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Aims. Public controversy regarding the potential overdiagnosis and overmedication of children with attention-deficit/
hyperactivity disorder (ADHD) has continued for decades. This study used the National Health Insurance Research
Database of Taiwan (NHIRD-TW) to explore trends in ADHD diagnosis in youths and the proportion of those receiving
medication, with the aim of determining whether ADHD is overdiagnosed and overmedicated in Taiwan.

Method. Youths (age <18 years) who had at least two NHIRD-TW claims records with ADHD diagnosis between
January 2000 and December 2011 were selected as the subject cohort. In total, the study sample comprised 145018
patients with ADHD (mean age at a diagnosis of ADHD: 7.7+3.1 years; 21.4% females). The number of cases of
ADHD were calculated annually for each year (from 2000 to 2011), and the number of cases per year who received
medication was determined as those with at least one record of pharmacotherapy (immediate-release methylphenidate,
osmotic controlled-release formulation of methylphenidate, and atomoxetine) in each year.

Results. The prevalence rates of a diagnosis of ADHD in the youths ranged from 0.11% in 2000 to 1.24% in 2011.
Compared with children under 6 years of age, the ADHD diagnosis rates in children aged between 7 and 12 years
(ratio of prevalence rates=4.36) and in those aged between 13 and 18 years (ratio of prevalence rates=1.42) were sig-
nificantly higher during the study period. The prevalence in males was higher than that in females (ratio of prevalence
rates=4.09). Among the youths with ADHD, 50.2% received medications in 2000 compared with 61.0% in 2011. The
probability of receiving ADHD medication increased with age. More male ADHD patients received medications that
females patients (ratio of prevalence rates=1.16).

Conclusions. The rate of ADHD diagnosis was far lower than the prevalence rate (7.5%) identified in a previous community
study using face-to-face interviews. Approximately 40-50% of the youths with ADHD did not receive any medications. These
findings are not consistent with a systematic public opinion about overdiagnosis or overmedication of ADHD in Taiwan.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) encom-
passes symptoms, including inattention, hyperactivity
and impulsivity, and is a common neurodevelopmen-
Memorial Hospital, Keelung, Taiwan. tal disorder in childhood (Feldman & Reiff, 2014;
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and metaregression analyses have revealed that the
prevalence of ADHD worldwide ranges from 5.3 to
7.2% (Polanczyk et al. 2007; Thomas et al. 2015), and
that these rates were not affected by geographical loca-
tion or year of the study (Polanczyk et al. 2014). A com-
munity study in Taiwan reported that ADHD affects
approximately 7.5% of school-aged children (Gau
et al. 2005). Various psychosocial interventions, such
as behavioural, cognitive behavioural and parenting
skills training strategies, represent evidence-based
approaches for managing ADHD (Evans et al. 2014;
Chan et al. 2016). Nevertheless, pharmacotherapy has
been consistently used as the primary and most effect-
ive therapeutic option for ADHD (Findling, 2008;
Vaughan et al. 2012). Although various studies have
provided robust evidence with regards to the epidemi-
ology and effectiveness of ADHD pharmacotherapy,
public controversy related to the potential overdiagno-
sis and overmedication of children with ADHD
remains (Sciutto & FEisenberg, 2007; Partridge et al.
2012; Rapoport, 2013).

The conception of overdiagnosis of ADHD typically
refers to that too many children are diagnosed with
ADHD when they do not really have it (false positives)
(Sciutto & Eisenberg, 2007). In a survey of public atti-
tude towards the diagnosis and treatment of ADHD,
78.3% of respondents thought that ADHD has been
overdiagnosed (Partridge et al. 2014). A recent article
questioned whether immaturity leads to a misdiag-
nosis of ADHD, and whether overdiagnosis may be
harmful for the children (Coon et al. 2014). Another
study suggested that clinicians do not adhere strictly
to diagnostic manuals, and that ADHD is routinely
overdiagnosed (Bruchmuller et al. 2012). In epidemio-
logical studies, the rates of being diagnosed with
ADHD increased across different geographical areas,
such as the United States (USA) (Garfield et al. 2012;
Getahun et al. 2013; Visser ef al. 2014), the United
Kingdom (UK) (Holden et al. 2013), Denmark (Mohr
Jensen & Steinhausen, 2015), Western Australia
(Atladottir et al. 2015), Korea (Hong et al. 2014) and
also in Taiwan (Chien et al. 2012; Huang et al. 2014).
However, previous studies in Taiwan have used claims
data before 2005, and it is unclear how the rate of a
diagnosis of ADHD has changed in recent years.
Investigating the current rates of ADHD diagnosis
among the general population is essential for deter-
mining whether identification of ADHD is consistent
with the prevalence rate of ADHD estimated using a
standardised interview (Gau et al. 2005).

The empirical definition of overmedication is either
when medications are prescribed unnecessarily, when
they are continued although not measurably respond,
or when they are more of risk than a benefit (Safer,
2000). Public concern that youths with ADHD have
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been overmedicated has continued for decades
(Rapoport, 2013). Criticisms with regards the overme-
dication of ADHD are generally based on two perspec-
tives: drastic increases in prescriptions of ADHD
medications, and the high proportion of ADHD
patients receiving drug therapy (Safer, 2000). Rapid
increases have been reported in the prescription of
ADHD medications in a number of countries (Safer
et al. 1996; Hodgkins et al. 2011; Treceno et al. 2012;
Oner et al. 2014; Ponizovsky et al. 2014; Stuhec et al.
2015) including Taiwan, where the prevalence rates
of ADHD and the use of medications in children diag-
nosed with ADHD have increased from 1997 to 2005
(Chien et al. 2012). Two studies conducted in the
USA reported that 8-10% of school-aged students re-
ceive ADHD medications, and that this exceeded the
expected rate of ADHD (LeFever ef al. 1999; Rowland
et al. 2002). In addition, a national survey in the USA
indicated that the pharmacotherapy was used as treat-
ment for ADHD in 93-96% of medical visits (Garfield
et al. 2012). These studies suggest that ADHD is poten-
tially overmedicated in children in the USA. However,
little is known about the trends in prescriptions of
ADHD medications in Taiwan after 2005, and whether
ADHD is

investigation.

overmedicated in Taiwan warrants

Reimbursement data are ideal to explore the nation-
wide utilisation of medical services. Therefore, we
used national population-based data from 2000 to
2011 to analyse trends in the diagnosis rate of ADHD
and the proportion of patients receiving medications.
We looked into the possibility of overdiagnosis and
overmedication for ADHD by comparing the results
of the present study with those of the epidemiological
study on the prevalence rate of ADHD in Taiwan and
the previous studies in other countries.

Methods
Data source

The Institutional Review Board of Chang Gung
Memorial Hospital approved this study. Data were
obtained from the National Health Insurance
Research Database of Taiwan (NHIRD-TW), an ambu-
latory claims database. Initiated in Taiwan in 1995, the
National Health Insurance (NHI) programme is a com-
pulsory universal health insurance programme, with
the Bureau of NHI as the sole payer of healthcare ser-
vices. The Bureau of NHI has contracted 93% of all
healthcare providers in Taiwan, and at least 96% of
insured people have benefitted from healthcare ser-
vices provided by one of the contracted hospitals or
clinics at least once since 1995. These medical care
institutions are required to electronically submit
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monthly medical expense-related claims documents,
including the patients” demographic data, the medical
institution visited, diagnostic codes, dates of any pre-
scriptions, drugs prescribed and all claimed medical
expenses. The database of this programme contains
registration files and original claim data for reimburse-
ment. Large computerised databases derived from this
system are maintained by the National Health
Research Institutes, Taiwan, and are provided as
NHIRD-TW to scientists in Taiwan for research pur-
poses. The NHIRD-TW has previously been validated
to be an effective resource for population-based re-
search (Wu et al. 2014).

Definition of ADHD and ADHD diagnosis rates

We recruited all youths (age <18 years) from the
NHIRD-TW who were diagnosed with ADHD from
January 2000 to December 2011. In order to minimise
possible cases of misdiagnosis, ADHD was defined
as at least two NHIRD-TW claims records with the
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) code 314.X. Our
study sample included 145018 patients with ADHD
(mean age at a diagnosis of ADHD: 7.7+3.1 years;
21.4% females).

Cases of ADHD were determined annually as those
with at least one NHIRD-TW claims record with a
diagnosis of ADHD within the specific year (from
2000 to 2011). The annual ADHD diagnosis (preva-
lence) rates (per 100 000) were then determined by div-
iding the annual number of ADHD cases by the total
population during each year. Data on the general
population in Taiwan was obtained from the
Executive Yuan, Taiwan (Directorate-General of
Budget Accounting and Statistics, 2015). The distribu-
tion of the total population in each age group is listed
in the Supplementary Table.

Definition of ADHD medication

ADHD medications were defined according to the
Anatomical Therapeutic Chemical classification system.
According to the Food and Drug Administration of
Taiwan, only three drugs were licensed to treat
ADHD prior to 2011: immediate-release methylphenid-
ate (IR-MPH), osmotic controlled-release formulation
of methylphenidate (OROS-MPH) and atomoxetine
(ATX). All prescriptions for these three medications
were recorded in an ambulatory care claim, pharmacy
claim or hospital care claim.

The annual number of cases who received ADHD
medication was defined as the number of youths
with ADHD with at least one record of pharmacother-
apy (IR-MPH, OROS-MPH or ATX) in each year. The

proportion of ADHD youths receiving medications
was determined by dividing the annual number of
cases who received ADHD medications by the total
number of ADHD patients in the entire study sample
each year. We also calculated the annual prevalence
rates of the use of ADHD medications among the
whole population (per 100 000) by dividing the annual
number of cases who used ADHD medications by the
total population each year.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses. A two-tailed p value of <0.05
was taken to indicate statistical significance.

In order to investigate the potential effect of age on
the rates of a diagnosis of ADHD and the use of medi-
cation, we categorised the age of the patients into the
following three groups: (1) preschoolers (<6 years);
(2) school-aged children (7-12 years); and (3) adoles-
cents (13-18 years). A general linear model was used
to evaluate trends with regard to the annual number
of cases of ADHD, annual ADHD diagnosis rates,
those receiving pharmacotherapy, annual proportion
of those treated with medications and annual preva-
lence rates of using ADHD medications.

To assess the rates of a diagnosis of ADHD and
the use of medications between years, age groups
and gender, the ratios of prevalence rates and 95% con-
fidence intervals (CI) were also calculated. A general-
ised estimating equations (GEE) model with the
maximum-likelihood estimation method and auto-
regression covariance matrix was used to examine
differences in the prevalence of ADHD and medication
use between years, age groups and gender.
Autoregressive covariance matrix of GEE model is
usually applied for longitudinal data analysis (Liang
& Zeger, 1986).

Results
ADHD diagnosis rates

The annual ADHD diagnosis rate among the study co-
hort increased from 0.11% in 2000 to 1.24% in 2011
(10.8-fold increase, +=20.98, p<0.001) (Table 1). For
the preschool children (age <6 years), the annual
ADHD diagnosis rate increased from 0.07% in 2000
to 0.38% in 2011 (5.7-fold increase, t=18.57, p<0.001),
compared with 0.24% in 2000 to 2.23% in 2011 (9.4-fold
increase, t=19.88, p <0.001) in the school-aged children
(7-12 years) and 0.04% in 2000 to 0.98% in 2011
(24.3-fold increase, t=15.60, p<0.001) in the adoles-
cents (13-18 years).
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Table 1. Distribution of patients with a diagnosis of ADHD and annual prevalence rates from 2000 to 2011 in Taiwan
Total (<18 years) <6 years 7-12 years 13-18 years
Year Case Prev. Case Prev. Case Prev. Case Prev.
2000 6637 114.8 1215 67.0 4604 237.7 818 40.3
2001 8920 157.5 1495 85.4 6198 317.8 1227 62.5
2002 12167 219.4 1992 119.0 8362 431.6 1813 93.8
2003 14 609 269.0 2114 134.0 9976 514.1 2519 131.7
2004 20031 374.8 3050 199.8 13157 697.2 3824 198.0
2005 25988 495.7 3471 239.3 16 880 915.7 5637 289.3
2006 31682 633.4 3463 256.5 20688 1132.5 7531 390.2
2007 40 042 784.0 4019 309.4 25919 1473.5 10104 519.7
2008 46 924 963.9 4379 349.2 29 674 1763.4 12871 666.3
2009 51137 1077.7 4705 385.4 31436 1980.3 14996 774.3
2010 53 460 1163.2 4871 4154 32422 2106.9 16 167 858.0
2011 55212 1235.3 4453 382.5 32718 2234.1 18 041 980.1
Statistic value t=21.47 £=20.98 t=12.67 t=18.57 t=18.85 £=19.88 t=16.10 t=15.60
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Note: Prev. (per 100 000): The annual prevalence rates of ADHD, in which the denominator is the total nationwide population

and the numerator is the annual number of cases with a diagnosis of ADHD.

Figure 1 shows the annual ADHD diagnosis rates
among the general population (per 100 000) stratified
by age and gender from 2000 to 2011. The rates signifi-
cantly increased in all age groups and in both genders
during the study period. Compared with the ADHD
diagnosis rates in the preschoolers (Table 3), the diag-
nosis rates in the school-aged children (ratio of preva-
lence rates=4.36, Wald )(2 =39.35, p<0.001) and
adolescents (ratio of prevalence rates=1.42, Wald
x*=3.97, p=0.046) were significantly higher during
the study period. The prevalence in males was signifi-
cantly higher than in females (ratio of prevalence rates
=4.09, Wald x*=49.16, p<0.001).
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Among all patients with ADHD (Table 2), the propor-
tion of those receiving ADHD medication increased
from 50.2% in 2000 to 61.0% in 2011 (t=16.02,
p<0.001). Among the preschoolers with ADHD, the
proportion receiving ADHD medication significantly
decreased from 14.3% in 2000 to 3.5% in 2011 (t=
—25.43, p<0.001), compared with an increase from
55.7% in 2000 to 57.8% in 2011 (t=2.83, p=0.018) in
the school-aged children, and an increase from 72.4%
in 2000 to 81.1% in 2011 (t=6.76, p<0.001) in the
adolescents.
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Fig. 1. Annual prevalence of ADHD stratified by age and gender in Taiwan between 2000 and 2011. The Y-axis represents the
prevalence of ADHD (per 100 000) in each year between 2000 and 2011. The ADHD prevalence rates significantly increased in all

age groups and in both genders during the study period.



Table 2. Distribution of youths with ADHD who received medications from 2000 to 2011 in Taiwan

Total (<18 years) <6 years 7-12 years 13-18 years

Year Case Prop. Prev. Case Prop. Prev. Case Prop. Prev. Case Prop. Prev.
2000 3329 50.2 57.6 174 14.3 9.6 2563 55.7 132.3 592 724 29.2
2001 4473 50.1 79.0 199 13.3 11.4 3397 54.8 174.2 877 715 44.7
2002 6017 49.5 108.5 236 11.8 14.1 4512 54.0 232.9 1269 70.0 65.7
2003 7385 50.6 136.0 221 10.5 14.0 5351 53.6 275.8 1813 72.0 94.8
2004 10196 50.9 190.8 324 10.6 212 7029 53.4 3725 2843 743 147.2
2005 14102 54.3 269.0 325 9.4 224 9455 56.0 5129 4322 76.7 221.8
2006 18361 58.0 367.1 314 9.1 233 12020 58.1 658.0 6027 80.0 312.3
2007 24187 60.4 473.6 287 7.1 22.1 15731 60.7 894.3 8169 80.8 420.2
2008 29445 62.8 604.8 294 6.7 234 18 462 62.2 1097.1 10689 83.0 553.4
2009 31858 62.3 671.4 289 6.1 23.7 19208 61.1 1210.0 12361 82.4 638.2
2010 31801 59.5 692.0 247 5.1 21.1 18482 57.0 1201.0 13072 80.9 693.7
2011 33698 61.0 754.0 157 3.5 13.5 18903 57.8 1290.8 14 638 81.1 795.2
Statistic value t=16.02 t=6.97 t=16.32 t=0.60 t=—2543 t=2.30 t=18.85 t=2.83 t=15.40 t=14.90 t=6.76 t=14.66

p<0.001 p<0.001 p<0.001 p=0.565 p<0.001 p=0.044 p<0.001 p=0.018 p<0.001 p<0.001 p<0.001 p<0.001

Note: Prop.: The proportion of youths with ADHD who received medication, in which the denominator is the annual number of ADHD patients and the numerator is the annual number of
ADHD case who used ADHD medications. Prev. (per 100 000): The annual prevalence rates of ADHD medication use among the national population, in which the denominator is the total
population and the numerator is the annual number of cases who used ADHD medications.
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Table 3. Generalised estimating equation models for the effects of age, gender and time on prevalence of ADHD and proportion of ADHD

medication use from 2000 to 2011 in Taiwan

ADHD prevalence

Proportion of ADHD drug therapy

Characteristics B (95% CI) Wald x? p-value B (95% CI) Wald x? p-value
Age group

<6 years Reference Reference

7-12 years 882.22 (606.57-1157.87) 39.35 <0.001 46.63 (44.66-48.60) 2151.04 <0.001

13-18 years 166.84 (2.64-331.04) 3.97 0.046 67.72 (65.47-69.96) 3504.36 <0.001
Gender (male v. female) 692.45 (498.88-886.02) 49.16 <0.001 4.77 (3.09-6.45) 31.04 <0.001
Year 106.27 (72.61-139.92) 38.29 <0.001 0.26 (—0.02 to 0.54) 3.41 0.065

Note: Year was set as a continuous variable (range from 2000 to 2011).

Among the total population under 18 years of age in
Taiwan (Table 2), the prevalence of ADHD medication
use increased from 0.06% in 2000 to 0.75% in 2011
(13.1-fold increase, t=16.32, p<0.001). For preschool
children, the annual prevalence of ADHD medication
use increased from 0.009% in 2000 to 0.013% in 2011
(1.4-fold increase, t=2.30, p=0.044), compared with an
increase from 0.13% in 2000 to 1.29% in 2011 (9.8-fold
increase, t=15.40, p<0.001) in school-aged children
and an increase from 0.03% in 2000 to 0.80% in 2011
(27.2-fold increase, t=14.66, p <0.001) in adolescents.

Figure 2 shows the proportions of medication use
among the patients with ADHD in each age group
and gender from 2000 to 2011. The proportion of
ADHD medication use significantly increased in the
school-aged children and adolescents, however it sig-
nificantly decreased in the preschool children in both
genders. Compared with the preschool patients
(Table 3), the medication use in the school-aged

children (ratio of prevalence rates=7.54, Wald xX’=
2151.04, p<0.001) and adolescents (ratio of prevalence
rates=10.28, Wald x?*=23504.36, p<0.001) was signifi-
cantly higher during the study period. In addition, sig-
nificantly more male ADHD patients received ADHD
medications the female ADHD patients (ratio of preva-
lence rates=1.16, Wald y?=31.43, p<0.001).

Discussion

The results of this study indicate that the number of
youths being diagnosed with ADHD has increased
over tenfold from 2000 to 2011. However, the prevalence
rate of a diagnosis of ADHD was only 1.24% in 2011,
which is still far lower than the prevalence rate reported
in a previous community study using face-to-face inter-
views. Among the youths with ADHD, the proportion
of those receiving ADHD medication increased from
50.2 to 61.0% during the study period. The likelihood
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Fig. 2. Proportion of medication use among the patients with ADHD in each age group and gender in Taiwan between 2000 and
2011. The Y-axis represents the proportion (%) of those receiving drug therapy among the patients with ADHD in each year

between 2000 and 2011. The proportion of ADHD drugs use significantly increased in the patients aged 7-12 years and in those
aged 13-18 years. The proportion of ADHD medication use significantly decreased in the patients under 6 years of age in both

genders.
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of receiving ADHD medication was positively corre-
lated with the patients” age and gender. These findings
do not support the overdiagnosis or overmedication of
ADHD in youths in Taiwan.

Prevalence of ADHD and whether it is overdiagnosed

Similar to our findings, many time-trend surveys using
diagnostic reports based on medical records have indi-
cated that the prevalence of ADHD has increased
worldwide (Chien et al. 2012; Garfield et al. 2012;
Getahun ef al. 2013; Holden et al. 2013; Hong et al.
2014; Huang et al. 2014; Visser et al. 2014; Atladottir
et al. 2015; Mohr Jensen & Steinhausen, 2015).
However, individuals with diagnostic records of
ADHD only represent those who sought medical
care, but not all patients with ADHD in the general
population. Meta-analyses of epidemiological studies
have reported that the prevalence of ADHD worldwide
is between 5.3 and 7.2% (Polanczyk et al. 2007; Thomas
et al. 2015), and these rates were not affected by the
changes of diagnostic criteria from different versions
of the Diagnostic and Statistical Manual of Mental
Disorders, or geographical and chronological varia-
tions (Polanczyk et al. 2014). This implies that the
prevalence rates of ADHD, determined by face-to-face
assessments of community youths, had not changed
significantly over time. Therefore, the ascending trend
of numbers of patients being diagnosed with ADHD
may only reflect the increase in patients seeking medic-
al care, but should not be viewed as an increase of
youths with ADHD (Safer, 2015).

The most reliable estimate of the prevalence of
ADHD in Taiwan reported that ADHD affects 7.5%
of school-aged children (Gau et al. 2005). Our results
revealed that the proportion of patients with a diagno-
sis of ADHD increased from 0.11% in 2000 to 1.24% in
2011, which is far lower than the reported prevalence
rate of 7.5%. We suggest this finding is not consistent
with a public opinion about overdiagnosis of ADHD
in Taiwan. Moreover, we speculate that a large num-
ber of patients who meet the criterions for ADHD do
not seek medical care. In our survey, the number of
individuals with a diagnosis of ADHD significantly
increased over time and consistently across different
age groups and in both genders. This implies that
the increasing trend in the diagnosis of ADHD accord-
ing to the medical records from the NHIRD-TW is due
to increasing awareness about ADHD and increased
access to psychiatric services.

We found that the prevalence of ADHD in males
was approximately four times higher than in females.
Gender differences in the prevalence of ADHD are
well established (ratios of boys to girls range from
2:1 to 9:1) (Rucklidge, 2010; Nussbaum, 2012), and

our national survey revealed compatible findings.
With regards to the influence of age on the rates of a
diagnosis of ADHD, we found that the rate was high-
est among school-aged children (7-12 years), followed
by adolescents (13-18 years) and preschool children
(age <6 years). These results are comparable with pre-
vious epidemiological studies, which revealed that the
symptoms of ADHD are most prominent in school-
aged children and that most require medical care
(Holden et al. 2013; Huang et al. 2014). A possible ex-
planation for this may be that the confirmation of a
diagnosis of ADHD can be difficult in patients of a pre-
school age. The symptoms of ADHD decrease in
around 50% of patients at puberty or in early adult-
hood (Cherkasova et al. 2013), and the likelihood of
seeking medical care decreases with decreases in clin-
ical manifestations.

Use of ADHD medication and whether youths are
overmedicated in Taiwan

Significant increases in the number of patients receiving
medications for ADHD have been reported in several
countries in recent years (Safer et al. 1996; Hodgkins
et al. 2011; Chien et al. 2012; Treceno et al. 2012; Oner
et al. 2014; Ponizovsky et al. 2014; Visser et al. 2014;
Stuhec et al. 2015), which is consistent with our findings.
However, the higher number of patients receiving
ADHD medication is naturally related to the higher
number of patients diagnosed with ADHD. We found
that the proportion of youths with a diagnosis of
ADHD receiving medications (any prescription of
IR-MPH, OROS-MPH or ATX for at least one dose)
increased from 49.5 to 62.8% during the study period.
This finding indicates that approximately 40-50% of
patients were not prescribed with any medications dur-
ing their medical visits in this study. Despite public con-
troversy regarding the potential overmedication for
ADHD has continued for decades, there are currently
no guidelines to determine whether or not patients
with ADHD are overmedicated. Empirically, the over-
use or inappropriate use of ADHD medications is
defined as when they are less effective than alternative
interventions, when continued although not measur-
ably useful, or when they are more of risk than a benefit
(Safer, 2000). Because the clinical information about
patients’ symptom severity and outcomes were unavail-
able in the NHIRD-TW, the appropriateness of the use
of medications cannot be directly judged through the
results of the current study.

Alternatively, we could compare the prevalence
rates of ADHD medication use with those reported
in other countries. Barbaresi et al. (2002) reported a
prevalence rate of treatment with stimulants of 86.5%
for children with a definite diagnosis of ADHD in



the USA. Moreover, a national survey in the USA indi-
cated that the proportion of visits in which pharmaco-
therapy was used as treatment ranged from 93 to 96%
(Garfield et al. 2012). In a Danish cohort (Dalsgaard
et al. 2013), 61% of ADHD patients were treated with
ADHD medications, corresponding to a 0.82% preva-
lence rate of treatment in the total population. In a na-
tional survey in the UK (McCarthy et al. 2012), the
prevalence of ADHD medication usage ranged from
0.48 to 0.92% among children aged 6-12 years. A
study using the Medicaid database in the USA
reported that the prevalence of ADHD drug use
increased from 2.52% in 1995 to 4.63% in 2004
(Winterstein ef al. 2008). Taken together, the prevalence
of ADHD drug prescription seems to be higher in the
USA than which in the European countries, and the
prevalence of prescriptions for ADHD medications in
Taiwan is not higher than that reported in other inter-
national studies. It is noteworthy that since pharmaco-
therapy has been suggested as the first-line treatment
for ADHD (Barbaresi ef al. 2007; Vaughan et al. 2012;
Chan et al. 2016), the high rates of ADHD drug
prescription (even as high as 100%) do not necessarily
represent that ADHD youths are overmedicated. A
future study which consists of comprehensive clinical
information of a representative ADHD sample (e.g., se-
verity of ADHD symptoms, treatment effects, adverse
effects and patient outcomes) is warranted to deter-
mine the legitimate of the use of ADHD medications.
We found that the patients’ age significantly influ-
enced the prescription rate of ADHD medication. The
preschool patients had the lowest rate (under 15%), com-
pared with 70-80% of the adolescent patients. It has
been reported that parents of preschoolers with
ADHD usually seek options other than pharmacother-
apy first (e.g., psychosocial or rehabilitation treatment)
(Lien et al. 2015). In contrast, older patients may have
greater functional impairments and therefore a higher
likelihood of being prescribed with medication
(Morrow et al. 2012). Patients who respond well to medi-
cation may maintain such therapy as they grow (Chen
et al. 2011). With regards to differences in gender, signifi-
cantly more males received medications than females.
Boys with ADHD may exhibit more externalised behav-
ioural problems and have a higher probability of being
prescribed with medication and then to maintain this
therapy (Visser et al. 2007; Garbe et al. 2012), which is
consistent with the findings in the current study.

Limitations

This study has several limitations. First, the diagnoses
of ADHD were identified on the basis of ICD codes
only, and were not validated using face-to-face diag-
nostic instruments. Although ADHD was defined by
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at least two NHIRD-TW claims records with ADHD,
the possibility of misdiagnosis still exists. Without stan-
dardised, multidimensional assessments for the nation-
al population, the actual false positive rate or false
negative rate of a diagnosis of ADHD is unknown
(Sciutto & Eisenberg, 2007). Second, the specific drug
distribution, duration of drug treatment, gap in pre-
scriptions (e.g., drug holiday) and drug adherence
were not analysed in this study. In addition, ADHD
medications prescribed for indications other than
ADHD were not analysed. Third, some clinical data
such as socioeconomic status, residential area, clinical
manifestations and patient outcomes were not pro-
vided in the claims data. It is unclear how the pre-
valence rates of ADHD diagnosis or medication
treatment were influenced by the aforementioned fac-
tors. Consequently, we could not determine whether
or not the prescribed ADHD medications were appro-
priate. Last, data on therapy other than medication
(i.e., behavioural or occupational therapy) were not
available in this study. In addition, the reasons under-
lying the decision of whether or not to prescribe
pharmacotherapy were not available from the claims
data.

Conclusions

In conclusion, this population-based study shows that
the number of youths being diagnosed with ADHD
who attended medical services and who received med-
ications increased from 2000 to 2011 in Taiwan.
However, the proportion of youths with a diagnosis
of ADHD among the total population was still lower
than the prevalence rate of ADHD reported in previ-
ous community-based research in Taiwan. In addition,
approximate 40-50% of youths with ADHD did not re-
ceive medications. These findings are not consistent
with a systematic public opinion on overdiagnosis or
overmedication of ADHD in Taiwan. We suggest
that our findings may help to increase public aware-
ness that a large number of children with ADHD in
Taiwan are not currently identified or treated.
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