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Abstract
Background
The pharmaceutical industry is heavily regulated. Partly for this reason, new drugs generally take over 10 years from the product development stage to market entry. Although regulations affect the pharmaceutical industry over a long period, previous studies investigating the impact of new regulatory policies have usually focused on the short period before and after implementing that policy. Therefore, the purpose of this study is to examine whether and how significantly regulatory policies affect long-term innovation in the pharmaceutical industry in Korea.

Methods
This study focused on three significant regulatory policies: the introduction of the product patent system, changes in the Good Manufacturing Practice (GMP) system, and the Drug Expenditure Rationalization Plan (DERP). The study used interrupted time series (ITS) analysis to investigate the long-term impacts of the policies before and after implementation.

Results
Our results show that introducing the product patent system in 1987 significantly increased the number of Korean patent applications. The effect of the revised GMP policies was also statistically significant, both before and after implementation and between pre-emptive companies and non-pre-emptive ones. However, due to the companies' negotiations with the regulatory authorities or the regulatory system that links drug approval and price evaluation, the DERP did not significantly delay new drug registration in Korea.

Conclusion
This study showed that the policies of the product patent system, GMP policies, and DERP regulations have significantly encouraged pharmaceutical companies to strive to meet regulatory requirements and promote innovation in Korea. The study suggests that it is necessary for companies to pre-emptively respond to systemic changes in development and production strategies to deal with regulatory changes and achieve sustainable growth. Also, our study results indicate that since government policies motivate the innovative system of the pharmaceutical industry, governmental authorities, when formulating pharmaceutical policies, need to consider the impact on the long-term innovation of the industry.
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Background
The pharmaceutical industry develops new drugs to address unmet medical needs and extend lifespan [1]. Simultaneously, it contributes significantly to a country’s economy and promotes GDP growth due to knowledge-based technological innovation [2]. Thus, the pharmaceutical industry is a more high-technology, high-growth, and knowledge-based sector than most other industrial sectors. However, new drug development generally takes over 10–15 years, and each new drug has a low probability of success [3, 4]. Recently, the average overall cost of developing a new drug was estimated at US$ 2.8 billion [5]. One reason for the high research and development (R&D) costs is the tight and inflexible nature of the pharmaceutical regulations [6]. For example, Food and Drug Administration (FDA) regulations have caused smaller pharmaceutical firms in the United States to suffer reductions in research productivity [7]. In addition, clinical trials, which account for the most significant proportion of total R&D time due to strong safety and effectiveness regulations, have recently become more complex and costly [3].
Regulations are necessary to ensure pharmaceutical safety and effectiveness and the accuracy of the information given to customers. They are linked to the market responsibilities of manufacturers [8]. Pharmaceutical regulations have different goals that depend on the income level of the applicable country. Generally, low-income countries value the quality of medicines, middle-income countries value fiscal and industrial development, and high-income countries value innovation in new drug R&D [9]. Although many pharmaceutical regulations exist, some of the most critical regulatory policies that impact pharmaceutical innovation concern the patent system, Good Manufacturing Practice (GMP), and price controls [10–15]. A new innovative drug, the final output of innovation by the pharmaceutical industry, must be approved by the regulatory authorities at every development stage. If a drug that had not been validated for safety or efficacy were to be released without approval by the regulatory authority, or if a marketed drug was not controlled because of ineffective regulations, it would almost certainly be a disaster [16, 17].
The pharmaceutical industry, which is based on regulation, grows through innovation. Therefore, it is necessary to analyse any changes in a country’s regulatory policies and the long-term impact of such policy changes on innovation and growth in the pharmaceutical industry. This study investigates the long-term effects of three significant changes in pharmaceutical regulations over the 30 years from 1988 to 2017 in Korea, where the pharmaceutical industry expanded by about eightfold. The first significant change was the introduction of the product patent system in 1987; the second one was the changes to the GMP system in 1994, 2008, and 2014; and the final one was the Drug Expenditure Rationalization Plan (DERP), the new pharmacoeconomic evaluation system in 2006. We used the following three research questions to analyse the impacts of these three regulatory changes:
	Research question 1: Did the introduction of the product patent system increase the number of patent applications filed by the pharmaceutical industry in Korea?

	Research question 2: Did companies that pre-emptively invested in GMP facilities before mandatory GMP maintain sustainable growth in Korea?

	Research question 3: Did the DERP delay the introduction of new drugs in Korea?




Product patent regulation and pharmaceutical innovation
The role of patents is to encourage innovation in biopharmaceuticals and accelerate the development of new drugs. The introduction and strengthening of the product patent system has shifted the focus of the pharmaceutical industry from imitation to innovation [18]. Prior research shows a positive correlation between product patents, new drugs, and R&D [10, 19, 20]. The patent system in the United States provides an incentive for R&D by protecting the exclusive right to recover profit for a considerable period [21]. The Indian pharmaceutical industry grew tenfold between introducing the patent laws in 1970 and the early 2000s [21].
Korea first enacted the Patent Law in 1946, then joined the Paris Convention in 1980 and the Patent Cooperation Treaty (PCT) in 1982. The Korean government revised the Patent Law to reflect the product patent system on 29 December 1986. Subsequently, the technological innovation of the domestic pharmaceutical industry was promoted by the revised laws in 1990 and 2001 [22]. Several studies have shown that since the 1980s, Korean patent applications have continued to increase [23, 24], and since 1992, the number of Korean patent applications has surpassed that of foreign applications [24].
Though many studies have analysed the impact of changes in the Korean patent system, most such studies investigated the effects of introducing a new patent system on the pharmaceutical industry by focusing on the short period before and after the introduction of the new system. For example, by conducting trend analysis of descriptive statistics, Lee and Yoon [23, 24] revealed an increase in the number of pharmaceutical patent applications.
As the first research question, we ask whether there were any changes in the number of Korean patent applications filed by the pharmaceutical industry over the 18 years from 1981 to 1998, which encompasses the introduction of the product patent system in Korea in 1987. An increase in patent applications under the new product patent system would be a cornerstone for long-term innovation in the Korean pharmaceutical industry.
GMP regulations and the sustainable growth of pharmaceutical companies
GMP refers to regulations, codes, and guidelines for manufacturing final pharmaceutical products, raw materials, medical devices, and diagnostic products. Pharmaceutical companies worldwide must apply GMP to all manufacturing and quality control processes [17]. GMP regulation has resulted in smaller companies giving up on new drug innovation and instead focusing on me-too drug development. However, large companies create new drugs by steadily investing in R&D and manufacture the drugs following GMP regulations.
In Korea, as in the United States, Europe, and Japan, the GMP system has been continuously strengthened and revised through international harmonization [25]. Korea established GMP standards in 1977, which at that time were autonomous regulations. The Korean government in 1994 implemented mandated GMP production facilities for pharmaceutical manufacturers, and in 2008 introduced a new GMP system requiring validation. Later, in 2014, the Korean GMP system joined the Pharmaceutical Inspection Co-operation Scheme (PIC/S), and GMP in Korea was internationalized. It has been steadily revised in concert with WHO and global standards [26]. Some studies have examined changes to the GMP system by period and compared them between different countries [12, 25, 26]. As the second research question, this study determines whether there was a difference in growth according to the readiness of pharmaceutical companies for each change in regulations due to a change in Korean GMP policy.
Price regulations and the introduction of new drugs
While the government is attempting to reduce the national healthcare burden by maintaining a policy to control the price of pharmaceuticals at an affordable level, pharmaceutical companies must raise prices to meet higher safety and effectiveness standards to compensate for high pharmaceutical R&D costs [6]. Previous studies have demonstrated that price regulation negatively affects the timing and occurrence of the launch of a new drug [11]. In addition, most drug price controls significantly impact the innovation strategies and financial status of pharmaceutical companies by reducing the revenue and R&D investment of companies through phenomena known as the cash-flow effect and the expected-profit effect [13, 27].
Korea’s National Health Insurance (NHI) system implemented a reimbursement reform through the DERP in 2006. The NHI was running a cumulative financial deficit due to high drug expenditures with a fast growth rate. The DERP aimed to reduce the health insurance budget. The main components of the DERP implemented in December 2006 were the introduction of a positive drug listing system, a requirement for submission of pharmacoeconomic evaluation data for new drug listings, and changes in the pricing policy for generic drugs. The requirement to submit economic evaluation data and negotiate with the regulatory authority complicated insurance registration of new drugs. Yang et al. [28] noted that the registration period was extended immediately after introducing the DERP. Son [29] reinvestigated the effects of new drug registration on licensing and insurance registration from 2007 to 2016 in Korea and found that the duration between regulatory approval and the reimbursement decision had decreased. Various stakeholders in the market adopt a new drug insurance listing, considering their strategic behaviour, and due to diverse factors have different listing periods [29]. As the third research question, this study seeks to determine how the new drug reimbursement registration period changed after implementing the DERP system.
Methods
Data
Patent application data from 1981 to 2016 were retrieved from the Korea Intellectual Property Rights Information Service (KIPRIS) to address research question 1. We selected the International Patent Classification (IPC) codes A61K (preparations for medical, dental, or toilet purposes) and C07 (organic chemistry) by the year of the filing. We excluded IPC codes A61K 6 (dental-related products) and A61K 7 (cosmetics), as well as the codes related to health foods.
For research question 2, we first obtained a list of the companies that pre-emptively prepared for the GMP changes from 1985 to 1990, before implementation of the mandatory GMP system, from the book, The History of Korea Pharmaceutical Manufacturers Association (KPMA)’s 50 years [30]. Sixteen foreign pharmaceutical factories and 34 domestic companies were recorded in this book. In this study, we included only domestic companies. Among the 34 domestic manufacturers, we excluded one company that had gone through a merger and two companies that do not currently produce pharmaceuticals. The total production of the remaining 31 companies accounted for 49.3% of all Korean pharmaceutical production, and 20 out of the 31 companies were in the top 30 pharmaceutical companies in Korea in 1994. Next, we assessed the production quantity of each pharmaceutical company from 1988 to 2017 for research question 2. We classified these 31 companies as group 1, the group that pre-emptively prepared for GMP regulations, while the remaining 230 companies were classified as group 2. Group 2 acquired GMP certificates only after the GMP regulations became mandatory in 1994. We then analysed the effects of three changes in GMP regulations (in 1994, 2008, and 2014).
We investigated the date of new drug approval by the Ministry of Food and Drug Safety and the start date of health insurance application coverage for research question 3 using the Health Insurance Review & Assessment Service (HIRA) database. A total of 780 new drugs were approved from 1989 to 2017, and we counted different ingredients on the active pharmaceutical ingredient (API) list for each drug as separate items. Among the 780 new drugs, those not covered by health insurance, such as over-the-counter (OTC) drugs and vaccines, were excluded from the analysis. We calculated the number of months between a product’s approval date and the insurance coverage application date. If the approval date was later than or the same as the commencement date of insurance benefits due to mergers and acquisitions or changes in import permits and manufacturing permits, we excluded that case. Finally, we selected 620 new drugs and calculated the period from new drug approval to insurance registration.
Interrupted time series (ITS) analysis: methodology
ITS analysis is a quasi-experimental design that uses segmented regression modelling. Since ITS allows longitudinal data to evaluate intervention effects, it is an appropriate statistical method for observing changes after implementing an intervention, such as a government regulation [31]. ITS analysis can demonstrate an intervention effect by statistically measuring outcome variables at different time points before and after an intervention to compare the change in the level and trend of the outcomes [32]. In ITS, a time series is an iterative observation of a particular event collected at regular intervals divided into two or more segments at change points [33]. Two parameters, level and trend, identify each element of the time series. The level and trend indicate the series value at the beginning of a given time interval and the rate of change during a segment, respectively [33, 34].
Based on the literature, ITS analysis for a single intervention without a comparison group, called the single-intervention one-group model, can be explained as follows [31, 34, 35]: There are three variables for an ITS analysis in a single-intervention one-group model:	i.
[image: $$T$$]: the time elapsed since the start of the study;

 

	ii.
[image: $$X_{t}$$]: a dummy variable representing the intervention (the pre-intervention period takes a value of 0, while the post-intervention period takes a value of 1);

 

	iii.
[image: $$Y_{t}$$]: the outcome at time t.

 




This ITS model has three measures of interest: the pre-intervention trend, the post-intervention trend, and the difference between the pre-intervention and post-intervention trends:[image: $$Y_{t} = \beta_{0} + \beta_{1} T + \beta_{2} X_{t} + \beta_{3} TX_{t} + e_{t} ,$$]



where [image: $$\beta_{0}$$] indicates the baseline level at [image: $$T = 0$$], [image: $$\beta_{1}$$] is the trend of the outcome variable until the beginning of the intervention, [image: $$\beta_{2}$$] indicates the change in the level following the intervention, and [image: $$\beta_{3}$$] represents the change in the trend following the intervention. In this model, [image: $$\beta_{1} + \beta_{3}$$] represents the post-intervention trend, and [image: $$e_{t}$$], the error term at time t indicates the random variability that the model does not explain.
In our ITS analysis, observed values are correlated with values at the immediately preceding point of time in time series data, such as the calendar data used in this study. We performed autocorrelation function (ACF) and partial ACF (PACF) analysis examining appropriate time lags to resolve this problem. Finally, for the analyses of regulations on patent applications, we applied two quarters of the time lag. For the analyses of GMP regulation, no time lag between regulation and results was applied. The final analysis was done using the maximum likelihood model to fit the data based on this time lag. We performed statistical analyses using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) software.
Results
Research question 1: Did the introduction of the product patent system increase the number of patent applications filed by the pharmaceutical industry in Korea?
For ITS analysis of pharmaceutical patents, as the output variable, we counted the number of patent applications filed per quarter from 1981 to 1998. We used the following ITS analysis with a single-intervention one-group model to analyse the effects of implementing the product patent system, with July 1987 as the intervention time.[image: $$Y_{t} = \beta_{0} + \beta_{1} T + \beta_{2} X_{t} + \beta_{3} TX_{t} + e_{t}$$]




T: the time elapsed since January 1981.
Xt: a dummy variable indicating before (coded 0) and after (coded 1) enforcement of the product patent system in July 1987.
Count: number of patent applications per quarter.
[image: $$\beta_{0}$$]: the baseline level in January 1981.
[image: $$\beta_{1}$$]: the underlying trend before the introduction of the product patent system.
[image: $$\beta_{2}$$]: the level change after the introduction of the product patent system.
[image: $$\beta_{3}$$]: the slope change after the introduction of the product patent system.
[image: $$\beta_{1} + \beta_{3}$$]: the slope after the introduction of the product patent system.
The results of ITS analysis show that [image: $$\beta_{0}$$] = 12.2314, [image: $$\beta_{1}$$] = 3.5109, [image: $$\beta_{2}$$] = 95.6962, and [image: $$\beta_{3}$$] = 3.9667. The p-values of [image: $$\beta_{1}$$], [image: $$\beta_{2}$$], and [image: $$\beta_{3}$$] were 0.00, 0.01, and 0.01, respectively, all of which show less than the significance level of 0.05 (Fig. 1, Table 1). There was a level shift after the intervention (p < 0.05 for [image: $$\beta_{2}$$]), as well as a trend change after the intervention (p < 0.05 for [image: $$\beta_{3}$$]) (Table 1).[image: ../images/12961_2021_797_Fig1_HTML.png]
Fig. 1The graphical results of ITS analysis of the total number of patent applications

Table 1The statistical results of ITS analysis of the total number of patent applications


	Variable
	Coefficient
	SE
	t
	p

	Intercept [image: $$\beta_{0}$$]
	12.23
	21.28
	0.57
	0.57

	Baseline trend [image: $$\beta_{1}$$]
	3.51
	23.22
	4.12
	0.00

	Level change after policy [image: $$\beta_{2}$$]
	95.70
	1.32
	2.65
	0.01

	Trend change after policy [image: $$\beta_{3}$$]
	3.97
	1.52
	2.61
	0.01


SE: standard error



To compare the effects of introducing the product patent system between Korean and foreign companies, we divide the total patent applications into Korean patent applications and foreign patent applications. The number of patents filed by Koreans increased after introducing the product patent system, with a change in slope (Fig. 2). ITS analysis indicated that [image: $$\beta_{0}$$] = 1.7675, [image: $$\beta_{1}$$] = 0.3087, [image: $$\beta_{2}$$] = −8.6469, and [image: $$\beta_{3}$$] = 2.8654. The p-values for [image: $$\beta_{1}$$] and [image: $$\beta_{2}$$] were 0.3693 and 0.5732, respectively, which were greater than 0.05, and thus were not statistically significant (Table 2). However, the regression coefficient [image: $$\beta_{3}$$] was significant, with a p-value of less than 0.0001, which means that the changes to the patent law system significantly affected the trend in Korean patent applications.[image: ../images/12961_2021_797_Fig2_HTML.png]
Fig. 2The graphical results of ITS analysis of the total number of Korean patent applications

Table 2The statistical results of ITS analysis of the total number of Korean patent applications


	Variable
	Coefficient
	SE
	t
	p

	Intercept [image: $$\beta_{0}$$]
	1.7675
	8.7580
	0.02
	0.8407

	Baseline trend [image: $$\beta_{1}$$]
	0.3087
	9.5650
	−0.90
	0.3693

	Level change after policy [image: $$\beta_{2}$$]
	−8.6469
	0.5452
	0.57
	0.5732

	Trend change after policy [image: $$\beta_{3}$$]
	2.8654
	0.6265
	4.57
	 < 0.0001


SE: standard error



Changes in the number of foreign patent applications resulted in changes in the level after the intervention (Fig. 3). Table 3 shows that [image: $$\beta_{0}$$] = 8.9220,[image: $${ }\beta_{1}$$] = 3.3391, [image: $$\beta_{2}$$] = 103.3646, and [image: $$\beta_{3}$$] = 0.8637. The regression coefficients of [image: $$\beta_{1}$$] and [image: $$\beta_{2}$$] were statistically significant, with p-values of less than 0.05. The p-value for [image: $$\beta_{3}$$], was 0.4914, which is greater than the significance level of 0.05, so [image: $$\beta_{3}$$] was not significant (Table 3). A rapid increase in the level of foreign patents followed the introduction of the product patent system, but the trend was not statistically significant.[image: ../images/12961_2021_797_Fig3_HTML.png]
Fig. 3The graphical results of ITS analysis of the total number of foreign patent applications

Table 3The statistical results of ITS analysis of the total number of foreign patent applications


	Variable
	Coefficient
	SE
	t
	p

	Intercept [image: $$\beta_{0}$$]
	8.9220
	17.5990
	0.51
	0.6139

	Baseline trend [image: $$\beta_{1}$$]
	3.3391
	20.4569
	5.05
	 < 0.0001

	Level change after policy [image: $$\beta_{2}$$]
	103.3646
	1.1236
	2.97
	0.0041

	Trend change after policy [image: $$\beta_{3}$$]
	0.8637
	1.2481
	0.69
	0.4914


SE: standard error



The three above-mentioned ITS analyses show that the introduction of the product patent system in 1987 led to significant increases in the level change and the trend change of the total patent applications, and a more positive effect in the trend change of Korean patent applications.
Research question 2: Did companies that pre-emptively invested in GMP facilities before mandatory GMP maintain sustainable growth in Korea?
There were several changes to the GMP policy in Korea: mandatory implementation of GMP in 1994, pre-approval GMP evaluation for manufacturing items in 2008, harmonization with the PIC/S GMP guidelines in 2014, and periodic GMP evaluation carried out on the dosage forms of all manufacturing sites.
Before GMP was legally mandated, 31 companies pre-emptively invested and were GMP-certified during the period from 1985 to 1990. These pre-emptively prepared companies (group 1) had a total production value of 138 trillion won over 30 years and an average annual growth rate of 6.9% over 30 years. However, the non-pre-emptively prepared companies (group 2) had a total production value of 135 trillion won and a growth rate of 8.4% (Table 4). In terms of production performance, companies that pre-emptively invested before mandatory GMP implementation in 1994 were predominant in the initial market. In 2008, when capital investment was required due to the mandatory GMP validation, the 31 pre-emptively prepared companies increased their output further. In 2014, the PIC/S GMP system did not require capital investment, so the impact on the system was negligible. Instead, it was estimated to have a reverse effect due to the price slashing of finished drugs in 2012.Table 4Total production of group 1 and group 2 companies


	 	Production amount (Bill.  

[image: ../images/12961_2021_797_Figa_HTML.png]


)

	1988–1993
	1994–1998
	1999–2002
	2003–2007
	2008–2012
	2013–2017
	Total

	Group 1 (CAGR)
	10 809 (13.25%)
	15 582 (6.45%)
	14 697 (4.70%)
	24 561 (9.98%)
	35 537 (0.59%)
	36 837 (4.37%)
	138 022 (6.90%)

	Group 2 (CAGR)
	9500 (16.98%)
	15 358 (4.44%)
	13 878 (4.30%)
	24 338 (8.11%)
	31 795 (2.66%)
	40 034 (5.03%)
	134 904 (8.40%)

	Difference (CAGR)
	1309 (−13.78%)
	224 (−1.50%)
	819 (−5.90%)
	223 (−0.90%)
	3742 (−11.80%)
	(−)3197 (7.98%)
	3118 (−2.30%)


CAGR: compound annual growth rate



Figure 4 shows the changes in production after the three most significant changes in GMP regulations.[image: ../images/12961_2021_797_Fig4_HTML.png]
Fig. 4Total production by group 1 and group 2 companies over time


We used ITS analysis again to see whether pre-emptive investments in GMP facilities affected the sustainable growth of Korean pharmaceutical companies. Since this ITS analysis has three interventions and two groups, group 1 with pre-emptive investments in GMP facilities and group 2 without pre-emptive investments, we need to extend the single-intervention one-group model of Section 2 to a model with multiple interventions and a comparison group [34, 35].
In this study, we investigate the effects of three sequential GMP policies: policy 1 represents the mandatory GMP policy in 1994, policy 2 represents the requirement for pre-approval for GMP evaluation of manufacturing items in 2008, and policy 3 represents PIC/S GMP in 2014. The final ITS model with three interventions and a comparison group was as follows:[image: $$Y_{t} = \beta_{0} + \beta_{1} T + \beta_{2} X_{1t} + \beta_{3} T_{1t} X_{1t} + \beta_{4} X_{2t} + \beta_{6} X_{3t} + \beta_{7} T_{3t} X_{3t} + \beta_{8} Z + \beta_{9} ZT + \beta_{10} ZX_{1t} + \beta_{11} ZT_{1t} X_{1t} + \beta_{12} ZX_{2t} + \beta_{13} ZT_{2t} X_{2t} + \beta_{14} ZX_{3t} + \beta_{15} ZT_{3t} X_{3t} + e_{t} ,$$]



where [image: $$X_{1t}$$], [image: $$T_{1t} X_{1t}$$], [image: $$ZX_{1t}$$], and [image: $$ZT_{1t} X_{1t}$$] represent the policy 1 period; [image: $$X_{2t}$$], [image: $$T_{2t} X_{2t}$$], [image: $$ZX_{2t}$$], and [image: $$ZT_{2t} X_{2t}$$] represent the policy 2 period; and [image: $$X_{3t}$$], [image: $$T_{3t} X_{3t}$$], [image: $$ZX_{3t}$$], and [image: $$ZT_{3t} X_{3t}$$] reflect the policy 3 period. [image: $$Z$$] is a dummy variable denoting the cohort assignment (pre-emptive investments in GMP facilities or not), and [image: $$ZT$$], [image: $$ZX_{1t}$$], [image: $$ZT_{1t} X_{1t}$$], [image: $$ZX_{2t}$$], [image: $$ZT_{2t} X_{2t}$$], [image: $$ZX_{3t}$$], and [image: $$ZT_{3t} X_{3t}$$] are all interaction terms between previously described variables. The coefficients [image: $$\beta_{0}$$] to [image: $$\beta_{7}$$] represent the levels or trends of the control group (non-pre-emptive investments in GMP facilities), and the coefficients [image: $$\beta_{8}$$] to [image: $$\beta_{15}$$] represent the levels or trends of the treatment group (pre-emptive investments in GMP facilities).
In this ITS model, there are 30 full measures of interest: the pre-intervention, policy 1, policy 2, and policy 3 trends for the treatment group and the control group; the differences between groups in their trends in each of these periods, the differences between each period’s trends for the treatment group and control group (pre-intervention versus policy 1, pre-intervention versus policy 2, pre-intervention versus policy 3, policy 1 versus policy 2, policy 1 versus policy 3, and policy 2 versus policy 3); and the contrast between groups for each of these periodic comparisons. The regression output provides these eight measures: [image: $$\beta_{1}$$], [image: $$\beta_{3}$$], [image: $$\beta_{5}$$], [image: $$\beta_{7}$$], [image: $$\beta_{9}$$], [image: $$\beta_{11}$$], [image: $$\beta_{13}$$], and [image: $$\beta_{15}$$]. The remaining 22 composite measures of interest can be calculated using those eight measures. Figure 5 and Table 5 show the results of the GMP policy on the production of group 1 and group 2 by the ITS analysis.[image: ../images/12961_2021_797_Fig5_HTML.png]
Fig. 5The effects of the GMP policy on the production of group 1 and group 2 by ITS analysis

Table 5The effects of the GMP policy on the production of group 1 and group 2 by ITS analysis


	Variable
	Coefficient
	SE
	t
	p

	Control group
	[image: $$\beta_{0}$$]
	3 921 915
	7 296 197
	0.54
	0.5936

	[image: $$\beta_{1}$$]
	1 121 879
	1 873 490
	0.6
	0.5524

	[image: $$\beta_{2}$$]
	3 613 799
	7 193 712
	0.5
	0.6179

	[image: $$\beta_{3}$$]
	−241 415
	1 944 213
	−0.12
	0.9017

	[image: $$\beta_{4}$$]
	769 559
	8 308 389
	0.09
	0.9266

	[image: $$\beta_{5}$$]
	−148 447
	1 944 213
	−0.08
	0.9395

	[image: $$\beta_{6}$$]
	−1 645 401
	11 149 497
	−0.15
	0.8834

	[image: $$\beta_{7}$$]
	3 412 147
	3 974 273
	0.86
	0.3952

	Treatment group
	[image: $$\beta_{8}$$]
	29 594 918
	10 318 380
	2.87
	0.0063*

	[image: $$\beta_{9}$$]
	5 905 425
	2 649 515
	2.23
	0.031*

	[image: $$\beta_{10}$$]
	−6 906 227
	10 173 446
	−0.68
	0.5008

	[image: $$\beta_{11}$$]
	644 845
	2 749 532
	0.23
	0.8157

	[image: $$\beta_{12}$$]
	67 319 195
	11 749 837
	5.73
	 < 0.0001*

	[image: $$\beta_{13}$$]
	−7 534 099
	2 749 532
	−2.74
	0.0088*

	[image: $$\beta_{14}$$]
	−20 685 531
	15 767 771
	−1.31
	0.1964

	[image: $$\beta_{15}$$]
	11 963 845
	5 620 471
	2.13
	0.0389*


*p < 0.05 (two-tailed test)



Group 1, which pre-emptively prepared for GMP, had a beginning average production level that was significantly greater than that of group 2, which did not prepare in advance (p = 0.0063 for [image: $$\beta_{8}$$]). Before policy 1, the GMP mandate implemented in 1994, the level and slope of the treatment group were significantly different (p = 0.0063 for [image: $$\beta_{8}$$], p = 0.031 for [image: $$\beta_{9}$$]) from those of the control group. The average production level increased significantly immediately after the implementation of policy 2, which in 2008 was expanded to include pre-approved GMP evaluation of manufacturing items (p < 0.0001 for [image: $$\beta_{12}$$]).
After the implementation of policy 2, there was a significant difference (p = 0.0088 for [image: $$\beta_{13}$$]) between the treatment group and the control group in the slope change (Table 5). Even after the implementation of policy 3 (2014 PIC/S GMP), the difference in slope between the treatment group and the control group from the previous period was significant (p = 0.0389 for [image: $$\beta_{15}$$]).
In conclusion, companies that responded to the GMP system in advance showed excellent pharmaceutical production performance. The growth trend of the treatment group also improved more rapidly after the implementation of Policies 2 and 3. After implementing policy 1, the growth trend did not change significantly because, before policy 1 implementation, the growth trend in the treatment group was sufficiently large. Nevertheless, there was a significant difference in the temporary growth level immediately after implementation of policy 2 because the production of three batches before drug approval was done for compulsory validation.
Research question 3: Did the DERP delay the introduction of new drugs in Korea?
The DERP, which is considered one of the most significant changes to the domestic insurance drug pricing system over the past 30 years, was amended on 29 December 2006. This study investigated the impact of the DERP on new drug development using ITS analysis of the change in the starting date of insurance coverage of the new drug. The intervention time for the ITS analysis of the DERP was set to January 2007 because the regulatory implementation date was the end of December 2006. According to the health insurance application date, a total of 321 new drugs were included in this analysis for the period before 2007, and 297 from January 2007 until December 2017. In addition, the average duration of insurance coverage of the 618 items in the entire period was 19.9 months; from 1989 to 2006, it was 18.0 months; and after 2007, 22.0 months.
After implementation of the DERP system, health insurance coverage for new drugs was delayed by about 4 months. The average periods from approval of the health insurance start day were analysed using the final ITS model, as shown in Fig. 6. The results of ITS analysis showed that [image: $$\beta_{0}$$] = 16.8413, [image: $$\beta_{1}$$] = −0.0242, [image: $$\beta_{2}$$] = 1.3867, and [image: $$\beta_{3}$$] = 0.8236, as shown in Table 6, and none of the p-values for [image: $$\beta_{1}$$], [image: $$\beta_{2}$$], or [image: $$\beta_{3}$$] were statistically significant. Note that although 22.0 months, the average registration time after DERP implementation, is longer than the 18.0-month average registration time before the DERP policy, the ITS analysis showed no statistical evidence that DERP had resulted in a delay in bringing new drugs to market. It is likely that the several outlier years, such as 1999, 2009, and 2015, make the variance too large for the statistical test to be significant.[image: ../images/12961_2021_797_Fig6_HTML.png]
Fig. 6Average periods from drug approval to health insurance start date

Table 6Average number of months from drug approval to health insurance start date


	Variable
	Coefficient
	SE
	p-value

	Intercept [image: $$\beta_{0}$$]
	16.8413
	3.0568
	 < 0.0001

	Baseline trend [image: $$\beta_{1}$$]
	−0.0242
	0.2983
	0.9354

	Level change after policy [image: $$\beta_{2}$$]
	1.3867
	4.6459
	0.7653

	Trend change after policy [image: $$\beta_{3}$$]
	0.8236
	0.5856
	0.1596


SE: standard error



Although there was a tendency towards an increase in the time between the date of approval of a new drug and the starting date of health insurance coverage, the variation in the average amount of elapsed time was considerable, so the results were not statistically significant. Therefore, the results differed from our expectations. However, when we analysed the data in detail, we made the following discoveries. First, the listing period is shortened if a pharmaceutical company accepts a lower price than the expected price of a new drug through negotiation with the regulatory authority. Therefore, the listing period varies depending on the drug company's strategy and the product's cost structure. Second, we also consider that the linkage system between drug approval and price evaluation, implemented in 2014 to improve new drug accessibility and supply new drugs to patients quickly, may be one reason for the lack of statistical significance of the ITS analysis. According to the HIRA, immediately after implementation of the linkage system between drug approval and price evaluation, the drug approval and reimbursement registration period for new drugs was shortened to about 100 days [36].
Discussion
Since the introduction of the product patent system, the number of Korean patent applications filed by domestic companies has increased significantly. When the product patent system was introduced in 1987, many people were worried that the intense competitiveness in patent rights of foreign companies would allow them to dominate domestic companies [30]. However, this study shows that domestic companies achieved high growth by developing new drugs, evidenced by the expanding number of patent applications. This finding implies that the product patent policy has reinforced the innovative capabilities of domestic pharmaceutical companies in Korea.
Given the mandatory GMP system changes, pharmaceutical companies need to invest heavily in GMP facilities, and only financially sound companies were able to invest in response to the change. However, this study showed that the growth of pre-emptively invested companies in Korea was considerable. This result implies that pharmaceutical companies should invest in preparation for institutional changes, such as GMP.
Unlike previous studies, which claimed that the price regulation system delayed the registration period for new drugs [29], this study found no significant delay in new drug registration during the 10-year period after implementation of the DERP system in Korea. The results indicated that Korea compensated for the possible delay of new drugs due to DERP through other policies, such as the linkage system between drug approval and price evaluation, and through negotiations between the companies and the regulatory authorities [29]. Pharmaceutical companies are sensitive to delays in the launch of new drugs, since the patent and marketing efforts for the new drug continue regardless of whether or not the product is on the market. In addition, if the drug is more cost-effective than other available options on the current market, a delay in launching new drugs may be costly to consumers [11]. This study suggests that national regulatory authorities should supplement drug pricing policies to help pharmaceutical companies with this issue.
This study has potential limitations. First, other confounding policy factors over the long term may have influenced our analysis results. Internal factors, including R&D intensity, company size, human resources, and company strategy, could also affect the long-term trend in Korean pharmaceutical companies. Therefore, analysis of the confounding policy factors and the internal factors via general morphological analysis (GMA) and regression analysis could provide more information about the changing pattern of the companies and a more precise relationship between confounding factors. Second, our analysis was retrospective in nature, so it was limited in not predicting the future effects of the policy prospectively. However, the retrospective insight could reflect future national-level policy establishment implications by extrapolating the past long-term policy outcome. Third, this study mainly considers the impacts of the major regulations from a pharmaceutical industry perspective. Considering that public benefits are one of the main reasons for policy establishment, future research needs to analyse the changes affecting public consumers after policy implementation, thus providing balanced insight from both the industry and customer perspectives. Finally, although nine or more observations in both pre-intervention and post-intervention are encouraged for ITS analysis [37], two post-intervention periods in our analysis on GMP policy involved fewer than nine observation points. Thus, it may have limited statistical power.
Conclusion
This study compared the outcomes before and after implementation of major regulations and assessed long-term changes by looking at data for an 18-year period encompassing the introduction of the product patent system, a 30-year  period during which the GMP system was implemented, and 30 years that included changes to the pricing system. We investigated the effects of these three crucial policies from a long-term perspective using a single methodology, ITS analysis. To the best of our knowledge, this study is the first long-term study of the impact of significant regulations on the Korean pharmaceutical industry.
The average yearly growth rate in pharmaceutical products from 1988 to 2017 was 7.59%, which is greater than the 5.26% GDP growth during those years in Korea, one of the world’s fastest GDP growth countries in that period [38]. This study showed that Korean pharmaceutical companies actively responded to necessary regulatory policies that guided and regulated the significant growth of the Korean pharmaceutical industry over the past 30 years.
The Korean government has tightened regulations for the public interest, securing drug safety, and reducing budgets. Korean pharmaceutical companies have established strategies to respond to such policies, which have led to pharmaceutical innovation over a 30-year period. As a result, Korean pharmaceutical companies improved the quality of pharmaceuticals and developed excellent new drugs in terms of pharmacoeconomics and the national economy. This study implies that the fast growth of the pharmaceutical industry in Korea was possible because the regulatory authorities protected consumer health, alleviated cost burdens, promoted pharmaceutical innovation, and improved the global competitiveness of domestic pharmaceutical companies.
Acknowledgements
This work was partially supported by the Institute of Information and Communications Technology Promotion (IITP) grant funded by the Korean government (MSIT No.2021-0-02184) and by the National Research Foundation Korea (NRF) grant funded by the Korean government (MSIT No.2021R1F1A1063690).

Authors' contributions
Conceptualization, SIU and UDS; methodology, SL and CK; software, SYJ and SHY; formal analysis, SU and CK; investigation and data curation, SIU and SYJ; writing—original draft preparation, SU; writing—review and editing, HL and CK; visualization, SL; supervision, UDS; project administration, HL. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets generated and analysed in this study are available from the authors on reasonable request.

Declarations
Ethics approval and consent to participate
All authors had ethics approval and consented to participate in the project.

Consent for publication
All authors have read and agreed to the published version of the manuscript.

Competing interests
The authors declare that they have no competing intersts.


References
	1.
Schuhmacher A, Gassmann O, Hinder M. Changing R&D models in research-based pharmaceutical companies. J Transl Med. 2016;14:105.Crossref

	2.
Carlson R. Estimating the biotech sector’s contribution to the U.S. economy. Nat Biotechnol. 2016;34:247–55.Crossref

	3.
DiMasi JA, Feldman L, Seckler A, Wilson A. Trends in risks associated with new drug development: success rates for investigational drugs. Clin Pharmacol Ther. 2010;87:272–7.Crossref

	4.
Lipsky MS, Sharp LK. From idea to market: the drug approval process. J Am Board Fam Pract. 2001;14:362–7.PubMed

	5.
Wouters OJ, McKee M, Luyten J. Estimated research and development investment needed to bring a new medicine to market, 2009–2018. JAMA. 2020;323:844–53.Crossref

	6.
Eichler H-G, Hurts H, Broich K, Rasi G. Drug regulation and pricing—can regulators influence affordability? N Engl J Med. 2016;374:1807–9.Crossref

	7.
Thomas LG. Regulation and firm size: FDA impacts on innovation. Rand J Economics. 1990;21:497–517.Crossref

	8.
Lee PR, Herzstein J. International drug regulation. Annu Rev Public Health. 1986;7:217–35.Crossref

	9.
Seiter A. A practical approach to pharmaceutical policy. Herndon: World Bank Publications; 2010.Crossref

	10.
Artz KW, Norman PM, Hatfield DE, Cardinal LB. A longitudinal study of the impact of R&D, patents, and product innovation on firm performance. J Prod Innov Manag. 2010;27:725–40.Crossref

	11.
Danzon PM, Wang YR, Wang L. The impact of price regulation on the launch delay of new drugs—evidence from twenty-five major markets in the 1990s. Health Econ. 2005;14:269–92.Crossref

	12.
Immel BK. A brief history of the GMPs for pharmaceuticals. Pharm Technol. 2001;25:44–53.

	13.
Sood N, de Vries H, Gutierrez I, Lakdawalla DN, Goldman DP. The effect of regulation on pharmaceutical revenues: experience in nineteen countries. Health Aff. 2009;28:W125–37.

	14.
Vernon JA. Examining the link between price regulation and pharmaceutical R&D investment. Health Econ. 2005;14:1–16.Crossref

	15.
Lanjouw JO. Patents, price controls, and access to new drugs: how policy affects global market entry. National Bureau of Economic Research; 2005.

	16.
Paine MF. Therapeutic disasters that hastened safety testing of new drugs. Clin Pharmacol Ther. 2017;101:430–4.Crossref

	17.
Patel KT, Chotai NP. Pharmaceutical GMP: past, present, and future—a review. Pharmazie. 2008;63:251–5.PubMed

	18.
Comanor WS. Research and competitive product differentiation in the pharmaceutical industry in the United States. Economica. 1964;31:372–84.Crossref

	19.
Grabowski HG, DiMasi JA, Long G. The roles of patents and research and development incentives in biopharmaceutical innovation. Health Aff. 2015;34:302–10.Crossref

	20.
Wagner S, Wakeman S. What do patent-based measures tell us about product commercialization? Evidence from the pharmaceutical industry. Res Policy. 2016;45:1091–102.Crossref

	21.
Seul MS. Influences of patent and drug safety regulation agency and Korea’s direction in pharmaceutical industry’s innovation—focusing on features of Korea’s pharmaceutical industry and biologics. J Intellect Property. 2016;11:75–114.Crossref

	22.
Jeong C-H. Changes in Korean patent system: history of strengthening patent rights. Sci Technol Policy. 2004;14:79–107.

	23.
Lee SW. Recent patent trends of Korean pharmaceutical companies. Trends Health Industry Technol. 2002;9:85–91.

	24.
Yoon KA. Current status of patents in the pharmaceutical industry. Trends Health Industry Technol. 2004;20:75–91.

	25.
Paik W-H. The history of Korean GMP. Yakhak Hoeji. 2015;59:40–6.Crossref

	26.
Kim JY, Kwon K. A study on the comparison of Korea GMP with PIC/S GMP for enhancing international competecy of medicinal product quality. Yakhak Hoeji. 2013;57:432–41.

	27.
DiMasi JA, Hansen RW, Grabowski HG. The price of innovation: new estimates of drug development costs. J Health Econ. 2003;22:151–85.Crossref

	28.
Yang BM, Bae EY, Kim J. Economic evaluation and pharmaceutical reimbursement reform in South Korea’s National Health Insurance. Health Aff. 2008;27:179–87.Crossref

	29.
Son KB. Understanding the adoption of new drugs decided by several stakeholders in the South Korean market: a nonparametric event history analysis. Heal Econ Rev. 2018;8:10.Crossref

	30.
KPMA. The history of KPMA’s 50 years. Korea Pharmaceutical Manufacturers Association; 1996.

	31.
Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the evaluation of public health interventions: a tutorial. Int J Epidemiol. 2017;46:348–55.PubMed

	32.
Ewusie JE, Soobiah C, Blondal E, Beyene J, Thabane L, Hamid JS. Methods, applications and challenges in the analysis of interrupted time series data: a scoping review. J Multidiscip Healthc. 2020;13:411–23.Crossref

	33.
Penfold RB, Zhang F. Use of interrupted time series analysis in evaluating health care quality improvements. Acad Pediatr. 2013;13:S38–44.Crossref

	34.
Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression analysis of interrupted time series studies in medication use research. J Clin Pharm Ther. 2002;27:299–309.Crossref

	35.
Linden A. A comprehensive set of postestimation measures to enrich interrupted time-series analysis. Stata J. 2017;17:73–88.Crossref

	36.
Health Insurance Review & Assessment Service: Press release: Reduced the actual time required for new insurance registration of anticancer drugs from 320 days to 240 days. https://​www.​hira.​or.​kr/​bbsDummy.​do?​pgmid=​HIRAA02004100010​0&​brdScnBltNo=​4&​brdBltNo=​9198. Accessed 22 Feb 2021.

	37.
Jandoc R, Burden AM, Mamdani M, Lévesque LE, Cadarette SM. Interrupted time series analysis in drug utilization research is increasing: systematic review and recommendations. J Clin Epidemiol. 2020;68:950–6.Crossref

	38.
Um SI. The empirical study on patterns and factors of growth of Korean pharmaceutical industry in recent 30 years. Chung-Ang University, 2019.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12961_2021_797_Article_TeX_IEq40.png





OEBPS/images/12961_2021_797_Article_TeX_IEq41.png
TltX1t





OEBPS/images/12961_2021_797_Article_TeX_IEq48.png





OEBPS/images/12961_2021_797_Fig1_HTML.png
Foreign patent application per quarter

400

300

200

100 -

O No. of foreign patent

application per quarter

---- yhat

trendhat

1980

1982 1984 1986

T T

1988 1990 1992 1994 1996

calendar_vyear

T

1998 2000





OEBPS/images/12961_2021_797_Article_TeX_IEq49.png
T5,.X5





OEBPS/images/12961_2021_797_Article_TeX_IEq46.png
ZXZI





OEBPS/images/12961_2021_797_Article_TeX_IEq47.png
ZT %X





OEBPS/images/12961_2021_797_Article_TeX_IEq44.png





OEBPS/images/12961_2021_797_Article_TeX_IEq45.png
T2tX2t





OEBPS/images/12961_2021_797_Article_TeX_IEq42.png
ZXII





OEBPS/images/12961_2021_797_Article_TeX_IEq43.png
ZT1 X1





OEBPS/images/12961_2021_797_Article_TeX_IEq39.png
B3





OEBPS/images/12961_2021_797_Fig2_HTML.png
pDomestiCc patent application per quarter

O No. of domestic patent
application per quarter

150 | ------ yhat
trendhat
100 -
50

T T T T

T
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

calendar_vyear





OEBPS/css/sidebar.gif





OEBPS/images/12961_2021_797_Article_TeX_IEq30.png
B2





OEBPS/images/12961_2021_797_Figa_HTML.png





OEBPS/navigation.xhtml

    
      Contents


      
        		Longitudinal study of the impact of three major regulations on the Korean pharmaceutical industry in the last 30 years


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12961_2021_797_Article_TeX_IEq109.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq37.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq38.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq35.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq36.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq33.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq34.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq31.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq32.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq111.png
Ba





OEBPS/images/12961_2021_797_Article_TeX_IEq110.png
B13





OEBPS/images/12961_2021_797_Fig3_HTML.png
‘Total patent application per quarter

600

500

400

300

200

100

© No. of Total patent

1980

application per quarter

trendhat

1982

1984

1986

1988 1990 1992

calendar_vyear

1994

1996

1998

2000





OEBPS/images/12961_2021_797_Article_TeX_IEq28.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq29.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq116.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq115.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq114.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq113.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq112.png
Bis





OEBPS/images/12961_2021_797_Article_TeX_IEq26.png
B





OEBPS/images/12961_2021_797_Fig4_HTML.png
-t
o
=
o
4

n*u

=@~ Group 2

10,000,000 | mil. W

9,000,000

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

000

2,000

Cd
1,000,000 | e~®

0

16

‘12

‘10

98 00 ‘02 ‘04 ‘06

96

‘90 ‘92

‘88





OEBPS/images/12961_2021_797_Article_TeX_IEq27.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq24.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq25.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq22.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq23.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq20.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq21.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq100.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq19.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq17.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq18.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq108.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq107.png
Bio





OEBPS/images/12961_2021_797_Article_TeX_IEq106.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq105.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq104.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq103.png
Be





OEBPS/images/12961_2021_797_Article_TeX_IEq102.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq101.png
PBa





OEBPS/images/12961_2021_797_Article_TeX_IEq95.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq96.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq93.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq94.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq91.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq92.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq1.png





OEBPS/images/12961_2021_797_Article_TeX_IEq90.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq2.png





OEBPS/images/12961_2021_797_Article_TeX_IEq15.png
B1+ B3





OEBPS/images/12961_2021_797_Article_TeX_IEq3.png





OEBPS/images/12961_2021_797_Article_TeX_IEq16.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq4.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq13.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq5.png





OEBPS/images/12961_2021_797_Article_TeX_IEq14.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq6.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq11.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq99.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq7.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq12.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq8.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq97.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq9.png
B1+ B3





OEBPS/images/12961_2021_797_Article_TeX_IEq10.png





OEBPS/images/12961_2021_797_Article_TeX_IEq98.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq84.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq85.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq82.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq83.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq80.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq81.png
B3





OEBPS/images/12961_2021_797_Article_TeX_IEq88.png
B3





OEBPS/images/12961_2021_797_Fig6_HTML.png
Average month From approval to health insurance start date

by year

40

35

30

25

20

15

10

0

O O
I I AR IR R R SRR R AR RTINS A A A A

—&— Average month From
approval to health
insurance start date by
year

Predicted Average
month From approval to
health insurance start
date by year

Year

S





OEBPS/images/12961_2021_797_Article_TeX_IEq89.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq86.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq87.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq73.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq74.png
Bo





OEBPS/images/12961_2021_797_Fig5_HTML.png
Mil. W —
——— Treatment Group
300 —
—— Control Group

200 —

150 —

50

1990 19095 2000 2005 2010 2015





OEBPS/images/12961_2021_797_Article_TeX_IEq71.png
Bis





OEBPS/images/12961_2021_797_Article_TeX_IEq72.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq70.png
B13





OEBPS/images/12961_2021_797_Article_TeX_IEq79.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq77.png
Bis





OEBPS/images/12961_2021_797_Article_TeX_IEq78.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq75.png
B2





OEBPS/images/12961_2021_797_Article_TeX_IEq76.png
B13





OEBPS/css/envelope.png





OEBPS/images/12961_2021_797_Article_TeX_IEq62.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq63.png
Bis





OEBPS/images/12961_2021_797_Article_TeX_IEq60.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq61.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq68.png
Bo





OEBPS/images/12961_2021_797_Article_TeX_IEq69.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq66.png
Bs





OEBPS/images/12961_2021_797_Article_TeX_IEq67.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq64.png
B





OEBPS/images/12961_2021_797_Article_TeX_IEq65.png
B3





OEBPS/images/12961_2021_797_Article_TeX_Equc.png
Y =Bo+ 81T + Bo Xy + B3T1: X1, + BaXos + Be X3 + B713: X3 + BsZ + BoZT + B10ZL X1, + B11ZLT1: X1 + 122Xy + B132T 2 X





OEBPS/images/12961_2021_797_Article_TeX_Equb.png
Y =B+ 61T + BoX; + BT X, + e





OEBPS/images/12961_2021_797_Article_TeX_Equa.png
Y =B+ 61T + BoX; + B3TX, + e,





OEBPS/images/12961_2021_797_Article_TeX_IEq51.png
ZT3 X3





OEBPS/images/12961_2021_797_Article_TeX_IEq52.png





OEBPS/images/12961_2021_797_Article_TeX_IEq50.png
ZX3t





OEBPS/images/12961_2021_797_Article_TeX_IEq59.png
ZT3 X3





OEBPS/images/12961_2021_797_Article_TeX_IEq57.png
ZT %X





OEBPS/images/12961_2021_797_Article_TeX_IEq58.png
ZX3t





OEBPS/images/12961_2021_797_Article_TeX_IEq55.png
ZT1 X1





OEBPS/images/12961_2021_797_Article_TeX_IEq56.png
ZXZI





OEBPS/images/12961_2021_797_Article_TeX_IEq53.png





OEBPS/images/12961_2021_797_Article_TeX_IEq54.png
ZXII





