe them at time g + e. The aggregation for event time coefficients is
for every g that belongs to the subset G which includes the time periods that
individuals can be treated i.e. third quarter of 2007 to first quarter of 2016.
Finally, T is the last quarter of the sample, with the observation window span-
ning from July 2005 to December 2017.

The results presented in the following sections are population-weighted av-
erages across age-at-initiation event-time coefficients using the equation be-
low, where AETC (e; k1, k,) denotes the aggregated event-time coefficient for
every event time e for the age-at-initiation cohorts from k, to k, and ny, is the
number of women at each age-at-initiation cohort.

k, 1/ &k,
AETC(E ke k) = | Y me | Y 6 (em 5)
K=k, k=ky

Accordingly, the coefficients reported in the following sections can be in-
terpreted as the average change in the probability of receiving an antidepres-
sant prescription at event time e among women who initiate oral contracep-
tives between ages k; and k,, relative to the quarter immediately preceding
initiation, using women who initiate one or two years later as the comparison
group. Since the outcome is binary, the coefficients are expressed as percent-
age-point changes. A positive coefficient indicates that the probability of re-
ceiving an antidepressant prescription increased more among women who in-
itiated oral contraceptives than among women in the comparison group.

Importantly, the estimated coefficients capture the causal effect of oral con-
traceptive initiation on recorded antidepressant use, which serves as a measure
of underlying depression. Antidepressant prescriptions do not, however, cap-
ture all cases of depression, as some women experiencing depressive symp-
toms may not seek care or receive pharmacological treatment. To the extent
that oral contraceptive use affects depression among women whose symptoms
are not reflected in antidepressant prescriptions, the estimated effects may
therefore understate the effect on underlying mental health.
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5. Effects of Oral Contraceptive Initiation on Mental
Health

5.1. Main Results

In this section, I present the results for the relationship between oral contra-
ceptives and antidepressant prescriptions. Figure 3 shows the probability of
receiving a prescription of antidepressants by event time for women whose
oral contraceptive initiation occurred between ages 14 and 25. Each event-
time estimate is the population-weighted mean across age-at-initiation event-
time coefficients, where each age-at-initiation cohort compares treated women
with not-yet-treated who initiate contraceptives within two years. The event
time coefficients are relative to the quarter preceding the initiation of contra-
ceptives. The results indicate an increase in the probability of receiving a pre-
scription for antidepressants following the initiation of contraceptives. After a
period of eight quarters, or two years, the probability has increased by 0.72
percentage points relative to the quarter before initiation, amounting to a 22.65
percent increase. However, the quarters before the initiation show that there is
an increasing pre-trend in the probability of being prescribed antidepressants
in the population. Given the presence of the pre-trend, it is not possible to rule
out that the observed increase in antidepressant prescriptions reflects factors
other than oral contraceptive use, since women were already increasing their
use before initiation. Therefore, the results should not be interpreted as causal.
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Figure 3: Event-Study Estimates of Antidepressant Prescriptions
Following Oral Contraceptive Initiation, Ages 14-25

Initiation of Oral Contraceptives in Females Aged 14-25

Probability of Prescription of Antidepressants
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Notes: This figure displays aggregated event-time coefficients for women who initi-
ated oral contraceptives between ages 14 and 25 from July 2007 to March 2016, meas-
ured relative to one quarter before initiation. The baseline probability of having an
antidepressant prescription in the quarter before initiation is 0.032. The analysis co-
vers the period July 2005 to December 2017, following individuals from four quarters
before to seven quarters after initiation. The comparison group includes women born
in the same year and quarter who initiated oral contraceptives one or two years later.
The y-axis shows the probability of having an antidepressant prescription, and the x-
axis represents event time in quarters. Vertical lines indicate 95% confidence intervals
based on standard errors clustered at the individual level.

Showing results only for the full 14-25 age range may be uninformative be-
cause it conceals important variation across age groups. As shown in Figure
1, first-time initiation of oral contraceptives is concentrated at ages 15 to 18
and there are relatively few initiators above age 20, and this might lead to an
overrepresentation of the larger age groups, thereby shifting the average to-
ward the ages with the highest concentration of initiators. Hence, the results
are split into three subgroups. The selection of subgroups follows life stages
where 14-16 reflects middle adolescence with women in junior high school,
17-19 reflects women in late adolescence who are in high school and are tran-
sitioning to adulthood, and 20-25 reflects young adulthood with women en-
tering into the labour market and/or joining a university.
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Figure 4 shows a statistically significant post-initiation increase in antide-
pressant prescriptions for women who begin at ages 14-16. A pronounced,
near-linear pre-trend, however, rules out a causal interpretation. The evidence
points to selection into the timing of treatment, as early contraceptive users
display steeper pre-initiation increases in antidepressant use compared to their
not-yet-treated peers who will initiate contraceptives within the next two
years. For the group of women in late adolescence (17-19), there is an 8.94
percent increase in the probability of being prescribed antidepressants during
the first year after oral contraceptive initiation, which reaches 9.62 percent by
the end of the second year. The pre-treatment coefficients are statistically in-
significant throughout the period, supporting a causal interpretation of the
post-initiation increase in antidepressant prescriptions. Finally, the group of
women in young adulthood (20-25) shows an increase of 18.92 percent in the
probability of being prescribed antidepressants which also stabilizes over time
at 18.65 percent by the end of the second year. The absence of statistically
significant pre-treatment coefficients similarly supports a causal interpretation
for this group. Since the estimated coefficients are weighted averages of co-
hort-specific estimates, I present the event time coefficients for each age-at-
initiation cohort separately in Appendix Figure AS.

Figure 4: Event-Study Estimates of Antidepressant Prescriptions Follow-
ing Oral Contraceptive Initiation, Ages 14-16, 17-19, and 20-25
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Initiation of Oral Contraceptives in Females Aged 17-19

Probability of Prescription of Antidepressants
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, with coefficients measured relative to one quarter
before initiation. The panels show separate estimates for women aged 14—16 (top),
17-19 (middle), and 20-25 (bottom). The mean probability of having an antidepres-
sant prescription in the quarter before initiation is 0.026, 0.030, and 0.046, respec-
tively. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group includes women born in the same year and quarter who initiated oral contra-
ceptives one or two years later. The y-axis shows the probability of having an antide-
pressant prescription, and the x-axis represents event time in quarters. Vertical lines
indicate 95% confidence intervals based on standard errors clustered at the individual
level.
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5.2. Sensitivity Analysis

I conduct several sensitivity analyses to assess the robustness of the main find-
ings and examine whether they are sensitive to alternative sample restrictions
and potential sources of selection. In Appendix Figure A6, I present results
excluding individuals who received a depression diagnosis ' in outpatient or
inpatient care two years before contraceptive initiation. This exclusion ad-
dresses the concern that the overall effect may be driven by a small group with
severe pre-existing conditions rather than reflecting patterns in the broader
population. Across all age groups, the pre-treatment trajectories resemble the
baseline, while the post-treatment estimates are moderately larger. This pat-
tern may arise due to the very low baseline level of antidepressant use among
women without prior depression diagnoses (2.7 percent at t—1), which me-
chanically inflates the relative size of the post-treatment effects.

The Appendix Figures A7 and A8 also include an analysis of the probabil-
ity of outpatient and inpatient care visits among individuals with depressive
diagnoses. In Sweden, most people who have been diagnosed with depression
can receive treatment by their general practitioner in their local healthcare
centre. However, the doctor can issue a referral for a visit to specialized care
depending on the severity of the situation (1177.se, Soka vard for psykiska
besvir, 2022; 1177.se, Depression, 2025). Because diagnoses and visits in pri-
mary care are not observed in the data, this analysis captures only depression
recorded in specialized outpatient or inpatient care. The estimates show no
statistically significant effect of oral contraceptive initiation on either outpa-
tient visits or inpatient episodes for depression, regardless of whether the out-
come is defined using only primary diagnoses or includes both primary and
secondary diagnoses. The absence of an effect on these specialized-care out-
comes, despite the increase in antidepressant prescriptions, suggests that oral
contraceptive initiation may affect milder symptoms or treatment uptake with-
out increasing depression severe enough to require specialized care. It is also
possible that depressive symptoms are managed in primary care without re-
sulting in a depression diagnosis recorded in specialized care.

In Appendix Figure A9, I present results from an alternative specification
in which treated women are compared to peers who initiated oral contracep-
tives at the same age but one year later, rather than to peers who initiated one
or two years later as in the baseline analysis. This analysis allows me to isolate
whether the estimated effects are driven by differences in age at initiation due
to women being at different points in their schooling, relationships, or health
trajectories. However, due to the comparison of one-year older peers, I can

T exclude people from the sample who either had a diagnosis of a Depressive Episode with
ICD-10 code F32 or a Recurrent Depressive Disorder with ICD-10 code F33.
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follow individuals for one year after initiation, instead of two years. I also
present the results where women are compared to peers who initiated oral con-
traceptives at the same age but only two years later in Appendix Figure A10
for further robustness. Across all specifications, the results are closely aligned
with the baseline, suggesting that no particular comparison group is driving
the estimates.

Appendix Figure A1l presents the results for a different not-yet-treated
group. More specifically, the individuals who started contraceptives at a spe-
cific age are compared to the individuals who started contraceptives at the
same age but at a later time. The change this brings to equation (1) is that the
covariate X; is the age of first use of oral contraceptives instead of birth year
and birth quarter. This implies that the treated individuals in the post-treatment
period are compared to their younger peers. The benefits of this robustness
check are that I further reduce any confounding factors from differences in the
life-stages of individuals and I investigate whether the baseline results are
driven by cohort structure. For the middle-adolescence group (ages 14—16),
the results are modestly larger but not statistically different from the baseline,
following a similar overall trajectory. For the other age groups, the estimates
remain closely aligned with the baseline.

As an additional robustness check, I compare the results to those for indi-
viduals who have never used contraceptives, presented in Appendix Figure
A12. This approach is adopted to ensure a fair comparison between individu-
als who have received treatment and those who have not, with the latter group
being defined as individuals who have not filled a prescription for any type of
contraceptives from July 2005 to December 2017. The treated individuals of
a specific group are compared to people who have never used any hormonal
contraceptives and are born in the same year and the same quarter. This means
that the never-treated individuals can be the comparison group for multiple
treated individuals. A caveat of this analysis is that individuals not observed
after age 25 may initiate contraceptives later in life that I cannot follow. An-
other limitation of this analysis is that some individuals may use long-acting
reversible contraception (LARC) that lasts 3 to 8 years, which I cannot cap-
ture. Finally, never-treated individuals can be a very specific group and this
might bias the analysis. For these reasons, the results should be interpreted
with caution. The findings presented in Appendix Figure A12 are robust and
consistent across all subgroups, except for the middle-adolescence group (ages
14-16), where the estimates are somewhat larger but remain statistically in-
distinguishable from the baseline and follow the same overall trajectory.

Finally, Appendix Figure A13 restricts the analysis to women born in Swe-
den. The results are virtually unchanged compared to the full sample,
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suggesting that the main findings are not driven by foreign-born women, who
may differ in contraceptive use, health care access, or prescription patterns.
This reinforces the robustness of the baseline estimates.

5.3. ADHD and Selection into Treatment

Given the pronounced pre-trends observed among the youngest initiators, it is
important to assess whether these patterns are driven by specific subpopula-
tions. One potential source of heterogeneity may come from individuals diag-
nosed with Attention-deficit/hyperactivity disorder (ADHD)'? . ADHD is
strongly comorbid with other mood and anxiety disorders (Gillberg, 1983;
Larson et al., 2007; Elia et al., 2008; Katzman et al., 2017), affecting individ-
uals more likely to receive antidepressant treatment. In addition, ADHD has
been linked to riskier sexual behavior during adolescence and young adult-
hood (Flory et al., 2006; Hosain et al. 2012; Sarver et al., 2014; Skoglund et
al. 2019; Young et al., 2023) which may in turn increase medical incentives
to prescribe contraceptives, particularly during middle adolescence. This sec-
tion investigates whether differences between women with and without an
ADHD diagnosis contribute to the observed pre-trend dynamics and whether
the mental health effects of oral contraceptive initiation vary across these
groups.

To identify women with an ADHD diagnosis, I include all individuals who
visited outpatient care between 2001 and 2017 and received a diagnosis of
ADHD (ICD-10 code F90). ADHD is a neurodevelopmental disorder with on-
set in childhood, and even if these individuals had not been diagnosed before
initiating contraceptives, they were nonetheless affected by it. Moreover, clin-
ical evidence shows that around 50-70 percent continue to experience symp-
toms into adulthood (Lara et al., 2008; Sibley et al., 2016; Cortese et al., 2025).
This implies that even if I observe someone who was diagnosed with ADHD
in childhood, symptoms are likely to persist for the majority of this population
in young adulthood.

Figure 5 presents the proportion of women with an ADHD diagnosis across
age groups defined by the timing of oral contraceptive initiation. The preva-
lence is highest among those initiating at age 14, where nearly 9 percent have
a diagnosis. The proportion then declines sharply with age, falling to about 6
percent at age 15, 4 percent at age 16, and stabilizing around 2 percent from

12 ADHD is a neurodevelopmental disorder with onset in childhood (DSM-5; American Psy-
chiatric Association, 2013). According to the World Health Organization (2019), it affects chil-
dren’s learning and daily functioning, and is characterized by symptoms of inattention, hyper-
activity, and impulsivity, which may occur in combination.

93



age 18 onwards. The figure highlights that the prevalence of ADHD diagnoses
is higher among women who initiate oral contraceptives at younger ages. Mo-
tivated by this pattern, and given that pre-trends are primarily observed among
adolescents, the analysis focuses on the 14—16 age group.

Figure 5: ADHD Diagnosis by Age at Oral Contraceptive Initiation
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Notes: This figure presents the percentage of women with an ADHD diagnosis, cate-
gorized by age at initiation of oral contraceptives. The dataset covers the period July
2005 to December 2017 and includes women aged 14-25 who began contraceptive
use between the third quarter of 2007 and the first quarter of 2016.

Figure 6 displays the estimated effects for women in middle adolescence
(ages 14-16). The effects are substantially larger for women with ADHD, and
the differences relative to their non-ADHD peers are statistically significant
throughout the post-treatment period. The pre-treatment trajectory for women
diagnosed with ADHD is larger than the baseline case, displaying an almost
linear increase in the probability of antidepressant prescriptions. Although the
pre-treatment effects are not statistically significant, this likely reflects the
small sample size of women with ADHD rather than the absence of a trend.
In contrast, among women without ADHD in the middle-adolescence group,
the estimates are smaller than in the baseline, indicating less pronounced pre-
trends (Appendix Figure A14 illustrates these results using a narrower scale,
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as in Figure 3). This pattern suggests that the baseline pre-trend is predomi-
nantly driven by women diagnosed with ADHD.

The findings resemble the results of Lundin et al. (2023), who also docu-
ment stronger associations between oral contraceptives and mental health out-
comes among women with ADHD. Nonetheless, the relationship between oral
contraceptive use and the probability of prescription of antidepressants should
be interpreted with caution for women diagnosed with ADHD, as ADHD
symptomatology and psychiatric comorbidity are known to increase the like-
lihood of missed doses, discontinuation, and switching between contraceptive
types due to intolerance (Klint Carlander et al., 2022; Wallin et al., 2024).

Appendix Figure A15 presents the results for women with and without
ADHD who initiate oral contraceptives in late adolescence (ages 17—19) and
young adulthood (ages 20-25). The estimates for women with ADHD are
highly imprecise, likely due to the small proportion of women with ADHD
initiating oral contraceptives at these ages, as shown in Figure 5, making it
difficult to draw firm conclusions. In contrast, the results for women without
an ADHD diagnosis closely resemble the baseline pattern.
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Figure 6: Event-Study Estimates of Antidepressant Prescriptions
Following Oral Contraceptive Initiation, by ADHD Status, Ages 14-16

Initiation of Oral Contraceptives in Females Aged 14-16
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women aged 14—16 who initiated oral contraceptives between July
2007 and March 2016, measured relative to one quarter before initiation. Results are
shown separately for women with a diagnosis of ADHD (orange diamonds) and
women without ADHD (purple circles). The mean probability of having an antide-
pressant prescription in the quarter before initiation is 0.263 for women with ADHD
and 0.013 for those without ADHD. The analysis covers the period July 2005 to De-
cember 2017, following individuals from four quarters before to seven quarters after
initiation. The comparison group includes women born in the same year and quarter
who initiated oral contraceptives one or two years later. The y-axis shows the proba-
bility of having an antidepressant prescription, and the x-axis represents event time in
quarters. Vertical lines indicate 95% confidence intervals based on standard errors
clustered at the individual level.

6. Heterogeneity Analysis

In the heterogeneity analysis, the focus is on women who initiate oral contra-
ceptives in late adolescence (ages 17-19) and young adulthood (ages 20-25),
where the timing of initiation can be considered as good as random. The
younger group (ages 14-16) is excluded, since treatment at these ages is more
likely to reflect selection into contraceptive use rather than random timing. In
particular, the pre-treatment trends for this group are largely driven by women
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diagnosed with ADHD, who make up a notable share of early initiators and
display distinct mental health trajectories even before initiation. Restricting
the analysis to the older groups therefore allows the estimates to capture ef-
fects for women whose treatment timing is plausibly random.

6.1. Type of Oral Contraceptives

The following analysis makes a distinction between the two different types of
oral hormonal contraceptives. The two types are combined contraceptives,
which contain both estrogen and progestogen, and progestogen-only contra-
ceptives. The impact of the different types of contraceptive medications on
women’s mental health and antidepressant utilisation has been a subject of
investigation, though findings remain inconclusive. Studies have demon-
strated an elevated risk of depression diagnosis or antidepressant prescription
for women who use progestogen-only contraceptives (Wiréhn et al., 2010;
Lindberg et al., 2012; Skovlund et al., 2016). Conversely, other studies have
shown no effect of progestogen-only contraceptives on the probability of an
antidepressant prescription (Worly et al., 2018; Costa-Ramon et al., 2023).
The evidence regarding combined oral contraceptives is similarly incon-
sistent. Studies have shown that combined contraceptives have no association
with depression (Natale et al., 2006; Zethraeus et al., 2017; Lundin et al.,
2022), while other studies have found an association between combined con-
traceptives and depression (for specific chemical substances Lindberg et al.,
2012; Skovlund et al., 2016; Khafagy et al., 2021).

The choice of the most appropriate type of oral contraceptive for every
woman is informed by the preferences of the woman in question and any med-
ical conditions she may have, given that not all contraceptives are deemed safe
for all individuals (1177.se, Preventivmedel — skydd mot graviditet, 2022).
According to the 2024 US Medical Eligibility Criteria for Contraceptive Use
(CDC, 2024), guidelines state that doctors should avoid prescribing specific
types of oral contraceptives to women with specific conditions. More specifi-
cally, combined contraceptives should not be prescribed to women who are
breastfeeding and are in the postpartum period, to women with cardiovascular
conditions such as thrombophilia and previous venous thromboembolism, to
women with liver or renal disease, to smokers, to women with diabetes, and
to women with migraines with aura. In contrast, progestogen-only contracep-
tives have been found to carry a higher risk than benefit for women with a
history of ectopic pregnancy and women who experience heavy or irregular
bleeding.
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Regarding individual choice, women select contraceptive methods based
on the effectiveness in preventing pregnancy, interactions with other drugs,
and/or the side effects of each type. Extensive literature has examined the side
effects of hormonal contraceptives, highlighting differences based on their
chemical composition. The risk of venous thromboembolism (VTE) (Lide-
gaard et al., 2012), cerebral thromboembolic attacks (Lidegaard et al., 2002),
thrombotic stroke or myocardial infarction (Lidegaard et al., 2012), and
changes in blood pressure (Ribeiro et al., 2018) are high for users of combined
oral contraceptives while there is no risk for progestogen-only contraceptive
users. On the other hand, progestogen-only contraceptive users have more fre-
quent and less predictable spotting and bleeding than combined contraceptive
users (Belsey, 1988).

Figure 7: Number of Oral Contraceptive Users by Type and Age at
Initiation
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Notes: This figure presents the number of women who exclusively used combined
oral contraceptives (COC) and those who exclusively used progestogen-only oral con-
traceptives (POC), categorized by age at initiation. The dataset covers the period July
2005 to December 2017 and includes women aged 17-25 who began contraceptive
use between the third quarter of 2007 and the first quarter of 2016.
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In this study, I classify women using oral contraceptives into two distinct
groups, those who have exclusively taken combined oral contraceptives and
those who have exclusively used progestogen-only pills. Women who transi-
tioned between the two contraceptive types constituting, 26% of the sample,
were excluded from the analysis. In Figure 7, I show the number of women
who use each type of contraceptive based on the age at which they initiated
oral contraceptives for the first time. The majority of oral contraceptive users
are combined oral contraceptive users with 112,622 women (54.8% of the
sample), while progestogen-only contraceptive users account only for 39,273
individuals (19.2% of the sample). An interesting pattern is that combined
contraceptives are more prevalent among adolescent first-time initiations,
while the two types are roughly equal from age 23 onward.

Figure 8 presents the estimated effects by type of oral contraceptive. The
results for combined oral contraceptive users are broadly comparable across
age groups and resemble the baseline pattern. For progestogen-only contra-
ceptive users, no effect is observed on antidepressant prescriptions in the post-
treatment period among the late adolescence group (ages 17—19). This likely
reflects the relatively low prevalence of progestogen-only use at these ages,
as shown in Figure 7. Among women initiating contraceptives between ages
20 and 25, where progestogen-only pills are more common, the results are
almost identical across the two contraceptive types. Overall, the estimated co-
efficients for both groups are not statistically different in all cases, suggesting
that the chemical formulation of oral contraceptives does not materially affect
the probability of antidepressant prescriptions.
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Figure 8: Event-Study Estimates of Antidepressant Prescriptions
Following Oral Contraceptive Initiation, by Contraceptive Type, Ages
17-19 and 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 17-25 from
July 2007 to March 2016, measured relative to one quarter before initiation. Results
are shown separately for combined oral contraceptives (purple circles) and progesto-
gen-only pills (orange diamonds). The top panel displays estimates for women aged
17-19, and the bottom panel for women aged 20-25. The mean probability of having
an antidepressant prescription in the quarter before initiation is 0.026 for combined
and 0.043 for progestogen-only users among women aged 17-19, and 0.043 for com-
bined and 0.049 for progestogen-only users among women aged 20-25. The analysis
covers the period July 2005 to December 2017, following individuals from four quar-
ters before to seven quarters after initiation. The comparison group includes women
born in the same year and quarter who initiated oral contraceptives one or two years
later. The y-axis shows the probability of having an antidepressant prescription, and
the x-axis represents event time in quarters. Vertical lines indicate 95% confidence
intervals based on standard errors clustered at the individual level.
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Current evidence suggests that the relationship between hormonal contra-
ceptive use and mental health may differ across combined oral contraceptives
and progestogen-only methods (Skovlund et al., 2016; Zettermark et al., 2018;
Lundin et al., 2022; Costa-Ramon et al., 2023). However, comparisons across
studies are complicated by differences in empirical design, the age and com-
position of the study population, including restrictions to women with no prior
history of mental health disorders, the comparison groups, and the classifica-
tion of contraceptive methods, as some studies include non-oral methods
within the same hormonal categories. Moreover, the estimates in this paper
capture reduced-form effects on antidepressant use rather than the biological
effects of the different hormonal formulations. Finally, the absence of a statis-
tically significant effect for progestogen-only pills among women aged 17-19
should be interpreted cautiously, as progestogen-only pill use is substantially
less common at these ages and the estimates are less precise. The comparison
is more informative among women aged 20-25, where the progestogen-only
estimates are considerably more precise and the estimated effects are very
similar across the two oral contraceptive types.

Appendix Figure A16 presents the results for women who initiated differ-
ent types of oral contraceptives between ages 14 and 16, distinguishing be-
tween those with and without an ADHD diagnosis. Among women with
ADHD, users of progestogen-only contraceptives display clear pre-trends and
no post-treatment effects, whereas users of combined oral contraceptives show
statistically insignificant pre-trends and a small positive effect after initiation.
Among women without ADHD, pre-trends are statistically insignificant for
both groups, but progestogen-only users exhibit no post-treatment effects,
while combined oral contraceptive users experience a positive effect that is
somewhat smaller than the baseline. Across both ADHD groups, no statisti-
cally significant differences emerge between contraceptive types, suggesting
that the formulation of oral contraceptives does not differentially influence
mental health outcomes.

6.2. Purpose of Contraceptive Initiation

Hormonal contraceptives have been used widely for reasons unrelated to preg-
nancy. In the present analysis, the objective is to examine whether the effects
of contraceptive initiation differ by the reason for initiation. The goal is to
determine whether women with underlying medical conditions, who have a
higher risk of depression, influence the observed trajectories. More specifi-
cally, this analysis is done to see if the women with a gynaecological diagnosis
are the ones with worse mental health. In order to achieve that, the sample is
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divided into two distinct groups, those who initiated oral contraceptives for
the purpose of pregnancy prevention, and those who initiated them to alleviate
the symptoms of their medical conditions. To do this, I separate women who
received at least one of the above-mentioned diagnoses in the same quarter as
their initial prescription for oral contraceptives.

The gynaecological diagnoses that are most commonly treated with hormo-
nal contraceptives help in the alleviation of pain, discomfort and other symp-
toms of common gynaecological medical conditions. Endometriosis is one
such condition, and studies have shown that oral contraceptives reduce the
symptoms of dysmenorrhea, pelvic pain, and dyspareunia (Jensen et al., 2018)
while they decrease the risk of recurrence after surgery (Grandi et al., 2019).
Menstrual disorders such as heavy or prolonged menstrual bleeding and dys-
menorrhea are also treated with oral contraceptives (Creatsas et al., 1990; Da-
vis et al., 2005; Fraser et al., 2011; Lethaby et al., 2019). Moreover, oral con-
traceptives improve the symptoms of women suffering from Premenstrual
Dysphoric Disorder and Premenstrual Syndrome (Freeman et al., 2012; Rap-
kin et al., 2019). Furthermore, a common treatment for women suffering from
Polycystic ovarian syndrome (PCOS) is oral contraceptives (Vrbikova et al.,
2005; Nader et al., 2007), since they improve menstrual cycle frequency, re-
duces acne and alleviates hirsutism (Al Khalifah et al., 2016), which are fre-
quent symptoms among women with PCOS (Legro et al., 2013). Finally, acne
and hirsutism are also conditions that can be effectively treated with oral con-
traceptives (Stopien et al., 2018; Moubasher et al., 2020).

It has been shown in the literature that women with these diagnoses might
be at a higher risk of depression, raising concerns about selection because such
conditions can also motivate oral contraceptive initiation. Existing literature
indicates that women with endometriosis and PCOS face an elevated risk of
depression (Lorengatto et al., 2006; Hollinrake et al., 2007; Kerchner et al.,
2009). Likewise, heavy menstrual bleeding and dysmenorrhea have been
linked to higher rates of depression diagnoses (Balik et al., 2014; Weyand et
al., 2022). Additionally, research has found an increased prevalence of depres-
sion among women suffering from premenstrual disorder and premenstrual
dysphoric disorder (Forrester-Knauss et al., 2011; de Carvalho et al., 2018).
Lastly, women with acne and hirsutism also exhibit a higher risk of depression
(Uhlenhake et al., 2010; Ekbéck et al., 2013; Yang et al., 2014).
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Figure 9: Prevalence of Gynaecological Conditions by Age at Oral
Contraceptive Initiation
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Notes: This figure presents the percentage of women who received a prescription for
oral contraceptives for a non-contraceptive reason, categorized by age at initiation.
The dataset covers the period July 2005 to December 2017 and includes women aged
17-25 who began contraceptive use between the third quarter of 2007 and the first
quarter of 2016.

I identify women who use oral contraceptives for non-contraceptive reasons
based on the presence of a diagnosis of endometriosis, polycystic ovary syn-
drome (PCOS), acne, hirsutism, or menstrual disorders recorded in the same
month as their first prescription. Using this definition, Figure 9 presents the
share of women with such gynaecological diagnoses by age at initiation. The
figure shows that the prevalence of these diagnoses increases with age, from
around 1.5 percent among women initiating at age 17 to just above 2.5 percent
among those initiating after age 23. This pattern suggests that medical, rather
than contraceptive, motives for initiation become more common at older ages.

Figure 10 presents estimates separately by reason for oral contraceptive in-
itiation. Women who appear to initiate oral contraceptives for pregnancy pre-
vention exhibit trajectories that closely resemble the baseline results. This is
important because gynaecological conditions may independently affect both
oral contraceptive initiation and mental health, raising the possibility that the
baseline estimates partly capture underlying differences in health. However,
the results remain largely unchanged when women whose initiation coincides
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with a gynaecological condition are excluded. Among women diagnosed with
these condition around initiation, who account for only about 2 percent of the
sample, the estimated effects follow a similar overall pattern but are somewhat
larger and considerably less precise. Taken together, the findings suggest that
the baseline results are not driven by women with medical motives and remain
robust among women who initiate oral contraceptives for pregnancy preven-
tion, while the larger estimates among women with gynaecological diagnoses
are consistent with poorer underlying mental health in this group.

Appendix Figure A17 presents an alternative classification of initiation mo-
tives. In this specification, women are classified as initiating oral contracep-
tives for the treatment of a gynaecological condition if they were diagnosed at
any point during the observation period with endometriosis, polycystic ovary
syndrome (PCOS), acne, hirsutism, or a menstrual disorder. These women
constitute 15.9 percent of the sample. The estimated effects for women who
appear to initiate oral contraceptives for pregnancy prevention remain closely
aligned with those in Figure 10, further strengthening the conclusion that the
baseline results are not driven by women who initiate oral contraceptives to
treat underlying gynaecological conditions. The estimates for women with
these diagnoses are more precise under this broader definition and are gener-
ally larger than those for the pregnancy-prevention group. However, the dif-
ferences between the two groups are not statistically significant.

Appendix Figure A18 presents the results for women who initiated oral
contraceptives between ages 14 and 16, distinguishing between those with and
without an ADHD diagnosis and across different initiation motives. Among
women with ADHD who use oral contraceptives to treat gynaecological con-
ditions, the estimates are highly imprecise due to the very small number of
individuals in this group. Women with ADHD who initiate oral contraceptives
for pregnancy prevention show positive post-treatment effects that exceed the
baseline estimates, although the presence of a clear pre-trend limits causal in-
terpretation. Among women without ADHD, those who use oral contracep-
tives to manage gynaecological conditions display no statistically significant
pre-trends but experience a notably larger increase in antidepressant prescrip-
tions following initiation. In contrast, women without ADHD who initiate
contraceptives for pregnancy prevention show a small, marginally significant
pre-trend and post-initiation effects that are smaller than the baseline. The dif-
ference in estimates by initiation motive becomes statistically significant three
quarters after initiation, indicating that women who use oral contraceptives to
treat gynaecological conditions experience poorer mental health outcomes
than those who use them for pregnancy prevention.
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Figure 10: Event-Study Estimates of Antidepressant Prescriptions
Following Oral Contraceptive Initiation, by Initiation Motive, Ages
17-19 and 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 17-25 from
July 2007 to March 2016, measured relative to one quarter before initiation. Results
are shown separately by initiation motive: contraceptive reasons (purple circles) and
non-contraceptive reasons (orange diamonds). The top panel displays estimates for
women aged 17-19, and the bottom panel for women aged 20-25. The mean proba-
bility of having an antidepressant prescription in the quarter before initiation is 0.029
for contraceptive and 0.051 for non-contraceptive users among women aged 17-19,
and 0.045 for contraceptive and 0.089 for non-contraceptive users among women aged
20-25. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group includes women born in the same year and quarter who initiated oral contra-
ceptives one or two years later. The y-axis shows the probability of having an antide-
pressant prescription, and the x-axis represents event time in quarters. Vertical lines
indicate 95% confidence intervals based on standard errors clustered at the individual
level.
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7. Conclusion

This paper examines the mental health consequences of oral contraceptive in-
itiation among adolescents and young adult women in Sweden. Using com-
prehensive population registers linked across medication prescriptions,
healthcare usage, and population characteristics, and applying the event study
estimator proposed by Callaway and Sant’Anna (2021), I document system-
atic increases in antidepressant prescriptions following oral contraceptive ini-
tiation. Women who initiate oral contraceptives at ages 17-19 and 20-25 show
clear post-initiation increases in antidepressant use, of approximately 9 and 19
percent, with no signs of pre-treatment trends, indicating that initiation is
likely associated with a rise in antidepressant uptake in late adolescence and
early adulthood. In contrast, women in middle adolescence (ages 14—16) dis-
play the steepest increases in antidepressant use, but pronounced pre-trends
complicate a causal interpretation for this group. Further analysis shows that
ADHD plays an important role in explaining these patterns for the youngest
treated group. Women with ADHD show both higher overall antidepressant
use and stronger upward trends around the time of initiation, while their non-
ADHD peers exhibit smaller and more stable trajectories. The evidence sug-
gests that the pre-treatment trends observed in the baseline are primarily
driven by women with ADHD.

The findings for the older age groups are robust across a range of alterna-
tive specifications, including different definitions of the not-yet-treated com-
parison group, comparisons with women who are never-treated during the ob-
servation period, and sample restrictions based on prior depression diagnoses
and country of birth. This provides reassurance that the estimated post-initia-
tion increases are not driven by a particular choice of comparison group or by
the inclusion of women with pre-existing depression or different migration
backgrounds. At the same time, I find no evidence of an increase in outpatient
or inpatient care for depression following oral contraceptive initiation. This
suggests that, although antidepressant use increases after initiation, the esti-
mated effects are not accompanied by a corresponding rise in depression se-
vere enough to be recorded in specialized care.

Extending the analysis, I investigate whether the estimated effects vary
across contraceptive formulations and according to the primary motive for in-
itiation. The results reveal no systematic variation across contraceptive types.
Combined and progestogen-only pills are both associated with increases in
antidepressant prescriptions, with estimated trajectories that closely follow the
baseline pattern. The only exception is observed among women initiating pro-
gestogen-only pills at ages 17—19, where post-initiation effects are not statis-
tically significant. On the other hand, the analysis by reason for initiation
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suggests that the baseline findings are not driven by women whose oral contra-
ceptive initiation coincides with a gynaecological condition. Women initiating
for pregnancy prevention exhibit trajectories that closely mirror the baseline
estimates, while those diagnosed with a gynaecological condition around initi-
ation show somewhat larger increases in antidepressant prescriptions. How-
ever, the latter estimates are imprecise given the small size of this subgroup.

The findings have several implications for the literature in economics that
investigates the effects of oral contraceptives. While most of the economics
research emphasizes the beneficial effects of oral contraceptives on education,
fertility, and labour-market outcomes, my results underscore that these bene-
fits may come at a cost to mental health, especially in the years immediately
following initiation, in line with the work of Costa-Ramon et al. (2023). More-
over, the analysis identifies an especially vulnerable group, namely women
with ADHD, for whom the association between contraceptive use and antide-
pressant prescriptions is stronger, and pre-trends suggest heightened underly-
ing mental health risks even before initiation. The results further indicate that
the motivation for contraceptive use is also related to mental health outcomes,
as women who initiate oral contraceptives for medical reasons exhibit poorer
mental health trajectories than those who initiate for pregnancy prevention,
suggesting that pre-existing health conditions may contribute to greater mental
health vulnerability. These findings underscore the importance of integrating
health considerations and individual heterogeneity within the broader discus-
sion of contraceptive access and policy.

From a methodological perspective, this study advances the literature by
applying recent econometric tools to a new setting. By comparing treated to
their not-yet-treated peers of the same birth year and birth quarter, I strengthen
the credibility of the counterfactual and avoid misleading estimates driven by
inappropriate control groups. Moreover, the use of population administrative
data allows for large-scale coverage across ages and pill types, extending be-
yond the narrow age ranges or smaller samples of earlier work. These features
make the results both robust and relevant to ongoing policy debates on
women’s health, reproductive autonomy, and the regulation of the supply of
hormonal contraceptives.

Nevertheless, some caveats remain. First, antidepressant prescriptions,
while a common proxy for depression, may not capture the full range of men-
tal health outcomes and may therefore underestimate the true prevalence of
depression. In addition, recorded antidepressant use may partly reflect health-
seeking behavior rather than only changes in underlying mental health. Sec-
ond, although the design addresses some sources of bias, selection into timing
of initiation cannot be fully ruled out, particularly among the younger users
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without ADHD. Finally, the analysis focuses on medium-run effects and the
long-run mental health consequences of oral contraceptive use, whether per-
sistent or not, remain an open question for future research.

Overall, this study provides new evidence that oral contraceptives, while
undoubtedly important for women’s reproductive autonomy and economic
opportunities, may also increase vulnerability to depression. The results fur-
ther indicate that mental health risks are not evenly distributed and women
with ADHD and women who initiate contraceptives to treat gynaecological
conditions exhibit poorer mental health trajectories, underscoring the need for
more targeted support for those with pre-existing vulnerabilities. Policymak-
ers and practitioners should therefore weigh the mental health implications
alongside the documented social and economic benefits of contraceptive ac-
cess. Future work combining rich register data with complementary survey
and clinical measures will be critical to deepening our understanding of this
trade-off and to guiding health and education policies that support young
women in making informed choices about contraception.
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Appendix

Figure A1: Mean Pre-Initiation Outpatient Visits by ICD Code for
Treated and Control Groups, by Age at Initiation
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Notes: This figure presents the mean probability of having an outpatient visit (by ICD
code) for treated and control women, separately by age at initiation of oral contracep-
tives. The means are calculated for up to two years (eight quarters) before initiation.
Treated women are shown with purple circles, and control women with orange dia-
monds. The analysis covers the period July 2005 to December 2017 and includes
women who initiated oral contraceptives between ages 14 and 25 from July 2007 to
March 2016. The control group consists of women born in the same year and quarter
who initiated oral contraceptives one or two years later. Vertical lines indicate 95%
confidence intervals.
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Figure A2: Mean Pre-Initiation Inpatient Episodes by ICD Code for
Treated and Control Groups, by Age at Initiation
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Notes: This figure presents the mean probability of having an inpatient episode (by
ICD code) for treated and control women, separately by age at initiation of oral con-
traceptives. The means are calculated for up to two years (eight quarters) before initi-
ation. Treated women are shown with purple circles, and control women with orange
diamonds. The analysis covers the period July 2005 to December 2017 and includes
women who initiated oral contraceptives between ages 14 and 25 from July 2007 to
March 2016. The control group consists of women born in the same year and quarter
who initiated oral contraceptives one or two years later. Vertical lines indicate 95%
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Figure A3: Difference in Mean Pre-Treatment Outpatient Visits (by
ICD Code) between Treated and Control Groups, by Age at Initiation
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Notes: This figure presents the difference in mean pre-treatment probabilities of hav-
ing an outpatient visit (by ICD code) between treated and control women adjusted for
age, birth year and birth quarter, separately by age at initiation of oral contraceptives.
The means are calculated for up to two years (eight quarters) before initiation. The
differences observed for diagnoses outside Chapter F (Excl.F) are primarily driven by
diseases of the skin and subcutaneous tissue (Chapter L) and diseases of the genitou-
rinary system (Chapter N), but they are negligible in magnitude. The analysis covers
the period July 2005 to December 2017 and includes women who initiated oral con-
traceptives between ages 14 and 25 from July 2007 to March 2016. The control group
consists of women born in the same year and quarter who initiated oral contraceptives
one or two years later. Vertical lines indicate 95% confidence intervals based on stand-
ard errors clustered at the individual level.
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Figure A4: Difference in Mean Pre-Treatment Inpatient Episodes (by
ICD Code) between Treated and Control Groups, by Age at Initiation
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Notes: This figure presents the difference in mean pre-treatment probabilities of hav-
ing an inpatient episode (by ICD code) between treated and control women adjusted
for age, birth year and birth quarter, separately by age at initiation of oral contracep-
tives. The differences observed for diagnoses outside Chapter F (Excl. F) are primarily
driven by injuries, poisoning, and certain other consequences of external causes
(Chapters S and T), but they are negligible in magnitude. The means are calculated
for up to two years (eight quarters) before initiation. The analysis covers the period
July 2005 to December 2017 and includes women who initiated oral contraceptives
between ages 14 and 25 from July 2007 to March 2016. The control group consists of
women born in the same year and quarter who initiated oral contraceptives one or two
years later. Vertical lines indicate 95% confidence intervals based on standard errors
clustered at the individual level.
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Figure AS: Event-Time Coefficients for Antidepressant Prescriptions by
Age at Oral Contraceptive Initiation

Age 14 Age 15 Age 16
bt 34 bt
= st o o
°®
L] es®?®
- e®e 'Y BN ]
| .
Slea®?® o—;..... cpeeese®®
o o o
= = =
'’ T T T T T T T T T T T T ‘I'I T T T T T T T T T T T i T T T T T T T T T T
AF240 1234567 432101234567 #3201 2 3456 T
Event Time (Quarters) Event Time {Quarters) Event Time (Quarters)
Age 17 Age 18 Age 19
2 24 2
o~ ) o
= e =
alpameantttienry cltesgg®®esee?® cleetocecscn,
o~ ™~ o~
= = =
432101234567 432101234567 432101234567
Event Time (Quarters) Event Time {Quarters) Event Time {Quarters)
Age 20 Age 21 Age 22
2 -8 3
o o ol
S S S
segee”® ee®%ese L
cljesavae® L4 clesee O.....oolooo
o~ o o™
e =4 =
L T T T T T . T T T T 7T 7T ™ , ™7 T T LB N D B S R
4-32-101234567 432101234567 4-32-101234567
Event Time (Quarters) Event Time (Quarters) Event Time (Quarters)
Age 23 Age 24 Age 25
b g =+ | =t
(=] (-2 | (=]
8 S84 8
0 g | *T s 20t
e 0, (X ]
] L ] L ] L]
c.a..‘. = te " e ee
o~ o~ o~
= =4 =
— — — T T C — — T T — — T
432101234567 432101234567 4321901234567
Event Time (Quarters) Event Time (Quarters) Event Time (Quarters)

Notes: These figures present estimated event-time coefficients for each age-at-initia-
tion cohort, based on equation (4), for women who initiated oral contraceptives be-
tween ages 14 and 25 from July 2007 to March 2016. Coefficients are measured rela-
tive to one quarter before initiation. The analysis covers the period July 2005 to De-
cember 2017, following individuals from eight quarters before to seven quarters after
initiation. The comparison group consists of women born in the same year and quarter
who initiated oral contraceptives one or two years later. The y-axis shows the proba-
bility of having an antidepressant prescription, and the x-axis represents event time in
quarters. Vertical lines indicate 95% confidence intervals based on standard errors
clustered at the individual level.
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Figure A6: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation, Excluding
Women with Prior Depression Diagnoses in Outpatient and Inpatient

Care
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Initiation of Oral Contraceptives in Females Aged 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, measured relative to one quarter before initiation. The
analysis excludes women with any diagnosis of depression recorded in outpatient or
inpatient care during the two years preceding contraceptive initiation. The panels
show separate estimates for women aged 14—16 (top), 17-19 (middle), and 20-25
(bottom). The mean probability of having an antidepressant prescription in the quarter
before initiation is 0.019, 0.020, and 0.034, respectively. The analysis covers the pe-
riod July 2005 to December 2017, following individuals from four quarters before to
seven quarters after initiation. The comparison group includes women born in the
same year and quarter who initiated oral contraceptives one or two years later. The y-
axis shows the probability of having an antidepressant prescription, and the x-axis
represents event time in quarters. Vertical lines indicate 95% confidence intervals
based on standard errors clustered at the individual level.
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Figure A7: Event-Time Coefficients for Depression Diagnoses in Qutpa-
tient Care by Age at Oral Contraceptive Initiation
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Notes: These figures present estimated event-time coefficients for each age-at-initia-
tion cohort, based on equation (4), for women who initiated oral contraceptives be-
tween ages 14 and 25 from July 2007 to March 2016. Blue circles show estimates
based only on primary outpatient diagnoses, while pink diamonds show estimates that
include both primary and secondary outpatient diagnoses. Coefficients are measured
relative to one quarter before initiation. The analysis covers the period July 2005 to
December 2017, following individuals from eight quarters before to seven quarters
after initiation. The comparison group consists of women born in the same year and
quarter who initiated oral contraceptives one or two years later. The y-axis shows the
probability of having an outpatient visit with a depressive diagnosis, and the x-axis
represents event time in quarters. Vertical lines indicate 95% confidence intervals
based on standard errors clustered at the individual level.
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Figure A8: Event-Time Coefficients for Depression Diagnoses in
Inpatient Care by Age at Oral Contraceptive Initiation
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Notes: These figures present estimated event-time coefficients for each age-at-initia-
tion cohort, based on equation (4), for women who initiated oral contraceptives be-
tween ages 14 and 25 from July 2007 to March 2016. Blue circles show estimates
based only on primary inpatient diagnoses, while pink diamonds show estimates that
include both primary and secondary inpatient diagnoses. Coefficients are measured
relative to one quarter before initiation. The analysis covers the period July 2005 to
December 2017, following individuals from eight quarters before to seven quarters
after initiation. The comparison group consists of women born in the same year and
quarter who initiated oral contraceptives one or two years later. The y-axis shows the
probability of having an inpatient episode with a depressive diagnosis, and the x-axis
represents event time in quarters. Vertical lines indicate 95% confidence intervals
based on standard errors clustered at the individual level.
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Figure A9: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation, Comparing
Women Who Initiated One Year Later
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Initiation of Oral Contraceptives in Females Aged 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, with coefficients measured relative to one quarter
before initiation. The panels show separate estimates for women aged 14—16 (top left),
17-19 (top right), and 20-25 (bottom). The mean probability of having an antidepres-
sant prescription in the quarter before initiation is 0.026, 0.030, and 0.046, respec-
tively. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to three quarters after initiation. The comparison
group includes women born in the same year and quarter who initiated oral contra-
ceptives only one year later. The y-axis shows the probability of having an antidepres-
sant prescription, and the x-axis represents event time in quarters. Vertical lines indi-
cate 95% confidence intervals based on standard errors clustered at the individual
level.
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Figure A10: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation, Comparing
Women Who Initiated Two Years Later
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Initiation of Oral Contraceptives in Females Aged 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, with coefficients measured relative to one quarter
before initiation. The panels show separate estimates for women aged 14—16 (top left),
17-19 (top right), and 20-25 (bottom). The mean probability of having an antidepres-
sant prescription in the quarter before initiation is 0.026, 0.030, and 0.046, respec-
tively. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group includes women born in the same year and quarter who initiated oral contra-
ceptives only two years later. The y-axis shows the probability of having an antide-
pressant prescription, and the x-axis represents event time in quarters. Vertical lines
indicate 95% confidence intervals based on standard errors clustered at the individual
level.
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Figure A11: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation, Comparing
Treated Individuals with Not-Yet-Treated Peers Who Initiated at the
Same Age One or Two Calendar Years Later
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Initiation of Oral Contraceptives in Females Aged 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, with coefficients measured relative to one quarter
before initiation. The panels show separate estimates for women aged 14—16 (top left),
17-19 (top right), and 20-25 (bottom). The mean probability of having an antidepres-
sant prescription in the quarter before initiation is 0.026, 0.030, and 0.046, respec-
tively. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group includes women who initiated oral contraceptives at the same age but one or
two calendar years later. The y-axis shows the probability of having an antidepressant
prescription, and the x-axis represents event time in quarters. Vertical lines indicate
95% confidence intervals based on standard errors clustered at the individual level.

131



Figure A12: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation, Comparing
Treated Individuals with Never-Treated Peers
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Initiation of Oral Contraceptives in Females Aged 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 14 and 25
from July 2007 to March 2016, with coefficients measured relative to one quarter
before initiation. The panels show separate estimates for women aged 14—16 (top left),
17-19 (top right), and 20-25 (bottom). The mean probability of having an antidepres-
sant prescription in the quarter before initiation is 0.026, 0.030, and 0.046, respec-
tively. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group consists of women who have never used any type of hormonal contraceptives
between 2005 and 2017. The y-axis shows the probability of having an antidepressant
prescription, and the x-axis represents event time in quarters. Vertical lines indicate
95% confidence intervals based on standard errors clustered at the individual level.
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Figure A13: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women
Born in Sweden
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women born in Sweden who initiated oral contraceptives between
ages 14 and 25 from July 2007 to March 2016, with coefficients measured relative to
one quarter before initiation. The panels show separate estimates for women aged 14—
16 (top left), 17-19 (top right), and 20-25 (bottom). The mean probability of having
an antidepressant prescription in the quarter before initiation is 0.026, 0.030, and
0.048, respectively. The analysis covers the period July 2005 to December 2017, fol-
lowing individuals from four quarters before to seven quarters after initiation. The
comparison group includes women born in the same year and quarter who initiated
oral contraceptives one or two years later. The y-axis shows the probability of having
an antidepressant prescription, and the x-axis represents event time in quarters. Verti-
cal lines indicate 95% confidence intervals based on standard errors clustered at the
individual level.
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Figure A14: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women
without ADHD

Initiation of Oral Contraceptives in Females Aged 14-16
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Notes: This figure displays aggregated event-time coefficients for women without an
ADHD diagnosis who initiated oral contraceptives between ages 14-16 from July
2007 to March 2016, measured relative to one quarter before initiation. The baseline
probability of having an antidepressant prescription in the quarter before initiation is
0.013. The analysis covers the period July 2005 to December 2017, following indi-
viduals from four quarters before to seven quarters after initiation. The comparison
group includes women born in the same year and quarter who initiated oral contra-
ceptives one or two years later. The y-axis shows the probability of having an antide-
pressant prescription, and the x-axis represents event time in quarters. Vertical lines
indicate 95% confidence intervals based on standard errors clustered at the individual
level.
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Figure A15: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women
with and without ADHD, for Age Groups 17-19 and 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 17-25 from
July 2007 to March 2016, measured relative to one quarter before initiation. Results
are shown separately for women without an ADHD diagnosis (purple circles) and
women with ADHD (orange diamonds). The top panel displays estimates for women
aged 17-19, and the bottom panel for women aged 20-25. The mean probability of
having an antidepressant prescription in the quarter before initiation is 0.022 for
women without ADHD and 0.34 for women with ADHD among initiators aged 17—
19, and 0.039 for women without ADHD and 0.36 for women with ADHD among
initiators aged 20-25. The analysis covers the period July 2005 to December 2017,
following individuals from four quarters before to seven quarters after initiation. The
comparison group includes women born in the same year and quarter who initiated
oral contraceptives one or two years later. The y-axis shows the probability of having
an antidepressant prescription, and the x-axis represents event time in quarters. Verti-
cal lines indicate 95% confidence intervals based on standard errors clustered at the
individual level.

137



Figure A16: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women
with and without ADHD, by Contraceptive Type, for Ages 1416
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women aged 14-16 who initiated oral contraceptives between July
2007 and March 2016, with coefficients measured relative to one quarter before initi-
ation. Results are shown separately for combined oral contraceptive users (purple cir-
cles) and progestogen-only users (orange diamonds). The top panel displays estimates
for women with a diagnosis of ADHD, and the bottom panel for women without
ADHD. The mean probability of having an antidepressant prescription in the quarter
before initiation is 0.29 for combined and 0.29 for progestogen-only users among
women with ADHD, and 0.012 for combined and 0.018 for progestogen-only users
among women without ADHD. The analysis covers the period July 2005 to December
2017, following individuals from four quarters before to seven quarters after initiation.
The comparison group includes women born in the same year and quarter who initi-
ated oral contraceptives one or two years later. The y-axis shows the probability of
having an antidepressant prescription, and the x-axis represents event time in quarters.
Vertical lines indicate 95% confidence intervals based on standard errors clustered at
the individual level.
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Figure A17: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women,
by Reason for Initiation, Ages 17-19 and 20-25
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women who initiated oral contraceptives between ages 17-25 from
July 2007 to March 2016, measured relative to one quarter before initiation. In this
analysis, the non-contraceptive group includes women who received a gynaecological
diagnosis at any point during the observation period, accounting for 15.9 percent of
the sample. Results are shown separately by initiation motive: contraceptive reasons
(purple circles) and non-contraceptive reasons (orange diamonds). The top panel dis-
plays estimates for women aged 17—19, and the bottom panel for women aged 20-25.
The mean probability of having an antidepressant prescription in the quarter before
initiation is 0.027 for contraceptive and 0.046 for non-contraceptive users among
women aged 17-19, and 0.039 for contraceptive and 0.073 for non-contraceptive us-
ers among women aged 20-25. The analysis covers the period July 2005 to December
2017, following individuals from four quarters before to seven quarters after initiation.
The comparison group includes women born in the same year and quarter who initi-
ated oral contraceptives one or two years later. The y-axis shows the probability of
having an antidepressant prescription, and the x-axis represents event time in quarters.
Vertical lines indicate 95% confidence intervals based on standard errors clustered at
the individual level.
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Figure A18: Aggregated Event-Time Coefficients for Antidepressant
Prescriptions by Age at Oral Contraceptive Initiation among Women
with and without ADHD, by Initiation Motives, for Ages 1416
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Notes: This figure presents aggregated event-time coefficients for antidepressant pre-
scriptions among women aged 14—16 who initiated oral contraceptives between July
2007 and March 2016, with coefficients measured relative to one quarter before initi-
ation. Results are shown separately by initiation motive, which are contraceptive rea-
son (purple circles) and non-contraceptive reason (orange diamonds). The top panel
displays estimates for women with a diagnosis of ADHD, and the bottom panel for
women without ADHD. The mean probability of having an antidepressant prescrip-
tion in the quarter before initiation is 0.26 for contraceptive and 0.35 for non-contra-
ceptive users among women with ADHD, and 0.013 for contraceptive and 0.022 for
non-contraceptive users among women without ADHD. The analysis covers the pe-
riod July 2005 to December 2017, following individuals from four quarters before to
seven quarters after initiation. The comparison group includes women born in the
same year and quarter who initiated oral contraceptives one or two years later. The y-
axis shows the probability of having an antidepressant prescription, and the x-axis
represents event time in quarters. Vertical lines indicate 95% confidence intervals
based on standard errors clustered at the individual level.
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1. Introduction

ADHD' diagnosis and treatment with medication have increased globally in
recent decades, but with substantial variation both across and within countries
(Kazda et al. 2021; Chan et al. 2023). In Sweden, for instance, ADHD diag-
noses among children have increased substantially over the past 20 years. By
2022, 10.5% of boys and 6% of girls had received an ADHD diagnosis by age
17, and ADHD medication use varies markedly across regions, with some ar-
eas reporting rates more than twice as high as others (Socialstyrelsen 2023).2
These figures are high in international comparisons and approach recent esti-
mates from the US, where 11.4% of all children aged 3—17 had received an
ADHD diagnosis in 2022 (Danielson et al. 2024). In contrast, the global un-
derlying prevalence of ADHD symptoms is claimed to be relatively stable over
time, at around 5-7% (Faraone et al. 2003; Polanczyk et al. 2007). Evidence
from Norway further shows that regional variation in ADHD diagnosis rates
is much larger than what can be explained by geographical variation in ADHD
symptom levels (Widding-Havneraas et al. 2023). These observations suggest
that the rise in ADHD diagnoses, and the regional variation in diagnosis rates,
is either driven by demand- or supply-side factors, or both. Demand-side fac-
tors may include demand from parents and teachers in response to increased
pressure in school or increased awareness of ADHD, while supply-side factors
may include geographical differences in referral practices, clinical capacity,
or norms in the assessment of diagnostic criteria.’ This interpretation is con-
sistent with Kazda et al. (2021) who argue that rising ADHD diagnosis rates
may partly reflect improved detection, diagnostic inflation, and the medicali-
zation of milder behavioral difficulties. Evidence on the driving forces behind
the ADHD epidemic, and on the impact of a more generous treatment regime
compared with a more restrictive one, remains limited but is important, as
ADHD medication may have significant effects on treated individuals as well
as on society more generally.

This paper studies the rise in ADHD diagnosis and medication in Sweden
and its implications for educational outcomes. The aim is to assess the impact
of exposure to a more generous treatment regime in terms of ADHD

! We use ADHD (attention-deficit/hyperactivity disorder) as an umbrella term covering both
the combined presentation, characterized by inattention and hyperactivity-impulsivity, and the
predominantly inattentive presentation, sometimes referred to as ADD (attention deficit disor-
der).

2 For example, in Gotland, 11 % of the boys and 7 % of the girls aged 10-17 received ADHD
medication, while the corresponding numbers in Vésternorrland were 6 % and 3 %, respectively
(see Figure 5 in Socialstyrelsen 2023).

3 The Swedish medical profession discusses the need for greater consistency in how ADHD
care is organized and prioritized: https://www.svd.se/a/xrPz0V/adhd-ar-psykiatri-inte-en-egen-
vardsektor-skriver-debattorer

142



medication on children’s grade point average (GPA) in ninth grade. The anal-
ysis focuses on cohorts born between 1995 and 2007, whom we follow to age
16. We use full population register data linking prescribed medication, health
care contacts in specialized care, school outcomes, and detailed background
characteristics, including birth records and parental characteristics. We pay
particular attention to potential heterogeneity by sex, given established differ-
ences between boys and girls with ADHD in symptom presentation, age at
diagnosis, and treatment patterns (Babinski 2024) as well as in school out-
comes (Goldin et al. 2006).

To this end, we first document, cohort by cohort, the under- and over-rep-
resentation of different subgroups of children receiving ADHD medication.
We then exploit regional variation in treatment generosity over time to esti-
mate the impact of exposure to a more generous rather than a less generous
treatment regime on children’s ninth-grade GPA (cf. Cuddy and Currie 2026;
Linnros and Nilsson 2025). Specifically, we use a difference-in-differences
design comparing seven regions with large increases in ADHD medication use
to seven regions with smaller increases. In this analysis, we condition on pa-
rental background characteristics as well as predicted predisposition for
ADHD symptoms at the individual level. In this way, we account for potential
compositional changes in student characteristics over time.

In line with earlier literature, we find that ADHD medication is more com-
mon among boys than girls, and more common among children with a native
than an immigrant background.* Among children receiving ADHD medica-
tion, we find that they, over time, have lower predicted predisposition for
ADHD, which is in line with widening diagnostic criteria and a larger share
of the population being diagnosed over time. We also find that children with
immigrant background, in relation to children with native background, are in-
creasingly under-represented among treated children. This finding is in line
with a greater demand for ADHD assessments among native parents in rela-
tion to immigrant parents.” On the other hand, we find no support for the in-
crease over time being driven by late-in-the-year-born children, children who
perform poorly in school in early grades, or by children attending private
schools.

Regarding the impact of growing up in a more rather than a less generous
treatment regime, we first find that the probability of being prescribed ADHD
medication is significantly higher in a more generous regime across all

4 Immigrant background refers to having two parents not born in Sweden. Our sample only
includes children born in Sweden, not those who immigrated after birth.

5 This greater demand could partly be explained by better opportunities among natives in rela-
tion to families with immigrant background to navigate in the Swedish health care and educa-
tional system.
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subgroups studied: boys and girls, as well as boys and girls divided by immi-
grant status and predicted level of ADHD predisposition. Relating the esti-
mated effects to the counterfactual outcomes, the estimated impact is largest
among children with an immigrant background. Among native children, the
corresponding impact is largest for girls, particularly those with a low pre-
dicted predisposition for ADHD symptoms. The latter finding is consistent
with the idea that a more generous regime has broadened the diagnostic crite-
ria or applies them more leniently.

Regarding students’ educational outcomes, we find that a more generous
regime has a small negative impact on girls’ GPA. The corresponding estimate
for boys is positive but far from statistically significant. The concentration of
the negative GPA effect among native girls with low predicted predisposition
suggests that there may be diminishing returns to prescribing ADHD medica-
tion to a larger share of the population.® However, it is important to emphasize
that our study cannot determine whether this negative impact is explained by
adverse side effects of medication or a less efficient allocation of school re-
sources with more students being diagnosed. Distinguishing between these
mechanisms is an important topic for future research.

This paper contributes to the literature on impacts of ADHD medication on
children’s educational outcomes. Meta-analyses of RCTs show that ADHD
medication is effective in reducing core ADHD symptoms in the short run
(Van der Oord et al. 2008; Cortese et al. 2018; Peterson et al. 2024). Some
also find improvements in social or disruptive behavior and in selected
measures of academic productivity, although effects on academic outcomes
are smaller and less consistent than effects on symptoms (Van der Oord et al.
2008; Peterson et al. 2024; Kortekaas-Rijlaarsdam et al. 2019). However,
RCTs are often short-run and usually focus on task performance rather than
longer-run educational outcomes such as GPA and educational attainment.
Register-based studies that provide evidence on longer-run, real-world out-
comes and that use quasi-experimental designs that support a causal interpre-
tation remain scarce.” Two important exceptions are Dalsgaard et al. (2014)
and Currie et al. (2014). Dalsgaard et al. (2014) use Danish register data and
variation in physicians’ prescription propensities to study the effects of ADHD
medication among children diagnosed with ADHD. They find that medication
leads to fewer hospital contacts and fewer interactions with the police. Inter-
estingly, they find smaller effects for later cohorts, when more children were

% For students with an immigrant background, the estimates are too imprecise to draw any con-
clusions.

7 Many epidemiological studies use pretest—posttest comparisons (e.g. Pérez et al. 2025) or a
control adjustment approach (e.g. Jangmo et al. 2019). While informative, such studies may
suffer from omitted variable bias violating a causal interpretation.
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diagnosed and treated. Thus, their results are consistent with diminishing re-
turns as treatment expands to a broader group of children. Currie et al. (2014)
study a reform in Quebec that increased stimulant medication use among chil-
dren with ADHD symptoms relative to the rest of Canada. They find that the
increase in medication use has a negative effect on school outcomes and,
among girls, a higher probability of experiencing depression.

In relation to these two quasi-experimental studies, we make at least two
contributions: First, we study the impact of exposure to a more generous treat-
ment regime on al// children, rather than only those with ADHD symptoms, an
ADHD diagnosis or who are on medication. Our estimates therefore also cap-
ture potential spillover effects on other children. Such spillovers could be pos-
itive if increased treatment reduces disruptive behavior in the classroom and
improves the learning environment (Aizer 2008). However, they could also be
negative if diagnosis and medication are accompanied by additional school
resources, such as special educational support, which may divert resources
away from other students.® Second, we study a more recent and more generous
treatment environment. The two quasi-experimental studies examining
longer-run outcomes by Dalsgaard et al. (2014) and Currie et al. (2014) were
published in 2014 and concern settings in which ADHD diagnosis and treat-
ment were less prevalent than they are today. Given the sharp increase in
ADHD diagnosis and medication use in recent years, understanding the con-
sequences of this expansion is important from a policy perspective. Sweden
provides an interesting setting for studying this question, as rates of ADHD
diagnosis are high in an international context.

Moreover, earlier studies have discussed both demand- and supply-side
factors as potential drivers of the increase in ADHD diagnosis and treatment
(Kazda et al. 2021). We contribute with descriptive evidence on which groups
have driven this increase over the past decade in Sweden. Consistent with ear-
lier evidence on immigrant-native gaps in ADHD diagnosis and treatment (see
Pham et al. 2024 for US evidence and Arat et al. 2018 for Swedish evidence),
we find that children with an immigrant background are less likely to receive
ADHD medication than native children, and that this gap has widened over
time. We also document that the increase in ADHD medication is accompa-
nied by a shift in other characteristics of medicated children: Over time, med-
icated children have a lower predicted predisposition for ADHD symptoms
and stronger earlier school performance. This pattern is consistent with treat-
ment expanding to a broader group of children. Finally, we find no increasing

8 This concern is raised in a recent Swedish government report, SOU 2025:19, which notes that
diagnoses facilitate access to school support and warns that overdiagnosis may generate dis-
placement effects if existing support resources are diverted away from pupils with the greatest
needs.
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overrepresentation of children attending either public or private schools
among those receiving ADHD medication, suggesting that school type is not
an important factor driving the ADHD epidemic.

2. Institutional Background

Sweden’s healthcare and compulsory school systems are largely tax-funded,
universal, and designed to provide equal access to education and care regard-
less of socioeconomic background. Healthcare, including child and adolescent
psychiatry, is administered by 21 self-governing regions. Adults typically pay
small patient fees, while healthcare is free of charge for children. Prescription
medicines are subsidized, and covered medicines have been free for children
since 2016. Compulsory schooling, covering grades 1-9, is free of charge and
governed by national curricula and regulations, but provided by both munici-
pal and independent school providers.

For children, ADHD assessment and medication treatment take place
within specialist care, primarily psychiatry but also child and adolescent med-
ical clinics. Assessment is free in publicly financed care, but waiting times
vary substantially across regions (Socialstyrelsen 2026), which may affect the
timing of diagnosis. Long waiting times in public care have also contributed
to demand for privately financed neuropsychiatric assessments, and a private
market has grown over time (IVO 2026). Primary care and school health ser-
vices do not diagnose ADHD, but they may identify concerns and refer chil-
dren for specialist assessment. Because ADHD assessments draw on infor-
mation from several settings, including schools, teachers and student health
services can provide information used in the assessment. Swedish treatment
recommendations describe ADHD medication as one part of broader treat-
ment and support, rather than as a stand-alone intervention (Lékemedelsverket
2016; Socialstyrelsen 2024).° For privately financed assessments, the Swedish
Health and Social Care Inspectorate (IVO) has raised concerns that, among
inspected providers, information gathering was sometimes incomplete, diag-
noses not always based on established diagnostic criteria, and medication
sometimes initiated as the only intervention (IVO 2026).

The Swedish school system is comprehensive and non-tracked until the end
of 9™ grade, but families have substantial school choice across municipal and
independent schools. Grading criteria apply uniformly across the country.
Grades are criterion-referenced and high-stakes, as 9" grade GPA determines

° Sweden’s first formal national guidelines for ADHD were published by Socialstyrelsen in
2022 and updated in 2024, but the principle that ADHD medication should form part of multi-
modal care was stated in earlier Swedish treatment recommendations.
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eligibility and admission to upper secondary school programs. Students with
ADHD may receive pedagogical support, such as adjustments in classroom
instruction, instruction in smaller groups, or special support documented in an
action program. Support is need-based and does not require a medical diagno-
sis, although a diagnosis often facilitates access to structured interventions
(Skolverket 2025).

Together, these institutional features create a context in which regional var-
iation in access to ADHD assessment, timing of diagnosis, prescription of
medication, and educational support to students with special needs may influ-
ence academic trajectories. Because 9" grade GPA determines admission to
upper secondary school, differences in the likelihood of receiving diagnosis,
medication, or school support before the end of compulsory school may matter
for students’ long-run educational opportunities.

3. Data

This section presents the data sources, defines our study population and
ADHD medication measure, describes our measure of predicted predisposi-
tion for ADHD symptoms, and reports descriptive statistics for the analysis
sample.

3.1. Data Sources

The analysis is based on population-wide Swedish administrative registers
that can be linked across individuals and over time through pseudonymized
personal identifiers. These registers provide a rich longitudinal data structure,
allowing us to follow children from birth, link them to parents and extended
family members, and combine information on health, education, family back-
ground, and parental socioeconomic and health characteristics.

We use information from the Medical Birth Register (Medicinska fodelse-
registret), which covers all births in Sweden and records detailed characteris-
tics at delivery. For each child, we observe month and year of birth, birth
weight, birth height, head circumference, Apgar scores at 1, 5, and 10 minutes,
and gestational age measured in completed weeks and days.

We use the National Prescribed Drug Register (Ldkemedelsregistret) to ob-
serve whether a child has been dispensed any ADHD medication. This data
starts in July 2005 and includes all dispensed prescriptions with no attrition.
We also use the National Patient Register (Patientregistret) to obtain infor-
mation about diagnoses and secondary and tertiary care.
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Educational outcomes and school type (public vs private/independent) are
drawn from administrative school records: the Grade 9 Register (Grundsko-
lan: slutbetyg) and the record of national test results in grade 3 (Nationella
prov arskurs 3).

Finally, we use information on children’s parental and immigrant back-
grounds, as well as their region and municipality of residence. This infor-
mation is obtained from the Longitudinal Integrated Database for Health In-
surance and Labour Market Studies (LISA). Information on the country of
birth of both children and their parents is obtained from the Multi-Generation
Register (Flergenerationsregistret).

3.2. Study Population and ADHD Medication Measure

The study population consists of children born in Sweden between 1995 and
2007 who appear in the Medical Birth Register. These cohorts can be followed
through the Swedish administrative registers during childhood and adoles-
cence. Our analysis focuses on children between the ages of 10 and 16. This
age interval is partly determined by availability of the main outcome, but it
also captures a central period for ADHD treatment during compulsory school.
We also restrict the sample to children who can be linked to at least one parent
through a pseudonymized personal identifier, with the additional requirement
that the parent is observed as a resident in Sweden for at least one year during
the observation period.

Our main ADHD measure is an indicator for whether the child received
ADHD medication between ages 10 and 16. We define a child as ADHD med-
icated if the child was dispensed any medication with Anatomical Therapeutic
Chemical (ATC) codes NO6BA02, NO6BA04, NO6BA09, NO6BA12, or
C02AC02 during this age window.'® The focus on ages 10 to 16 is partly de-
termined by the availability of data in the Prescribed Drug Register''. In the
analysis sample, fewer than 25% of children who are ever medicated for
ADHD receive medication before age 10. Among children who initiate
ADHD medication before age 10 and are observed at earlier ages in our data,
medication continues into adolescence in all cases we can observe.

As a complementary ADHD measure, we study whether the child was di-
agnosed with ADHD. We define a child as diagnosed if the child has at least
one ADHD diagnosis with ICD-10 code F90 recorded in inpatient or outpa-
tient care during the same age window. This measure should be interpreted

10 These codes follow medication classifications provided by Region Uppsala and 1177
Vardguiden.
' This register is only available from July 2005.
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cautiously because diagnoses are underreported in the National Patient Regis-
ter. There are two main reasons for this: Before 2024, the Patient Register did
not include psychiatric outpatient contacts with non-physician staff, and the
register does not include all diagnoses provided by private caregivers.

3.3. Predicted Predisposition for ADHD

To be able to compare children with similar underlying risk of exhibiting
ADHD symptoms, we construct a measure intended to capture predisposition
for ADHD. This measure is motivated by two strands of evidence. First, pre-
vious research has shown that early-life health characteristics are associated
with the risk of developing ADHD during childhood (e.g. Wimberley et al.
2022). Second, ADHD has a strong genetic component, with heritability esti-
mates ranging from approximately 70 to 88% (Larsson et al. 2014). We there-
fore combine data on birth characteristics, parental characteristics, and mental
health histories in the extended family to capture variation in children's under-
lying predisposition for ADHD symptoms.

To this end, we predict the probability that a child receives ADHD medi-
cation using birth-register information and mental health indicators for parents
and extended family members. The birth-register variables included are the
child’s year of birth, gestational age (in days), Apgar scores at 1, 5, and 10
minutes, birth weight (in grams), birth height (in centimeters), head circum-
ference (in centimeters), and the ages of the mother and father at the child’s
birth. The family mental health variables included indicate whether parents,
grandparents, or parents’ siblings had a mental health-related prescription or
diagnosis during the period when the child was between ages 10 and 16."

Ideally, family mental health would be measured before or at the time of
the child’s birth, to ensure that these variables are predetermined in relation to
the child’s ADHD symptoms. However, this is not possible due to data re-
strictions (as discussed in section 3.2). Since excluding family members’ men-
tal health would make the predictions less informative, we measure these var-
iables over the same age window as the child, to obtain the best possible pre-
dictions given the available data. This creates a potential concern if a child’s
ADHD symptoms affect parents’ or other family members’ mental health or
health seeking behavior. We believe this type of reverse causality is unlikely

12 These indicators equal one if the person has at least one dispensed prescription for psycho-
leptic or psychoanaleptic medication, including antidepressants, ADHD medication, anxiolyt-
ics, hypnotics, and antipsychotics, or have at least one inpatient or outpatient diagnosis for a
mental health condition, defined by ICD-10 codes FO0-F99. We then aggregate these indicators
to three family-level indicators: parental mental health, grandparental mental health, and mental
health among parents’ siblings.
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to be a major concern. Thus, we interpret the measure as our best proxy for
underlying ADHD predisposition, while acknowledging that it may not be
fully predetermined.

For grandparents and parents’ siblings, the mental health indicator is set to
zero if no mental health-related condition is observed among linked relatives,
or if no linked relative is observed in Sweden. We lack information about ex-
tended family among some of the children whose parents have immigrated to
Sweden. This implies that our predisposition measure most likely underesti-
mates the probability of ADHD symptoms among children with immigrant
background in comparison to children with native background. The implica-
tions of this underestimation are discussed when the results are presented.

Using these birth and family characteristics, we estimate each child’s pre-
dicted probability of ADHD medication with a lasso logit model. The outcome
in the prediction model is whether the child receives ADHD medication be-
tween ages 10 and 16."* We estimate a lasso logit model on a training sample
consisting of the cohorts growing up under the most generous treatment re-
gime, to get the strongest possible association between background infor-
mation and the probability of ADHD medication. Specifically, we use the
three last cohorts (born 2005-2007) in the six regions with the highest share'*
of children receiving ADHD medication. We estimate the model separately
for boys and girls, allowing the selected predictors to differ by sex.'” The re-
sulting estimated coefficients are then used to predict each child's propensity
for ADHD symptoms.

We then rank the predictions by cohort and sex. Thus, each child is as-
signed a sex- and cohort-specific percentile rank based on their predicted
probability of qualifying for ADHD medication under a generous treatment
regime observed during our study period. Ranking children within sex and
cohort accounts for secular changes in the overall propensity for ADHD treat-
ment and allows us to focus on relative differences in predicted ADHD pre-
disposition within each cohort. We refer to this measure as predicted ADHD
predisposition. The coefficients from the lasso logit models, and the measures

13 As our intention here is to capture the risk of ADHD symptoms, it would have been preferable
to use ADHD diagnosis as the outcome. However, as discussed in section 3.2, we do not observe
all ADHD diagnoses, which is why we instead use ADHD medication as the outcome. So-
cialstyrelsen (2023) reports that about 75 % of schoolchildren diagnosed with ADHD start med-
ication. Medication therefore captures a large, but not complete, subset of diagnosed children.
14 The six regions with the highest shares of children using ADHD medication between 2005
and 2007 are Halland, Gévleborg, Gotland, Stockholm, Sédermanland, and Dalarna.

15 In our data, we observe biological (not legal) sex. Overall, the selected predictors are similar
across the two models, where for both boys and girls, the lasso selects year of birth, gestational
age, birth weight, birth height, head circumference, parental age at birth, and all the family
mental health indicators. The main difference is that Apgar scores at 5 and 10 minutes are se-
lected in the model for boys, but not in the model for girls.
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of model fit for the training sample are reported in Appendix Tables Al and
A2, respectively.

3.4. Descriptive Statistics

Table 1 presents descriptive statistics for the analysis sample, separately by
whether the child received any ADHD medication before age 16 or not. In line
with patterns documented in Sweden and other countries (Socialstyrelsen
2023; Babinski 2024), girls are underrepresented among children receiving
ADHD medication: In our sample, girls constitute around 40% of children
with any ADHD medication. Among children who received ADHD medica-
tion, we observe an ADHD diagnosis for around 90%. Since ADHD medica-
tion requires a diagnosis, this implies that diagnoses are underreported in our
data (as discussed in section 3.2).

The average age at first ADHD medication is about one year lower for boys
than for girls: 12.4 years for boys and 13.7 years for girls. We also observe a
clear difference in predicted ADHD predisposition between the two groups:
Children with ADHD medication have substantially higher predicted predis-
position than children without ADHD medication.

Although previous research finds that relatively young children within a
school cohort are overrepresented among children diagnosed with ADHD or
receiving ADHD medication (Elder 2010; Evans et al. 2010; Holland and
Sayal 2019), we do not observe any large overrepresentation of children born
late in the year among children with ADHD medication in our data. Nor do
we observe a clear difference along birth order, although both birth month and
birth order are slightly higher in the medicated group. In line with international
evidence on socioeconomic gradients in ADHD (Russell et al. 2016), ADHD
medication is more common among children whose parents have lower levels
of education and lower earnings.
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Table 1: Descriptive Statistics

Any ADHD medication No ADHD medication
Mean Sd Obs Mean Sd Obs
Girl 0.378 0.485 44274 0.516 0.500 543688

ADHD diagnosis 0.889 0314 44274 0.007 0.086 543688

Age at first med- 12.38 2.126 27542
ication boys

Age at first med- 13.684 2.101 16732
ication girls

Predisposition, 65.896  26.455 44274 49324  28.691 543688
percentile

Birth month 6.706 3.381 44274 6.318 3.352 543688
Birth year 2002.639 3.530 44274 2001.267 3.825 543688
Birth order 1.862 1.017 44274 1.851 0.988 543688
Mother’s years 12.394 2.370 44201  12.896 2466 542373
of schooling

Father’s years of 11.525 2.890 44155 12.274 2915 542391
schooling

Parental earnings 4.652 2.767 44274 5.568 2.870 543688
decile

Note: Any ADHD medication, ADHD diagnosis, and age at first ADHD medication
are all observed between ages 10—16. Due to data restrictions, we cannot observe these
variables before age 10. Predisposition percentile is predicted predisposition percen-
tile ranked within gender. Parents’ years of schooling and earnings are observed when
child is 10 years old.

4. Documenting Subgroups driving the ADHD
Epidemic

Before turning to how we estimate the impact of the rise in ADHD medication

on children’s school outcomes, we provide a descriptive overview of which

subgroups are driving the overall increase. We do this by describing how the

characteristics of medicated children change across cohorts, separately for

boys and girls. Figure 1 presents the results.
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First, we observe that children who receive ADHD medication have, over
time, lower predicted predisposition for ADHD, especially among girls (panel
A). For boys, the decline is gradual over most of the period, while for girls it
is concentrated among the last five cohorts. This pattern is consistent with
discussions of diagnostic drift in ADHD, where the inclusion of children with
milder symptoms is raised as one possible explanation for rising diagnosis
rates (Kazda et al. 2021). In line with this pattern, we also find that children
receiving ADHD medication perform better over time on national tests in
mathematics and Swedish in third grade at age 9 (panel B). Both boys and
girls show upward trends in this outcome, although the increase is clearer
among girls. However, the results for this outcome should be interpreted with
some caution, since some children, especially boys, have been prescribed
ADHD medicine before taking these tests.'®

Figure 1 further shows that children with immigrant background are less
likely than children with native background to receive ADHD medication.
Moreover, this native-immigrant gap increases over time (panel C), even
though the share of children with immigrant background increased from
11.9% in the 1995 cohort to 13.9% in the 2007 cohort. One possible explana-
tion is that the composition of children with immigrant background changed
over time. However, it is not obvious how, if at all, such a change would affect
the native-immigrant gap in the share of children receiving ADHD medica-
tion. A more plausible explanation is sociocultural differences in expectations
about child behavior between immigrant and native parents. Ivert et al. (2011)
find that family referrals to child and adolescent psychiatric clinics are more
common among children with a Swedish background than among children
with an immigrant background, who were more often referred by social/legal
agencies, schools, or health care services. The native-immigrant gap is larger
among girls, but it increases more over time among boys. The increasing gap
is likely explained by differences in demand for ADHD assessments among
parents, and perhaps also among the children’s teachers.

We do not find any clear differences between children attending private
and public schools (panel D), nor do we observe an increasing overrepresen-
tation of children born late in the year (Figure Al in the Appendix).

The observed patterns do not point to purely demand- or purely supply-side
explanations. Overall, both demand- and supply-side factors likely play a role
in explaining the ADHD epidemic. The importance of supply-side factors is
supported by Socialstyrelsen (2024), which highlights regional differences in

16 For children born in 2007, we can observe medication from age 8. Among children in this
cohort who received any ADHD medication before age 16, 4.8 % of girls and 15.7 % of boys
had received medicine by age 8. The corresponding shares were 8.8 % for girls and 23.6 % for
boys by age 9, and 13.3 % for girls and 33.3 % for boys by age 10.
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access to assessment and treatment, waiting times as well as assessment prac-
tices for ADHD as possible explanations for geographic variation in ADHD
medication.

Figure 1: Characteristics of Children Treated with ADHD Medication
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Notes: The figure presents a series of descriptive graphs for children born in Sweden
between 1995 and 2007 who were treated with medication for ADHD between ages
10 and 16. ADHD medication is defined as an indicator equal to one if the individual
received ADHD medication at least once during this age interval. Panel (a) presents
the average predicted ADHD risk decile among children treated for ADHD, where
predicted risk is estimated using lasso models based on birth characteristics and infor-
mation on extended family mental health. Panel (b) reports the average academic
achievement decile among children treated for ADHD. Academic achievement is con-
structed by combining Grade 3 mathematics and Swedish test scores, with deciles
calculated separately within birth cohorts. Panel (c) displays the difference in ADHD
medication prevalence between children with native and immigrant backgrounds,
where immigrant background is defined as both parents being born outside Sweden.
Panel (d) displays the difference in ADHD medication prevalence between children
attending public and private schools.
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5. Estimating the Impact of a more Generous Regime

To study the impact of growing up in a more generous ADHD medication
regime relative to a less generous regime, we compare regions over time in a
difference-in-differences setting. Below, we first define the regional treat-
ment-regime contrast, then discuss the parameter of interest and present the
empirical model.

5.1. Defining Generous and Less Generous Regimes

The share of children receiving ADHD medication has increased substantially
over the last decade. Figure A2 in the Appendix plots the share of children
receiving ADHD medication by birth cohort, separately by sex and for each
of the 21 regions. Among the first cohort in our sample (children born in
1995), 2.26% of girls and 4.95% of boys received ADHD medication before
age 16 while among the last cohort (children born in 2007), these shares had
increased to 9.91% and 13.13% for girls and boys, respectively. There is a
clear increasing trend in all regions, but regions differ in levels and rate of
increase.

Since the aim is to compare a more generous regime with a less generous
regime, we must define what we mean by “generous”. Our strategy is to com-
pare the most generous regimes with the least generous regimes in terms of
the share of children receiving ADHD medication. More specifically, we com-
pare the first three cohorts at the beginning of the period (children born 1995—
1997) with the last three cohorts (children born 2005-2007). To make the con-
trast as clear as possible, we focus on the seven regions with the highest rate
of increase and the seven regions with the lowest rate of increase over the
study period. These 7+7 regions are presented in Figure 2. The most generous
regions are Dalarna, Sodermanland, Stockholm, Blekinge, Halland, Norrbot-
ten, and Vistmanland.'” The least generous regions are Visternorrland, Kal-
mar, Orebro, Visterbotten, Vistra Gétaland, Ostergdtland, and Skéne. The
two groups are comparable in size: 221,129 children (53% of the total sample)
in the former and 197,084 children (47%) in the latter. As seen in Figure 2, all
regions have a similar share of children on ADHD medication at the beginning
of the period: between 2.4 and 5%. At the end of the period, on the other hand,
the groups have separated and the regions defined as generous have about

17 The region with the second highest increase is Gotland but this small region is an outlier and
therefore excluded here. In the result section, we check that our conclusions also hold when
including Gotland in the analysis.
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12.5% of children on medication, compared with 8.4% in the less generous
regions.'®

Figure 2: ADHD Medication Use by Birth Cohort in the 7 Highest- and
7 Lowest-Growth Regions

Share of Individuals with ADHD Medication by Age 16, by Region
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Note: The figure displays the share of individuals prescribed ADHD medication by
age 16 across Swedish regions and birth cohorts. The sample consists of children born
in Sweden between 1995 and 2007, where ADHD is defined as having received
ADHD medication at least once between ages 10 and 16. The Treated (“generous”)
regions are Dalarna, Sédermanland, Stockholm, Blekinge, Halland, Norrbotten, and
Vistmanland. The Control ("less generous”) regions are Visternorrland, Kalmar, Ore-
bro, Visterbotten, Vastra Gotaland, Ostergétland, and Skéne.

5.2. Interpretation of the Parameter of Interest

The aim is to estimate the impact of growing up in a more generous ADHD
medication regime relative to a less generous regime on children’s school out-
comes. From a policy perspective, this is a relevant parameter because it in-
forms us about which regime is more effective in enhancing children’s educa-
tional opportunities. From a theoretical perspective, however, it is not obvious

18 Note, these numbers are higher than the reported underlying prevalence of ADHD symptoms:
(Faraone et al. 2003; Polanczyk et al. 2007) suggest prevalence of around 57 %. From that
perspective, we compare two generous regimes and estimate the impact of the more generous
one in comparison to the less generous one.
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when, or if ever, a regime is “too generous” in the sense that the marginal
benefits of further expansion become small or negative.

In the medical literature, it is well established that ADHD medication is
effective in reducing ADHD symptoms, and several studies find improve-
ments in disruptive behavior and task performance (Van der Oord et al. 2008;
Cortese et al. 2018; Peterson et al. 2024; Kortekaas-Rijlaarsdam et al. 2019),
which may benefit children’s school outcomes. However, the benefits of med-
ication may be less clear-cut when diagnostic criteria are applied more broadly
to include children with milder symptoms, especially since medication may
also have side effects.'” Moreover, medication expansion often occurs along-
side diagnostic expansion, and a diagnosis often facilitates access to additional
school support (see section 2). When school resources are fixed, a growing
share of diagnosed children may generate displacement effects if existing sup-
port is diverted away from pupils with greater needs.

From a theoretical point of view, there could be a point at which additional
expansion of ADHD medication no longer improves school outcomes or even
turns the marginal effect negative. This could happen if children at the margin
of treatment expansion have milder symptoms and benefit less from medica-
tion, if medication also has adverse side effects, or if school resources are re-
allocated less efficiently. To assess and understand the impact of growing up
in a more generous regime relative to a less generous one, we estimate the
impact on different outcomes and for different subgroups, separately for boys
and girls.

The descriptive patterns in section 4 motivate the subgroup analysis. Over
time, children who receive ADHD medication have lower predicted predispo-
sition for ADHD, and children with immigrant background are less likely to
receive ADHD medication than children with native background. The former
observation is consistent with broader application of the diagnostic criteria
and expansion of ADHD medication toward children with lower predicted
predisposition. The latter observation suggests that the interpretation of a more
generous regime may differ for children with immigrant background, who are
at a much lower level of ADHD medication.

In our analysis of the impact of a more generous regime relative to a less
generous one, we focus on subgroups defined by native versus immigrant
background and by high versus low predicted predisposition for ADHD. For
all subgroups, we first estimate the effect on the probability of receiving
ADHD medication. These estimates show whether the more generous regime

19 A comprehensive meta-analysis by Cortese et al. (2018) found that several ADHD medica-
tions were associated with poorer tolerability and adverse effects, including appetite suppres-
sion and weight loss. These side effects could plausibly affect children's daily functioning and,
in turn, their academic performance.
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corresponds to higher ADHD medication use within each subgroup. Thereaf-
ter, we examine effects on school outcomes separately for these same sub-
groups.

5.3. Empirical Model

The model we estimate is the following:

Vit = a+ B(T = Post) + YT + 8Post + X;; + mun,,  + predisp; .
+ fi,t

where y; ; is the outcome of interest for individual i, born in year #. The indi-
vidual either grows up in a region that becomes more generous in terms of
ADHD medication use or not, with the indicator T taking the value 1 for gen-
erous and 0 for less generous regions. The variable Post equals 1 if the indi-
vidual belongs to the later cohorts (born 2005-2007), and 0 if the individual
belongs to the earlier cohorts (born 1995-1997). The parameter of interest is
[ and represents the average change in outcomes from early to late cohorts in
more generous regions relative to the corresponding change in less generous
regions, net of common time effects, time-invariant differences between re-
gions, and time-varying differences captured by the covariates.

Since the identifying variation is at the region level, a concern is region-
specific, time-varying omitted variables that correlate with treatment status.
To control for such potential omitted variables, the vector X; ; includes fixed
effects for both parents’ years of schooling (ranging from 6 to 21 years), and
their income deciles in the annual national distribution. In addition, the vector
mun,, . includes the share of children with immigrant background and the
share of students attending private schools (both observed in grade 9) in the
municipality. These municipal controls are important since both the share of
students in private schools and the share of students with immigrant back-
ground have increased over time, with likely variation across regions and with
implications for school outcomes.*” Finally, we condition on the predicted pre-
disposition for ADHD. This variable, predisp; ., is our measure of predispo-
sition for ADHD symptoms at the individual level, percentile ranked within
each birth cohort and sex (see section 3.3).

Since we only have 7 treated and 7 control regions, the number of clusters
is limited, and conventional cluster-robust standard errors (clustered SE) in

20 For how private/independent schools vs public schools affect school outcomes, see, e.g., Ed-
mark and Persson (2021).
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differences-in-differences designs are not reliable and may severely overreject
the null hypothesis (Roth et al. 2023; MacKinnon and Webb 2020). A com-
mon way of dealing with the issue of few clusters is to assess statistical sig-
nificance using randomization inference (RI) (Hagemann 2019).?! In our de-
sign, we conduct exact randomization inference by reassigning treatment sta-
tus across regions over all possible assignments that preserve the observed
number of treated and control regions. For each placebo assignment, we re-
estimate the differences-in-differences specification and the resulting random-
ization distribution of placebo effects is then used to calculate a two-sided p-
value as the share of placebo assignments that produce an estimated treatment
effect at least as large in absolute value as the observed differences-in-differ-
ences estimate.

6. Results

We start by presenting the main results for ADHD medication and students’
GPA. We report estimated effects from three specifications: 1) without con-
trols, 2) with parental and municipal controls, and 3) with parental and munic-
ipal controls and fixed effects for predicted predisposition for ADHD. In all
tables, we report p-values based on randomization inference. We then present
sensitivity analyses based on the third specification which is our preferred
model. Finally, we use the same specification to examine what a more gener-
ous regime implies for age at first ADHD medication, ADHD diagnosis, and
the probability of being prescribed antidepressants.

6.1. Effects on ADHD Medication and GPA

The overall results show a stable estimated effect for both boys and girls on
the probability of receiving ADHD medication across specifications. The re-
sults are presented in Table 2: panel A for all boys and girls separately and
panel B for natives only. In a more generous regime, this probability is about
3 percentage points higher for both boys and girls. However, the levels differ
between boys and girls, and the estimated effect should therefore be inter-
preted relative to the counterfactual outcome, that is, the outcome in the ab-
sence of the more generous regime. We define the counterfactual as the mean
in the treated group in the first period plus the estimate of the post-period in-
dicator (8). The counterfactuals for boys and girls are 10.9% and 7.5%,

21 These methods were first proposed by Fisher in 1935 and they are often called Fisher Randomization Tests or permutation tests.
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respectively. Dividing the estimated effects by these counterfactuals gives an
increase of 29% for boys and 45% for girls.

On GPA, the estimated effects are imprecise, and controls matter: The es-

timates are reduced when moving from the first to the second specification,
suggesting that students in more generous regimes may be positively selected
in terms of parental characteristics over time. This suggests that any remaining
bias from insufficient controls would, if anything, bias the GPA estimate up-
wards. Our preferred model is the third specification, which includes the full
set of controls. This model gives a negative estimated effect on GPA for girls,
with a randomization-based p-value of 0.11. Since the sign of the estimate
goes in the opposite direction as the suspected bias, we tentatively interpret
this result as an indication of a negative impact on girls.
The next step is to estimate the same model but separately for children with
native and immigrant background. There are two reasons for estimating the
model separately for these subgroups: First, as discussed in section 3.3, the
predicted predisposition measure has additional limitations for children with
immigrant background, and conditioning on predicted predisposition fixed ef-
fects increases precision in the sample including all children (see results in
panel A in Table 2). Second, because ADHD baseline medication rates differ
substantially between the two groups, we expect the same more generous re-
gime to have different impacts for children with native and immigrant back-
ground.

The results for children with immigrant background are presented in Ap-

pendix Table A3. The estimates for the probability of receiving ADHD med-
ication are stable across specifications and precisely estimated. Relative to the
counterfactual outcomes, a more generous regime increases this probability
by about 90% for both immigrant boys and girls. For GPA, the estimates are
too imprecise to support firm conclusions.
For native children, on the other hand, the estimates are more precisely esti-
mated and therefore more informative: see panel B in Table 2. The estimated
effect on the probability of receiving medication is stable across specifications
for both boys and girls, but the impact relative to the counterfactual outcome
is much larger for girls: 42% for girls compared with 25% for boys. For girls,
the estimates suggest a small negative effect on GPA of about 2% of a standard
deviation, with a randomization-based p-value of 0.058 in the third specifica-
tion. The estimate for boys is positive but far from statistically significant.
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Table 2: Estimated Effects for Girls and Boys

Girls

ADHD
No controls
+Controls

+Predisp. f.e.

GPA
No controls
+Controls

+Predisp. f.e.

Counterfactual
ADHD

% A ADHD
Counterfactual GPA

Observations

ADHD
No controls
+Controls

+Predisp. f.e.

GPA
No controls
+Controls

+Predisp. f.e.

Boys
DiD estimate P-value based
on RI
Panel A: All
0.0315 0.0006
0.0325 0.0006
0.0322 0.0006
0.0402 0.6450
0.0189 0.6807
0.0196 0.6020
0.1085
29%
-0.0160
206,540

Panel B: Natives

0.0293
0.0299
0.0287

0.0421
0.0219
0.0250

0.0017
0.0023
0.0047

0.6509
0.6235
0.5128

DiD estimate P-value based

0.0325
0.0336
0.0338

-0.0125
-0.0200
-0.0207

0.0750

45%
0.2786
211,607

0.0331
0.0340
0.0340

-0.0161
-0.0230
-0.0225

on RI

0.0006
0.0006
0.0006

0.6387
0.1416
0.1101

0.0005
0.0006
0.0006

0.5344
0.0606
0.0577

Continued on next page
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Boys Girls

Counterfactual 0.1161 0.0800
ADHD

% A ADHD 25% 42%
Counterfactual GPA -0.0038 0.2963
Observations 180,329 185,094

Note: The sample is children born 1995-1997 and 2005-2007, respectively, living in
regions with larger versus smaller increases in the share of children receiving ADHD
medication over these cohorts. The controls are f.e. for both parents’ years of school-
ing and income deciles. The predisp. is the estimated predisposition for ADHD symp-
toms at the individual level. This variable is percentile ranked within sex and cohort
in the national distribution. The outcome ADHD is any ADHD medication received
between age 10—-16. GPA is final grades in grade 9. The counterfactual is the mean in
the treated group in the pre-period plus the coefficient in front of the Post dummy in
equation (1). The % A is calculated by dividing the estimated effect by the counter-
factual mean.

In section 4, we learned that, over time, girls receiving ADHD medication
have lower predicted predisposition for ADHD. If more generous regimes are
further ahead in this expansion, we would expect the percentage increase in
the share receiving ADHD medication to be larger among girls with low pre-
dicted predisposition than among girls with high predicted predisposition. Es-
timating the model separately for native girls in the highest and lowest 50%
of predicted predisposition confirms this expectation.”> These results are pre-
sented in Table 3. The estimated effect on the probability of receiving ADHD
medication is about 0.04 for native girls with high and 0.02 for those with low
predicted predisposition. Relative to the counterfactual means in each group,
these estimates imply increases of 35% and 57%, respectively.

On GPA, the estimates for girls with high predicted predisposition are ra-
ther small and imprecise. For girls with low predicted predisposition, how-
ever, the preferred specification suggests a negative effect of about 3% of a
standard deviation, with a randomization-based p-value of 0.036. In contrast
to the corresponding estimate for the full sample of girls, this estimate is stable
across specifications. One likely reason is that this specification focuses on a
more homogeneous sample. The results therefore suggest a small negative ef-
fect on GPA for native girls with low predicted predisposition of growing up
in a more generous regime relative to a less generous regime.”

22 We have also estimated the model separately for those with the 20% highest and 20% lowest
predicted predisposition. The results are qualitatively the same but less precisely estimated.

23 In Appendix Table A4 we present the corresponding results for boys. Unfortunately, the es-
timates on GPA are very imprecise and thereby hard to draw any conclusion from.
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Table 3: Estimated Effects for Native Girls with High and Low
Predisposition

Native Girls 50% with highest predicted 50% with lowest predicted
predisposition predisposition

DiD estimate P-value based DiD estimate P-value based

on RI on RI
ADHD
No controls 0.0398 0.0012 0.0240 0.0012
+Controls 0.0419 0.0006 0.0242 0.0012
+Predisp. f.e. 0.0422 0.0006 0.0239 0.0012
GPA
No controls -0.0047 0.9120 -0.0266 0.0618
+Controls -0.0164 0.3456 -0.0310 0.0262
+Predisp. f.e. -0.0173 0.2943 -0.0287 0.0355
Counterfactual 0.1195 0.0416
ADHD
% A ADHD 35% 57%
Counterfactual GPA 0.1326 0.4567
Observations 93,199 91,895

Note: The sample is children born 1995-1997 and 2005-2007, respectively, living in
regions with larger versus smaller increases in the share of children receiving ADHD
medication over these cohorts. The controls are f.e. for both parents’ years of school-
ing and income deciles. The predisp is estimated predisposition for ADHD symptoms
at the individual level. This variable is percentile ranked within sex and cohort in the
national distribution. The outcome ADHD is any ADHD medication received between
age 10—16. GPA is final grades in grade 9. The counterfactual is the mean in the
treated group in the pre-period plus the coefficient in front of the Post dummy in
equation (1). The % A is calculated by dividing the estimated effect by the counter-
factual mean.
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6.2. Sensitivity Analysis

Our results should not depend on the specific regions included. To test the
robustness of our main results, we have re-run our preferred specification for
native children, separately for boys and girls and predicted predisposition
level, using alternative sets of regions included in the treatment group.

First, we exclude Gotland from the main analysis because it is an outlier in
terms of the share of children receiving ADHD medication in the figure moti-
vating our strategy (compare Figure A2 in Appendix). Including Gotland as
one of the generous regions in the analysis does not change the estimated ef-
fects or the precision in any important way. These results are presented in
Appendix Tables A5 and A6.

Second, we re-estimated the model after sequentially excluding one, two,
and three regions from the more generous group. The excluded regions are
Norrbotten, Halland, and Blekinge, which rank as the three regions with the
smallest increase over time, respectively. Since the number of possible per-
mutations decreases rapidly as regions are excluded (going from 1,716; to 792;
to 330), the attainable precision of the randomization-inference p-values also
declines. Thus, excluding more than three regions in this exercise is unlikely
to be informative. The results when estimating the model and dropping up to
three regions are presented in Appendix Tables A7 and A8. The results remain
stable across these three specifications, suggesting that our model is robust to
the choice of regions included.

6.3. Policy Content

To better understand what a more generous regime entails, we continue by
estimating our preferred specification (with the full set of controls) on three
additional outcomes: age at first ADHD medication, the probability of having
an ADHD diagnosis recorded in our registers, and the probability of being
prescribed antidepressants. The results are presented in Table 4.

First, we note that the counterfactual age at first ADHD medication differs
between boys and girls: boys receive ADHD medication about one year earlier
on average, at age 12.5 compared with 13.9 for girls. A more generous regime
seems to reduce age at first medication by a few months for both boys and
girls, but we cannot draw any clear conclusions as the estimates are imprecise.
The lower precision is expected since the analysis is based on a subsample
consisting only of children who ever receive ADHD medication.

The counterfactual shares with an observed ADHD diagnosis are lower
than the corresponding shares receiving ADHD medication: 10 and 7% for
boys and girls, respectively, compared with 12 and 8% for ADHD medication
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(estimates in Table 4 and Table 2). Since prescription of ADHD medication
requires a diagnosis, this means that we do not observe all ADHD diagnoses
in our registers, as discussed in section 3.2. Moreover, not all children with an
ADHD diagnosis receive ADHD medication: Socialstyrelsen (2024) reports
that about 75% of all diagnosed schoolchildren receive medication. Taken to-
gether, these two facts imply substantial underreporting of ADHD diagnoses
in our registers and mean that the sizes of the diagnosis and medication esti-
mates should be compared with caution. Still, the results show that a more
generous regime is associated with both a higher probability of receiving
ADHD medication and a higher probability of having an ADHD diagnosis
recorded in our registers. The estimated effect on observed ADHD diagnosis
is positive and precisely estimated for both boys and girls.

Finally, we estimate effects on the probability of receiving any antidepres-
sants (a drug classified under ATC code NO6A) between ages 10 and 16. For
this outcome, we find clear differences by sex. In generous regimes, girls are
more likely to receive antidepressants. For boys, the estimate suggests a zero
effect, although the precision is poor. This gender difference is in line with
earlier studies indicating a stronger association between ADHD and psychiat-
ric comorbidities among women than among men (Solberg et al. 2018; Kao
et al. 2025).

Overall, these results suggest that our definition of a more generous regime
captures broader differences in ADHD-related practices, not only differences
in prescription of medication. More generous regimes are more generous both
in diagnosing children with ADHD and in prescribing ADHD medication. For
girls, a more generous regime is also associated with a higher probability of
receiving antidepressants. This means that the estimated effects on GPA
should be interpreted as the impact of growing up in a regime that is more
generous in terms of ADHD treatment more broadly, rather than as the effect
of a regime that is more generous only in terms of ADHD medication.
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Table 4: Estimated Policy Effects for Native Boys and Girls

Native boys Native girls
DiD estimate P-value based DiD estimate P-value based
on RI on RI

Age at first ADHD
medication
Spec 3 -0.2962 0.3619 -0.2490 0.4790
Counterfactual 12.5008 13.8637
mean
ADHD Diagnosis
Spec 3 0.0463 0.0023 0.0467 0.0006
Counterfactual 0.0998 0.0655
mean
% A ADHD 46% 71%
Antidepressants
Spec 3 -0.0005 0.8357 0.0100 0.0198
Counterfactual 0.0471 0.1061
mean

Note: The sample is children born 1995-1997 and 2005-2007, respectively, living in
regions with larger versus smaller increases in the share of children receiving ADHD
medication over these cohorts. The controls are f.e. for both parents’ years of school-
ing and income deciles. The outcome Age at first medication is the age when we first
observe any dispensed ADHD medication. Diagnosis is whether the individual has a
diagnosis related to ADHD in our registers. Antidepressants indicates whether the
student had any antidepressants dispensed between ages 10 and 16. The counterfactual
is the mean in the treated group in the pre-period plus the coefficient in front of the
Post dummy in equation (1). The % A is calculated by dividing the estimated effect
by the counterfactual mean. The outcome Age at first medication is estimated condi-
tioning on having dispensed any ADHD medication, thus on a much smaller sample.
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7. Concluding Discussion

The share of children receiving ADHD medication has increased rapidly dur-
ing the last decade. In this paper, we document the subgroups driving this ep-
idemic and discuss the impact on school outcomes using children born 1995—
2007 in Sweden. We show that the rise in ADHD medication is accompanied
by a shift in the composition of medicated children toward children with lower
predicted predisposition for ADHD symptoms, especially among girls. This
pattern is consistent with discussions of diagnostic expansion in ADHD,
where the inclusion of children with milder symptoms is raised as one possible
explanation for rising diagnosis rates (Kazda et al. 2021). We also observe
that children with immigrant background are less likely than children with
native background to receive ADHD medication, and that this gap increases
over time. The increasing gap is likely related to differences in demand for
ADHD assessment among parents, and perhaps also schools. We do not find
any clear differences between children attending private and public schools,
nor do we observe an increasing overrepresentation of children born late in
the year.

Thereafter, we estimate how growing up in a more generous ADHD medi-
cation regime relative to a less generous regime affects the probability of re-
ceiving ADHD medication and grade 9 school outcomes for different groups.
By comparing early and late cohorts across regions where the share of children
receiving ADHD medication increased at different rates over the last decade,
the estimates suggest the following:

The probability of receiving any ADHD medication between ages 10 and
16 is about 3 percentage points higher in what we define as a more generous
regime than in a less generous one for both boys and girls. This corresponds
to an increase of about 29 and 45% for boys and girls, respectively. Boys are
generally diagnosed and medicated at a younger age than girls. For girls, but
not boys, we also find a higher probability of receiving antidepressants in
more generous regimes, in line with earlier evidence suggesting a stronger
association between ADHD and psychiatric comorbidities among women
than among men (Solberg et al. 2018; Kao et al. 2025). For children with im-
migrant background, the estimates translate into larger percentage increases
in ADHD medication, about 90% for both boys and girls, reflecting their lower
counterfactual medication rates.

Regarding GPA, the estimated effects are imprecise for boys and children
with immigrant background, and it is therefore hard to draw any clear conclu-
sions for them. For native girls, on the other hand, the estimates suggest a
small negative effect on their GPA. This negative effect is more pronounced
among girls with low predicted predisposition for ADHD symptoms than
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among those with high predisposition. This pattern is consistent with the pos-
sibility that, as ADHD treatment expands, the marginal effect of a more gen-
erous treatment regime may become smaller or even negative. The negative
estimate could have at least two different explanations, which are not mutually
exclusive. First, it could reflect a direct negative effect of medication, in line
with the findings by Currie et al. (2014), who find that increased stimulant
medication use among children with ADHD symptoms in Quebec was asso-
ciated with worse school outcomes and, among girls, a higher probability of
experiencing depression. Second, it could reflect a reallocation of school re-
sources. Although extra support is need-based and does not require a medical
diagnosis, a diagnosis often facilitates access to structured interventions
(Skolverket 2025). If the share of children with an ADHD diagnosis increases
and more resources are allocated to these children, there is a risk that children
without a diagnosis end up with less support in a more generous treatment
regime. Thus, the negative estimate among native girls with low predicted
predisposition could be driven by those without an ADHD diagnosis.

Finally, it is important to emphasize that we study several subgroups, and
we are only able to identify a statistically significant negative effect on GPA
for native girls. For boys and children with immigrant background, the results
are imprecise, but the estimates for native boys are positive. Thus, there might
be groups that benefit from a more generous regime. An important conclusion
from this study is that a more generous regime with respect to prescription of
ADHD medication seems to have heterogeneous effects on school outcomes.
An important question for future research is how a more generous regime in-
teracts with school resource allocation, and how that in turn affects both chil-
dren with and without an ADHD diagnosis.
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Appendix

Table Al: Penalized Coefficients from the Lasso Logit Models

Boys Girls

Birth Year 0.0856 0.1431
Gestational Age (in days) -0.0038 -0.0018
Birth Weight (in grams) 0.0001 0.0002
Birth Height (in cm) -0.0191 -0.0105
Head Circumference (in cm) -0.0313 -0.0421
Apgar Score at 5 minutes -0.0008

Apgar Score at 10 minutes 0.0458

Parental Mental Health 0.8365 0.9740
Grandparents’ Mental Health 0.2094 0.2515
Parents’ Siblings Mental Health 0.0580 0.1528
Mother’s Age at Birth -0.0313 -0.0280
Father’s Age at Birth -0.0093 -0.0089
Number of Observations 538,554 542,227

Note: This table reports the penalized coefficients from lasso logit models predicting
ADHD treatment before age 16. The sample includes children born in Sweden be-
tween 1995 and 2007. The models are estimated separately for boys and girls. The
dependent variable is an indicator equal to one if the child received at least one pre-
scription for ADHD medication before age 16. Candidate predictors include year of
birth, gestational age in days, Apgar scores at 1, 5, and 10 minutes, birth weight in
grams, birth height in centimeters, head circumference in centimeters, mother’s age
at birth, father’s age at birth, and indicators for mental-health-related conditions
among parents, grandparents, and parents’ siblings. Family mental health indicators
are measured over the period when the child is between ages 10 and 16 and are based
on mental-health-related prescriptions or diagnoses.
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Table A2: Goodness-of-Fit Measures from the Lasso Logit Models

Goodness-of-Fit Boys Girls
Deviance Ratio — Testing Sample 0.0423 0.0563
Deviance Ratio — Training Sample 0.0435 0.0576

Note: This table reports goodness-of-fit measures from lasso logit models predicting
ADHD treatment before age 16. The sample includes children born in Sweden be-
tween 1995 and 2007. The models are estimated separately for boys and girls. The
dependent variable is an indicator equal to one if the child received at least one pre-
scription for ADHD medication before age 16. Candidate predictors include year of
birth, gestational age in days, Apgar scores at 1, 5, and 10 minutes, birth weight in
grams, birth height in centimeters, head circumference in centimeters, mother’s age
at birth, father’s age at birth, and indicators for mental-health-related conditions
among parents, grandparents, and parents’ siblings. Family mental health indicators
are measured over the period when the child is between ages 10 and 16 and are based
on mental-health-related prescriptions or diagnoses.
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Figure Al: Share of Late-Born Children and Average Parental Income
Decile by Immigrant Status among Children Treated with ADHD
Medication
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Notes: The figure presents descriptive graphs for children born in Sweden between
1995 and 2007 who were treated for ADHD between ages 10 and 16. ADHD is de-
fined as an indicator equal to one if the individual received ADHD medication at least
once during this age interval. Panel (a) shows the share of individuals born between
November and December among children treated for ADHD. Panel (b) presents the
average parental income decile among children treated for ADHD by parental immi-
grant background, where income deciles are constructed separately within birth co-
horts using average household income across parents.
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Figure A2: Regional Variation in ADHD Medication Use by Age 16,
by Gender

Share of Girls with ADHD Medication by Age 16, by Region Share of Boys with ADHD Medication by Age 16, by Region
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Notes: The figure displays the share of individuals prescribed ADHD medication by
age 16 across Swedish regions and birth cohorts separately for girls and boys. The
sample consists of children born in Sweden between 1995 and 2007, where ADHD is
defined as having received ADHD medication at least once between ages 10 and 16.
The left panel presents results for girls, while the right panel presents results for boys.
In both panels, the black line represents the national average across all regions.
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Table A3: Estimated Effects for Boys and Girls with an Immigrant

Background
Immigrants Boys Girls

DID estimate P-value based DID estimate P-value based

on Rl on Rl

ADHD
No controls 0.0472 0.0093 0.0307 0.0152
+Controls 0.0480 0.0076 0.0315 0.0099
+Predisp. fe. 0.0495 0.0064 0.0314 0.0122
GPA
No controls 0.0263 0.6463 -0.0008 0.9854
+Controls 0.0103 0.8491 0.0056 0.9167
+Predisp. fee. -0.0031 0.9394 -0.0020 0.9726
Counterfactual 0.0537 0.0353
ADHD
% A ADHD 92% 89%
Counterfactual GPA -0.1110 0.1411
Observations 26,211 26,513

Note: The sample is children born 1995-1997 and 2005-2007, respectively, living in
regions with larger versus smaller increases in the share of children receiving ADHD
medication over these cohorts. The controls are f.e. for both parents’ years of school-
ing (6-21 years) and income deciles. The predisp is, at the individual level, estimated
predisposition for ADHD symptoms. This variable is percentile ranked within sex and
cohort in the national distribution. The outcome ADHD is any ADHD medication
prescribed between age 10-16. GPA is final grades in grade 9. The counterfactual is
the mean in the treated group in the pre-period plus the coefficient in front of the Pos?
dummy in equation (1). The % A is calculated by dividing the estimated effect by the

counterfactual mean.
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Table A4: Estimated Effects for Native Boys with High and Low
Predisposition

Native boys High pred 50% Low pred 50%

DID estimate P-value based DID estimate P-value based

on Rl on RI

ADHD
No controls 0.0317 0.0013 0.0226 0.0023
+Controls 0.0340 0.0021 0.0225 0.0029
+Predisp. fe. 0.0345 0.0022 0.0219 0.0023
GPA
No controls 0.0714 0.0396 0.0222 0.7255
+Controls 0.0410 0.0248 0.0070 0.8718
+Predisp. f.e. 0.0397 0.0226 0.0092 0.8531
Counterfactual 0.1678 0.0656
ADHD
% A ADHD 23% 25%
Counterfactual GPA -0.1645 0.1524
Observations 90,703 89,626

Note: The sample is children born 1995-1997 and 2005-2007, respectively, living in
regions with larger versus smaller increases in the share of children receiving ADHD
medication over these cohorts. The controls are f.e. for both parents’ years of school-
ing (6-21 years) and income deciles. The predisp is, at the individual level, estimated
predisposition for ADHD symptoms. This variable is percentile ranked within sex and
cohort in the national distribution. The table presents estimated impact on boys ranked
50% highest and lowest, respectively, in this distribution. The outcome ADHD is any
ADHD medication prescribed between age 10-16. GPA is final grades in grade 9. The
counterfactual is the mean in the treated group in the pre-period plus the coefficient
in front of the Post dummy in equation (1). The % A is calculated by dividing the
estimated effect by the counterfactual mean.
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Table A5: Robustness Check: Effect Estimates Including the Gotland
Region

Boys Girls
DiD estimate P-value based DiD estimate P-value based
on Rl on RI
Panel A: All
ADHD
No controls 0.0310 0.0006 0.0324 0.0002
+Controls 0.0320 0.0006 0.0334 0.0002
+Pre disp fle. 0.0317 0.0011 0.0337 0.0002
GPA
No controls 0.0414 0.6166 -0.0129 0.6317
+Controls 0.0198 0.6367 -0.0208 0.1318
+Pre disp fe. 0.0206 0.5619 -0.0215 0.0990
Counterfactual 0.1094 0.0755
ADHD
Counterfactual GPA -0.0201 0.2772
Observations 208,119 213,155
Panel B: Natives

ADHD
No controls 0.0287 0.0022 0.0329 0.0002
+Controls 0.0294 0.0026 0.0338 0.0002
+Pre disp fle. 0.0281 0.0059 0.0338 0.0002
GPA
No controls 0.0433 0.6190 -0.0165 0.5279
+Controls 0.0228 0.5815 -0.0240 0.0527
+Pre disp f.e. 0.0260 0.4687 -0.0235 0.0491

Continued on next page
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Boys

Girls

Counterfactual
ADHD

Counterfactual GPA

Observations

ADHD
No controls
+Controls

+Pre disp f.e.

GPA
No controls
+Controls

+Pre disp f.e.

Counterfactual
ADHD

Counterfactual GPA

Observations

on RI

0.1170

-0.0087
181,889

Panel C: Immigrants

0.0472 0.0115
0.0479 0.0092
0.0494 0.0095
0.0265 0.6444
0.0100 0.8516
-0.0035 0.9336

0.0538

-0.1103
26,230

0.0805

0.2943
186,617

0.0308
0.0315
0.0313

-0.0002
0.0064
-0.0014

0.0353

0.1410
26,538

DiD estimate P-value based DiD estimate P-value based

on RI

0.0169
0.0109
0.0131

0.9964
0.9019
0.9787

Note: Robustness test, see Table 2 for details.
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Table A6: Robustness Check: Estimated Effects for Native Children

by Predisposition, Including the Gotland Region

High pred 50%

Low pred 50%

ADHD
No controls
+Controls

+Pre disp f.e.

GPA
No controls
+Controls

+Pre disp f.e.

Counterfactual
ADHD

Counterfactual GPA

Observations

ADHD
No controls
+Controls

+Pre disp f.e.

GPA

on RI

Panel A: Native Boys

0.0310 0.0232
0.0331 0.0221
0.0336 0.0241
0.0723 0.3551
0.0419 0.2427
0.0404 0.2306

0.1694

-0.1686
91,492

Panel B: Native Girls

0.0394 0.0009
0.0413 0.0005
0.0418 0.0005

0.0222
0.0222
0.0215

0.0239
0.0082

0.0105

0.0658

0.1469
90,397

0.0240
0.0242

0.0239

DID estimate P-value based DID estimate P-value based

on RI

0.0031
0.0033
0.0026

0.6951
0.8238

0.8008

0.0008
0.0008

0.0008
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No controls -0.0049 0.9086 -0.0269 0.0611

+Controls -0.0170 0.3336 -0.0319 0.0221

+Pre disp fe. -0.0182 0.2785 -0.0296 0.0278
Continued on next page

High pred 50% Low pred 50%

Counterfactual 0.1204 0.0417

ADHD

Counterfactual GPA 0.1297 0.4557

Observations 93,970 92,647

Note: Robustness test, see Table 2 for details.
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Table A7: Robustness Check: Estimated Effects for Native Children

When Dropping 1-3 Regions

Girls

DiD estimate P-value based DiD estimate P-value based

Natives Boys
on RI

ADHD
Drop 1 0.0317 0.0012
Drop 2 0.0342 0.0013
Drop 3 0.0341 0.0030
GPA
Drop 1 0.0280 0.4948
Drop 2 0.0285 0.5467
Drop 3 0.0258 0.6212

Drop 1 Drop 3
Counterfactual 0.1177 0.1191
ADHD
Counterfactual GPA 0.0083 0.0400
Observations 173,822 160,953

0.0355
0.0353
0.0355

-0.0137
-0.0140
-0.0165

Drop 1
0.0811

0.3007
178,822

on RI

0.0006
0.0013
0.0030

0.2459
0.2727
0.2182

Drop 3
0.0817

0.3285
166,566

Note: Robustness test, see Table 2 for details.
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Table A8: Robustness Check: Estimated Effects for Native Children
by Predisposition, Excluding 1-3 Regions

High pred 50%

Low pred 50%

ADHD
Drop 1
Drop 2
Drop 3

GPA

Drop 1
Drop 2
Drop 3

Counterfactual
ADHD

Counterfactual GPA

Observations

ADHD
Drop 1
Drop 2
Drop 3

GPA

Drop 1
Drop 2
Drop 3

DID estimate P-value based DID estimate P-value based

on RI

Panel A: Native Boys

0.0377
0.0411
0.0400

0.0407
0.0411
0.0384

Drop 1
0.1692

-0.1512
87,597

Panel B: Native girls

0.0431
0.0425
0.0428

-0.0060
-0.0099
-0.0114

0.0076
0.0051
0.0091

0.3030
0.3662
0.4545

Drop 3
0.1699

-0.1220
81,385

0.0006
0.0013
0.0030

0.6731
0.5063
0.4667

0.0244
0.0258
0.0266

0.0144
0.0146
0.0119

Drop 1
0.0668

0.1659
86,225

0.0256
0.0255
0.0255

-0.0224
-0.0194
-0.0229

on RI

0.0012
0.0025
0.0030

0.7483
0.7816
0.8152

Drop 3
0.0682

0.2033
79,568

0.0006
0.0013
0.0030

0.1492
0.2361
0.2061

Continued on next page
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High pred 50% Low pred 50%

Drop 1 Drop 3 Drop 1 Drop 3
Counterfactual 0.1207 0.1212 0.0425 0.0428
ADHD
Counterfactual GPA 0.1348 0.1604 0.4660 0.4978
Observations 90,247 84,206 88,575 82,360

Note: Robustness test, see Table 2 for details.
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