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Aim: This study aimed to understand the medication usage among different hospitals in Taiwan. Materials
& methods: The NHI claims database consisting of claims prescription drugs in Taiwan was used to
determine drug prescriptions in different hospitals. Results: In the medical center, LO1X showed the
highest drug expenditure and the drug prescription pattern in regional hospitals was similar to that in the
medical center. The highest drug expenditure in the district hospital and clinics was A10B. Conclusion: Our
analysis suggests that the annual pharmaceutical expenditures from 2016 to 2018 were increasing over
time in all hospitals. The generic drug usage in medical centers/regional hospitals was lower than district
hospitals/clinics.

Tweetable abstract: New study finds that in Taiwan medical centers/regional hospitals, LO1X showed the
highest drug expenditure. The highest drug expenditure in district hospitals/clinics was A10B. Generic
drug usage in medical centers/regional hospitals was lower than district hospitals/clinics.
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The population of Taiwan is approximately 23 million, rising from 21,400,826 in 2000 to 23,539,816 in 2016,
23,571,227 in 2017 and 23,588,932 in 2018. The Taiwanese government adopted the national health insurance
(NHI) system in March 1995. NHI in Taiwan is a single-payer system and provides comprehensive healthcare,
including inpatient, outpatient, dental clinic and Chinese Medicine services [1]. NIH has covered more than 95%
of the Taiwan census since 2000, which increased to over 99% by 2018. Most healthcare facilities (hospitals) have
contracted with NHI, and these facilities must upload the claims data of each visit to NHI [2]. Patient visits, drug
prescriptions, surgeries and examinations are the four major components in the claims data. In 2016, 490 hospitals
(medical centers, regional hospitals and district hospitals) and 21,894 clinics functioned in Taiwan (3. These
hospitals/clinics are classified into four levels according to their healthcare quality, medical teaching ability, clinical
capabilities and hospital bed capacity. The four classification levels are medical centers, regional hospitals, district
hospitals and clinics. In general, the standard of medical care in the medical center is the most stringent, followed
by regional and district hospitals, with general practice clinics being the least strict. Therefore, medical centers
should care for patients requiring intensive care and those with emerging diseases or severe diseases. However, since
there are no restrictions (referral not required) for citizens to visit specialists and hospitals under Taiwan’s NHI
system, Taiwanese patients can choose almost any hospital or physician they wish [4]. In this scenario, it would be
interesting to investigate what kinds of medications are used at the different levels of hospitals for patient treatment.

Like other countries, the Taiwanese government is also trying to control the drug expenditure to enhance the
availability and affordability of drugs [5,6]. The Taiwanese government gives these health providers a fixed amount
of money for a pre-determined set of services (Global budgeting system) (7). Generic drug prescriptions are a way
of controlling the pharmaceutical expenditures [8]. In Western countries, generic medications are beneficial for
individual patients because of reduced co-payments due to lower prices [9,10]. Although outpatients are required to
pay the medication co-payment in the Taiwan NHI system, the upper limiter is only $7 (USD) [11]. As the efficacy of (50 \Becaris
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generics compared with their brand-name counterparts for acute and severe illness is controversial, generic medicine
policies are supported by some academic associations, such as the American Diabetes Association [12]. However,
the reimbursement price difference between generic and brand drugs was approximately 20% in Taiwan, and the
financial benefit was not as high as that in Western countries [13]. Hence, it would be interesting to understand the
generic medications used in the different levels of hospitals for patient treatment.

To assess the real-world situation and bridge the current knowledge gap, we used the NHI claims database
consisting of all claim prescription drugs in Taiwan to determine the drug prescription in different hospitals,
the top ten prescription anatomical therapeutic chemical (ATC) categories in different hospitals and the top 1
brand/generic prescription drug among these ATC categories.

Materials & methods

Data source

This retrospective cohort study used the claims records in the entire NHI database for 2016-2018. This claims
database contains all the original claims drug prescription data for all beneficiaries in Taiwan. The ATC classifications
were used to calculate select drug prescription classifications [14]. The hospital level was determined using the registry
for contracted medical facilities. All hospitals in Taiwan were enrolled in this study; which included 22, 24 and 25
medical centers; 77, 77 and 77 regional hospitals; 3017, 3017 and 313 district hospitals and 21,894, 22,129 and
22,333 clinics in 2016, 2017 and 2018, respectively [15-17]. All drug prescriptions in Taiwan NHI were included
without applying any selection criteria (except self-pay medication).

Assessment

The primary observation variable was the amount declared of select prescription drugs in different hospitals. The
hospital level was classified into four types, namely, medical centers, regional hospitals, district hospitals and clinics.
There were 14 prescription drug types; gastrointestinal (A01-A07, A09), diabetes (A10), nutritional supplement
(A11-12, A16), blood disorders (B01-B03, B05-B06, cardiac and hypertension (C01-C05, C07-C10), urinary
tract and sex hormones (G01-G04), systemic hormones (H01-HO03, H05), anti-systemic infection (J01-J02,
J05-J06), anti-tumor and immunologic (L01-L04), anti-inflammatory and anti-rheumatic (M01-MO05), nervous
system (NO1-NO07), respiratory system (RO1, R03, R05-06), ophthalmological and ontological (S01-S03) and
others (V03, V06). The top ten prescription ATC categories in different levels of hospitals were selected by ATC
4th level. The exchange of NTD to USD in the end of index year were 32.279 in 2016, 29.848 in 2017 and 30.733
in year 2018. The exchange of NTD to USD used in this study was 1:30. The unit of cost shown in figures was
reported as millions of USD.

Data analyses
SAS 9.4 (SAS Institute Inc., NC, USA) was used for the data analyses. The variable measures were identified based

on the criteria described above. The selected prescription drugs were used to describe the categorical variables.

Results

In all the original claims drug prescription data for all beneficiaries, the annual pharmaceutical expenditures from
2016 to 2018 in these 14 types increased from 2031.6 million to 2311.6 million USD in medical centers, from
1519.2 million to 1729.8 million USD in regional hospitals, from 473.1 million to 589.8 million in district hospitals
and from 440.1 million to 452.7 million USD in clinics (Table 1). The average expenditure per hospital from 2016
to 2018 increased from 19.7 million to 22.5 million USD in regional hospitals and from 1.5 million to 1.9 million
in district hospitals, but remained the same in medical centers and clinics over the period. We further divided
the annual pharmaceutical expenditures among the different hospital levels into 14 categories (gastrointestinal,
diabetes, nutritional supplement, blood disorders, cardiac and hypertension, urinary tract and sex hormones,
systemic Hormones, anti-systemic infection, anti-tumor and immunologic, anti-inflammatory and anti-rheumatic,
nervous system, respiratory system, ophthalmological and ontological and others) (Table 1). In medical centers,
the anti-tumor and immunologic (679.6-813.5 million/year) showed the highest drug expenditure, followed
by anti-systemic infections (317.2-396.6 million/year), blood disorders (236.9-243.7 million/year) and cardiac
and hypertension (181.7-190.5 million/year). The drug prescription pattern in regional hospitals was similar to
that in medical centers; the anti-tumor and immunologic (353.4-423.7 million/year) showed the highest drug
expenditure, followed by Anti-systemic infection (233.4-372.7 million/year), cardiac and hypertension (205.7—
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C10A: lipid modifying agents, plain [= 2018 = 2017 2016]

A10B: blood glucose lowering drugs, excl. insulins
JO1D: other beta-lactam antibacterials

BO1A: antithrombotic agents

LO1B: antimetabolites

B02B: vitamin k and other hemostatics

A16A: other alimentary tract and metabolism products
JO5A: direct acting antivirals

LO4A: immunosuppressants

LO1X: other antineoplastic agents
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Figure 1. Patterns of drug prescribing in medical center.
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Figure 2. Patterns of drug prescribing in regional hospital.

207.7 million/year) and nervous system (182.6-187.1 million/year). The majority of the drug expenditure in
district hospitals was cardiac and hypertension (96.3-101.9 million/year), followed by nervous system (78.4—
86.4 million/year), anti-systemic infection (59.6-90.1 million/year) and diabetes (54.3—64.9 million/year). In
clinics, cardiac and hypertension (149.1-156.2 million/year) showed the highest drug expenditure, followed
by diabetes (61.4—67.9 million/year), nervous system (57.4—60.2 million/year) and respiratory system (46.8—
48.3 million/year).

To understand the detailed patterns of drug prescription among different drug categories, we further divided
the drug group into pharmacological subgroup (3rd level) according to the ATC code. The top 10 drug subgroups
are shown in Figures 1-4. In medical centers, LO1X (other antineoplastic agents) (311.6-389.3 million/year)
showed the highest drug expenditure, followed by LO4A (immunosuppressants) (186.6-224.6 million/year), JOSA
(direct acting antivirals) (111.7-181.4 million/year) and A16A (other alimentary tract and metabolism products)
(113.8-135.3 million/year) (Figure 1). The drug prescription pattern in the regional hospitals was the same as
that in the medical centers. LO1X (other antineoplastic agents) (169.4-210.2 million/year) showed the highest
drug expenditure, followed by JO5SA (direct acting antivirals) (77.6-170.5 million/year), L0O4A (immunosuppres-
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Figure 3. Patterns of drug prescribing in district hospital.

RO6A: antihistamines for systemic use [m2018 m2017  2016]

A10A: drugs used in diabetes
JO5A: direct acting antivirals
MO1A: antiinflammatory and antirheumatic products

NOBA: antidepressants

CO08C: selective calcium channel blockers with
mainly vascular effects
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C09D: angiotensin Il antagonists, combinations
C10A: lipid modifying agents, plain
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Figure 4. Patterns of drug prescribing in clinics.

sants) (69.7-90.9 million/year) and A10B (blood glucose-lowering drugs, excl. insulin) (75.6-85.3 million/year)
(Figure 2). The majority of the drug expenditure in district hospital was A10B (blood glucose-lowering drugs,
excl. insulin) (35.6-47.9 million/year), followed by NOSA (Antipsychotics) (33.8-35.0 million/year), JOSA (di-
rect acting antivirals) (8.5-33.9 million/year) and C10A (lipid-modifying agents, plain) (26.9-30.6 million/year)
(Figure 3). In clinics, A10B (blood glucose-lowering drugs, excl. insulin) (51.4-56.6 million/year) showed the
highest drug expenditure, followed by C10A (lipid-modifying agents, plain) (49.5-49.11 million/year), C09D
(angiotensin II antagonists, combinations) (23.9-29.6 million/year) and C09C (angiotensin II antagonists, plain)
(24.2-27.2 million/year) (Figure 4). Table 2 shown the ascending order and cost difference of drug expenditures
for each medical facility type.

We checked the brand and generic drug prescription in the highest drug expenditure item among the top
ten drug subgroups. In the medical centers, brand coagulation factor VIII (B02BD02) (44.5-49.6 million/year)
showed the highest drug expenditure, followed by brand trastuzumab (LO1XC03) (36.2-42.2 million/year),
brand sofosbuvir/ledipasvir (JOSAP51) (39.8 million/year) and brand agalsidase alfa (A16AB03) (36.9-
39.5 million/year). The generic drug usage in these high-expenditure items among the top 10 drug subgroups
was 3.89% in 2018 (3.18% in 2017 and 3.19% in 2016) (Table 3). The highest drug expenditure in the re-
gional hospitals was brand sofosbuvir/ledipasvir (JO5AP51) (54.8 million/year), followed by brand trastuzumab
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Table 2. Ascending order and cost difference of drug expenditures among different level of hospital.

(A) Medical center Delta (B) Regional hospitals Delta
B02B: vitamin K and other hemostatics (7.7) NO5A: antipsychotics 0.4
C10A: lipid modifying agents, plain 1.3 C10A: lipid modifying agents, plain 1.1
JO1D: other beta-lactam antibacterials 2.1 JO1D: other beta-lactam antibacterials 2.7
BO1A: antithrombotic agents 7.5 LO1B: antimetabolites 3.9
A10B: blood glucose lowering drugs, excl. insulins 7.5 C09D: angiotensin Il antagonists, combinations 5.2
LO1B: antimetabolites 7.8 BO1A: antithrombotic agents 7.6
A16A: other alimentary tract and metabolism products 21.5 A10B: blood glucose lowering drugs, excl. insulins 9.7
LO4A: immunosuppressants 37.9 LO4A: immunosuppressants 21.3
JO5A: direct acting antivirals 69.7 LO1X: other antineoplastic agents 40.8
LO1X: other antineoplastic agents 77.8 JO5A: direct acting antivirals 92.9
(C) District hospitals Delta (D) Clinics Delta
NO5A: antipsychotics 1.2 CO8C: selective calcium channel blockers with mainly vascular (7.2)
effects

JO1D: other beta-lactam antibacterials 3.2 C09C: angiotensin Il antagonists, plain 3.1)
C10A: lipid modifying agents, plain 3.7 MO1A: anti-inflammatory and antirheumatic products (0.8)
C09D: angiotensin Il antagonists, combinations 3.8 C10A: lipid modifying agents, plain (0.4)
BO1A: antithrombotic agents 5.8 RO6A: antihistamines for systemic use (0.1)
LO4A: Immunosuppressants 6.4 NO6A: antidepressants 1.1
A10B: blood glucose lowering drugs, excl. insulins 8.3 A10A: drugs used in diabetes 1.3
LO1X: other antineoplastic agents 9.6 A10B: blood glucose lowering drugs, excl. insulins 5.3
B02B: vitamin K and other hemostatics 121 C09D: angiotensin Il antagonists, combinations 5.7
JO5A: direct acting antivirals 254 JO5A: direct acting antivirals 6.3

Unit: million (USD); delta: the difference between 2016 to 2018.

(L01XC03) (36.6-37.4 million/year), brand clopidogrel (BOIAC04) (19.1-19.7 million/year) and brand peme-
trexed (LO1BA04) (15.8-16.6 million/year). The generic drug usage in these high drug expenditure items among
the top 10 drug subgroups was 11.04% in 2018 (13.94% in 2017 and 12.88% in 2016). In the district hospitals,
brand sofosbuvir/ledipasvir (JOSAP51) (16.1 million/year) showed the highest drug expenditure, followed by brand
valsartan and amlodipine (C09DB01) (9.2-10.4 million/year), brand coagulation factor VIII (B02BD02) (10.0
million/year) and generic rosuvastatin (CI0AA07) (9.7-9.9 million/year). The generic drug usage in these highest
drug expenditure items among the top 10 drug subgroups was 32.35% in 2018 (45.50% in 2017; 47.51% in
2016), which was significantly higher than that in medical centers and regional hospitals. In clinics, generic valsartan
and amlodipine (CO09DBO01) (5.5-40.2 million/year) showed the highest drug expenditure, followed by generic
atorvastatin (C10AA05) (20.9-23.5 million/year), generic amlodipine (CO8CAO1) (13.2-17.9 million/year) and
brand valsartan/amlodipine (CO9DBO01) (7.3-9.4 million/year). More than half of these highest drug expenditure
items among the top 10 drug subgroups in clinics were generics (78.14% in 2018, 75.67% in 2017 and 77.21%
in 2016).

Discussion
This study is one of the few retrospective studies examining the medical expenditure among different hospitals
and drug categories using a national sample in a non-Western country. Using a large nationwide health insurance
database, we discerned that medical expenditure in Taiwan increased over time in all hospitals and that it was
higher in high-level hospitals (Table 1). Anti-tumor and immunologic agents showed the highest medical expen-
diture in medical centers and regional hospitals. Among these agents, brand trastuzumab was associated with top
medical expenditures in the medical centers and regional hospitals. Cardiac and hypertension agents showed the
highest medical expenditure in district hospitals and clinics. Among these agents, genetic valsartan/amlodipine was
associated with top 1 medical expenditure in district hospitals and clinics.

The Ministry of Health and Welfare approved higher reimbursement service fees and incentives to encourage
medical centers and regional hospitals to provide services for severe illness and emergency care (3. This study
revealed that medical centers as well as regional hospitals spend more on anti-tumor/immunologic and anti-
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systemic infection agents (Table 1), both of which belong to severe illness and emergency care. The main objectives
of the district hospitals and clinics are chronic disease treatment and health consultations/referrals. We found
that district hospitals use glucose-lowering drugs and treat psychosis with antipsychotics (Figure 3). In contrast,
clinics mostly use bold glucose-lowering drugs and treat dyslipidemia with lipid-modifying agents (Figure 4). These
drugs help in managing chronic diseases, and if patients need more aggressive treatment, they can be referred to
higher-level hospitals.

Cost is a leading policy challenge in the healthcare system. The high proportion of NHI expenses on drugs
was identified as a problem in Taiwan’s healthcare system [18]. Product price control, reference pricing and profit
control are frequently used to control the drug expenditure [5,6,19]. The average annual drug expenditure per capita
in Taiwan has been increasing over time (189.6, 199.5 and 215.5 USD in 2016, 2017 and 2018, respectively),
which is similar to that in China (187.6 USD in 2016) [20,21]. Although the average annual drug expenditure per
capita is similar to that in the neighbouring countries, the proportion of drug expenditure in some categories is
still higher than what the government expected. Considering anti-tumor and immunologic drug as an example;
the total medical and drug expenditures in cancer treatment was 2298.0-2704.5 and 1072.4-1292.8 million/year,
respectively, in 2016-2018. The drug expenditure among all cancer treatment medical expenditures was 46.67—
47.80%. This result indicates that drug expenditure reduction may be beneficial to the entire NHI system. In
Taiwan, the NHI authorities low-priced drug items in the market for cost reduction, and most of them are generic.
The generic drugs used in the top 10 categories of prescription drugs in medical centers and regional hospitals were
only 3.19-3.89% and 11.04-13.94% during 2016-2018 (Table 3). These results indicate that product price control
for low-priced drugs is of limited help to curtail the drug expenditure. Paying attention to expensive drugs with
the intention of cost control may be the way to reduce the drug expenditure in higher-level hospitals. In another
way, the generic drugs used in the top 10 categories of prescription drugs in district hospitals and clinics were
significantly higher than those used in medical centers/regional hospitals during 2016-2018 (32.35-47.51% in
district hospitals and 75.67-78.14% in clinics). As these generics offer cost control benefits, BNHI should provide
incentives to encourage pharmaceuticals to sustain generic drug development.

Although the analyses of the national health insurance research database (NHIRD) have provided several benefits,
such data are still fraught with limitations owing to the nature of the NHIRD design. First, being based on a claim
data sets, the present study lacked self-pay medication information in detailed patient medical records. Another
limitation is the time lag in obtaining the NHIRD since NHI needs nearly 1 year to update the claims database;
hence, the most updated information was not available. Taiwan national claim data sets are available through
formal application to Applied Health Research Data Integration Service provided by the BNHI of Taiwan by
provide detail research proposal. We try to find the prescription pattern in Taiwan for both inpatient and outpatient
and not distinguish them in the beginning of our study design. It will be difficult to separate inpatient and
outpatient prescription in this study. According to previous Taiwan national health insurance statistic, outpatient
prescription was much higher than inpatient prescription (6.07-fold in 2018, 5.94-fold in 2017 and 6.67-fold
in 2016) (https://www.mohw.gov.tw/dl-72320-5da2775d-2c64-418d-b293-1flee56deabe.html). Results in this
study were mainly outpatient prescription. Due to outpatient prescription and inpatient prescription visit may
dramatic decreased during COVID-19 pandemic, we will try to analysis the inpatient and outpatient prescription
separately between year 2019 to 2021 (before and after COVID-19 pandemic).

Conclusion

In this study, we found that the annual pharmaceutical expenditures from 2016 to 2018 were increasing over time
in all hospitals. The average expenditure per hospital depicted an increasing trend in regional and district hospitals
but remained similar in medical centers and clinics from 2016 to 2018. Among the categories of drug prescription,
anti-tumor and immunologic showed the highest drug expenditures in medical centers/regional hospitals. In
contrast, the top 1 category of drug prescription was cardiac and hypertension in district hospitals and clinics. The
dominant drug expenditure used for top 10 prescribed generic drugs used were higher in district hospitals/clinics
than in medical centers/regional hospitals from 2016 to 2018.
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Summary points

e The differences in drug expenditures across medical facility type were still unclear.

e Annual pharmaceutical expenditures from 2016 to 2018 were increasing over time in all hospitals.

e The average expenditure per hospital depicted an increasing trend in regional and district hospitals but remained
similar in medical centers and clinics from 2016 to 2018.

e Anti-tumor and immunologic agents showed the highest medical expenditure in medical centers and regional
hospitals.

e Cardiac and hypertension agents showed the highest medical expenditure in district hospitals and clinics.
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