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Abstract

Aim To study the duration of attention-deficit/hyperactivity disorder (ADHD) medication treatment among children and
adolescents by sex and age group in Finland during 2008-2019.

Methods This was a descriptive, population-based register study covering all Finnish children and adolescents aged
6—18 years who initiated their first ADHD medication treatment period between January 1, 2008 and December 31, 2019
(n=40691). To establish the duration of use we collected data from the register of Dispensations reimbursable under the
National Health Insurance Scheme register. The median follow-up time was 3.8 years (Q1=1.7, Q3=7.1). Treatment dura-
tion was calculated as the interval between the date of the first and last purchase with a cut-off of 365 days allowed between
purchases. The durations were estimated using Kaplan-Meier survival times.

Results The median duration of ADHD medication treatment was 3.2 years (95% CI 3.2, 3.3, Q1=1.0 95% CI 0.9, 1.0,
Q3=6.895% CI 6.7, 7.0). Sex and age significantly influenced treatment duration (p<.0001 and p<.0001). Boys had longer
treatment duration than girls and the younger the subject, the longer the duration of usage. Boys aged 68 years (32.4% of
the subjects) exhibited the longest treatment duration with a median of 6.3 years (95% CI 6.2, 6.5, Q1=2.6 95% CI 2.5, 2.7,
Q3=9.4 years 95% CI1 9.2, 9.6).

Conclusions The duration of ADHD medication treatment among children in the real-world clinical setting goes well beyond
the data available from randomized controlled trials and extends for several years especially among young boys.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder, including persistent
symptoms of inattention, hyperactivity, and impulsivity that
interfere with cognitive and social functioning [1]. Accord-
ing to community and administrative prevalence studies,
ADHD affects around 3-7% of the pediatric population
[2—4]. The majority of children and adolescents have onset
between 7 and 16 years of age [5]. Longitudinal studies sug-
gest that persistence rates of pediatric ADHD into adulthood
are around 50% [6]. However, follow-up studies suggest
that persistence rates could be higher, in particular, among
clinic-referred children with co-occurring psychiatric disor-
ders [7]. These children are also likely to display fluctuat-
ing levels of persistence and remission from childhood to
adulthood.

Randomized, placebo-controlled efficacy studies have
rigorously demonstrated the efficacy of ADHD medications
in short-term treatment (i.e. 12 weeks) of ADHD core symp-
toms in children and adolescents [8, 9]. Naturalistic large
database studies indicate that medical treatment for pediat-
ric ADHD may decrease the risk of harmful outcomes, such
as injuries, poor academic performance and reactive aggres-
sion, compared with untreated ADHD [10-13]. However,
some studies with causal inference approaches have found
less evidence on ADHD medication effects on psychologi-
cal well-being and injuries [14, 15]. Register-based studies
are also prone to confounding [10, 16]. Therefore, the long-
term benefits of ADHD treatment remain uncertain [17],
especially when studies employing enrichment designs (e.g.
trials focusing solely on drug responders) are not accounted
for [9, 18]. Also, the research on long-term safety issues
with ADHD medication use is scarce [19].

The Finnish Current Clinical guideline on the treatment
of ADHD recommends medication to be considered for all
children with a diagnosis of ADHD and aged 6 years and
over [20]. The preferred first choice for medicating pediat-
ric ADHD is methylphenidate [20]. According to a recent
Cochrane review [21], methylphenidate does not seem to
cause serious life-threatening adverse events in childhood
or adolescence when used for up to six months. Methylphe-
nidate may, however, be associated with an increased risk
of non-serious adverse events, such as sleep problems and
decreased appetite. Nonetheless, the Cochrane study group
evaluated the quality of evidence for all outcomes to be very
low and the true magnitude of both positive and negative
long-term effects to be unclear. The lack of randomized, pla-
cebo-controlled trials evaluating potential long-term effects
of ADHD medications has been acknowledged also previ-
ously [9, 22].
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As the prevalence of ADHD medication use has
increased notably among children and adolescents during
the last decades [23], the safety and effectiveness of treating
pediatric ADHD with medicines has become an important
public health concern in many countries [19, 24]. Increased
ADHD medicine use in real-life clinical settings may also
relate to harmful effects in the pediatric population such as
deterioration in academic performance [14] and there is cur-
rent debate on whether long-term use of stimulant medica-
tion relates to decreased height velocity [19, 22, 25, 26].
On the other hand, long-term adherence to ADHD medica-
tions is known to decrease, reducing the risk of harmful,
medication-related adverse effects in the long run. In a fol-
low-up of the Multimodal Treatment Study of Children with
ADHD, only 32.5% of the subjects initially enrolled, were
50% adherent to medication at 8 years compared to 63.3%
at 14 months [27].

There has been a lack of population-based studies that
examine ADHD medication treatment duration in children
and adolescents in more detail. Some earlier studies have
indicated that approximately 50 to 75 per cent of children
and adolescents remain on treatment after one year [28-31].
However, a very recent, multinational observational study
found that across the nine countries studied, treatment per-
sistence among children (4-11 years) was 50-60% for up to
five years of follow-up [32]. In addition, the observed dis-
continuation rates were higher among adolescents (12—17
years) as compared to children and patterns were similar
across sex [32]. Nonetheless, we are not aware of up-to-date
data on treatment duration going beyond the 5 years of fol-
low up and with a more in-depth analysis of age at initiation
affecting persistence.

In this study, we aimed to investigate ADHD medica-
tion treatment duration among Finnish children and adoles-
cents initiating ADHD medication between the years 2008
to 2019. To address the knowledge gaps, we analyzed the
duration of the first ADHD medication treatment period for
children within age groups of 68 and 10-12 years at ini-
tiation, and for adolescents within 13—15 and 16-18 years,
respectively.

Methods
Data

This was a descriptive study based on the nationwide admin-
istrative registers maintained by the Social Insurance Insti-
tution of Finland (SII) [33-35]. All permanent residents in
Finland are included in the National Health Insurance (NHI)
system. We collected data on all ADHD drug purchases
from the register of dispensations reimbursable under the
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NHI scheme, which includes records of all reimbursed pur-
chases from Finnish pharmacies. ADHD drug purchases
were identified by referring WHO Anatomical Therapeutic
Chemical (ATC) classification codes NO6BA02 (dexam-
fetamine), NO6BA(04 (methylphenidate), NO6BA09 (ato-
moxetine), NO6BA12 (lisdexamfetamine) and C02ACO02
(guanfacine) [36]. These are the only medications with reg-
ulatory approval in the treatment of ADHD in Finland. For
each purchase, the dispensing date, pseudonymized ID, age
and sex of the patient were collected. In addition, the Spe-
cial Reimbursement Register was used to identify patients
diagnosed with narcolepsy.

As the study was based only on administrative, secondary
register data, under Finnish law no Ethics Board approval
was required [37]. As the register holder, SII approved the
use of the data for the current study.

Cohort definition

The original register data included all children and adoles-
cents 18 years of age and under, who had received reim-
bursement for ADHD medication purchase between January
1, 2006, and December 31, 2019, in Finland (n=46751)
(Fig. 1).

Treatment initiation was defined as the date of the first
reimbursed purchase for any ADHD medication. To ascer-
tain true naive use a 2-year rolling wash-out period was
implemented. In alignment with the Finnish clinical guide-
line for the treatment of ADHD [20], we excluded all chil-
dren under the age of six (n=1162), since these children
are recommended to receive pharmacological treatment for

ADHD only under very specific circumstances. Also, to pre-
vent misclassification, we excluded all subjects with narco-
lepsy (n=>56), since narcolepsy is an alternative treatment
indication for methylphenidate.

Duration of treatment

We utilized repetitive purchases as a proxy for treatment
continuation. Considering the episodic fashion of ADHD
medication use [27], we allowed a cut-off up to 365 days
between purchases.

The duration of treatment was determined in days, cal-
culated as the period between the first and last purchase
dates plus an additional 90 days. This approach rested on
the assumption that the last redeemed purchase covered a
period of a maximum of 90 days, aligning with the reim-
bursement policy of NHI, which only allows single pur-
chases to cover a maximum of three months medication use.

Statistical methods

Categorical variables were summarized with frequencies
and percentages. Because of the skewed distribution of the
age-variable in the data, medians with lower (Q1) and upper
quartiles (Q3) were reported. The Kruskal-Wallis test was
used to compare median ages at initiation between sexes.
The study population was categorized into four age groups
(6-8, 9—12, 13—15 and 16-18 years) based on the subject’s
age at the time of the first reimbursed ADHD medication
purchase.

Fig. 1 Cohort definition

Children and adolescents 18 years of age and under,

who had received reimbursement for any ADHD medication

between January 1, 2006, and December 31, 2019,
in Finland, n =46 751

(The first prescription before January 1, 2008)—}(Excluded n=4 831)

Age under 6 years Excluded n =1 162)
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Since the data included censored durations, the durations
of ADHD medication treatment were estimated as Kaplan-
Meier survival times. Medians along with both quartiles
were reported with the corresponding 95% confidence
intervals. The survival curves by sex and age group were
compared using the log rank test. Cox proportional-hazards
models were used to estimate associations between sex and
age groups with discontinuation of ADHD medicine treat-
ment. The hazard ratios were reported with 95% confidence
intervals (95% CI).

To address the concern of possible changes in clinical
practices over time and a large number of early-censored
durations, the analysis was repeated for the subgroup of
subjects who initiated ADHD medication treatment before
January 1, 2016. Additionally, to understand the effect of
our definition of treatment duration, a sensitivity analysis
was conducted using both 90 and 180 days as cut-offs.

We set the level of statistical significance at 0.05. All
analyses were conducted using SAS (SAS software for
Windows version 9.4, SAS Institute Inc, Cary, NC). Kaplan-
Meier graphs were created in R version 4.2.2 (R Core Team,
2022) utilizing survival (version 3.5-3) and survminer (ver-
sion 0.4.9) packages.

Results

In total, 40,691 children and adolescents aged 6—18 years
purchased their first ADHD medication between January 1,
2008, and December 31, 2019. The median age at the ini-
tiation of ADHD medication was 9 years (Q1=8, Q3=12),
with boys representing 77.4% of the initiators (n=31502).
The median age for boys was 9 years (Q1=7, Q3=12) and
for girls 11 years (Q1=8, Q3=15) (p<.0001).

The median duration of the treatment with ADHD medi-
cation was 3.2 years (95% CI 3.2, 3.3) (Table I; Fig. 2).
One fourth of children and adolescents discontinued treat-
ment within one year (Q1=1.0 year, 95% CI 0.9, 1.0). Con-
versely, one fourth continued treatment for at least 6.8 years
(Q3=6.8 years, 95% CI 6.7, 7.0). Both sex and age were
strongly associated with the duration of treatment (p <.0001,
p<.0001 and p<.0001): boys tended to present with longer
treatment duration than girls and the younger the subject,
the longer the duration of use (Table 1; Figs. 3 and 4). The
longest duration of treatment was observed among boys
aged six to eight years (median=6.3 years, 95% CI1 6.2, 6.5,
Q1=2.6years, 95% CI 2.5, 2.7, Q3=9.4 years, 95% CI1 9.2,
9.6).

Table 1 Median, Q1 and Q3 quartile durations (years) of ADHD medication treatment among Finnish children and adolescents aged 618 years.
Hazard ratios with the statistical significance pertain to the likelihood of discontinuation of ADHD medication treatment compared to the refer-

ence group
n YoGroup Median Ql Q3 HR p
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
Overall 40 691 32 1.0 6.8
[3.2,3.3] [0.9,1.0] [6.7,7.0]
Sex <0.0001
Girls 9189 22.6 2.2 0.7 5.6 1.3
[22.1, 23.0] [2.2,2.4] [0.7,0.7] [5.4,5.8] [1.3,1.4]
Boys 31502 774 3.5 1.1 7.1 ref
[77.0,77.8] [3.5, 3.6] [1.1,1.1] [7.0,7.2]
Girls <0.0001
6-8 2744 29.9 4.5 1.5 8.3 ref
[28.9, 30.8] [4.3,4.7] [1.4,1.7] [7.8, 8.9]
9-12 2789 304 2.6 0.8 54 1.6
[29.4,31.3] [2.5,2.8] [0.7,0.8] [5.1,0.5.8] [1.5,1.7]
13-15 1752 19.1 1.3 0.5 32 2.5
[18.3,19.9] [1.2,1.5] [0.5,0.6] [2.9,3.5] [2.3,2.7]
16-18 1904 20.7 1.1 0.4 2.5 2.9
[19.9,21.6] [1.0,1.2] [0.4,0.5] [2.2,2.8] [2.7,3.1]
Boys <0.0001
6-8 13 194 419 6.3 2.6 94 ref
[41.3,42.4] [6.2, 6.5] [2.5,2.7] [9.2,9.6]
9-12 11970 38.0 32 1.1 5.8 2.0
[37.5, 38.5] [3.1,3.3] [1.0, 1.1] [5.7, 6.0] [2.0,2.1]
13-15 4463 14.2 1.5 0.6 2.9 39
[13.8, 14.6] [1.4,1.5] [0.5,0.6] [2.8,3.0] [3.7,4.0]
16-18 1875 5.9 0.8 0.3 1.9 4.9
[5.7,6.2] [0.8,0.9] [0.3,0.4] [1.8,2.1] [4.9,5.5]
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Fig. 2 Kaplan-Meier curves illus-
trating the time to discontinuation
of ADHD medication treatment,
stratified by age group
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Fig. 3 Kaplan-Meier curves
illustrating the time to discon- 1.001
tinuation of ADHD medication
treatment among girls, stratified
by age group N\
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The proportion of uncensored subjects who had only a
single purchase as their initial ADHD medication treatment
was 9.1% (95% CI 8.8, 9.4, n=3093/33931).

Discontinuation of ADHD medicine treatment was more
common in the older age groups. The treatment was discon-
tinued by the 9—12-year-olds 2.0 times more likely than in

4 5 6 7 8 9 10 11 12
Duration (years)

6—8-year-olds (HR 2.0, 95% CI 1.9, 2.1), 3.6 times more
likely in 13—15-year-olds (HR 3.6, 95% CI 3.5, 3.8) and 3.9
times more likely in 16—18-year-olds (HR 3.9, 95% CI 3.7,
4.2) (Table 1).
Themedianfollow-uptimewas3.8years(min=0,Q1=1.7,
Q3=7.1, max=12.0). At the end of follow-up, 44.6% of the
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Fig.4 Kaplan-Meier curves
illustrating the time to discon- 1.00
tinuation of ADHD medication

treatment among boys, stratified

by age group

0.751 AN

0.50

0.251

Probability of continuing ADHD medication

0.00+

Boys

— 6to 8 years

-— 9to 12 years
- 13to 15 years
-+ 16 to 18 years

subjects were still continuing treatment (n=18144/40691).
Among those with censored duration, the median follow-up
time was 1.9 years (min=0, Q1=0.8, Q3=4.1, max=12.0).
To evaluate the effect of early-censored durations, a sensi-
tivity analysis was performed by selecting a subset of data
from subjects who initiated ADHD medication treatment
before January 1, 2016. For this the subgroup, the median
follow-up time was 7.2 years (min=4.0, Q1=5.5, Q3=7.2,
max=12.0, n=19614). The recalculated durations were
consistent with those obtained from the entire dataset, vali-
dating the use of the full dataset. Results from this sensitiv-
ity analysis are detailed in the supplementary material.

Additionally, the chosen cut-off of 365 days between pur-
chases did not influence our findings. The median, Q1 and
Q3 quartile durations were equal even with cut-off of 90
and 180 days as evidenced by a median time lapse of only
35 days between individual purchases (Q1=28, Q3=57).
Furthermore, 88.4% of the purchases occurred within 90
days from the previous purchase and 99.5% the purchases
occurred within 267 days.

Discussion

In this population-based register study among Finnish chil-
dren and adolescents we found that the average duration
of medical ADHD treatment was over three consecutive
years. In addition, every fourth subject continued ADHD
medication treatment for at least seven years. The duration

@ Springer

4 5 6 7 8 9 10 11 12
Duration (years)

of ADHD medicine use was longer among those initiating
pharmacological treatment in childhood when compared
with those initiating as adolescents. Among boys and girls
who initiated treatment at ages 6—8, the median duration of
ADHD medication use was 6.3 and 4.5 years, respectively.
In this group, one fourth continued treatment for at least 8
to 9 years.

Our results on ADHD treatment duration are in line
with recent population-based studies that demonstrate that
around 50% of those who initiate treatment in childhood are
still continuing up to 5 years of follow-up [29, 32]. Based
on our results, however, a substantial proportion of chil-
dren continue treatment even longer. This could indicate
that especially during the first years of our study period,
the ADHD medication treatments in Finland were specifi-
cally targeted for children with more severe symptoms and
thus more likely to continue treatment for several years.
This notion is supported by the recent multinational study
that found between country variation in treatment persis-
tence with the highest persistence rates being observed in
Denmark [32] where the prevalence of ADHD medication
among children and adolescents has been similarly low as in
Finland, when compared to other Nordic countries. In Fin-
land, the administrative prevalence rates of ADHD medi-
cation treatment in 2018 were around 4-5% among boys
and as low as 1% among girls [38]. However, in our recent
study we showed the incidence of ADHD treatment in Fin-
land increasing, in particular, among 6-8-year-old boys
and at such a pace that raises concern on potential targeting
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of medical treatments currently also to children with sub-
threshold symptoms [39]. Our findings also corroborate the
existing empirical evidence showing that the age at onset
of therapy plays an important role. Adolescents are clearly
more likely to discontinue treatment earlier than children
[32]. Possible explanations in “real-world” clinical settings
may arise from medication-related factors such as differ-
ences in effectiveness and tolerance [9]. Furthermore, the
younger the child the greater the parents’ influence on treat-
ment continuation.

Additionally, we found the duration of ADHD medicine
treatment to be longer among boys when compared to girls.
Although the difference was somewhat modest, this finding
is conflicting with prior studies that have not showed clear
differences between the sexes [29, 32]. For reasons unclear,
Finnish boys have been significantly more often treated
with ADHD medication than girls [23, 38, 39]. In our data,
77.4% of the incident users were boys. Interestingly, there
is some evidence that boys display better improvements in
ADHD symptoms when using methylphenidate compared
with girls, which may reflect sex differences in pharmaco-
kinetics [40]. However, this issue goes beyond the scope of
our study and is a topic for further research.

Considering the above, our study is the first to report
on extended duration of ADHD medication use among
6—8-year-olds going well beyond the data available from
randomized controlled trials [19, 21]. For the regulatory
approval of ADHD medications, the European Medicines
agency requires pharmaceutical companies to establish clin-
ical safety with a study covering at least 1 year of follow-up
[41]. Longer prospective, post-marketing safety studies are
recommended as part of the risk management plan. Accord-
ingly, the recently published results from the ADDUCE
study covered safety data for methylphenidate over a 2-year
period in relation to growth and development, psychiat-
ric and neurological health and cardiovascular function in
children and adolescents [19]. The study found no serious,
life-threatening adverse events during the follow-up and the
observed reduction in growth was not statistically signifi-
cant. However, due to the uncontrolled, naturalistic nature
of the study, there was no randomization of subjects into
comparison groups limiting conclusions on causality. By
contrast, the Multimodal Treatment of Attention Deficit
Hyperactivity Disorder study (MTA) showed stimulants to
diminish growth in the range of 1 to 2 cm from predicted
adult height and especially among children who were on
higher and consistently administered doses of stimulants
[42]. The effects diluted by the third year of treatment, but
without evidence of rebound growth. The findings pre-
vailed in the subsequent follow-up analysis indicating that
16 years of consistent stimulant treatment of children with
ADHD in the MTA was associated to shorter adult height

and an increase in weight and BMI [25]. Still, the evidence
base for unexpected and rare adverse events with ADHD
medications is lacking.

Capturing a rare medicinal adverse event with a fre-
quency of 1: 1 000—10 000 in a randomized controlled clini-
cal study would require a study population of thousands to
tens of thousands and is, therefore, not feasible nor ethical
in pediatric ADHD. However, large administrative regis-
tries can be investigated years after marketing authorisation
with computerized statistical approaches and valid phar-
maco-epidemiological methods. Based on our results on the
amounts of children being exposed to ADHD medications
throughout their whole elementary school phase, it would
seem appropriate to conduct large, high quality post autho-
rization safety studies of sufficiently long follow-up to cap-
ture potential, rare and unexpected adverse events occurring
with ADHD medications in this vulnerable patient group of
children and adolescents.

Our study is the first to capture long term use of pediat-
ric ADHD medications, going beyond 5 years of follow-up.
Furthermore, our study utilizes nationwide population-
based registry data only available in the Nordic countries.
Still our study has several limitations. First, we used reim-
bursed purchases as a proxy for consumption [35]. Second,
our results on the duration of treatment might be underes-
timated: While we aimed to control for censored data and
misclassification bias with sufficient follow-up available for
all subjects, a substantial proportion of subjects still con-
tinued with treatment at the end of follow-up. Furthermore,
we may have overestimated discontinuation considering
that re-use may have occurred also after the 365 days cut-
off period. Third, we were not able to discern the clinical
features of subjects initiating their ADHD treatment nor on
their non-pharmacological co-treatments or relevant clinical
outcomes. Fourth, we captured only data from the pre-pan-
demic era. Recent data show that the prevalence of ADHD
medication use among children in Finland has continued to
increase since 2020 [43].

There are also other, local factors potentially influenc-
ing continuation of ADHD medication treatment that may
limit the generalizability of our findings to other European
countries. Since the adoption of the updated National Core
Curriculum for Basic Education in 2016, schools have
undergone a fundamental reform in Finland, including new
emphasis on promoting digital competencies. Schools have,
however, had varying digital resources and many schools
have also promoted the use of a child’s own smart device
in digital teaching [44], with variability in local practices
to hinder or restrict inappropriate use during class [45,
46]. Excessive exposure to screens is a known risk factor
for inattentive or hyperactive symptoms [47-52]. Further-
more, the specialist shortage of child psychiatrists and child
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neurologists with neurodevelopmental disabilities training
[53] is likely to affect the quality of care available for chil-
dren and adolescents with ADHD symptoms [17]. Since
2017, the Finnish Current Clinical Care guideline on ADHD
has, however, recommended the diagnostic and treatment
decision making to primarily take place in the primary
health care sector and specialists should be consulted only
if needed [20, 54]. In fact, showed in our previous study,
the incidence of ADHD medicine treatment among children
and adolescents has increased exponentially in Finland dur-
ing our study years [39]. Thus, instead of undertreatment,
the local shortage of professionals with in-depth training on
childhood neurodevelopmental disabilities could, instead,
hinder appropriate discontinuation and cessation of ADHD
medication treatment in the long run. Since the core ADHD
symptom severity tends to decline as children mature, many
clinical guidelines on ADHD recommend to assess annu-
ally whether the patient still requires medication treatment
[17, 20]. After the first 1-2 years of medication the risk
for relapse also seems to decrease [55]. This indicates that
many patients successfully treated could discontinue treat-
ment and still maintain the benefits [17].

In conclusion, the duration of ADHD medication treat-
ment among children in the real-world clinical setting goes
well beyond the data available from randomized controlled
trials and extends for several years especially among young
boys. This warrants for high quality follow-up of treatment
in clinical practice including repetitive weighing of the
expected benefits and potential risks of medication for every
treated child and at the population level.
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