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Purpose: Discontinuation of offending drugs can prevent drug-induced parkinsonism (DIP) before it occurs and reverse or cure it
afterwards. The aim of this study was to investigate the prevalence of DIP and the utilization of offending drugs through an analysis
of representative nationwide claims data.

Materials and Methods: We selected DIP patients of ages ranging from 40 to 100 years old with the G21.1 code from the Korean Na-
tional Service Health Insurance Claims database from 2009 to 2015. The annual standardized prevalence of DIP was explored from
2009 to 2015. Trends were estimated using the compound annual growth rate (CAGR) and the Cochran-Armitage test for DIP over
the course of 6 years. Additionally, the utilization of offending drugs was analyzed.

Results: The annual prevalence of DIP was 4.09 per 100000 people in 2009 and 7.02 in 2015 (CAGR: 9.42%, p<0.001). Levosulpiride
use before and after DIP diagnosis showed a clear trend for decreasing utilization (CAGR: -5.4%, -4.3% respectively), whereas the
CAGR for itopride and metoclopramide increased by 12.7% and 6.4%, respectively. In 2015, approximately 46.6% (858/1840 per-
sons) of DIP patients were prescribed offending drugs after DIP diagnosis. The most commonly prescribed causative drug after
DIP diagnosis was levosulpiride.

Conclusion: The prevalence of DIP has increased. To prevent or decrease DIP, we suggest that physicians reduce prescriptions of
benzamide derivatives that have been most commonly used, and that attempts be made to find other alternative drugs. Addition-
ally, the need for continuing education about offending drugs should be emphasized.
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Drug-induced parkinsonism (DIP) presents with symptoms,
such as rigidity, postural instability, and gait disturbance,
which also occur in idiopathic Parkinson disease (IPD). Most
cases of DIP can be cured by discontinuing the offending drugs,
whereas IPD becomes exacerbated over time. However, some
DIP patients do not recover completely after discontinuation
of the offending drugs."” Approximately 20-22% of IPD pa-

«The authors have no potential conflicts of interest to disclose. tients are ultimately diagnosed with DIP** Furthermore, pa-
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tients taking offending drugs have a 1.9-3.2 times higher pos-
sibility of developing Parkinson disease than those who do
not.>® Therefore, to cure DIP and to decrease the risk of IPD, it is
very important for doctors to differentiate whether a patient
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presenting with Parkinsonism is a case of DIP. In patients with
DIP, it is necessary to identify which offending drugs the pa-
tient uses and to reduce the usage of those drugs to the great-
est extent possible.

The most commonly used offending drugs have changed
over time. In the past, DIP was commonly reported to be
caused by antipsychotics, while today, the common offending
drugs are atypical neuroleptics, benzamide derivatives (meto-
clopramide, levosulpiride, and clebopride), and calcium chan-
nel-blocking agents (flunarizine and cinnarizine).” There are
some differences among countries in the utilization of offend-
ing drugs. Some benzamide derivatives, such as levosulpiride,
clebopride, and itopride, are not approved for use in the Unit-
ed States or United Kingdom,'*"" although they are prescribed
to many people in Korea.'*

To reduce the occurrence of DIP, the epidemiological char-
acteristics of DIP should be clearly understood. However, little
research has investigated the current status of DIP and the use
of offending drugs. The aim of this study was to estimate the
prevalence of DIP through an analysis of the Korean National
Health Insurance Claims (KNHIC) database. Trends in the
utilization of offending drugs were investigated in this study
aswell.

MATERIALS AND METHODS

Data source

This study used the KNHIC database, which contains data
from all hospitals and clinics concerning the health care ser-
vices that they provide to their patients. This cumulative da-
tabase includes individual data from the entire Korean popu-
lation, with information on age, sex, diagnosis according to
International Classification of Disease and Related Health
Problems 10th revision (ICD-10) codes, date of diagnosis,
medication adherence, insurance type, institutional charac-
teristics of the healthcare provider, and the requested medical
care costs. We obtained the data related to DIP patients in the
KNHIC database from the National Health Insurance Service
(NHIS).

Study population and offending drugs

We defined DIP patients as people who were aged 40-100 years
old and had a diagnosis code for DIP (ICD-10: G21.1) as a prin-
cipal diagnosis in 2009-2015. Those who were registered as
having IPD (extra benefit code: V124) and who died in the
year of diagnosis were excluded. Patients were classified ac-
cording to whether they had used offending drugs before or
after DIP diagnosis. The former group comprised DIP patients
who were prescribed an offending drug for at least 28 days
over the course of 1 year before the DIP diagnosis, and the lat-
ter group comprised DIP patients who were prescribed an of-
fending drug for at least 28 days over the course of 6 months
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after the DIP diagnosis."” This study used the list of offending
drugs reported in a previous study®* that have been approved
by the Korean Ministry of Food and Drug Safety. The previous
study classified the offending drugs depending on the poten-
tial risk levels of DIP. The list of drugs that may cause DIP is
provided in Supplementary Table 1 (only online). The high-
risk group contains dopamine D2 receptor antagonists (halo-
peridol, pimozide, amisulpride, levomepromazine, promazine,
sulpiride, risperidone, olanzapine, aripiprazole, and ziprasi-
done), dopamine depleters (tetrabenazine), and calcium
channel antagonists (P-channel: flunarizine). The intermedi-
ate-risk group includes atypical antipsychotics (ziprasidone),
antiemetic and gastrointestinal motility agents (metoclo-
pramide, levosulpiride, clebopride, and itopride), calcium
channel antagonists (L-channel: verapamil and diltiazem),
and others (lithium and valproate). The low-risk group in-
cludes selective serotonin reuptake inhibitors (fluoxetine and
sertraline), monoamine oxidase inhibitors (moclobemide),
and others (amiodarone, procaine, and cyclosporin).*** We
analyzed the proportion of offending drugs used before and
after the DIP diagnosis in 2015 and the frequency of utilization
of the offending drugs, focusing on the top five most frequent-
ly prescribed drugs by age.

Statistical analysis

The annual prevalence of DIP from 2009 to 2015 was calculat-
ed using age- and sex-standardized methods based on data
regarding the population distribution issued by the Korea Na-
tional Statistical Office in 2015. Trends in prevalence were es-
timated using the compound annual growth rate (CAGR) and
Cochran-Armitage test (CAT) for DIP over 6 years. The CAGR
was used to explore growth in a more precise, annualized man-
ner. The CAGR was estimated with the formula [(ending val-
ue/beginning value)/nofvea9)] -1 15 A null hypothesis in the
CAT is the hypothesis of no trend, which would indicate an
equal binomial proportion for all levels of the explanatory vari-
able.'® Statistical significance was evaluated by applying two-
tailed tests, and p values <0.05 were considered to indicate sta-
tistical significance. All statistical analyses were performed
using version 9.4 (SAS institute, Cary, NC, USA)

Ethics statement

It was impossible to identify the patients because individual
data were anonymized in the KNHIC database. Therefore, the
Institutional Review Board (IRB) of Hallym University Medical
Center exempted this study from the IRB process according to
IRB regulations (IRB No: 2016-1081).

RESULTS

Prevalence of DIP in 2009-2015
The total number of DIP cases was 859 in 2009, and it increased
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to 1840 in 2015. Of the DIP patients recorded in 2015, offend-
ing drugs had been used by 1285 (69.83%). The remaining DIP
patients may have taken an offending drug for fewer than 28
days over the course of 1 year before DIP diagnosis. Genetic
differences may also have been a relevant factor, as a previous
study reported that not all patients using dopamine receptor
blocking agents experience Parkinsonism, suggesting that ge-
netic factors may affect the occurrence of DIP.” The annual
prevalences of DIP, standardizing the population by age and
sex to 2015 values, were 4.09 per 100000 in 2009 and 7.02 in
2015. The prevalence of DIP was highest in 2015. The CAGR
increased by 9.42%, and this increasing trend was statistically
significant. Table 1 shows the annual prevalence rates of DIP
per 100000 people according to sex. The annual prevalence of

Table 1. Prevalence of Drug-Induced Parkinsonism

Trends in Drug-Induced Parkinsonism in Korea

DIP among females was 1.98 times higher than that among
males. The CAGR increased more in men (8.68%) than in
women (9.82%). Between 2009 and 2015, the prevalence was
highest in individuals aged 70-79 years and was lowest in
those aged 40-59 years. In the former group, CAGRs were 14.6
per 100000 people in 2009 and 24.0 in 2015. However, for the
latter group, they were 0.6 in 2009 and 1.5 in 2015. The CAGR
increased in every age group (Fig. 1).

Utilization of offending drugs
Offending drugs used before DIP diagnosis

Offending drugs were identified by classifying DIP patients
who were prescribed an offending drug for at least 28 days

Year Growth rate Cochran-
2009 2010 2011 2012 2013 2014 2015 (CAGR)(%) Armitage
Patients with DIP (n) 859 1132 1166 1430 1616 1633 1840 13.54 <0.001
Age group (n)
40-49 55 42 46 66 83 92 128 15.12 <0.001
50-59 109 110 138 179 202 194 228 13.09 <0.001
60-69 257 332 322 354 381 360 422 8.62 0.001
70-79 357 517 514 640 704 716 750 13.17 <0.001
>80 81 131 146 191 246 2N 312 25.20 0.001
The percentage of having a prescription for an offending 7532 7650 7487 7084 1.4 70.61  69.84 -1.25 0.188
drug before DIP diagnosis
Crude prevalence (per 100000) 3.79 4.84 4.84 5.77 6.35 6.26 7.02 10.82 0.001
Annual age- and sex-standardized prevalence™ (per 100000) 409 521 515 6.04 6.54 6.36 7.02 9.42 0.002
Age-standardized prevalence by sex™ (per 100000)
Male 2.84 3.36 3.58 4.25 4.52 399 4.68 8.68 0.018
Female 5.25 6.93 6.61 770 8.42 8.57 9.21 9.82 0.001

DIP, drug-induced parkinsonism; CAGR, compound annual growth rate.

*Standardized using the 2015 population.
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Fig. 1. Age-specific prevalence of DIP in Korea from 2009 to 2015. DIP, drug-induced parkinsonism.
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over the course of 1 year prior to the index date (1285 people).
The index date was defined as the date of the first diagnosis of
DIP. The offending drugs that DIP patients were most com-
monly prescribed were antiemetic and gastrointestinal motil-
ity agents (68.40%), followed by atypical antipsychotics
(38.21%) and typical antipsychotics (23.66%) (Table 2). We

Table 2. Utilization of Offending Drugs before and after DIP Diagnosis in
2015

Before DIP After DIP

Drug diagnosis* diagnosis'
(%) (%)
Typical antipsychotics Haloperidol 17.43 15.38
Pimozide 0.08 0.12
Amisulpride 1.79 1.40
Levomepromazine 1.63 1.63
Promazine 5.45 524
Sulpiride 2.72 1.40
Subtotal 23.66 21.10
Atypical antipsychotics Risperidone 2397 25.17
Olanzapine 10.97 12.94
Aripiprazole 10.97 11.89
Ziprasidone 0.47 0.58
Subtotal 38.21 45.34
Dopamine depleters Tetrabenazine 0.16 0.47
Calcium channel antagonists  Flunarizine 1.78 3.96
(P-channel)
Calcium channel antagonists ~ Diltiazem 5.14 6.29
(L-channel)
Verapamil 0.78 0.82
Subtotal 5.76 6.99
Antiepileptic Valproate 17.82 22.03

Antiemetic and gastric
mobility agents

Metoclopramide 19.92 11.19

Levosulpiride 49.26 24.71

Clebopride 3.89 1.86

[topride 31.36 25.64

Subtotal 68.40 46.39

Mood stabilizers Lithium 5.84 6.99
Antiarrhythmic Amiodarone 1.32 1.63
Immunosuppressants Cyclosporin 1.40 0.82
Antidepressants Fluoxetine 521 420
Sertraline 6.15 6.64

Moclobemide 0.00 0.12

Subtotal 10.51 10.49

Total 100.00 100.00
(n=1285)  (n=858)

DIP, drug-induced parkinsonism.

*Before DIP diagnosis (%): 1) Numerator: DIP patients who were prescribed
the offending drug. 2) Denominator: DIP patients who were prescribed an of-
fending drug for at least 28 days over the course of 1 year before DIP diagnosis;
TAfter DIP diagnosis (%): 1) Numerator: DIP patients who were prescribed the
offending drug. 2) Denominator: DIP patients who were prescribed an offend-
ing drug for at least 28 days over the course of 6 months after DIP diagnosis.
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then investigated the utilization of causative drugs among
those who had been prescribed an offending drug for at least
28 days.

We identified the five most frequently used offending drugs.
In 2009, the most common offending drug was levosulpiride
(68.62%), followed by itopride (30.76%), risperidone (15.30%),
metoclopramide (43.43%), and valproate (12.98%). In 2015,
levosulpiride (49.26%) was still the most frequently prescribed
offending drug, followed by itopride (31.36%), risperidone
(23.97%), metoclopramide (19.92%), and valproate (17.82%).
The offending drugs most commonly used by individuals <59
years of age and those 260 years of age were risperidone and
levosulpiride, respectively. Notable differences were found by
age group. Individuals 59 years of age or younger used anti-
psychotic drugs more frequently, whereas those aged 60 years
or over were more likely to be prescribed antiemetic and gas-
tric mobility agents.

Among the antiemetic and gastrointestinal motility agents,
levosulpiride showed a clear trend for decreasing utilization
in all age groups. The CAGR of levosulpiride utilization de-
creased by 5.38% (p<0.001). Metoclopramide utilization de-
creased by a mean annual average of over 10% (p<0.001).
Meanwhile, the CAGRs for risperidone and valproate utiliza-
tion increased by 7.77% (p=0.019) and 5.42% (p=0.208), re-
spectively (Table 3).

Offending drugs used after DIP diagnosis

The use of offending drugs after the DIP diagnosis was defined
by identifying patients who were prescribed an offending drug
for at least 28 days over the course of 6 months after being di-
agnosed with DIP. In 2009, the rate was 41.61%, and it in-
creased by an average of 0.69% each year. The over-70 group
showed a decrease in the utilization of offending drugs after
being diagnosed with DIP. However, the age group of 40-49
showed a remarkable average annual increase of 6.45% (p<
0.001). In 2015, the age group of 40-49 had the highest rate of
continuing prescriptions (82.03%), and this trend was seen in
all age groups (Table 4).

We investigated the types of offending drugs that were pre-
scribed for at least 28 days over the course of 6 months after
the index date, and the results were similar to those obtained
for offending drug prescriptions before the index date. DIP
patients who were prescribed antiemetic and gastrointestinal
motility agents accounted for the highest percentage of the
entire group (25.64%), followed by those who were prescribed
atypical antipsychotics (24.7%) and antiepileptic (15.38%).

In 2015 the most commonly prescribed offending drug was
levosulpiride (25.64%), followed by itopride (25.17%), risperi-
done (24.71%), metoclopramide (22.03%), and valproate
(15.38%). Levosulpiride was the most widely used drug in all
age groups, although its mean annual growth rate decreased
by 4.28% (p=0.009). In contrast, the rate of itopride utilization
consistently increased. The CAGR of itopride, which is also an

763



YMJ

Trends in Drug-Induced Parkinsonism in Korea

Table 3. The Five Offending Drugs Most Commonly Used before DIP Diagnosis (%)

Age (yr) Drug 2009 2010 211 Z::Zr 213 2018 2015 Growth rate (CAGR) Cochran-Armitage
Total  Levosulpiride 68.62 72.40 65.52 58.34 56.85 54.29 49.26 -5.38 <0.001
[topride 30.76 36.49 43.99 38.10 35.53 32.26 31.36 0.32 0.527
Risperidone 15.30 12.47 14.43 17.77 18.46 20.29 23.97 777 0.019
Metoclopramide 43.43 38.80 36.88 40.08 36.05 27.67 19.92 -12.18 0.001
Valproate 12.98 11.32 14.20 12.24 13.95 15.44 17.82 5.42 0.208
40-49 Risperidone 38.24 40.63 39.47 44.90 48.33 37.50 46.36 3.26 0317
Haloperidol 35.29 40.63 28.95 44.90 51.67 4250 38.18 1.32 0.176
Valproate 32.35 40.63 34.21 30.61 38.33 30.00 34.55 1.10 0.720
Aripiprazole 11.76 313 15.79 6.12 11.67 17.50 27.27 15.04 <0.001
Olanzapine 17.65 15.63 7.89 16.33 15.00 16.25 24.55 5.65 0.152
50-59 Risperidone 28.92 24.10 33.33 29.63 40.88 40.27 4551 7.85 0.001
Haloperidol 32.53 25.30 3243 33.33 31.45 26.85 34.83 1.15 0.714
Valproate 24.10 26.51 31.53 21.48 28.93 30.20 34.27 6.05 0.166
Levosulpiride 4458 55.42 40.54 36.30 35.22 36.91 2753 172 0.001
[topride 2048 22.89 35.14 25.19 26.42 22.82 26.40 432 0.696
60-69 Levosulpiride 61.31 70.31 68.62 58.47 50.75 47.92 44.37 -5.25 <0.001
Risperidone 16.08 16.80 15.90 16.94 18.28 25.28 29.90 10.89 0.005
[topride 31.66 36.33 4351 40.32 36.19 27.92 27.97 -2.04 0.153
Valproate 15.08 11.33 14.64 14.92 13.43 21.13 2251 6.91 0.037
Haloperidol 9.55 11.33 12.55 11.69 11.19 16.23 19.94 13.05 0.034
70-79  Levosulpiride 79.10 78.97 7372 66.59 66.53 64.07 62.33 -3.89 0.001
[topride 34.33 39.85 45.41 41.76 36.63 38.81 36.09 0.84 0.877
Metoclopramide 47.39 38.88 40.05 4593 39.60 29.77 21.89 -12.08 0.001
Risperidone 8.96 6.85 7.14 12.97 10.89 11.29 13.41 6.96 0.133
Flunarizine 11.57 9.78 11.73 10.33 9.70 9.03 10.45 -1.67 0.536
>80  Levosulpiride 87.30 70.93 64.52 66.67 71.60 66.86 59.22 -6.26 0.001
[topride 34.92 37.21 52.69 39.68 48.77 36.63 36.31 0.65 0.969
Metoclopramide 44.44 44.19 38.71 45.24 43.21 31.40 2291 -10.46 0.001
Risperidone 9.52 465 8.60 13.49 9.26 12.79 8.38 2.1 0.521
Haloperidol 476 8.14 6.45 11.90 8.02 8.72 7.82 8.62 0.365

DIP, drug-induced parkinsonism; CAGR, compound annual growth rate.

antiemetic and gastrointestinal motility agent, plunged by
12.65% (p=0.004). Physicians might consider itopride to be a
less-risky alternative to levosulpiride (Table 5).

Additionally, the rate of risperidone utilization consistently
decreased by an average of 8.82% (p<0.05) each year. The rate
of valproate utilization consistently increased, and its mean
annual growth rate showed an increase of 3.44% (p=0.400).
Physicians might have switched to prescribing other drugs as
less-risky alternatives to risperidone, with the exception of
cases in which risperidone is essential for the treatment plan
and itis impossible to change the prescription.

DISCUSSION

This study analyzed the prevalence of DIP from 2009 to 2015
using the NHIS database. DIP is generally characterized by
the absence of symptoms of Parkinsonism before the use of
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an offending drug and by resolution of the symptoms within 6
months of the withdrawal of that drug.'” To calculate DIP
prevalence using a nationwide large-scale database, which is
distinct from using patients’ medical records, an operational
definition of DIP is needed. In this study, when a doctor used
a DIP diagnostic code as the principal diagnosis, that patient
was defined as having DIP. The problem with this definition is
that many patients with DIP may be misdiagnosed with IPD
because the clinical features of these two conditions are indis-
tinguishable.” In addition, because the NHIS database is a medi-
cal utilization record, this does not include people who did
not visit medical institutions. As a result, the actual number of
DIP patients could have been underestimated.

According to the results of this study, there were 7.02 DIP
patients per 100000 people aged 40-100 years in 2015. Among
those aged 70-79, there were 24.0 patients per 100000 in 2015.
Few previous studies have investigated the prevalence of DIP
using nationwide administrative data. In one study in Brazil, a

https://doi.org/10.3349/ymj.2019.60.8.760
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Table 4. Prescription of Offending Drugs within 6 Months after DIP Diagnosis

YMJ

Year

Gender Age (yr) Growth rate (CAGR)
2009 2010 2011 2012 2013 2014 2015
Male* 40-49 61.54 69.23 85.00 66.67 84.62 88.37 90.91 6.72
50-59 58.14 73.68 52.73 61.97 65.79 60.34 63.64 1.52
60-69 52.38 51.52 50.00 46.27 45.45 57.81 53.66 0.40
70-79 46.23 47.17 40.27 42.64 37.80 36.41 44,39 -0.67
>80 26.32 36.67 26.83 24.00 35.38 40.30 31.82 322
Total 38.50 50.00 51.33 4593 4580 46.99 49.90 52.28
Female*  40-49 51.72 58.62 50.00 64.29 68.18 65.31 75.34 6.47
50-59 66.67 54.17 59.04 55.56 59.52 56.62 62.14 -1.16
60-69 45.66 45.97 42.23 45.45 4412 45.26 4767 0.72
70-79 45.42 4469 40.55 40.63 4283 37.04 38.81 -2.59
>80 37.10 35.64 22.86 37.59 33.70 27.45 30.80 -3.05
Total 43.70 47.33 4527 40.89 4403 4456 40.54 43.96
Total* 40-49 56.36 61.90 65.22 65.15 75.90 76.09 82.03 6.45
50-59 63.30 60.91 56.52 58.10 61.88 57.73 62.72 -0.15
60-69 47.86 4759 45.03 4576 4462 49.72 50.00 0.73
70-79 4566 4545 40.47 41.25 4134 36.87 40.27 -2.07
>80 34.57 35.88 23.97 34.03 34.15 30.63 31.09 -1.75
Total 4161 48.20 47.08 4254 4462 45.36 43.36 46.63

DIP, drug-induced parkinsonism; CAGR, compound annual growth rate.

*After DIP diagnosis (%): 1) Numerator: DIP patients who were prescribed the offending drug. 2) Denominator: DIP patients who were prescribed an offending

drug for at least 28 days over the course of 6 months after DIP diagnosis.

prevalence of DIP of 2.7% was estimated using a community-
based survey.'® In three regions of Spain, a prevalence of 0.49%
was calculated using the door-to-door method among older
adults.*>*'® However, it is difficult to compare these results, since
the definition of patients and research methods used were dif-
ferent in each study.

Our study found that DIP was more common in women than
in men in all age groups. Female has consistently been reported
as a risk factor for DIP*" The underlying mechanisms are un-
known, and genetic, endocrine, social, and cultural differences
may contribute to the higher prevalence of DIP in women. In
general, old age is known to be a risk factor for DIP? which this
study confirmed using large-scale nationwide data. The in-
creasing risk of DIP with age reflects the frequent use of dopa-
mine-blocking agents in recent years for the control of mental
disorders with agitation, confusion, delirium, and anxiety."”

There are no clinical criteria for how long offending drugs
must be used to cause DIP symptoms. However, since the length
of treatment is a risk factor for DIP, we investigated the types
of offending drugs used by DIP patients who had been pre-
scribed them for at least 28 days during the 1-year period pri-
or to the index date.

Antiemetic and gastric mobility agents, particularly levosul-
piride, were the offending drugs most commonly used by DIP
patients. Atypical antipsychotics were the next most frequent-
ly used type. Antiemetic and gastric mobility agents, such as
levosulpiride, clebopride, and itopride, are not approved in
the United States or United Kingdom.

https://doi.org/10.3349/ym;.2019.60.8.760

Remarkably, between 2009 and 2015, the usage of levosul-
piride drastically decreased while the usage of itopride in-
creased slightly. This downward trend in levosulpiride utiliza-
tion may have been due to studies reporting the occurrence of
DIP caused by levosulpiride,”* which may reflect differences
in the ability of levosulpiride and itopride to penetrate the cen-
tral nervous system.

With respect to therapeutic class, both levosulpiride and
itopride are benzamide derivatives, although they have slight-
ly different mechanisms. According to a previous study, levo-
sulpiride has a high affinity (Ki: 27-134 nM) for dopamine 2
receptor antagonism and targets selective dopamine presyn-
aptic auto-receptors in the central nervous system.” In contrast,
itopride has the same effect in terms of dopamine 2 receptor
antagonism, but little effect on the central nervous system.”
Similarly to other reported results,* the time trend of DIP
prevalence in all age groups decreased over this recent 7-year
period, which may have been related to changes in the usage
of prokinetics, including levosulpiride and itopride. Although
their CAGRs clearly decreased, these drugs are still frequently
and readily prescribed in Korea. Although prokinetics have a
low potency for dopamine receptor blocking, they can cause
DIP and have also been shown to be associated with cognitive
dysfunction.”

Over 40% of patients continued to use offending drugs after
being diagnosed with DIP. In particular, the age group of 40-
49 received the most atypical antipsychotic prescriptions for
treatment, whereas the age group of 70-79 took the most anti-
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Table 5. The Five Offending Drugs Most Commonly Used after DIP Diagnosis (%)

Age (yr) Drug 2009 2010 21 Z;:Zr 2013 2018 2015 Growth rate (CAGR) Cochran-Armitage
Total  Levosulpiride 33.33 4184 36.69 33.07 2592 26.41 25.64 -4.28 0.009
[topride 12.32 15.20 15.32 16.14 20.05 22.46 2517 12.65 0.004
Risperidone 43.00 44.28 35.89 35.11 31.79 25.85 2471 -8.82 0.001
Metoclopramide 15.22 12.95 14.72 14.11 16.92 20.76 22.03 6.36 0.048
Valproate 12.56 11.26 11.49 13.32 13.64 13.70 15.38 3.44 0.399
40-49 Risperidone 19.35 53.85 40.00 48.84 46.03 35.71 42.86 14.17 0.107
Haloperidol 29.03 26.92 30.00 18.60 34.92 25.71 36.19 3.74 0.317
Valproate 2581 34.62 30.00 34.88 31.75 31.43 27.62 1.14 1.000
Aripiprazole 6.45 7.69 6.67 233 6.35 18.57 2476 2513 <0.001
Olanzapine 0.00 3.85 10.00 9.30 9.52 14.29 18.10 - <0.001
50-59 Risperidone 18.84 25.37 28.21 23.08 33.60 33.04 41.96 14.28 0.001
Haloperidol 26.09 23.88 33.33 25.00 30.40 35.71 31.47 3.18 0.135
Valproate 18.84 17.91 26.92 25.96 20.80 20.54 21.27 6.36 0.279
Levosulpiride 20.29 29.85 16.67 22.12 15.20 16.96 18.88 -1.19 0.143
[topride 10.14 448 14.10 15.38 13.60 16.07 16.78 8.75 0.011
60-69 Levosulpiride 17.07 15.19 15.86 14.20 17.65 24.58 28.44 8.87 0.008
Risperidone 15.45 15.82 15.86 12.96 18.82 27.37 27.01 9.76 0.003
I[topride 40.65 39.87 35.17 37.65 30.00 20.67 2417 -8.30 0.001
Valproate 31.71 39.87 40.00 33.33 25.29 24.02 21.33 -6.40 0.001
Haloperidol 10.57 9.49 7.59 1M1 11.76 12.29 16.11 7.28 0.135
70-79 Levosulpiride 52.76 4851 47.12 42.80 40.21 3485 3212 -7.94 0.001
[topride 42.94 50.64 41.83 36.36 30.58 31.06 31.79 -4.89 0.001
Metoclopramide 5.52 8.51 121 1212 12.37 14.77 14.57 17.55 0.008
Risperidone 33.13 32.77 31.25 28.41 31.96 17.80 13.91 -13.47 0.001
Flunarizine 7.98 7.66 433 9.47 10.31 14.02 12.25 7.42 0.051
>80  Levosulpiride 42.86 34.04 60.00 50.77 42.86 43.37 36.08 -2.83 0.447
[topride 46.43 55.32 37.14 38.46 38.10 31.33 35.05 -4.58 0.002
Metoclopramide 0.00 6.38 5.71 3.08 1.19 723 11.34 0.008
Risperidone 32.14 36.17 45.71 32.31 21.43 18.07 10.31 -17.26 <0.001
Haloperidol 14.29 10.64 11.43 7.69 9.52 10.84 10.31 -5.29 0.427

DIP, drug-induced parkinsonism; CAGR, compound annual growth rate.

emetic and gastric mobility agents. We believe that physicians
regularly prescribe these drugs to treat patients younger than
60 years old. Doctors commonly prescribed benzamide de-
rivatives, such as levosulpiride, itopride, and metoclopramide,
in the over-60 group after DIP diagnosis. It is need that physi-
cians pay more attention to prescription patterns in patients
who are older than 60.

To prevent and cure DIP, doctors need to reduce the utiliza-
tion of offending drugs and to find less-risky substitutes. Check-
ing a patient’s medication history after the onset of Parkinson-
ism is also important. In particular, in older adult patients who
are at high risk for both DIP and IPD, the long-term use of of-
fending drugs should be considered more carefully and, if
necessary, be limited. Additionally, it is necessary to empha-
size the need for continuous education on offending drugs.

This is the first representative study to estimate the preva-
lence of DIP and to identify the usage patterns of offending
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drugs among the Korean population. Despite these contribu-
tions, our study has several limitations. First, we used pre-
scription claims data, so we could not identify whether patients
actually took the prescribed medicines. Second, the diagnosis
of DIP was determined in this study using an operational defi-
nition. Since some doctors may not have recognized DIP in
their patients, some patients might have not been included in
this study.
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