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Abstract

The use of antipsychotic medications (APMs) could be different among countries due to availability,
approved indications, characteristics and clinical practice. However, there is limited literature
providing comparisons of APMs use among countries. To examine trends in antipsychotic
prescribing in Taiwan, Hong Kong, Japan, and the United States, we conducted a cross-national
study from 2002 to 2014 by using the distributed network approach with common data model. We
included all patients who had at least a record of antipsychotic prescription in this study, and
defined patients without previous exposure of antipsychotics for 6 months before the index date as
new users for incidence estimation. We calculated the incidence, prevalence, and prescription rate
of each medication by caendar year. Among older patients, sulpiride was the most incident
[incidence rate (IR) 11.0-23.3) and prevaent [prevalence rate (PR) 11.9-14.3) APM in Taiwan, and
most prevalent (PR 2.5-3.9) in Japan. Quetiapine and haloperidol were most common in the United
States (IR 8.1-9.5; PR 18.0-18.4) and Hong Kong (PR 8.8-13.7; PR 10.6-12.7), respectively. The
trend of quetiapine use was increasing in Taiwan, Hong Kong and the United States. As compared
to older patients, the younger patients had more propensity to be prescribed second-generation APM
for treatment in four countries. Trends in antipsychotic prescribing varied among countries.
Quetiapine use was most prevaent in the United States and increasing in Taiwan and Hong Kong.
The increasing use of quetiapine in the elderly patients might be due to its safety profile compared

to other APMs.

Key Words: Antipsychotic agents, pharmacoepidemiol ogy.
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1. Introduction

Antipsychotic medications (APMs) are mainly indedtfor severe mental illnesses, including
schizophrenia and bipolar disorder (AssociatiorQ@0Meanwhile, APMs may also be prescribed
off-label for treatment of psychosis and behavialiaturbance of dementia, major depression and
other cognitive dysfunction in the elderly patieaithough the evidences for effectiveness and
safety remained inconclusive (Cerejeira et al.,220Therefore, the range of mental disorders
treated with APMs in clinical practice is broad.

Recently, an increased prescribing rate of APMsHasen observed in several studies (llyas
and Moncrieff, 2012; Olfson et al., 2012; Patekhkt 2005; Verdoux et al., 2010), especially the
off-label antipsychotic prescription (Kales et &011; Park et al., 2016; Schulze et al., 2013;
Weintraub et al., 2011) This has raised concerwositapossible increased serious adverse events in
patients treated with APMs (Douglas and Smeeth82@®&rhard et al., 2014). In this context, the
US Food and Drug Administration (FDA) has issuéthlack-box warning”, suggesting to reduce
use of APMs in those with dementia and elderly grasi (Kuehn, 2005; Setoguchi et al., 2008).
Additionally, use of APMs in clinical practice ahgghly variable and depends on a wide range of
different factors. This is especially true for @sirchotic treatment strategies in different coestri
where physicians’ choices could be affected by ifpeeconomic, cultural and demographic issues.
Therefore, the differences of trend in APM predanips among different countries might reflect
underlying differences in availability, approvedlications, patients’ characteristics and clinical
practice. Thus, we aimed to investigate the tremidprescription patterns of APMs use among
different countries.

The Surveillance of Health Care in Asian NetworlCAN) Project was carried out to gain a
better understanding of the health care and drilgaiton of the population covered in each
participating site database in the Asian pharmadeemology Network (ASPEN) (2012; Pratt et al.,
2013). The SCAN project was a collaboration betwéea countries (the United States (US),

Taiwan, Hong Kong, Japan, and South Korea) usiegtmnic health care record databases. It
1
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employs the Observational Medical Outcomes Pafi@@©MOP) common data model (CDM)
with the corresponding OMOP vocabulary to perfotandardized analysis among participating
sites (Moss et al., 2015). In this study, we udeel ©MOP CDM and a common standardized
analysis program to investigate the trend of inocade prevalence and prescribing rate of APMs use

over time among participating sites.
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2. Methods

2.1. Data Sources

All source data have been converted to the Obsenat Medical Outcomes Partnership
(OMOP) common data model (CDMyith the corresponding OMOP vocabulary to perform
standardized analysis among participating sitesg\éi al., 2015). The databases used in this study
include (1) a 5% random sample from the United eStd¥ledicare database; (2) a 4% random
sample of Taiwan's National Health Insurance Rebe@ratabase (NHIRD); (3) a 1% random
sample of the Hong Kong's Clinical Data Analysisl &eporting System (CDARS); (4) The full
Japan Medical Data Center database. (Lai et al5)2The Medicare provides health insurance
coverage approximately 42 million people agéb years and nearly 9 million people aged <65
years with certain disabilities or end-stage rehiséase. The Medicare database consists of Part A
(hospitalization), Part B (office based medicalegaand Part D (prescription drugs). (Kales et al.,
2007) The 4% random sample of NHIRD is a sub-datase NHIRD which contains a
randomly-selected cohort of one million people frathinsured beneficiaries in 2005. The 1%
random sample of CDARS includes inpatient and digpaidata of all public hospitals in Hong
Kong. The representative of NHIRD and CDARS arecdbed in other published papers (Lai et al.,
2015; Lai et al., 2018). The JMDC consists of indlials at working age (age<65) and their family
members belonging to the same household (Kimuil. e2010). The detailed information of the

databases and the conversions of CDM are desaibedhere (Lai et al., 2018).

2.2. Sudy Design and Population Cohort Identification

We conducted a cross-sectional study using populdtased databases from four countries.
The study population of APM users were identifieahi databases of Taiwan (2002-2010), Hong
Kong (2009-2013), Japan (2007-2014) and US (20aa-Reespectively. We included all patients
who had at least a record of antipsychotic presorign this study. The first date of antipsychotic

prescription in the database was defined as inddg. dlo ensure we have sufficient data for
3
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patients’ baseline characteristics, we includedeptt with more than 12 months eligibility of
inpatient, or outpatient services and with morentBamonths eligibility of prescription benefit
before the index date. We defined patients witlppavious exposure of antipsychotics for 6 months
before the index date as new users. In additioncalme age-related pharmacokinetic,
pharmacodynamics and comorbidities changes rasultsreased risk for adverse events (Jeste and
Maglione, 2013) which may affects a physician’'ssprébing behavior, we categorized the study
population into two broad age groups: those agednébabove (elderly) and non-elderly (under 65

years old) groups for all analyses.

2.3. Antipsychotic medications exposure
We analyzed APMs that are frequently used incluskgtberidone, amisulpride, aripiprazole,

chlorpromazine, clozapine, haloperidol, olanzapopegtiapine, risperidone and sulpiride. Among
these APMs, the first-generation APMs (FGAS) ineldahlorpromazine, haloperidol and sulpiride,
and the remaining were second-generation APMs ($GHA® amisulpride and sulpiride were not
approved in the US. Paliperidone (which is the priynactive metabolite of the risperidone) is the
newest APM and which is the primary active metabaf the risperidone, has become available in
the Taiwan in 2008, Hong Kong in 2007, Japan in02&dd US in 2009. We plotted APM exposure

by number of incident and prevalent users acroassyte review possible secular trends.

2.4. Patient characteristics

Patient characteristics including age, gender,syeindex date, neuropsychiatric diseases for
possible antipsychotic treatment, other comorladiand concomitant medications were identified.
The neuropsychiatric diseases, comorbidities andicaBons were analyzed based on the patients’
diagnosis and prescription history during the 6 themefore the index date. We were interested in
characterizing the populations based on neuropafrchdiseases, including schizophrenia,
depression, mood disorders, dementia, Parkins@®ask, and a set of particular comorbidities as

asthma, atrial fibrillation, congestive cardiaddes, chronic obstructive pulmonary disease
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(COPD), epilepsy, hyperlipidaemia, hypertensionpoaydial infarction, Parkinson’s disease,
pneumonia, renal failure, and rheumatoid arthriRisgarding the medications of interest, the
neuropsychiatric agents included anti-dementia sgantidepressants, anti-Parkinson drugs,
benzodiazepines (BZD), and the other concomitamticagéons included antiarrhythmic agents,
antihypertensive agents, beta-blockers, calciumméleblockers, antidiabetic agents, COPD
medications, diuretics, NSAIDs, statin and nonkstibid lowing drugs and renin-angiotensin

system (RAS) inhibitors, etc. The details of infatron was showed in Tablel.

2.5. Satistical Analysis

Descriptive statistics were used to summarize beseharacteristics (in the 6 months prior to
initiation of the APM) of the study population bgah country (US, Taiwan, Hong Kong and Japan)
and proportions for discrete variables and meatis standard deviations (SD) and/or medians with
quartiles for continuous variables. We also desctipatient characteristics by different APM types
and countries. We calculated the prevalence anstpbéng rate of APMs as the number of APMs
users and prescriptions divided by the total nundfgratients alive on December 31st per 1,000
subjects, respectively. Moreover, we calculatedrb®lence rate as the number of new APMs users
during the year divided by the total of person-ggg@er 1,000 patient-years) in the current yeag Th
rates were adjusted by age and gender under aoRassumption. The trend of APMs use over
time were tested by Poisson regression model. ireetibns of coefficients @ were estimated to
represent the increased or decreased of APMs weetiove. We performed all statistical analyses

using SAS (version 9.3 for Windows; SAS Institute.| Cary, NC, USA).
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Results

2.6. Patients 65 Years and Older

Table 1 and the supplementary material shows theacteristics of the study population. In
the older cohort, we identified 28,070 new usersmipsychotic medications in Taiwan, 1267 in
Hong Kong, 2481 in Japan, and 82,641 in the UnBtdes during the study period. Among new
users, 27.3% to 46.7% were men, and the mean dbge linited States was higher than in the other
countries. Dementia, mood disorders, and depress@e the most common in neuropsychiatric
diseases. Concurrent medications at baseline vaviddly across the four countries. Among
neuropsychiatric medications, benzodiazepines wWerenost prescribed in Taiwan (38.1%), Hong
Kong (23.4%), and Japan (55.3%) and the third nooshmon in the United States (13.0%).
Antidepressants were the most prescribed neurojayichmedication in the United States (58.9%)
and the second most prescribed in Taiwan (26.0%)gHKong (20.7%), and Japan (16.5%).
Antidementia drugs were the second most preschitgegopsychiatric medications in the United
States (35.6%) but not in other countries (Table 1)

Figures 1 and 2 show trends in the adjusted inciel¢lR) and prevalence rate (PR) of the use
of 10 antipsychotic medications in each countrypiide had the highest rate of new users in
Taiwan over the study period (IR: 11.0-23.3 pei0Q,Patient-years from 2002-2010). Haloperidol
had the highest rate of new users in Hong Kong @R-14.2 per 1,000 patient-years from
2009-2013) and Japan (IR: 1.6-4.7 per 1,000 payieats from 2007-2014), and quetiapine had the
highest rate of new users in the United States&IB®:9.5 per 1,000 patient-years from 2007-2011).
Quetiapine was ranked the second prevalent antiptigan Taiwan and Hong Kong. The incidence
(p=0.16; p-value<.0001) and prevalen@=@.24; p-value<.0001) of quetiapine use increased i
Taiwan, while only prevalent use increased in H&ogg (3=0.14; p-value<.0001) over the study
period. The trends in prescription rates was smtibathe trends in prevalence in each country

(Appendix Figure 1).
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2.7. Patients Younger Than 65 Years
In the younger cohort, we identified 91,801 newsrsi®of antipsychotics in Taiwan, 1,743 in

Hong Kong, 59,945 in Japan, and 61,841 in the dn@&ates, and 44.7% to 51.4% were men.
Depression and schizophrenia was also among theaoosnon mental disorders in four countries
(Table 1). Among neuropsychiatric medications, loeirezepines were the most prescribed in
Taiwan (31.3%), Hong Kong (30.9%), and Japan (4]).8%@ ranked third in the United States
(17.0%). Antidepressants were the most common psyohiatric medications in the United States
and second most common in Taiwan (20.6%), Hong K80db%), and Japan (31.1%).

Sulpiride was the most incident and prevalent aythotic medication in Taiwan (IR range:
4.3-8.6 per 1,000 patient-years from 2001-2010; BR:4.1 per 1,000 subjects from 2001-2010)
and Japan (IR: 2.1-2.8 per 1,000 patient-years 200vV-2014; PR: 1.8-2.4 per 1,000 subjects from
2007-2014). However, incident use of sulpiride ohed in Taiwan [§=-0.02; p-value<.0001) and
Japan [§=-0.03; p-value<.0001). Risperidone was the seeoast common antipsychotic in Taiwan
(IR: 0.6-0.7 per 1,000 patient-years from 2001-20RR range, 0.5-1.3 per 1,000 subjects from
2001-2010), Japan (IR: 0.8-1.0 per 1,000 patieatsydrom 2007-2014; PR: 1.7-1.8 per 1,000
subjects from 2007-2014), and the United States {#R2-18.2 per 1,000 patient-years from
2007-2011; PR: 55.7-56.0 per 1,000 subjects frod722011). In addition, risperidone had the
highest incidence in Hong Kong between 2009 and ZBR: 2.6-3.0 per 1,000 patient-years), and
prevalence increased over the study perfgD(10; p-value<.0001). Trends in prescription rates

were similar to trends in prevalence in each cqufppendix Figure 2).
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3. Discussion

In this cross-national observational study, we tbtimat the trends of clozapine prescriptions
were consistent across the four countries, thohghtost prevalent antipsychotics differed. Such
variation may be attributable to differences in immlity, labeled indications and patients’
demographic issues in each country.

Taking older and younger patients together, thalt®sevealed that the proportion of patients
diagnosed with schizophrenia was decreased with @ the proportion of patients diagnosed
with dementia was increased with age in elderlyepét as compared to the younger group. Not
surprisingly, because schizophrenia is known toetbgv in early adulthood and rare in persons
older than 40 years (Loranger, 1984), while theideiwce of dementia increases after age 65
years (Prince et al., 2013; Ruitenberg et al., 2001

According to literatures, the indications of clowep is specific to schizophrenia or
schizophrenia with resistance to other antipsycld#ssociation, 2006). In both the elderly and
younger study groups, we found that trend of clormpse was stable over time compared to other
APMs, that might imply clozapine prescriptions cdiaupt with guideline were not changed over
time. Therefore, the changes of APMs use could tiebatable to off-label antipsychotic
prescriptions, especially use of APMs in elderlyigras such as dementia, Parkinson's disease,
depressive disorder, anxiety or sleep disordersesed proportions of those diseases in older
patients were also observed in our results. Theotiggetiapine in older patients was significantly
increased over time in Taiwan and Hong Kong. Thsnge might also reflect the increased trend of
off-label antipsychotic prescriptions. In TaiwandaHong Kong, the elderly quetiapine users had
higher proportions of dementia and Parkinson'sadise&eompared to other APMs users (Appendix),
which might be associated with its better safetfifg as suggested in the literature (Kales et al.,
2012; Kales et al., 2011).

It is worth noting that prescribing antipsychoti@aications to elderly patients is challenging

because the patients often have concomitant medinakses, such as cardiovascular disease,
8
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diabetes mellitus, Parkinson's disease, or demamithreceive multiple medications. Thus, the
potential effects of polypharmacy must be carefabipsidered by physicians. In our study, a higher
proportion of the elderly patients received conentlly antidepressant, BZDs and anticholinergic
drugs for COPD, which could result in drug-drugenaiction with selected second-generation
APMs (Kennedy et al., 2013).

On the other hand, among patients younger thanegBsyin our study, although the most
antipsychotic prescription in Taiwan and Japan supiride, and quetiapine in the United States,
risperidone was second common use in these cosinRisperidone was approved for treatment in
adults with schizophrenia by the US Food and Drugnistration in 1994 (Carter et al., 1995),
and its oral form was later approved for use indrbn and adolescents with schizophrenia. In 2003,
long-acting injection was approved for schizophaerand both oral and long-acting risperidone
were extended for bipolar disorder (Sajatovic et 2D05) and agitation in autism spectrum
disorder (Scahill et al., 2007). Risperidone haanbassociated with lower rates of akathisia, rigidi
tremor and extrapyramidal symptoms (Carter et 2395) but seems to be associated with an
increased risk of hyperglycemia (Koller et al., 200 These different dosage forms and
well-documented side effect profiles might suppbé prevalent use of second-generation agents in
these countries.

Although sulpiride was not available in Hong KongdaUnited States, it was the most
frequently used antipsychotic in both age group3aiwan and Japan. According to the labeled
indications, sulpiride 150 mg/d was commonly intéchfor gastrointestinal upset, whereas doses
of 150 to 300 mg/d and 300 to 600 mg/d were indatdbr depressive disorders and schizophrenia,
respectively. However, sulpiride sometime was pibed for minor psychiatric symptoms with less
150 mg/d in elderly patients, especially in Taiwdrhat might be attributed to physicians’
prescribing choice based on the perceived patienéfit. Sulpiride has been reported to be more
effective in controlling negative symptoms (Azoahal., 1992; Gerlach, 1991), had lower rates of
extrapyramidal symptoms than other first-generatigents (Gerlach, 1991; Leucht et al., 2009)

and better adherence (Lai et al., 2013) than ridpee, olanzapine and haloperidol, which might
9
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explain why sulpiride was most frequently usedanvin and Japan.

Some limitations of this study should be noted.str-ithe diagnoses were based on a
vocabulary mapped to ICD-9 and ICD-10 codes in plaeticipating sites’ health care claims
databases. The accuracy of medical coding is aeconin particular, dementia is likely to be
underdiagnosed and undercoded in clinical pracfiéerhard et al., 2015) Therefore, underestimate
of disease could not be completely ruled out. Seéctime integrity of database. The participating
site’s health care databases were mapped to theFOOIMM and its vocabularies which may result
in some terms not mapping effectively. Therefore, performed a validation study to ensure the
integrity of CDM. The findings indicated that parpating data well accommodated the structure of
the CDM with mapping rates for diagnosis and md@oaat 100% and over 90%, respectively
(data not shown). The unmapped drug codes werelyrthi@ medications for common cold and
cough and would not influence our study substdgt{&ki et al., 2018). Third, health care claims
databases are less representative in younger {saitietimne United States and older patients in Japan
Fourth, because of the available data were nosdnee in calendar years among countries, it was
hard to compare the changes of prescribing trerdstly. Nevertheless, we observed the rates of
off-label use of antipsychotics were increased stadble rate of clozapine use consistently in all
countries. Fifth, because indications of usingmayithotics could be multiple and sometimes might
not well recorded, for example sulpiride for gasttestinal disorders as aforementioned, we were
not be able to distinguish between indications A&®Ms or other conditions. The estimation of
actual incidence and prevalence of antipsychotie imsmental health care were not precisely.
Although the reason for antipsychotic use couldb®verified in the study, we believed the safety
issues raised by the increased rate of APMs caellcbmmon in whatever indications.

Despite the marked differences in prescribing pagtef antipsychotics, we found the rate of
APMs were increased except clozapine, which migipy the rate of off-label use of APMs were
increased consistently in all countries. The figdinvarrant future investigations because the
effectiveness and safety of antipsychotics for ¢hmsrpose have not been well determined.

Specifically, we found quetiapine was the most plent antipsychotic in the United States, and its
10



238 use was increasing in Taiwan and Hong Kong. Theeaging use of quetiapine had complied with
239 the suggestion from literature that quetiapinedbstter safety profile than other antipsychotics i
240 older patients. Our study provided fundamental gdsufor future study to evaluate the safety and
241  effectiveness of quetiapine in a real-world scenari

242

11



243 Conflictsof interest

244

245 The authors declare that they have no confliciatefests.

246

247  Acknowledgments

248

249  This study was supported by a research agreememéde Duke University, Janssen Research &
250 Development, LLC and Asian Pharmacoepidemiologywget (ASPEN;

251  http://www.aspennet.asia/), Health Data Sciencaé&eNational Cheng Kung University Hospital,

252  and a grant from the Ministry of Science and Tedbgy of Taiwan (ID:
253  106-2320-B-006-025-MY?2).

254

12



255

256

257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

References

2012. Asian pharmacoepidemiology Network. http://aspennet.asia/2016).

Association, A.P., 2006. American Psychiatric Association Practice Guidelines for the treatment of
psychiatric disorders: compendium 2006. American Psychiatric Pub.

Azorin, J.M., Dassa, D., Jalfre, M., 1992. [The atypical neuroleptic concept]. Encephale 18 Spec No 3,
453-457.

Carter, C.S., Mulsant, B.H., Sweet, R.A., Maxwell, R., Coley, K., Ganguli, R., Branch, R., 1995.
Risperidone use in a teaching hospital during its first year after market approval: economic and
clinical implications. Psychopharmacology bulletin 31, 719-725.

Cerejeira, J., Lagarto, L., Mukaetova-Ladinska, E.B., 2012. Behavioral and psychological symptoms
of dementia. Front Neurol 3, 73. https://doi.org/10.3389/fneur.2012.00073.

Douglas, I.J., Smeeth, L., 2008. Exposure to antipsychotics and risk of stroke: self controlled case
series study. BMJ 337, a1227. https://doi.org/10.1136/bmj.a1227.

Gerhard, T., Devanand, D.P., Huang, C., Crystal, S., Olfson, M., 2015. Lithium treatment and risk for
dementia in adults with bipolar disorder: population-based cohort study. Br. J. Psychiatry 207,
46-51. https://doi.org/10.1192/bjp.bp.114.154047.

Gerhard, T., Huybrechts, K., Olfson, M., Schneeweiss, S., Bobo, W.V., Doraiswamy, P.M., Devanand,
D.P, Lucas, J.A., Huang, C., Malka, E.S., Levin, R., Crystal, S., 2014. Comparative mortality risks
of antipsychotic medications in community-dwelling older adults. The British journal of
psychiatry : the journal of mental science 205, 44-51.
https://doi.org/10.1192/bjp.bp.112.122499.

Gerlach, J., 1991. New antipsychotics: classification, efficacy, and adverse effects. Schizophr. Bull.
17, 289-309.

Ilyas, S., Moncrieff, J., 2012. Trends in prescriptions and costs of drugs for mental disorders in
England, 1998-2010. Br. J. Psychiatry 200, 393-398. https://doi.org/10.1192/bjp.bp.111.104257.

Jeste, D.V., Maglione, J.E., 2013. Atypical antipsychotics for older adults: are they safe and effective
as we once thought? Journal of comparative effectiveness research 2, 355-358.
https://doi.org/10.2217/cer.13.33.

Kales, H.C., Kim, H.M,, Zivin, K., Valenstein, M., Seyfried, L.S., Chiang, C., Cunningham, F., Schneider,
L.S., Blow, F.C., 2012. Risk of mortality among individual antipsychotics in patients with
dementia. The American journal of psychiatry 169, 71-79.
https://doi.org/10.1176/appi.ajp.2011.11030347.

Kales, H.C., Valenstein, M., Kim, H.M., McCarthy, J.F., Ganoczy, D., Cunningham, F., Blow, F.C., 2007.
Mortality risk in patients with dementia treated with antipsychotics versus other psychiatric
medications. The American journal of psychiatry 164, 1568-1576; quiz 1623.
https://doi.org/10.1176/appi.ajp.2007.06101710.

Kales, H.C,, Zivin, K., Kim, H.M., Valenstein, M., Chiang, C., Ignacio, R.V., Ganoczy, D., Cunningham,
F., Schneider, L.S., Blow, F.C., 2011. Trends in Antipsychotic Use in Dementia 1999-2007. Arch.

13



294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

@en. Psychiatry bg, 19U-19/. https://dol.org/LU.LUUL/archgenpsychiatry.2010.200.

Kennedy, W.K., Jann, M\W., Kutscher, E.C., 2013. Clinically significant drug interactions with atypical
antipsychotics. CNS drugs 27, 1021-1048. https://doi.org/10.1007/s40263-013-0114-6.

Kimura, S., Sato, T., lkeda, S., Noda, M., Nakayama, T., 2010. Development of a database of health
insurance claims: standardization of disease classifications and anonymous record linkage. J.
Epidemiol. 20, 413-419.

Koller, E.A., Cross, J.T., Doraiswamy, P.M., Schneider, B.S., 2003. Risperidone-associated diabetes
mellitus: a pharmacovigilance study. Pharmacotherapy: The Journal of Human Pharmacology
and Drug Therapy 23, 735-744.

Kuehn, B.M., 2005. FDA warns antipsychotic drugs may be risky for elderly. Jama 293, 2462.
https://doi.org/10.1001/jama.293.20.2462.

Lai, E.C., Chang, C.H., Kao Yang, Y.H., Lin, S.J., Lin, CY., 2013. Effectiveness of sulpiride in adult
patients with schizophrenia. Schizophr Bull 39, 673-683.
https://doi.org/10.1093/schbul/sbs002.

Lai, E.C., Man, K.K., Chaiyakunapruk, N., Cheng, C.L., Chien, H.C., Chui, C.S., Dilokthornsakul, P.,
Hardy, N.C., Hsieh, C., Hsu, CY., Kubota, K., Lin, T.C,, Liu, Y., Park, B.J., Pratt, N., Roughead, E.E.,
Shin, JY., Watcharathanakij, S., Wen, J., Wong, I.C., Yang, Y.H., Zhang, Y., Setoguchi, S., 2015.
Brief Report: Databases in the Asia-Pacific Region: The Potential for a Distributed Network
Approach. Epidemiology 26, 815-820. https://doi.org/10.1097/ede.0000000000000325.

Lai, E.C., Ryan, P, Zhang, Y., Schuemie, M., Hardy, N.C., Kamijima, Y., Kimura, S., Kubota, K., Man,
K.K., Cho, SY.,, Park, R.W.,, Stang, P., Su, C.C., Wong, I.C., Kao, YY., Setoguchi, S., 2018. Applying a
common data model to Asian databases for multinational pharmacoepidemiologic studies:
opportunities and challenges. Clin. Epidemiol. 10, 875-885.
https://doi.org/10.2147/clep.S149961.

Leucht, S., Corves, C., Arbter, D., Engel, R.R., Li, C., Davis, J.M., 2009. Second-generation versus
first-generation antipsychotic drugs for schizophrenia: a meta-analysis. Lancet 373, 31-41.
https://doi.org/10.1016/s0140-6736(08)61764-x.

Loranger, A.W., 1984. Sex difference in age at onset of schizophrenia. Arch. Gen. Psychiatry 41,
157-161.

Olfson, M., Blanco, C., Liu, S.-M., Wang, S., Correll, C.U., 2012. National Trends in the Office-Based
Treatment of Children, Adolescents, and Adults With Antipsychotics. Arch. Gen. Psychiatry 69,
1247-1256. https://doi.org/10.1001/archgenpsychiatry.2012.647.

Park, S.Y., Cervesi, C., Galling, B., Molteni, S., Walyzada, F., Ameis, S.H., Gerhard, T., Olfson, M.,
Correll, C.U., 2016. Antipsychotic Use Trends in Youth With Autism Spectrum Disorder and/or
Intellectual Disability: A Meta-Analysis. J. Am. Acad. Child Adolesc. Psychiatry 55, 456-468.e454.
https://doi.org/10.1016/j.jaac.2016.03.012.

Patel, N.C., Crismon, M.L., Hoagwood, K., Johnsrud, M.T., Rascati, K.L., Wilson, J.P,, Jensen, P.S.,
2005. Trends in the use of typical and atypical antipsychotics in children and adolescents. J. Am.
Acad. Child Adolesc. Psychiatry 44, 548-556.
https://doi.org/10.1097/01.chi.0000157543.74509.c8.

14



334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

Pratt, N., Andersen, V., Bergman, U., Lhol, N.K., Gerhard, I., Huang, C., Kimura, V., Kimura, 1.,
Kubota, K., Lai, E.C.C., 2013. Multi-country rapid adverse drug event assessment: the Asian
Pharmacoepidemiology Network (AsPEN) antipsychotic and acute hyperglycaemia study.
Pharmacoepidemiol. Drug Saf. 22, 915-924.

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., Ferri, C.P., 2013. The global prevalence of
dementia: a systematic review and metaanalysis. Alzheimer's & dementia : the journal of the
Alzheimer's Association 9, 63-75.e62. https://doi.org/10.1016/j.jalz.2012.11.007.

Ruitenberg, A., Ott, A., van Swieten, J.C., Hofman, A., Breteler, M.M., 2001. Incidence of dementia:
does gender make a difference? Neurobiol. Aging 22, 575-580.

Sajatovic, M., Madhusoodanan, S., Fuller, M.A., Aulakh, L., Keaton, D.B., 2005. Risperidone for
bipolar disorders. Expert review of neurotherapeutics 5, 177-187.

Scahill, L., Koenig, K., Carroll, D.H., Pachler, M., 2007. Risperidone approved for the treatment of
serious behavioral problems in children with autism. Journal of Child and Adolescent
Psychiatric Nursing 20, 188.

Schulze, J., van den Bussche, H., Glaeske, G., Kaduszkiewicz, H., Wiese, B., Hoffmann, F., 2013.
Impact of safety warnings on antipsychotic prescriptions in dementia: nothing has changed but
the years and the substances. Eur. Neuropsychopharmacol. 23, 1034-1042.
https://doi.org/10.1016/j.euroneuro.2013.02.001.

Setoguchi, S., Wang, P.S., Alan Brookhart, M., Canning, C.F., Kaci, L., Schneeweiss, S., 2008.
Potential causes of higher mortality in elderly users of conventional and atypical antipsychotic
medications. Journal of the American Geriatrics Society 56, 1644-1650.
https://doi.org/10.1111/j.1532-5415.2008.01839.x.

Verdoux, H., Tournier, M., Begaud, B., 2010. Antipsychotic prescribing trends: a review of
pharmaco-epidemiological studies. Acta Psychiatr. Scand. 121, 4-10.
https://doi.org/10.1111/j.1600-0447.2009.01425 .x.

Voss, E.A., Makadia, R., Matcho, A., Ma, Q., Knoll, C., Schuemie, M., DeFalco, F.J., Londhe, A., Zhu,
V., Ryan, P.B., 2015. Feasibility and utility of applications of the common data model to multiple,
disparate observational health databases. J. Am. Med. Inform. Assoc. 22, 553-564.
https://doi.org/10.1093/jamia/ocu023.

Weintraub, D., Chen, P,, Ignacio, R.V., Mamikonyan, E., Kales, H.C., 2011. Patterns and Trends in
Antipsychotic Prescribing for Parkinson Disease Psychosis. Arch. Neurol. 68, 899-904.
https://doi.org/10.1001/archneurol.2011.139.

15






Table 1 Characteristics of Antipsychotic Medicatidsser by Age and Country.

Country
Taiwan  Hong Kong Japan us Taiwan  Hong Kong Japan us

Characteristics
Overall, n 28070 1267 2481 82641 91801 1743 59945 61841
Gender, n(%)
Male 13116 (46.7) 574 (45.3) 1039 (41.992536 (27.3) 41058 (44.7) 857 (49.2) 30812 (51.4B0408 (49.2)
Age
Mean(SD) 76 (7.2) 80.5(8.1) 69.7(4.3) 815(8.6)38.7(14.4) 41.2(13.9)36.8(13.4) 46.2(10.5)
Age distribution, n(96)
<18 8268 (9.0) 113(6.5) 5683 (9.5) 16773 (27.1)
19-39 37586 (40.9) 665 (38.2) 28226 (47.1)
40-64 45947 (50.1) 965 (55.4) 26036 (43.4%5068 (72.9)
65-69 6396 (22.8) 125(9.9) 1237 (49.9359 (11.3)
70-79 12834 (45.7)450 (35.5) 1206 (48.6p3434 (28.4)
80-89 7641 (27.2) 523 (41.3) 32(1.3)

49848 (60.3)
90+ 1199 (4.3) 169 (13.3) 6(0.2)
Index year, n(%)
2002 2681 (9.6) 12053 (13.1)
2003 2821 (10) 11548 (12.6)
2004 3198 (11.4) 11735 (12.8)
2005 3171 (11.3) 10322 (11.2)
2006 3097 (11) 9664 (10.5)
2007 3195 (11.4) 116 (4.7) 17211 (20.8) 9311 (10.1) 2085 (3.5) 13891 (22.5)
2008 3277 (11.7) 99 (4) 16788 (20.3) 9295 (10.1) 2029 (3.4) 12755 (20.6)
2009 3182 (11.3) 280(22.1) 149 (6) 16461 (19.9072(9.9) 340(19.5) 5071(8.5) 12296 (19.9)
2010 3448 (12.3) 266 (21) 360 (14.5) 16095 (19.53801 (9.6) 338 (19.4) 9249 (15.4) 11521 (18.6)
2011 269 (21.2) 395(15.9) 16086 (19.5) 341 (19.6) 11118 (18.511378 (18.4)
2012 230 (18.2) 464 (18.7) 327 (18.8) 11202 (18.7)
2013 222 (17.5) 471 (19) 397 (22.8) 10018 (16.7)
2014 427 (17.2) 9173 (15.3)
History of diseases
Neuropsychiatric diseases, n(%)
Dementia 8457 (30.1) 171(13.5) 271(10.9) 377E0AY 1159 (1.3) 12(0.7)  295(0.5) 2223 (3.6)
Depression 4983 (17.8) 63 (5.0) 871 (35.1) 149801)1 19049 (20.8) 165 (9.5) 32168 (53.7)19085 (30.9)
Mood disorder 5528 (19.7) 68 (5.4) 955(38.5) 17@05) 22482 (24.5) 227 (13) 34938 (58.380675 (49.6)
Parkinson's disease 1856 (6.6) 21.(1.7) 133 (5.4)734%6.9) 336 (0.4) 4(0.2) 2323 (3.9) 707 (1.1)
Schizophrenia 862 (3.1) 35(2.8) 542(21.8) 4248)(5 11518 (12.5) 296 (17) 17951 (29.9)18139 (29.3)
Comorbidities, n(%)
Asthma 2477 (8.8) 21 (1.7) 334(13.5) 6490(7.9)3540(3.9) 12(0.7) 7460 (12.4) 10642 (17.2)
Atrial fibrillation 1214 (4.3) 108(8.5) 139 (5.6)16864 (20.4) 198 (0.2) 12 (0.7) 347 (0.6) 1468 (2.4)
Cancer 2633 (9.4) 162 (12.8) 1286 (51B)768 (14.2) 2382 (2.6) 117 (6.7) 9529 (15.9) 3088 (5.0)

Congestive cardiac failure 2620 (9.3) 119(9.4) &860) 23071 (27.9) 776 (0.8) 13 (0.7) 2634 (4.4) 4131 (6.7)



COPD

Epile

Diabetes mellitus
Hyperlipidemia
Hypertension
Myocardial infarction
Pneumonia

Renal Failure
Rheumatoid arthritis

Medications

3551 (12.7) 87 (6.9) 588(23.7) 8250 (10)1227 (1.3)  1(0.1) 7665 (12.8) 4021 (6.5)
910 (9.6)
6795 (24.2) 134 (10.6) 1268 (5129333 (35.5) 6101 (6.6) 27 (1.5) 12510 (20.9)15452 (25)
5152 (18.4) 70 (5.5) 1180 (4743366 (53.7) 7973 (8.7) 15(0.9) 9966 (16.6) 26291 (42.5)
14923 (53.2)819 (25.2) 1363 (54.957106 (81.2) 10853 (11.8) 54 (3.1) 6354 (10.6) 30004 (48.5)
504 (2.1)  31(2.4) 247 (10.02668 (3.2) 248(0.3) 5(0.3) 1329 (22) 635 (1.0)
3041 (10.8) 157 (12.4) 424 (17.1) 3148 (3 2852(3.1) 28 (1.6) 4147 (6.9) 1268 (2.1)
2079 (7.4) 87 (6.9) 119 (4.8) 108MBIL 972(1.1) 22(1.3) 629 (1)
447 (16)  4(03) 189(7.6) B@7) 654(0.7)  1(0.1)

3291 (5.3)
1702 (2.8) 1622 (2.6)

Neuropsychiatric medications, n(%)

Anti-dementia agents
Antidepressants
Anti-Parkinson agents
BZD

Other medications, n(%)
Antiarrhythmic agents
Antidiabetic agents
Antihypertensive agents
Antiplatelet
Beta-blockers

CCBs

COPD medications
Diuretics

NSAIDs

Non statin lipid lowering agents

RAS inhibitors
Statins

Vitamin K antagonists

2148 (7.7) 83(6.6) 123 (5.09443(35.6) 1111 (1.2) 11(0.6) 89 (0.1) 1438 (2.3)
7285 (26) 262 (20.7) 410 (16.5) 68868.9) 18889 (20.6) 531 (30.5) 18636 (31.188069 (61.6)
3895 (13.9) 109 (8.6) 146)(5. 8023 (9.7) 10055 (11) 518 (29.7) 3648 (6.1) 11236 (18.2)

10692 (38.1) 296 (23.4) 1373 (55.3)L0705 (13.0) 28728 (31.3) 538 (30.9) 24597 (41.010537 (17.0)

1437 (5.1) 38(3.0) 1133745.6854 (8.3) 1498 (1.6) 9(0.5) 9797 (16.3) 2399 (3.9)
5437 (19.4) 253 (20) 261 (1053887 (16.8) 4211 (4.6) 90 (5.2) 1164 (1.9) 7729 (12.5)
2211 (7.9) 205(16.2) 76)(3 6096 (7.4) 1169 (1.3) 33(1.9) 318(0.5) 3533 (5.7)
9046 (32.2) 514 (40.6) 255(10.3) @8 7447 (8.1) 84(4.8) 807(1.3)  124(0.2)
8599 (30.6) 350 (27.6) 302 (12.2) 34®A.3) 15431 (16.8) 276 (15.8) 1637 (2.7) 11734 (19)
11599 (41.3)597 (47.1) 766 (30.9) 21421 (25.9)7453 (8.1) 149 (8.5) 2885 (4.8) 6026 (9.7)
12514 (44.6261 (20.6) 1067 (43) 22226 (26.931834 (34.7) 111 (6.4) 18958 (31.6)L6749 (27.1)
8380 (29.9) 319 (25.2) 394 (15.9) 352827) 4868 (5.3) 85(4.9) 1647 (2.7) 11719 (19)
18745 (66.8) 158 (12.5) 1355 (54.6)12886 (15.6) 55547 (60.5) 216 (12.4) 20993 (35.015238 (24.6)
818(29) 11(0.9) 60 (2.4) 2191 (2.7) 1394 (15) 7(0.4)  533(0.9) 2947 (4.8)
4465 (15.9) 317 (25) 105(4.2) 2588Q6) 2868 (3.1) 77 (44)  323(0.5) 10628 (17.2)
2786 (9.9) 306 (24.2) 537 (21.6) 29473785.2545 (2.8) 68 (3.9) 2667 (4.4) 13626 (22)
508 (1.8) 29 (2.3) 90(3.6) 538(10.3) 264(0.3) 10(0.6) 278(0.5) 1532 (2.5)

& For CMS cell size suppression policy, removingrerage 0-18 subgroup and count numbers appeased le

than 11.



Fig. 1. Incidence Rate of Antipsychotic Medications Use Age 65 and Above by Country.

TAIWAN, AGE 65 AND ABOVE, 2002-2010
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Fig. 2. Prevalence Rate of Antipsychotic Medications Use Age 65 and Above by Country.

TAIWAN, AGE 65 AND ABOVE, 2002-2010 HONG KONG, AGE 65 AND ABOVE, 2009-2013
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*The rates were adjusted by age and gender under a Poisson assumption.



Fig. 3. Incidence Rate of Antipsychotic Medications Use Age Less than 65 by Country.

TAIWAN, AGE UNDER 65, 2002-2010 HONG KONG, AGE UNDER 65, 2009-2013
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Fig. 4. Prevalence Rate of Antipsychotic Medications Use Age Less than 65 by Country.
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*The rates were adjusted by age and gender under a Poisson assumption.
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