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Abstract 
This study aimed to investigate the relationship between cost-sharing and drug prescribing and its appropriateness in Korean 
elderly veterans with chronic conditions. This is a cross-sectional study using real-world claims data. Veterans with primary 
hypertension or dyslipidemia were compared with two controls with higher levels of cost-sharing. Study subjects (age ≥65 years) 
were selected through stratified random sampling and matching the individual attributes. The primary outcome was the annual 
amount of drugs prescribed per patient, and the secondary outcomes included several other measures investigating multifaceted 
aspects of drug prescribing, medical institution utilization behavior, and prescribing appropriateness. Gamma regression models 
or logistic regression models were employed. Veterans were prescribed 59%~74% more drugs (exp (β) = 1.59 [95% confidence 
interval [CI] = 1.55–1.64] ~ 1.74 [1.70–1.79]) compared to the National Health Insurance (NHI) patients. This was attributed 
mainly to longer prescribing days (44%) and slightly more prescriptions (6%~7%) than NHI patients. Veterans spent 14%~15% 
higher medication costs. Veterans were less likely to visit multiple medical institutions by estimates of 0.77 (0.76–0.79) ~ 0.80 
(0.79–0.82). Similar but smaller differences were observed between veterans and medical aid (MedAid) patients. The veteran 
patients showed a more than 50% increased risk of therapeutic duplication than the other two controls (adjusted odds ratio 
[ORs] = 1.47 [1.37–1.57] ~ 1.61 [1.50–1.72]). Inappropriate drug prescribing was also more common in veterans than the two 
controls (adjusted ORs = 1.20 [1.11–1.31] ~ 1.32 [1.22–1.43]). In Korean elderly veterans with chronic illnesses, a level of cost-
sharing was associated with having more prescribed medicines, and increased inappropriate prescribing.

Abbreviations: ADE = adverse drug event, APS = aged patient sample, CI = confidence interval, HIRA = Health Insurance 
Review & Assessment Service, ICD-10 = International Classification of Diseases and Related Health Problems 10th Revision, 
MedAid = medical aid, NHI = National Health Insurance, OR = odds ratio, PIM = potentially inappropriate medication, STROBE = 
STrengthening the Reporting of OBservational studies in Epidemiology, SD = standard deviation.
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1. Introduction

Since the idea of a price signal to consumers at the time of use was 
proposed,[1] many healthcare systems have introduced a variety 
of cost-sharing schemes to contain pharmaceutical spending.[2,3] 

Including the RAND experiments,[4,5] existing evidence demon-
strated that the level of cost-sharing might be negatively associ-
ated with healthcare consumption.[6–8] At the same time, doubts 
have long been demonstrated that raising copayment to drug 
utilization may result in negative outcomes in patient health 
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and higher consumption in more expensive services.[6–8] Existing 
studies have been dedicated to proving if the excessive levels 
of copayment could reduce the utilization of essential medica-
tions.[6–11] It has been rarely addressed in the other way what the 
impact of lifting the copayment barrier is on medication utiliza-
tion, for example, inappropriate medication use.

Inappropriate medication use could pose a threat to patient 
safety. Previous studies have demonstrated an association between 
potentially inappropriate medication (PIM) use in the Beers 
Criteria and poor health outcomes, including hospitalization, falls, 
and mortality.[12–14] A meta-analysis using 13 cohort studies con-
cluded that PIM use was associated with a 1.6-fold increased mor-
tality in the elderly.[14] The incidence of adverse drug events is more 
common in older people than their younger counterparts due to 
age-related changes in pharmacokinetics and pharmacodynamics 
and polypharmacy.[15,16] Polypharmacy can lead to unnecessary 
therapeutic duplication and harmful drug combinations.[17,18]

South Korea has run a National Health Insurance (NHI) 
system that includes the entire population.[4] Koreans are cov-
ered either by a NHI which is a standard healthcare program 
or by a medical aid (MedAid) which provides for low-income 
households. Korean healthcare system features a weak gate-
keeping of primary care providers, a relatively high burden of 
private expenditure, and high drug consumption.[19–21] Overall, 
NHI patients copay 30% of the total costs for insured phar-
maceuticals in outpatient care.[22] MedAid patients pay a fixed 
copayment, which is 0 ~ 0.5US$ per prescription for insured 
pharmaceuticals in the outpatient setting.[23] There are few 
administrative barriers in patient access to medical institutions 
except that patients have to pay higher shares of total costs 
for the upper-level medical institutions to get prescriptions 
from 30% in clinics to 60% in tertiary hospitals.[22] Outpatient 
cost-sharing is lower for MedAid patients in general.[23] Thus 
far, MedAid patients have been likely to utilize more healthcare 
resources than NHI patients in the outpatient setting.[24,25]

In addition, there is a healthcare program for veterans that 
allows them an additional reduction in copayment. Korean gov-
ernment operates 6 veterans hospitals providing medical services 
primarily for veterans and about 322 ministry-commissioned 
clinics or hospitals.[26] Veterans are eligible to receive an additional 
exemption from 50% to 100% of their co-pay. In other words, 
veterans only pay 0%~15% of the copayments for services or 
medicines that the NHI or MedAid patient has to pay.[26] There 
are no legal limits for veterans to access other kinds of medical 
institutions but it could take more administrative work for them 
to get copay exemption.[26] This study aimed primarily to inves-
tigate the relationship between cost-sharing and medication pre-
scribing in Korean elderly veterans. Secondly, this study aimed to 
interpret drug use by examining the multifaceted aspects of drug 
prescribing and to assess the relationship between cost-sharing 
and prescribing appropriateness in Korean elderly veterans.

2. Methods

2.1. Study design

This is a cross-sectional study and followed the STrengthening 
the Reporting of OBservational studies in Epidemiology guide-
line.[27] This study compared drug prescribing and its appropri-
ateness between veteran patients and 2 cost-sharing groups in 
two disease cohorts. Elderly veteran patients were defined as the 
lowest copayment group and were compared with two matched 
controls, respectively. Two control groups were NHI patients 
(a standard copayment group) and MedAid patients (the sec-
ond-lowest copayment group).

2.2. Data sources and study subjects

The administrative claims databases of the Health Insurance 
Review & Assessment Service were searched to identify the 

study population of elderly veterans (≥65 years old). Two 
cohorts of veterans were constructed by including elderly vet-
erans who had at least one prescription with a diagnosis of 
primary hypertension or dyslipidemia in an outpatient setting 
between January 1, 2014, and December 31, 2015. Two diseases 
were selected because they were the two most common chronic 
conditions in the Korean elderly.[28] The chronic conditions were 
defined with diagnostic codes of I10 as primary hypertension; 
E78 as dyslipidemia in the 6th Korean Standard Classification 
of Diseases and Causes of Death, an official Korean version of 
the International Classification of Diseases and Related Health 
Problems 10th Revision.[29] Of the identified elderly veterans, 
those with complications were excluded because it was diffi-
cult to evaluate the clinical need for medications only with 
claims data. Diagnostic codes representing complications were 
hypertensive heart diseases (I11), hypertensive renal diseases 
(I12), hypertensive heart and renal diseases (I13), and second-
ary hypertension (I15). Women were excluded because of the 
extremely small population of elderly veteran patients (<1%).

Comparative NHI or MedAid patients were identified by 
employing the aged patient sample (APS). The APS is distributed 
annually by the Health Insurance Review & Assessment Service 
and contains the claims data of 20% of the population aged 65 
years and older.[30] After excluding women and veterans from the 
APS, the same process of identification as veterans was carried out.

To enhance the efficiency in analysis, a proportional stratified 
random sampling (5%) was carried out in the veterans and NHI 
population. Owing to the small size of the MedAid population, 
100% of MedAid patients were included. Attributes considered 
in the stratified random sampling were age, Elixhauser comor-
bidity score, region, and data year. Elixhauser comorbidity score 
was computed with 31 comorbidity groups[31] using both in- and 
outpatient claims data. The region was divided into three cate-
gories which were Seoul, six metropolitan cities, and ten prov-
inces. Data year indicated 2014 or 2015, the year when data for 
services or prescribing medications were claimed.

To balance between groups, an exact match process was con-
ducted using four available covariates which were age (±1 year), 
Elixhauser score, region, and data year. Finally, four matched 
cohorts were established for analysis. Two veteran-NHI cohorts 
included each of 8009 patients with primary hypertension and 
each of 7943 with dyslipidemia. Two veteran-MedAid cohorts 
included each of 8633 patients with primary hypertension and 
each of 8657 with dyslipidemia.

2.3. Outcomes

The primary outcome was the annual amount of drugs pre-
scribed per patient. A unit for each medication is designated in 
the Korean pharmaceutical reimbursement list and generally 
defined depending on the formulation of the product, for exam-
ple, 1 tablet, 1 capsule, and so forth. Medications in oral for-
mulations were included for analysis. Others such as injections 
or those for external uses were excluded because units for them 
were not always comparable across patients.

Secondary outcomes included variables demonstrating several 
other aspects of drug prescribing, medical institution utilization 
behavior, and appropriateness of drug prescribing. Variables in 
drug prescribing included the annual number of prescriptions 
per patient, annual total prescribing days per patient, a number 
of drug items per prescription and annual costs prescribed for 
a patient (annual drug costs per patient). A number of med-
ical institutions involved in prescribing a patient’s medication 
during 1-year for a patient was measured for investigating med-
ical institution utilization behavior. If there were duplicate visits 
to the same medical institution, it was counted one.

Appropriateness of drug prescribing was defined in 2 ways; 
therapeutic duplication and PIM. Therapeutic duplication was 
defined if there was a repetition of the Anatomical Therapeutic 
Chemical code at the 4th level (e.g., A10BA biguanides, A10BB 
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sulfonylureas, etc.), which represents the identical chemical sub-
group in the same prescription. Therapeutic duplication between 
more than 2 prescriptions covering the same period was also 
checked. PIMs were detected using American Geriatrics Society 
2015 Updated Beers Criteria.[32]

2.4. Statistical analysis

Descriptive analyses were carried out for all variables. To 
compare the basic characteristics between veterans and each 
comparative group, Wilcoxon ran-sum tests were performed 
for the continuous variables that were not distributed nor-
mally; chi-squared tests were performed for the categorical 
variables. To quantify the differences between veterans and 
each comparative group in outcomes presenting positively 
skewed distribution, multivariable gamma regression with a 
log-link function was performed with adjustment for age and 
number of operations. The results from the gamma regression 
were presented as the exponential of coefficients (exp [β]) and 
95% confidence interval (CI). For binary outcomes measur-
ing the appropriateness of drug use, logistic regression was 
carried out to quantify the risk of therapeutic duplications or 
inappropriate prescribing in elderly veterans compared either 
to the NHI or MedAid group. Multivariable logistic regres-
sion was conducted with adjustment for age, the number of 
operations, and the number of drug items per prescription. 
The results from the logistic regression were presented as the 
odds ratio (OR) and 95% CI. The analyses were performed in 

SAS 9.4 (SAS Institute Inc., Cary, NC) and P value <.05 was 
considered significant.

2.5. Ethics approval

The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by the Institutional 
Review Board of Yeungnam University (protocol code 7002016-
E-2016-004, June 29, 2016). All data were provided after the 
authority fully anonymized and the ethics committee waived the 
requirement for informed consent.

3. Results

3.1. Study subject demographics

Tables  1 and 2 list the basic demographics of the patients 
for four matched cohorts. In all comparison cohorts, veteran 
patients were slightly younger than the NHI or MedAid patients 
(P < .05) and had more operations (P < .05). No significant dif-
ferences in other characteristics were noted.

3.2. Drug prescribing compared to NHI patients 
(a standard copayment group)

Table 3 displays the results from regression analyses. Compared 
to the NHI patients, the veteran patients had 1.59 ~1.74 times 

Table 1

Summary of patient demographics (veterans vs National Health Insurance patients).

Variable 

Primary hypertension Dyslipidemia

Veteran patients
(N = 8009) 

NHI patients
(N = 8009) 

Veteran patients
(N = 7943) 

NHI 
patients

(N = 7943) 

Age, mean ± SD 71.6 ± 6.1§ 71.9 ± 5.9§ 71.2 ± 5.7§ 71.6 ± 5.6§
Elixhauser score, mean ± SD 4.2 ± 2.1 4.2 ± 2.1 4.5 ± 2.2 4.5 ± 2.2
Number of operations, mean ± SD 1.0 ± 1.6§ 0.9 ± 1.4§ 1.1 ± 1.7§ 0.9 ± 1.4§
Resident area, N (%) Seoul 1775 (22.2) 1775 (22.2) 1766 (22.2) 1766 (22.2)

Six metropolitan cities 2248 (28.1) 2248 (28.1) 2225 (28.0) 2225 (28.0)
Ten provinces 3986 (49.8) 3986 (49.8) 3952 (49.8) 3952 (49.8)

Year, N (%) 2014 3960 (49.4) 3960 (49.4) 3836 (48.3) 3836 (48.3)
2015 4049 (50.6) 4049 (50.6) 4107 (51.7) 4107 (51.7)

NHI = National Health Insurance, SD = standard deviation.
*P < .05.
§P < .01.

Table 2

Summary of patient demographics (veterans vs Medical Aid patients).

Variable 

Primary hypertension Dyslipidemia

Veteran patients
(N = 8633) 

MedAid patients
(N = 8633) 

Veteran patients
(N = 8657) 

MedAid 
patients

(N = 8657) 

Age, mean ± SD 71.5 ± 6.0§ 71.9 ± 5.9§ 71.2 ± 5.8§ 71.6 ± 5.6§
Elixhauser score, mean ± SD 4.5 ± 2.3 4.5 ± 2.3 4.8 ± 2.4 4.8 ± 2.4
Number of operations, mean ± SD 1.1 ± 1.7§ 1.0 ± 1.7§ 1.2 ± 1.8* 1.1 ± 1.8*
Resident area, N (%) Seoul 1940 (22.5) 1940 (22.5) 1928 (22.3) 1928 (22.3)

Six metropolitan cities 2506 (29.0) 2506 (29.0) 2529 (29.2) 2529 (29.2)
Ten provinces 4187 (48.5) 4187 (48.5) 4200 (48.5) 4200 (48.5)

Year, N (%) 2014 4243 (49.1) 4243 (49.1) 4189 (48.4) 4189 (48.4)
2015 4390 (50.9) 4390 (50.9) 4468 (51.6) 4468 (51.6)

MedAid = medical aid, SD = standard deviation.
*P < .05.
§P < .01.
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higher prescribed medications (exp (β) = 1.59 [95% CI = 1.55–
1.64] ~ 1.74 [1.70–1.79]). They had 44% longer prescribing 
days (exp (β) = 1.44 [1.41–1.47] in primary hypertension, 
1.44 [1.41–1.46] in dyslipidemia), had 6%~7% higher num-
ber of prescriptions (exp (β) = 1.06 [1.04–1.09] ~ 1.07 [1.05–
1.09]) and had slightly more drug items per prescription (exp 
(β) = 1.02 [1.01–1.03] ~ 1.03[1.02–1.04]). Veterans spent 
14%~15% higher medication costs (exp (β) = 1.14 [1.12–1.17] 
~ 1.15 [1.12–1.18]). They were less likely to visit multiple med-
ical institutions by estimates of 0.77 (0.76–0.79) ~ 0.80 (0.79–
0.82). The relevant absolute numbers are displayed in Table 
S1, Supplemental Digital Content 1, http://links.lww.com/MD/
H349.

3.3. Drug prescribing compared to medical aid patients 
(the second-lowest copayment group)

Table 4 displays the results from regression analyses. Compared 
to the MedAid patients, the veteran patients had 1.26 ~ 1.29 
times higher prescribed medications (exp (β) = 1.26 [1.23–1.29] 
~ 1.29 [1.26–1.33]). Those with dyslipidemia were issued 
slightly fewer prescriptions (exp (β) = 0.98 [0.96–0.999]), 
while those with primary hypertension were not different from 
the MedAid patients in terms of the number of prescriptions 
(exp (β) = 0.98 [0.96–1.00]). Veterans had 24% ~ 25% lon-
ger prescribing days (exp (β) = 1.24 [1.21–1.26] ~ 1.25 [1.22–
1.27]) and fewer drug items per prescription by estimates of 
0.92 [0.91–0.93]). Spending on medications were not differ-
ent from the MedAid patients (exp (β) = 1.00 [0.97–1.02] ~ 
1.01 [0.98–1.03]). Veterans were less likely to visit multiple 
medical institutions by estimates of 0.88 [0.87–0.90] ~ 0.94 

[0.92–0.95]). The relevant absolute numbers are displayed in 
Table S2, Supplemental Digital Content 2, http://links.lww.
com/MD/H350.

3.4. Inappropriate prescribing compared to two control 
groups

As shown in Figure 1, the veteran patients with two chronic 
diseases had higher odds of having medications in therapeu-
tic duplication compared to the NHI (adjusted ORs = 1.47 
[1.37–1.57] ~ 1.52 [1.41–1.63]) or MedAid patients (adjusted 
ORs = 1.52 [1.42–1.63] ~ 1.61 [1.50–1.72]). The veteran 
patients with two chronic diseases also had higher odds of 
having medications potentially inappropriate for the elderly 
compared to the NHI (adjusted ORs = 1.25 [1.15–1.35] ~ 
1.32 [1.22–1.43]) or MedAid patients (adjusted ORs = 1.20 
[1.11–1.31] ~ 1.27 [1.17–1.37]). The risk pattern of hav-
ing inappropriate prescribing was similar in two chronic 
conditions.

4. Discussion
The present study investigating how cost-sharing is associ-
ated with drug prescribing and its appropriateness in Korean 
elderly veterans with chronic illnesses yielded four key find-
ings. First, elderly veterans who paid the lowest copayments 
were prescribed significantly more medicines compared to NHI 
elderly patients, that is, standard copayment patients. They also 
were prescribed more medicines compared to MedAid elderly 
patients, that is, the second-lowest copayment group, but the 
differences were smaller. Compared to NHI patients, veteran 

Table 3

Comparison of drug prescribing and costs between veterans and National Health Insurance patients.

Outcome variable 

Primary hypertension Dyslipidemia

Exp (β) (95% CI) P value Exp (β) (95% CI) P value 

Primary outcome     
 � Annual amount of drugs prescribed per patient 1.74 (1.70–1.79) <.001 1.59 (1.55–1.64) <.001
Secondary outcomes: drug prescribing     
 � Annual number of prescriptions per patient 1.07 (1.05–1.09) <.001 1.06 (1.04–1.09) <.001
 � Annual total prescribing days per patient 1.44 (1.41–1.47) <.001 1.44 (1.41–1.46) <.001
 � Number of drug items per prescription 1.02 (1.01–1.03) <.001 1.03 (1.02–1.04) <.001
Secondary outcome: drug costs     
 � Annual drug costs per patient 1.15 (1.12–1.18) <.001 1.14 (1.12–1.17) <.001
Secondary outcome: medical institution utilization behavior     
 � Annual number of medical institutions prescribing for a patient 0.80 (0.79–0.82) <.001 0.77 (0.76–0.79) <.001

CI = confidence interval, Reference group = National Health Insurance patients.

Table 4

Comparison of drug prescribing and costs between veterans and medical aid patients.

Outcome variable 

Primary hypertension Dyslipidemia

Exp (β) (95% CI) P value Exp (β) (95% CI) P value 

Primary outcome     
 � Annual amount of drugs prescribed per patient 1.29 (1.26–1.33) <.001 1.26 (1.23–1.29) <.001
Secondary outcomes: drug prescribing     
 � Annual number of prescriptions per patient 0.98 (0.96–1.00) .119 0.98 (0.96–0.999) .040
 � Annual total prescribing days per patient 1.24 (1.21–1.26) <.001 1.25 (1.22–1.27) <.001
 � Number of drug items per prescription 0.92 (0.91–0.93) <.001 0.92 (0.91–0.93) <.001
Secondary outcome: drug costs     
 � Annual drug costs per patient 1.01 (0.98–1.03) .653 1.00 (0.97–1.02) .789
Secondary outcome: medical institution utilization behavior     
 � Annual number of medical institutions prescribing for a patient 0.94 (0.92–0.95) <.001 0.88 (0.87–0.90) <.001

CI = confidence interval; Reference group = Medical Aid patients.

http://links.lww.com/MD/H349
http://links.lww.com/MD/H349
http://links.lww.com/MD/H350
http://links.lww.com/MD/H350
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patients had significantly longer prescription days and slightly 
larger numbers of prescriptions, which contributed to having 
higher prescription drugs. The narrower gaps between veterans 
and MedAid patients in prescribing outcome variables were 
expectable because the levels of cost-sharing of the two popula-
tions were more similar.

Second, in contrast to medication prescribing, elderly veter-
ans visited fewer medical institutions. Korean elderly veterans 
utilized fewer medical institutions and the reasons for that have 
been rarely investigated. A recent qualitative study demon-
strates that Korean veterans prefer veteran medical facilities 
as they can receive full benefits with a minimum administra-
tive process.[33] Further exploration of other potential barriers 
affecting veterans’ behavior in choosing healthcare facilities is 
needed.

Third, there were potential safety issues in elderly veter-
ans’ medication use. Elderly veterans were more likely to be 
prescribed inappropriate drugs, which can potentiate either 
the risks of adverse drug reactions or inefficiency in health 
resources use. Elderly veterans had a 1.5~1.8 higher odds of 
being prescribed therapeutically duplicate medications and a 
1.2~1.5 higher odds of being prescribed PIMs for the elderly. 
A body of evidence suggests that therapeutic duplication and 
PIMs are notably associated with preventable adverse drug 
reactions,[17,34] and the considerably high prevalence odds of 
such inappropriate prescriptions in our study population is 
alarming.

Given the long prescription days found in the present analysis, 
the following presents one of the presumed etiological mecha-
nisms that account for therapeutically duplicated prescriptions: 
low copayment decreases the sense of price at the time of use 
and, consequently, increases the number of prescriptions for 
long days; but unexpected allergies or clinical inefficiency may 

force a patient to search another prescription. Over-prescribed 
medicines might be associated with adverse drug events if the 
medications were used, or with increased waste if they were 
thrown away. Clinical decision-making for prescribing medica-
tions is primarily made by prescribers. In this regard, the mecha-
nism described above is formed by patients and their prescribers 
together. Notably, it has been known that prescribers can also 
be influenced by how much their patients pay drug costs out-
of-pocket.[35,36] Undoubtedly, prescribers can also be affected by 
various factors other than cost-sharing and it is worthy of a fur-
ther investigation whether there are any facility-oriented factors 
affecting medication utilization.

Thus far, decreasing the level of copayment has been consid-
ered a way to increase the welfare for the elderly, because inter-
national experience strongly suggests a negative relationship 
between cost-sharing and health outcomes in a vulnerable pop-
ulation.[6–8] The present study, however, demonstrated that a low 
level of cost-sharing could increase harmful inefficiency of drug 
prescribing which is closely link to drug utilization. Our findings 
suggest that the elderly adults with low levels of cost-sharing 
are considered as a target population whose drug prescribing 
should be intensively monitored.

To improve the internal validity, influences of the illness con-
dition were minimized by identifying the study population who 
were diagnosed with specific chronic diseases, and two compa-
rable groups were constructed as controls through matching 
potential confounding factors. Similar patterns of prescribing 
inappropriateness were shown in two chronic conditions, which 
enhances the external validity of our findings.

The results of the present study must be regarded with the 
following limitations. Firstly, there were some limitations com-
monly seen in claims data analysis. It was impossible to include 
covariates reflecting prescribers’ individual characteristics, and 

Figure 1.  Comparing risks of inappropriate prescribing between veterans and controls. CI = confidence interval, MedAid = medical aid, NHI = national health 
insurance, OR = odds ratio.
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patients’ clinical status such as laboratory test results (blood 
pressures, lipid levels, etc.) or health behaviors such as exercise 
or diets. Amid this situation, we excluded patients with compli-
cations whose clinical need for medications was not easily eval-
uated only with claims data. Although we excluded them based 
on diagnosis codes, it might be unable to exclude all relevant 
subjects because diagnosis codes in claims data might be inac-
curate. In addition, short-term data did not allow us to consider 
the length of health conditions for each patient or to evaluate 
patients’ needs whether there are any differences between vet-
erans and other patients. Secondly, only oral formulations were 
included for analysis to control for bias due to different dosages 
across medications. In addition, this study included data from 
outpatient settings and patients with two simple chronic dis-
eases, and employed multiple outcome variables showing var-
ious facets of drug prescribing. Nevertheless, possible bias due 
to different dosages across medications may not be completely 
eliminated. Thirdly, the annual utilization could be underesti-
mated because the utilization can be partly measured for some 
subjects who newly had a diagnosis during the study period. 
This happened in all cost-sharing groups but we failed to ensure 
if it distributed evenly across groups. Fourthly, the inappropri-
ateness of drug use could be underestimated because two rel-
evant variables were measured only in a binary form. Further 
investigation differentiating patients having one or multiple 
PIMs will be helpful to distinguish population at a greater risk. 
Lastly, there are some limitations that can constrain external 
validity of the study. The present study included male elderly 
and the study findings may not be applicable to female elderly. 
The present results may not be generalizable to other disease 
conditions, particularly to acute illnesses.

5. Conclusions
In older patients with one of two major chronic illnesses, a 
lower level of cost-sharing was associated with having more 
prescribed medicines, and increased inappropriate prescribing. 
This not only has negative effects on the health budget but may 
also threaten patient safety. The central factor in higher pre-
scribed medications was the long length of prescription days, 
which would be linked to improper prescribing behavior. It is 
suggested that the elderly adults with low levels of cost-sharing 
would be a primary target population whose medication pre-
scribing should be intensively monitored. However, this study 
did not examine the direct relationship between cost-sharing 
and patient safety, and further studies are needed to draw more 
definitive conclusions.

Author contributions
All authors have read and agreed to the published version of the 
manuscript.
Conceptualization: Jin Kim, Nam Kyung Je, Iyn-Hyang Lee. 
Formal analysis: Jin Kim, Eunjung Choo, Nam Kyung Je. 
Funding acquisition: Iyn-Hyang Lee. 
Methodology: Eun Jin Jang, Nam Kyung Je, Iyn-Hyang Lee. 
Project administration: Nam Kyung Je, Iyn-Hyang Lee. 
Supervision: Iyn-Hyang Lee. 
Validation: Eun Jin Jang, Iyn-Hyang Lee. 
Writing – original draft: Jin Kim, Nam Kyung Je, Iyn-Hyang 

Lee. 
Writing – review & editing: Eun Jin Jang, Nam Kyung Je, Iyn-

Hyang Lee. 

References
	 [1]	 Hayek FA. The use of knowledge in society. Am Econ Rev. 

1945;35:519–30.

	 [2]	 Thomson S, Mossialos E. Influencing demand for drugs through 
cost sharing. In: Mossialos E, Mrazek M, Walley T, eds. Regulating 
Pharmaceuticals in Europe: striving for Efficiency, Equity and Quality. 
Maidenhead: Open University Press. 2004:227–244.

	 [3]	 Barnieh L, Clement F, Harris A, et al. A systematic review of cost-shar-
ing strategies used within publicly-funded drug plans in member coun-
tries of the organisation for economic co-operation and development. 
PLoS One. 2014;9:e90434.

	 [4]	 Newhouse JP. Free for all?: Lessons from the RAND Health Insurance 
Experiment. Cambridge: Harvard University Press. 1993.

	 [5]	 Aron-Dine A, Einav L, Finkelstein A. The RAND health insurance 
experiment, three decades later. J Econ Perspect. 2013;27:197–222.

	 [6]	 Austvoll-Dahlgren A, Aaserud M, Vist G, et al. Pharmaceutical policies: 
effects of cap and co-payment on rational drug use. Cochrane Database 
Syst Rev. 2008;23:CD007017.

	 [7]	 Luiza VL, Chaves LA, Silva RM, et al. Pharmaceutical policies: effects of 
cap and co-payment on rational use of medicines. Cochrane Database 
Syst Rev. 2015;8:CD007017.

	 [8]	 Lee I-H, Bloor K, Hewitt C, et al. International experience in con-
trolling pharmaceutical expenditure: influencing patients and providers 
and regulating industry - a systematic review. J Health Serv Res Policy. 
2015;20:52–9.

	 [9]	 Reiss SK, Ross-Degnan D, Zhang F, et al. Effect of switching to a 
high-deductible health plan on use of chronic medications. Health Serv 
Res. 2011;46:1382–401.

	[10]	 Li P, Schwartz JS, Doshi JA. Impact of cost sharing on therapeu-
tic substitution: the story of statins in 2006. J Am Heart Assoc. 
2016;5:e003377.

	[11]	 Hurtado-Navarro I, García-Sempere A, Rodríguez-Bernal C, et al. 
Impact of drug safety warnings and cost-sharing policies on osteoporo-
sis drug utilization in Spain: a major reduction but with the persistence 
of over and underuse. Data from the ESOSVAL cohort from 2009 to 
2015. Front Pharmacol. 2019;10:768.

	[12]	 Lin HY, Liao CC, Cheng SH, et al. Association of potentially inap-
propriate medication use with adverse outcomes in ambulatory elderly 
patients with chronic diseases: experience in a Taiwanese medical set-
ting. Drugs Aging. 2008;25:49–59.

	[13]	 Dedhiya SD, Hancock E, Craig BA, et al. Incident use and outcomes 
associated with potentially inappropriate medication use in older 
adults. Am J Geriatr Pharmacother. 2010;8:562–70.

	[14]	 Muhlack DC, Hoppe LK, Weberpals J, et al. The association of poten-
tially inappropriate medication at older age with cardiovascular events 
and overall mortality: a systematic review and meta-analysis of cohort 
studies. J Am Med Dir Assoc. 2017;18:211–20.

	[15]	 Bourgeois FT, Shannon MW, Valim C, et al. Adverse drug events in the 
outpatient setting: an 11-year national analysis. Pharmacoepidemiol 
Drug Saf. 2010;19:901–10.

	[16]	 Petrovic M, van der Cammen T, Onder G. Adverse drug reactions in 
older people: detection and prevention. Drugs Aging. 2012;29:453–62.

	[17]	 Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polyphar-
macy in elderly. Expert Opin Drug Saf. 2014;13:57–65.

	[18]	 Zhang P, Wang F, Hu J, et al. Label propagation prediction of drug-drug 
interactions based on clinical side effects. Sci Rep. 2015;5:12339.

	[19]	 OECD. OECD reviews of health care quality: Korea 2012. 2012. Available 
at: https://read.oecd-ilibrary.org/social-issues-migration-health/oecd-
reviews-of-health-care-quality-korea_9789264173446-en#page1. 
[Access date February 3, 2022].

	[20]	 OECD. Health at a glance 2013: OECD indicators, Korean. OECD 
Korea Policy Centre; 2013. Available at: https://doi.org/10.1787/
health_glance-2013-en. [Access date February 3, 2022].

	[21]	 Lee I-H, Bloor K. Pharmaceutical pricing policies in South Korea. 
In: Babar Z-U-D, eds. Pharmaceutical prices in the 21st century. 
Switzerland: Springer International Publishing; 2015:151–169.

	[22]	 Enforcement decree of the National Health Insurance Act, Article 
19. 2019. Available at: https://www.law.go.kr/LSW/eng/engLsSc.
do?menuId=2&section=lawNm&query=National+Health+Insur-
ance&x=52&y=25#liBgcolor0 [access date February 3, 2022].

	[23]	 Enforcement decree of the Medical Care Assistance Act, Article 
13. 2019. Available at: https://www.law.go.kr/LSW/eng/engLsSc.
do?menuId=2&section=lawNm&query=National+Health+Insur-
ance&x=52&y=25#liBgcolor0 [access date February 3, 2022].

	[24]	 Suh HS, Kang HY, Kim J, et al. Effect of health insurance type on health 
care utilization in patients with hypertension: a national health insur-
ance database study in Korea. BMC Health Serv Res. 2014;14:570.

	[25]	 Kim JH, Lee SG, Lee KS, et al. Impact of health insurance status changes 
on healthcare utilisation patterns: a longitudinal cohort study in South 
Korea. BMJ Open. 2016;6:e009538.

https://read.oecd-ilibrary.org/social-issues-migration-health/oecd-reviews-of-health-care-quality-korea_9789264173446-en#page1
https://read.oecd-ilibrary.org/social-issues-migration-health/oecd-reviews-of-health-care-quality-korea_9789264173446-en#page1
https://doi.org/10.1787/health_glance-2013-en
https://doi.org/10.1787/health_glance-2013-en
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0
https://www.law.go.kr/LSW/eng/engLsSc.do?menuId=2&section=lawNm&query=National+Health+Insurance&x=52&y=25#liBgcolor0


7

Kim et al.  •  Medicine (2022) 101:37� www.md-journal.com

	[26]	 Ministry of Patriols and Veterans Affairs. Medical care benefits for vet-
erans. 2019. Available at: https://www.mpva.go.kr/mpva/selectBbsNt-
tList.do?bbsNo=31&key=144. [Access date February 3, 2022].

	[27]	 von Elm E, Altman DG, Egger M, et al. The strengthening the reporting 
of observational studies in epidemiology (STROBE) statement: guide-
lines for reporting observational studies. Lancet. 2007;370:1453–7.

	[28]	 NHIS, HIRA. National Health Insurance Statistical Yearbook 2019. 
Seoul: National Health Insurance Service, Health Insurance Review & 
Assessment. 2020.

	[29]	 Statistics Korea. Korean standard classification of diseases and causes 
of death. 2010. Available at: https://kssc.kostat.go.kr:8443/ksscNew_
web/kssc/common/ClassificationContent.do?gubun=1&strCatego-
ryNameCode=004&categoryMenu=007&addGubun=no. [Access date 
February 3, 2022].

	[30]	 Health Insurance Review & Assessment Service. Healthcare Bigdata 
Hub. Wonju: Health Insurance Review & Assessment Service; 2019. 
Available at: https://opendata.hira.or.kr/home.do#none. [Access date 
February 3, 2022].

	[31]	 Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defin-
ing comorbidities in ICD-9-CM and ICD-10 administrative data. Med 
Care. 2005;43:1130–9.

	[32]	 American Geriatrics Society. American Geriatrics Society 2015 updated 
beers criteria for potentially inappropriate medication use in older 
adults. J Am Geriatr Soc. 2015;63:2227–46.

	[33]	 Kim J, Lee I-H. Prescription drug use behavior and influence factors in 
veteran patients from the perspective of veterans. Korean J Clin Pharm. 
2020;30:185–94.

	[34]	 Hedna K, Hakkarainen KM, Gyllensten H, et al. Potentially inappro-
priate prescribing and adverse drug reactions in the elderly: a popula-
tion-based study. Eur J Clin Pharmacol. 2015;71:1525–33.

	[35]	 Tan EK, Yeo AP, Tan V, et al. Prescribing pattern in Parkinson’s dis-
ease: are cost and efficacy overriding factors? Int Journal Clin Pract. 
2005;59:511–4.

	[36]	 Davari M, Khorasani E, Tigabu BM. Factors influencing pre-
scribing decisions of physicians: a review. Ethiop J Health Sci. 
2018;28:795–804.

https://www.mpva.go.kr/mpva/selectBbsNttList.do?bbsNo=31&key=144
https://www.mpva.go.kr/mpva/selectBbsNttList.do?bbsNo=31&key=144
https://kssc.kostat.go.kr:8443/ksscNew_web/kssc/common/ClassificationContent.do?gubun=1&strCategoryNameCode=004&categoryMenu=007&addGubun=no
https://kssc.kostat.go.kr:8443/ksscNew_web/kssc/common/ClassificationContent.do?gubun=1&strCategoryNameCode=004&categoryMenu=007&addGubun=no
https://kssc.kostat.go.kr:8443/ksscNew_web/kssc/common/ClassificationContent.do?gubun=1&strCategoryNameCode=004&categoryMenu=007&addGubun=no
https://opendata.hira.or.kr/home.do#none

