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Abstract

Objectives: To control increasing pharmaceutical expenditures, Taiwan’s National Health
Insurance has implemented a series of drug reimbursement price reductitablons since 2000. This
study examined changes in use and expenditures of oral antidiabetic medications following the
price regulation in November 2006.

Methods: We obtained claims data between January 2006 and August 2007 from Taiwan’s
National Health Insurance Research Database. We categorized oral antidiabetic products as
affected by the reimbursement reduction (“targeted™) or not (“non-targeted™), by level of relative
price reduction, and by manufacturer type (international vs. local manufacturers). We used an
interrupted time series design and segmented regression models to estimate changes in monthly
per capita prescribing rate, volume, and insurance reimbursement expenditures following the
policy.

Results: The majority (129/178; 72.5%) of oral antidiabetic products were targeted by this round
of price reductions. There was a relative reduction of 9.5% [95%CI: —12.68, —6.32] in total
expenditures at ten months post-policy compared to expected rates. For targeted products, there
were 2.04% [95%CI: —4.15, 0.07] and 13.26% [95%CI: —16.64, —9.87] relative reductions in
prescribing rate and expenditures, respectively, at ten months post-policy. Non-targeted products
increased significantly (22% [95%CIl: 10.49,33.51] and 22.85% [95%CI: 11.69,34.01] relative
increases in prescribing rate and expenditures respectively). Larger reimbursement cuts led to
greater reductions in prescribing rate, volume, and insurance reimbursement expenditures of
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targeted products. Prescribing rates of both targeted and non-targeted products by international
manufacturers declined after the policy while rates of prescribing non-targeted products by local
manufacturers increased.

Conclusions: While total government expenditures for oral antidiabetic medications were
contained by the policy, our results indicate that prescribing shifted at the margin from targeted to
non-targeted products and from international to local products. Further research is warranted to
understand how changes in medication use due to price regulation policies affect medication
adherence and patient health outcomes.
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1. Introduction

The rapid growth of health care expenditure, especially pharmaceutical costs, is a challenge
for many countries [1,2]. Aging populations, escalating drug prices, increasing rates of drug
use, and new pharmaceutical products contribute to rising pharmaceutical expenditures [3,4].
In Taiwan, pharmaceutical expenditures accounted for 25% of total health care expenditures
paid by the Bureau of the National Health Insurance (BNHI) in 2009. Outpatient drugs were
a major component of expenditures in medical centers (50%), regional hospitals (38%), and
district hospitals (30%).

To control increasing pharmaceutical expenditures, the BNHI has implemented seven waves
of reimbursement rate adjustments since 2000 to close the gap between procurement and
BNHI reimbursement prices for prescription drugs. These were implemented in April 2000,
April 2001, March 2003, September 2005, November 2006, September 2007, October 2009,
and December 2011. Because institutions procure large quantities of medicines, procurement
prices are typically lower than the amount reimbursed by BNHI and the differences
constitutes a profit for hospitals [5].

To assess procurement prices, the BNHI conducted surveys and obtained drug wholesale
prices from pharmaceutical companies and procurement prices from hospitals.
Reimbursements were adjusted if there was a difference of 30% or more between the
average procurement price and the BNHI reimbursed price. Prices were subsequently
monitored and adjusted on an annual basis for a maximum of five years.

Some information exists about effects of drug reimbursement price reductions in Taiwan.
Lee et al. examined the effects of six drug price policies and found that they reduced
pharmaceutical expenditures, especially for outpatient medications and for hospitals
(compared with clinics) [6]. Chen et al. found that reimbursement price adjustments reduced
the daily medical use and expenditures for targeted cardiovascular medications, but did not
affect non-targeted products [5]. Chu et al. focused on anti-hypertensive drugs and found
that reimbursement price adjustments may have created an incentive for physicians to
prescribe drugs with higher profit margins, and to increase prescription duration or the
number of drug items per prescription [7]. Hsiao et al. did not find a significant association
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between reimbursement price adjustments and drug utilization and expenditures during
2001-2004 [8]. Chu et al. studied the short-term effects of reimbursement price reductions
on outpatient hypertension treatment among the elderly. They found that the average cost per
prescription increased slightly, and that physicians tended to substitute drugs whose prices
were not reduced for those subject to price reductions [9].

Little is known, however, about changes in use following price adjustments of targeted
(affected by the policy) and non-targeted (not affected by the policy) products, differential
effects due to the magnitude of price changes, and changes in use of products made by
international versus local manufacturers. This longitudinal study examines the effects of
drug reimbursement price adjustments on the utilization and expenditures of oral
antidiabetic medications in Taiwan. We focused on oral antidiabetic medications because
diabetes is one of the most common chronic illnesses in Taiwan. We chose to focus on the
fifth price reduction, implemented in 2006, because a large number of oral antidiabetic drugs
were affected by this policy, including products from all drug classes of oral antidiabetic
medications. Within each drug class, there were non-targeted products clinically
interchangeable with targeted products. Similarly, clinical substitutes existed between small
and large price cut products, and between products made by international and local
manufacturers. We examined impacts of the price regulation policy separately within each
class of oral antidiabetic medication. We also compared policy impacts between targeted and
non-targeted groups, by relative price reduction, and between products from international
versus local manufacturers. We hypothesized that reimbursement price reductions would be
associated with changes in prescribing rates, drug utilization and expenditures because
institutions or physicians would change some procurement or prescribing decisions in
response to the policy in order to maintain profits.

Methods

Data source

We obtained a 0.2% random sample of monthly claims for all antidiabetic drugs in the
ambulatory care setting from the Taiwan National Health Insurance Research Database
(NHIRD).

2.2. Outcome measures

We analyzed 51,109 prescriptions for 178 oral antidiabetic drug products. We categorized
oral antidiabetic drugs based on the World Health Organization’s Anatomical Therapeutic
Chemical (ATC) drug classification system into biguanides (BG), sulfonylureas (SU), alpha
glucosidase inhibitors (AGI), thiazolidinediones (TZD), fixed-dose combination products,
dipeptidyl peptidase 4 (DPP-4) inhibitors, and others. The first four classes (BG, SU, AGl,
and TZD) accounted for 96.8% of volume and 93.3% of oral antidiabetic expenditures in
November 2006, and the study focused on these classes. The products were divided into
targeted and non-targeted groups. We also divided targeted products into those experiencing
small (<20%) versus large (=20%) price reductions. We also categorized all products by
manufacturer type (local vs. international, non-Taiwanese pharmaceutical manufacturers).
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We used the monthly number of diabetes-related doctor visits as the denominator for all
outcome measures. Study measures were prescribing rate (number of prescribed medicines
per patient visit per month), volume in defined daily doses (DDDs per patient visit per
month) [10] and insurance reimbursement expenditures (amount reimbursed per patient visit
per month) for each class of oral antidiabetic drugs.

2.3. Study design and study period

We used an interrupted time series design, the strongest quasi-experimental method, to
examine impacts of the reimbursement price regulation on prescribing rates, volumes, and
expenditures [11]. This method adjusts for baseline level and trend of the outcomes before
the price regulation, allowing us to infer that observed changes were likely attributable to the
policy. We restricted the study period to January 2006 through August 2007 to exclude
effects of other price regulations. This study period included a 10-month observation period
before the fifth reimbursement price regulation (implemented in November 2006) and a 10-
month follow-up period after the policy, ending the study period before the sixth
reimbursement price regulation in September 2007. After reviewing the literature and public
documents, we did not identify other major events or interventions during this period that
might have influenced the use of oral antidiabetic medications.

2.4. Statistical analysis

We used segmented linear regression models to estimate post-policy changes in both the
level and trend of each outcome measure [12]. This method uses baseline trends and levels
to project future monthly outcomes with the assumption that these values reflect what would
have happened without the policy (the counterfactual).

The basic model included terms to estimate the baseline level for each outcome (intercept),
baseline trend (slope), change in the level of the outcome measure immediately after policy
implementation, and change in trend post-policy [11]. We tested and corrected the models
for possible serial autocorrelation [13]. To identify the most parsimonious models we used
backward elimination and excluded nonsignificant terms (p> 0.2). To summarize results in a
single metric, we estimated absolute and relative changes (with 95% CIs) [14] in outcomes
at ten months post-policy compared to projected rates. All analyses were carried out with
SAS, Version 9.2 (SAS Institute, Cary, NC).

3. Results

The fifth drug price regulation policy affected 129 (targeted products) of 178 oral
antidiabetic products (72.5%) marketed at that time in Taiwan. Relative reimbursement price
reductions were less than 20% for 66 targeted products and larger than or equal to 20% for
63 targeted products. Among targeted products, 101 were locally manufactured by
Taiwanese manufacturers and 28 were imported; among non-targeted products, 41 were
locally manufactured and 8 were imported.
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3.1. Overall analysis

We report estimated relative changes in prescribing rates, volume in DDDs, and
expenditures at ten months post-policy, compared to projected rates. Table 1 details the
parameter estimates from segmented regression models for these measures, while Fig. 1
shows the monthly prescribing rates of targeted and non-targeted products overtime and Fig.
2 shows those of local and international products over time.

Overall prescribing rates and volumes of oral antidiabetic products did not change
significantly after the price regulation policy, but there was a significant relative reduction of
9.5% [95%CI: —12.68, —6.32] in total expenditures at ten months post-policy compared to
projected rates (level change: —57.6 NT$ per patient per month, [95%Cl: -77.8, —=37.4]).

For targeted products, prescribing rates and expenditures decreased by 2.04% [95%CI:
-4.15, 0.07] and 13.26% [95%CI: —16.64, —9.87] (level change: —=74.5 NT$ per patient per
month, [95%CI: —99.9, —54.2]) respectively, at ten months post-policy compared to
projected rates, but volume of use did not change.

For targeted products with small price cuts, prescribed volume decreased slightly before the
policy, but there was a small increase in trend following the policy (0.3 DDDs per patient per
month, [95%CI: —0.0, 0.6]), which resulted in an estimated increase of 18.81% [95%ClI:
-4.26, 41.88] at ten months post-policy compared to projected rates. However, for targeted
products with large price cuts, there were marked, statistically significant drops in
prescribing rate (=7.6% [95%CIl: —9.27, —5.92]), volume (-13.04% [95%CI: -17.01, -9.07])
and expenditures (—27.26% [95%CI: —29.01, —26.23]) at ten months post-policy compared
to projected rates.

Within targeted products, there was a significant reduction in prescribing rate of products by
international manufacturers (—8.62%) [95%Cl: -12.13, —5.11] but no marked change for
products by local manufacturers.

For non-targeted products, there were significant increases in prescribing rate (22% [95%Cl:
10.49, 33.51]), volume (24.56% [95%CIl: -1.61, 50.71]) and expenditures (22.85% [95%ClI:
11.69, 34.01]) at ten months post-policy compared to projected rates. For non-targeted
products by international manufacturers, there were large reductions in prescribing rate
(-12.73% [95%CI: —23.94, -1.52]), volume (-18.79% [95%CI: —29.02, —-8.5]) and
expenditures (—36.09% [95%CI: -53.01, —19.17]). In contrast, there were substantial
increases in prescribing rate (27.17% [95%CI: 14.67, 39.65]), volume (22.94% [95%ClI:
14.75, 96.48]) and expenditures (34.14%) [95%ClI: 7.61,60.67]) for products by local
manufacturers.

3.2. Analyses by antidiabetic drug class

Table 2 summarizes the estimated changes based on segmented regression models in
prescribing rates, volumes in DDDs and expenditures for specific antidiabetic drug classes.
After the reimbursement price regulation, prescribing rate of biguanides increased (7.11%
[95%CI: 4.57, 9.64]) at ten months post-policy, as did volume in DDDs (4.02% [95%Cl:
1.1, 6.95]), but reimbursed expenditures fell by 17.1%. [95%Cl: -20.08, —14.13]. For
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sulfonylureas, both prescribing rate and expenditures decreased (—2.42% [95%Cl: -3.68,
-1.15] and -2.5% [95%CIl: —14.01,9.01]respectively at ten months post-policy). No changes
were detected for alpha glucosidase inhibitors or thiazolidinediones.

For targeted biguanides, all three outcome measures decreased at ten months post-policy
(prescribing rate: —1.87% [95%CIl: —-4.14, 0.39]; volume: —=3% [95%CI: -4.66, —1.33];
expenditures; —27.5% [95%CI: —28.9, —26.1]). There were immediate nonsignificant post-
policy reductions in prescribing rates of targeted biguanides that varied by magnitude of the
price reductions (-4.39% [95%Cl: —6.6, 2.19] for products with small price cuts versus
-10.5% [95%CI: —23.93, 2.89] for products with larger price cuts).

Utilization and expenditures for targeted sulfonylurea products also declined after the price
reductions (-5% [95%CI: —10.7, 0.65] in prescribing rate, —14.04% [95%CI: —20.31, -7.76]
in expenditures at ten months post-policy). For targeted sulfonylurea products with large
price cuts, there were significant reductions in prescribing rate and volume (-19.58%
[95%Cl: —22.79, —-16.39] and —19.19% [95%CIl: -24.6, —13.78] respectively at ten months
post-policy). In contrast, for products with smaller price cuts, there were marginally
significant increases in prescribing rate and volume (27.46% [95%CIl: -0.06, 54.91] and
32.51% [95%CI: —0.38, 65.42] respectively) at ten months post-policy.

For the non-targeted biguanide and sulfonylurea products, there were also large estimated
increases in utilization and expenditures at ten months post-policy (for biguanide: 247.14%
[95%CI: 191.41, 303.65] in prescribing rate, 231.84% [95%CI: 170.14, 293.55] in volume,
112.87% [95%CI: 15.09, 210.66] in expenditures; for sulfonylurea: 12.2% [95%CI: 1.18,
23.23] in prescribing rate, 33.43% [95%CI: 21.92, 44.94] in volume, 24.3% [95%CI: 0.83,
47.78] in expenditures).

Our analyses by manufacturer type found significant decreases in the prescribing rate and
volume for targeted biguanide products made by international manufacturers (-13.16%
[95%CI: -18.56, —=7.79] and —13.07% [95%CI: —19.4, 6.74] respectively), but no significant
changes for those by local manufacturers. In contrast, for non-targeted biguanides,
prescribing rate and volume increased dramatically for products by both local and
international manufacturers. Use of targeted sulfonylurea medications produced either by
local or international manufacturers did not change significantly after the policy; however,
there were increases in both prescribing rate and volume for non-targeted sulfonylurea
products by local manufacturers (12.2% [95%CIl: 1.18,23.23] and33.43% [95%ClI:
21.92,44.94] respectively). For targeted alpha glucosidase inhibitors, the prescribing volume
and expenditures for products by local manufacturers increased by 19.58% [95%CI: —7.97,
-47.14] and 18.62% [95%CIl: -7.69, 44.93] respectively, with no change in use for products
by international manufacturers.

4. Discussion

This is the first study to evaluate the effects of Taiwan’s reimbursement price regulation
policy on utilization and reimbursed expenditures for oral antidiabetic drugs using
longitudinal data and a rigorous quasi-experimental design.

Health Policy. Author manuscript; available in PMC 2019 May 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hsu et al.

Page 7

The main purpose of the reimbursement price regulation policy was to control the rising
pharmaceutical expenditures by narrowing the range of profits among different
pharmaceutical products. After a series of price adjustments since 2000, the reimbursement
prices of many products have been reduced. Our findings suggest that these policies might
have been effective in containing drug expenditures of oral antidiabetic medications,
consistent with previous studies of other therapeutic classes [5,6]. However, although overall
changes were in the intended direction, we found substantial reductions in utilization of
targeted oral antidiabetic products, which were offset by increases in non-targeted products
following the policy, especially for biguanides and sulfonylureas. We also found that the
magnitude of price reductions was influential in determining response to the price
reductions. For example, among targeted sulfonylurea products, we found marked declines
in prescribing rates, volumes and expenditures of products with price cuts larger than 20%,
whereas the volume of medications experiencing smaller price cuts actually increased. These
findings suggest that hospitals and/or physicians might have changed procurement or
prescribing decisions to some degree in response to the policy in order to maintain profits
[7.,9]. For instance, physicians might have shown greater tendency to prescribe non-targeted
drugs instead of targeted products, or hospitals might have reduced procurement of targeted
drugs or even excluded them from their formulary [15]. There were no major changes
observed in the use of alpha glucosidase inhibitors and thiazolidinediones, possibly because
of smaller price adjustments and the limited number of non-targeted alternatives.

Our study also provides the first empirical evidence that the price regulation policy led to
reductions in the use of products made by international manufacturers (the majority of which
are brand name drugs) while increasing use of products by local manufacturers (largely
generic drugs). We observed significant reductions in the use of targeted products by
international manufacturers following the policy, while use of targeted local products did not
change markedly. One possible reason is that hospitals may have negotiated to obtain lower
prices from local manufacturers in order to maintain or increase their profit margin. There
were large increases in the use of non-targeted, predominantly locally manufactured
products. This suggests that the price regulation policy negatively impacted sales by
international manufacturers in the Taiwan market; these manufacturers have previously
expressed concerns about the possible negative impacts of such policies [15]. One possible
unintended consequence of price reductions might be withdrawal of products from the
Taiwan market by international companies, potentially decreasing the availability of some
newer medications with clinical benefits; the shift away from internationally manufactured
products may even reduce quality of care if it has negative effects on product availability or
adherence. Policy makers should consider such unintended consequences on the
pharmaceutical market when designing policies.

Our study has several limitations. We concentrated on estimating the effects of the 2006
drug price regulation policy on utilization and expenditures for oral antidiabetic medications.
Changes in our study outcomes may have differed for other rounds of price reductions or for
other therapeutic classes. We also did not have information in the claims data used for the
study to assess how the price regulation policy may have impacted adherence to therapy and
important clinical outcomes such as serum glucose levels or to assess the appropriateness of
medication use or switches. Further research is needed to determine whether changes in
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medication use due to price regulation policies generalize to other times and therapeutic
classes, affect medication adherence, or impact patient health outcomes.

In conclusion, our study provides empirical evidence on how the fifth drug price regulation
policy has affected utilization, prescribing volume, and insurance system expenditure for
oral antidiabetic medicines in Taiwan. While the price regulation policy had some intended
monetary benefits for the insurance system, our results suggest that the policy also induced
unintended substitution from targeted to non-targeted oral antidiabetic products, and a shift
from products by international manufacturers to locally manufactured products.
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08/2007).
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