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Background: Because pharmaceutical expenditures
continue to grow worldwide, cost containment has
become one of the most important objectives of
government health policy. In Taiwan, the growth of
pharmaceutical expenditures within the National
Health Insurance (NHI) program remained substantial
despite several rounds of drug price adjustment.
Objective: To analyze the trend of pharmaceutical
market within Taiwan ‘s NHI with representative
claims datasets from 2000 to 2011, with the focus on
the expenditure differentials between expensive and
cheap drugs.
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Methods: The National Health Insurance Research
Database in Taiwan supplied the datasets of
prescriptions dispensed at independently contracted
pharmacies, at clinics and outpatient departments of
hospitals, and for inpatients in each year. For
favorable comparisons, the analysis included only
drugs with solid forms for oral use, i.e. tablets and
capsules. The concentration curve and concentration
index (CI) were applied to measure price-related
inequality in drug utilization and to serve for trend
comparison. The concentration curves were plotted for
the distributions of cumulative prescribed pill
counts and drug costs (on the y-axis) against the
cumulative share of drug items ranked by unit price
from the lowest to the highest (on the x-axis) in
each year. A concentration index was calculated as
twice the area between a concentration curve and the
line of equality (the 45-degree line). A higher index
denoted the distribution in favor of expensive drugs.
Results: The number of distinct drug items within the
NHI increased from 7,896 in 2000 to 8,735 in 2011.
Although the annual number of prescriptions decreased
with time (from 829.5 to 781.0 million), the total
prescribed pill counts rose from 10.8 to 13.8 billion
and the total costs grew up 1.6 times from 45.2 to
74.3 billion New Taiwan dollars (NTD). The unit price
of a drug item ranged from 0.06 to 4,270 NTD. Sixty
percent of drug items in 2000 had a unite price less
than or equal to 3 NTD (about 0.1 US dollar) and the
proportion rose to 73% in 2011. While the CI of
prescribed pill count remained stable (from 0.075 in
2000 to 0.075 in 2011), the CI of drug costs rose
from 0.619 to 0.699.

Conclusions: Expensive drugs had an increasingly
greater share of pharmaceutical expenditures within
Taiwan ‘s NHI. On the other hand, the long-term
existence of abundant cheap drugs might compromise a
sound supply of pharmaceuticals.

pharmaceutical expenditures, concentration curve,
concentration index, National Health Insurance,
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Research Article

Application of concentration indexes to analyze the widening
expenditure divide between expensive and cheap drugs in Taiwan

INTRODUCTION

The pharmaceutical expenditures persistently grow up worldwide. Pharmaceutical
cost containment becomes one of the most important objectives of government health
policy.’ The causes of growing drug expenditures can be decomposed to
demand-side and supply-side. Influencing factors of demand-side include an increase
in elderly populations, an increase in prevalence of chronic disease, and an increase in
health expectation by patients, etc. On the other hands, the factors of supply-side
include increase launch of new drugs (pharmaceutical innovation), broader coverage
of reimbursed drug items, etc. All these factors result in the growth of pharmaceutical
expenditure through two major elements, unit price of drug and prescription
amount.?**

Most of the previous surveys pay attention to total pharmaceutical expenditure
compared with total health expenditures and gross domestic product.®® Furthermore,
most of them focus on the contribution of expensive drugs with the intention of cost
control or generic substitution. However, these methods can not represent the
utilization variation between different unit prices of drugs. The National Health
Insurance (NHI) in Taiwan has offered a broad coverage of drug items, approximately
20,000 items all the time, since its launch in 1995.° Parallel to the growth of other
sectors within the NHI, the drug expenditure has always accounted for 25% of the
total NHI expenditure annually.* Despite going through several times drug price
adjustment, the growing pharmaceutical expenditure is still an intolerable burden. The
detail interactions between unit price and prescription volume remain unclear.

The concentration curve and related concentration index is a method commonly
used to describe the income-related health inequalities,’®™2 but is rarely used to
evaluate the drug utilization.™ In current study, we applied the concentration curve
and concentration index to analyze the trend of pharmaceutical market within NHI in
Taiwan during 2000 to 2011. Using this convenient method, we can easy observe the
variation in the prices and quantities of pharmaceuticals over time.

MATERIALS AND METHODS

Data source

The data sources came from the National Health Insurance Research Database
(NHIRD), that merged the NHI's electronic claims datasets into a large computerized
database for research purpose.***® The single-payer NHI in Taiwan has covered
almost all inhabitants (23,198,664 beneficiaries at the end of 2011, more than 99.9%
of all population)*®. The database contains original claims for reimbursement plus
registration files of beneficiaries and healthcare facilities. The identification numbers
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of persons and healthcare facilities in the datasets have been encrypted to protect
privacy, but the encrypted identification numbers remain unique so that record-linking
within datasets is feasible. All researchers who apply for use of the NHIRD are
required to sign a written agreement declaring that they could not violate the privacy
of patients or healthcare providers and should acknowledge the NHIRD on
publication.

In the current study, we used three kinds of datasets:

(a) the systematic sampling files of ambulatory care expenditures by visits (CD),
details of ambulatory care orders (OO), inpatient expenditures by admissions (DD)
and details of inpatient orders (DO): The datasets of CD and OO represent 1/500 of
the original claims datasets in each year and the datasets of DD and DO represent
1/20. Although the size of these datasets seems small in comparison with other kinds
of available datasets such one-million cohort datasets, the systematic sampling
datasets can well reflect the situation in each year.

(b) the complete datasets of expenditures for prescriptions dispensed at contracted
pharmacies (GD) and details of prescriptions dispensed at contracted pharmacies
(GO): After increasing division of prescribing and dispensing and intensive promotion
of issuing the refill prescriptions for chronic illnesses within the NHI in recent years,
the drug items dispensed outside the prescribing clinics, especially those in the second
and third refills, can only be known from GD and GO datasets. The GD and GO
datasets are indispensable complements to the prescribing datasets of CD and OO.

(c) the registry for drug prescriptions (DRUG): These files have become available
annually and can only make supplements to the master file (all-YYMM.b5) of
reimbursed drugs within the NHI.

Study design

For favorable comparisons, the focus of current study was on oral drugs with solid
forms, e.g. tablets and capsules. For each distinct drug item, we calculated how many
times it had been prescribed in each year. The aggregate prescribed pill count and
drug cost were also calculated. The data from the systematic sampling OO datasets
multiplied with 500 add with the data from the systematic sampling DO datasets
multiplied with 20, and then merged with the data from the complete GO datasets
representing the drugs dispensed at outside pharmacies. Because unit prices of drugs
might change during the year, we adopted the last approved price of each drug item at
the end of each year in the analysis.

In present study, the drugs were grouped into lower unit price group (unit price <=
3 NTD) and higher unit price group (unit price > 3 NTD). The setting of threshold for
low-priced drugs was based on the flat rate of payment for pharmaceuticals per day
(daily rate), so-called "simplified forms", it is an optional claim billing method
commonly used by practitioners at physician clinics. Each claim of simplified form is
reimbursed 100 NTD for 3 days of prescription before 2002. On average, every
prescription contains 4 drugs which are taking three times a day. After calculation,
each drug is reimbursed about 3 NTD. Three NTD is approximately equal 0.1 US
dollar based on current exchange rate.

The concentration curve and related concentration index is a method commonly
used to describe the income-related health inequalities. In current study, the
concentration curves and concentration index were constructed to examine
price-related inequality in drug utilization within NHI. The concentration curve plots
the cumulative percentage of the health variable (on the y-axis) against the cumulative
percentage of the sample (on the x-axis), ranked by the external variable which is the
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subject of interest.” The concentration index is calculated in the same way as Gini
index. It is defined as twice the area between the concentration curve and the line of
equality (the 45-degree line).*® When the concentration curve lies above the line of
equality, the area is defined as a negative value.'® On the contrary, the area is defined
as a positive value. The concentration index is between -1 and +1. The positive value
of concentration index indicates the distribution in favor of the higher variable groups.
The negative value of concentration index indicates the distribution in favor of the
lower variable groups.

In current study, we draw the concentration curve for distribution of cumulative
share of the prescription numbers, prescribed pill counts and drug costs (on the y-axis)
against the cumulative share of the drug items (on the x-axis), ranked by drug unit
price from the lowest to the highest. The related concentration index of prescription
numbers, prescribed pill counts and drug costs were also calculated.

Data processing and statistical analysis

The open-source software Perl (version 5.18.0) was used for computing. Statistical
analyses were performed using the Statistical Analysis Systems, version 9.2 (SAS
Institute, Cary, North Carolina, USA).

Descriptive statistics are presented as the percentage. Linear regression analysis
was applied for the concentration index trends during the 12-year period of our
inquiry; p-values < 0.05 were considered statistically significant.

RESULTS

The total item of oral drugs with solid form prescribed within the NHI in 2000 was
7896, which increased to 8735 in 2011. From 2000 to 2011, the aggregated pill counts
rose from 10754.9 million to 13797.1 million, while the total prescription numbers
decreased from 829.5 million times to 781.0 million times. However, the drug costs
rapid grew up annually, from 45191.8 million New Taiwan dollars (NTD) to 81112.8
million NTD, during 12-year duration. The utilization and costs of oral drugs with
solid form within the NHI in Taiwan during 2000-2011 are presented in Table 1.

Table 1. Utilization patterns of oral drugs with solid form in Taiwan’s National Health
Insurance, 2000-2011

No. of Prescription Prescribed Pill

Items Numbers Counts Drug Costs
Year (in millions ) (in millions) (NTD in millions)
2000 7896 829.5 10754.9 45191.8
2001 8044 812.1 11267.4 49040.4
2002 8206 801.6 11606.6 55072.5
2003 8227 784.2 11908.4 57566.8
2004 7832 826.7 12716.4 66256.8
2005 7911 798.2 12368.4 66693.5
2006 7373 687.3 11369.9 67264.8
2007 7366 701.4 11927.4 68134.0
2008 7650 698.7 12239.5 72391.6
2009 8002 7155 12672.0 76186.7
2010 8566 738.3 13193.4 74277.6
2011 8735 781.0 13797.1 81112.8




In general, the vast majority of prescribed drugs are drugs with unit price less or
equal than 3 NTD, about 0.1 US dollar, which accounted for 66% in 2000 and
increased to 73% in 2011. During 12-year observation period, the prescription rates of
drug with unit price less or equal than 3 NTD rose from 72% to 79%, and the
prescribed pill counts increased from 63% to 69%. However, the costs of these
cheaper drugs always accounted less the 20%. The distributions of drug utilization
and drug costs with different unit price are showed in Figure 1.

Unit price >3 NTD Unit price >3 NTD

(A) Drug Items (B) Prescription Numbers

B Unit price <=3 NTD W Unit price <=3 NTD

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011

Year Year

BUnit price >3 NTD BEUnit price >3 NTD

(C) Prescribed Pill Counts (D) Drug Costs

W Unit price <=3 NTD W Unit price <=3 NTD

2000 2001 2002 2003 2004 2005 2006 2007 2008 2002 2010 2011 2000 2001 2002 2003 2004 2005 2006 2007 2008 2002 2010 2011

Year Year

Figure 1. Utilization patterns of oral drugs with solid form in Taiwan’s National
Health Insurance, 2000-2011, stratified by unit price. (A) Drug items (B) Prescription
numbers (C) Prescribed pill counts (D) Drug costs

Figure 2 shows the concentration curve for distribution of cumulative share of the
prescription numbers, prescribed pill counts and drug costs (on the y-axis) against the
cumulative share of the drug items (on the x-axis) when the drugs are ranked from the
lowest to the highest price. There is significant inequality in the distribution of drug
costs between different unit drug prices during study periods. The drugs with higher
unit price shared higher drug costs, although their prescription counts and pill counts
seems less inequality.
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Figure 2. Concentration curves for prescription numbers, prescribed pill counts and
drug costs of oral drugs with solid form in Taiwan’s National Health Insurance,
2000-2011.

numbers, prescribed pill counts and drug costs are shown in Figure 3.

From 2000 to 2011, concentration index of drug costs rose from 0.62 to 0.70
(p<0.001), while the concentration index for prescription numbers dropped from
-0.035 to -0.108 (p<0.001), and concentration index for prescribed pill counts was
consistently around 0.076 (p=0.86). Overall, the trend of concentration index we
examined over the 12-year period all involved statistically significant change except
for prescribed pill counts. The 12-year trends of concentration index for prescription
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Figure 3. Concentration index for prescription numbers, prescribed pill counts and
drug costs of oral drugs with solid form in Taiwan’s National Health Insurance,
2000-2011.

DISCUSSION

Our results show that the pharmaceutical market within NHI in Taiwan was full of
low-priced drugs throughout the 12-year observation period. Despite a small market
share in terms of costs, the drugs cheaper than 3 NTD accounted for a large share in
terms of volume (around 63%-69% of total prescribed pill count). Regarding
price-related inequality in drug utilization, we found an interesting phenomenon. The
drug costs were highly concentrated amongst the high-priced drugs, and there was a
trend towards high-priced drugs years by years. Instead, the prescription number had a
trend towards low-priced drugs years by years.

The discussions about the increasing drug expenditure usually focus on the aging
of population, the change of disease patterns, and the innovation of drugs. The last
item means the entry of more expensive drugs into the NHI and is constantly a matter
of concerns to the NHI authority. For example, the Bureau of National Health
Insurance routinely announces the top ranking list of drug ingredients and drug groups
by expenditure. In 2009, the top 10 ingredients were amlodipine, atorvastatin,
valsartan, factor VIII, clopidogrel, glimepiride, imatinib, rosuvastatin, pioglitazone,
losartan.?® Drug items belonging to the top ranking list are usually not cheap in term
of unit price. That is, besides prescribed volume, the price might also play important
role for those top ranked drugs that have the lion's share of the NHI drug expenditure.
However, the usage and reimbursement of these expensive-drugs are always under
strict restriction and utilization review. Most of them are reasonable used as needed.
Besides, NHI authority introduced copayments and deductibles to decrease the
expenditures of these high-priced drugs.

In contrast to these high-priced drugs, the utilization of low-priced drug is usually



overlooked. The large amount of low-priced drugs within the NHI raises some
questions that should be seriously examined. Firstly, are these low-priced drugs used
appropriately or over prescribed? For example, cheap antacids were prescribed in half
of all prescriptions for outpatients in Taiwan in 2000; however, about 90% of these
antacids were prescribed without claims diagnoses of gastrointestinal disorders.”* To
bend aforementioned squanders, Taiwan NHI terminated the reimbursement of
antacids since October 2005.%% We believe the issue of over-prescription of antacid is
not just a corner of iceberg. Over-prescriptions also present in other cheap drugs.
Prescribing unnecessary drugs not only result in medication waste, but also lead
patients to suffering other medical adverse events. Thus, besides cutting down the unit
price of drugs, NHI authority should propose strategies to regulate reasonable use of
these cheap drugs. Out-of-pocket expense is one of the alternative measures to
decrease demand of unnecessary drugs from patients.

Secondly, whether these drugs pricing too low? Our preliminary study found that
there are a significant proportion of drugs with unit prices less than 1 NTD,
approximately threepenny USD, within Taiwan NHI market. When the drugs are
cheaper than a candy, can pharmaceutical firm get reasonable profit? Under the
situation of lack reasonable profit, the first problem we facing is that brand name drug
withdraw the market and no domestic pharmaceutical company willing to produce
these cheap drugs. Furthermore, unfavorable low prices do not seem to guarantee the
maintenance of quality, let alone more innovation, research and development.??*
Finally, the domestic pharmaceutical firm will become to produce generic drugs only.
How is the sustainability of these domestic pharmaceutical firms in the long run?
Moreover, in order to lessen the impact of low-price strategy from NHI, original
international pharmaceutical companies postpone new drugs launched into Taiwan.?
The policy of setting low prices might be detrimental to both the health of
beneficiaries and the future development of the pharmaceutical industry in Taiwan.

Although the price mechanism plays a pivotal role of competition in the capitalist
world, the situation is quite different in the quasi monopsony as the drug market
within the NHI (note: the NHI is a payer instead of a direct buyer). The NHI only
regulates the reimbursement prices, but not the acquisition prices. The difference
between the reimbursement price and the acquisition price become the profit margin
of the medical providers. The profit-seeking behavior of the medical providers
resulted in some distortions. After squeezing the profit margin through cutting drug
prices, the medical providers have financial incentives to substitute low-profit drugs
by high-profit drugs.?®*’ These substitutes may be more expensive. Regardless
efficacy, safety and cost, prescribing drugs only based on the profit is no benefit to the
health of patients and reduction of total pharmaceutical expenditure.

Our study has several potential limitations. Firstly, current study was only focus on
drugs with oral solid form, not whole dosage forms. The result may not truly reflect
the real NHI pharmaceutical market. However, the range of prices within injectable
drugs is broader than oral drugs. Price related structure variation should be more
significant. In addition, the detail price-volume structure variation between different
pharmacological group or specific ingredients need further investigation.

CONCLUSIONS

The drug market of the National Health Insurance in Taiwan was full of cheap drugs
over years and resulted in some distortion effects. Besides cutting down the price of
drugs, health policy makers need to propose more strategies to regulate the reasonable



use of drugs and to prevent financial incentives induced market chain reaction. The
most important goal is to keep the balance between health benefits and the further
development of pharmaceutical industry.
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