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Purpose: Antiplatelet drugs are essential in patients with cardiovascular disease who undergo stent placement. We hypothesized
that risks of mortality would differ according to adherence to antiplatelet agents, number of antiplatelet agents, and antiplatelet
regimens in patients undergoing stent placement or angioplasty.

Materials and Methods: Between 2002 and 2013, we initially enrolled 8671 subjects who underwent stent placement or angio-
plasty in the National Health Insurance Service-National Sample Cohort in Korea. Using the International Classification of Dis-
eases, 10th revision, the incidence of all-cause death, including cardiovascular disease, cerebrovascular disease, and cancer, was
defined. Using a nested case-control study design, controls were matched to cases at a ratio of 4:1, and a total of 5415 subjects were
eligible for this study.

Results: During a median follow-up period of 3.51 years, the incidence rate of all-cause death was 40 per 1000 person-years. We
found that adherence to antiplatelet monotherapy significantly decreased risk of death by cerebro-cardiovascular disease, com-
pared with discontinuation of antiplatelets [adjusted odds ratio (OR) 0.62, 95% confidence interval (CI) (0.41-0.96)]. Compared
with dual antiplatelet therapy (DAPT), aspirin and clopidogrel monotherapy significantly reduced death by cerebro-cardiovascu-
lar disease [adjusted OR 0.65, 95% CI (0.44-0.95) and adjusted OR 0.58, 95% CI (0.35-0.96), respectively]. There was no significant
difference of mortality between aspirin monotherapy and clopidogrel monotherapy.

Conclusion: Our study demonstrated that adherence to antiplatelet therapy and antiplatelet monotherapy, compared with DAPT,
in patients with stent placement or angioplasty may have a beneficial effect on mortality in cerebro-cardiovascular disease.
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decreasing in both Asian and Western countries as a result of
progress in medical and surgical treatments and prevention
methods, including stent placement or angioplasty, cardiovas-
cular disease remains a major cause of mortality worldwide."?
Moreover, in individuals with coronary artery disease, stroke,
and peripheral artery disease (PAD), mortality from non-car-
diovascular etiologies can be as high as that from cardiovascular

INTRODUCTION

Although mortality due to cardiovascular disease is generally
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causes.”* While recent clinical trials have sought to focus on
morbidity and quality of life, such as recurrence of vascular dis-
ease, rather than mortality, mortality is an important outcome
for both the physician and patient.>*

In cardiovascular disease patients, especially patients with
stent placement or angioplasty, antiplatelets are essential drugs.>®
Antiplatelet administration has been shown to reduce the risk
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of stent thrombosis and to reduce the risk of composite car-
diovascular outcomes in patients with a coronary stent place-
ment.”® In patients with PAD, treatment with high dose aspirin
plus dipyridamole significantly reduced re-occlusion.'*! Mean-
while, dual antiplatelet therapy (DAPT) is recommended in
intracranial cerebral artery atherosclerosis, regardless of best
medical therapy or intracranial artery stent placement."” How-
ever, although previous randomized controlled trials provided
high levels of evidence, the results do not necessarily reflect re-
al-world outcomes, especially mortality, because only so-
called stable or healthy patients are usually enrolled in ran-
domized controlled studies. In a previous study of patients who
underwent coronary stent placement, the rate of all-cause mor-
tality was higher in patients on DAPT than those on mono-an-
tiplatelet therapy (2.0% vs. 1.5%, respectively).” In contrast, a
meta-analysis reported that extended duration DAPT was not
associated with a difference in the risk of all-cause, cardiovascu-
lar, or non-cardiovascular death, compared with aspirin alone or
short duration DAPT. Thus, the association between the num-
ber of antiplatelet agents or antiplatelet regimen and mortality
is still unclear.

We hypothesized that risk of mortality would differ accord-
ing to adherence to antiplatelet therapy, antiplatelet agent regi-
men, and number of antiplatelet agents in patients with stent
placement or angioplasty. We, therefore, assessed the associa-
tion between antiplatelet treatment strategy and mortality in
cardiovascular disease patients with stent placement or angio-
plasty according to adherence, number of antiplatelet agents,
and regimen of antiplatelet agents in the general population of
South Korea using a nested case-control study design.

Nationwide population-based sample cohort by the NHIS
(ver. 2.0) (n=1000000)

\
Patients with stent procedure between 2002—2013 (n=8671)

Mortality and Antiplatelet Treatment with a Stent

MATERIALS AND METHODS

Data source and study subjects

This study was conducted using data from the National Health
Insurance Service (NHIS)-National Sample Cohort (NSC) ver-
sion 2.0 for the Republic of Korea. A detailed description of
data source of this study can be found in previous publications
(Supplementary Material, only online).

For this study, we initially included subjects who underwent
stent placement or angioplasty from 2002 to 2013 (n=8671)
and were followed up to 2015 for enough follow up after stent
placement or angioplasty. We excluded subjects aged <20 years;
those who had only one-time prescription history for anti-
platelet drugs after stent placement or angioplasty; those who
were treated with warfarin and non-vitamin K antagonist oral
anticoagulants; those with a history of atrial fibrillation [Inter-
national Classification of Disease, 10th revision (ICD-10), [48];
and those who had an acute or subacute thrombus within 30
days of stent placement or angioplasty.* On the basis of the
above criteria, a total of 5415 subjects were eligible for this study
(Fig. 1). This study was approved by the Institutional Review
Board of the College of Medicine, Ewha Womans University
(approval number: EUMC 2018-01-056). Informed consent was
waived because retrospective anonymized data were used.

Case-control selection for the nested case-control
study design

In pharmacoepidemiologic studies, the nested case-control de-
sign makes it possible to quantify time-dependent drug expo-
sure and to easily assess associations."” Considering the time-
varying nature of antiplatelet drug use in a real setting, we selected
subjects for a nested case-control study. Cases were defined as

Excluded subjects with:
- Aged <20 years (n=63)
> - Only one prescription (n=249)

\

Study population (n=7178)

.

Nested case-control design (1:4 matching)

\
Outcome: death (cases=1083, controls=4332)

- Warfarin & NOAC used (n=853)
- History of atrial fibrillation (n=75)
- Death or outcome incident <30 days (n=253)

Fig. 1. Flowchart of the study participants. NHIS, National Health Insurance Service; NOAC, non-vitamin K antagonist oral anticoagulants.
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subjects who died between 2002 and 2015 after stent place-
ment or angioplasty. Date and cause of death in the NHIS-NSC
version 2.0 dataset are linked to National Statistical Office/Na-
tional Administrator’s Data using identification numbers, such
as social security numbers. This allows for accurate identifica-
tion of date and cause of death. The date of death was defined
as the index date of case. Controls were selected using the in-
cidence density sampling with replacement; it chose controls
among arisk set defined as non-cases who are still at risk when
the case occurs. Due to the nature of this method, the index
dates of controls was decided as that which provided the same
follow-up period as those of the matched index cases. More-
over, studies have recommended that incidence density sam-
pling with replacement for the nested case-control design is
suitable for unbiased estimation.'®'” For each case, we random-
ly selected four controls matched by sex, age at stent placement
or angioplasty, and follow-up period (Fig. 1).

If a patient had more than two instances of stent placement
or angioplasty between 2002 and 2013, the last procedure was
used in the analysis. We used procedure codes (M6551-2 and
M6561-4 for stent placement in the coronary artery, M6601-2
for stent placement in the intracranial and extracranial cere-
bral arteries, M6611-3 and M6603-5 for stent placement in
other peripheral arteries, and M6593-7 for balloon angioplas-
ty) and material codes (J5083 for drug eluting stent and J5231-
2 for bare metal stent) to identify patients according to site of
stent placement or angioplasty and type of procedure during
2002 to 2013. The ICD-10 codes used to define risk factors and
concomitant diseases have been described previously.'*" Tim-
ing of stent placement or angioplasty was defined as the period
of visit to an outpatient clinic or hospital admission shortly be-
fore stent placement or angioplasty until the time of stent place-
ment or angioplasty. Also, intensive care unit (ICU) admission
was defined as the presence of the physicians’ procedure codes
for intensive care (AJ001-3).2° The primary outcome of interest
was all-cause death (n=1083), whereas secondary outcomes
were composite all-cause death, including death by cerebro-
cardiovascular disease (n=555) and cancer (n=405). Death
from cerebro-cardiovascular diseases included death due to
cardiovascular disease (ICD-10, 100-109, 111, 113, and 120-151;
n=434) and cerebrovascular disease (ICD-10, I60-169; n=161).
Cancer deaths were identified by ICD-10 underlying cause-of-
death codes C00-C97. Diagnosis of cancer using the ICD-10
code had been validated by comparison with the Korean Na-
tional Cancer Incidence Database.

Exposure assessments

For a total of 5415 subjects, we evaluated antiplatelet drug pat-
terns for 2 years after stent placement or angioplasty. In the
first year, the pattern was confirmed every 3 months. The pat-
tern of antiplatelet use was defined based on the number of
antiplatelet prescriptions (1 antiplatelet drug, 2 antiplatelet
drugs, and =3 antiplatelet drugs) and drug regimen. All anti-
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platelet prescriptions (aspirin, cilostazol, clopidogrel, ticlopi-
dine, triflusal, ticagrelor, and prasugrel) for each subject were
identified. To analyze the antiplatelet regimen taking into ac-
count the frequency of prescription of antiplatelets (except
when the frequency of drug use was <1%), subjects were cate-
gorized according to the use of aspirin, clopidogrel, and cilo-
stazol alone or in combination with each other. In terms of drug
persistence, the “proportion of days covered” concept was ap-
plied. Thus, when the claimed prescription accounted for
more than 80% of the antiplatelet drugs prescribed within the
measurement period, it was defined as “continuous use” for
the same drug or otherwise as “discontinuation.”* When the
claimed prescription accounted for less than 80% of the pre-
scribed antiplatelet drugs within the measurement period, it
was defined as “others or non-use”” In the present study, mea-
surement period was alternatively defined and evaluated ac-
cording to the following criteria: Fig. 2A) medication pattern
for 6 months from 6 months before the index date; Fig. 2B)
medication pattern for 9 months starting 3 months before the
index date (Fig. 2).

Statistical analysis

Basic characteristics of the study subjects are summarized as
means with standard deviations for numerical variables and
number of subjects with percentages for categorical variables.
The significance of differences in basic characteristics be-
tween case and control groups was evaluated using indepen-
dent Student’s t-test and the chi-square test. To assess the ef-
fect of antiplatelet drug patterns (number and regimen) on
adverse outcomes, we used logistic regression analysis and ex-
pressed the results as odds ratios (ORs) with 95% confidence
intervals (CIs). Multivariable logistic regression was carried
out by adjusting for covariates, including sex, age, income lev-

Exposure period
(6 months) 6 months Index data

f"""""""""""'1‘r"'—————_———.-.‘"‘\#!
Case

Y ®

\J
Case

Start data
A

Exposure period
(9 months) 3 months Index data

' L N
Case

O ®
Contro

Start data

B

Fig. 2. Nested case-control study design. (A) Medication patterns for 6
months from 6 months before index data. (B) Medication patterns for 9
months from 3 months before index date.
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el, procedure type, timing of stent replacement or angioplasty,
ICU admission, baseline comorbidities (hypertension, diabe-
tes mellitus, dyslipidemia, myocardial infarction, heart failure,
stroke, chronic kidney disease, PAD, and cancer), and concom-
itant statin use. Moreover, adverse outcomes were compared
between study patients according to number (mono, dual, and
triple) and regimen (aspirin, clopidogrel, and DAPT) of medi-
cations for the periods 6 months from 6 months before the in-
dex data and 9 months from 3 months before the index date.
Multicollinearity was assessed based on the variance inflation
factor and had a value <6.0.

Mortality and Antiplatelet Treatment with a Stent

Because the majority of the included patients underwent
coronary artery stent placement, subgroup analysis was per-
formed on patients who underwent coronary artery stent place-
ment. In addition, to reduce the possibility of grouping subjects
into “others or non-use” by reducing the measurement period,
the measurement period was redefined and analyzed as fol-
lows: medication pattern for 3 months from 1 month before
the index date. All statistical analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC, USA), and statistical
significance was set at p>0.05 in two-sided tests.

Table 1. Baseline Characteristics of All-Cause Mortality Cases and Their Matched Controls

1:4 matching
Total (n=5415) Cases (n=1083) Controls (n=4332) palue
Sex
Male 3580 (66.11) 716 (66.11) 2864 (66.11) >0.999
Female 1835(33.89) 367 (33.89) 1468 (33.89)
Age (yr)
<45 70(1.29) 14(1.29) 56 (1.29) >0.999
4564 1095 (20.22) 219(20.22) 876 (20.22)
65-79 3500 (64.64) 700 (64.64) 2800 (64.64)
>80 750 (13.85) 150 (13.85) 600 (13.85)
Income level
Quintile 1 655 (13.20) 136 (13.95) 519(13.02) 0.002
Quintile 2 589(11.87) 137 (14.05) 452 (11.34)
Quintile 3 659 (13.28) 151 (15.49) 508 (12.74)
Quintile 4 1206 (24.31) 230(23.59) 976 (24.49)
Quintile 5 1852 (37.33) 321(32.92) 1531 (38.41)
Year in stent placement or angioplasty
2002-2005 1173 (21.66) 122 (11.27) 1051 (24.26) <0.001
2006-2009 2562 (47.31) 488 (45.06) 2074 (47.88)
2010-2013 1680 (31.02) 473 (43.67) 1207 (27.86)
Procedure type
Drug eluting stent 4660 (86.06) 958 (88.46) 3702 (85.46) <0.001
Bare metal stent 631(11.65) 81(7.48) 550(12.70)
Both (drug eluting and bare metal) 70(1.29) 11(1.02) 59(1.36)
Balloon angioplasty only 54.(1.00) 33(3.05) 21(0.48)
Timing of stent placement or angioplasty 6.0(0.0-30.0) 7.0(0.0-62.0) 5.0(0.0-27.0) <0.001
Intensive care unit admission 1196 (22.09) 402 (37.12) 794 (18.33) <0.001
Medical history
Hypertension 3062 (56.55) 660 (60.94) 2402 (55.45) 0.001
Diabetes mellitus 1537 (28.38) 436 (40.26) 1101 (25.42) <0.001
Dyslipidemia 538 (9.94) 87(8.03) 451(10.41) 0.019
Chronic kidney disease 77 (1.42) 54 (4.99) 23(0.53) <0.001
Peripheral artery disease 453 (8.37) 136 (12.56) 317 (7.32) <0.001
Stroke 902 (16.66) 262 (24.19) 640 (14.77) <0.001
Cancer 441 (8.14) 139(12.83) 302 (6.97) <0.001
Heart failure 279(5.15) 91 (8.4) 188 (4.34) <0.001
Myocardial infarction 1964 (36.27) 389(35.92) 1575 (36.36) 0.788
Statin intake during 1 year from the index date 44472 (82.03) 806 (74.42) 3636 (83.93) <0.001

Data are expressed as n (%).
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RESULTS

Comparison of baseline characteristics

Baseline characteristics of selected cases and controls are shown
in Table 1. There were no significant differences in sex or age
at stent placement or angioplasty between cases and controls.
Histories of hypertension, diabetes mellitus, chronic kidney
disease, PAD, stroke, cancer, and heart failure were more preva-
lent in the all-cause death group than in the control group (all
p<0.001). History of dyslipidemia and concomitant statin use
was more prevalent in the control group than the all-cause
death group (p=0.019 and p<0.001). According to site of stent
placement among all included patients, 3.6% had undergone
stent placement in an intracranial or extracranial artery, 88.4%
had undergone coronary artery stent placement, and 7.9%
had undergone stent placement in other peripheral arteries.
Using drug eluting stent and ICU admission were more preva-
lent in the all-cause death group than in the control group (all
p<0.001). Timing of stent placement or angioplasty was longer
in the all-cause death group than in the control group
(p<0.001).

Mortality and pattern of antiplatelet use

The incidence rate of all-cause death in this study was 40 per
1000 person-years (median follow-up: 3.51 years, interquar-
tile range 1.64-6.00 years). Among patients with an all-cause
death, 5.8% had undergone stent placement in an intracranial
or extracranial artery, 80.3% had undergone coronary artery
stent placement, and 13.9% had undergone stent placement
in other peripheral arteries. Fig. 3 shows the pattern of anti-
platelet treatment for the 2-year follow-up period after stent
placement. Although 74.1% of patients at the 1-month follow-

YMJ

up after stent placement were receiving DAPT, only 48.7% and
27.9% of patients at the 1-and 2-year follow-ups after stent
placement were receiving DAPT. Although 3.8% of patients
were on antiplatelet monotherapy and 15.6% of patients had
discontinued antiplatelets at the 1-month follow-up after stent
placement, these values increased to 8.9% and 38.3% of pa-
tients at 1-year follow-up and 20.3% and 49.8% of patients at
2-year follow-up after stent placement, respectively.

Mortality according to number of antiplatelet
medications and treatment regimen

When analyzing adherence to medication, we found that ad-
herence to antiplatelet monotherapy was negatively associat-
ed with risk of death by cerebro-cardiovascular disease, com-
pared with discontinuation of antiplatelets, for 6 months from
6 months before the index date [crude OR 0.57, 95% CI (0.38~
0.86), adjusted OR 0.60, 95% CI (0.38-0.96)]. This association
was still evident for the 9-month time period from 3 months
before the index date [crude OR 0.65, 95% CI (0.44-0.95), ad-
justed OR 0.62, 95% CI (0.41-0.96)] (Table 2). Moreover, we
found that antiplatelet monotherapy was negatively associated
with risk of all-cause death, compared with discontinuation of
antiplatelets, for 9 months from 3 months before the index
date [crude OR 0.75, 95% CI (0.58-0.98), adjusted OR 0.70, 95%
CI(0.52-0.96)] (Supplementary Table 1, only online).

Aspirin monotherapy was negatively associated with risk of
death by cerebro-cardiovascular disease, compared with dis-
continuation of antiplatelets, for 6 months from 6 months be-
fore the index date [adjusted OR 0.61, 95% CI (0.38-0.97)] and
for 9 months from 3 months before the index date [adjusted OR
0.62, 95% CI (0.40-0.96)]. Moreover, we found that aspirin
monotherapy was negatively associated with risk of all-cause

[ Discontinuation of antiplatelet EE Number of antiplatelet=1 BB Number of antiplatelet=2 BBl Number of antiplatelet>3

12-24 months (n=5360) 49.8%

27.9%

N
(=]
=2

6—12 months (n=7178) 38.3%

48.7% 4.1%

3-6 months (n=7178) 20.9% 61.0% 10.0%
1-3 months (n=7178) 15.3% 64.4% 13.6%
1 month (n=7178) 15.6% 74.1% 20.8%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 3. Patterns of antiplatelet treatment for the 2-year follow-up period after stent placement.
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death and death by cancer, compared with discontinuation of
antiplatelets, for 9 months from 3 months before the index date
[adjusted OR 0.71, 95% CI (0.52-0.98) and adjusted OR 0.55,
95% CI (0.33-0.91), respectively]. Clopidogrel monotherapy
was negatively associated with risk of death by cerebro-cardio-
vascular disease, compared with discontinuation of antiplate-
lets, for 9 months from 3 months before the index date [adjust-
ed OR 0.55, 95% CI (0.32-0.96)] (Table 2 and Supplementary
Table 1 and 2, only online). There was no significant associa-
tion between risk of death by cardiovascular disease and cere-
brovascular disease and number and regimen of medication

Mortality and Antiplatelet Treatment with a Stent

(Supplementary Table 3 and 4, only online).

In comparisons of mortality according to number of anti-
platelet agents (mono, dual, and triple) and regimen (aspirin,
clopidogrel, and DAPT), we found that antiplatelet mono-
therapy was negatively related to risk of death by cerebro-car-
diovascular disease compared with DAPT, for 9 months from
3 months before the index date [adjusted OR 0.72, 95% CI
(0.52-0.99)]. Moreover, we found that aspirin monotherapy
was negatively related to risk of all-cause death for 6 months
from 6 months before the index date and for 9 months from 3
months before the index date [adjusted OR 0.74, 95% CI (0.57-

Table 2. Risk of Death by Cerebro-Cardiovascular Disease according to Number of Antiplatelet Medications and Regimen of Medications for 6
Months from 6 Months before the Index Date and for 9 Months from 3 Months before the Index Date

Cases (n=555) Controls (n=2220) Univariable Multivariable
n (%) n (%) OR (95% CI) OR (95% CI)
A. Medication patterns for 6 months from 6 months before the index date
Number
Discontinuation 42 (7.57) 141 (6.35) Reference Reference
1 antiplatelet drug 127 (22.88) 716 (32.25) 0.57(0.38-0.86)* 0.60(0.38-0.96)*
2 antiplatelet drugs 143 (25.77) 607 (27.34) 0.77(0.52-1.14) 0.83(0.53-1.30)
>3 antiplatelet drugs 8(1.44) 41 (1.85) 0.64(0.28-1.49) 0.77 (0.30-1.93)
Others or non-use 235(42.34) 715(32.21) 1.68(1.10-2.57)* 1.31(0.78-2.19)
Regimen
Discontinuation 48 (8.65) 156 (7.03) Reference Reference
Aspirin 79 (14.23) 488 (21.98) 0.50(0.33-0.76)* 0.61(0.38-0.97)*
Clopidogrel 37 (6.67) 187 (8.42) 0.62(0.38-1.01) 0.63(0.36-1.10)
Cilostazol 1(0.18) 6(0.27) 0.49(0.06-4.19) 0.67 (0.07-6.38)
Aspirin+Clopidogrel 120(21.62) 495(22.3) 0.79(0.54-1.15) 0.92(0.59-1.42)
Aspirin+Cilostazol 17 (3.06) 63 (2.84) 0.83(0.44-1.56) 0.93(0.44-1.96)
Aspirin+Clopidogrel+Cilostazol 7(1.26) 37(1.67) 0.63(0.26-1.52) 0.79(0.30-2.07)
Others or non-use 246 (44.32) 788 (35.5) 1.33(0.90-1.97) 1.16 (0.72-1.87)
B. Medication patterns for 9 months from 3 months before the index date
Number
Discontinuation 53(9.55) 199 (8.96) Reference Reference
1 antiplatelet drug 123 (22.16) 701 (31.58) 0.65(0.44-0.95)* 0.62 (0.41-0.96)*
2 antiplatelet drugs 132(23.78) 575(25.9) 0.86 (0.60-1.23) 0.87(0.58-1.31)
>3 antiplatelet drugs 7(1.26) 37 (1.67) 0.70(0.29-1.65) 0.78(0.31-2.01)
Others or non-use 240 (43.24) 708(31.89) 1.94(1.31-2.86)* 1.33(0.83-2.12)
Regimen
Discontinuation 61(10.99) 214 (9.64) Reference Reference
Aspirin 75(13.51) 476 (21.44) 0.53(0.36-0.78)* 0.62 (0.40-0.96)*
Clopidogrel 33(5.95) 182(8.2) 0.62(0.38-1.00) 0.55(0.32-0.96)*
Cilostazol 1(0.18) 5(0.22) 0.61(0.07-5.32) 0.64 (0.07-6.04)
Aspirin+Clopidogrel 110(19.82) 467 (21.04) 0.83(0.59-1.19) 0.95(0.64-1.42)
Aspirin+Cilostazol 16 (2.88) 61(2.75) 0.87 (0.46-1.63) 0.90(0.43-1.89)
Aspirin+Clopidogrel+Cilostazol 6(1.08) 34(1.53) 0.64(0.25-1.61) 0.76 (0.28-2.08)
Others or non-use 253 (45.59) 781(35.18) 1.51(1.05-2.16)* 1.19(0.77-1.84)

OR, odds ratio; Cl, confidence interval.

Data of case and control subjects are shown as n (%). Data of regression are shown as ORs (95% Cl). Multivariable model was adjusted for sex, age, income level,
procedure type, timing of stent replacement or angioplasty, intensive care unit admission, baseline comorbidities (hypertension, diabetes mellitus, dyslipidemia,
myocardial infarction, heart failure, stroke, chronic kidney disease, peripheral arterial disease, and cancer), and concomitant statin use.

*p<0.05.
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0.97) and adjusted OR 0.72, 95% CI (0.55-0.95), respectively],
death by cerebro-cardiovascular disease for 6 months from 6
months before the index date and for 9 months from 3 months
before the index date [adjusted OR 0.66, 95% CI (0.45-0.96)
and adjusted OR 0.65, 95% CI (0.44-0.95), respectively], com-
pared with DAPT. Clopidogrel monotherapy was negatively
related to risk of death by cerebro-cardiovascular disease for 9
months from 3 months before the index date [adjusted OR 0.58,
95% CI (0.35-0.96)], compared with DAPT. There was no sig-
nificant difference in mortality between aspirin monotherapy
and clopidogrel monotherapy (Table 3 and 4).

Subgroup analysis of patients who received stent
placement in the coronary artery

We found that antiplatelet monotherapy was negatively relat-
ed to risk of death by cerebro-cardiovascular disease in patients
with coronary artery stent placement, compared with DAPT,
for 6 months from 6 months before the index date [adjusted OR
0.69, 95% CI (0.48-0.99)]. Comparisons of mortality according
to medication regimen (aspirin, clopidogrel, DAPT) in these
patients revealed that aspirin was negatively related to risk of
all-cause death for 6 months from 6 months before the index
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date and for 9 months from 3 months before the index date
[adjusted OR 0.73, 95% CI (0.54-0.98) and adjusted OR 0.72,
95% CI (0.53-0.98), respectively], death by cerebro-cardiovas-
cular disease for 6 months from 6 months before the index date
and for 9 months from 3 months before the index date [adjust-
ed OR 0.58, 95% CI (0.38-0.88) and adjusted OR 0.58, 95% CI
(0.38-0.90), respectively], compared with DAPT (Supplemen-
tary Table 5 and 6, only online).

Sensitivity analysis of medication patterns for

3 months from 1 month before the index date

To reduce the possibility of grouping subjects into “others or
non-use,” we analyzed medication patterns for 3 months from 1
month before the index date and found that antiplatelet mono-
therapy was negatively related to risk of death by cerebrovascu-
lar disease, compared with DAPT, for this time period [adjusted
OR 0.41, 95% CI (0.21-0.82)]. Moreover, we found that aspirin
monotherapy was negatively related to risk of all-cause death
and death by cerebrovascular disease for 3 months from 1
month before the index date [adjusted OR 0.75, 95% CI (0.57-
0.99) and adjusted OR 0.44, 95% CI (0.20-0.96), respectively].
Clopidogrel monotherapy was negatively related to risk of death

Table 3. Comparisons of Mortality between Study Patients according to Number (Mono, Dual, and Triple) of Medications for 6 Months from 6 Months

Before the Index Data and for 9 Months from 3 Months before the Index Date

Medication patterns for 6 months from
6 months before the index date

Cause of mortality

Medication patterns for 9 months from
3 months before the index date

Adjusted OR (95% ClI) Adjusted OR (95% Cl)

All-cause

Antiplatelet=1 vs. Antiplatelets=2 (Ref.) 0.83 (0.66—1.05) 0.83(0.66—1.05)

Antiplatelet=1 vs. Antiplatelets>3 (Ref.) 1.11(0.56-2.20) 1.06 (0.52-2.15)

Antiplatelets=2 vs. Antiplatelets>3 (Ref.) 1.34(0.69-2.61) 1.27 (0.63-2.56)
Cerebro-cardiovascular disease

Antiplatelet=1 vs. Antiplatelets=2 (Ref.) 0.73(0.53-1.01) 0.72 (0.52-0.99)*

Antiplatelet=1 vs. Antiplatelets>3 (Ref.) 0.78(0.32-1.90) 0.80(0.32-2.01)

Antiplatelets=2 vs. Antiplatelets=3 (Ref.) 1.08 (0.46-2.55) 1.11(0.45-2.76)
Cerebrovascular disease

Antiplatelet=1 vs. Antiplatelets=2 (Ref.) 0.78(0.38-1.58) 0.66 (0.31-1.40)

Antiplatelet=1 vs. Antiplatelets>3 (Ref.) 0.63(0.06-6.49) 0.46 (0.04-4.93)

Antiplatelets=2 vs. Antiplatelets>3 (Ref.) 0.81(0.08-8.40) 0.70(0.06—7.53)
Cardiovascular disease

Antiplatelet=1 vs. Antiplatelets=2 (Ref.) 0.77 (0.53-1.10) 0.76 (0.53-1.10)

Antiplatelet=1 vs. Antiplatelet=>3 (Ref.) 0.88(0.35-2.26) 0.77(0.30-1.97)

Antiplatelet=2 vs. Antiplatelet>3 (Ref.) 1.15(0.46-2.87) 1.01 (0.40-2.55)
Cancer

Antiplatelet=1 vs. Antiplatelet=2 (Ref.) 1.01(0.69-1.48) 1.10(0.74-1.63)

Antiplatelet=1 vs. Antiplatelets>3 (Ref.) 1.66(0.52-5.31) 1.92 (0.51-7.20)

Antiplatelets=2 vs. Antiplatelets>3 (Ref.) 1.63(0.52-5.13) 1.75 (0.47-6.50)

OR, odds ratio; Cl, confidence interval.

Data are shown as ORs (95% Cl). Multivariable model was adjusted for sex, age, income level, procedure type, timing of stent replacement or angioplasty, in-
tensive care unit admission, baseline comorbidities (hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, heart failure, stroke, chronic kidney

disease, peripheral arterial disease, and cancer), and concomitant statin use.
*
p<0.05.
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Table 4. Comparisons of Mortality between Study Patients according to Regimen (Aspirin, Clopidogrel, and Dual Antiplatelet) of Medication for 6
Months from 6 Months before the Index Date and 9 Months from 3 Months before the Index Date

Medication patterns for 6 months from 6 months Medication patterns for 9 months from 3 months
Cause of mortality before the index date before the index date
Adjusted OR (95% ClI) Adjusted OR (95% ClI)

All-cause

Aspirin vs. Clopidogrel (Ref.) 0.96 (0.68-1.34) 0.98 (0.69-1.40)

Aspirin vs. DAPT (Ref.) 0.74(0.57-0.97)* 0.72 (0.55-0.95)*

Clopidogrel vs. DAPT (Ref.) 0.78(0.56-1.08) 0.73(0.52-1.04)
Cerebro-cardiovascular disease

Aspirin vs. Clopidogrel (Ref.) 0.96 (0.59-1.55) 1.11 (0.67-1.86)

Aspirin vs. DAPT (Ref ) 0.66 (0.45-0.96)* 0.65 (0.44-0.95)*

Clopidogrel vs. DAPT (Ref.) 0.69(0.43-1.11) 0.58 (0.35-0.96)*
Cerebrovascular disease

Aspirin vs. Clopidogrel (Ref.) 1.01(0.36-2.83) 1.95 (0.56-6.87)

Aspirin vs. DAPT (Ref ) 0.99(0.43-2.26) 0.84(0.35-1.99)

Clopidogrel vs. DAPT (Ref.) 0.97 (0.35-2.73) 0.43(0.12-1.53)
Cardiovascular disease

Aspirin vs. Clopidogrel (Ref.) 1.02 (0.59-1.74) 1.05(0.60-1.82)

Aspirin vs. DAPT (Ref.) 0.67 (0.44-1.01) 0.66 (0.43-1.01)

Clopidogrel vs. DAPT (Ref.) 0.66(0.39-1.12) 0.63(0.37-1.09)
Cancer

Aspirin vs. Clopidogrel (Ref.) 0.79(0.46-1.37) 0.93(0.96-1.64)

Aspirin vs. DAPT (Ref.) 0.82(0.52-1.28) 0.82(0.84-1.29)

Clopidogrel vs. DAPT (Ref.) 1.03 (0.60-1.75) 0.88(0.87—1.55)

OR, odds ratio; Cl, confidence interval; DAPT, dual antiplatelet therapy.

Data are shown as ORs (35% Cl). Multivariable model was adjusted for sex, age, income level, procedure type, timing of stent replacement or angioplasty, in-
tensive care unit admission, baseline comorbidities (hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, heart failure, stroke, chronic kidney

disease, peripheral arterial disease, and cancer), and concomitant statin use.
*p<0.05.

by cerebrovascular disease for 3 months from 1 month before
the index date [adjusted OR 0.33, 95% CI (0.11-0.93)] (Supple-
mentary Table 7 and 8, only online).

DISCUSSION

In the present study of patients who underwent stent place-
ment or angioplasty, we found that antiplatelet monotherapy,
including aspirin or clopidogrel, was negatively associated with
risk of death by cerebro-cardiovascular disease, compared
with discontinuation of antiplatelets and DAPT. Furthermore,
aspirin monotherapy was negatively related to risk of all-cause
death and death by cancer, compared with discontinuation of
antiplatelets. In addition, aspirin monotherapy was negatively
related to risk of all-cause death, compared with DAPT. How-
ever, there was no significant difference in mortality between
aspirin monotherapy and clopidogrel monotherapy.

A previous study proposed that antiplatelet monotherapy
among patients with high risk occlusive vascular events de-
creased vascular mortality.?? Furthermore, aspirin treatment
decreased risk of myocardial infarction and stroke, death by
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cardiovascular disease, and all-cause death.”**" Additionally,
clopidogrel treatment for secondary prevention with stroke re-
sulted in greater relative-risk reduction than aspirin treatment.”
With respect to cancer, a previous clinical trial demonstrated
that aspirin monotherapy was associated with a reduction in
overall cancer incidence between 3 and 5 years after treatment.*
Because aspirin interrupts neoplastic transformation of normal
colorectal epithelium to sporadic adenomas, aspirin mono-
therapy is associated with decreased mortality from colorectal
cancer.” It has been shown to reduce cancer incidence by 10%
during the first 10 years of treatment.”” Recent study using reg-
istry data of the National Institute of Health showed that there
were no differences in death occurrence from any cause, myo-
cardial infarction, repeat percutaneous coronary intervention,
stent thrombosis, and ischemic stroke between aspirin and
clopidogrel monotherapy. Although previous observational
study of patients who underwent drug-eluting stent showed
that clopidogrel was associated with a reduced risk for cardiac
death, myocardial infarction, or stroke, less than half of the pa-
tients enrolled in these studies were diagnosed with acute cor-
onary syndrome.?®* These results are similar to our findings in
patients on prolonged antiplatelet treatment due to stent place-
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ment or angioplasty.

In real-world patients, long-term adherence to DAPT after
stent placement might raise compliance issues. In one sys-
temic review, adherence to DAPT after stent placement in the
coronary artery was high at 1 month (about 90%), began to de-
cline by 6 months, and was lower still at 12 months.* One clini-
cal trial reported a rate of early discontinuation of antiplatelet
medications as high as 30% after 12 months.* Furthermore,
real-world practice is characterized by frequent, transient in-
terruptions, alternative prescriptions, or complete cessation of
DAPT, regardless of guidelines. Of note, the rate and clinical
consequences of DAPT beyond 12 months after stent place-
ment in real-world patients still need to be determined. Despite
the benefits of DAPT or antiplatelet monotherapy, antiplatelet
therapy is sometimes prematurely discontinued after stent
placement by the patient or healthcare provider. In previous re-
ports, discontinuation of aspirin for secondary prevention in-
creased the risk of all-cause mortality.*>* Furthermore, dis-
continuation of DAPT within 6 months and 1 year after stent
placement increased the risks of all-cause mortality, cardio-
vascular death, myocardial infarction, and all-cause mortali-
ty.*** These results are similar to our findings showing that ad-
herence to antiplatelet therapy with aspirin reduced all-cause
deaths and death by cerebro-cardiovascular disease, and can-
cer and to that with clopidogrel reduced deaths by cerebro-car-
diovascular disease.

Antiplatelet monotherapy, including aspirin or clopidogrel,
significantly decreased the risk of death by cerebro-cardiovas-
cular disease, compared with DAPT, in our study. In addition,
aspirin monotherapy was significantly associated with reduced
risk of all-cause death, compared with DAPT. Although one
clinical trial reported that prolonged DAPT (30 months) after
stent placement in the coronary artery reduced the risk of ma-
jor adverse cerebro-cardiovascular and cerebrovascular events,
myocardial infarction, and stent thrombosis, it was associated
with an unexpected increase in all-cause death.* In addition,
another trial demonstrated that there was no difference in car-
diovascular or non-cardiovascular mortality, all-cause death,
or stent thrombosis between prolonged DAPT (median period
33.4 months) and antiplatelet monotherapy.*” Furthermore, in
a systemic review and meta-analysis, prolonged DAPT, com-
pared with antiplatelet monotherapy or short duration DAPT,
was not associated with cardiovascular or non-cardiovascular
death or all-cause mortality. Our results are not sensitive to the
exclusion of any trial, and although the enrolled subjects varied,
we found that antiplatelet monotherapy (median follow-up:
3.51 years) was negatively associated with risk of death by cere-
bro-cardiovascular disease and all-cause death, compared with
prolonged DAPT, in a real-world setting.

Unlike stent placement in the coronary artery, data regard-
ing the effects of antiplatelet strategies after stent placement
in patients with PAD or cerebral artery disease are limited.'**®
In patients with PAD, DAPT significantly reduced re-occlusion
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and resulted in maintenance of target artery at 6 months after
the procedure, compared to aspirin monotherapy.'®! It is rec-
ommended that patients who undergo procedures in the ca-
rotid artery receive DAPT (currently aspirin and clopidogrel)
throughout the periprocedural period to decrease the risk of
stent thrombosis/embolization; however, there is no evidence-
based consensus as to how long DAPT should be continued or
what kinds of antiplatelet drugs should be given.** Data re-
garding antiplatelet management in patients treated with stent
placement in the intracranial cerebral artery are even more
limited. Although our dataset included patients from the gener-
al population who underwent stent placement or angioplasty
in a peripheral artery or intracranial or extracranial cerebral
arteries, it was not possible to perform subgroup analysis due to
the small number of patients who received stent placement or
angioplasty in these vessels. Therefore, further study of these
specific populations is needed.

Our current study has several limitations. First, case-control
studies have several inherent limitations, particularly selec-
tion bias due to the retrospective nature of the study. Second,
we used ICD coding to select study subjects. Although the ac-
curacy of diagnosis of vascular risk factors using ICD-10 codes
was 85.0-94.1% in previous studies using the NHIS-HEALS da-
taset and the overall sensitivity of cancer diagnosis using ICD-
10 codes was previously found to be 92.8%, because we relied
on ICD coding of the principal diagnosis, we were not able to
validate individual ICD codes.**? Third, because of the exclu-
sion of patients who had an acute or subacute thrombus with-
in 30 days after stent placement or angioplasty, we may have
underestimated adverse outcomes. Fourth, due to the lack of
detailed clinical information in health claims data, we were
not able to collect data on the severity of stenosis of the artery
into which the stent was implanted, radiological findings, blood
pressure, glucose level, low-density lipoprotein level, or length
of ICU stay, which are strong prognostic factors in patients
with stent placement or angioplasty. Fifth, currently, because
there is no standard for exposure period and washout period
after stent placement or angioplasty, we cannot confirm that a
proper washout period and exposure period were followed.
Therefore, we used a nested case-control study design to ana-
lyze dynamic variations in patterns of antiplatelet treatment
and evaluated whether relationships between the patterns of
antiplatelet treatment and clinical outcomes were consistent
considering variable exposure periods and washout periods
or not. Finally, because of the nested case-control study de-
sign and the time-varying nature of antiplatelet drug use after
stent placement or angioplasty among the patients in our study,
we cannot provide recommendations on when prescriptions
should be changed from antiplatelet monotherapy to DAPT.
Despite these limitations, a major strength of this study is that
we evaluated real-world prognoses of patients with stent place-
ment or angioplasty according to treatment with antiplatelets
using nationwide health insurance claims data. Because the
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NHIS in Korea is a single payer insurer, we were able to access
detailed prescription data for antiplatelets for an extended pe-
riod after stent placement or angioplasty.

In conclusion, adherent antiplatelet therapy in patients with
stent placement or angioplasty may have a beneficial inhibito-
ry effect on mortality by cerebro-cardiovascular disease. Anti-
platelet monotherapy, including aspirin or clopidogrel, ap-
pears to be associated with a lower risk of mortality by cerebro-
cardiovascular disease than DAPT.
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