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Children with autism are often medicated to manage emotional and behavioral symptoms;
yet, data on such pharmacotherapy is insufficient. In this study, we investigated the
Korean National Health Insurance Claims Database (NHICD) information related to autism
incidence and psychotropic medication use. From the 2010-2012 NHICD, we selected a
total of 31,919,732 subjects under 19 years old. To examine the diagnostic incidence, we
selected patients who had at least one medical claim containing an 10th revision of
International Statistical Classification of Diseases and Related Health Problems (ICD-10)
code for pervasive developmental disorder, F84, not diagnosed in the previous 360 days.
Psychotropics were categorized into seven classes. Then, we analyzed the data to
determine the mean annual diagnostic incidence and psychotropic prescription trends.
Diagnostic incidence was 17,606 for the 3 years, with a mean annual incidence per 10,000
population of 5.52. Among them, 5,348 patients were prescribed psychotropics. Atypical
antipsychotics were the most commonly used, followed by antidepressants. An older age,
male sex, and the availability of medical aid were associated with a higher rate of
prescription than observed for a younger age, female sex, and the availability of health
insurance. Psychotropic drugs were used for less than one-third of patients newly
diagnosed with autism, and prescription differed by sex and age. Increased diagnostic
incidence is associated with an increased prescription of psychotropic drugs. Therefore,
medication-related safety data and policies for psychotropic drugs in autism should be
prepared.

Keywords: Adolescent; Antipsychotic Agents; Autistic Spectrum Disorder; Central Nervous
System Stimulants; Child; Drug Utilization; Incidence

INTRODUCTION

Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder, which is
usually diagnosed in early childhood. While the median worldwide prevalence of au-
tism is 0.62% (1,2), Kim et al. (3) have reported a prevalence as high as 2.64% for children
aged 7-12 years. In Taiwan, where the National Health Insurance (NHI) system is avail-
able for all nationals, the cumulative prevalence of ASD has increased from 1.79 per
10,000 people in 1996 to 28.72 in 2005 according to a study of a population of 372,642
people (4). Compared to this rapid increase in prevalence, the development of an ap-
propriate treatment method for the impaired communication and social interaction
that are the core symptoms of ASD, and which addresses the cause of the disease, is
lagging behind. At present, mainly educational and behavioral approaches are used to
improve the related behavioral problems and to promote sociability (5).

Additionally, since the mechanism underlying ASD is not yet clear, various drugs are
used to improve symptoms. Although the US Food and Drug Administration-approved
medications for ASD are risperidone and aripiprazole, for treatment of irritability (6,7),
psychotropic medications are prescribed to about 30%-60% of children with ASD to
control aggression, irritability, and other problematic behaviors (8,9). Compared to the
general population, children with ASD use overall nine times more psychotropic drugs,
including 22 times more antipsychotics and six times more Attention-Deficit/Hyper-
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activity Disorder (ADHD) medications (10). In a study of 60,641
children with ASD, based on medical aid claims data, 56% of
child patients were reported to have received prescriptions for
one or more psychotropic medications (11). Strikingly, there
have been more studies related to pharmacotherapy for ASD
involving child and adolescent patients than those involving
adult patients; these studies also show that the prescribed drug
classes differ according to age in child and adolescent patients
(12). Although psychotropic medication is often used for ASD
patients, it is difficult to generalize and apply the results of pre-
vious studies, due to the limited subject groups and regions ad-
dressed in these studies.

The Ministry of Health and Welfare in Korea operates a single
NHI system under the Health Insurance Law established in 1989
(13). According to the claims data from 2015, approximately
50,490,157 individuals (97.1%) had NHI, while 1,544,267 indi-
viduals (2.9%) had medical aid (14,15). Claims from medical
institutions nationwide are reviewed by the Health Insurance
Review and Assessment Service (HIRA), and the reviewed data
have been established as a database, termed the National Health
Insurance Claims Database (NHICD). NHICD includes patients’
diagnosis, treatments, procedures, surgical histories, and pre-
scription drugs (16). In particular, a vast amount of NHICD in-
formation has been accumulated, as 99.9% of claims have been
made via a computerized network since 2007 (17). Therefore,
the NHICD offers highly representative and objective data.

Studies on diagnostic incidence and prescription trends for
child and adolescent ASD patients are not only useful for clini-
cians, but are also fundamental to establishing treatment-relat-
ed policies for children and adolescents with ASD and their fam-
ilies. To overcome the limitations of subjects and regions in pre-
vious studies, we here utilized the Korean NHICD to analyze
the diagnostic incidence and prescription trends of autism in
Korea.

MATERIALS AND METHODS

Data source and study population
We obtained data from the NHICD from January 1, 2009, to De-
cember 31, 2013, with permission for its use from HIRA. The
data spanned 5 years, because this is the limit set by the HIRA
for use of this data for research purposes. The subjects were those
under 19 years of age, because it becomes more challenging to
analyze medication use during adulthood due to increasingly
more comorbid mental disorders and physical illnesses, in ad-
dition to ASD (5,18). Moreover, ASD-related drug studies are
mostly conducted in underage groups (12), and therefore this
study also selected subjects under 19 years of age to allow com-
parison with the results of other studies.

The subjects were those with a first diagnosis of F84, i.e., per-
vasive developmental disorders (PDDs), in the 10th revision of
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International Statistical Classification of Diseases and Related
Health Problems (ICD-10) (19): F84.0, childhood autism; F84.1,
atypical autism; F84.2, Rett’s syndrome; F84.3, other childhood
disintegrative disorder; F84.4, overactive disorder associated
with mental retardation and stereotyped movements; F84.5,
Asperger’s syndrome; F84.8, other PDDs; and F84.9, PDD, un-
specified. Those whose first diagnosis involved other psychiat-
ric diagnoses or physical disorders were excluded. Since the
Korean NHICD followed the ICD-10 standard, this standard
was applied. To calculate the diagnostic incidence, we selected
patients who had at least one medical claim containing F84 and
who had not been diagnosed in the previous 360 days. Of the
data for 2009-2013, the data for 2013 were excluded because
the insurance data had not been completed in the database by
early 2014 when this study was begun. Therefore, the final data
used for analysis were the NHICD data for the 3 years from Jan-
uary 2010 to December 2012.

The populations younger than 19 years of age amounted to
10,882,052 people in 2010, 10,631,826 in 2011, and 10,405,854
in 2012, as of December in each year (20). Even though the sub-
jects of this study were patients with PDD, which is different
from ASD in the Diagnostic and Statistical Manual of Mental
Disorders 5th edition (DSM-5) (21), we have described them as
patients with ASD for convenience.

Methods

The annual incidence of ASD from 2010 to 2012 was calculated
by dividing the number of newly diagnosed cases of ASD dur-
ing the 3-year period by the number of general population for
the same period. We analyzed the data of patients with ASD de-
pending on sex, age, type of medical insurance (NHI or medical
aid), and type of medical institution visited (general hospital,
mental hospital, private clinic, and others). For comparison by
age group, the population of 0-18 years old was subdivided into
3-year age groups following the HIRA sample data analysis re-
ported by Hwangbo et al. (22). The prevalence of pharmacother-
apy use was calculated using the same method as diagnostic
incidence. We counted patients who had received at least one
prescription of psychotropics, but had not taken any psychotro-
pics in the previous 360 days. Medications were classified into
seven categories: antipsychotics (typical and atypical); ADHD
drugs (stimulants and non-stimulants); antidepressants (selec-
tive serotonin reuptake inhibitors [SSRIs] and tricyclic antide-
pressants [TCA]); anxiolytics (benzodiazepines); mood stabiliz-
ers; opioid antagonists (naltrexone only); and miscellaneous.

Statistical analysis

The data were processed using SAS 9.3 (SAS Institute Inc., Cary,
NC, USA), and descriptive statistical analysis was performed for
all the data. The significance level was set at 0.05.
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Ethics statement

This study was approved by the Institutional Review Board (IRB)
of Kyung Hee University Hospital, Seoul (KMC IRB No. 1510-07).
As claims data were provided anonymously, informed consent
was exempted by the IRB.

RESULTS

During 2010-2012, the annual number of newly ASD-diagnosed
patients aged 0-18 years were 5,596, 6,163, and 5,847, for the
three consecutive years. The mean annual diagnostic incidence
in this age group during 2010-2012 was 5.52 per 10,000 popula-
tion. Males accounted for 77.0% (Table 1). The highest number

Table 1. Cumulative incidence of ASD diagnosis and characteristics of patients with
ASD for the period 2010-2012

Type of institution General hospital
Mental hospital
Private clinics 7,480 (42.5)
Others 818 (4.7)

17,606 (100.0)

7,340 (41.7)

16,507 (93.8)
1,968 (11.2)
)

Characteristics Incident cases
Sex Male 13,559 (77.0)
Female 4,047 (23.0)
Age, yr 0-3 5,120 (29.1)
4-6 3,750 (21.3)
7-9 2,445 (13.9)
10-12 2,370 (13.5)
13-15 2,237 (12.7)
16-18 1,684 (9.6)
Type of insurance NHI (
Medicaid 1,099 (6.2)
(
(
(
(4.
(

All diagnosed as ASD

of patients diagnosed with ASD fell in the 0-3 and 4-6 years age
groups. When compared by insurance type, the NHI group ac-
counted for 93.8%. For diagnosis by medical institution, the high-
est proportion was diagnosed in private clinics, followed by gen-
eral hospitals, mental hospitals, and others, in order.

The mean prescription prevalence for the 3 years was 30.4%
(Table 2). When compared by sex, males showed a higher pre-
scription rate than females (3% = 110.86; P < 0.001). The prescrip-
tion rate increased with the patients’ age (* = 3,551.68; P < 0.001).
In analysis by insurance type, patients with medical aid had a
higher prescription rate than those with NHI (y* = 129.77; P <
0.001). When compared by type of institution, the prescription
rate was higher in private clinics than in general hospitals or men-
tal hospitals (y* = 181.15; P < 0.001).

Table 3. Patterns of psychotropic medications for the period 2010-2012

Class of psychotropics No. of prescriptions (%)*

AP Typical AP 793 (5.8)
Atypical AP 2,785 (20.5)
Subtotal 3,578 (26.3)
AD 2,123 (15.6)
AA Stimulants 1,691 (12.5)
Non-stimulants 296 (2.2)
Subtotal 1,987 (14.6)
MS 1,756 (12.9)
Anx 1,730 (12.7)
OA 1,588 (11.7)
Misc 819 (6.0)
Total prescriptions 13,581 (100.0)
Average No. of prescription 2.54
per person

Values are presented as number (%).
ASD = autism spectrum disorder, NHI =
aid.

National Health Insurance, Medicaid = medical

AP = antipsychotics, AD = antidepressants, AA = anti-Attention-Deficit/Hyperactivity
Disorder (ADHD) drugs, MS = mood stabilizers, Anx = anxiolytics, OA = opioid antag-
onists, Misc = miscellaneous.

Table 2. Comparison of cumulative medication rates (%) among different population groups for the period 2010-2012

No. of medication (%)

Characteristics 2 test
Med Non-med Total

Sex Male 4,389 (32.4) 9,170 (67.6) 13,559 110.86*
Female 959 (23.7) 3,088 (76.3) 4,047

Age, yr 0-3 380 (7.4) 4,740 (92.6) 5,120 3,551.68"
4-6 607 (16.2) 3,143 (83.9) 3,750
7-9 953 (39.0) 1,492 (61.0) 2,445
10-12 1,074 (45.3) 1,296 (54.7) 2,370
13-15 1,291 (57.7) 946 (42.3) 2,237
16-18 1,043 (61.9) 641 (38.1) 1,684

Type of insurance NHI 4,846 (29.4) 11,661 (70.6) 16,507 129.77*
Medicaid 502 (45.7) 597 (54.3) 1,099

Type of institution General hospital 1,914 (26.1) 5,426 (73.9) 7,340 181.15*
Mental hospital 608 (30.9) 1,360 (69.1) 1,968
Private clinics 2,647 (35.4) 4,833 (64.6) 7,480
Others 179 (21.9) 639 (78.1) 818

Total 5,348 (30.4) 12,258 (69.6) 17,606 (100.0)

Med = patients prescribed with one or more psychotropics, Non-med = drug naive cases, NHI =

*P < 0.001.
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National Health Insurance, Medicaid = medical aid.

http://jkms.org 1689



JKMS

Hong M, et al. * Psychotropics in Children and Adolescents with Autism

Table 4. Comparison of prescription patterns by sex for the period 2010-2012

No. of prescriptions (%)

Sex
AP AD AA MS Anx 0A Misc Total ¥ test
Male 3,020 (26.9) 1,753 (15.6) 1,730 (15.4) 1,393 (12.4) 1,367 (12.2) 1,346 (12.0) 619 (5.5) 11,228 (100.0) 97.92*
Female 558 (23.7) 370 15.7) 257 (10.9) 363 (15.4) 363 (15.4) 242 (10.3) 20085 2,353 (100.0)
Total 3578(263) 2,123(15.6) 1,987 (14.6) 1756(12.9) 1,730(127) 1,588 (11.7) 819(6.0) 13,581 (100.0)
d

AP = antipsychotics, AD = antidepressants, AA = anti-Attention-Deficit/Hyperactivity Disorder (ADHD) drugs, MS = mood stabilizers, Anx = anxiolytics, OA = opioid antagonists,

Misc = miscellaneous.

*P < 0.001.
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Fig. 1. Percentage distribution of psychotropic drugs by age group.

AP = antipsychotics, AD = antidepressants, AA = anti-Attention-Deficit/Hyperactivity
Disorder (ADHD) drugs, MS = mood stabilizers, Anx = anxiolytics, OA = opioid antag-
onists, Misc = miscellaneous.

An analysis of the pattern of prescriptions revealed no differ-
ences across the 3 years (y* = 21.92; P = 0.08). Atypical antipsy-
chotics were used most frequently, followed by antidepressants,
ADHD drugs, mood stabilizers, anxiolytics, and opioid antago-
nists, in order (Table 3). The mean numbers of drugs prescribed
per person were 2.54. When analyzed using sex as a variable,
there was a significant difference in terms of drug types (* = 97.92;
P < 0.001; Table 4). Males had a higher prescription rate of anti-
psychotics and ADHD drugs than females. In females, antide-
pressants, anxiolytics, and mood stabilizers were more often pre-
scribed than in males. When analyzed by age, there was also a
significantly different pattern of drug prescriptions (y* = 818.12;
P <0.001) (Fig. 1). Patients aged 0-3 years old had a higher pre-
scription rate of anxiolytics, whereas the prescription rate of AD-
HD drugs tended to increase from 4 years of age, reaching a peak
at 7-9years of age. The prescription rate of antipsychotics incre-
ased from 4 years of age and was highest after the age of 10 years.

DISCUSSION

The mean annual incidence of ASD diagnosis in this study was
5.52 per 10,000 people, which was higher than that of Taiwan
(4.41 people) (4). In Taiwan, which has a similar NHI system to
that of Korea, the incidence tended to increase from 0.91/10,000
in 1997 to 4.41/10,000 in 2005 (4). Since no comparative data
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were available for Korea, and as the present study period (3 years)
was short, it would be necessary to compare at least 10 years of
data to comprehend the trend of the annual incidence, as has
been done in Taiwan (4). The reason for the increase in ASD di-
agnosis is likely that ASD has broader diagnostic criteria than
previously used for the diagnosis of traditional infantile autism,
that experts and parents have become more aware of the dis-
ease, and that many child specialist services have developed
over the past number of years (4).

The diagnostic incidence was the highest in the age range
from 0 to 3 years. Preceding studies have shown similar results.
In an analysis of the Autism and Developmental Disabilities
Monitoring (ADDM) Network data, 43% of children with ASD
received comprehensive evaluation before the age of 3 years
(23). In a Taiwanese study of subjects younger than 18 years of
age, the group aged 0-5 years showed the highest incidence (4).
In the report by Williams et al. (24) of a study of children aged
14 years or younger, the diagnosis rate was higher in those be-
fore school age (3-4 years of age), and the incidence of new di-
agnoses tended to decrease with age. It was therefore speculat-
ed that, while the absolute number was the highest in the group
aged 0-6 years, the incidence in the older age group increased
as the cumulative incidence increased annually. Interestingly,
the incidence rate was higher in general hospitals and private
clinics, whereas the drug prescription rate was highest in pri-
vate clinics. It seems that general hospitals were preferred for
diagnosis, due to the Korean healthcare system, whereas pri-
vate clinics were favored for prescription, because drugs were
not used temporarily (25).

Patients who used psychotropics for the first time accounted
for 30.4% of the diagnosed group on average, which was lower
than that of the overall drug administration rate, 63.6%, report-
ed by Spencer et al. (26) for subjects with ASD who were 20 years
or younger. In studies that analyzed medical aid claims data (27,
28), the drug prescription rate was 60% or higher. The prescrip-
tion rate of psychotropic medications may have been higher in
the population covered by medical aid than in the general pop-
ulations, as medical aid had neither formulary restrictions nor
copayment policies, as compared to private insurance (29). On
the other hand, Rosenberg et al. (9) reported a drug use rate for
children with autism as low as 35%, which was speculated to be
due to a low participation rate (20%) in the medical aid group.

https://doi.org/10.3346/jkms.2017.32.10.1687
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Considering that drug prescription rates differ according to in-
surance type, and since this study analyzed the total population,
regardless of insurance type, it suggests that the results of this
study should be representative of prescription trends of psycho-
tropics for ASD overall.

The drug type most frequently prescribed was antipsychotics,
followed by antidepressants and stimulants, in order. Although
pimozide is the only drug approved for ASD in Japan, atypical
antipsychotics, including risperidone, were used most frequent-
ly, followed by other antipsychotics, stimulants, all other central
nervous system drugs, anticonvulsants, and nonbarbiturates,
in that order (30). These findings were similar to the results of
previous studies conducted based on medical aid claims data
(11,28). In previous studies, antidepressants were prescribed
more often than antipsychotic agents, depending on the study
(8,31). Antidepressant prescriptions are used not only for treat-
ment of depressive symptoms, but also for reduction of perse-
verative, stereotypic, and aggressive behaviors. In some studies,
stimulants were used more often than antipsychotic agents (9,32).

Sex is an important factor determining the drug administra-
tion rate and drug types used for patients (11). The present study
found that males were significantly more often diagnosed and
were more often prescribed drugs than were females. Although
some studies reported no relationship between sex and the prev-
alence of psychotropic use (33-35), it has been reported that the
ASD diagnostic rate (5) and the frequency of psychotropic med-
ication (36) are both higher in males than in females. The type
of drug used also differed depending on sex. In this study, males
had higher prescription rates of antipsychotics and ADHD drugs
than females, and antidepressants, anxiolytics and mood stabi-
lizers were more often prescribed in females than in males. Sim-
ilarly, previous studies also showed a higher rate of prescriptions
of antipsychotics and ADHD drugs for males and antidepres-
sants and anxiolytics for females (12,31). It has been speculated
that these characteristics may be related to the age-related in-
crease in the externalizing disorders in males and its internaliz-
ing disorders in females, as reported by Hwangbo et al. (22), based
on analysis of the Korean NHICD data.

The drug prescription rate tended to increase with age in this
study as well as in several previous studies with large samples
of ASD-affected individuals (9,28). In the comparison of ASD
groups aged 8 and 15 years, the 15-year-old group had higher
prescription rates of antipsychotics, antidepressants, mood sta-
bilizers, and anxiolytics than did the 8-year-old group (32). In
terms of the overall increase in drug prescription with age, a pre-
ceding study had claimed that it was either because healthcare
providers hesitated to prescribe psychotropic medication to
younger children, or because behavioral problems requiring
drug prescription appeared later on in life (31,37). This was com-
patible with the report by Mire et al. (38), which stated that the
increased use of ADHD drugs and antipsychotics in individuals

https://doi.org/10.3346/jkms.2017.32.10.1687

with ASD aged 7-9 years is probably due to these individuals
being of school-going age. Moreover, the present study found
differences in the prescribed drug types depending on age. While
the group aged 3 years or younger was prescribed more anxio-
lytics, the groups aged 4-6 and 7-9 years were prescribed more
ADHD drugs and antipsychotics prescriptions of antipsychot-
ics and antidepressants were much higher in the older age group.
Drug prescriptions in children are also affected by age-related
changes in the presenting symptoms; for instance, hyperactivi-
ty and irritability are known to decrease, while comorbid mood
and anxiety problems increase, as children with ASD get older
(38). In a study of child and adolescent patients younger than
21 years, the most frequently prescribed drugs were sedatives
for the group aged 0-2 years, neuroleptic drugs and stimulants
for the group aged 3-11 years, and neuroleptic drugs for the re-
maining age group (11). In another study, involving patients
younger than 21 years of age, the use of antidepressants, anti-
psychotics, and anticonvulsants tended to increase with age,
whereas prescription of stimulant medication increased with
age in the younger population, but decreased for those aged 14
years and older (8).

Interestingly, naltrexone, an opioid antagonist, was used mar-
kedly often in this study. Since one randomized control trial on
naltrexone reported a trend for improvement of self-injurious
behavior (39), the results have not been replicated by an inde-
pendent research group to date (40). In general, the frequency
of medication with naltrexone was very low and was not includ-
ed as a distinct category (9). Thus, this needs to be revisited in a
future NHICD analysis.

The average number of medications per person was 2.54. It
has been reported that comorbid psychiatric disorders in ASD
reach up to 70%, and that comorbid disease caused a high drug
prescription rate in children with ASD (5,11). In a study of 60,641
Medicaid-enrolled children (11), 56% of cases had a prescrip-
tion of at least one psychotropic medication. Jobski et al. (12)
analyzed data from studies on the use of psychotropic drugs in
patients with ASD, in which 24 out of 47 studies used two or more
drugs concomitantly. In a future study, comorbid disease data
should be analyzed along with the cause for polypharmacy.

The limitations of this study are as follows. First, it is difficult to
confirm the age at the first diagnosis of ASD, because the Korean
HIRA permits only analysis of 5-year data sets, for administra-
tive reasons. Second, also due to administrative reasons related
to the NHICD, we did not have clinical information on symp-
tom severity, or sociodemographic information, such as paren-
tal income and educational level. Third, even though various
therapeutic interventions can be used to treat and educate pa-
tients with ASD, the HIRA does not cover the majority of non-
pharmacological methods, such as play therapy, applied behav-
ior analysis, music therapy, language therapy, etc. Therefore, the
analysis in this study was unavoidably limited to drug treatment.
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In addition, advanced medicines, such as oxytocin or meman-
tine, were not officially registered in the HIRA and it was not pos-
sible to calculate the prescription for them.

This study has the following strengths. While most preceding
studies used parent-reported medication data or a medical aid
claims database, this study was conducted on the total popula-
tion under 19 years of age, so that the results are representative
and generalizable.

In conclusion, based on the analysis of the diagnostic incidence
and drug treatment prevalence in the total population under 19
years of age, approximately 30% of patients diagnosed with ASD
were using psychotropic agents. Although antipsychotic drugs
and antidepressants were used most frequently, the type of drugs
prescribed differed depending on sex, suggesting that behavior-
al issues also differ with sex. Medications increased with age,
particularly from school age. The medical aid group had a sig-
nificantly higher medication use frequency than the NHI group.
As demonstrated by these results, drug types or medication pat-
terns differed depending on sex, age, health insurance type, and
medical institution type. Since the mechanism underlying ASD
is not yet elucidated, cause-related drug treatments are not yet
available; instead, only symptomatic drug treatment is current-
ly available. Thus, risk-benefit profiles should urgently be estab-
lished, considering the uncertain benefits of current medications.
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