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Abstract 

 

The effects of Drug Utilization Review system on patient care: 

Changes in prescription patterns, adverse drug events and related costs 

 

Background: Medical errors and health care quality have been considered important issues for 

healthcare providers, policymakers, patients and other stakeholders. Of these errors, drug issues 

were the most common single-type adverse event. Drug utilization requires careful 

consideration, taking into account benefits and risks, and should only be used to improve the 

health condition if the benefits are judged to be beyond the risk of harm. If the chosen 

medication is not appropriate for patient treatment, it can lead to overuse/misapplication, which 

is the cause of most medical errors. Therefore, system-based decision support programs are 

considered to be an important method to improve the quality of patient care. In Korea, a system-

based approach to reduce inappropriate prescription of medication began to be provided, in real-

time, starting in December 2010. The purpose of this study was to evaluate the effects of the 

Drug Utilization Review (DUR) system in changing prescription patterns, patient adverse drug 

events (ADEs), and costs related to ADEs.   

Materials and Methods: Data used in this study were derived from the National Health 

Insurance Service national sampling cohort data from 2002 to 2013, and 853,676 patients who 

were prescribed a drug with high ADE potential were included. To assess the effects of the DUR 

system on changes in prescription patterns and ADEs, this study considered several outcome 

variables, including prescription rate, (drug-drug interactions [DDIs], drug overdoses, specific 

drugs related with ADEs) and ADEs (rate, episode-based costs). In particular, drug overdoses 

were categorized into enrolled lists and latest lists, depending on whether they were enrolled in 
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the DUR system by 2013. To evaluate changes in outcome variables after introduction of DUR 

system, this study used an interrupted time series study design, using Generalized Estimating 

Equations. A Poisson distribution, with a log link function, was utilized to evaluate change in 

prescription and ADE patterns. Additionally, cost change was evaluated using a gamma 

distribution with log link function. 

Results: The mean monthly prescription rate of DDI was 0.06% prior to intervention. This rate 

was significantly decreased to 0.03% after intervention (p < 0.0001). There was also a 

significant difference in the rate of drug overdoses, before and after introduction of DUR system, 

in both enrolled lists and latest lists. The average monthly rate of ADEs was 2.95% before 

intervention and 3.79% after intervention (p < 0.0001). The episode based costs related to ADEs 

were 107,419 KRW before intervention, and 97,342 KRW after introduction of the DUR system 

(p = 0.0110). The interrupted analysis showed that monthly prescription rates changed after the 

introduction of the DUR system. The rate of DDIs immediately decreased to 23.2% (p = 0.0084), 

and trends were also decreased to 1.6% (p < 0.0001), compared with pre-intervention periods. 

Regarding the rate of drug overdose, there has been a significant level and trend change of –

14.28% (p < 0.0001) and –0.46% (p < 0.0001) respectively, in the enrolled lists. By the latest 

lists of existing-registered drugs, there was a significant decrease at the moment of intervention 

(–47.64%, p < 0.0001), as well as a trend change (–0.46%, p < 0.0001) compared to the period 

prior to intervention. According to the introduction of the DUR system, an immediate reduction 

of 1.89% (p < 0.0001) in overall ADE rates and a 1.13% (p = 0.0005) reduction in monthly rates 

were observed. However, this study did not found a significant level and trend change in 

episode-based ADE costs. 

Discussion and Conclusion: Physicians' initial drug choices are influenced by several factors, 

including features of patients and physicians. Additionally, this decision is also affected by a 
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system that takes into account patient characteristics, which can lead to changes in the 

prescription of the drug. Changes in the prescription to reduce inappropriate drugs or reduce 

potential ADEs can ultimately affect the patient, leading to better results, and/or reducing the 

incidence of side effects. The results of this study provide policy makers with evidence that a 

system-based approach to quality improvement not only reduces inappropriate prescriptions, but 

is also an effective way to reduce side effects associated with drug use. This information can 

provide a basis for policy makers to reach better conclusions when choosing one of the various 

ways to improve quality. Through such a system-based approach, this study expected to 

improve patient safety and reduce medical errors. 
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Ⅰ. Introduction 

 

1. Study Background 

Over the past few decades, medical science and technology have rapidly changed methods 

of patient treatment, resulting in better outcomes. However, these treatments may result in 

unintended consequences for patients. This issue was first raised by the Institute of Medicine 

(IOM) in 1999, who suggested that most of these problems are related to under-, over- and 

misuse of care related to the healthcare delivery system
1,2

. Since the problem of quality has been 

raised by the IOM, this issue has been considered as an important issue for policymakers, health 

care providers, and other stakeholders. This is because it not only threatens the safety of the 

patient, but also results in a waste of medical resources
3,4

. This poor-quality care and adverse 

events have changed the perspective of patient care, emphasizing the importance of safety, and 

focusing on efforts to reduce preventable medical errors. Of these errors, drugs issues were the 

most common single-type of adverse event
5-7

.  

Adverse drug events (ADEs) are common in most clinical settings, including both 

inpatient and outpatient care, with 6.5% and 27.4% of inpatients and outpatients experiencing 

ADEs, respectively
8,9

. In the United States (US), approximately 6.7% of patients experienced 

ADEs, and 5.3% of hospital admissions were associated with ADEs
10,11

. Most of these ADEs 

were observed in elderly and outpatient individuals, and depend on the number of medications 

taken by patients
12,13

. In addition, ADE admission is often related to unintended overdose. 

Further, inappropriate prescriptions have been associated with 3.6% of emergency department 

visits for ADEs
14,15

. Inappropriate prescriptions, including overuse and misapplication, result in 

ADEs and increase the burden of these ADEs
13

. In other words, some of these errors can be 

prevented at the prescribing stages and suggest that careful decision-making is required for 
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improving their safe use
16

. As a result, there has been an increased interest in computerized 

interventions to support physician decision-making, by preventing or warning physicians about 

potential ADEs associated with various prescriptions. This effort has evolved into a systems-

based approach, with the development of drug utilization review (DUR) systems
17-19

. The initial 

purpose of the DUR system was to reduce inappropriate prescriptions and pharmaceutical 

expenditure. However, DUR systems are increasingly emphasized in terms of quality 

improvement of drug prescriptions, such as determining appropriate therapeutic agents and 

drug-drug interactions (DDI). 

In Korea, since the beginning of the National Health Insurance (NHI) in 1989, the 

accessibility to healthcare has improved. However, some problems have arisen, such as the 

growth of health expenditure and a poor system of health care delivery. Reimbursement was 

regulated by the government, and was provided based on the fee-for-services; yet, the 

compensation system was set low due to poor finances. Under the minimal fees provided, 

physicians have begun to change health behavior to maximize their profit, which has created 

another problem, which increases health expenditure and overutilization. In particular, most of 

these behavioral changes began to appear in relation to outpatients and drugs, leading to 

increased overuse of drugs, and high overall pharmaceutical expenditure
20

.  

This phenomenon was related to the unclear role between physicians and pharmacists. 

Previously, both physicians and pharmacists were authorized to prescribe and dispense drugs. 

Additionally, both physicians and pharmacists tended to take into account other aspects of the 

drug, rather than quality or cost-effectiveness, with these choices often based on illegal 

marketing by pharmaceutical manufacturers/wholesalers, such as price fixing with healthcare 

providers/pharmacists and under the table negotiations
20

. In particular, because the costs for 

health service provided by physicians were controlled by the government, but the costs of drugs 

were not controlled, medicines accounted for the largest portion of individuals' profits, 
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accounting for up to 47% of revenue in some departments. Increased personal benefits 

associated with drugs have led to the misapplication and overuse of drugs, which is one of the 

major causes of increased health care expenditure. In particular, drug overuse was severe in 

certain drugs, with antibiotic prescription rates in outpatient clinics being reported at over 

56%
20,21

. The increase in antibiotic resistance due to the overuse of antibiotics is another 

problem that has led to the need to control inappropriate drug prescription practices
22

. 

Eventually, these problems led to the reform of pharmaceuticals, and the government 

implemented a mandatory separation of drug prescribing from dispensing in July 2000, in an 

effort to reduce drug misapplication, overuse, prevent drug-related errors, decrease unnecessary 

consumption, and lessen medical expenditure
23,24

. The introduction of this policy was strongly 

resisted by physicians and caused several strikes, but was eventually implemented, affecting 

drug utilization and pharmaceutical expenditure. Control of the increase in pharmaceutical 

expenditure, which was the original intent of this policy, was partially offset by increased 

prescription rates for brand-name drug. However, it had a positive impact in diminishing the 

overuse of drugs and a reducing the use of inappropriate drugs
21

.  

In the following year, another approach to reduce inappropriate drug use in outpatient 

care was introduced by the Health Insurance Review and Assessment Service (HIRA). This 

attempt was conducted through quality assessment by examining three items, including the 

antibiotic prescription rate, injection prescription rate and pharmaceutical expenditure per 

prescription day, with the specific purpose of reducing pharmaceutical expenditure and drug 

overuse
25

. These monitoring results were fed back to health care providers, with the expectation 

of an improvement of prescribing behavior through awareness of drug use problems. Every year, 

monitoring related to the prescription rate of particular drugs has been continuously performed, 

and additional measures have been added to related items. Although these efforts have changed 

the prescription rate of specific medications, this has not resulted in an overall improvement in 
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the quality of drugs being prescribed. Therefore, there is a need for improvement in the overall 

quality of drug prescriptions to reduce inappropriate prescription. 

The need for a system based approach (i.e., the DUR system) was demonstrated in  

research that included 15 days prescription drug claim data in 2002
26,27

. This study found 

prescription related problems, including a high average number of drugs per prescription (4.07), 

frequent use of oral digestive products, the inappropriate use of antacids for outpatient care, and 

high rates of DDI. Based on the results of this study, the necessity of the DUR system was 

suggested in 2003. In response, in 2004 the Ministry of  Food and Drug Safety (MFDS) 

announced a list of 10 of age-related drug contraindications and 162 of drug-drug interactions
28

. 

To reduce inappropriate prescriptions, a list of registered drugs has also been created and new 

drugs are added annually; reimbursement regulations have also been proposed. However, there 

has been no integrated approach to improve patient safety, as the list was adopted separately 

through a different claims submission system. This has led to the need for an integrated, system-

based method to reduce inappropriate prescriptions. Hence, the government decided to 

introduce the DUR system nationwide.  

The nationwide DUR system was started in April 2008 as a pilot program for medical 

institutions and pharmacies
28,29

. In this stage, DDI and age-related drug contraindications were 

monitored within the same prescription. A second pilot program was launched in May 2009 in 

Goyang-si, with monitoring extended to include patients from the same or different healthcare 

organizations, in an effort to reduce duplication of ingredients and potential DDIs
29

. This 

program was next extended to Jeju Island in November 2009. Following these pilot tests, the 

DUR system was rolled out nationwide in December 2010. The DUR system was first 

implemented in clinics, hospitals, and general hospitals, from December 2010 to March 2011. 

Tertiary hospitals introduced the DUR system by December 2011, as some of these hospitals 

already had their own systems. The DUR system provides information on drugs that were 
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previously prescribed or prescribed by different hospitals, and checks whether the prescriptions 

are inappropriate, in real time. Upon detecting a potentially harmful prescription in terms of 

DDIs or duplicate ingredients, a pop-up message is displayed, alerting the healthcare provider, 

and suggesting a change in prescription. Depending on the pop-up notification, healthcare 

providers either had to change the prescription or had to insert the reason(s) for the prescription 

that was considered inappropriate. 

The appropriate utilization of drug can lead to better patient outcomes and is an 

important part of patient care. However, most studies have focused on controlling the growth of 

drug costs, rather than improving drug quality to increase patient safety. The use of 

inappropriate drugs is an important part of medical errors, and a reduction in their use can 

decrease waste in health care expenditures by lessening drug side effects. Thus, a system-based 

approach is an effective way to influence physician prescribing behavior and reduce 

inappropriate prescriptions. This altering of the prescription pattern of overuse and/or 

misapplication may ultimately lead to a reduction in drug side effects and improve patient care. 

Despite the fact that the importance of a system-based approach to improve quality has 

been recognized, there has been limited research conducted into whether the DUR system can 

affect physician decision on potentially inappropriate prescriptions, improving patient outcomes. 

Most of the studies examining drugs have focused upon pharmaceutical expenditure controls, 

and lack evidence of the direct effects of the DUR system on patient outcomes. Additionally, a 

number of studies have been conducted in the area of ADEs; however, the few quantitative of 

these, utilizing nationally representative administrative claim data, have been conducted in other 

countries. This issue is of significant policy interest, given that changes in physician decision 

for prescription could actually affect the outcome of patients. Thus, this study will provide 

evidence related to a system-based approach to improve quality and patient outcomes through 

changes in physician behavior.  
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2. Study Objectives 

The purpose of this study was to investigate the effects of the DUR system on changes in 

the prescription decision of physicians, patient ADEs, and the costs related to these ADEs. To 

evaluate the effects of the DUR system on prescription patterns and ADEs, outpatients who 

were prescribed medications that frequently cause ADEs were included. First, this study 

hypothesized that drug information provided by the DUR system would affect prescription 

patterns and drug utilization. As the introduction of the DUR system could affects drug choices, 

this study investigated whether there was any change in DDIs and/or drug overdoses. 

Furthermore, this study assumed that the DUR system could also affect the decisions of 

healthcare provider regarding other drugs, leading to a change in the prescription rate of drugs 

not included in the DUR system. Second, as change in prescription patterns may affect patient 

outcomes. Therefore, this study examined any change in ADEs after introduction of the DUR 

system. Furthermore, similar changes would also likely exist in costs for ADEs. Thus, this study 

investigated changes in costs for ADEs. Finally, because prescribing changes in certain drugs 

can affect changes in ADEs, this study investigated changes in the prescription rate of drugs that 

were closely related to frequent ADEs.  

The detailed objectives of this study were as follows: 

(1) To identify whether there were any changes in prescription patterns from 

information on inappropriate prescriptions provided by the DUR system. 

(2) To identify whether the changes in prescription patterns by the DUR system 

actually brought about better outcomes in patients care. 

(3) To assess the effects of the DUR system on different characteristics, and to provide 

evidence to policymakers for groups requiring more intervention in patient care 
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Ⅱ. Literature Review 

1. Approach to Quality Improvement 

The IOM committee suggested that six aims, including, safety, effectiveness, patient-

centeredness, timeliness, efficiency, and equity, were important for quality improvement
1,2

. It 

was also proposed that the health care system should address these goals in order to improve the 

overall health and functional ability of individuals. Since then, a variety of approaches have 

been introduced in the past decades. These results have provided an efficient way to improve 

quality in patient care. Most of these efforts can be categorized into two aspects: 1) the factor 

considered to be subject, and 2) the approach proposed. 

Considering the level of intervention, the IOM categorized these into four different levels 

including patients, healthcare providers, organizations, and environmental factors, such as 

policy and payment
1,30

. From a patient perspective, it has been suggested that patient 

empowerment is important to improve the quality of health care
31,32

. These efforts have been 

based on patient education about safety and the role of patient
33-35

. The aspect of health care 

providers is closely related to patient care, with most studies examining ways to support 

decision making and improve knowledge
36-38

. Considering aspects of health care organizations, 

studies related to organizational standards, information technology, resource development 

strategies, coordination of care, and other comprehensive programs were suggested as methods 

to redesign healthcare delivery
39-41

. Finally, environmental changes, in finance, regulation, and 

social policy were also suggested
42,43

. These suggestions led to an incentive program based on 

the results of quality assessment, with policies for such regulations and support for quality 

improvement developed and adopted into practice. 

Another approach was to consider effective strategies for quality improvement. Richard 

Grol suggested that these strategies include evidence-based medicine (EBM), professional 
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development, assessment, and total quality management (TQM)
44

. Since 1980, EBM and 

clinical guidelines have provided evidence to policymakers, healthcare providers, and others 

regarding decisions for health care
45-47

. This approach is necessary in that the healthcare 

provider is the basis for selecting medication in certain diseases and reducing inappropriate 

prescriptions. However, it was sometimes difficult to apply the EBM recommendations to all 

patients
48

, and too many guidelines were confusing and did not lead to quality improvement
49

. 

Furthermore, these recommendations and guidelines did not effectively utilize the clinical skills 

and experience of the healthcare provider. 

Professional development is based on the theory of adult learning, working on the 

assumption that individuals will work to maximize their abilities in the educational 

environment
50,51

. This theory of adult learning distinguishes from learning in children, and has 

evolved into a self-directed method to require the active participation of individuals, considering 

several factors, such as how to remain self-directed in their learning over long periods, how to 

change the process, the role of public policy, and personal characteristics of participants. 

However, there were some issues related to the competence of physicians, in that it was based 

on participation in specific types of educations, such as self-regulation, licensing, and 

recertification systems
52

. Evidence regarding the effects of the education system on physicians, 

as well as on overall quality, has not been sufficiently provided
53

. Furthermore, professional 

development required additional methods for assessing their actual performance, leading to the 

development of strategies for assessment and accountability that provide feedback to physicians 

and public reporting of their performance
54

. This approach increased the accountability of 

healthcare organizations, professionals, and others, with an aim to improve the quality of health 

care services by enabling or encouraging health care providers to maintain standards. As a result, 

the quality of care at the hospitals improved, and patients were aided in their choice of a 

hospital
43,55,56

. Although this approach provided clear results on the performance of each 
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practice, and was easily accepted by insurers, issues have been raised regarding the reliability 

and validity of the quality measurement utilized in public reporting
57,58

. Furthermore, there have 

been unintended changes in physician behavior, such as avoiding sick patients, performing 

inappropriate treatment to achieve target rates, and discounting patient preferences/clinical 

judgment
59

.  

The following quality improvement approaches are patient-centered, as it is important to 

place the patient at the center of care delivery. The key to this approach was patient 

empowerment by improving the patient’s role and responsibility
31,32,60

. This concept implies that 

the patient can choose personally meaningful and realistic goals, and act spontaneously during 

the health care process. Within this framework, patients are willing to participate and engage in 

their own safety by implementing changes in behavior to prevent medical errors. The objective 

is achieved via patient empowerment, which can be defined as self-direction for improvement of 

health
31

. This approach is a fascinating idea to improve quality, but still lacks an effective 

method to reduce gaps in patient knowledge.  

TQM was suggested as an approach to make continuous efforts to improve the overall 

health care system, without focusing on the performance of individual physicians. There is no 

uniform definition of TQM, but important factors include understanding, designing, and 

simplifying the process through the eyes of the patient
61,62

. This framework also assumes that 

changes in the structural and organizational conditions would be helpful in improving clinical 

outcomes, and that systematic monitoring of performance, feedback, and quality improvement 

would also be needed. Other TQM activities are related to quality performance in support of 

decision making, suggesting that information and quality data analysis has significantly positive 

effects on quality improvement
63,64

. This approach provides a more optimal streamlined delivery 

system and offers interesting results, but there is a lack of evidence related to the effect on 

actual patient outcomes. 
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In the past, these approaches were used to improve quality in patient care, but now these 

approaches are becoming more complex, taking into account various diseases and their impacts. 

A studies conducted Wagner et al. applied this approach to patients with chronic disease
65

. This 

study proposed a conceptual model for effective chronic disease treatment and suggested that 

the management of appropriate chronic illness patients could be achieved by properly organized 

health systems, in conjunction with the resources needed by a wide range of communities. This 

model explained that interacting system components, including self-management support, 

delivery system design, decision support, and clinical information systems, are important to 

improving patient care. To effectively change chronic patient care, healthcare systems need to 

provide support, both to patients (informed and activated) and the practice team (prepared and 

proactive). This model was developed to innovate care for chronic conditions, taking into 

account micro (patient and family), meso (healthcare and community), and macro (policy) level 

components (Figure 1)
66

. This model suggests that an overall comprehensive system 

design/modification is required to achieve the goals of patient care, rather than specific changes. 

 

Figure 1. Conceptual framework for patients with chronic diseases (Wagner et al., 1999, 2004)
65,66
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2. Physician’s Prescribing Decisions 

The prescription of medication depends on physicians’ decision on the appropriate 

therapeutic agents required. Most related studies to date have focused on two aspects, including 

effective methods for improving prescribing behavior and studies to explain this behavior
67

. 

Prior to the 1980s, physicians played the lead role in patient care
68

. This is based on several 

assumption of a physician’s professional authority. Specifically, that if a single best treatment 

existed, physicians will consistently apply the best treatment; that physicians are the best 

individuals to make this decision; and that physicians will make reasonable investment in each 

treatment decision. However, these assumptions have become difficult to apply, due to the 

development of technology and the diversity of diseases, resulting in many additional factors 

beginning to influence decision making. It has been suggested by researchers, including Eddy 

and Levine et al., that it is important for patients to determine the tradeoff between different 

treatments when making treatment decision
69,70

. Similarly, Anderson argued that healthcare 

providers were too focused on medical processes, such as diagnosis and specific intervention, 

and did not focus on overall care quality
71

. The rising cost of healthcare has also led to the need 

for appropriate management. Changes in the roles of physicians and patients, lower care quality, 

and increased healthcare expenditure have led to changes in external environmental factors, 

such as policy and healthcare systems, and these various factors have begun to influence the 

prescription decisions made by physicians. 

According to the mechanisms suggested by Woolf, health outcomes, such as patient 

health improvement or cost savings, are associated with an intermediate step that changes the 

knowledge, attitudes, and behavior of healthcare providers
72

. Knowledge is associated with 

awareness, and this can be improved by being made aware of the recommendation. Attitudes are 

associated with acceptance of new treatment standards, and are associated with the desire of 

physicians to improve patient care, while limiting the burden of autonomy, income, and drug 
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liability. Finally, behavior change is based on the influence of knowledge. However, attitude 

change is more sustainable than indirect manipulation of behavior alone. Cabana et al. 

suggested that, in relation to behavior change, these components were considered to be a barrier 

that prevents physicians from following new guidelines
73

. The lack of awareness and familiarity 

affected their knowledge of guidelines, which led to changes in attitudes that were influenced by 

agreement with such interventions, outcome expectancy, self-efficacy, and motivation. The 

attitudes led to action, with behavior ultimately being affected by other external factors, such as 

patient factors, guideline characteristics, and environmental factors, resulting in a final change. 

Findings by Rodriguez at al. suggested that, physician’s prescribing behavior was 

affected by both extrinsic and intrinsic factors (Figure 2)
74

. Intrinsic factors are associated with 

physician characteristics, such as, sex, medical specialization, and previous clinical experience. 

These base characteristics affect the knowledge of the physician, which leads to the formation 

of various attitudes, including complacency, fear, ignorance, indifference, transfer of 

responsibility to others, and confidence
75

. Complacency is an attitude that motivates prescribing 

to meet the physicians’ perception of patients. Fear is associated with possible future 

complications, and ignorance to the relationship between overprescribing and adverse events, 

resulting from a lack of knowledge. Indifference is related to a lack of motivation to consider 

prescription problems, and transfer of responsibility to others is the attitude that others are 

responsible for addressing drug problems. Finally, confidence is associated with self-reliance 

when prescribing drugs. Extrinsic factors include patient factors (e.g., age, clinical 

conditions/symptoms) and pharmaceutical industry factors, such as pressure place upon 

healthcare providers to prescribe various medications. In addition, there are also healthcare 

system-related factors, such as political change, introduction of clinical guidelines, and hospital 

characteristics. Consequently, these factors exert influence on the prescribing decisions, as they 

are factors that directly affect the physician’s knowledge and attitudes. Although, in some 
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instances, these factors can directly affect decisions about prescriptions without changing 

knowledge or attitudes. 

 

Figure 2. Theoretical framework for the influence and interconnection between factors influencing 

prescribing (Rodriguez et al., 2013)
74

 

 

Other studies that have considered specific aspects of physicians have suggested that 

prescribing is associated with habitual or non-routine choices. Specifically, Lilja, Segal et al., 

and Coscelli have suggested that habitual choice is associated with brand name, whereas other 

choices depend on the beliefs of physicians about the probabilities of certain outcomes and the 

personal value attached to these outcomes
76-78

. Habitual choices result in the decision to 

prescribe certain drugs (i. g., brand-name drugs), rather than generic drugs. There has also been 

research suggesting that information technology (IT) can influence physicians' decisions. For 

instance, Bhattacherjee et al. suggested that some physicians are resistant to using IT 

implementation programs
79

. Therefore, they suggested that additional support, such as continued 

education, is needed to reduce program resistance and improve program efficiency. 



14 

 

3. The Impacts of the DUR System on Health care 

The DUR is an ongoing systematic approach to review drug prescription and utilization
17-19

. 

This system was developed in the US in 1965, with the initial intention of the system being to 

control fraud and abuse in the outpatient arena
80

. At that time, intervention was focused on 

reducing DDIs when a suboptimal prescription was prescribed. However, as inappropriate 

prescribing, such as overuse and inappropriate drug selection, has lowered the quality of care, 

there has been an increased awareness that additional interventions are needed
81

. 

The growth of the DUR began in 1990 with the Medicaid Rebate Law, which required the 

state to adopt DUR-related activity. This law suggested the introduction of prospective and 

retrospective DUR systems to be in place by January 1993, with drug counseling provided to 

patients by a community pharmacist, as well as face-to-face educational intervention programs 

designed to improve prescription quality. Under this law, the DUR system was introduced to 

ambulatory care setting in the US to improve prescription quality. The conceptual model of the 

DUR system was proposed by Lipton and included patient/family factors, physician factors, and 

system factors (Figure 3)
80

.  

Patient factors are related to the patient’s own beliefs and experiences while taking 

medicine and obtaining prescriptions
82

. Other factors, such as demographics and cultural beliefs, 

also affect prescribing, as some patients may demand more prescriptions that are clinically 

unnecessary. Regarding the physicians’ aspects, their beliefs, knowledge, and experiences can 

affect medicine choices, which can lead to the over-selection of certain drugs (e. g., brand name 

drugs) or over-utilization of drugs in general
83-85

. In particular, most of these choices depend on 

their habits, beliefs and costs directly associated with their profit. System factors, including 

reimbursement, drug policies, and organizations are important elements that affect 

prescription
86-88

. These system factors affect prescribers, and may result in either increased or 
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decreased use of certain drugs to increase profits. Taken together, it appears that there are many 

factors which can affect prescribing. As such, the DUR system can be useful for detecting 

inappropriate prescription patterns at the prescriber, system, and/or patient level, both 

prospectively (detecting inappropriate prescription) and retrospectively (providing feedback to 

the provider, including preventable drug-related morbidity and specific drugs utilization).   

 

Figure 3. Relationship of DUR interventions to drug prescribing and dispensing 

(Lipton et al, 1993)
80

 

Since the development of the DUR system in the US, many studies have been 

conducted to improve prescription quality. Most of these studies have focused on changing 

prescription rates and pharmaceutical expenditure. In the US, Monane et al. examined the 

effects of the DUR system on prescription patterns in elderly outpatient care, and found that 24% 

decrease in inappropriate prescriptions, including age-related drug contraindications, overdose, 



16 

 

and DDIs, following DUR implementation
89

. A similar result was found by Moore, who also 

found a reduction in inappropriate prescriptions
90

. However, while this study did not find 

specific cost savings, it was suggested that costs would be offset by improved quality and 

reduced ADEs. Another study in the state of Alabama showed a positive effect of the DUR 

system, including a shortened duration of patients taking medication and a cost savings of 

$112.93 per prescriber per month
91

. Additionally, a study in Phoenix found that a computer alert 

system to prevent ADEs was effective in preventing potential drug-induced patient injury
92

. 

Furthermore, Gleason et al. examined the discontinuation rates in patients prescribed metformin, 

and found that, in 84% the prescription was decreased in patients at risk for ADEs
93

. 

Anglakuditi et al. also suggested that the DUR system was associated with improvement in 

prescription patterns
94

. Studies conducted in Canadian hospitals revealed that the concurrent 

DUR system has significantly improved prescription quality in patient care
95

. In addition, 

Daubresse et al. found that high-risk utilization of substance decreased after the introduction of 

a retrospective DUR system
96

. Finally, a study in a general hospital in Jerusalem found that the 

Drug Utilization Evaluation Program had made a positive contribution to the use of more 

appropriate antibiotics
97

. 

However, there have been concerns about the technical aspects of pop-up displays and 

the interpretation of this warning by the prescriber
17

. Similarly, Peng et al. also suggested that 

retrospective DUR systems needed a more detailed method for searching cases to reduce 

inappropriate prescription
98

. Furthermore, some studies have not found a positive effect of DUR 

systems on prescription pattern changes. For instance, Hennessy et al. found no effects of a 

retrospective DUR system on changes in prescription patterns and patient hospitalization
99

. 

Additionally, when assessing DUR system effects for Medicaid patients in two US states, a 

study did not find a reduction in drug problems, prescription changes, or pharmaceutical 

expenditure
100

. 
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In Korea, development of the DUR system involved the Ministry of Health and 

Welfare (MOHW), the Korea Institute of Drug Safety and Risk Management (KIDS), the 

MFDS, and the HIRA. The role of the MOHW was overall management of the DUR system. 

The KIDS developed the list of potentially harmful drugs and provided information on DDIs; 

duplicate ingredients; and contraindications related to pregnancy, age, and dosage. The MFDS 

disseminated the list of drugs developed by the KIDS to other government agencies, such as the 

HIRA. Finally, the HIRA rolled out the actual DUR system to all medical institutions, with the 

exception of Korean oriental medicine services.  

The list enrolled in the DUR system was started with DDI and age-contraindication, 

with the list expanded to include pregnancy-contraindications in 2008, and duplication and dose 

precautions in 2010 (Table 1)
101

. The scope of inspection included information on outpatients’ 

and inpatients’ prescriptions at discharge. Prescription screening included DDI, age, and 

pregnancy contraindications, therapeutic duplication, and multiple low dose usage rather than 

high dose use. Monitoring between prescriptions was included in certain drugs prohibited for 

simultaneous usage, therapeutic duplication, and duplication of ingredients utilizing the same 

route of administration. 

Table 1. Number of items included in the DUR system
101

 

Year 
Contraindications Precaution 

 DDIs Age Pregnancy Duplication Dose 

2004 162 10 
   

2005 204 24 
   

2006 204 24 
   

2007 242 46 
   

2008 308 44 314 
  

2009 356 102 314 
  

2010 473 108 314 231 1 

2011 612 127 314 231 1 

2012 612 127 403 231 1 

2013 631 129 537 329 28 

2014 644 137 562 329 112 

2015 755 146 613 329 207 
(Source: Korea Institute of Drug Safety and Risk Management, https://www.drugsafe.or.kr/ko/index.do) 

https://www.drugsafe.or.kr/ko/index.do
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Once a prescription is prescribed by a physician or a drug is being dispensed by a 

pharmacist, this information is transferred to HIRA to determine whether the prescription is safe 

for the patient. If an inappropriate prescription is found, this information is conveyed to the 

corresponding medical institution or pharmacy, via a pop-up display, in an effort to induce a 

drug change (Figure 4). 

 

Figure 4. The processes in the DUR system (Kim et al., 2014)
24

 

 

Similar to other countries, there have been several studies in Korea related to changes 

in prescriptions and drug costs following the introduction of the system. One study conducted in 

clinics and did not find any cost savings for drugs since the introduction of DUR system
102

. The 

results of a pilot program examined by Heo et al. in which a physician/pharmacist co-DUR 

system was examined, found a high inappropriate prescription detection rate and reduced 

pharmaceutical expenditure
29

. Another study examining a pilot program found that the effect of 

the DUR system on inappropriate prescriptions was greater in Jeju-island than in Goyang City
103

, 

and suggested that this phenomenon may be related to the specific efforts of physicians of Jeju-

island to reduce inappropriate prescriptions. Additionally, findings from one tertiary hospital 
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showed that 2.77% of inappropriate prescriptions, including duplication of drugs and DDI, were 

detected after introduction of the DUR system
104

. Further, Kim et al. suggested that the DUR 

system is associated with improved prescription quality through reduced DDIs
24

. A survey 

conducted at a tertiary hospital revealed that both physicians and pharmacists were satisfied 

with the Clinical Decision Support System for medication
105

. This study also suggested that the 

nationwide DUR system would likely be effective in reducing ADEs.  

However, concern have been expressed that this system-based approach would not 

affect prescription pattern changes, because physicians had a negative perception of this 

system
106

. A study by Yang et al. found no difference in the number of drugs per prescription, 

but a decrease in DDIs and age-contraindications after the introduction of the DUR system
28

. In 

addition, Lee et al. suggested that the current DUR system has a problem with false positives, 

and that changes in the system are needed to account for more detailed drug interactions
107

.  
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Ⅲ. Material and Methods 

1. Study Population and Design 

The data used in this study was derived from the National Health Insurance Service 

national sampling cohort data from 2002 to 2013, which released by the Korean National Health 

Insurance Service (KNHIS) in 2014. The baseline population comprised 1,025,340 randomly 

selected participants, accounting for 2.2% of the total eligible Korean population in 2002
108

. 

These data were, thus, representative of a population-based cohort in Korea. The data included 

personal demographic information, medical treatment data, and hospital characteristics. All 

health care utilization data were included (information on outpatient and inpatient visits, 

detailed health services, prescriptions, individual patient characteristics, and hospital 

characteristics). Patient data included visit dates, insurance status, major diagnosis, length of 

stay, and medical costs. Prescription data comprised detailed medical codes for prescription, 

dosage, duration, and medication costs. Individual data such as age, sex, income, and disabilities 

were included. Hospital information included type of hospital, ownership status, location, 

number of beds, and number of doctors. In addition, we used the medication data from the 

KIDS, HIRA and World Health Organization (WHO). The KIDS is provided information on 775 

drug-drug interactions, 613 drug-pregnancy contraindications, 146 drug-age contraindications, 

329 drugs with duplicate ingredients, and 207 dosage contraindications by 2015. Of these drug 

lists, this study used 360 drug-drug interactions, and 26 dosage contraindications enrolled by 

2013. We also classify drugs using the Anatomical Therapeutic Chemical (ATC) codes provided 

by WHO in 2017. Information of drug code was derived from data from HIRA. 

Using the NHIS sampling cohort data, outpatients were selected, due to DUR system 

was applied to outpatient care. The exclusion criteria in this study is as following: 1) patients 

who did not prescribe medicine in outpatient care, 2) patient who lived in the region (Goyang-si, 
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Jeju island) where the pilot program was performed, 3) patient who ever use the healthcare 

facility the definition of ADEs during the period of 2002-2003 year. As a result of this process, 

217,485 of patients were excluded from this study, and 883,926 of outpatient were included 

during 2004-2013. Next, patient who were prescribed drug with high ADE potential were 

selected. According to studies conducted in the US show that hematologic agents, endocrine 

agents, anti-inflammatory agents, cardiovascular agents, central nervous system agents, and 

antimicrobial have a high risk for ADEs
15,109,110

. Based on previous researches, this study select 

medication based on a 3-digit ATC (A10: drugs used in diabetes, B01: antithrombotic agents, 

C01: cardiac therapy, C02: antihypertensives, C03: diuretics, C04: peripheral vasodilators, C05: 

vasoprotectives, C07: beta blocking agents, C08: calcium channel blockers, C09: agents acting 

on the renin-angiotensin system, C10: lipid modifying agents, N02: analgesics, N03: 

antiepileptics, N04: anti-parkinson drugs, N05: psycholeptics, N06: psychoanaleptics, N07: 

other nervous system drugs, M01: anti-inflammatory and anti-rheumatic products, J01: 

antibacterials for systemic use) during the period 2002-2013. Furthermore, patient used in the 

following healthcare facilities were excluded; long-term care facilities, community health 

centers, armed hospital and oriental medical clinic. Finally, the study selected participants for 

each drug based on the disease group (based on the International Classification of Disease 

[ICD]-10 codes) who were prescribed a lot. As a result, patients disease with endocrine, 

nutritional and metabolic disease (E00-E99), mental and behavioural disorders (F00-F99), 

diseases of the nervous system (G00-G98), diseases of the eye and adnexa (H00-H57), diseases 

of the circulatory system (I00-I99), disease of the respiratory system (J00-J98), and diseases of 

the musculoskeletal system and connective tissue (M00-M99) were included. Ultimately, 

853,676 patients were included in this study (Figure 5). 
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Figure 5. Flow diagrams of study participants 

Using above data on 853,676 patients who were prescribed drug with high ADEs 

potential, this study analyzed changes in prescription patterns (DDIs, drug-overdoses, specific 

drugs), ADEs, and ADE-related costs after the introduction of the DUR system. The conceptual 

framework of this study was modified by the framework suggested by Wagner et al. and Lipton 

HL et al
65,80

. First, this study analyzed whether there was changes in prescription rates including 

DDIs and drug-overdose after introduction of the DUR system, considering patient and hospital 

factors. Second, this study evaluated changes in ADEs and ADE-related costs after the 

introduction of the DUR system. This study also evaluated whether the prescription rates of 

certain drug related to ADEs has changed. 



23 

 

 

Figure 6. Conceptual framework of the study design 

 

2. Variables 

1) Outcome variables 

1.1) Prescription rates 

To assess the effects of the DUR system on changes in prescription patterns and ADEs, 

this study considered outcome variables, including prescription rates (DDI, drug overdose, 

specific drug) and ADE (rates, related costs). The definition of DDIs and drug overdoses was 

based on the list of drugs registered in the DUR system. The number of drug lists included in 

this study is shown in Table 2. In 2013, there were 360 of registered drug potentially interacting 

with the medication selected in this study (Appendix A1). The measurement of DDIs was 

included within prescription and between prescriptions. First, this study evaluated whether there 
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is any potential interaction with selected drugs within the prescription. Second, if the patient did 

not prescribe DDIs, this study evaluated potential interaction with selected drugs between 

prescriptions as following: 1) Each prescription calculates the possible overlap period by 

summing the number of prescription day based on the prescription index date, 2) and assessed 

whether there was a prescription for potential interactions with the selected drug over a possible 

periods of time, 3) the last prescription was included as a prescription with DDIs.  

Drug overdoses was measured within prescription. The drug overdoses was classified 

to the enrolled and latest lists. Drugs registered for the DUR system by 2013 were defined as 

enrolled lists (ATC code: C08, C09, N02, N05, M01), and the remaining drugs were classified 

as latest lists. By 2013, 26 of items have been included as drug that needed to be cautious in 

maximum daily dose and this group was classified as enrolled lists (Appendix A2). In 2014, 75 

of drugs were added to the DUR system. Twenty-four of the latest lists were categorized as 

existing-registered drugs which were same drug class with enrolled lists. The remaining 51 of 

drugs are classified as newly-registered drugs (Appendix A3).  

This study also evaluated changes in prescription rates of specific drugs that could 

affect the frequency of ADEs in outpatient care; the most common ADEs were measured in 

gastrointestinal diseases. Therefore, this study evaluated prescription rates change in gastro-

protective agents (GPAs), including proton-pump inhibitors (ATC code: A02BA) and H2 

receptor antagonists (ATC code: A02BC) and cox-2 inhibitor (ATC code: M01AH) that could 

affect gastrointestinal disease (Appendix A4). 25 of drugs were included to evaluate change in 

prescription patterns in this study (Table 2). All prescription rates were calculated based on 

patient per month, and the number of inappropriate prescription was divided into all of 

outpatient prescriptions. 



25 

 

Table 2. Number of items used to measure prescription patterns 

Category   N % 

Prescription patterns 
  

 
drug-drug interaction with 

  

 
Total 

 
          360 (100.0) 

  
Diabetes agents             60  (16.7) 

  
Cardiovascular agents             81  (22.5) 

  
Antibiotics             22  (6.1) 

  
Anti-inflammatory drugs             44  (12.2) 

  
Nervous system agents           153 (42.5) 

 
drug-over dose 

  

 
Total 

 
          101  (100.0) 

  
Enrolled lists             26  (25.7) 

  
Latest lists 

  

   
Existing-registered drugs             24  (23.8) 

   
Newly-registered drugs             51  (50.5) 

  Specific drug             25  (100.0) 

 

1.2) Adverse drug events 

ADEs were associated with medical error and injuries caused by drugs. According to 

the definition of WHO, it was defined as adverse drug reaction that a response to a drug that is 

noxious and unintended and occurs at doses normally used in man
111

. Edward et al. defined this 

response as a harmful or unpleasant reaction to medication involving the use of medicinal 

products
112

. According to Morimoto et al. ADEs are associated with injuries involving irregular 

processes during the use of medication
12

. They suggested that some ADEs could be caused by 

medical error and could occur in all process of drug use, classified as potential ADEs, ADEs, 

preventable ADEs, and other. Potential ADEs are drug medications that can cause injuries but 

do not cause any actual injury because certain situations, changes or errors have been 

intercepted and corrected. An ADEs is injury related to the use of medication, and may or may 

not result from medication errors. Preventable ADEs are injuries that result in errors at any stage 

of drug use. There are many definitions for ADEs, however, it was clear that this adverse event 

could occur during the entire course of drug use and could leads to injuries. It may also have a 

definite relationship with the drug use, or an uncertain causal relationship. Thus, this study 
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considered two aspects, including ADEs directly related to the drug and the possible response 

by drugs.  

ADEs directly related to the drugs was defined as the ADEs that was possible to know 

causal relationship between the drugs and patients outcome. Possible response by drugs was 

defined as ADEs that may result from the use of drugs but did not know causality. The adverse 

event was defined based on previous studies, and classified to six categories, including caused 

by a drug, caused by a drug or other substance, poisoning by drug and ADEs (type 1: very likely, 

type 2: likely, type 3: possible)
8,12,15,113

. All of ADEs based on the ICD-10 codes. The category 

A.1 is included response of drug-related causation was noted in ICD-10 code, such as E242 

drug-induced Cushing’s syndrome. The category A. 2 is included a reaction of drug or other 

substance-related causation such as L270 generalized skin eruption due to drugs and 

medicaments. The category B included the reactions denoted by drug poisoning or harmful use 

of drugs or other substance (e. g., T427: Antiepileptic and sedative-hypnotis drugs, unspecified). 

The category C includes reactions that very likely related to drug related causation (e. g., K719: 

Toxic liver diseases, unspecified). The category D is included responses that are likely drug 

related (e. g., K291: other acute gastritis). The category E was included the reaction of possibly 

caused by a drugs (e. g., J450: predominantly allergic asthma) (Appendix B1). 

A total of 196 of diseases were included in this study as the definition of ADEs (Table 

3). Based on the definition of ADEs, this study measured the use of medical services within 30 

days, including inpatient and outpatient care after prescribing. If the patient used a medical 

facility with ADEs defined in this study, the incident was considered to have occurred; this 

diagnosis was included major diagnosis or secondary diagnosis. The onset of ADEs was based 

on the first date of ADEs in each patient, and the last prescription was considered as the 

prescription that related with ADEs. If the patient had both admission and outpatient visits in the 

same month, this study considered adverse event events based on the most recent date. If patient 
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who did not occur ADEs, then the first prescription of each month was included in this study. 

All outcome variables were aggregated by month. The percentage was calculated based on 

number of event of outcome variable and divided it as total number of patients per month. 

The costs related with ADEs were calculated based on patients with ADE. The 

definition of costs related with ADEs was based on episode of care. This episode was measured 

within 30 days, and included total health expenditure including patient and insurer. For example, 

if a patient used the healthcare facility twice within 30 days of prescribing the drug, with the 

same diagnosis defined in this study as ADEs, then, they were considered an episode of care. 

This cost of treatment episodes was summed up for each patient. Finally, the costs were adjusted 

for gross price inflation, that is, as if the gross-to-cost ratio has stayed constant since 2013.  

Table 3. Number of items used to measure ADEs 

Category   N % 

Patients outcome(ADEs) 
  

 
Total 

 
          196  (100.0) 

  
ADEs directly related to the drug 

  

   
A1: Caused by a drug             69  (35.2) 

   
A2: Caused by a drug or other substance             36  (18.4) 

   
B: Poisoning by drug             19  (9.7) 

  
ADEs of possible response by drug 

  

   
C: ADEsⅠ             14  (7.1) 

   
D: ADEs Ⅱ             25  (12.8) 

      E: ADEs Ⅲ             33  (16.8) 

* ADEs -Ⅰ: very likely; Ⅱ: likely; Ⅲ: possible 
  

 

2) Covariates 

The independent variable used in this study included the patient characteristics, the 

DUR system, and hospital characteristics. The list of independent variable used in this study has 

been described in Table 4. 
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Table 4. List of independent variables 

Variable Definition 

DUR system 

Introduction of DUR system (1) Before (2) After 

Baseline trends The time as unit of month during study periods 

Trends after introduction of 

DUR system 

The time as unit of month after introduction of DUR 

system 

Patient 

characteristics 

Sex (1) Male (2) Female 

Age (1) 0-14 (2) 15-29 (3) 30-44 (4) 45-59 (5) 60-74 (6) 75≥ 

Type of disease 

(1) Endocrine, nutritional and metabolic disease  

(2) Mental and behavioral disorders  

(3) Diseases of the nervous system  

(4) Diseases of the eye and adnexa  

(5) Diseases of the circulatory system  

(6) Disease of the respiratory system  

(7) Diseases of the musculoskeletal system and 

connective tissue 

CCI The number of comorbidity in each patients 

Insurance type 
(1) Medical-aid (2) Self-Employed  

(3) Employees 

Income (1) Bottom (2) Middle (3) Top 

Hospital 

characteristics 

Type of hospital 
(1) Clinic (2) Hospital (3) General hospital (4) Tertiary 

hospital 

Location (1) Metropolitan (2) Non-metropolitan 

Bed for admission (1) Yes (2) No 

No. of doctor The number of doctors in each hospital 

 

The primary variable of interest in this study was the level and overall trend change in 

outcome variables after introduction of the DUR system in Korea. As mentioned in the 

introduction section, the DUR system was introduced since Dec 2010, and was considered the 

index date of this study. Introduction of the DUR was divided to before and after time based on 

index date. To investigate changes in outcome variables, we used a dummy variable based on 

the index date; the time before introduction of the DUR system was defined as 0, and the time 

after introduction of the DUR system was defined as 1. This level change indicates the change 

at the moment of intervention. The trend change is the rate of change of an outcome variable, 

defined as an increase or decrease in the slope of the segment after the intervention compared 

with the segment preceding the intervention; it was coded as ‘0’ before introduction of the DUR 

system and as a monthly continuous variable based on time after intervention. The overall 



29 

 

trends were stratified by month and included data from Jan 2004 to Dec 2013.  

The patient and hospital characteristics were included when analyzing changes in 

outcome variables after introduction of the DUR system. Patient characteristics were included 

sex (male, female), age (0-14, 15-29, 30-44, 45-59, 60-74 or ≥75), Charlson comorbidity index 

(CCI; continuous variable start from 0), insurance type (medical aid, self-employed, or 

employee), income status (bottom, middle-bottom, middle-top, or top), type of disease 

(endocrine, nutritional and metabolic disease; mental and behavioral disorders; diseases of the 

nervous system; diseases of the eye and adnexa; diseases of the circulatory system; disease of 

the respiratory system; diseases of the musculoskeletal system and connective tissue) were 

included in our analysis. Hospital characteristics included type of hospital (clinic, hospital, 

general hospital or tertiary hospital), hospital location (metropolitan or non-metropolitan), bed 

for admission (Yes or No), and number of doctors. 

 

3. Subgroup and sensitivity analyses 

Prescribing decisions depend on physician’s decision, which can be influenced by the 

characteristics of patients and hospitals. Furthermore, the drug type can also affect the drug, 

overdose and potential interactions with ADE. Hence, this study considers the change in 

prescription rate and ADEs according to hospital type, age, and drug type. Elderly people, 

especially those over 65, were considered to be at high risk for ADEs, and this study divided the 

age by age 65 (<65, ≥65)
15

. The drug type was divided into single use and combination use, and 

each component was divided into 6 (diabetes agents, antithrombotic agents, cardiovascular 

agents, antibiotics, anti-inflammatory drugs, or nervous system agents) and 3 categories 

(antibiotics + anti-inflammatory drugs, antibiotics + nervous system agents, or other 

combination agents).   
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As already mentioned at the beginning of this study, the DUR system was gradually 

applied to Korea. The initial intervention of the DUR system has been applied to medical 

institution by providing information on DDIs and age-related drug contraindications within 

prescription. This may affect the main outcome of the prescription patterns, so we conducted a 

sensitivity analyses that takes into account the initial intervention in April 2008 and the national 

introduction time in December 2010. In addition, different spread times in the DUR systems can 

lead to a mix of effects on outcome variables, and this study have considered sensitivity 

considering different diffusion times. This study conducted sensitivity analysis in all types of 

hospitals except tertiary hospitals, with the exception of the period from December 2010 to 

February 2011. In tertiary hospitals, sensitivity analysis was conducted with the exception of the 

period from December 2010 to November 2011. 

 

4. Statistical Analysis 

This study examined the frequencies and percentage of each categorical variable among 

the patients who were prescribed selected drugs. This study showed that average rate of 

prescription per month, average rate of ADEs per month, and costs ADEs per case, according to 

before and after introduction of DUR system, and performed Wilcoxon rank sum test. The study 

also showed the monthly prescription rate, ADE rates and costs related to ADE during the study; 

the sum of outcome variables (prescription and ADEs) was divided into sum of the case. 

Furthermore, this study shows the rate of ADEs according to drug type during the study periods; 

the sum of ADEs for each drug type was divided into all case who prescribed each drug type. In 

this study, the unit of analysis is the case and each patient is measured once a month in the case; 

all of the patient and event were aggregated based on month. 

To evaluate changes in outcome variable after introduction of the DUR system, this 



31 

 

study used an interrupted time series study design using Generalized Estimating Equations 

(GEE)
114-117

. A Poisson distribution with log link function to evaluate change in prescription 

patterns and ADEs, and cost change was evaluated using gamma distribution with log link 

function
118-121

. The result of model coefficients was transformed into exponentials to present the 

trend and change in the outcome variable on the original scale.  

The interrupted time-series analysis was based on the following equation: 

𝑌𝑡 = 𝛽0+𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 + 𝛽2 ∗ 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡 + 𝛽3 ∗ 𝑡𝑖𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡 + 𝑒𝑡 

 

𝑌𝑡  is the average outcome variable per month; time is a continuous variable indicating the time 

in months at time t from the start of the study period; intervention is the time before the 

introduction of DUR system; and time after intervention is a continuous variable indicating the 

time in months after intervention.  

In this model, 𝛽0 estimates the baseline level of the outcome, and indicate the average rates per 

months, including prescription and ADE, at the time zero; 𝛽1 estimates the change in average 

prescription rate (or rate of ADEs) before the introduction of DUR system and indicate the 

baseline trends; 𝛽2 estimates the level change in the average monthly prescription rate (or rate 

of ADEs) immediately after the introduction of DUR system compared to the end of the 

previous segment; 𝛽3 estimates the change in the average monthly prescription rate and ADE 

trend since the introduction of the DUR system compared with the monthly trend before 

intervention.  

Also, in this study, the following equation is used for the sensitivity analysis 

considering the initial intervention time of the DUR system. This equation includes both time 

changes in April 2008 and December 2010. 

𝑌𝑡 = 𝛽0+𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 + 𝛽2 ∗ 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛1𝑡 + 𝛽3 ∗ 𝑡𝑖𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛1𝑡 + 
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𝛽4 ∗ 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛2𝑡 + 𝛽5 ∗ 𝑡𝑖𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛2𝑡+𝑒𝑡 

 

In this model, the initial intervention of the DUR system for outcome variables has been added 

to the main analysis of the equation. 𝛽1 represents the time fixed effects estimates and indicate 

the baseline trends during the study periods; 𝛽2 indicate the level change by initial intervention 

of DUR system as compared to the pre-intervention periods. 𝛽3 represents the slope change 

due to the initial intervention compared to before the intervention. 𝛽4 represents the level 

change by second intervention (spread to the nationwide) compared to the initial intervention 

period. 𝛽5 indicates the slope change after second intervention compared to the initial the 

intervention of the DUR system. 

In this study, both patient characteristics and hospital characteristics were entered 

simultaneously to evaluate change in prescription patterns and ADEs after introduction of the 

DUR system. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Inc.; 

Cary, NC, USA). P-values <0.05 were considered statistically significant. 

 

5. Ethics Statement 

This study was approved by the Institutional Review Board, Yonsei University Health 

System (IRB number: Y-2017-0015). 
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Ⅳ. Results 

1. Changes in prescription pattern and ADEs after introduction of the DUR 

system 

1) General characteristics of patient before and after introduction of the DUR system 

Table 5 shows the frequencies and percentages of patients who were prescribed 

selected medication from 2004 to 2013. Data used in this study were obtained from 853,676 

patients and 38,522 hospitals. More than half of patients used healthcare facilities due to disease 

of the respiratory system (n = 548,924, 64.3%) at baseline. Additionally, 490,171 patients 

(57.4%) were covered by employee insurance, and 20,215 of patients (2.4%) were covered by 

medical-aid, with most patients utilizing clinics at baseline (n = 756,387, 88.6%). 

Considering hospital characteristics, clinics accounted for 92.9% (n = 35,768) of all 

medical institutions involved. According to the availability of hospitalization, more than half of 

the hospitals included in this study did not have beds for admission (n = 22,592). The mean 

number of doctors per institutions was 15.50 (standard deviation: 82.26). 

 

 

 

 

 

 

 



34 

 

Table 5. General characteristics of participants 

Variables  N/M %/SD 

Sex 
   

 
Male 

 
434,654 (50.9) 

 
Female 

 
419,022 (49.1) 

Age 
 

  

 
0-14 

 
223,700 (26.2) 

 
15-29 

 
179,964 (21.1) 

 
30-44 

 
211,792 (24.8) 

 
45-59 

 
145,741 (17.1) 

 
60-74 

 
71,300 (8.4) 

 
75≥ 

 
21,179 (2.5) 

Type of disease   

 
Endocrine, nutritional and metabolic disease 20,334 (2.4) 

 
Mental and behavioral disorders 5,595 (0.7) 

 
Diseases of the nervous system 12,898 (1.5) 

 
Diseases of the eye and adnexa 97,833 (11.5) 

 
Diseases of the circulatory system 56,620 (6.6) 

 
Disease of the respiratory system 548,924 (64.3) 

 
Diseases of the musculoskeletal system and connective tissue 111,472 (13.1) 

CCI 
 

0.10 ± 0.42 

Insurance type   

 
Medical-aid 20,215 (2.4) 

 
Self-Employed 343,290 (40.2) 

 
Employees 490,171 (57.4) 

Income 
 

  

 
Bottom 

 
125,094 (14.7) 

 
Middle 

 
506,048 (59.3) 

 
Top 

 
222,534 (26.1) 

Year 
 

  

 
2004 

 
450,034 (52.7) 

 
2005 

 
117,638 (13.8) 

 
2006 

 
59,033 (6.9) 

 
2007 

 
39,115 (4.6) 

 
2008 

 
56,018 (6.6) 

 
2009 

 
35,235 (4.1) 

 
2010 

 
13,699 (1.6) 

 
2011 

 
49,883 (5.8) 

 
2012 

 
18,924 (2.2) 

 
2013 

 
14,097 (1.7) 

Type of hospital(n=38,522)   

 
Clinic(n=35,768) 756,387 (88.6) 

 
Hospital(n=2,347) 42,518 (5.0) 

 
General hospital(n=364) 37,134 (4.4) 

 
Tertiary hospital(n=43) 17,637 (2.1) 

Location 
 

  

 
Metropolitan(n=19,220) 425,033 (49.8) 

 
Non-metropolitan(n=19,302) 428,643 (50.2) 

Bed for admission   

 
Yes(n=15,930) 453,186 (53.1) 

 
No(n=22,592) 400,490 (46.9) 

No. of doctor 15.50 ± 82.26 

Total   853,676 (100.0) 

N: Number/ M: Mean/ SD: Standard deviation/CCI: Charlson Comorbidity Index 
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2) Overall changes in prescription rates and ADEs after introduction of the DUR system  

Table 6 shows the change in prescription rates and ADEs before and after introduction 

of the DUR system. The mean monthly prescription rate of DDIs was 0.06% before intervention, 

which decreased to 0.03% after intervention; this difference was statistically significant. There 

was also a significant difference in prescription rate of drug overdose before and after 

introduction of DUR system, in both the enrolled and latest lists. The mean monthly rate of 

ADEs was 2.95% prior and 3.79% following intervention, which was a statistically significant. 

The episode based costs related to ADEs were 107,419 KRW before intervention, and 97,342 

KRW after introduction of the DUR system, which was a statistically significant difference. 

Table 6. Changes in prescription rates and ADEs by introduction of DUR system 

      
(Unit: M/SD) 

Variables 

Introduction of DUR system 

p-value Before 

(2004. 1-2010.11) 

After 

(2010. 12-2013. 12) 

Outcome variables(per month) 
     

Prescription rates 
     

 
DDIs 0.06 ± 0.01 0.03 ± 0.01 <.0001 

 
Drug overdoses 

     

  
Enrolled lists 1.11 ± 0.16 0.77 ± 0.08 <.0001 

  
Latest lists(Existing-registered drugs) 0.07 ± 0.02 0.03 ± 0.01 <.0001 

  
Latest lists (Newly-registered drugs) 0.03 ± 0.01 0.01 ± 0.005 <.0001 

Patients outcome 
     

 
ADEs 2.95 ± 0.68 3.79 ± 0.26 <.0001 

  Average cost of ADE per patient (KRW) 107,419 ± 21,036 97,342 ± 11,682 0.0110 

- Note: The result represent prescription rate per month, and the rate of ADEs per month  

- Enrolled lists: drug included in ATC codes(C08, C09, N02, N05, M01)/ Latest lists: others  

-KRW: Korean Won  
 

Table 7 shows overall changes in outcome variables during the study period. The 

number of DDIs per million prescriptions was 465 in 2004, and decreased to 292 per million in 

2013. Similar results were observed in the number of prescription drug overdoses. The mean 

rate of ADEs was 2.08% in 2004, and increased to 3.33% in 2013. Figure 7 shows the rate of 

ADEs during the study periods depending on the drug type. Approximately 4% of cases 

prescribed antithrombotic, nervous system, and/or anti-inflammatory drugs, experienced ADEs 

in 2013. Additionally, individuals prescribed diabetes agents experienced 2.69% of ADEs.   
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Table 7. Overall prescription patterns, ADEs and related costs for 2004-2013 

        2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Prescription patterns(per million prescription) 
          

 
DDIs 

 
465 545 668 602 545 582 660 378 280 292 

 
Drug overdose 

           

  
Enrolled lists 

 
9,570 10,756 11,484 12,641 11,657 10,392 9,730 8,268 7,468 7,052 

  
Latest lists Existing-registered drugs 606 466 557 649 792 783 700 341 236 209 

   
Newly-registered drugs 421 411 454 346 252 205 224 150 116 95 

Patients outcome 
           

 
No. of ADEs 31,555 35,841 37,585 48,885 59,436 63,678 62,133 83,336 87,387 75,002 

 
% 

  
(2.08) (2.25) (2.39) (3.06) (3.62) (3.71) (3.64) (3.84) (3.88) (3.63) 

  Average cost of ADE per patient (KRW) 99,233 109,209 123,648 100,631 107,693 106,985 98,236 99,582 94,377 97,387 

 

Figure 7. Overall change in ADE rates by drug type 
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2. The Effects of introduction of the DUR system on Prescription Patterns  

1) Interrupted time series analysis of prescription patterns, including DDIs and drug-overdoses 

The interrupted analysis showed that monthly prescription rates changed after the 

introduction of the DUR system. In baseline trends, the mean monthly prescription rate of DDIs 

was decreased to 0.04%; however, this decrease was not statistically significant (p = 0.7886). 

There was significant level and trends change in the prescription rate of DDIs after introduction 

of the DUR system. The prescription rate of DDIs decreased to 23.2% (p = 0.0084), and trends 

also decreased to 1.6% (p < 0.0001) compared to the pre-intervention period (Appendix A5). 

The baseline trend of drug overdose prescription rate was significantly decreased by 0.54% (p < 

0.0001) per month in enrolled lists before the introduction of the DUR system. Since the 

introduction of DUR system, there has been a significant level and trend change of –14.28% (p 

< 0.0001) and –0.46% (p < 0.0001), respectively, in enrolled lists (Appendix A6). By the latest 

lists of existing-registered drugs, there was a 0.2% increase in the monthly prescription rate of 

drug overdose observed in the pre-intervention periods; however, this difference was not 

statistically significant (p = 0.2867). In addition, there was significant decrease at the moment of 

intervention (–47.64%, p < 0.0001) and trend change (–0.46%, p < 0.0001) compared with 

before intervention in latest lists of existing-registered drugs. Overall, the current study did not 

observe significant level or trend change after introduction of DUR system in the latest lists of 

newly-registered drugs (Figure 8, Appendix A7). 
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Figure 8. Changes in prescription patterns after introduction of the DUR system 
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2) Sub-group analysis of prescription pattern change after introduction of the DUR system 

2.1) DDIs 

Table 8 shows the result of the interrupted time series, and Figure 9 shows the 

predicted prescription change after intervention. The baseline trend of DDI prescription rates 

per month increased in both general and tertiary hospitals; however, this change was not 

statistically significant. At the tertiary hospital, 33.4% of the DDI prescription rates were 

significantly reduced at the time of intervention (Rate ratio (RR): 0.666; 95% Confidence 

Interval (CI): 0.483-0.919). There was also a trend change (–0.96%) compared to the pre-

intervention periods in the tertiary hospital, however, this result was not statistically significant 

(p = 0.0832). Furthermore, this study found significant trend change in general hospital when 

compared with the pre-intervention period (RR: 0.971; 95% CI: 0.651-0.992). 

By age group, there was an immediate level and trend change compared with pre-

intervention periods in all groups (i.e., <65 and ≥65 years of age). Specifically, in individuals < 

65 years old, significant level (RR: 0.739; 95% CI: 0.593-0.921) and trend changes (RR: 0.985; 

95%CI: 0.975-0.994) were observed after the introduction of DUR, while a significant trend 

change was observed in individuals ≥ 65 compared with the previous period.  

Table 8. Sub-group analysis of changes in prescribing rates of DDI 

    Baseline trends Level change Trends change 

    RR 95%CI 
p-

value 
RR 95%CI p-value RR 95%CI 

p-

value 

Type of hospital 
          

 Clinic 0.996 0.991 1.000 0.0650 0.877 0.620 1.242 0.4603 0.987 0.975 1.000 0.0414 

 Hospital - - - - - - - - - - - - 

 General hospital 1.002 0.994 1.009 0.6839 0.754 0.527 1.078 0.1218 0.971 0.951 0.992 0.0062 

 Tertiary hospital 1.002 0.998 1.006 0.3902 0.666 0.483 0.919 0.0134 0.990 0.980 1.001 0.0832 

Age 
            

 
<65 0.999 0.997 1.002 0.6461 0.739 0.593 0.921 0.0072 0.985 0.975 0.994 0.0020 

  ≥65 1.001 0.993 1.008 0.8936 0.865 0.604 1.238 0.4272 0.980 0.963 0.998 0.0256 

RR: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 

indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 

segment after the intervention as compared with the segment preceding the intervention 
- Bold: statistically significant. 
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Figure 9. Predicted prescription rates of drug-drug interaction by type of hospital and age 
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Regarding drug type, the baseline trend of DDI prescription rate decreased in anti-

inflammatory drugs before the introduction of the DUR system. All drugs, including 

cardiovascular agents, anti-inflammatory drugs, and nervous system agents, showed level 

changes immediately after the introduction of the DUR system; however, only levels of anti-

inflammatory drugs were significant (RR: 0.634; 95% CI: 0.409-0.981). In addition, significant 

trend changes were also observed in the cardiovascular (RR: 0.986; 95% CI: 0.976-0.996) and 

neurological agents (RR: 0.980; 95% CI: 0.972-0.989) compared to the pre-intervention period 

(Table 9). 

Table 9. Changes in prescribing rates of DDI by medication class 

    Baseline trends Level change Trends change 

    RR 95%CI 
p-

value 
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 

Medication class 
            

 

Cardiovascular 

agents 
0.997 0.993 1.001 0.1343 0.788 0.595 1.044 0.0964 0.986 0.976 0.996 0.0048 

 

Anti-

inflammatory 

drugs 
0.993 0.989 0.998 0.0078 0.634 0.409 0.981 0.0409 1.001 0.984 1.018 0.9179 

  
Nervous system 

agents 
1.001 0.998 1.005 0.3958 0.803 0.639 1.009 0.0602 0.980 0.972 0.989 <.0001 

RR: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 
indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 

segment after the intervention as compared with the segment preceding the intervention 

- Bold: statistically significant. 
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2.2) Drug overdoses: enrolled lists 

A subgroup analysis was performed in enrolled lists, for which drug overdoses were 

reported until 2013. These analyses are shown in Table 10 and Figure 10. According to type of 

hospital, the baseline trend of monthly prescription rate of drug overdose decreased significantly 

in all hospital types before pre-intervention periods. Considering immediate change at the 

moment of intervention, a significant level change was found in both clinics (RR: 0.844; 95% 

CI: 0.799-0.892) and general hospitals (RR: 0.831; 95% CI: 0.712-0.970). In addition, a 

significant trend change compared with pre-intervention periods was observed in clinics (RR: 

0.994; 95% CI: 0.991-0.997).  

According to age, the baseline trend of the average monthly prescription rate of drug 

overdose was decreasing prior to the intervention periods in individuals under 65 years old. 

There was a significant level change of prescription rate existed in both < 65 (RR: 0.898; 95% 

CI: 0.892-0.973) and ≥ 65 years olds (RR: 0.892; 95% CI: 0.824-0.996). In addition, after the 

introduction of the DUR system, individuals 65 and over demonstrated a significant trend 

change compared to the pre-intervention period (RR: 0.990; 95% CI: 0.986-0.994). 

Table 10. Subgroup analysis of changes in prescribing rates of drug over-dose 

 
  Baseline trends Level change Trends change 

    RR 95%CI 
p-

value 
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 

Type of hospital 
            

 
Clinic 0.995 0.994 0.996 <.0001 0.844 0.799 0.892 <.0001 0.994 0.991 0.997 <.0001 

 
Hospital 0.994 0.991 0.998 0.0017 0.891 0.740 1.072 0.2194 0.996 0.988 1.004 0.3586 

 
General hospital 0.994 0.992 0.997 <.0001 0.831 0.712 0.970 0.0193 1.000 0.993 1.007 0.9274 

 
Tertiary hospital 0.993 0.990 0.995 <.0001 1.005 0.896 1.127 0.9327 1.005 0.999 1.011 0.0955 

Age 
            

 
<65 0.995 0.994 0.997 <.0001 0.898 0.829 0.973 0.0085 0.998 0.994 1.001 0.2116 

  ≥65 0.999 0.997 1.000 0.0833 0.892 0.824 0.966 0.0047 0.990 0.986 0.994 <.0001 
RR: Rate ratio 

            
Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 

indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 

segment after the intervention as compared with the segment preceding the intervention 
- Bold: statistically significant. 

 



43 

 

 

Figure 10. Predicted prescription rates of drug over-dose by type hospital and age 

 

Regarding drug type, the baseline trend of drug-overdose rate was decreasing in all 

drug types before the introduction of the DUR system. All drugs, including cardiovascular 

agents (RR: 0.859; 95% CI: 0.814-0.907), anti-inflammatory drugs (RR: 0.821; 95% CI: 0.747-

0.903), and nervous system agents (RR: 0.872; 95% CI: 0.801-0.950), showed level changes 

immediately after the introduction of the DUR system. There was a significant trend change in 

prescription rate of drug overuse in both anti-inflammatory drugs (RR: 0.991; 95% CI: 0.986-

0.995) and nervous system agents (RR: 0.993; 95% CI: 0.989-0.996) (Table 11).  

Table 11. Changes in prescribing rates of drug overdose by medication class 

    Baseline trends Level change Trends change 

    RR 95%CI 
p-

value 
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 

Medication class 
           

 

Cardiovascular 

agents 
0.993 0.992 0.994 <.0001 0.859 0.814 0.907 <.0001 0.998 0.995 1.000 0.0761 

 

Anti-

inflammatory 

drugs 
0.998 0.996 0.999 0.0043 0.821 0.747 0.903 <.0001 0.991 0.986 0.995 <.0001 

  
Nervous system 

agents 
0.998 0.996 0.999 0.0002 0.872 0.801 0.950 0.0018 0.993 0.989 0.996 0.0001 

RR: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 
indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 

segment after the intervention as compared with the segment preceding the intervention 

- Bold: statistically significant. 
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3. Effect of the Introduction of DUR system on ADEs  

1) Overall results 

During 2004-2013, a total of 584,838 cases in healthcare facilities were classified as 

ADEs for the purposes of the current study. Regarding the type of ADEs, most of patients used 

healthcare facilities due to illness related to ADEs. The ICD-10 codes of the most frequent 

causes of ADEs are shown in Table 12. 

Illness due to drug-induced Cushing’s syndrome was the most frequent cause (case of 

caused by a drug), with 295 of these cases (15.5%) utilizing healthcare facilities. Next, were 

cases caused by the use of nonsteroidal anti-inflammatory drugs, with a large number utilizing 

healthcare facilities (n = 211, 11.1%). In type 2 cases (caused by a drug or other substance), 

more than half used health care facilities due to an unspecified allergy (n = 4,278, 45.1%) or 

generalized skin eruption due to drugs and/or medicaments (n = 1,238, 12.2%). In addition, 

almost half of cases were poisoning by drugs associated with other unspecified drugs, 

medicaments, and/or biological substances (n = 152, 26.0%), and unspecified antiepileptic and 

sedative-hypnotics drugs (n = 128, 21.9%). 

Regarding very likely ADEs, cases with unspecified toxic liver disease (n = 1,628, 

25.1%) and toxic gastroenteritis and colitis frequently used healthcare facilities (n = 969, 

14.9%). In type 5 of ADEs, most of cases used healthcare facilities due to other acute gastritis (n 

= 119,880, 31.9%) and unspecified gastroduodenitis (n = 57,595, 15.4%). In cases of possible 

ADEs, headache (n = 40,740, 21.4%) and predominantly allergic asthma (n = 36,216, 19.0%) 

were the most common causes of medical facility use. 
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Table 12. The most frequent ADEs for 10 years by category of ADEs 

Type 
 

ICD 10 codes No. of case % 

Type 1. 

Caused by a 

drug 

1 E242 Drug-induced Cushing's syndrome 295 (15.5) 

2 Y453 Other nonsteroidal anti-inflammatory drugs 211 (11.1) 

3 G211 Other drug-induced secondary parkinsonism 191 (10.1) 

4 G251 Drug-induced tremor 143 (7.5) 

5 E273 Drug-induced adrenocortical insufficiency 123 (6.5) 

6 H406 Glaucoma secondary to drug 100 (5.3) 

7 D695 Secondary thrombocytopenia 83 (4.4) 

8 G444 Drug-induced headache 62 (3.3) 

9 E160 Drug-induced hypoglycaemia without coma 54 (2.9) 

10 M8140 Drug-induced osteoporosis 50 (2.6) 

Type 2. 

Caused by a 

drug or  

other 

substance 

1 T784 Allergy, unspecified 4,578 (45.1) 

2 L270 Generalized skin eruption due to drugs and medicaments 1,238 (12.2) 

3 L233 Allergic contact dermatitis due to drugs in contact with skin 896 (8.8) 

4 L279 Dermatitis due to unspecified substance taken internally 778 (7.7) 

5 T783 Angioneurotic oedema 533 (5.3) 

6 L271 Localized skin eruption due to drugs and medicaments 475 (4.7) 

7 L278 Dermatitis due to other substances taken internally 362 (3.6) 

8 T782 Anaphylactic-shock, unspecified 288 (2.8) 

9 T887 Unspecified adverse effect of drug or medicament 261 (2.6) 

10 E032 
Hypothyroidism due to medicaments and other exogenous 

substances 
195 (1.9) 

Type 3. 

Poisoning by 

drug 

1 T509 
Other and unspecified drugs, medicaments and biological 
substances 

152 (26.0) 

2 T427 Antiepileptic and sedative-hypnotis drugs, unspecified 128 (21.9) 

3 T426 Other antiepileptic and sedative-hypnotic drugs 39 (6.7) 

4 T424 Benzodiazepine 29 (5.0) 

5 T370 Sulfonamide 22 (3.8) 

6 T432 Other and unspecified antidepressants 18 (3.1) 

7 T439 Psychotropic drug, unspecified 17 (2.9) 

8 T399 Nonopioid analgesics, antipyretics and antirheumatic, unspecified 12 (2.1) 

9 T455 Anticoagulants 12 (2.1) 

10 T398 Other nonopioid analgesics, antipyretics 10 (1.7) 

Type 4. 

ADEs 

very likely 

1 K719 Toxic liver diseases, unspecified 1,628 (25.1) 

2 K521 Toxic gastroenteritis and colitis 969 (14.9) 

3 D690 Allergic purpura 668 (10.3) 

4 K712 Toxic liver diseases with acute hepatitis 630 (9.7) 

5 K716 Toxic liver disease with hepatitis, NEC 452 (7.0) 

6 L519 Erythema multiforme, unspecified 421 (6.5) 

7 L562 Photocontact dermatitis 288 (4.4) 

8 K71 toxic liver disease 245 (3.8) 

9 L510 Nonbullous erythema multiforme 178 (2.7) 

10 D692 Other nonthrombocytopenic purpura 166 (2.6) 

Type 5. 

ADEs  

likely 

1 K291 Other acute gastritis 119,880 (31.9) 

2 K299 Gastroduodenitis, unspecified 57,595 (15.4) 

3 L500 Allergic urticaria 39,394 (10.5) 

4 K293 Chronic superficial gastritis 28,681 (7.6) 

5 K259 Gastric ulcer, unspecified 27,805 (7.4) 

6 K279 Peptic ulcer, site unspecified 20,381 (5.4) 

7 K253 Acute gastric ulcer without hemorrhage or perforation 14,424 (3.8) 

8 K257 Chronic gastric ulcer without hemorrhage or perforation 10,102 (2.7) 

9 K27 Peptic ulcer, site unspecified 7,578 (2.0) 

10 K25 Gastric ulcer 7,377 (2.0) 

Type 6. 

ADEs  

possible 

1 R51 Headache 40,740 (21.4) 

2 J450 predominantly allergic asthma 36,216 (19.0) 

3 R42 dizziness and giddiness 31,969 (16.8) 

4 R11 Nausea and vomiting 20,042 (10.5) 

5 R113 Nausea with vomiting 8,730 (4.6) 

6 R739 Hyperglycemia, unspecified 6,980 (3.7) 

7 J458 Mixed asthma 6,778 (3.6) 

8 R111 Nausea alone 5,175 (2.7) 

9 R112 Vomiting alone 4,588 (2.4) 

10 R060 Dyspnea 4,145 (2.2) 
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2) Results of the interrupted time series analysis of ADEs and related costs 

The interrupted analysis showed that the rate of monthly ADEs changed after the 

introduction of the DUR system. Before the introduction of DUR system, ADEs demonstrated a 

statistically significant mean monthly increase of 0.83% (p < 0.0001). Following introduction of 

the DUR system, an immediate reduction of 1.89% (p < 0.0001) in ADE rate, and a 1.13% (p = 

0.0005) reduction in monthly mean were observed (Appendix B2). However, this study did not 

find significant level and trend changes in episode-based ADE costs (Appendix B3). 

 

Figure 11. Changes in ADEs and costs for ADE after introduction of the DUR system
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3) Further analysis of ADE   

Because the definition of ADE in this study was based on the assumption of causal 

relationships with the drug, additional analyses were performed depending on the type of ADEs 

and the type of utilization. 

 

3.1) Base on ADE category 

Figure 13 and Table 12 show the results of interrupted analysis by ADE category. 

Considering ADEs directly related to drugs, the baseline trend of ADEs rate increased during 

the pre-intervention period, but this increase was not statistically significant in all type of ADEs. 

In addition, no significant level and trend changes were observed after the introduction of the 

DUR system.  

Considering possible drug related ADEs, the baseline trend of all types of ADEs, 

including very likely (ADEsⅠ), likely (ADEsⅡ), and possible (ADEsⅢ), was increasing 

monthly in the pre-intervention period (ADEsⅠ: 0.2%; ADEsⅡ: 0.9%; ADEsⅢ: 0.8%). There 

was a significant level change in type 2 ADEs (e. g., gastritis, unspecified gastric ulcer) at the 

time of introduction of the DUR system (RR: 0.949, 95% CI: 0.937-0.962). Compared with the 

pre-intervention period, the trend of ADE rate was changed after introduction of DUR system. 

Specifically, the trend of monthly ADE rate was significantly decreased, compared to the 

previous time period, in type 1 (RR: 0.994, 95% CI: 0.989-0.998), 2 (RR: 0.987, 95% CI: 0.987-

0.988) and 3 ADEs (RR: 0.990, 95% CI: 0.989-0.991).
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Figure 12. Predicted ADEs after introduction of the DUR system 

Table 13. Changes in ADEs by ADE category 

    Baseline trends Level change Trends change 

    RR 95%CI p-value RR 95%CI p-value RR 95%CI p-value 

ADEs directly related to the drug 
            

 
A1: Caused by a drug 1.001 0.999 1.004 0.3071 1.059 0.864 1.297 0.5802 0.994 0.987 1.002 0.1510 

 
A2: Caused by a drug or other substance 1.008 1.007 1.009 <.0001 0.933 0.859 1.013 0.0981 0.997 0.993 1.000 0.0690 

 
B: Poisoning by drug 1.011 1.006 1.016 <.0001 0.862 0.614 1.209 0.3892 0.995 0.982 1.007 0.3964 

ADEs of possible response by drug 
            

 
C: ADEsⅠ 1.002 1.000 1.003 0.0140 1.007 0.906 1.119 0.8986 0.994 0.989 0.998 0.0030 

 
D: ADEsⅡ 1.009 1.009 1.009 <.0001 0.949 0.937 0.962 <.0001 0.987 0.987 0.988 <.0001 

  E: ADEsⅢ 1.008 1.007 1.008 <.0001 1.054 1.034 1.075 0.0705 0.990 0.989 0.991 <.0001 

R: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change indicates the change at the moment of intervention. A change in trend was 

defined as an increase or decrease in the slope of the segment after the intervention as compared with the segment preceding the intervention 
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3.2) Base on type of utilization (inpatient or outpatient) 

The results of interrupted analysis of ADEs by outpatient and inpatient care are shown 

in Figure 13 and Table 14. In cases of ADEs associated with inpatient care, an increase in the 

ADE rate was immediately observed after the introduction of the DUR system (RR: 1.094, 95% 

CI: 1.026-1.167). However, the trend was decreased compared with the pre-intervention period 

(RR: 0.994, 95% CI: 0.991-0.996). In cases of ADEs related to outpatient care, there was an 

immediate level of change (RR: 0.978, 95% CI: 0.968-0.989) and a declining trend (RR: 0.989, 

95% CI: 0.988-0.989) when compared to the pre-intervention period. 

 

 

Figure 13. Predicted ADEs by inpatient and outpatient care 

 

Table 14. Changes in ADEs by type of utilization 

  
Baseline trends Level change Trends change 

  
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 

ADEs 
            

 
Inpatients care 1.003 1.002 1.004 <.0001 1.094 1.026 1.167 0.0059 0.994 0.991 0.996 <.0001 

 
Outpatients care 1.009 1.008 1.009 <.0001 0.978 0.968 0.989 <.0001 0.989 0.988 0.989 <.0001 

RR: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 

indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in The slope of The 
segment after The intervention as compared with The segment preceding The intervention 
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4) Sub-group analysis of ADEs and related costs after introduction of the DUR system 

4.1) ADE rate 

The subgroup analysis of change in ADE rate is shown in Table 15 and Figure 14. By 

the type of hospital, the trend of the monthly ADE rate was increasing in all hospital types. 

There was a significant level change in the clinics, which declined immediately after the 

introduction of the DUR system (RR: 0.975, 95% CI: 0.964-0.987). After introduction of the 

DUR system, a significant trend change was observed, compared to the pre-intervention period, 

in clinics (RR: 0.987, 95% CI: 0.987-0.988), general hospitals (RR: 0.991, 95% CI: 0.990-

0.993), and tertiary hospitals (RR: 0.993, 95% CI: 0.991-0.995). Although the trend has changed 

since the introduction of the DUR system, these changes were small. 

According to age, both < 65 and ≥ 65 year olds were similar in levels of change and 

trend changes, as levels were reduced immediately after intervention, and trends decreased 

compared to the pre-intervention period. Specifically, compared with the pre-intervention period, 

an approximately monthly mean reduction of 1.14% was observed in individuals < 65 years of 

age. A similar declining trend was observed in people 65 or older (RR: 0.989, 95%CI: 0.989-

0.990). 

Table 15. Subgroup analysis of changes in ADEs after introduction of the DUR system 

    Baseline trends Level change Trends change 

    RR 95%CI 
p-

value 
RR 95%CI 

p-

value 
RR 95%CI 

p-

value 

Type of hospital 
           

 
Clinic 1.009 1.009 1.009 <.0001 0.975 0.964 0.987 <.0001 0.987 0.987 0.988 <.0001 

 
Hospital 1.004 1.004 1.005 <.0001 1.031 0.986 1.077 0.1770 1.000 0.998 1.002 0.9159 

 
General hospital 1.005 1.004 1.006 <.0001 1.050 1.005 1.096 0.0287 0.991 0.990 0.993 <.0001 

 
Tertiary hospital 1.006 1.005 1.007 <.0001 0.980 0.934 1.029 0.4236 0.993 0.991 0.995 <.0001 

Age 
            

 
<65 1.009 1.009 1.009 <.0001 0.985 0.973 0.997 0.0135 0.989 0.988 0.989 <.0001 

  ≥65 1.007 1.006 1.007 <.0001 0.968 0.948 0.990 0.0360 0.989 0.989 0.990 <.0001 
RR: Rate ratio 

            
Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 
indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 

segment after the intervention as compared with the segment preceding the intervention 

-Bold: statistically significant 
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Figure 14. Predicted ADEs by type of hospital and age 

 

Regarding drug type, the baseline trend of ADE rate was increasing in all types of 

drugs before the introduction of the DUR system. There were significant changes immediately 

after the introduction of DUR system, including in anti-inflammatory drugs (RR: 0.961; 95% CI: 

0.937-0.985), antibiotics + anti-inflammatory drugs (RR: 0.971; 95% CI: 0.944-0.999), and 

other combination agents (RR: 0.964; 95% CI: 0.946-0.983). There was also a significant 

decrease in trend change following DUR system introduction in all drug types (Table 16). 
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Table 16. Changes in ADEs by drug type 

    Baseline trends Level change Trends change 

    RR 95%CI p-value RR 95%CI p-value RR 95%CI p-value 

Drug type 
            

 
Diabetes agents 1.009 1.007 1.010 <.0001 0.960 0.876 1.051 0.3791 0.991 0.987 0.994 <.0001 

 
Antithrombotic agents 1.007 1.003 1.010 0.0001 0.971 0.779 1.210 0.7940 0.987 0.979 0.996 0.0041 

 
Cardiovascular agents 1.007 1.006 1.008 <.0001 1.022 0.987 1.058 0.2259 0.989 0.987 0.990 <.0001 

 
Antibiotics 1.009 1.009 1.010 <.0001 1.032 1.001 1.065 0.0458 0.987 0.986 0.989 <.0001 

 
Anti-inflammatory drugs 1.008 1.007 1.008 <.0001 0.961 0.937 0.985 0.0013 0.990 0.989 0.991 <.0001 

 
Nervous system agents 1.008 1.008 1.009 <.0001 0.971 0.944 0.999 0.0404 0.989 0.988 0.990 <.0001 

 

Antibiotics +  

Anti-inflammatory drugs 
1.009 1.009 1.010 <.0001 1.000 0.971 1.029 0.9856 0.988 0.986 0.989 <.0001 

 

Antibiotics +  

Nervous system agents 
1.010 1.009 1.010 <.0001 0.971 0.940 1.002 0.0688 0.989 0.987 0.990 <.0001 

  Other combination agents 1.008 1.008 1.008 <.0001 0.964 0.946 0.983 0.0002 0.989 0.989 0.990 <.0001 

RR: Rate ratio 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change indicates the change at the moment 

of intervention. A change in trend was defined as an increase or decrease in the slope of the segment after the intervention as compared with the segment preceding 

the intervention 

Bold: statistically significant 
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4.2) ADE related costs 

Subgroup analysis of ADE related costs were performed by type of hospital and age. 

By type of hospital, there was no significant change in the level or trend of costs associated with 

ADEs after the introduction of the DUR system, mirroring the findings of main analysis of this 

study. Similarly, there was no significant change in levels or trends by different age groups 

(Figure 15, Table 17). 

 

Figure 15. Predicted ADE related costs by type of hospital and age 

Table 17. Subgroup analysis of changes in ADE related costs after introduction of the DUR system 

    Baseline trends Level change Trends change 

    RC 95%CI 
p-

value 
RC 95%CI 

p-

value 
RC 95%CI 

p-

value 

Type of hospital 
            

 
Clinic 0.998 0.996 0.999 0.0004 1.007 0.901 1.125 0.9003 1.003 0.999 1.007 0.1277 

 
Hospital 1.000 0.996 1.003 0.8013 0.995 0.793 1.248 0.9662 0.991 0.981 1.002 0.1026 

 
General hospital 0.999 0.995 1.003 0.7298 1.089 0.834 1.423 0.5312 0.996 0.988 1.004 0.3356 

 
Tertiary hospital 0.996 0.991 1.001 0.1359 0.986 0.633 1.535 0.9498 1.002 0.982 1.023 0.8347 

Age 
            

 
<65 0.998 0.996 0.999 0.0002 1.068 0.954 1.195 0.2553 1.001 0.997 1.006 0.5254 

  ≥65 0.998 0.995 1.001 0.1810 0.868 0.713 1.056 0.1571 1.005 0.997 1.012 0.2273 
RC: Ratio of costs 

            
Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change 

indicates the change at the moment of intervention. A change in trend was defined as an increase or decrease in the slope of the 
segment after the intervention as compared with the segment preceding the intervention 

 

According to drug type, the cost trends associated with ADEs increased compared to 

before the intervention, which was significant in patients who were prescribed antithrombotic or 

nervous system drugs (Table 18).
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Table 18. Changes in ADE related costs by drug type 

    Baseline trends Level change Trends change 

    RC 95%CI p-value RC 95%CI p-value RC 95%CI p-value 

Drug type 
            

 
Diabetes agents 1.005 0.997 1.013 0.2675 0.573 0.342 0.960 0.0346 1.003 0.987 1.019 0.7455 

 
Antithrombotic agents 0.989 0.978 1.001 0.0733 1.044 0.545 2.003 0.8957 1.028 1.004 1.052 0.0221 

 
Cardiovascular agents 0.997 0.991 1.004 0.4144 1.022 0.771 1.356 0.8781 1.002 0.991 1.014 0.6672 

 
Antibiotics 0.997 0.994 1.000 0.0257 0.947 0.797 1.127 0.5417 1.011 1.001 1.020 0.0231 

 
Anti-inflammatory drugs 0.998 0.995 1.000 0.0487 1.168 0.887 1.537 0.2684 0.997 0.986 1.009 0.6530 

 
Nervous system agents 0.994 0.992 0.997 <.0001 1.068 0.920 1.239 0.3904 1.006 1.000 1.013 0.0482 

 

Antibiotics 

+ Anti-inflammatory drugs 
0.997 0.995 1.000 0.0173 0.967 0.794 1.177 0.7365 1.005 0.998 1.012 0.1968 

 

Antibiotics  

+ Nervous system agents 
0.997 0.995 0.999 0.0100 1.110 0.810 1.522 0.5155 1.006 0.995 1.017 0.2914 

  Other combination agents 1.000 0.998 1.003 0.7803 0.986 0.828 1.175 0.8759 0.994 0.988 1.000 0.0510 

RC: Ratio of costs 
            

Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change indicates the change at the moment 

of intervention. A change in trend was defined as an increase or decrease in the slope of the segment after the intervention as compared with the segment preceding 

the intervention 

Bold: statistically significant 
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5) Changes in prescription rates of specific drugs 

 In our main result, ADEs decreased after introduction of the DUR system, and most of 

the ADEs that decreased were likely ADEs (e. g., gastritis). This may be due to changes in 

prescription patterns that may affect ADEs. Therefore this study examined changes in 

prescription rates, including gastro-protective agents (GPAs) and cox-2 inhibitors, which are 

associated with the development of gastrointestinal disorders. 

5.1) GPAs 

The baseline trend of co-prescription rate of GPAs was increasing before introduction 

of the DUR system (RR: 1.003, 95% CI: 1.002-1.003). There was a significant decrease in the 

level change in co-prescription rate after introduction of the DUR system (RR: 0.939, 95% CI: 

0.924-0.954). In addition, the overall co-prescription rate of GPAs increased compared to the 

pre-intervention period, and the monthly mean prescription rate also increased by 0.29% (RR: 

1.003, 95% CI: 1.002-1.004) (Figure 16, Appendix B4). 

 

Figure 16. Predicted co-prescription rates of gastro-protective agents 
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5.2) Cox-2 inhibitors 

The baseline trend of prescription rate of cox-2 inhibitors was increasing prior to 

introduction of the DUR system (RR: 1.011, 95% CI: 1.009-1.012), but decreased immediately 

upon intervention; however, these results were not statistically significant (RR: 0.953, 95% CI: 

0.901-1.009). In addition, trend change was observed compared to the pre-intervention period. 

Specifically, it was founds that the average monthly prescription rate change was decreased 

rather than increased (RR: 0.997, 95% CI: 0.994-0.999) (Figure 17, Appendix B5). 

 

Figure 17. Predicted prescription rates of cox-2 inhibitors 
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4. Sensitivity Analyses  

1) Changes in prescription patterns and ADEs considering the initial intervention  

 The initial intervention of the DUR system was applied in medical institutions since 

April 2008, through providing drug information regarding DDIs and age-contraindications 

within prescriptions. However, this intervention provided narrow aspects regarding prescribing, 

which may have potentially affected the primary outcomes of this study. Therefore, sensitivity 

analysis was performed considering the time of the initial intervention and the time of 

nationwide implementation of the DUR system. Figure 18 and Table 19 shows the results of 

sensitivity analysis. 

 Regarding monthly increase rate (MIR) of prescription patterns, prescription rate of 

both DDIs and drug overdose was significantly decreased after introduction of the DUR system. 

In the prescription rate of DDIs, there was a significant level (RR: 0.727, p=0.0004) and trend 

change (RR: 0.983, p<0.0001) after introducing the DUR system nationwide compared to the 

pre-intervention period. By prescription rate of drug overuse, there was a significant level 

change in enrolled lists after introduction of the primary intervention (RR: 0.916, p=0.0011). 

There was also a trend change in both primary intervention (RR: 0.987, p<0.0001) and after the 

introduction of the DUR system nationwide (RR: 0.990, p<0.0001). Furthermore, a significant 

level (RR: 0.599, p<0.0001) and trend change (RR: 0.972, p<0.0001) were also observed in 

latest lists (existing-registered drugs) after the introduction of the DUR system nationwide. 

 Regarding the ADE rate, MIR was significantly decreased after introduction of the 

DUR system (RR: 0.997, p<0.0001). In addition, there was an immediate change in ADE rate 

after primary intervention (RR: 1.104, p<0.0001) and introduction of the DUR system (RR: 

1.115, p<0.0001). Significant trend changes were observed in both the initial intervention 

system (RR: 0.989, p<0.0001) and introduction of the nationwide DUR system (RR: 0.986, 
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p<0.0001) compared to the pre-intervention. However, there were no significant level or trend 

changes ADE costs at both the initial intervention and national adoption of the DUR system.  

 

 

Figure 18. Results of sensitivity analysis considering primary intervention
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Table 19. Sensitivity analysis considering primary intervention of April 2008 

              
(Unit: RR, P-value) 

      MIR Level change Trend change 

      Before  
Primary 

intervention 

Introduction 

of DUR 

system 

Before  
Primary 

intervention 

Introduction of 

DUR system 
Before  

Primary 

intervention 

Introduction 

of DUR 

system 

Prescription patterns 
                

 
drug-drug interaction 1.001 0.8174 1.005 0.2142 0.983 <.0001 1.000 0.862 0.0573 0.727 0.0004 1.000 1.004 0.4703 0.983 <.0001 

 
drug-over dose 

                

 
Enrolled lists 1.001 0.6249 0.988 <.0001 0.990 <.0001 1.000 0.916 0.0011 0.985 0.505 1.000 0.987 <.0001 0.990 <.0001 

 

Latest lists 

(Existing-registered 

drugs) 

1.001 0.748 0.992 0.0103 0.973 <.0001 1.000 1.271 0.0154 0.599 <.0001 1.000 0.990 0.0768 0.972 <.0001 

 

Latest lists 

(Newly-registered 

drugs) 
0.990 0.0282 0.999 0.9127 0.978 0.0162 1.000 0.590 0.029 0.918 0.7233 1.000 1.009 0.3533 0.988 0.2379 

Patients outcome 
                

 
Adverse drug events 1.011 <.0001 1.000 0.0881 0.997 <.0001 1.000 1.104 <.0001 1.115 <.0001 1.000 0.989 <.0001 0.986 <.0001 

  
Costs for adverse drug 

events 
0.999 0.3236 0.995 0.0246 1.000 0.9388 1.000 1.031 0.6335 1.065 0.2685 1.000 0.996 0.1419 1.001 0.5940 

RR: Rate Ratio 
*: RC(Ratio of costs) 

MIR: Monthly increase rate 

Bold: statistically significant  
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2) Changes of prescription patterns and ADEs considering time interval of the DUR system 

 In this study, the DUR system was spread gradually throughout the nation. There may 

have been a time gap between hospitals, because the timing of the DUR system implementation 

was inconsistent. All types of hospitals, except tertiary hospitals, adopted the DUR system in the 

period during December 2010 to May 2011. Tertiary hospitals adopted the DUR system during 

December 2011. Therefore, this study performed a sensitivity analysis considering the time 

interval, and excluding time spread through the study period. 

 Regarding all type of hospitals, except tertiary hospitals, there was a significant level 

and trend change in prescription patterns, including DDIs and drug overdose (enrolled lists, 

latest lists-existing registered drugs), after introduction of the DUR system. Similar to the main 

results of this study, there was a significant level of ADE rate and trend changes after 

intervention. However, there was no significant change in costs related to ADEs after 

introduction of the DUR system, which mirrored the main finding. 

 Regarding tertiary hospitals, there was a significant level change in the prescription 

rate of DDIs, but no trend change was observed. In addition, the prescription rate of drug 

overdose showed a significant trend change in the latest lists (existing-registered). The trend of 

ADE rates was significantly decreased compared to the pre-intervention period. Costs 

associated with ADEs did not change significantly, similar to other types of hospital outcomes 

(Table 20). 
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Table 20. Sensitivity analysis considering different spreading time of the DUR system 

  
   

Baseline trends Level change Trends change 

        RR 95%CI p-value RR 95%CI p-value RR 95%CI p-value 

Clinic, hospital, general hospital(2011.3-) 
            

 
Prescription patterns 

            

  
DDI 

 
0.998 0.995 1.002 0.2834 0.681 0.510 0.908 0.0090 0.986 0.976 0.997 0.0093 

  
drug-over dose 

            

   
Enrolled lists 0.995 0.994 0.996 <.0001 0.829 0.785 0.876 <.0001 0.995 0.993 0.997 <.0001 

   
Latest lists (Existing-registered drugs) 1.002 0.999 1.006 0.2286 0.396 0.303 0.517 <.0001 0.975 0.962 0.988 0.0002 

   
Latest lists (Newly-registered drugs) 0.984 0.978 0.990 <.0001 0.842 0.465 1.525 0.5709 0.995 0.967 1.025 0.7554 

 
Patients outcome 

            

  
ADEs 1.009 1.008 1.009 <.0001 0.950 0.939 0.961 <.0001 0.988 0.988 0.989 <.0001 

  
Costs for ADEs* 0.998 0.997 0.999 0.0004 1.053 0.945 1.175 0.3497 1.001 0.996 1.005 0.7761 

Tertiary hospital(2011.12-) 
            

 
Prescription patterns 

            

  
DDI 1.002 0.998 1.006 0.3536 0.465 0.272 0.795 0.0051 1.008 0.991 1.026 0.3518 

  
drug-over dose 

            

   
Enrolled lists 0.993 0.990 0.995 <.0001 1.157 0.968 1.382 0.1091 1.001 0.993 1.009 0.8924 

   
Latest lists (Existing-registered drugs) 1.001 0.986 1.017 0.8767 0.879 0.403 1.919 0.7465 0.967 0.944 0.990 0.0051 

   
Latest lists (Newly-registered drugs) - - - 

 
- - - 

 
- - - 

 

 
Patients outcome 

            

  
ADEs 1.006 1.005 1.007 <.0001 1.004 0.941 1.071 0.9037 0.986 0.982 0.991 <.0001 

    Costs for ADEs* 0.996 0.990 1.001 0.1380 0.677 0.442 1.037 0.0727 1.031 0.999 1.063 0.0553 

*RC: Ratio of costs 

RR: Rate ratio             
Note: The baseline trend is indicated that the rate of the monthly change based on before-intervention period. The level change indicates the change at the moment 

of intervention. A change in trend was defined as an increase or decrease in the slope of the segment after the intervention as compared with the segment preceding 

the intervention 

Bold: statistically significant 
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Ⅴ. Discussion 

1. Discussion of Study Methods  

This study investigated the effects of the DUR system on patient care through 

evaluation of physicians’ prescription patterns such as DDIs, drug overdoses, specific drug 

prescriptions, and patient outcomes caused by drug use, as well as episodes based costs of ADEs. 

Because our study was an observational study, there were several limitations related to study 

methods.  

First, there may have been a problem related to the study population. Specifically, the 

current study used NHIS sampling cohort data, which is a representative sample of individuals 

in Korea, and has a strength in the generalizability of the result. However, not all patients were 

included in the study population, and patients were selected on the basis of those who were 

prescribed drugs with high-risk potential for ADEs. In our data, the average prescription rate of 

DDIs before intervention was 0.052%, which was reduced to 0.033% after introduction of DUR 

system. Using nationwide data, Kim et al. examined the effects of the DUR system on 

prescription rates of DDIs and age-contraindication during Jan 2010 to Jan 2012
24

. This study 

suggested that the DDI prescription rate, including age-contraindication, was 0.029% within 

prescription and 0.097% in between prescriptions, before introduction of DUR system. Further, 

the prescription rate of DDIs was decreased after introduction of the DUR system, with this 

result being significant in the prescription rate of DDI between prescriptions (within: 0.022%, 

between: 0.079%). Slight differences in the prescription rate of DDIs compared to this study can 

be related to the study population, as this study included only those patients who were 

prescribed certain drugs with a high potential risk for ADEs. However, more than 90% of ADEs 

result from the drugs selected in this study, and these results are associated with inappropriate 

prescriptions, including DDIs and drug overuse
15,109

. In addition, differences in prescription 
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rates of DDIs found in this study may due to; 1) actual dispensing in the pharmacy was not 

considered, and 2) drugs with age-contraindication were included. Furthermore, this study 

selected patients who were prescribed particular drugs. Therefore, different results could be 

found in other drugs not measured in this study. However, the results of this study are 

meaningful because the majority of drugs associated with ADEs were included in this study, and 

account for more than 60% within in the outpatient setting. Thus, this finding will provide 

evidence to policymakers that a system-based approach to quality improvement affects 

physicians prescribing decisions and changes their behavior, resulting in safer prescription 

practices. 

Second, there may also be errors associated with the measurement method used in this 

study. This study used claims data, and was unable to assess the clinical conditions that affected 

prescribing decisions. This information may be important, as it could have affected the changes 

in prescriptions and the selection of certain drugs. Additionally, the measurement of 

prescriptions was based on the pharmacy prescription that the patient was actually prescribed, 

which could have been affected by patient factors. For instance, even if drug overdoses or 

interactions were indicated, the current study did not consider situations where a patient did not 

pick up prescribed drugs in the pharmacy after the prescription was been issued. However, in 

the data of this study, patients who received almost all outpatient prescriptions were prescribed 

medication at the pharmacy. Therefore, few of these patients were left the premises without 

prescription.  

In addition, there is also a possible concern about the measurement method related to 

ADEs. Drugs, even if used appropriately, can have unintended consequences. These results can 

be both drug-induced and/or caused by other factors. In this study, the definition of ADEs takes 

into account two aspects, including drug-induced and possible drug-induced events. Thus, the 

current results cannot provide a direct causality between drugs and ADEs. To reduce potential 
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error related to the definition of ADEs, this study considered several aspects related to ADEs. 

First, all definitions of ADEs were based on previous studies with events presented as drug-

induced or possibly drug induced
8,12,15,113

. Second, patients who ever utilized healthcare due to 

ADEs as currently defined, from 2002 to 2003, were excluded. Because of this process, patients 

who presented during the study period were considered to be new events of ADEs. Third, ADEs 

were based on disease, and each patient was measured once for the disease, with the first day of 

visiting a healthcare facility being considered an event day. Fourth, this study limited the time 

period for which ADEs could occur. In a study conducted in England, ADEs were limited to 

those occurring within eight weeks after receiving a prescription
122

. In this study, possible 

periods of ADEs were calculated for each prescription, and the possible duration of an ADE was 

considered from the first date of the start of the prescription, to a maximum of four weeks after 

the prescription was completed. This period was considerably shorter than that utilized in the 

aforementioned study. Thus, addressing these limitations can reduce problems related to the 

causal relationships of outcome variables in this study. 

Finally, this study conducted interrupted time series analysis, using a GEE and a 

segmented Poisson regression analysis. The interrupted time series design is a powerful method 

to evaluate longitudinal effects of political change on an outcome variable, both immediately 

and over time. This method provides the strongest quasi-experimental design for estimating 

intervention effects in a non-randomized situation, and does not require control groups. This is 

because this method allows analysis to control for prior trends in the outcome variable, and 

measures dynamic changes in response to intervention. Similar results were obtained when 

evaluating the differences in the prescription rate changes of the latest lists compared to the 

enrolled lists (Appendix A8). Thus, findings of this study are also meaningful to other countries 

adopting a DUR system to improve patient care and reduce ADEs.  
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2. Discussion of Study Results  

The conceptual framework in this study is that physician prescribing, based 

characteristics of patients and hospitals, is affected by a system that takes into account the 

characteristics of the patient. This can lead to changes in the prescription of a drug, eventually 

leading to better patient outcomes through a reduction in ADEs. One aspect evaluated in this 

study was to assess whether a system-based approach improves the prescription process by 

reducing inappropriate prescriptions and potentially adverse effects. This was based on the 

assumption that physicians ultimately will make choices that can lead to better outcomes in 

patient care, and that system-based support can change their behavior to reduce potential 

medical errors and make better choices
68,73,123

. In other words, physicians will accept 

information provided by the system to make better choices, and this will result in decreased 

inappropriate prescriptions. This has been measured by the change in prescription rate for DDIs 

and drug-overdoses, for specific drugs related with a high risk for ADEs.  

In this study, the prescription rate of DDIs was decreased after the introduction of the 

DUR system, and a similar trend was observed in prescription rates of drug overdose. This 

result is similar to previous studies that system changes can affect the prescription rate of 

DDIs
24,29,90

. A plausible explanation for this may be related to a change in the physician's 

knowledge. Once an alert notification appears, it affects the physician's knowledge regarding the 

patient's clinical condition, which will affect the physicians’ attitude toward the prescription. 

The expected outcome of such a notification is a possible change in the attitude of the physician, 

and this change in attitude could result in a change from the inappropriate prescription
73

. In 

addition, positive effects have been observed in other drugs that require dose caution since 

system adoption. This change was observed with a reduced prescription rate for other drugs not 

registered with this system. A list of drugs to carefully consider is not provided by the system, 

but knowledge changes made by the system can affect prescription decisions for other 
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medicines. This can lead to a reduction in the prescription rate and potentially reduce overuse, 

not only in enrolled drugs, but also in other drugs not registered in system. 

The subgroup analysis of the DDI prescription rate in tertiary hospitals showed large, 

immediate changes after the introduction of the DUR system. This may be related to the severity 

of the patient, due to the type of hospital. In general, patients with severe clinical conditions are 

admitted to tertiary hospitals, and most of patients visited clinics or other types of hospitals 

before entering tertiary hospitals. Therefore, the subsequently prescribed drugs may have 

potentially interacted with the first-prescribed drug. Additionally, it was also possible that 

patients with severe conditions could be prescribed drugs from other departments within the 

tertiary hospital, and these may have demonstrated the capacity to interact with the original 

prescription. After the DUR system was introduced, potential interactions between drugs could 

be identified, which may have had a positive impact on physician's prescription choice in 

tertiary hospitals. Further, the prescription rate of DDIs decreased compared to the pre-

intervention periods in both age groups (i.g., under 65 and 65 and over). This means that the 

introduction of the system has increased the quality of prescriptions in the overall population, 

not only in those over 65 with a high risk of ADEs.  

Regarding the subgroups of prescribing rates related to drug overdose, only clinics 

showed significant immediate level and trend changes compared to the pre-intervention period. 

These findings suggest that the introduction of a system that supports decision making in clinics 

can influence physicians' decisions on drug prescribing, and help them to make better choices. 

This means that physicians at the clinic can better accommodate a system-based approach of 

quality improvement. Furthermore, the reduction in prescription rates of drug overuse was 

significant individuals 65 or older. These individuals require careful selection with regard to 

drug dynamics, and side effects associated with overdose are particularly important
124

, as most 

drug-related adverse reactions are associated with overuse in this age group
89

. This result 
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implies that the DUR system has demonstrated a particularly strong impact on patients who are 

vulnerable to ADE. 

Another aspect of this study was to evaluate patient outcomes resulting from changes 

in prescription patterns due to adoption of the system. Since the IOM report, this problem has 

been a major issue for many researchers, with the need to address ADEs in order to improve 

quality in health care beginning to be reconized
1,2

. This recognition has led to an awareness of 

the need for intervention to improve drug quality, with system-based approaches toward quality 

improvement beginning to spread as an ideal strategy for safer and more effective treatment. 

Strategies to improve drug quality at the system level can prevent inappropriate prescriptions, 

which will reduce ADEs that may arise as a result of patient treatment. In this study, the ADEs 

rate was changed immediately, and the trend was also decreased, when compared to the pre-

intervention period. These results may be due to a reduction in inappropriate prescriptions and 

changes in physician prescribing patterns to improve safety in patient care. This finding 

suggests that the system-based approach toward quality improvement has affected overall 

patient outcomes, in addition to safer prescriptions being administered.  

This study also assessed what specific types of ADEs were reduced after the 

introduction of the DUR system, and found that there was a significant trend change in possible 

responses by drug. In particular, type 2 ADEs, such as gastrointestinal disorders, showed a 

significant decrease in trend compared to the pre-intervention period. Based on these findings, 

this study examined the changes in the prescription patterns of other drugs that may affect the 

occurrence of ADEs, and included the co-prescription of GPAs and cox-2 inhibitors. The 

baseline trend of prescription rates for GPAs was significantly increased. After the system was 

introduced, there was a decline in the immediate prescription rate and the trend was changed 

compared to the pre-intervention periods. Decreasing at the moment of intervention may be 

associated with decreased drug substance duplication, as the overuse of these types of drugs was 
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one of the primary reasons for the introduction of the system. Since the institution of the DUR 

system, inappropriate duplication prescriptions have decreased and prescriptions for 

prophylactic treatment that may affect patient side effects have increased. These positive effects 

may have affected the probability of ADEs associated with drug use and will ultimately lead to 

improvement in patient care after system introduction. The study also assessed the change in 

prescription rate of selective cox inhibitors, but no increase was observed. This may be 

associated with reimbursement restrictions on selective cox-inhibitors, as only high risk groups 

(such as individuals ≥ 65 years old, existing GI ulcer or bleeding, or those on a steroidal agent) 

are covered under the NHI. Considering these results, the introduction of the system may have 

affected the choice of drugs needed, but did not seem to have a significant effect on the choice 

of the types of drugs prescribed, especially those that can be used as an alternative and/or those 

with regulated reimbursement. 

 Considering the utilization of ADEs, immediate level and trend changes compared to 

the pre-intervention period were observed in both outpatient and inpatient care. In inpatient care, 

an immediate increase in the ADE rate was observed, which may be related to the likelihood 

that the ADEs of previous prescriptions were too severe and did not have a significant impact on 

patients requiring hospitalization. After introduction of the DUR system, both inpatient and 

outpatient care as a result of ADEs has decreased compared with pre-intervention periods. 

Considering the MIR, inpatients admitted due to ADEs were increasing by 0.30% before 

introduction of the DUR system and decreased by 0.35% after introduction. However, outpatient 

numbers were increasing by 0.85% per month before introduction and decreased by 0.30% per 

month following introduction. This finding suggests that the effects of this system on ADEs 

seem to be greater in outpatient rather than inpatient care.  

In the subgroup analyses of ADEs, all types of hospital, excluding hospitals, showed a 

significant trend change when compared to the pre-intervention period following introduction of 
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the DUR system. These results imply that hospitals may require more intervention to reduce 

ADEs. By age group, ADE rates were reduced in both high-risk patients aged 65 and over and 

individuals under 65, after the introduction of the system. In addition, the trends of ADE rates 

from the use of all drug types in this study decreased compared to the pre-intervention period. 

These results suggest that the introduction of the system had an overall impact on the use of 

drugs included in the study, and may have a positive impact on patient outcomes, by allowing 

for better choice. 

Considering episode-based ADEs costs, this study did not found significant trend 

change after introduction of DUR system. This finding suggested that once an ADEs has 

occurred it is difficult to reduce the cost, suggesting that a preventive approach to reduce such 

event is important in controlling the increase in health expenditure.  

Finally, this study conducted sensitivity analyses, considering initial interventions and 

dispersion time of the DUR system. The results of sensitivity analyses considering the initial 

intervention showed significant level and trend changes in DDI prescription rates after the 

introduction of the DUR system nationwide. This result suggests that the nationwide 

introduction of the DUR system was important in reducing DDI prescription rates. Additionally, 

this finding implies that DDI prescribing is related to interactions between prescriptions, rather 

than within prescriptions, and suggests that it is important to review interaction between 

prescriptions. Further, the primary intervention was associated with a change in overdose 

prescription rates of drugs on the enrolled lists, while the nationwide introduction of the DUR 

system was associated with changes in the latest lists. These results suggest that reviews within 

the prescription reduce drug overuse by providing information about the drugs registered in the 

system, and reviewing between prescriptions may affect the use of other medications that are 

not registered with the system, but potentially require careful use. Thus, the introduction of a 

nationwide DUR system has a positive impact on overall drug use, not only on enrolled drugs, 
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but also other drugs. ADEs were also affected by both the primary intervention and the 

nationwide introduction of the DUR system. However, the magnitude of the effect of 

intervention was greater after the nationwide introduction of the DUR. This is evidenced by the 

MIR of ADEs increasing by an average of 1.11% before primary intervention, decreasing by 

0.05 % after primary intervention, and further decreasing by 0.31% after full implementation of 

the DUR system. This means that the nationwide introduction of DUR systems was important to 

reducing potential ADEs. 

Considering the time necessary for full implementation, all types of hospital, except 

tertiary hospitals, exhibited similar results with main findings. In cases of tertiary hospital, the 

results were similar to those of the main findings, in that prescription rate of DDIs were 

immediately decreased after introduction of the DUR system, and the ADE rate was also 

decreased compared to the pre-intervention period. Therefore, the introduction of the DUR 

system had a positive effect on the change of prescription behavior and the reduction of ADEs, 

even after changing the study period. 

Reducing medical errors is an important part of patient safety, and a system-based 

approach to reducing these errors can yield better results by helping physicians make better 

choices. The DUR system demonstrated a positive impact on inappropriate prescriptions and 

ADE reduction, but further consideration is needed to achieve patient safety goals. However, 

there is still controversy regarding how this should be achieved. First, the current system does 

not cover all of the types of prescription drugs that can affect patient outcomes. Further, while 

the introduction of this system for hospitalization is underway, there has been controversy from 

physicians regarding inpatient characteristics (e. g., emergency use of drug due to changes in the 

patients' condition, and the time gap between prescribing and dispensing). In addition, there are 

concerns about potential DDIs or overuse by general pharmaceuticals that patients can easily 

obtain, because this system does not monitor over-the-counter drugs. Therefore, expansion of 
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this system is needed to reduce potential ADEs related to drug use. Second, evidence-based 

drug information should be provided, and this information should reflect patient characteristics 

and be continuously updated. There are barriers to this system-based approach, because many 

physicians can violate their authority in prescriptions
125

. In addition, while the information 

provided by the system is evidence-based, but may not be applicable to all patients. Therefore, 

evidence-based information should be provided that takes into account specific patient 

characteristics, and this information should also be updated constantly. Finally, information 

about prescribing patterns and patient outcomes related to ADEs would help to further improve 

patient care. In Korea, ADE and drug use monitoring is operated separately, and an integrated 

approach has not been made. The DUR system can be operated both prospectively and 

retrospectively, and information on ADEs and related outcomes provided in a retrospective 

approach can help change the prescription pattern of care providers. This approach will help 

improve the quality of patient care in a more integrated manner. Thus, a retrospective DUR 

system that provides feedback to health care providers is needed to improve prescription quality. 

This study assessed the impact of prescription decisions and patient care using a quasi-

experimental research design. Findings of this study provide evidence to policymakers that a 

system-based approach for quality improvement not only reduces inappropriate prescriptions, 

but is also an effective way to reduce adverse reactions related to drug use. This approach will 

help to achieve patient safety goals and improve the overall quality of patient care. 
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Ⅵ. Conclusion 

 

This study investigated the effect of a system-based approach for quality improvement 

in patient care. Result indicated positive effects of this system in several aspects. This finding 

can be divided into two components: drug prescribing patterns and patient side effects. 

First, this study found significant change in inappropriate prescription rates, including 

DDIs and drug overdose. In particular, the prescription rate related to drug overdoses affected 

the prescription rate of drugs other than those registered in the system. Additionally, the DUR 

system resulted in a large change in DDI prescriptions in tertiary hospitals. Further, the effect of 

the DUR system on the prescription rate of drug overdose was greater in individuals 65 and 

above.  

Second, changes in prescription patterns affected patient outcomes and ADEs 

decreased after the introduction of DUR system. In particular, these ADEs were associated with 

reduced outpatient use, and there was also a change in the prescription rate of certain drugs that 

could potentially result in side effects. In addition, the trend of ADE rates decreased compared 

to the pre-intervention period in all types of hospitals, with the exception of hospitals. 

Depending on the type of drug, ADEs were significantly reduced in the drug groups included in 

this study, as compared to previous trends. However, this study did not find a significant effect 

of the DUR system on ADE cost saving. These findings provide evidence that system-based 

approaches to improving quality positively affect patient care. Further, these results also suggest 

that system-based access is an effective way to improve patient quality. Through such system-

based approaches, this study expects to improve patient safety and reduce medical errors. 
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Appendix A1. The drug list of DDIs in this study 

No Drug 1 Drug 2 

1 acemetacin diflunisal  

2 acemetacin Methotrexate 

3 almotriptan malate ergotamine tartrate + anhydrous caffeine, complex 

4 almotriptan malate frovatriptan Succinate 

5 almotriptan malate naratriptan HCl 

6 almotriptan malate sumatriptan succinate 

7 almotriptan malate zolmitriptan 

8 alprazolam itraconazole 

9 alprazolam ketoconazole 

10 amantadine                                                                                      bromperidol                                                                                           

11 amantadine                                                                                      chlorpromazine HCl                                                                                   

12 amantadine                                                                                      perphenazine                                                                                           

13 amantadine (-hydrochloride, -sulfate) Dronedarone Hydrochloride 

14 amantadine (-hydrochloride, -sulfate) Mizolastine 

15 amantadine (-hydrochloride, -sulfate) Pimozide 

16 amantadine (-hydrochloride, -sulfate) Toremifene Citrate 

17 amiloride spironolactone  

18 amiloride triamterene  

19 amiodarone HCl Erythromycin (Injection) 

20 amiodarone HCl mizolastine 

21 amiodarone HCl quinidine 

22 amiodarone HCl ritonavir  

23 amiodarone HCl sotalol 

24 amiodarone HCl sparfloxacin  

25 amiodarone HCl Pentamidine (Except oral drug) 

26 amiodarone hydrochloride amantadine (-hydrochloride, -sulfate) 

27 amiodarone hydrochloride Amitriptyline Hydrochloride 

28 amiodarone hydrochloride dolasetron mesylate 

29 amiodarone hydrochloride Dronedarone Hydrochloride 

30 amiodarone hydrochloride Imipramine Hydrochloride 

31 amiodarone hydrochloride Nortriptyline Hydrochloride 

32 amiodarone hydrochloride Pimozide 

33 amiodarone hydrochloride toremifene citrate 

34 amisulpride amiodarone HCl 

35 amisulpride Bromocriptine Mesilate 

36 amisulpride Pramipexole Hydrochloride 

37 amitriptyline HCl moclobemide  

38 amitriptyline HCl selegiline HCl 

39 amoxapine selegiline  

40 amrinone(inamrinone)                                                                                             dobutamine HCl                                                                                       

41 anhydrous caffeine, ergotamine tartrate clarithromycin 

42 anhydrous caffeine, ergotamine tartrate erythromycin 

43 anhydrous caffeine, ergotamine tartrate indinavir sulfate 

44 anhydrous caffeine, ergotamine tartrate itraconazole 

45 anhydrous caffeine, ergotamine tartrate nelfinavir mesilate 

46 anhydrous caffeine, ergotamine tartrate ritonavir 

47 anhydrous caffeine, ergotamine tartrate roxithromycin 

48 anhydrous caffeine, ergotamine tartrate voriconazole 

49 anhydrous caffeine, ergotamine tartrate zolmitriptan 

50 atomoxetine HCl moclobemide 

51 atomoxetine HCl selegiline HCl 

52 atorvastatin calcium itraconazole 

53 atorvastatin calcium ketoconazole 

54 bosentan Tacrolimus Hydrate ) 

55 buprenorphine HCl morphine 

56 buspirone moclobemide 

57 buspirone HCl selegiline HCl 

58 carbamazepine moclobemide  

59 carbamazepine selegiline  

60 carbamazepine voriconazole 

61 chlorpromazine HCl                                                                                   epinephrine                                                                                        

62 chlorthalidone Lithium Carbonate 

63 citalopram moclobemide  

64 citalopram hydrobromide pimozide 

65 clarithromycin mizolastine 

66 clarithromycin pimozide 

67 clomipramine HCl moclobemide  

68 clomipramine HCl selegiline HCl 

69 bromperidol                                                                                           bromocriptine mesylate                                                            

70 bromperidol                                                                                           epinephrine                                                                                         
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71 dexamethasone                                                                                        sparfloxacin                                                                                         

72 dexketoprofen trometamol Ciprofloxacin  

73 dexketoprofen trometamol Methotrexate 

74 diflunisal  indomethacin 

75 dihydroergotamine mesilate almotriptan malate 

76 dihydroergotamine mesilate Azithromycin 

77 dihydroergotamine mesilate clarithromycin 

78 dihydroergotamine mesilate Ergotamine Tartrate·Anhydrous Caffeine 

79 dihydroergotamine mesilate Frovatriptan Succinate 

80 dihydroergotamine mesilate Lopinavir + Ritonavir 

81 dihydroergotamine mesilate Posaconazole 

82 dihydroergotamine mesilate Telithromycin 

83 dihydroergotamine mesylate efavirenz  

84 dihydroergotamine mesylate erythromycin  

85 dihydroergotamine mesylate indinavir  

86 dihydroergotamine mesylate itraconazole  

87 dihydroergotamine mesylate nelfinavir 

88 dihydroergotamine mesylate ritonavir  

89 dihydroergotamine mesylate roxithromycin 

90 dihydroergotamine mesylate sumatriptan succinate 

91 dihydroergotamine mesylate voriconazole 

92 dihydroergotamine mesylate zolmitriptan 

93 doxepin HCl moclobemide  

94 doxepin HCl selegiline  

95 doxycycline isotretinoin 

96 doxycycline hyclate isotretinoin 

97 dronedarone hydrochloride amitriptyline hydrochloride 

98 dronedarone hydrochloride dolasetron mesylate 

99 dronedarone hydrochloride imipramine hydrochloride 

100 dronedarone hydrochloride nortriptyline hydrochloride 

101 dronedarone hydrochloride toremifene citrate 

102 ephedrine HCl                                                                                   moclobemide 

103 ephedrine HCl                                                                                         epinephrine                                                                                        

104 ephedrine HCl                                                                                         selegiline HCl                                                                                     

105 ephedrine hydrochloride Norepinephrine Bitartrate 

106 ergotamine tartrate indinavir  

107 ergotamine tartrate itraconazole  

108 ergotamine tartrate nelfinavir 

109 ergotamine tartrate ritonavir  

110 ergotamine tartrate voriconazole 

111 ergotamine tartrate + anhydrous caffeine Atazanavir Sulfate 

112 ergotamine tartrate + anhydrous caffeine Frovatriptan Succinate 

113 ergotamine tartrate + anhydrous caffeine Lopinavir + Ritonavir 

114 erythromycin lovastatin 

115 erythromycin  chloramphenicol 

116 erythromycin  clindamycin 

117 erythromycin  lincomycin 

118 erythromycin  mizolastine 

119 erythromycin  pimozide 

120 ezetimibe + simvastatin Atazanavir Sulfate 

121 ezetimibe + simvastatin Darunavir Ethanolate 

122 ezetimibe + simvastatin Erythromycin  

123 ezetimibe + simvastatin Indinavir Sulfate 

124 ezetimibe + simvastatin Itraconazole 

125 ezetimibe + simvastatin Ketoconazole 

126 ezetimibe + simvastatin Lopinavir + Ritonavir 

127 ezetimibe + simvastatin Nelfinavir Mesilate 

128 ezetimibe + simvastatin Telithromycin 

129 flecainide acetate                                                                                   mizolastine                                                                                           

130 fluoxetine HCl moclobemide  

131 fluvoxamine maleate moclobemide  

132 fluvoxamine maleate selegiline  

133 fluvoxamine maleate tizanidine  

134 gentamicin sulfate Furosemide 

135 glibenclamide bosentan 

136 gliclazide Miconazole 

137 glipizide Miconazole 

138 haloperidol epinephrine 

139 hydrocortisone                                                                                        sparfloxacin                                                                                         

140 ibuprofen methotrexate 

141 imipramine HCl moclobemide  

142 imipramine HCl selegiline  

143 indomethacin(Oral medication) triamterene 

144 isosorbide dinitrate sildenafil  
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145 isosorbide mononitrate sildenafil  

146 ketoprofen ciprofloxacin HCl 

147 ketoprofen  Methotrexate 

148 ketorolac tromethamine aceclofenac 

149 ketorolac tromethamine acemetacin 

150 ketorolac tromethamine aspirin 

151 ketorolac tromethamine celecoxib 

152 ketorolac tromethamine clonixin 

153 ketorolac tromethamine dexibuprofen 

154 ketorolac tromethamine dexketoprofen trometamol 

155 ketorolac tromethamine diclofenac sodium 

156 ketorolac tromethamine diflunisal 

157 ketorolac tromethamine etodolac 

158 ketorolac tromethamine etofenamate 

159 ketorolac tromethamine fenoprofen calcium 

160 ketorolac tromethamine flufenamic acid 

161 ketorolac tromethamine flurbiprofen 

162 ketorolac tromethamine ibuprofen 

163 ketorolac tromethamine indomethacin 

164 ketorolac tromethamine ketoprofen 

165 ketorolac tromethamine lornoxicam 

166 ketorolac tromethamine loxoprofen  

167 ketorolac tromethamine meclofenamate sodium 

168 ketorolac tromethamine mefenamic acid 

169 ketorolac tromethamine meloxicam 

170 ketorolac tromethamine nabumetone 

171 ketorolac tromethamine naproxen 

172 ketorolac tromethamine nimesulide 

173 ketorolac tromethamine oxaprozin 

174 ketorolac tromethamine pentoxifylline 

175 ketorolac tromethamine piroxicam 

176 ketorolac tromethamine pranoprofen 

177 ketorolac tromethamine salsalate 

178 ketorolac tromethamine sulindac 

179 ketorolac tromethamine tenoxicam 

180 ketorolac tromethamine tiaprofenic acid 

181 ketorolac tromethamine zaltoprofen 

182 levomepromazine maleate moclobemide 

183 levomepromazine maleate selegiline HCl 

184 lovastatin Darunavir Ethanolate 

185 lovastatin Lopinavir + Ritonavir 

186 lovastatin Telithromycin 

187 meloxicam Methotrexate 

188 metformin hydrochloride + glibenclamide  iobitridol 

189 metformin hydrochloride + glibenclamide  iodixanol 

190 metformin hydrochloride + glibenclamide  iohexol 

191 metformin hydrochloride + glibenclamide  iomeprol 

192 metformin hydrochloride + glibenclamide  iopamidol 

193 metformin hydrochloride + glibenclamide  iopromide 

194 metformin hydrochloride + glibenclamide  iotrolan 

195 metformin hydrochloride + glibenclamide  ioversol 

196 metformin hydrochloride + glibenclamide  ioxaglic acid 

197 metformin hydrochloride + sitagliptin phosphate iobitridol 

198 metformin hydrochloride + sitagliptin phosphate iodixanol 

199 metformin hydrochloride + sitagliptin phosphate iohexol 

200 metformin hydrochloride + sitagliptin phosphate iomeprol 

201 metformin hydrochloride + sitagliptin phosphate iopamidol 

202 metformin hydrochloride + sitagliptin phosphate iopromide 

203 metformin hydrochloride + sitagliptin phosphate iotrolan 

204 metformin hydrochloride + sitagliptin phosphate ioversol 

205 metformin hydrochloride + sitagliptin phosphate ioxaglic acid 

206 metformin hydrochloride + gliclazide ioxaglic acid 

207 metformin hydrochloride + glimepiride iobitridol 

208 metformin hydrochloride + glimepiride iodised oil 

209 metformin hydrochloride + glimepiride iodixanol 

210 metformin hydrochloride + glimepiride iohexol 

211 metformin hydrochloride + glimepiride iomeprol 

212 metformin hydrochloride + glimepiride iopamidol 

213 metformin hydrochloride + glimepiride iopromide 

214 metformin hydrochloride + glimepiride iotrolan 

215 metformin hydrochloride + glimepiride ioversol 

216 metformin hydrochloride + glimepiride ioxaglic acid 

217 metformin hydrochloride + pioglitazone hydrochloride iobitridol 

218 metformin hydrochloride + pioglitazone hydrochloride iodixanol 
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219 metformin hydrochloride + pioglitazone hydrochloride iohexol 

220 metformin hydrochloride + pioglitazone hydrochloride iomeprol 

221 metformin hydrochloride + pioglitazone hydrochloride iopamidol 

222 metformin hydrochloride + pioglitazone hydrochloride iopromide 

223 metformin hydrochloride + pioglitazone hydrochloride iotrolan 

224 metformin hydrochloride + pioglitazone hydrochloride ioversol 

225 metformin hydrochloride + pioglitazone hydrochloride ioxaglic acid 

226 metformin hydrochloride + rosiglitazone maleate iobitridol 

227 metformin hydrochloride + rosiglitazone maleate iodixanol 

228 metformin hydrochloride + rosiglitazone maleate iohexol 

229 metformin hydrochloride + rosiglitazone maleate iomeprol 

230 metformin hydrochloride + rosiglitazone maleate iopamidol 

231 metformin hydrochloride + rosiglitazone maleate iopromide 

232 metformin hydrochloride + rosiglitazone maleate iotrolan 

233 metformin hydrochloride + rosiglitazone maleate ioversol 

234 metformin hydrochloride + rosiglitazone maleate ioxaglic acid 

235 metformin hydrochloride + vildagliptin iobitridol 

236 metformin hydrochloride + vildagliptin iodixanol 

237 metformin hydrochloride + vildagliptin iohexol 

238 metformin hydrochloride + vildagliptin iomeprol 

239 metformin hydrochloride + vildagliptin iopamidol 

240 metformin hydrochloride + vildagliptin iopromide 

241 metformin hydrochloride + vildagliptin iotrolan 

242 metformin hydrochloride + vildagliptin ioversol 

243 metformin hydrochloride + vildagliptin ioxaglic acid 

244 methylphenidate HCl moclobemide  

245 methylphenidate HCl selegiline  

246 metolazone Lithium Carbonate 

247 metronidazole + spiramycin mizolastine 

248 midazolam(Oral medication) atazanavir sulfate 

249 midazolam(Oral medication) darunavir ethanolate 

250 midazolam(Oral medication) lopinavir+ ritonavir 

251 midazolam(Oral medication) nelfinavir mesilate 

252 midazolam(Oral medication) ritonavir 

253 midecamycin Dihydroergotamine Mesilate 

254 midecamycin Ergotamine tartrate, Anhydrous caffeine 

255 midecamycin acetate Dihydroergotamine Mesilate 

256 midecamycin acetate Ergotamine tartrate,Anhydrous caffeine 

257 minocycline hydrochloride Tretinoin 

258 mirtazapine moclobemide  

259 mirtazapine selegiline HCl 

260 moclobemide dextromethorphan HBr 

261 moclobemide morphine 

262 moclobemide nortriptyline  

263 moclobemide paroxetine 

264 moclobemide pethidine(meperidine) 

265 moclobemide pseudoephedrine HCl + triprolidine HCl 

266 moclobemide selegiline 

267 moclobemide sertraline 

268 moclobemide sumatriptan succinate 

269 moclobemide tramadol HCl 

270 moclobemide venlafaxine  

271 molsidomin sildenafil  

272 nicorandil sildenafil  

273 nisoldipine                                                                                            itraconazole                                                                                         

274 nisoldipine                                                                                            ketoconazole                                                                                         

275 naratriptan HCl sumatriptan  

276 naratriptan HCl zolmitriptan 

277 naratriptan hydrochloride Frovatriptan Succinate 

278 netilmicin sulfate Furosemide 

279 norepinephrine bitartrate isoproterenol HCl 

280 nortriptyline HCl  selegiline  

281 paroxetine HCl selegiline HCl 

282 perphenazine epinephrine 

283 pethidine(meperidine) selegiline  

284 pimozide amitriptyline HCl 

285 pimozide Dronedarone Hydrochloride 

286 pimozide escitalopram 

287 pimozide fluoxetine 

288 pimozide fluvoxamine 

289 pimozide imipramine HCl 

290 pimozide Mizolastine 

291 pimozide nortriptyline HCl 

292 pimozide paroxetine 
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293 pimozide Posaconazole 

294 pimozide quinidine  

295 pimozide ritonavir  

296 pimozide sertraline 

297 pimozide telithromycin  

298 pimozide Toremifene Citrate 

299 pimozide voriconazole 

300 piroxicam  Methotrexate 

301 prednisolone                                                                                           sparfloxacin                                                                                         

302 quazepam ritonavir 

303 quinidine sulfate voriconazole 

304 quinidine sulfate hydrate Azithromycin 

305 quinidine sulfate hydrate Clarithromycin 

306 quinidine sulfate hydrate Darunavir Ethanolate 

307 quinidine sulfate hydrate Erythromycin  

308 quinidine sulfate hydrate Fluconazole 

309 quinidine sulfate hydrate Indinavir Sulfate 

310 quinidine sulfate hydrate Josamycin 

311 quinidine sulfate hydrate Ketoconazole 

312 quinidine sulfate hydrate Lopinavir + Ritonavir 

313 quinidine sulfate hydrate Posaconazole 

314 quinidine sulfate hydrate Roxithromycin 

315 quinidine sulfate hydrate Spiramycin 

316 quinidine sulfate hydrate Telithromycin  

317 quinupramine moclobemide 

318 quinupramine selegiline HCl 

319 repaglinide gemfibrozil 

320 roxithromycin pimozide 

321 selegiline HCl bupropion HCl 

322 selegiline HCl cyclobenzaprine HCl 

323 selegiline HCl dextromethorphan HBr 

324 selegiline HCl fluoxetine HCl 

325 selegiline HCl morphine 

326 selegiline HCl sertraline HCl 

327 selegiline HCl sumatriptan succinate 

328 selegiline HCl tramadol HCl 

329 selegiline HCl venlafaxine  

330 simvastatin clarithromycin 

331 simvastatin Darunavir Ethanolate 

332 simvastatin erythromycin  

333 simvastatin indinavir 

334 simvastatin ketoconazole 

335 simvastatin lopinavir + ritonavir 

336 simvastatin nelfinavir 

337 simvastatin ritonavir 

338 simvastatin telithromycin 

339 spiramycin Mizolastine 

340 spironolactone triamterene 

341 sumatriptan succinate clomipramine HCl 

342 sumatriptan succinate ergotamine tartrate 

343 sumatriptan succinate lithium carbonate 

344 sumatriptan succinate zolmitriptan 

345 telithromycin Ergotamine tartrate, Anhydrous caffeine 

346 telithromycin                                                                                        amiodarone                                                                                   

347 tenoxicam methotrexate 

348 tiaprofenic acid and trometamol tiaprofenate Methotrexate 

349 triazolam erythromycin 

350 triazolam josamycin 

351 trifluoperazine HCl                                                                                    epinephrine                                                                                        

352 valproic acid, sodium valproate, magnesium valproate imipenem, cilastatin 

353 valproic acid, sodium valproate, magnesium valproate meropenem 

354 valproic acid, sodium valproate, magnesium valproate panipenem, betamipron 

355 ziprasidone hydrochloride Dronedarone Hydrochloride 

356 ziprasidone hydrochloride Mizolastine 

357 ziprasidone hydrochloride Pimozide 

358 ziprasidone hydrochloride Toremifene Citrate 

359 zolmitriptan moclobemide 

360 zuclopenthixol HCl                                                                                 epinephrine                                                                                         
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Appendix A2. Drug list as measured by overdose (enrolled lists) 

No Ingredient Dosage form Maximum doses(day) 

1 Alacepril Tablet 100mg 

2 Captopril Tablet 450mg 

3 Captopril + Hydrochlorothiazide Tablet 100mg/100mg 

4 Enalapril maleate + Hydrochlorothiazide Tablet 20mg/50mg 

5 Felodipine + Ramipril Tablet 5mg/5mg 

6 Fosinopril sodium Tablet 40mg 

7 Lorazepam Tablet 10mg 

8 Nalbuphine hydrochloride Injection 160mg 

9 Pentazocine hydrochloride Tablet 360mg 

10 Ramipril Tablet 10mg 

11 Ramipril + Hydrochlorothiazide Tablet 10mg/50mg 

12 Triazolam Tablet 0.25mg 

13 Amlodipine Tablet 10mg 

14 s-Amlodipine Tablet 5mg 

15 Losartan potassium Tablet 100mg 

16 Losartan potassium + Hydrochlorothiazide Tablet 100mg/25mg 

17 Olmesartan medoxomil Tablet 40mg 

18 Buspirone HCl Tablet 60mg 

19 Meloxicam Tablet 15mg 

20 Dexibuprofen Tablet /Capsule 1,200mg 

21 Ibuprofen Tablet / Capsule /Syrup/Injection 3,200mg 

22 Quazepam Tablet 30mg 

23 Temocapril Hydrochloride Tablet 4mg 

24 Oxycodone hydrochloride + Naloxone hydrochloride dihydrate Tablet 80mg/40mg 

25 Delapril hydrochloride Tablet 120mg 

26 Mexazolam Tablet 1.5mg 
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Appendix A3. Drug list as measured by overdose (latest lists) 

No Ingredient Dosage form Maximum doses(day) 

1 Acipimox Capsule 1200mg 

2 Amiodarone hydrochloride Injection 1200mg 

3 Amlodipine besylate/Olmesartan medoxomil Tablet 10mg/40mg 

4 Amlodipine besylate/ Olmesartan medoxomil/ Hydrochlorothiazide Tablet 10mg/40mg/25mg 

5 Atenolol Tablet 100mg 

6 Betaxolol hydrochloride Tablet 20mg 

7 Bisoprolol hemifumarate Tablet 20mg 

8 Bunazosin hydrochloride Tablet 12mg 

9 Candesartan cilexetil Tablet 32mg 

10 Carvedilol Tablet 100mg 

11 Carvedilol  SR Capsule 128mg 

12 Efonidipine hydrochloride Tablet 60mg 

13 Enalapril maleate Tablet 40mg 

14 Felodipine Tablet 20mg 

15 Flecainide acetate Injection 600mg 

16 Flecainide acetate Tablet 400mg 

17 Fluvastatin sodium SR Tablet, Capsule 80mg 

18 Irbesartan/Hydrochlorothiazide Tablet 300mg/25mg 

19 Lovastatin Tablet 80mg 

20 Minoxidil Tablet 100mg 

21 Moxonidine Tablet 0.6mg 

22 Nebivolol hydrochloride Tablet Nebivolol (10mg) 

23 Nicotinic acid SR Tablet 2000mg 

24 Nifedipine  Capsule 120mg 

25 Nifedipine  Tablet 120mg 

26 Nipradilol Tablet 18mg 

27 Nisoldipine Tablet, SR Tablet 40mg 

28 Olmesartan cilexetil Tablet 44.16mg 

29 Olmesartan medoxomil/ Rosuvastatin calcium Tablet 40mg/ 20mg 

30 Pitavastatin calcium Tablet 4mg 

31 Prazosin hydrochloride Tablet Prazosin(20mg) 

32 Rosuvastatin calcium Tablet 20mg 

33 Rosuvastatin calcium/Valsartan Tablet 20mg/320mg 

34 S-atenolol Tablet 50mg 

35 Triamterene Tablet 300mg 

36 Valsartan Tablet 320mg 

37 Verapamil hydrochloride SR Tablet, Capsule 480mg 

38 Acetaminophen All dosage form 4,000mg 

39 Amantadine (Amantadine hydrochloride, Amantadine sulfate) Tablet, Capsule 400mg 

40 Benztropine mesylate Tablet, Injection 6mg 

41 Bupropion hydrochloride SR Tablet 400mg 

42 Bupropion hydrochloride Tablet 450mg 

43 Carbidopa/Levodopa Tablet Levodopa (1500mg) 

44 Chloral hydrate Syrup 1g 

45 Chlordiazepoxide hydrochloride Tablet 300mg 

46 Chlorpromazine hydrochloride Tablet 1000mg 

47 Citalopram hydrobromide Tablet 40mg 

48 Doxepin hydrochloride Tablet 6mg 

49 Fluoxetine hydrochloride Tablet, Capsule, Dispersible tablet Fluoxetine (80mg) 

50 Gabapentin Tablet, Capsule 3600mg 

51 Galantamine hydrobromide SR Capsule 24mg 

52 Haloperidol Tablet 100mg 

53 Levetiracetam Tablet, Liquid, Injection 3000mg 

54 Levodopa/Carbidopa monohydrate/Entacapone Tablet 1500mg/375mg(Carbidopa 375mg)/2000mg 

55 Levomepromazine maleate Tablet Levomepromazine (250mg) 

56 Memantine hydrochloride Liquid, Tablet, Dry syrup 20mg 

57 Methylphenidate hydrochloride SR Capsule 60mg 

58 Methylphenidate hydrochloride SR Tablet 72MG 

59 Neostigmine Methylsulfate Injection 5mg 

60 Nortriptyline hydrochloride Tablet Nortriptyline (150mg) 

61 Paroxetine hydrochloride Tablet Paroxetine (60mg) 

62 Pimozide Tablet 9mg 

63 Pregabalin Capsule 600mg 

64 Primidone Tablet 2000mg 

65 Risperidone Tablet, Oral disintegrating tablet 16mg 

66 Ropinirole hydrochloride Tablet, SR Tablet 24mg 

67 Selegiline hydrochloride Tablet 10mg 

68 Sertraline hydrochloride Tablet Sertraline(200mg) 

69 Sodium valproate Tablet, SR Tablet 3000mg 

70 Sodium valproate Injection 2500mg 

71 Tandospirone citrate Tablet 60mg 

72 Trazodone hydrochloride Tablet, Capsule, SR Tablet 600mg 

73 Zolpidem tartrate Tablet 10mg 

74 Zolpidem tartrate SR Tablet 12.5mg 

75 Zonisamide Tablet 600mg 
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Appendix A4. ATC code used measuring prescription rates of specific drug 

ATC code Name ATC code used in this study 

A02BA 

H2-receptor 

antagonists 

(10) 

A02BA01, A02BA02, A02BA03, A02BA04, A02BA05, A02BA06, A02BA07, 

A02BA08, A02BA51, A02BA53 

A02BC 
Proton pump inhibitors 

(10) 

A02BC01, A02BC02, A02BC03, A02BC04, A02BC05, A02BC06, A02BC07, 

A02BC53, A02BC54 

M01AH 
Coxibs 

(6) 
M01AH01, M01AH02, M01AH03, M01AH04, M01AH05, M01AH06 
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Appendix A5. The results of interrupted time series analysis in DDI prescription rates 

    RR 95%CI p-value 

Baseline trends 0.9996 0.997 1.002 0.7886 

Level change 0.768 0.631 0.934 0.0084 

Trends change 0.984 0.976 0.991 <.0001 

Sex 
     

 
Male 0.583 0.501 0.679 <.0001 

 
Female 1.000 - - 

 
Age 

     

 
0-14 1.000 - - 

 

 
15-29 1.776 0.785 4.017 0.1680 

 
30-44 2.313 0.999 5.354 0.0503 

 
45-59 1.615 0.687 3.798 0.2718 

 
60-74 1.080 0.460 2.535 0.8601 

 
75≥ 0.490 0.189 1.270 0.1419 

Type of disease 
    

 
Endocrine, nutritional and metabolic disease 0.088 0.063 0.124 <.0001 

 
Mental and behavioral disorders 0.145 0.087 0.243 <.0001 

 
Diseases of the nervous system 0.084 0.051 0.137 <.0001 

 
Diseases of the eye and adnexa 0.009 0.005 0.016 <.0001 

 
Diseases of the circulatory system 0.127 0.087 0.186 <.0001 

 
Disease of the respiratory system 0.014 0.009 0.022 <.0001 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

 
CCI 

 
1.314 1.148 1.503 <.0001 

Insurance type 
    

 
Medical-aid 0.916 0.553 1.518 0.7346 

 
Self-Employed 1.077 0.945 1.226 0.2660 

 
Employees 1.000 - - 

 
Income 

     

 
Bottom 1.175 0.945 1.459 0.1463 

 
Middle 1.152 0.980 1.355 0.0862 

 
Top 1.000 - - 

 
Type of hospital 

    

 
Clinic 0.083 0.047 0.148 <.0001 

 
Hospital 0.165 0.089 0.307 <.0001 

 
General hospital 0.381 0.241 0.604 <.0001 

 
Tertiary hospital 1.000 - - 

 
Location 

     

 
Metropolitan 1.177 0.878 1.577 0.2752 

 
Non-metropolitan 1.000 - - 

 
Bed for admission     

 
Yes 1.000 - -  

 
No 2.374 1.512 3.729 0.0002 

No. of doctor 1.006 1.001 1.011 0.0142 
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Appendix A6. The results of interrupted time series analysis in drug overdose prescription rates 

(enrolled lists) 

  Enrolled lists 
      RR 95%CI p-value 

Baseline trends 0.995 0.994 0.995 <.0001 

Level change 0.857 0.817 0.899 <.0001 

Trends change 0.995 0.993 0.998 <.0001 

Sex 
     

 
Male 1.337 1.268 1.408 <.0001 

 
Female 1.000 - - 

 
Age 

     

 
0-14 1.000 - - 

 

 
15-29 4.650 3.759 5.752 <.0001 

 
30-44 13.050 10.835 15.719 <.0001 

 
45-59 21.867 18.154 26.340 <.0001 

 
60-74 28.557 23.658 34.467 <.0001 

 
75≥ 31.362 25.790 38.138 <.0001 

Type of disease 
    

 
Endocrine, nutritional and metabolic disease 4.313 3.878 4.798 <.0001 

 
Mental and behavioral disorders 2.442 2.032 2.935 <.0001 

 
Diseases of the nervous system 2.493 2.175 2.858 <.0001 

 
Diseases of the eye and adnexa 0.894 0.806 0.992 0.0339 

 
Diseases of the circulatory system 5.651 5.194 6.149 <.0001 

 
Disease of the respiratory system 0.725 0.662 0.794 <.0001 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

 
CCI 

 
1.044 1.013 1.077 0.0052 

Insurance type 
    

 
Medical-aid 1.151 1.016 1.305 0.0276 

 
Self-Employed 1.014 0.965 1.067 0.5770 

 
Employees 1.000 - - 

 
Income 

     

 
Bottom 1.079 1.007 1.156 0.0319 

 
Middle 1.010 0.959 1.064 0.7137 

 
Top 1.000 - - 

 
Type of hospital 

    

 
Clinic 1.185 0.948 1.483 0.1366 

 
Hospital 1.156 0.906 1.476 0.2443 

 
General hospital 0.977 0.771 1.239 0.8498 

 
Tertiary hospital 1.000 - - 

 
Location 

     

 
Metropolitan 0.953 0.885 1.027 0.2055 

 
Non-metropolitan 1.000 - - 

 
Bed for admission     

 
Yes 1.000 - -  

 
No 0.882 0.809 0.961 0.0041 

No. of doctor 1.005 1.001 1.008 0.0042 
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Appendix A7. The results of interrupted time series analysis in drug overdose prescription rates 

(latest lists) 

  
Latest lists 

  
Existing-registered drugs Newly-registered drugs 

    RR 95%CI p-value RR 95%CI 
p-

value 

Baseline trends 1.002 0.998 1.006 0.2867 0.984 0.979 0.990 <.0001 

Level change 0.524 0.422 0.649 <.0001 1.055 0.667 1.669 0.8203 

Trends change 0.971 0.961 0.981 <.0001 0.993 0.974 1.013 0.4981 

Sex 
         

 
Male 1.263 1.071 1.490 0.0054 1.116 0.728 1.710 0.6146 

 
Female 1.000 - - 

 
1.000 - - 

 
Age 

         

 
0-14 1.000 - - 

 
1.000 - - 

 

 
15-29 2.428 1.613 3.654 <.0001 5.844 2.773 12.315 <.0001 

 
30-44 2.696 1.820 3.994 <.0001 7.743 4.185 14.328 <.0001 

 
45-59 2.874 1.906 4.334 <.0001 7.074 3.772 13.265 <.0001 

 
60-74 3.113 2.064 4.694 <.0001 5.351 2.754 10.397 <.0001 

 
75≥ 4.108 2.658 6.351 <.0001 5.771 2.774 12.006 <.0001 

Type of disease 
        

 

Endocrine, nutritional and metabolic 

disease 
2.642 1.857 3.759 <.0001 0.621 0.357 1.081 0.0919 

 
Mental and behavioral disorders 22.904 17.352 30.232 <.0001 9.767 4.907 19.437 <.0001 

 
Diseases of the nervous system 13.340 10.470 16.998 <.0001 3.214 1.636 6.316 0.0007 

 
Diseases of the eye and adnexa 0.681 0.459 1.009 0.0553 0.451 0.262 0.778 0.0042 

 
Diseases of the circulatory system 2.084 1.589 2.732 <.0001 1.471 0.910 2.380 0.1155 

 
Disease of the respiratory system 1.076 0.856 1.354 0.5294 0.344 0.195 0.608 0.0002 

 

Diseases of the musculoskeletal system 

and connective tissue 
1.000 - - 

 
1.000 - - 

 

CCI 
 

1.131 1.030 1.243 0.0100 1.049 0.836 1.318 0.6776 

Insurance type 
        

 
Medical-aid 1.851 1.362 2.516 <.0001 4.555 2.002 10.364 0.0003 

 
Self-Employed 1.228 1.048 1.438 0.0111 0.873 0.648 1.176 0.3709 

 
Employees 1.000 - - 

 
1.000 - - 

 
Income 

         

 
Bottom 1.144 0.932 1.405 0.1990 0.876 0.532 1.442 0.6025 

 
Middle 1.174 0.994 1.387 0.0590 0.909 0.645 1.281 0.5851 

 
Top 1.000 - - 

 
1.000 - - 

 
Type of hospital 

        

 
Clinic 0.655 0.318 1.352 0.2527 1.052 0.378 2.927 0.9225 

 
Hospital 1.087 0.487 2.426 0.8380 1.089 0.317 3.740 0.8923 

 
General hospital 0.689 0.343 1.383 0.2952 0.800 0.319 2.007 0.6349 

 
Tertiary hospital 1.000 - - 

 
1.000 - - 

 
Location 

        

 
Metropolitan 0.944 0.774 1.152 0.5703 0.693 0.457 1.051 0.0846 

 
Non-metropolitan 1.000 - - 

 
1.000 - - 

 
Bed for admission         

 
Yes 1.000 - -  1.000 - -  

 
No 1.012 0.811 1.263 0.9191 0.909 0.533 1.548 0.7244 

No. of doctor 1.003 0.998 1.008 0.2860 1.009 0.998 1.020 0.1083 
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Appendix A8. Differences in prescription rates of drug-overdose in latest lists compared to enrolled 

lists 

    RR 95%CI P-value 

Model 1 
    

 
Mean Level 42.44 29.57 60.89 <.0001 

 
Baseline trends 1.01 1.00 1.02 0.0005 

 
Level change 0.66 0.39 1.14 0.1369 

 
Trend change 1.00 0.98 1.02 0.9916 

Model 2 
    

 
Latest lists 0.02 0.01 0.02 <.0001 

 
Time effects 0.58 0.55 0.60 <.0001 

  Net effects 0.80 0.55 1.18 0.2672 

Model 1: Multiple group comparison using interrupted time series 

 
- Mean level: difference in the intercept of the dependent variable between enrolled lists and latest lists 

 

- Baseline trends: difference in the slope (baseline trend) of the dependent variable between enrolled 

lists and latest lists prior to the intervention. 

- Level change: level change in latest lists compared to the enrolled lists 

- Trend change: trend change in latest lists compared to the enrolled lists 

 

- The p-value of both mean level and baseline trends is greater than a specific threshold (over 0.05) 

indicates that there is no difference in level and trends between the enrolled lists and latest lists (This 

assumption is important in multiple comparison groups) 

Model 2: Difference-in-Difference (DID) analysis 

 

- Latest lists : change in prescription rate of latest lists 

- Time effect: before and after introduction of DUR system 

- Net effects is the effect of DUR system on a latest lists minus the effects of DUR system on a enrolled 

lists 
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Appendix B. The introduction of DUR system on ADEs 

 

• Appendix B1. The ICD-10 code measured as ADEs in this study 

• Appendix B2. The results of interrupted time series analysis in ADEs 

• Appendix B3. The results of interrupted time series analysis in ADEs related  

• Appendix B4. The results of interrupted time series analysis in prescription rates of 

GPA 

• Appendix B5. The results of interrupted time series analysis in prescription rates of 

selective cox-inhibitor 
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Appendix B1. The ICD-10 code measured as ADEs in this study 

No. of 

items 
ICD 10-Code 

69 

D521, D590, D592, D611, D695, D701, E064, E160, E231, E242, E273, 

E661, G210, G211, G240, G251, G254, G256, G444, G620, G720, H263, H406, I952, J702, 

J703, J704, K853, L105, L432, L560, L561, L640, M102, M320, M804, M814, M835, 

M871, N140, O744, P040, P041, P962, Q861, Q862, R502, P041, Q861, Q862, P962, T883, 

D683, Y40, Y41, Y42, Y43, Y44, Y45, Y46, Y47, Y48, Y49, Y50, Y51, Y52, Y53, Y54, 

Y55, Y56, Y57, Y58, 59  

36 
D642, E032, F11, F13, F15, F19, G212, I427, L233, L244, L251, L270, L271, L278, L279, 

M342, N141, N142, N144, T782, T783, T784, T788, 

T789, T801, T802, T803, T804, T805, T806, T808, T809, T886, T887, Y579, Y599 

19 T36, T37, T38, T39, T40, T41, T42, T43, T44, T45, T46, T47, T48, T49, T50, T55, T50, 

T96, X499 

14 A047, D690, D692, D695, E15, H910, K521, K71, L51, L562, N990, O742, O743, Y69 

24 D62, F52, H53, I158, J451, K221, K25, K26, K27, K28, K290, K291, K292, K293, K298, 

K299, L500, N17, N189, N19, O266, O746, T885, R825, D699 

33 
E86, E87, I260, I269, I44, I472, I61, I80, J385, J450, J458, J81, K720, K922, N62, R001, 

R060, R068, R11, R17, R21, R34, R410, R42, R440, R441, R442, R443, R51, R55, R58, 

R739, R740 
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Appendix B2. The results of interrupted time series analysis in ADEs 

    RR 95%CI p-value 

Baseline trends 1.008 1.008 1.009 <.0001 

Level change 
 

0.981 0.971 0.992 <.0001 

Trends change 
 

0.989 0.988 0.989 0.0005 

Sex 
     

 
Male 0.884 0.880 0.889 <.0001 

 
Female 1.000 - - 

 
Age 

     

 
0-14 1.000 - - 

 

 
15-29 1.248 1.230 1.267 <.0001 

 
30-44 1.425 1.406 1.445 <.0001 

 
45-59 1.601 1.578 1.624 <.0001 

 
60-74 1.746 1.720 1.772 <.0001 

 
75≥ 1.719 1.689 1.749 <.0001 

Type of disease 
    

 
Endocrine, nutritional and metabolic disease 0.589 0.578 0.600 <.0001 

 
Mental and behavioral disorders 0.917 0.887 0.948 <.0001 

 
Diseases of the nervous system 1.107 1.075 1.141 <.0001 

 
Diseases of the eye and adnexa 1.079 1.062 1.095 <.0001 

 
Diseases of the circulatory system 0.604 0.594 0.613 <.0001 

 
Disease of the respiratory system 1.085 1.073 1.097 <.0001 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

 
CCI 

 
0.987 0.981 0.992 <.0001 

Insurance type 
     

 
Medical-aid 1.331 1.309 1.355 <.0001 

 
Self-Employed 1.002 0.997 1.008 0.4188 

 
Employees 1.000 - - 

 
Income 

     

 
Bottom 1.024 1.015 1.033 <.0001 

 
Middle 1.011 1.005 1.017 0.0004 

 
Top 1.000 - - 

 
Type of hospital 

    

 
Clinic 0.839 0.793 0.888 <.0001 

 
Hospital 0.887 0.837 0.941 <.0001 

 
General hospital 1.040 0.985 1.099 0.1588 

 
Tertiary hospital 1.000 - - 

 
Location 

     

 
Metropolitan 0.957 0.948 0.966 <.0001 

 
Non-metropolitan 1.000 - - 

 
Bed for admission     

 
Yes 1.000 - -  

 
No 0.987 0.977 0.997 0.0097 

No. of doctor   1.000 1.000 1.000 0.4809 
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Appendix B3. The results of interrupted time series analysis in ADEs related costs 

    RR 95%CI p-value 

Baseline trends 0.998 0.997 0.999 <.0001 

Level change 1.015 0.920 1.119 0.9653 

Trends change 1.002 0.999 1.006 0.0745 

Sex 
     

 
Male 1.205 1.146 1.267 <.0001 

 
Female 1.000 - - 

 
Age 

     

 
0-14 1.000 - - 

 

 
15-29 1.348 1.250 1.454 <.0001 

 
30-44 1.435 1.325 1.554 <.0001 

 
45-59 1.728 1.608 1.856 <.0001 

 
60-74 2.791 2.558 3.046 <.0001 

 
75≥ 4.586 4.086 5.147 <.0001 

Type of disease 
    

 
Endocrine, nutritional and metabolic disease 0.965 0.826 1.128 0.5124 

 
Mental and behavioral disorders 1.075 0.837 1.379 0.4345 

 
Diseases of the nervous system 1.042 0.907 1.195 0.0952 

 
Diseases of the eye and adnexa 0.826 0.748 0.911 0.0035 

 
Diseases of the circulatory system 1.023 0.915 1.144 0.9403 

 
Disease of the respiratory system 0.773 0.715 0.836 <.0001 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

 
CCI 

 
1.169 1.111 1.229 <.0001 

Insurance type 
    

 
Medical-aid 1.382 1.172 1.630 <.0001 

 
Self-Employed 1.088 1.032 1.146 0.0013 

 
Employees 1.000 - - 

 
Income 

     

 
Bottom 1.033 0.939 1.137 0.5195 

 
Middle 1.045 0.990 1.102 0.0782 

 
Top 1.000 - - 

 
Type of hospital 

    

 
Clinic 0.660 0.511 0.853 0.0004 

 
Hospital 0.996 0.770 1.288 0.8175 

 
General hospital 0.980 0.786 1.223 0.8566 

 
Tertiary hospital 1.000 - - 

 
Location 

     

 
Metropolitan 0.991 0.939 1.046 0.8954 

 
Non-metropolitan 1.000 - - 

 
Bed for admission     

 
Yes 1.000 - -  

 
No 0.969 0.911 1.032 0.1561 

No. of doctor 1.005 1.001 1.009 0.0177 
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Appendix B4. The results of interrupted time series analysis in prescription rates of GPA 

    RR 95%CI 

Baseline trends 1.003 1.002 1.003 

Level change 0.939 0.924 0.954 

Trends change 1.003 1.002 1.004 

Sex 
    

 
Male 0.837 0.830 0.844 

 
Female 1.000 - - 

Age 
    

 
0-14 1.000 - - 

 
15-29 4.801 4.616 4.994 

 
30-44 5.705 5.483 5.935 

 
45-59 5.807 5.568 6.056 

 
60-74 6.271 6.003 6.552 

 
75≥ 6.645 6.347 6.955 

Type of disease 
   

 
Endocrine, nutritional and metabolic disease 0.231 0.222 0.241 

 
Mental and behavioral disorders 0.355 0.326 0.386 

 
Diseases of the nervous system 0.578 0.550 0.606 

 
Diseases of the eye and adnexa 0.572 0.536 0.609 

 
Diseases of the circulatory system 0.286 0.277 0.296 

 
Disease of the respiratory system 0.907 0.878 0.937 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

CCI 
 

1.427 1.415 1.440 

Insurance type 
   

 
Medical-aid 1.238 1.212 1.265 

 
Self-Employed 1.024 1.016 1.033 

 
Employees 1.000 - - 

Income 
    

 
Bottom 1.061 1.048 1.075 

 
Middle 1.036 1.025 1.046 

 
Top 1.000 - - 

Type of hospital 
   

 
Clinic 0.969 0.815 1.152 

 
Hospital 1.229 1.031 1.466 

 
General hospital 1.102 0.939 1.293 

 
Tertiary hospital 1.000 - - 

Location 
    

 
Metropolitan 0.960 0.927 0.994 

 
Non-metropolitan 1.000 - - 

Bed for admission    

 
Yes 1.000 - - 

 
No 0.977 0.937 1.019 

No. of doctor 0.991 0.987 0.994 
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Appendix B5. The results of interrupted time series analysis in prescription rates of selective cox-

inhibitor 

    RR 95%CI 

Baseline trends 1.011 1.009 1.012 

Level change 0.953 0.901 1.009 

Trends change 0.997 0.994 0.999 

Sex 
    

 
Male 0.563 0.528 0.601 

 
Female 1.000 - - 

Age 
    

 
0-14 1.000 - - 

 
15-29 5.692 1.856 17.451 

 
30-44 9.664 3.240 28.821 

 
45-59 13.171 4.461 38.881 

 
60-74 58.733 19.617 175.844 

 
75≥ 112.056 37.547 334.387 

Type of disease 
   

 
Endocrine, nutritional and metabolic disease 0.693 0.584 0.822 

 
Mental and behavioral disorders 0.777 0.607 0.994 

 
Diseases of the nervous system 0.539 0.460 0.631 

 
Diseases of the eye and adnexa 0.041 0.026 0.065 

 
Diseases of the circulatory system 0.676 0.601 0.759 

 
Disease of the respiratory system 0.044 0.035 0.056 

 
Diseases of the musculoskeletal system and connective tissue 1.000 - - 

CCI 
 

1.187 1.141 1.235 

Insurance type 
   

 
Medical-aid 1.174 1.060 1.300 

 
Self-Employed 1.040 0.988 1.095 

 
Employees 1.000 - - 

Income 
    

 
Bottom 0.814 0.762 0.871 

 
Middle 0.839 0.797 0.883 

 
Top 1.000 - - 

Type of hospital 
   

 
Clinic 0.078 0.060 0.102 

 
Hospital 0.310 0.236 0.406 

 
General hospital 0.702 0.547 0.899 

 
Tertiary hospital 1.000 - - 

Location 
    

 
Metropolitan 1.296 1.163 1.444 

 
Non-metropolitan 1.000 - - 

Bed for admission    

 
Yes 1.000 - - 

 
No 1.235 1.007 1.514 

No. of doctor 1.005 1.002 1.008 
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Korean Abstract 

 

의약품 적정 사용 평가 시스템이 환자 치료에 미치는 영향:  

처방 행태, 약물 부작용, 약물 부작용과 관련된 비용의 변화를 중점으로 

 

김승주 

 

배경: 의료 오류와 건강 관리의 질은 의료 제공자, 정책 입안자, 환자 및 기타 이해 관계자

에게 중요한 문제로 간주하고 있으며, 이러한 오류 중 약물은 가장 일반적인 단일 유형의 

부작용이다. 약물 사용은 환자에게 가해질 수 있는 이익과 위험을 고려하여 신중한 결정이 

필요하며, 이점이 환자에게 해를 끼칠 위험을 초월하는 것으로 판단되는 경우 건강 상태를 

개선하는 데 사용된다. 약물 선택이 환자 치료에 적절하지 않은 경우 남용 및 오용으로 이

어질 수 있으며, 이는 대부분의 의학적 오류의 원인이 된다. 이에 따라 시스템을 기반으로 

의사들의 처방을 지원하는 방법은 환자 진료의 질을 향상하는 중요한 접근 방법의 하나로 

제시되고 있다. 많은 나라에서 시스템을 기반으로 한 접근 방법을 채택하고 있으며, 한국에

서는 부적절한 처방을 줄이고 환자 치료에 있어서 질을 향상하기 위해 2010년 12월부터 

실시간으로 의약품 처방 조제 지원 (Drug Utilization Review, DUR) 시스템을 적용하기 시

작하였다. 이 연구의 목적은 DUR 시스템의 도입이 의사들의 처방 결정에 미치는 영향과 

이와 관련된 환자들의 약물 부작용, 그리고 약물 부작용에 따른 비용 변화에 미치는 영향을 

평가하는 것이다. 

연구방법: 이 연구는 2002년부터 2013년까지의 국민건강보험공단 표본 코호트 자료를 활

용하여 약물 부작용을 일으킬 가능성이 높은 약물을 처방 받은 853,676명의 환자를 포함

하였다. DUR 시스템이 의사들의 처방 패턴 및 환자들의 약물 부작용에 미치는 영향을 평가

하기 위해 처방률 (병행 금기, 용량초과, 약물 부작용과 관련된 특정 약물) 및 약물 부작용 

(비율, 에피소드 기반의 약물 부작용 비용)을 결과 변수로써 고려했다. 특히, DUR 시스템이 

의사들의 처방에 잠재적으로 미치는 영향을 살펴보기 위해 2013년까지 1일 최대 용량이 

포함된 약물계열을 등록된 약물군으로, 그 외 약물계열은 최근 등록된 약물군으로 분류하여 

분석하였다. DUR 시스템 도입 후 의사들의 처방 변경과 환자들의 약물 부작용에 미치는 영
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향을 평가하기 위해 일반화 추정 방정식 (Generalized Estimating Equation)을 사용하여 

중단적 시계열 연구 설계(Interrupted time series analysis)를 사용했다. 처방 패턴 및 약

물 부작용의 변화는 포아송 분포를 사용하였으며, 약물 비용 변화 평가를 위해 감마 분포를 

사용했다. 

결과: 병행금기 약물의 월평균 처방률은 DUR 시스템이 도입되기 전 0.06%였고, 도입 이후 

0.03%로 감소하였으며, 이 차이는 통계적으로 유의했다 (p<0.0001). DUR 시스템의 도입

에 따라 1일 최대 용량 초과 약물의 처방률은 유의한 차이가 있었으며, 2013년에 등록된 

약물군이 0.77%, 최근 등록된 약물군에서 0.03%로 감소했다. DUR 시스템의 도입에 따라 

월 평균 약물 부작용 비율은 도입 전이 2.95%, 도입 후가 3.79%로 측정되었다 

(p<0.0001). 에피소드 기반의 약물 부작용 관련 비용은 시스템 도입 전이 107,419원, 

DUR 시스템 도입 후가 97,342원이었다. 단절적 시계열 분석 결과 DUR 시스템의 도입 후 

월별 처방률에 변화가 있었다. 병용금기 처방률은 시스템 도입 즉시 23.2% (p=0.0084) 

감소했으며, 중재 전 기간과 비교하여 월 평균 추세가 1.6% (p<0.0001) 감소했다. 등록된 

약물군에서 용량 초과 처방률은 시스템 도입 즉시 14.28% (p<0.0001) 감소하였으며, 이후 

추세는 0.46% (p<0.0001) 감소했다. 최근 등록된 약물 중에서도 2013년에 등록된 약물 

계열의 속하는 약물의 용량 초과 처방률은 시스템 도입 즉시 감소(–47.64%, p<0.0001) 하

였으며, 개입 전과 비교하여 추세 변화(–0.46%, p<0.0001)가 있었다. DUR 시스템의 도입

에 따라 월평균 약물 부작용의 비율은 즉시 1.89% (p<0.0001) 감소하였고, 월 평균 1.13% 

(p=0.0005)가 이전 추세에 비해 감소했다. 그러나 에피소드 기반의 약물 부작용에서 유의

한 수준과 추세 변화를 보이지 않았다. 

고찰 및 결론: 의사의 초기 약물 선택은 환자 및 의사의 요인을 포함한 다양한 요소에 영향

을 받으며, 이는 환자의 특성을 고려한 시스템의 영향을 받아 약물 선택에 변화를 가져올 

수 있다. 부적절한 약물 처방을 줄이거나 약물의 부작용을 줄이기 위한 처방전의 변경은 결

과적으로 환자에 영향을 미쳐 더 나은 결과를 가져오거나 부작용의 발생을 줄일 수 있다. 

이 연구 결과는 정책 입안자들에게 질 향상을 위한 시스템 기반의 접근법이 부적절한 처방

을 감소시킬 뿐만 아니라 약물 사용과 관련된 부작용을 감소시키는 효과적인 방법이라는 증

거를 제공한다. 이는 질 향상을 위한 다양한 방법의 하나를 선택할 때 정책 입안자들이 더 

나은 선택을 할 수 있는 근거가 될 것이다. 이러한 시스템 기반 접근법을 통해 환자의 안전

을 개선하고 의료 오류를 줄이기를 기대한다. 

 

핵심어: 의약품 적정 사용 평가, 약물 부작용, 의료의 질, 처방 행태 


