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Clinical and economic impact of
changing reimbursement criteria
for statin treatment among
patients with type 2 diabetes
mellitus in South Korea

Siin Kim*, Kyungseon Choi?, Ji-yool Kim? and Hae Sun Suh™*

College of Pharmacy, Kyung Hee University, Seoul, South Korea, ?Viatris Korea Ltd., Seoul, South Korea

Aim: Patients with type 2 diabetes mellitus (T2DM) in South Korea can be
reimbursed for statins if they have a low-density lipoprotein cholesterol (LDL-C)
level of >100 mg/dL. We aimed to explore the clinical and economic benefit
received by T2DM patients when easing the current criteria for statin treatment
by lowering the LDL-C threshold from 100 mg/dL to 70 mg/dL.

Methods: We used a static course model with a 5-year period to compare the
following two scenarios in T2DM patients with no history of cardiovascular (CV)
events: the current criteria covering LDL-C >100 mg/dL and the revised criteria
covering LDL-C >70 mg/dL. The number of target patients was estimated based on
previous Korean studies on patients with T2DM. The current mix of treatments used
for T2DM and costs involving CV events were estimated using the National Health
Insurance Service—National Health Screening Cohort database. The baseline CV
event rates and case fatality were estimated using NHIS Customized database,
including 50% patients who were prescribed atorvastatin and 100% who were not
prescribed statins between 2009 and 2012 among patients with T2DM in the entire
Korean population. After propensity score matching, patients with T2DM not
prescribed statins were followed up until 2018 to estimate the incidence rates of
coronary heart disease (CHD) and stroke. The efficacy of atorvastatin for the primary
prevention of CV events in patients with T2DM was derived from a pivotal clinical
trial. The outcome measures were the number of CV events prevented after the
change in criteria and the consequent cost savings.

Results: In South Korea, the current and revised criteria covered 2,434,379 and
3,446,149 patients with T2DM, respectively. The change in criteria resulted in
the prevention of 726 CV events and cost savings of US dollars (USD) 5.5 million
at the national level and USD 0.0089 per member per month in the fifth year.

Conclusion: Easing the reimbursement criteria for statin treatment among
patients with T2DM was associated with a reduction in CV events and their
related costs; therefore, changing the reimbursement criteria is worth further
consideration to mitigate the burden of CV disease.
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1 Introduction

Cardiovascular disease (CVD) is
enormous burden, including a high mortality rate and
healthcare cost, worldwide (Leal et al., 2006; Deaton et al.,
2011; Fox et al, 2016). Elevated low-density lipoprotein
cholesterol (LDL-C) levels are a major risk factor for CVD
and are associated with an increased risk of cardiovascular
(CV) events and CVD-associated mortality (Pekkanen et al.,
1990; Wong et al,, 1991; Wilson et al., 1998). Therefore, statin
therapy is recommended for the management of LDL-C levels in
patients with CVD or those at high risk of CVD (Grundy et al,
2019). Patients with type 2 diabetes mellitus (T2DM) are
considered to be at a high risk of CVD, which accounts for
20-49% of the total healthcare cost of T2DM (Einarson et al.,
2018).

As T2DM and CVD are the leading causes of the burden of
illness in South Korea (Oh et al., 2011; Jung et al., 2021), LDL-C
management is recommended based on LDL-C goals stratified by
patient risk levels (Kim et al, 2016). In South Korea, the
reimbursement criteria for statin treatment are also based on

associated with an

patients’ LDL-C levels and risk levels and can be summarized as
follows: 1) LDL-C >70 mg/dL in patients with acute coronary
syndrome; 2) LDL-C >100 mg/dL in patients with coronary
artery disease (CAD) or equivalent risk (i.e., diabetes mellitus,
peripheral artery disease, abdominal aortic aneurism, and carotid
disease); 3) LDL-C >130 mg/dL in patients with two or more risk
factors (i.e., smoking, hypertension, HDL-C <40 mg/dL, family
history of premature CAD, and age >45 years in men
and >55 years in women); and 4) LDL-C >130 mg/dL in
patients with one or no risk factors (Health Insurance Review
and Assessment Service, 2014). Accordingly, patients with
diabetes can be reimbursed for statin treatment if they have
LDL-C levels >100 mg/dL.

Several previous studies have suggested the benefit of
intensive treatment goals in preventing CV events among
patients with T2DM with relatively low LDL-C levels, such
as those with <100 mg/dL (Fleg et al., 2008; Itoh et al., 2018;
Wang et al., 2020; Shinohara et al., 2021). In a phase
3 randomized clinical trial of atorvastatin treatment in
patients with T2DM with no history of CVD, a post-hoc
analysis revealed that atorvastatin was associated with a
26% reduction in CV events among patients with baseline
LDL-C <100 mg/dL (Colhoun et al., 2004). Moreover, the
American College of Cardiology/American Heart Association
has suggested approaches for lipid management based on risk
reduction benefits rather than specific LDL-C goals,
recommending that adult patients with T2DM start statin
treatment regardless of their LDL-C levels (Stone et al., 2014;
Grundy et al., 2019).
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Considering the existing evidence, statin treatment in a
broader group of patients with T2DM, including those with
relatively low LDL-C levels, might have an additional benefit
regarding the prevention of CVD and its related costs. Therefore,
we assessed the clinical and economic benefit of CV event
prevention when easing the reimbursement criteria for statin
treatment in patients with T2DM in South Korea.

2 Methods
2.1 Study design and data source

We estimated the clinical and economic impact of changes in
reimbursement criteria using a static course model with a 5-year
period from a Korean payer’s perspective, assuming that the
epidemiology of the disease remains unchanged over time. Two
reimbursement scenarios were compared: current criteria,
covering patients with T2DM with LDL-C >100 mg/dL and
revised criteria, covering patients with T2DM with LDL-
C 270 mg/dL. We assumed that atorvastatin is the only drug
used in both scenarios, given that only atorvastatin and
simvastatin are indicated for diabetes, and the prescription of
atorvastatin is far more frequent than that of simvastatin in South
Korea (Kim and Rhew, 2021). The study population included
patients with T2DM with LDL-C >70 mg/dL and no previous
history of CV events.

The input parameters used in this model are listed in Table 1.
Most input values were based on the National Health Insurance
Service (NHIS) database and published literature. We utilized
two types of NHIS databases: the NHIS-National Health
Screening Cohort (NHIS-HEALS) database and the NHIS
Customized database. The former includes information on
sociodemographic characteristics, healthcare resource use,
disease diagnosis, health screening results, and death during
2002-2015, which was collected from a 10% random sample
of all patients who participated in health screening during
2002-2003, assuring the representativeness of laboratory test
results, such as LDL-C (Seong et al, 2017). Having a data
structure similar to that of the NHIS-HEALS, the NHIS
Customized database consists of data on diabetes patients
among the entire Korean population between 2009 and 2012,
with 50% diabetes patients who were prescribed atorvastatin and
100% with no statin prescriptions. We were able to obtain 50% of
the sample rather than all patients with diabetes who were
prescribed atorvastatin because this was the maximum sample
that could be utilized under the limited data size imposed by the
NHIS. The data period of the NHIS Customized database was
2008-2018, and patients with cancer diagnoses (International
Classification of Diseases, 10th revision [ICD-10] codes of
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TABLE 1 Input parameter values and data sources used in the model.
Parameter
Population

Total Korean population in 2020
Prevalence of T2DM, %

Proportion of patients without previous CV events among patients with T2DM, %

LDL-C distributions of patients with T2DM, %
70-99 mg/dL
>100 mg/dL
The current mix of treatments
Proportion of patients taking atorvastatin, %
CV event costs, USD
Non-fatal CHD
Fatal CHD
Non-fatal stroke
Fatal stroke
Efficacy
Baseline CV event rates, per 100 PYs
CHD
Stroke
Hazard ratio of CV events
CHD
Stroke
Case fatality, %
CHD
Stroke

10.3389/fphar.2022.924141

Value Source
51,780,579 KOSIS
8.4 Koo et al. (2014)
89.2 Rhee et al. (2011)
Kim et al. (2019)
26.1
62.7
NHIS-HEALS DB
11.6
NHIS-HEALS DB
7,440
4,674
8,057
4,802
NHIS Customized DB
0.59
0.85
Colhoun et al. (2004)
0.640
0.520
NHIS Customized DB
12.2
55

CHD, coronary heart disease; CV, cardiovascular; DB, database; KOSIS, Korean Statistical Information Service; LDL-C, low-density lipoprotein cholesterol; NHIS, National Health

Insurance Service; NHIS-HEALS, National Health Insurance Service-National Health Screening cohort; PYs, person-years; T2DM, type 2 diabetes mellitus; USD, United States Dollar.

C00-C97) from 2008 to 2018 were excluded from the database.
In this study, we utilized the NHIS Customized database to
estimate the efficacy of atorvastatin in the primary prevention of
CV events, given that this database contains the largest sample of
the population of interest and appropriate controls. However, the
patients included in the database were not representative of all
patients with diabetes in Korea but were limited to a subgroup of
patients with diabetes. Therefore, we estimated the current mix of
treatments used for T2DM and CV event costs using the NHIS-
HEALS database, which provided a 10% sample of health-
screening participants in Korea.

2.2 Population

To estimate the number of target patients in the current and
revised reimbursement criteria, we started from the entire
Korean population and narrowed them down to the target
population of the reimbursement criteria. The number of
T2DM patients in South Korea in 2020 was estimated by
applying the prevalence of T2DM estimated from a previous
study using the Health Insurance Review and Assessment Service
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data (Koo et al., 2014). The proportion of patients with T2DM
with no history of CVD was derived from the results of the
Korean National Diabetes Program cohort (Rhee et al., 2011).
The LDL-C distributions among patients with T2DM with no
history of CVD were derived from a previous study using the
NHIS Customized database, which reported the proportion of
patients with LDL-C <70 mg/dL, 70-99 mg/dL, 100-129 mg/dL,
130-159 mg/dL, and >160 mg/dL as 11.2, 26.1, 31.5, 20.4, and
10.9%, respectively (Kim et al., 2019). Because we used a static
course model, the number of target patients was assumed to be
the same for the 5-year period.

2.3 The mix of treatments

We analyzed the NHIS-HEALS database to estimate the
proportion of patients prescribed atorvastatin among patients
with T2DM with LDL-C levels >100 mg/dL (Figure 1A). Patients
satisfying all of the following criteria were selected: 1) LDL-
C >100 mg/dL at the first health examination they received
between 1 January 2009 and 31 December 2012; 2) diagnosed
with T2DM (ICD-10 codes El1, E14, and El4 up to the fifth
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FIGURE 1

® Cardiovascular events

(A) Schematic diagram of the analysis of treatment mix and cost of cardiovascular events using the NHIS-HEALS database (B) Schematic
diagram of the analysis of baseline cardiovascular event rates and case fatality using the NHIS Customized database. CHD, coronary heart disease;

NHIS, National Health Insurance Service.

TABLE 2 Diagnosis codes of cardiovascular events.

Cardiovascular event ICD-10 code*
Myocardial infarction 121
Unstable angina 120.0
Cardiac arrest 146
Stroke G46
160
I61
163
T64

Description

Acute myocardial infarction

Vascular syndromes of brain in cerebrovascular diseases

Source

Kimm et al. (2012)

Unstable angina

Cardiac arrest

Park and Choi, (2016)

Subarachnoid hemorrhage
Intracerebral hemorrhage
Cerebral infarction

Stroke, not specified as hemorrhage or infarction

ICD-10, International Classification of Diseases, 10th revision; *In any position.

position) and prescribed anti-diabetics within 1 year before the
index date; 3) no history of lipid-lowering therapy, such as
statins, ezetimibe, fibrates, nicotinic acid, and omega-3-acid ethyl
esters, within 1 year before the index date; and 4) no history of CV
events within 5 years before the index date (Table 2). The index date
was defined as the first date of receiving a health examination
between 1 January 2009, and 31 December 2012. The definition of
CV events was based on previous studies that validated CV events in
Korean national health insurance claims data (Kimm et al., 2012;
Park and Choi, 2016). Eligible patients were followed-up for 1 year
from the index date. As a result, 11.6% of the patients were
prescribed atorvastatin.

Because the NHIS-HEALS database includes only claims data
generated under the current reimbursement criteria, we were
unable to measure the proportion of patients prescribed
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with diabetes with LDL-
C <100 mg/dL. Therefore, the proportion of patients with
LDL-C levels between 70 and 100 mg/dL was assumed to be
the same as that of patients with LDL-C >100 mg/dL.
Consequently, in the reimbursement scenario with the revised

atorvastatin among patients

criteria, the proportion of patients with LDL-C between 70 and
100 mg/dL increased from 0 to 11.6% over the 5 years. This
assumption was confirmed by an expert elicitation by an
endocrinologist in South Korea.

2.4 Cost of CV events

The annual costs of coronary heart disease (CHD) and stroke
were estimated using the same database as that of the treatment
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mix analysis (Figure 1A). We selected patients who underwent
LDL-C examination between 1 January 2009, and 31 December
2012, with T2DM diagnosis and anti-diabetics within 1 year
before the index date, and experienced CV events with
hospitalization between the index date and 31 December 2014
(Table 2). The total medical costs incurred in 1 year from the first
date of the CV event were measured from a Korean payer’s
perspective. CV events were classified into fatal and non-fatal
events, where fatal events were defined as cases of death within
28 days after the occurrence of a CV event (Xie et al., 2018). Costs
were converted into US dollars (USD) using the average
exchange rate in 2020 between Korean won and USD
(1 USD = 1,180.11 Korean won).

2.5 Efficacy

The baseline CV event rates and case fatality among patients
with T2DM who were not treated with statins were estimated
from the NHIS Customized database (Figure 1B). First, patients
treated with atorvastatin were selected according to the following
criteria: 1) patients with an outpatient prescription with T2DM
diagnosis (ICD-10 codes El1, E14, and E14 up to the fifth
position), anti-diabetics, and atorvastatin between 1 January
2009, and 31 December 2012; 2) patients who were prescribed
atorvastatin with a proportion of days covered >80% for
3 months after the index date; 3) patients with no history of
atorvastatin in an outpatient setting within 1 year before the
index date; 4) patients who received an LDL-C examination
within 1 year before the index date; and 5) patients with no
history of CV events within 1 year before the index date (Table 2).
The index date was defined as the first date of outpatient
prescription with T2DM diagnosis, antidiabetics, and
atorvastatin between 1 January 2009, and 31 December 2012.
Second, patients not treated with statins were selected according
to the following criteria: 1) patients with an outpatient
prescription with T2DM diagnosis and antidiabetics without
any statin prescription between 1 January 2009, and
31 December 2012; 2) patients matched to the patients treated
with atorvastatin by age and sex (up to 1:10 ratio); 3) patients
who received an LDL-C examination within 1 year before the
index date, the same as the index date of the matched atorvastatin
users; and 4) patients with no history of CV events within 1 year
before the index date. Lastly, patients treated with atorvastatin
and those not treated with statins were matched using a 1:1 ratio
according to the propensity scores. The propensity score was
estimated by logistic regression, including age, sex, LDL-C, blood
pressure, fasting blood sugar, smoking status, Charlson
and  concomitant  medication

Comorbidity ~ Index,

(antihypertensive and antiplatelet) as covariates. Greedy
matching was conducted with calipers of 0.2 of the standard
deviation of the logit of the propensity score (Austin, 2011). After

propensity score matching, patients who were not treated with
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statins were followed up from the index date to the first date of
CV events with hospitalization (Table 2), death, or 31 December
2018, whichever came first. The incidence rates of CHD and
stroke were measured using the incidence density method. The
case fatality of CHD and stroke was measured as the proportion
of fatal events (i.e., death within 28 days) among all events (Xie
et al, 2018). Further details of the analysis of the NHIS
Customized database will be presented elsewhere (Kim and
Suh, 2022).

The efficacy of atorvastatin in the primary prevention of CV
events was derived from a pivotal clinical trial that compared
atorvastatin with placebo among patients with T2DM without
previous CV events (Colhoun et al., 2004).

2.6 Outcome measures

We measured the clinical and economic outcomes by
comparing the two reimbursement scenarios. The clinical
outcome was the number of CV events prevented after the
change in the reimbursement criteria. The economic outcomes
included total costs and per member per month (PMPM) costs
resulting from the reduction in CV events. Total costs included
annual medical costs related to CV events measured from a
Korean payer’s perspective and were calculated at the national
level by multiplying the annual cost of CV events per patient by
the number of target patients in the reimbursement criteria. The
PMPM costs were calculated on a monthly basis by dividing the
total costs by the total Korean population in 2020.

2.7 Analyses

To determine the impact of uncertainty related to cost
parameters, we conducted a sensitivity analysis by measuring
the costs of CV events among patients with T2DM with no
history of CV events within 5 years before the index date,
whereas the costs were measured among all patients with
T2DM regardless of CV event history in the base case. We
also changed the baseline CV event rates based on published
literature that assessed the risk of CV events according to LDL-C
levels among patients with T2DM in South Korea (Kim et al.,
2019). In the study, the baseline event rates of CHD and stroke in
patients with LDL-C between 70 and 100 mg/dL were 0.32 and
0.56 per 100 person-years (PYs), respectively, and those in
patients with LDL-C >100 mg/dL were 0.36 and 0.57 per
100 PYs, respectively.

An analysis with a static course model that assessed the
clinical and economic impact of reimbursement criteria changes
was conducted using Microsoft Excel (Microsoft, Redmond, WA,
United States). The NHIS database was analyzed using the SAS
Guide 7.1 (SAS Cary, NC,
United States). This study was exempt from full review by the

Enterprise Institute Inc.,
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TABLE 3 Calculating the population size of target patients of reimbursement criteria for statin treatment for type 2 diabetes mellitus.

Category

Total Korean population in 2020
Prevalence of T2DM, %

Proportion of patients without previous CV events among patients with T2DM, %

LDL-C distributions of patients with T2DM, %
70-99 mg/dL
>100 mg/dL
Current criteria (covering LDL-C =100 mg/dL)
Revised criteria (covering LDL-C >70 mg/dL)

Value Population size
51,780,579 51,780,579
8.4 4,349,569
89.2 3,879,815
26.1 1,011,770
62.7 2,434,379
2,434,379
3,446,149

CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.

TABLE 4 Clinical and economic outcomes before and after the change in reimbursement criteria for statin treatment for type 2 diabetes mellitus.

Category Current criteria Revised criteria
Year 1
Number of CV events 47,621 47,476
Non-fatal CHD 17,178 17,135
Fatal CHD 2,387 2,381
Non-fatal stroke 26,513 26,422
Fatal stroke 1,543 1,538
Total costs (USD) 359,984,234 358,878,362
PMPM costs (USD) 0.5793 0.5776

Year 2 Year 3 Year 4 Year 5
47,330 47,185 47,040 46,895
17,091 17,048 17,004 16,960
2,375 2,369 2,363 2,357
26,332 26,242 26,151 26,061
1,533 1,527 1,522 1,517
357,772,491 356,666,619 355,560,747 354,454,875
0.5758 0.5740 0.5722 0.5704

CHD, coronary heart disease; CV, cardiovascular; PMPM, per member per month; USD, United States Dollar

Institutional Review Board of Pusan National University (PNU
IRB/2020_04_HR).

3 Results

3.1 Population size of the target patients in
South Korea

Starting from the total Korean population in 2020, the patient
group was narrowed to the target patients for the reimbursement
criteria for statin treatment for T2DM (Table 3). Among patients
with T2DM with no previous history of CV events, 1,011,770 had
LDL-C levels between 70 and 100 mg/dL, and 2,434,379 had LDL-C
levels >100 mg/dL. As a result, the current and revised criteria cover
2,434,379 and 3,446,149 patients, respectively, in South Korea. This
change in reimbursement resulted in an approximately 40% increase
in the number of patients with T2DM receiving reimbursement for
statin treatment. When applying the mix of atorvastatin treatment to
the target patients, 282,261 and 399,573 patients were estimated to
be treated with atorvastatin before and after the change in
reimbursement criteria, respectively.
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3.2 Clinical outcomes

A static course model estimated that 47,621 CV events
occurred annually in the status quo among all patients with
T2DM in South Korea (Table 4). After the change in
reimbursement criteria, the number of CV events decreased to
46,895 in the fifth year after the change, resulting in the
prevention of 726 CV events among all patients with T2DM
in South Korea. Among the types of CV events, non-fatal stroke
showed the largest number of events prevented followed by non-
fatal CHD, fatal CHD, and fatal stroke (Figure 2).

3.3 Economic outcomes

The annual cost of CV events at the national level was
estimated to be USD 360 million under the current criteria,
and the reduction in CV events decreased the cost to USD
354 million in the fifth year after the change in the
reimbursement criteria (Table 4). As a result, the estimated
cost savings were USD 5,529,359 at the national level and
USD 0.0089 PMPM in the fifth year (Figure 3).
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FIGURE 3

(A) Total cost savings and (B) per member per month cost savings resulted from the reduction of cardiovascular events after the change of
reimbursement criteria for statin treatment for type 2 diabetes mellitus. PMPM, per member per month; USD, United States dollar.

In a sensitivity analysis using an alternative approach to
measure the costs of CV events, which measured the costs among
patients with T2DM with no history of CV events within 5 years,
the cost of each CV event except for fatal CHD was slightly higher
than that of the base-case analysis: USD 7,535, 4,375, 8,117, and
5,071 for non-fatal CHD, fatal CHD, non-fatal stroke, and fatal
stroke, respectively. Consequently, the cost savings in the fifth
year of change increased by <1% from the base-case analysis
(USD 5,575,050 at the national level and USD 0.0090 PMPM in
the fifth year of change). When changing the baseline CV event
rates derived from published literature, the number of CV events
prevented after the change in reimbursement criteria decreased
compared to those of base-case analysis: 120, 17, 300, and
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Year 2

-0.0022
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-0.0033

Year 4

-0.0045

Year 5

-0.0056

B Year 1
0.000

-0.001
-0.0011
-0.002

-0.003

-0.004

PMPM costs (USD)

-0.005

-0.006

17 events for non-fatal CHD, fatal CHD, non-fatal stroke, and
fatal stroke, respectively. This resulted in a 37% decrease in cost
savings compared to the base-case analysis (USD 3,464,658 at the
national level and USD 0.0056 PMPM in the fifth year of change).

4 Discussion

This study demonstrated that changing the current
reimbursement criteria for statin treatment among patients
with T2DM by lowering the LDL-C threshold from 100 mg/
dL to 70 mg/dL was associated with a reduction in CV events and
related costs. The change in reimbursement criteria allowed an
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additional 1,011,770 patients with T2DM to be reimbursed for
statin treatment, corresponding to 23% of all patients with T2DM
and 2% of the entire population in South Korea. By using statins
in these patients, we could expect 726 CV events to be prevented
and USD 5.5 million to be saved at the national level in terms of
annual disease-related costs.

A previous systematic review and meta-analysis showed that
LDL-C reduction was associated with a decrease in the risk of
major CV events by 19% per 1 mmol/L (Wang et al., 2020). The
effect of LDL-C reduction was consistent across various baseline
LDL-C levels, and patients with LDL-C <80 mg/dL showed a 17%
risk reduction per 1 mmol/L. This finding was also consistent in
both diabetes and non-diabetes patients (relative risk [RR] = 0.83,
95% confidence interval [CI] = 0.79-0.88 in diabetes patients;
RR = 0.84, 95% CI = 0.78-0.90 in non-diabetes patients).
the benefit LDL-C
management regardless of patient baseline LDL-C levels, even

Therefore, study suggested a for
in patients with relatively low LDL-C levels who are generally not
treated with lipid-lowering therapies.

In the Asian population, the EMPATHY study suggested the
benefit of treating patients with intensive goals (LDL-C <70 mg/
dL) compared to that in the standard goal (LDL-C between
100 and 120 mg/dL) among patients with diabetic retinopathy
and hypercholesterolemia (Itoh et al, 2018). Although the
primary outcome (i.e., CV events and CV-related deaths) did
not show statistical significance (hazard ratio [HR] = 0.84, 95%
CI = 0.67-1.07), cerebral events were significantly decreased in
the intensive group (HR = 0.52, 95% CI = 0.31-0.88). In the sub-
analysis of the EMPATHY study, in patients with blood
pressure >130/80 mmHg, the intensive goal was associated
with a significant decrease in the risk of the primary outcome
compared to that in the standard goal (HR = 0.70, p-value =
0.015), whereas there was no significant association in patients
with blood pressure <130/80 mmHg (Shinohara et al.,, 2021).
These findings suggest that an intensive treatment goal is
advantageous in Asian populations with T2DM, especially in
patients with additional risk factors such as elevated blood
pressure.

In most countries, statin treatment is recommended based on
baseline risk assessment considering various patient risk factors.
For example, the National Institute for Health and Care
Excellence in the United Kingdom recommends patients with
T2DM to use atorvastatin 20 mg if they have a >10% 10-years
risk of CVD, as assessed by the QRISK2 risk calculator (National
Institute for Health and Care Excellence, 2014). In contrast, the
Korean guidelines for the management of dyslipidemia still
recommend the use of LDL-C goals because of the lack of
evidence regarding CV risk prediction and the impact of
high- or moderate-intensity statin treatment in Asian patients
(Kim et al,, 2016). In a recent study exploring the association
between LDL-C levels and the risk of CVD in Korean patients
with T2DM who had no history of CVD and were treated with
statins, the risk of myocardial infarction and stroke was
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significantly increased in those with an LDL-C level of
70-99 mg/dL compared to those with an LDL-C level <70 mg/
dL (HR = 1.07, 95% CI = 1.03-1.12 for myocardial infarction;
HR =1.07,95% CI = 1.03-1.11 for stroke) (Kim et al., 2019). This
suggests the unmet needs for the prevention of CV events among
patients with T2DM with LDL-C levels between 70 and 100 mg/
dL. Further studies on CVD risk and statin effectiveness in the
Korean population are warranted, and recent evidence from the
should be considered in the lipid
management of patients with T2DM.

Korean population

Despite of the guidelines on CVD prevention developed by
the European Society of Cardiology (ESC), two large-scale cross-
sectional surveys in European countries revealed that a large
with CHD
management for CVD risk factors (Kotseva et al, 2009;
Kotseva et al, 2016; Piepoli et al, 2016). Optimizing the
management of CVD risk factors in these patients, such as

proportion of patients received suboptimal

using statins to achieve the LDL-C goals and smoking
cessation, was found to be cost-effective (De Smedt et al,
2012; De Smedt et al., 2018). Our study also suggested that
the CVD risk management at a national level can lead to decrease
in the costs of CVD. To relieve the global burden of CVD,
proactive strategies for the CV risk management need to be
sought by considering the country-specific healthcare policies.

The findings of this study can be generalized to the Korean
population by using Korea-specific data as extensively as
possible. In particular, we utilized two types of real-world big
data: the NHIS-HEALS and NHIS Customized databases. The
NHIS-HEALS database is a representative sample of all patients
who participated in health screening, thereby ensuring the
representativeness of the clinical laboratory data. The NHIS
Customized database contains patients of interest extracted
from the entire Korean population. Therefore, the results
obtained from the database can be generalized to the entire
population. We also verified the appropriateness of the patient
definitions and assumptions used in the model through expert
elicitation.

However, the results should be interpreted with caution due
to several limitations. First, we assumed that the proportion of
atorvastatin prescriptions in patients with LDL-C between
70 and 100 mg/dL would be the same as that in patients with
LDL-C >100 mg/dL because there was no evidence of the
proportion of atorvastatin prescription in patients with T2DM
with LDL-C between 70 and 100 mg/dL under the current
We that the
proportion of atorvastatin prescriptions in patients with LDL-

reimbursement  criteria. also  considered
C between 70 and 100 mg/dL would not exceed that in patients
with LDL-C >100 mg/dL and therefore assumed a proportion
between 0 and 11.6%. This assumption is partly supported by
expert elicitation. Second, the efficacy of statin treatment was not
specific to the Korean population owing to a lack of evidence.
Third, although we matched patient groups by propensity scores

when estimating baseline CV event rates, unmeasured
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confounders might exist. Lastly, the baseline LDL-C levels used in
this study were derived from biennial health screening data, and
therefore the levels might vary from the actual LDL-C levels at
the initiation of statin treatment. However, we defined the
baseline LDL-C level as the most recent value measured
before the start of statin treatment. Fourth, the databases used
in this study did not include the entire patients with diabetes in
Korea, which might limit the generalizability of our findings.
Fifth, the efficacy of statins in the primary prevention of CV
events might vary depending on the baseline LDL-C level.
However, in a previous meta-analysis conducted by the
Cholesterol Treatment Trialists’ Collaborators, there was no
difference in the effects of statin therapy among subgroups
having different baseline LDL-C levels (Cholesterol Treatment
Trialists’ Collaborators et al., 2008).

5 Conclusion

In patients with T2DM without a history of CV events, easing
the current reimbursement criteria for statin treatment by
lowering the LDL-C threshold from 100 mg/dL to 70 mg/dL
was associated with a reduction in CV events and related
costs in South Korea. Changing the reimbursement criteria is
likely to have an additional benefit in terms of the clinical and
economic burden of CVD in patients with T2DM and therefore
requires further consideration by policymakers.

Data availability statement

The datasets presented in this article are not readily available
because this study data was extracted and analyzed from the
National Health Insurance Service (NHIS) claims database, and
additional data may be obtained from a third party (with
appropriate authorization approval) but are not publicly
available. Requests to access the datasets should be directed to
National Health Insurance Sharing Service, https://nhiss.nhis.
or.kr/

Ethics statement
The studies involving human participants were reviewed and

approved by Institutional Review Board of Pusan National
University. Written informed consent for participation was

References

Austin, P. C. (2011). Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in observational
studies. Pharm. Stat. 10, 150-161. doi:10.1002/pst.433

Frontiers in Pharmacology

09

10.3389/fphar.2022.924141

not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

SK: study concept and design, acquisition of data, analysis
and interpretation of data, drafting of the manuscript; KC:
acquisition of data, analysis and interpretation of data, critical
revision of the manuscript for important intellectual content; JK:
study concept and design, interpretation of data, critical revision
of the manuscript for important intellectual content; HSS: study
concept and design, interpretation of data, critical revision of the
manuscript for important intellectual content, and obtaining
funding. All authors have read and agreed to the published
version of the manuscript.

Funding

This research was supported by Viatris Korea and a grant
(21153MFDS601) from Ministry of Food and Drug Safety
in 2021.

Acknowledgments

This study used NHIS-NSC data (NHIS-2020-2-152 and
NHIS-2020-1-618) made by National Health Insurance Service
(NHIS).

Conflict of interest

JK is a full-time employee of Viatris Korea Ltd. SK, KC, and
HSS received research grant from Viatris Korea Ltd.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Cholesterol Treatment Trialists’ (Ctt) CollaboratorsKearney, P. M.,
BLackweLL, L., Collins, R., Keech, A., Simes, J., Peto, R., et al. (2008).
Efficacy of cholesterol-lowering therapy in 18 686 people with diabetes in

frontiersin.org


https://nhiss.nhis.or.kr/
https://nhiss.nhis.or.kr/
https://doi.org/10.1002/pst.433
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.924141

Kim et al.

14 randomised trials of statins: A meta-analysis. Lancet 371, 117-125. doi:10.
1016/S0140-6736(08)60104-X

Colhoun, H. M., Betteridge, D. J., Durrington, P. N, Hitman, G. A., Neil, H.a. W,
Livingstone, S. J., et al. (2004). Primary prevention of cardiovascular disease with
atorvastatin in type 2 diabetes in the collaborative atorvastatin diabetes study
(CARDS): Multicentre randomised placebo-controlled trial. Lancet 364, 685-696.
doi:10.1016/S0140-6736(04)16895-5

De Smedt, D., Annemans, L., De Backer, G., Kotseva, K., Rydén, L., Wood, D.,
et al. (2018). Cost-effectiveness of optimized adherence to prevention guidelines in
European patients with coronary heart disease: Results from the EUROASPIRE IV
survey. Int. . Cardiol. 272, 20-25. doi:10.1016/j.ijcard.2018.06.104

De Smedt, D., Kotseva, K., De Bacquer, D., Wood, D., De Backer, G,
Dallongeville, J., et al. (2012). Cost-effectiveness of optimizing prevention in
patients with coronary heart disease: The EUROASPIRE III health economics
project. Eur. Heart J. 33, 2865-2872. doi:10.1093/eurheartj/ehs210

Deaton, C., Froelicher, E. S., Wu, L. H., Ho, C., Shishani, K., and Jaarsma, T.
(2011). The global burden of cardiovascular disease. Eur. J. Cardiovasc. Nurs. 10,
S5-S13. doi:10.1016/S1474-5151(11)00111-3

Einarson, T. R, Acs, A., Ludwig, C., and Panton, U. H. (2018). Economic burden
of cardiovascular disease in type 2 diabetes: A systematic review. Value Health. 21,
881-890. doi:10.1016/j.jval.2017.12.019

Fleg, J. L., Mete, M., Howard, B. V., Umans, J. G., Roman, M. J., Ratner, R. E., et al.
(2008). Effect of statins alone versus statins plus ezetimibe on carotid atherosclerosis
in type 2 diabetes: The SANDS (stop atherosclerosis in native diabetics study) trial.
J. Am. Coll. Cardiol. 52, 2198-2205. doi:10.1016/j.jacc.2008.10.031

Fox, K. M., Wang, L., Gandra, S. R., Quek, R. G, Li, L., and Baser, O. (2016).
Clinical and economic burden associated with cardiovascular events among
patients with hyperlipidemia: A retrospective cohort study. BMC Cardiovasc.
Disord. 16, 13-15. doi:10.1186/s12872-016-0190-x

Grundy, S. M., Stone, N. J,, Bailey, A. L., Beam, C,, Birtcher, K. K., Blumenthal, R.
S, et al. (2019). 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/
APhA/ASPC/NLA/PCNA guideline on the management of blood cholesterol:
Executive summary: A report of the American College of Cardiology/American
heart association Task Force on Clinical practice guidelines. J. Am. Coll. Cardiol.
73, 3168-3209. doi:10.1016/j.jacc.2018.11.002

Health Insurance Review & Assessment Service (2014). Reimbursement criteria on
hypercholesterolemia treatments. Available at: https://www.hira.or.kr/rd/insuadtcrtr/
InsuAdtCrtrPopup.do?mtgHmeDd=20140301&sno=1&mtgMtrRegSno=0004/January
20, 2022.

Ttoh, H., Komuro, I, Takeuchi, M., Akasaka, T., Daida, H., Egashira, Y., et al.
(2018). Intensive treat-to-target statin therapy in high-risk Japanese patients with
hypercholesterolemia and diabetic retinopathy: Report of a randomized study.
Diabetes Care 41, 1275-1284. d0i:10.2337/dc17-2224

Jung, C.-H., Son, J. W., Kang, S., Kim, W. J., Kim, H.-S., Kim, H. S,, et al. (2021).
Diabetes fact sheets in Korea, 2020: An appraisal of current status. Diabetes Metab.
J. 45, 1-10. doi:10.4093/dmj.2020.0254

Kim, J. Y., and Rhew, K. (2021). Atherosclerotic cardiovascular disease risk and
statin prescription status in Korean adult patients. Korean J. Clin. Pharm. 31,
198-204. doi:10.24304/kjcp.2021.31.3.198

Kim, K.-I., Kim, M.-A., Kim, M. K., Kim, S.-H., Kim, H. S., Moon, M. K,, et al.
(2016). 2015 Korean guidelines for the management of dyslipidemia: Executive
summary (English translation). Korean Circ. ]. 46, 275-306. doi:10.4070/kcj.2016.
46.3.275

Kim, M. K,, Han, K,, Joung, H. N, Baek, K.-H., Song, K.-H., and Kwon, H.-S.
(2019). Cholesterol levels and development of cardiovascular disease in Koreans
with type 2 diabetes mellitus and without pre-existing cardiovascular disease.
Cardiovasc. Diabetol. 18, 139-211. doi:10.1186/s12933-019-0943-9

Kim, S., and Suh, H. S. (2022). Real-world effectiveness of atorvastatin for the
primary prevention of cardiovascular events in patients with type 2 diabetes
mellitus: A population-based study in South Korea. Value in health (will be
presented as poster at the ISPOR 2022).

Kimm, H.,, Yun, J. E,, Lee, S.-H., Jang, Y., and Jee, S. H. (2012). Validity of the
diagnosis of acute myocardial infarction in Korean national medical health
insurance claims data: The Korean heart study (1). Korean Circ. J. 42, 10-15.
doi:10.4070/kcj.2012.42.1.10

Frontiers in Pharmacology

10

10.3389/fphar.2022.924141

Koo, B. K,, Lee, C.-H., Yang, B. R,, Hwang, S.-S., and Choi, N.-K. (2014). The
incidence and prevalence of diabetes mellitus and related atherosclerotic
complications in Korea: A national health insurance database study. PloS one 9,
€110650. doi:10.1371/journal.pone.0110650

Kotseva, K., Wood, D., Backer, G. D., Bacquer, D. D., Pyéril3, K., Keil, U, et al.
(2009). EUROASPIRE III: A survey on the lifestyle, risk factors and use of
cardioprotective drug therapies in coronary patients from 22 European
countries. Eur. J. Cardiovasc. Prev. Rehabil. 16, 121-137. doi:10.1097/HJR.
0b013e3283294b1d

Kotseva, K., Wood, D., De Bacquer, D., De Backer, G., Rydén, L., Jennings, C.,
et al. (2016). Euroaspire IV: A European society of Cardiology survey on the
lifestyle, risk factor and therapeutic management of coronary patients from
24 European countries. Eur. J. Prev. Cardiol. 23, 636-648. doi:10.1177/
2047487315569401

Leal, J., Luengo—Fernéndez, R, Gray, A, Petersen, S., and Rayner, M. (2006).
Economic burden of cardiovascular diseases in the enlarged European Union. Eur.
Heart J. 27, 1610-1619. doi:10.1093/eurheartj/ehi733

National Institute for Health and Care Excellence (2014). Cardiovascular disease:
Risk assessment and reduction, including lipid modification [CG181]. Available at:
https://www.nice.org.uk/guidance/CG181/January 20, 2022.

Oh, I.-H., Yoon, S.-J., and Kim, E.-]. (2011). The burden of disease in Korea.
J. Korean Med. Assoc. 54, 646-652. doi:10.5124/jkma.2011.54.6.646

Park, T. H., and Choi, J. C. (2016). Validation of stroke and thrombolytic therapy
in Korean National Health Insurance claim data. J. Clin. Neurol. 12, 42-48. doi:10.
3988/jcn.2016.12.1.42

Pekkanen, J., Linn, S., Heiss, G., Suchindran, C. M., Leon, A., Rifkind, B. M, et al.
(1990). Ten-year mortality from cardiovascular disease in relation to cholesterol
level among men with and without preexisting cardiovascular disease. N. Engl.
J. Med. 322, 1700-1707. doi:10.1056/NEJM199006143222403

Piepoli, M. F., Hoes, A. W., Agewall, S., Albus, C., Brotons, C., Catapano, A. L.,
et al. (2016). [2016 European Guidelines on cardiovascular disease prevention in
clinical practice]. Kardiol. Pol. 74, 821-936. doi:10.5603/KP.2016.0120

Rhee, S. Y., Chon, S., Kwon, M. K., Park, L. B, Ahn, K. J., Kim, L. ], et al. (2011).
Prevalence of chronic complications in Korean patients with type 2 diabetes
mellitus based on the Korean National Diabetes Program. Diabetes Metab. J. 35,
504-512. doi:10.4093/dmj.2011.35.5.504

Seong, S. C., Kim, Y.-Y,, Park, S. K,, Khang, Y. H,, Kim, H. C,, Park, J. H,, et al.
(2017). Cohort profile: The national health insurance service-national health
screening cohort (NHIS-HEALS) in Korea. BMJ open 7, €016640. doi:10.1136/
bmjopen-2017-016640

Shinohara, K., Ikeda, S., Enzan, N., Matsushima, S., Tohyama, T., Funakoshi, K.,
et al. (2021). Efficacy of intensive lipid-lowering therapy with statins stratified by
blood pressure levels in patients with type 2 diabetes mellitus and retinopathy:
Insight from the EMPATHY study. Hypertens. Res. 44, 1606-1616. doi:10.1038/
541440-021-00734-x

Stone, N. J., Robinson, J. G., Lichtenstein, A. H., Bairey Merz, C. N., Blum, C. B,,
Eckel, R. H., et al. (2014). 2013 ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular risk in adults: A report of the
American College of Cardiology/American heart association task force on practice
guidelines. J. Am. Coll. Cardiol. 63, 2889-2934. doi:10.1016/j.jacc.2013.11.002

Wang, N, Fulcher, J., Abeysuriya, N., Park, L., Kumar, S., Di Tanna, G. L., et al.
(2020). Intensive LDL cholesterol-lowering treatment beyond current
recommendations for the prevention of major vascular events: A systematic
review and meta-analysis of randomised trials including 327 037 participants.
Lancet. Diabetes Endocrinol. 8, 36-49. doi:10.1016/S2213-8587(19)30388-2

Wilson, P. W., D’agostino, R. B., Levy, D., Belanger, A. M,, Silbershatz, H., and
Kannel, W. B. (1998). Prediction of coronary heart disease using risk factor
categories. Circulation 97, 1837-1847. doi:10.1161/01.¢ir.97.18.1837

Wong, N. D., Wilson, P. W., and Kannel, W. B. (1991). Serum cholesterol as a
prognostic factor after myocardial infarction: The framingham study. Ann. Intern.
Med. 115, 687-693. doi:10.7326/0003-4819-115-9-687

Xie, F., Colantonio, L. D., Curtis, J. R,, Kilgore, M. L., Levitan, E. B.,, Monda, K. L.,
et al. (2018). Development of algorithms for identifying fatal cardiovascular disease

in Medicare claims. Pharmacoepidemiol. Drug Saf. 27, 740-750. doi:10.1002/pds.
4421

frontiersin.org


https://doi.org/10.1016/S0140-6736(08)60104-X
https://doi.org/10.1016/S0140-6736(08)60104-X
https://doi.org/10.1016/S0140-6736(04)16895-5
https://doi.org/10.1016/j.ijcard.2018.06.104
https://doi.org/10.1093/eurheartj/ehs210
https://doi.org/10.1016/S1474-5151(11)00111-3
https://doi.org/10.1016/j.jval.2017.12.019
https://doi.org/10.1016/j.jacc.2008.10.031
https://doi.org/10.1186/s12872-016-0190-x
https://doi.org/10.1016/j.jacc.2018.11.002
https://www.hira.or.kr/rd/insuadtcrtr/InsuAdtCrtrPopup.do?mtgHmeDd=20140301&sno=1&mtgMtrRegSno=0004%20/January%2020,%202022
https://www.hira.or.kr/rd/insuadtcrtr/InsuAdtCrtrPopup.do?mtgHmeDd=20140301&sno=1&mtgMtrRegSno=0004%20/January%2020,%202022
https://www.hira.or.kr/rd/insuadtcrtr/InsuAdtCrtrPopup.do?mtgHmeDd=20140301&sno=1&mtgMtrRegSno=0004%20/January%2020,%202022
https://doi.org/10.2337/dc17-2224
https://doi.org/10.4093/dmj.2020.0254
https://doi.org/10.24304/kjcp.2021.31.3.198
https://doi.org/10.4070/kcj.2016.46.3.275
https://doi.org/10.4070/kcj.2016.46.3.275
https://doi.org/10.1186/s12933-019-0943-9
https://doi.org/10.4070/kcj.2012.42.1.10
https://doi.org/10.1371/journal.pone.0110650
https://doi.org/10.1097/HJR.0b013e3283294b1d
https://doi.org/10.1097/HJR.0b013e3283294b1d
https://doi.org/10.1177/2047487315569401
https://doi.org/10.1177/2047487315569401
https://doi.org/10.1093/eurheartj/ehi733
https://www.nice.org.uk/guidance/CG181/January%2020,%202022
https://doi.org/10.5124/jkma.2011.54.6.646
https://doi.org/10.3988/jcn.2016.12.1.42
https://doi.org/10.3988/jcn.2016.12.1.42
https://doi.org/10.1056/NEJM199006143222403
https://doi.org/10.5603/KP.2016.0120
https://doi.org/10.4093/dmj.2011.35.5.504
https://doi.org/10.1136/bmjopen-2017-016640
https://doi.org/10.1136/bmjopen-2017-016640
https://doi.org/10.1038/s41440-021-00734-x
https://doi.org/10.1038/s41440-021-00734-x
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1016/S2213-8587(19)30388-2
https://doi.org/10.1161/01.cir.97.18.1837
https://doi.org/10.7326/0003-4819-115-9-687
https://doi.org/10.1002/pds.4421
https://doi.org/10.1002/pds.4421
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.924141

	Clinical and economic impact of changing reimbursement criteria for statin treatment among patients with type 2 diabetes me ...
	1 Introduction
	2 Methods
	2.1 Study design and data source
	2.2 Population
	2.3 The mix of treatments
	2.4 Cost of CV events
	2.5 Efficacy
	2.6 Outcome measures
	2.7 Analyses

	3 Results
	3.1 Population size of the target patients in South Korea
	3.2 Clinical outcomes
	3.3 Economic outcomes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


