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ABSTRACT

Background and objectives: Until the beginning of 2018, methylphenidate was only approved
in the Netherlands for children between 6 and 18 years old, because of the cardiovascular risk
in adults. Despite the fact that it was not approved for use in adults, there was a considerable
degree of off-label use in this group. Therefore, the objective of this study was to estimate the
number of patients who started methylphenidate during childhood and continued treatment
beyond the age of 18 years and to study the determinants that may be associated with continu-

ing treatment.

Methods: Patients aged 17 years and younger who have received at least one prescription of
methylphenidate were identified in the Integrated Primary Care Information (IPCl) database
(1996-2017). Logistic regression analyses were performed to assess the association between
potential determinants and continuation with methylphenidate treatment at the age of 18

years.

Results: Fifty-three percent of all methylphenidate users (n=1,020) continued their treatment
after the age of 18 years. Patients were more likely to continue treatment with methylpheni-
date if they started treatment at the age of 15 to 17 years compared to patients of 11 years
and younger (adjusted OR: 5.74, 95%Cl: 1.48-22.31), if they had a medication possession ratio
(MPR) between 0.80 and 1.00 compared to a low MPR (adjusted OR: 2.18, 95%Cl: 1.23-3.85)
and if they lived in an area with a medium level of urbanization (adjusted OR: 1.98, 95%Cl:
1.06-3.69). Furthermore, a relatively high number of patients had a MPR greater than 1.0 (MPR
> 1.0: 24.8%,) of whom 91.3% started their treatment when they were between 15 and 17

years old.

Conclusion: Methylphenidate treatment initiated during childhood was continued in half of the
study population when reaching the age of 18 where adolescents were more likely to continue
treatment than young children. We also found that ~25% of our study population had a MPR

greater than one, which may suggest misuse or abuse of methylphenidate.
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INTRODUCTION

One of the most common neurobehavioral disorders is attention-deficit/hyperactivity disorder
(ADD/ADHD), affecting approximately 5% of children worldwide and persisting into adulthood
in the majority of the patients[3]. Stimulant medication such as methylphenidate is mostly
prescribed as treatment for ADHD and the use of these drugs has increased over the past
years[151]. Until the beginning of the year 2018, methylphenidate was only approved in the
Netherlands for children between 6 and 18 years old because of the cardiovascular risk in
adults[4]. This is also one of the most important reasons that this drug was not approved for
use in adults as previous studies have shown that they may increase heart rate and blood
pressure and subsequently may lead to a slightly increased risk of myocardial infarction, sudden
cardiac death, and stroke [5]. Despite the fact that it was not approved for use in adults, there
was a considerable degree of off-label use in this group[21, 152]. Patients who have started
ADHD drugs during childhood often continue treatment during adulthood, especially if they
still suffer from symptoms and when the drug remains effective[137]. Previous studies have
shown that approximately 60% of children with ADHD demonstrated persistence of symptoms
into their mid-20’s [153, 154]. In 2015, there were more than 57,000 patients aged 25 and older
who were using methylphenidate in the Netherlands [155]. A previous small study by McCarthy
et al showed that almost half of the study population in UK (n=610) who started treatment
in childhood were still on treatment at the age of 18 years or older[156]. They also found
that the probability of persistence was lower in females than in males when methylphenidate
was initiated at a younger age, but the opposite was observed when treatment was started in
adolescence. However, the numbers in this study were low and it is not clear if there are also
other determinants that might be associated with persistence.

Because of the cardiovascular risks in adulthood, it is important to investigate the deter-
minants of off-label use. Therefore, the objective of this study was to estimate the number of
patients who started methylphenidate during childhood and adolescence and continued treat-
ment beyond the age of 18 in the Netherlands in the period before it was approved for use in
adults. In addition, we studied the determinants of continuing treatment with methylphenidate

at the age of 18 years.

METHODS

Setting

Data were obtained from the Integrated Primary Care Information (IPCl) database, a longitu-
dinal observational dynamic database containing medical records from more than 450 general
practitioners (GPs) throughout the Netherlands. The study population is representative of the

Dutch population and contains medical records of approximately 2,500,000 patients, including
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longitudinal data on demographics, symptoms and diagnosis based on ICPC codes (International
Classification of Primary Care) and free text, referrals, laboratory findings, discharge letters and
drug prescriptions. All general practices in IPCI are fully automated and prescriptions contain
details on product name, daily dosage, Anatomical Therapeutical Chemical (ATC)-code [19], and

duration of use. Details of the database have also been published elsewhere[20, 157].

Study population

The study population consisted of all patients with active follow-up during the study period be-
tween 1 January 1996 until 1 January 2017 having at least one year of medical records available
and a prescription for methylphenidate during the study period. Patients were only included
if they started methylphenidate before the age of 18 years and if they reached the age of 19
years (to guarantee at least 1 year of follow-up during adulthood) before the end date of the
study. The flowchart for children and adolescents included in the study is shown in figure 1. All

patients were followed from study entry until the end date of the study.

Patients who were

prescribed
methylphenidate (MPH) Excluded:
(n=47,380) Patients who were treated
I »| with methylphenidate
after the age of 18
Patients who started (n=36,946)
methylphenidate before

the age of 18 years
(n=10,434) Excluded:
Patients who were younger

than 19 years on the end
date of the study (n=9,414)

h 4

Study population

Patients who were 19
yearsor older on the end
date of the study and who
started methylphenidate
before the age of 18 years
(n=1,020)

Figure 1 Selection process of the study population

Case definition

In this nested case-control analysis in a cohort of methylphenidate users, cases were defined
as users of methylphenidate who continued use beyond the age of 18 years while controls
were users who had used methylphenidate during childhood or adolescence but discontinued

treatment before the age of 18 years.
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Covariates

For each patient, we retrieved information from the IPCl database on covariates such as sex
and age of first prescription of methylphenidate, the duration of use which was calculated from
the start date of methylphenidate treatment until the end date of treatment or age of 18 years
(whichever came first), the number of different types of ADHD drugs that were prescribed
(such as dexamphetamine and modafinil) and the use of other psychotropic drugs before the
age of 18. Furthermore, we also included the presence of any potential contraindications for
use of methylphenidate namely the presence of cardiovascular and cerebrovascular disease
(CVA, heart failure, myocardial infarction) and psychiatric disorders, such as alcohol and drug
abuse, somatization disorder, psychotic symptoms, depression, anorexia nervosa, compulsory
disorder, anxiety or suicide attempt. This comorbidity was assessed via disease specific ICPC
code searches. We also considered medication adherence as a potential determinant which
was measured by the medication possession ratio (MPR). The MPR was calculated by dividing
the sum of the day’s supply of methylphenidate during the study period by the difference be-
tween the first and end date of the last. According to international literature, a good adherence
is set at a MPR of 0.80 or higher [129, 140]. The MPR was only calculated if patients received at
least 2 prescriptions of methylphenidate. Finally, we considered demographic information such

as the living area: socially deprived area and the urbanization level as potential determinants.

Analysis

Within the study population, we conducted a case-control analysis. As potential determinants,
we included sex, age of first prescription (<12 years, 12-14 years and 15-17 years), MPR, number
of different types of ADHD drugs before reaching the age of 18 years, use of other psychotropic
drugs before the age of 18 and the presence of any potential contraindications in the database
before starting treatment with methylphenidate. We also included demographic information
where we also considered the living area as potential determinants: socially deprived area (yes/
no) and urbanization level (very high: >2,500 addresses per km2, high: 1,500-2,500 addresses
per km2, medium: 1,000-1,500 addresses per km2, low: 500-1,000adresses per km2 and not
urban/rural: <500 addresses per km2). For the main analyses, we calculated the odds ratio
(OR), with 95% confidence interval (Cl) for each determinant associated with continuation of
methylphenidate at the age of 18 years. We evaluated the potential determinants of continua-
tion of methylphenidate at the age of 18 years through univariable logistic regression analysis.
In addition, a multivariable logistic regression analysis was performed including all univariably
associated determinants. For those patients who continued treatment at the age of 18 years,
we also determined the age when they will stop using methylphenidate. Results were con-
sidered statistically significant at P< 0.05. Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY).
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RESULTS

In total, 47,380 patients were prescribed methylphenidate during the study period where 78%
of these patients were older than 18 years (prevalent users or patients starting methylphenidate
beyond the age of 18). This group was excluded together with those who were younger than
19 years on the end date of the study (younger than 19 years, n=9,414). Overall, we identified
1,020 patients who were prescribed methylphenidate before the age of 18 years of whom
there were more males than females (males: 64.8% and females: 35.2%) (table 1). The major-
ity of the study population received their first methylphenidate prescription when they were
between 15 and 17 years (86.9%). The majority of patients have been using methylphenidate
for less than 6 months (55.5%), received one type of ADHD drug (90.9%), did not use any other
psychotropic drugs before the age of 18 (87.3%) and did not have a contraindication before the
start of treatment with methylphenidate (82.2%). Furthermore, the majority of patients lived
in areas with a medium to high level of urbanization (very high: 12.2%, high: 24.6%, medium:
18.4%, low: 7.4%, not urban/rural: 4.3%) and in a non-socially deprived area (yes: 5.5%, no:
89.3%). We also observed that a relatively high number of patients had a MPR greater than 1.0
(24.8%) compared to the number of patients with a MPR of 1.0 and lower (<0.50: 21.3%, 0.50-
0.79:21.2% and 0.80-1.00:13.9%). Of the patients with a MPR above 1 (n=253), the majority
had a MPR between 1.01 and 2.00 (n=209) and a small part had a MPR greater than 2 (n=44).
When stratified for age, we observed that 91.3% of these patients with a MPR above 1 started
their treatment when they were between 15 and 17 years old.

In the multivariable analyses, we found that patients who started treatment at the age of
15 to 17 years were more likely to continue treatment with methylphenidate at the age of 18
years (adjusted OR: 5.74, 95%Cl: 1.48-22.31) (Table 2). People with a MPR between 0.80 and

Table 1 Characteristics of patients who attained the age of 18 years and were prescribed methylphenidate
(n=1,020)

Characteristic Patients (n=1,020)
Sex

Male 661 (64.8)
Female 359 (35.2)
Age’

<12 years 13(1.3)
12-14 years 121 (11.9)
>14-17 years 886 (86.9)
Duration of use

<6 months 566 (55.5)
6-24 months 336 (32.9)
>2 years 118 (11.6)
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Table 1 Characteristics of patients who attained the age of 18 years and were prescribed methylphenidate
(n=1,020) (continued)

Characteristic Patients (n=1,020)
MPR®

<0.50 217 (21.3)
0.50-0.79 216 (21.2)
0.80-1.00 142 (13.9)

>1.00 253 (24.8)

Number of different ADHD drugs®

1 927 (90.9)
2 or more 93(9.1)

Use of other psychotropic drugs before age 18

No 890 (87.3)

Yes 130 (12.7)

Potential contraindication before start ADHD drug

No contraindication 838 (82.2)
Cardiovascular diseases 25 (2.5)
Psychiatric disorders® 157 (15.4)

Urbanisation level

Very high 124 (12.2)
High 251 (24.6)
Medium 188 (18.4)
Low 75(7.4)
Not urban/ rural 44 (4.3)
Missing 338(33.1)

Socially deprived area

No 911 (89.3)
Yes 56 (5.5)
Missing 53(5.2)

All numbers are given in numbers (%), unless stated otherwise. “Age of first prescription of methylphenidate. °MIPR was only
calculated for patients who received at least 2 prescriptions (n=828). “The number of different ADHD drugs is based on the
ATC7 codes. “Psychiatric disorders include alcohol and drug abuse, somatization disorder, psychotic symptoms, depression, an-
orexia nervosa, compulsory disorder, anxiety or suicide attempt. Abbreviation: MPR: medication possession ratio, n:number

1.00 were also more likely to continue treatment compared to those with a MPR below 0.50
(adjusted OR: 2.18, 95%Cl: 1.23-3.85). We also found that patients living in a medium level of
urbanization were also more likely to continue use of methylphenidate beyond the age of 18
years (adjusted OR: 1.98, 95%Cl: 1.06-3.69). Patients who continued treatment beyond the age
of 18 (n=542) received their last prescription for methylphenidate before the age of 21 (36.3%)
and a small group stopped using methylphenidate when reaching the age of 25 (2.2%). For the

majority of patients who continued treatment, it is not known at what age they received their
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Table 2 Determinants that are associated with continued use of methylphenidate at the age of 18 years

(n=4,050)

Characteristic

Stopped

Continued

Univariable analysis Multivariable analysis

N (%) (n=478)

N (%) (n=542) OR (95% Cl)

OR (95% CI)*

Sex

Male 318 (66.5) 343 (63.3) Ref Ref

Female 160 (33.5) 199 (36.7) 1.15 (0.89-1.49) 1.39 (0.94-2.06)
Age’

<12 years 10(2.1) 3(0.6) Ref Ref

12-14 years 74 (15.5) 47 (8.7) 2.12 (0.55-8.09) 2.43 (0.60-9.93)
15-17 years 394 (82.4) 492 (90.8) 4.16 (1.14-15.23) 5.74 (1.48-22.31)
MPR®

<0.50 104 (29.1) 113 (24.0) Ref Ref

0.50-0.79 93(26.1) 123 (26.1) 1.22 (0.83-1.78) 1.30 (0.80-2.09)
0.80-1.00 52 (14.6) 90 (19.1) 1.59 (1.03-2.46) 2.18 (1.23-3.85)
>1.00° 108 (30.3) 145 (30.8) 1.24 (0.86-1.78) 1.22 (0.75-1.97)
Number of different
ADHD drugs*

1 430 (90.0) 497 (91.7) Ref

2 or more 48 (10.0) 45 (8.3) 0.81(0.53-1.24)

Use of other psychotropic

drugs before age 18

No 417 (87.2) 473 (87.3) Ref

Yes 61 (12.8) 69 (12.7) 1.00 (0.69-1.44)

Potential contraindication

before start ADHD drugs

No contraindication 396 (82.8) 442 (81.5) Ref

Cardiovascular diseases 11 (2.3) 14 (2.6) 1.14 (0.51-2.54)

Psychiatric disorders® 71(14.9) 86 (15.9) 1.09 (0.77-1.53)

Urbanization level

Very high 65 (13.6) 59 (10.9) Ref Ref

High 105 (22.0) 146 (26.9) 1.53 (0.99-2.36) 1.40 (0.79-2.49)
Medium 68 (14.2) 120 (22.1) 1.94 (1.23-3.08) 1.98 (1.06-3.69)
Low 36 (7.5) 39(7.2) 1.19 (0.67-2.12) 0.98 (0.47-2.03)
Not urban/ rural 19 (4.0) 25 (4.6) 1.45 (0.73-2.90) 1.35 (0.56-3.24)
Socially deprived area

No 409 (85.6) 502 (92.6) Ref Ref

Yes 34(7.1) 22 (4.1) 0.53 (0.30-0.92) 0.76 (0.33-1.80)

All numbers are given in numbers (%), unless stated otherwise. *Sex and variables with P<0.05 in the univariable analysis were
included in the multivariable analysis. “Age of first prescription of an ADHD drug (NO6BA). ® The MPR was only calculated if
patients received at least 2 prescriptions of methylphenidate (n=828). ‘“The number of different ADHD drugs is based on the
ATC7 codes. Psychiatric disorders include alcohol and drug abuse, somatization disorder, psychotic symptoms, depression, an-
orexia nervosa, compulsory disorder, anxiety or suicide attempt. Abbreviation: Cl: confidence interval, MPH: methylphenidate,
MPR: medication possession ratio, n:number
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last prescription of methylphenidate as the follow-up ended at the age of 19 years (and we do

not know if they received a methylphenidate prescription after that) (61.4%).

DISCUSSION

In this study, we found that a remarkably high percentage of patients older than 18 years were
using methylphenidate. We also found that fifty-three percent of all methylphenidate users
continued their treatment after the age of 18 years despite the fact that this was a relative con-
traindication as the drug was not licensed for use in adults during this study period. Previous
studies have described concerns about cardiovascular safety in adult patients who are treated
with methylphenidate [4, 158]. This drug was associated with an increased heart rate and blood
pressure and previous studies have shown that even small increases in blood pressure and
heart rate were associated with an increased risk of cardiovascular events [159-161] [162]. Fur-
thermore, we observed that the majority of patients started treatment with methylphenidate
at the age of 15 to 17 years and were more likely to continue their treatment at the age of 18.
This observation could be explained by the small number of patients who initiated methylphe-
nidate at a younger age. However, previous studies showed that the number of users in the
Netherlands aged 16 years or older was increasing [163, 164]. It may appear that more severe,
later onset youth were treated in our study. However, it is more likely that the first choice
of long-acting stimulants in adults as opposed to the first choice of short-acting treatment in
children may explain these findings as the long-acting stimulants are associated with increased
adherence [165]. Despite the results where methylphenidate is more likely to be continued at
15 to 17 years of age, we also observed that the majority of patients who continued treatment
at the age of 18 (within the study period), stopped using methylphenidate when reaching the
age of 21 and the remaining group stopped before the age of 25. Similar findings were observed
in a previous study, where they stopped treatment by age 21[166]. Patients may stop treat-
ment when they experience less ADHD symptoms when reaching this age or because it was
the patient’s decision to discontinue medication (dislike of taking medications or the feeling of
being able to cope without pharmacological treatment) [137, 167, 168].

Methylphenidate treatment is mostly initiated during childhood and some patients con-
tinue to use it in adulthood as they may still suffer from ADHD symptoms [169]. In our study,
we observed that methylphenidate was continued in 53% of all methylphenidate users which
is higher than the number found in the study by McCarthy et al. (~40%) [156]. This may be
explained by the differences in drug prescribing between both countries as the results of the
study by McCarthy et al. also described higher estimates of ADHD drug prescribing in the Neth-
erlands than UK. In this study they also found that the probability of persistence in females was
lower compared to males when starting treatment at a younger age, however the opposite was

observed in patients who started their treatment in adolescence [156]. In our study, relatively
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more women were included compared to the previous study, but we did not find a significant
association with continued use for the different age groups and gender.

The results of our study also showed that more than half of the patients stopped treatment
within 6 months which is also the moment that patients have to see their physicians as part
of the regular monitoring process (cardiovascular status or worsening of psychotic symptoms)
for those who started treatment with methylphenidate [8]. At that moment, patients may stop
their treatment due the adverse events or because the drug was ineffective [170] [171]. An-
other possibility is that they may be misdiagnosed as having ADHD. Even though it is a condition
that has been studied extensively, the causes of ADHD remain poorly understood, which makes
it difficult to make a correct ADHD diagnosis [172].

It is not clear if the cardiovascular risks of these drugs are considered when deciding to
stop or continue treatment with methylphenidate. We only found a small number of patients
with cardiovascular disease in their medical history, but no significant associations were found.

In our study, we observed a relatively high number of patients with a MPR greater than
1.0, especially in patients aged 15 to 17 years. A MPR above 1.0 may indicate that patients
are taking more than the prescribed dose, but it may also indicate stock piling due to early
refills or vacation supplies[173]. However, it is also important to emphasize the possibility that
methylphenidate was used for other reasons than for the treatment of ADHD [174]. A previous
study has shown that the potential for abuse or misuse has increased along with the increase in
prescribing frequency of methylphenidate [175]. Reasons for misuse of ADHD medication that
were frequently reported are to improve attention, concentration and alertness, to improve
academic performances and they are misused recreationally [174, 175]. This may also be one
of the explanations of the short-term use of methylphenidate in this age group as described
earlier which may be related to the need for treatment in alleviating difficulties in education
instead of taking methylphenidate to treat ADHD related symptoms [176]. These findings
were also observed in a previous study conducted in Sweden [177] . Furthermore, a previous
study showed that misuse of short-acting methylphenidate is also more common than with
the long-acting methylphenidate [178]. The fact that only the short-acting methylphenidate
is fully reimbursed in the Netherlands may have also influenced this. These data suggest close
monitoring of methylphenidate use and dispensation of these drugs, in particular to patients
aged 15 years and higher.

The main strength of our study is that we had access to a large real life population-based
cohort with detailed information on drug prescriptions and co-morbidities over a long period
of time. Furthermore, selection bias in our study is not likely as almost all inhabitants in the
Netherlands are registered with one GP where data are collected as part of routine patient
care, irrespective of a research question. However, our study also has several limitations. Firstly,
there was no information available on dispensing by the pharmacy nor on actual drug intake.
Secondly, we do not have (complete) information about the severity of the disease and there-

fore we may have included the less severe cases of depression or other disorders where the use
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of methylphenidate is contraindicated. Furthermore, the database may miss the prescriptions
that are directly written by medical specialists. This database mainly contains GP prescriptions
and also prescriptions that are initiated by the specialist and continued by the GP, but it is
possible that not all prescriptions by medical specialists are captured in the database. However,
in the Netherlands it is common practice for GPs to continue prescriptions when initiated by
medical specialists, especially if it concerns drugs for chronic use. There is also the potential of
selection where especially older children are selected as the median active follow-up time in
IPCl is relatively short (mean: 6.8 years, SD: 2.0 years) as our study only selected children who
were followed until at least the age of 19 years. Previously published articles showed that the
number of methylphenidate dispensations among people of 15 years and older have increased
in the Netherlands and in other European countries (UK, Denmark and Germany) [6, 179, 180].
Furthermore, the lack of objective measures of ADHD and the changes over time may have
influenced the findings as we did observe a higher percentage of patients continuing treatment
beyond the age of 18 years in the period 2012-2016 compared to the previous 5 years. This can
be explained by the increased ADHD recognition and treatment and the change in different
prescribing patterns among different age groups and gender [180, 181]. Because these changes
also occurred in other western countries, we think that our results can be generalized to many
of these countries. ADHD diagnosis and treatment with medication may be more accepted in
the future by the general population as the attitude of parents and children towards ADHD has
also changed. Treatment with medication can be considered by parents as a way to improve
their child’s achievements and performance at school. Also the children themselves may feel
the need to use psychostimulants to improve their performance at school [182]. Furthermore,
it is possible that treatment in girls may also increase in the future as ADHD diagnosis in this

gender group may improve over time [10].

Conclusion

About half of the patients who were prescribed methylphenidate during childhood and ado-
lescence continued their treatment in adulthood which was considered as off-label use until
recently. The majority of this population started their treatment in adolescence, which may
explain the reason for continuing treatment at the age of 18 years. We also found that ~25%
of our study population had a MPR greater than one, which may suggest misuse or abuse of

methylphenidate.
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