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Abstract

Background: We tried to evaluate the prevalence of premature discontinuation of antiplatelets and its affecting
factors after ischemic stroke using large-sized representative national claims data.

Methods: Patients aged 20 years or older with newly confirmed ischemic stroke who started aspirin or clopidogrel
for the first time were selected from 2003 to 2010 National Health Insurance Service-National Sample Cohort (NHIS-
NSC) of South Korea (n=4621), a randomly collected sample which accounts for 2.2% (n=1,017,468) of total
population (n=46,605,433). The prevalence of discontinuation of antiplatelets was measured every 6 months until
the 24 months since the first prescription. Then we classified the participants into 2 groups according to the
discontinuation status at 12 months and assessed the factors influencing premature discontinuation of antiplatelets
within 12 months.

Results: Among total participants, 35.5% (n = 1640) discontinued antiplatelets within 12 months and 58.5% (n =
2704) discontinued them within 24 months. The remaining 41.5% (n =1917) continued them for 24 months or
more. In the multivariate logistic regression analysis, initiating treatment with aspirin monotherapy [adjusted OR
(aOR), 2.66, 95% Cl 2.17-3.25] was the most prominent determinant of premature discontinuation within 12 months
followed by CCl score 2 6 (aOR 1.50, 95% CI 1.31-1.98), and beginning treatment with clopidogrel monotherapy
(@aOR 141, 95% Cl 1.15-1.72). Rural residency (@OR 1.36, 95% Cl 1.14-1.62), < 4 total prescribed drugs (@OR 1.24, 95%
Cl 1.05-1.47), lower income (@OR 1.20, 95% Cl 1.03-1.40 for middle income class and OR 1.21, 95% Cl 1.02-1.45 for
low income class), and ages 270 years (@aOR 1.15, 95% C| 1.00-1.31) were also significantly associated with
premature discontinuation of antiplatelets within 12 months.
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Conclusions: The prevalence of premature discontinuation of antiplatelets after ischemic stroke was quite high.
Thus, by understanding factors associated with premature discontinuation, a more strategic approach is required for

the physicians to improve persistence with antiplatelets.

Keywords: Ischemic stroke, Antiplatelet, Premature discontinuation, Associated factors

Introduction

Stroke is one of the leading causes of mortality and dis-
ability worldwide, and its burden of disease has been
continuously increasing [1, 2]. Among all the cases of
strokes, 87% are ischemic [3]. Patients with this kind of
stroke have relatively high risks for recurrent stroke,
myocardial infarction (MI), and mortality throughout
the years [4, 5].

Antiplatelet therapy (APT), with agents such as aspirin
and clopidogrel, is the cornerstone of secondary preven-
tion of ischemic stroke, as it has been proven to reduce
its recurrence and prevent other cardiovascular compli-
cations, including mortality [6-8]. Despite this, non-
adherence with secondary preventive antiplatelet agents
has been widespread among patients who suffered from
cardiovascular diseases (CVD) as this was a main risk
factor for treatment failures and poor clinical outcomes
[9]. Moreover, previous studies have reported that the
majority of discontinuations of antiplatelet agents oc-
curred within 1-2 years since the initial ischemic stroke
[10-14], and these discontinuations were directly associ-
ated with higher incidence of stroke recurrence, MI, and
vascular mortality [14-16]. In addition, the causes of
medication non-adherence are generally multifactorial
[17]. The World Health Organization (WHO) has classi-
fied potential factors that could cause poor medication
adherence into 5 interacting dimensions, which include
patient, condition, therapy, socioeconomic, and health
system-related factors [17, 18]. Although there have
been some studies that investigated the factors affecting
the early discontinuation of APT after ischemic stroke
[10, 12, 13, 16], relatively few studies have been con-
ducted with a large-sized real-world data. Thus, using
the large-sized nationally representative claim database
of South Korea, the purpose of this study was to exam-
ine the prevalence of and identify the factors associated
with the premature discontinuation of APT in patients
with newly confirmed ischemic stroke.

Methods

Source of data

The data of our study were derived from the National
Health Insurance Service-National Sample Cohort
(NHIS-NSC). NHIS-NSC is a population-based claims
database established in 2002 by the National Health
Insurance Service (NHIS) of South Korea. The NHIS
offers universal health insurance coverage to all

individuals ~ with ~ Korean  citizenship  through
mandatory  enrollment. NHIS-NSC consists  of
1,017,468 citizens, which accounts for 2.2% of the
total eligible Korean population of 46,605,433. The
NHIS-NSC is collected every year via continuous in-
vestigation, and it includes qualification data, medical
service claims, and pharmacy claims data. Qualifica-
tion data contain patients’ basic information, such as
age, sex, household income, insurance type, region of
residence, mortality information, and others. On the
other hand, medical service claims data contain all
insurance-covered medical records, including diagno-
sis records, inpatient and outpatient healthcare service
records, billing statements, etc. Meanwhile, pharmacy
claims data include information such as generic
names of prescribed drugs, dates of prescription, total
supplied days of drugs per outpatient visit, medication
dosages and frequencies, and others [19]. The detailed
information regarding the representativeness and val-
idity of NHIS-NSC have been described in other stud-
ies [19, 20].

Study population

Participants newly confirmed with ischemic stroke aged
>20years old, who were newly started with APT from
years 2003 to 2010, were selected from the NHIS-NSC
(n=20,489). The definition of ischemic stroke was
hospitalization with a primary diagnosis of ischemic
stroke (International Classification of Disease, 10th revi-
sion, ICD-10: 163, 164, 165, 166) with a record of brain
computed tomography (CT) or magnetic resonance im-
aging (MRI) during hospitalization (n = 11,039). We only
included patients with brain imaging records because we
assumed that patients with ischemic stroke would
undergo such brain imaging studies [21]. This definition
was also adapted by other studies involving post-stroke
patients that used data from the NHIS-NSC [22, 23].
Participants with diagnostic histories of ischemic stroke
(I63-166) or outpatient prescription histories of anti-
platelet agents prior to the index hospitalization dates
were excluded. As such, we only included patients with
new ischemic stroke diagnosis who initiated antiplatelet
agents for the first time. We limited antiplatelet agents
to aspirin or clopidogrel, the most commonly used anti-
platelets for the secondary prevention of ischemic stroke
[7, 8, 24], according to the Anatomical Therapeutic
Chemical (ATC) classification code [25]. Other
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antiplatelet agents besides aspirin or clopidogrel were
excluded since these were rarely prescribed because
these were not covered by Korean health insurance dur-
ing the study period. Participants without outpatient
prescription records of aspirin or clopidogrel after dis-
charge were also excluded. As a result, the final study
population consisted of 4621 participants (Fig. 1).

Outcome variables

Each participants’ outpatient prescriptions of antiplate-
lets were observed for at least 2 years, starting from the
date of the first outpatient prescription. We first mea-
sured the prevalence of discontinuation of antiplatelets
at 6, 12, 18, and 24 months. Thereafter, we divided the
participants into 2 groups according to the discontinu-
ation status at 12 months and evaluated the factors asso-
ciated with premature discontinuation of antiplatelets
within 12 months. Discontinuation was defined as when
the antiplatelet agents were discontinued without refills
throughout the rest of the observation period. Partici-
pants were viewed as continuers as long as they were
prescribed with either aspirin or clopidogrel throughout
observation period regardless of replacing one drug to
another. For patients on dual antiplatelet therapy
(DAPT) of aspirin and clopidogrel, it was defined as dis-
continuation only when both agents were discontinued
without refills throughout the remainder of the observa-
tion period.

Covariates

According to the WHO, adherence to medication is af-
fected by the interactions of patient, condition, therapy,
socioeconomic, and health system-related factors [17,
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18]. For our study, the patient-related factors included
participants’ age and sex; the Charlson comorbidity
index (CCI) for the condition-related factors; type of ini-
tiated antiplatelet agents and number of prescribed
drugs for the therapy-related factors; the socioeconomic-
related factors consisted of household incomes and resi-
dential areas; and lastly, the type of insurance for the
health system-related factors. These variables were de-
rived as covariates from NHIS-NSC and were all ad-
justed in the analysis. The CCI score was measured at
the beginning of the observation period, based on the
ICD-10 codes [26]. The number of prescribed drugs was
defined as the average total number of prescribed medi-
cations during the observation period. Urban residency
was defined as those who resided in metropolitan cities
or cities while those who were not urban dwellers were
considered as rural dwellers. Household income was
converted into 3 income tertiles on a scale of 0 (poorest)
to 10 (wealthiest).

Statistical analysis

Descriptive analyses were performed to compare the
characteristics of patients who discontinued APT within
12 months and those who continued APT for 12 months
or more. Mean + standard deviation (SD) was used to
demonstrate continuous variables, while percentage was
used to summarize categorical variables. The overall ten-
dency of characteristics between each group were com-
pared by chi-square test. To investigate the factors
associated with the premature discontinuation of anti-
platelets, unadjusted univariate and adjusted multivariate
logistic regression analyses were performed between the
two study groups. Factors that demonstrated p-values of

Enrollees of 2003 NHIS-NSC
N=1,017,468

996,979 excluded due to

A 4
Patients with primary diagnosis of ischemic
stroke during 2003-2011
N=20,489

A4

no primary diagnosis of ischemic
stroke

9,450 excluded due to
1) Diagnosis of ischemic stroke before index

v
Hospitalized patients with primary diagnosis of
ischemic stroke who underwent brain CT or
MRI
N=11,039

date (N=6,126)
2) No brain imaging records (N= 3,324)

6,418 excluded due to
1) Prior outpatient prescription of antiplatelets
before hospitalization (N=2,678)

4

A 4

Patients with newly diagnosed ischemic stroke
who were newly prescribed with aspirin or
clopidogrel
N= 4,621

tomography; MRI, Magnetic resonance imaging

Fig. 1 Flow diagram of selection of study population. NHIS-NSC, National Health Insurance Service-National Sample Cohort; CT, computed
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less than 0.1 in univariate analyses were included in the
multivariate analysis to test their independence. In these
analyses, patients who passed away within 12 months
were excluded. All statistical analyses were conducted
with STATA version 14.1 (Stata Corp., College Station,
TX, USA) and statistical significance was defined as a p-
value of less than 0.05.

Results

Baseline characteristics of total participants

Of the 4621 total participants, 56.2% were male and
43.8% were female. The mean age of the total partici-
pants was 66.4 + 12.3 years, with 70.9% of them aged
260 years. Majority of the participants (84.8%) were res-
iding in urban areas and the upper-middle income class
accounted for 72.9%. Almost all of the participants
(92.8%) were benefiting from Medicare, while the
remaining 7.2% were Medical Aid beneficiaries. In terms
of comorbidities, 47.9% of the patients had CCI scores of
less than 3, 46.5% had CCI scores between 3 to 5, while
5.6% had CCI scores 6 or higher. Regarding the type of
antiplatelet agents, 36.5% of participants initiated mono-
therapy with aspirin, 47.0% with clopidogrel, and 16.5%
initiated with DAPT. Regarding the polypharmacy status,
16.7% of patients were taking less than 4 total prescribed
drugs, 63.9% were taking 4 to 7 total drugs, and 19.4%
were taking at least a total of 8 prescribed medications.
The average duration of APT of all the participants was
541.1 + 354.5 days (Table 1).

Prevalence of premature discontinuation of antiplatelets
over time

Among the 4621 newly confirmed ischemic stroke pa-
tients who started antiplatelets for the first time, 25.3%
(n=1170) prematurely discontinued intake within 6
months. In 103 of the 1170 cases, discontinuation was
due to the patient’s death. An additional 470 (10.2%)
premature discontinuations, 114 of which were caused
by death, occurred over the next 6 months. Taken to-
gether, the prevalence of premature discontinuation of
antiplatelets within 12 months was 35.5% (n = 1640). Be-
tween 12 and 18 months, 369 patients (97 because of
death) discontinued antiplatelets, and 695 more (85 be-
cause of death) discontinued them between 18 and 24
months. Hence, the prevalence of early discontinuation
within 24 months reached 58.5% (n =2704) of total pa-
tients. The remaining 41.5% (n=1917) continued anti-
platelet intake for 24 months or more. In every 6 months
of observation until the first 18 months since the first
prescription of antiplatelet, those who initiated mono-
therapy with aspirin demonstrated the highest preva-
lence of premature discontinuation, followed by those
who started monotherapy with clopidogrel. The preva-
lence of premature discontinuation was lowest among
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Table 1 Baseline Characteristics of total participants

Characteristics All
n (%) or mean + SD

Total 4621 (100%)
Sex

Male 2550 (56.2%)

Female 2071 (43.8%)
Age (years)

Mean 664+123

20-49 481 (10.4%)

50-59 864 (18.7%)

60-69 1267 (27 4%)

70-79 1437 (31.1%)

>80 572 (12.4%)
Income

High 1901 (41.1%)

Middle 1468 (31.8%)

Low 1252 (27.1%)
Residential area

Urban 3917 (84.8%)

Rural 704 (15.2%)

Health insurance

Medicare 4287 (92.8%)

Medical aid 334 (7.2%)
Charlson comorbidity index

<3 2215 (47.9%)

3-5 2149 (46.5%)

26 257 (5.6%)
Initiated antiplatelets

Aspirin 1688 (36.5%)

Clopidogrel 2170 (47.0%)

Dual therapy 763 (16.5%)
Number of prescribed medications

<4 771 (16.7)

4-7 2953 (63.9)

>3 897 (19.4)
Average duration of antiplatelets (days) 541.1 +3545

SD Standard deviation

those who initiated treatment with DAPT. However,
from 18 to 24 months since the first prescription of anti-
platelets, patients who initiated treatment with DAPT
displayed the highest prevalence of discontinuation,
followed by those who began monotherapy with aspirin.
The patients who started monotherapy with clopidogrel
had the lowest prevalence of premature discontinuation
at 18-24 months. Among the 1917 patients who contin-
ued antiplatelets for 24 months or more, those who
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began treatment with DAPT accounted for the highest
proportion, followed by those who initiated with clopi-
dogrel monotherapy, while the percentage of those who
began with aspirin monotherapy was the lowest (Table 2.,
Fig. 2.).

Characteristics comparison between antiplatelet
continuers (> 12 months) and discontinuers (< 12 months)
The characteristics of the participants who discontinued
antiplatelet agents within 12 months (#=1423) and
those who continued intake for 12 months or more (1 =
2981) are presented in Table 3. In this comparison, par-
ticipants who passed away within 12 months (n =217)
were excluded. The discontinuers took antiplatelets for
115.7 £ 116.0 days in average before discontinuing intake,
while the average duration for those who continued for
12 months or more was 778.4 + 170.4 days. Patients who
prematurely discontinued antiplatelets within 12 months
were more likely to be 70years or older (44.1% vs.
40.4%), belonged to lower income classes (32.7% vs.
31.5% for middle income class and 29.2% vs 25.8% for
low income class), were Medical aid beneficiaries (8.4%
vs. 6.5%), resided in rural areas (18.4% vs. 13.5%), were
initiated with monotherapy (88.9% vs. 80.8%), on aspirin
when started with monotherapy (48.2% vs. 31.1%), had
CCI scores 26 (6.3% vs. 4.6%), and had less than 4 total
prescribed drugs (18.7% vs. 15.5%). The proportion of fe-
male was also slightly higher (46.6% vs. 43.8%), but this
trend was not statistically significant.

Factors associated with premature discontinuation of
antiplatelets within 12 months

The univariate and multivariate logistic regression ana-
lyses between the patients who discontinued antiplatelet
within 12 months and those who continued intake for
12 months or more are shown in Table 4. In the univari-
ate analysis, initiating monotherapy with aspirin was the
most prominently correlated factor with premature

Table 2 Prevalence of premature discontinuation of antiplatelets
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discontinuation of antiplatelets within 12 months [Odds
ratio (OR) 2.67, 95% confidence interval (CI) 2.18-3.27],
followed by rural residency (OR 1.44, 95% CI 1.22-1.71),
and initiating monotherapy with clopidogrel (OR 1.41,
95% CI 1.16—1.73 for clopidogrel). The following factors
were also significantly associated with the premature dis-
continuation of antiplatelet agents: CCI scores >6 (OR
1.40, CI 1.06-1.84), being a Medical Aid beneficiary (OR
1.32, 95% CI 1.04-1.67, having less than 4 total pre-
scribed drugs (OR 1.25, 95% CI 1.06-1.48), lower in-
come (OR 1.16, 95% CI 1.00-1.35 for middle income
class and OR 1.27, 95% CI 1.09-1.49 for low income
class), and ages of 70 years or older (OR 1.16, 95% CI
1.02-1.32). The results of the multivariate analysis were
substantially similar to those of the univariate analysis.
Starting monotherapy with aspirin [adjusted OR (aOR),
2.66, 95% CI 2.17-3.25 for aspirin] remained to be the
most influential factor for premature discontinuation of
antiplatelets within 12 months, followed by CCI score =
6 (aOR 1.50, 95% CI 1.13-1.98) and initiating monother-
apy with clopidogrel (aOR 1.41, 95% CI 1.15-1.72). Fur-
thermore, similar to the results of the univariate study,
the following factors were also significantly associated
with premature discontinuation: rural residency (aOR
1.36, 95% CI 1.14-1.62), less than 4 total prescribed
drugs (aOR 1.24, 95% CI 1.05-1.47), lower income (aOR
1.20, 95% CI 1.03-1.40 for middle income class and OR
1.21, 95% CI 1.02-1.45 for low income class), and ages
of 70 years or older (aOR 1.15, 95% CI 1.00-1.31). How-
ever, the correlation of being a Medical Aid beneficiary
was no longer statistically significant in the multivariate
analysis.

Discussion

In this real-world population-based cohort study, the
prevalence of premature discontinuation with antiplate-
let drugs was quite high for ischemic stroke survivors.
More than one-third (35.4%) of the total participants

after ischemic stroke (n =4621)

Variables Discontinued < 6 months  Discontinued 6-12 Discontinued 12-18 Discontinued 18-24 Continued
months months months >24 months
All Discontinued All Discontinued All Discontinued All Discontinued
due to death due to death due to death due to death
Prevalence Prevalence Prevalence Prevalence Prevalence Prevalence Prevalence Prevalence Prevalence
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All 1170 103 (2.2%) 470 (102%) 114 (2.4%) 369 (8.0%) 97 (2.1%) 695 (15.0%) 85 (1.8%) 1917 (41.5%)
antiplatelets  (25.3%)
(n=4621)
Aspirin (n = 545 (32.3%) 31 (1.8%) 215 (12.7%) 42 (2.5%) 148 (8.8%) 45 (2.7%) 253 (15.0%) 29 (1.7%) 527 (31.2%)
1688)
Clopidogerl 491 (22.6%) 55 (2.5%) 197 9.1%) 54 (2.5%) 171 (79%) 38 (1.8%) 302 (13.9%) 44 (2.0%) 1009 (46.5%)
(n=2170)
Dual therapy 134 (17.6%) 17 (2.2%) 58 (7.6%) 18 (2.4%) 50 (6.6%) 14 (1.8%) 140 (183%) 12 (1.6%) 381 (49.9%)

(n=763)
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Fig. 2 Prevalence of premature discontinuation of antiplatelets over time for ischemic stroke survivors

prematurely discontinued APT during the first 12
months since the initiation of therapy, while more than
half (58.3%) of patients discontinued them within 24
months. These statistics were found to be still signifi-
cant, even after excluding those who discontinued anti-
platelets due to death (as the prevalence of
discontinuation at 12 and 24 months excluding deceased
patients were 30.8 and 49.8%, respectively). These find-
ings were consistent with the reports of other studies
that nearly half of the participants discontinued APT
within the first 24 months after ischemic stroke [11, 16,
27]. Thus, it is safe to claim that we have reconfirmed
that non-persistence with APT among patients with is-
chemic stroke is a major problem and that the import-
ance of maintaining antiplatelet intake cannot be
emphasized enough.

Identifying the specific predictors of early discontinu-
ation of APT is critical in planning proper strategies to
maximize medication adherence among ischemic stroke
survivors. In the present study, the results of the multi-
variate logistic regression analysis revealed that age (70
years or older), lower income, rural residency, more co-
morbidities (CCI score > 6), the type of initiated anti-
platelet agents, and having less than 4 total prescribed
medications were independent factors affecting the pre-
mature discontinuation of antiplatelets within the first
12 months.

Interestingly, our findings demonstrated that initi-
ating with antiplatelet monotherapy was strongly as-
sociated with early discontinuation compared to
DAPT. This result is in contrast with the general be-
lief that medication adherence will be lower when a
patient is taking two different drugs at the same
time, compared to taking just one. We assume that
this finding could be interpreted by applying the
Health Belief Model [28, 29]. Patients who believe
they are sick are more likely to possess healthy

behaviors, including being more adherent to pre-
scribed medications to maintain their well-being [28,
29]. DAPT is usually initiated among those with
higher risk of recurrent vascular events, such as
large artery atherosclerosis or the coexistence of cor-
onary artery disease [30, 31]. Thus, there is a greater
possibility that patients who initiated treatment with
DAPT had more severe vascular diseases and this
may have led them to be more persistent with their
prescribed medications compared to those who
began treatment with monotherapy.

In addition, initiating treatment with aspirin mono-
therapy after ischemic stroke was the most prominent
predictor of early discontinuation of antiplatelet agents
in our study. Even though APT is a fundamental part of
secondary prevention of ischemic stroke patients, it is
also associated with substantial risks of bleeding [gastro-
intestinal (GI) and intracranial] and symptoms related to
gastrointestinal toxicity [32]. These were one of the lead-
ing causes for discontinuation of antiplatelets among
Asian patients who received drug-eluting stent implant-
ation for MI [33]. Furthermore, a previous randomized
control trial has proved that clopidogrel has less risks of
developing the adverse effects of both bleeding compli-
cations or GI symptoms compared to aspirin [34].
Therefore, we could assume that patients who initiated
treatment with clopidogrel monotherapy could have
been more persistent due to having less overall side ef-
fects compared to aspirin monotherapy initiators.

Another notable finding of this study was that partici-
pants with less than 4 total prescribed drugs presented
with higher risks of premature discontinuation of anti-
platelets compared to patients with 4 or more total pre-
scribed drugs. On the contrary, previous studies
reported that fewer total prescribed medications were
associated with better persistence with antiplatelets after
ischemic stroke [10, 12, 14].
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Table 3 Baseline Characteristics according to the premature discontinuation at 12 months

Characteristics Discontinued < 12 months?® Continued 12 > months p value
n (%) or mean = SD n(%) or mean +SD

Total 1423 (100%) 2981 (100%)

Sex 0.086
Male 760 (53.4%) 1674 (56.2%)
Female 663 (46.6%) 1307 (43.8%)

Age (year) 0.022
Mean 66.6 £12.6 655+120
<70 796 (55.9%) 1776 (59.6%)
=270 627 (44.1%) 1205 (40.4%)

Income 0.008
High 542 (38.1%) 1274 (42.7%)
Middle 465 (32.7%) 939 (31.5%)
Low 416 (29.2%) 768 (25.8%)

Residential area 0.000
Urban 1161 (81.6%) 2578 (86.5%)
Rural 262 (18.4%) 403 (13.5%)

Health insurance 0.023
Medicare 1303 (91.6%) 2786 (93.5%)
Medical aid 120 (8.4%) 195 (6.5%)

Charlson comorbidity index 0.017
<6 1334 (93.7%) 2845 (95.4%)
26 89 (6.3%) 136 (4.6%)

Initiated antiplatelets 0.000
Dual therapy 158 (11.1%) 571 (19.2%)
Clopidogrel 579 (40.7%) 1482 (49.7%)
Aspirin 686 (48.2%) 928 (31.1%)

Number of prescribed medications 0.008
<4 266 (18.7%) 463 (15.5%)
24 1157 (81.3%) 2518 (84.5%)

Average duration of antiplatelets (days) 1157+ 1160

77841704

SD Standard deviation
? Excluded participants (n =217) who died within 12 months

The Health Belief Model could be applied to this finding
as well since the overall health status of participants with
fewer total prescribed medications are likely to be better
than those on polypharmacy. Therefore, the importance
of taking drugs as prescribed could have been overlooked
for patients with 1-3 total prescribed drugs since they
might have felt that their medical conditions were less ser-
ious than those of the patients with 4 or more total pre-
scribed drugs. This trend was also found in other studies
which investigated the medication adherence of patients
with chronic diseases, such as hypertension and dyslipid-
emia. The Health Belief Model was also applied for the ex-
planation of those findings [35, 36].

However, it seemed that even the explanation provided
by the Health Belief Model could not facilitate good

adherence to antiplatelets when patients’ general medical
conditions were too severe as having more comorbidities
(CCI score of 6 or higher) significantly affected the early
discontinuation of antiplatelets after ischemic stroke. The
presence of more comorbidities is a well-known predictor
of poor functional outcomes for ischemic stroke survivors,
including limitations of daily activities [37-40]. Thus, it is
likely that patients with CCI scores of 6 or higher could
not continuously take antiplatelets due to poorer func-
tional ability, compared to those with CCI scores less than
6. This trend was also consistent with a previous study
where it was found that an increase in comorbidities was a
predictor for lower antihypertensive adherence [41].

Older age was also an influential factor of premature
discontinuation of antiplatelets in this study, as
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Table 4 Factors associated with premature discontinuation of antiplatelets within 12 months compared to continuers

Factors Univariate logistic regression analysis Multivariate logistic regression analysis
Crude OR (95% CI) p value Adjusted OR?(95% Cl) p value

Total
Sex

Male 1 (reference) 1 (reference)

Female 1.12 (0.98-1.27) 0.086 1.03 (0.90-1.17) 0.688
Age

<70 1 (reference) 1 (reference)

270 1.16 (1.02-1.32) 0.022 1.15 (1.00-1.31) 0.044
Income

High 1 (reference) 1 (reference)

Middle 1.16 (1.00-1.35) 0.047 1.20 (1.03-1.40) 0.021

Low 1.27 (1.09-1.49) 0.002 1.21 (1.02-1.45) 0.033
Residential area

Urban 1 (reference) 1 (reference)

Rural 144 (1.22-1.71) 0.000 1.36 (1.14-1.62) 0.001
Health insurance

Medicare 1 (reference) 1 (reference)

Medical aid 1.32 (1.04-1.67) 0.023 1.18 (0.89-1.55) 0.204
Charlson comorbidity index

<6 1 (reference) 1 (reference)

26 140 (1.06-1.84) 0.018 1.50 (1.13-1.98) 0.005
Initiated antiplatelets

Dual therapy 1 (reference) 1 (reference)

Clopidogrel 141 (1.16-1.73) 0.001 141 (1.15-1.72) 0.001

Aspirin 267 (2.18-3.27) 0.000 266 (2.17-3.25) 0.000
Number of prescribed medications

>4 1 (reference) 1 (reference)

<4 1.25 (1.06-1.48) 0.008 1.24 (1.05-1.47) 0.013

OR Odds ratio

@ Adjusted for sex, age, income, residential area, type of health insurance, Charlson comorbidity index, type of initiated antiplatelets, and number of

prescribed medications

discontinuation was significant among elderly patients
who were 70 years or older. A previous study also noted
that elderly ischemic stroke survivors were more vulner-
able to poor medication adherence [14]. The prevalence
of both cognitive and physical function impairments un-
deniably increases with age. Other studies have con-
firmed that these conditions are risk factors for poor
medication adherence in elderly patients [42-44]. We
also believe that the occurrence of physical and cognitive
impairments was the reason for the positive association
between elderly age and non-persistent with antiplatelets
in our study.

Lastly, socioeconomic-related factors of lower income
and rural residency independently predicted the non-
persistence with APT. In previous studies conducted
with acute MI patients who received drug-eluting stent

placement, lower income was a predictor [45], while cost
was one of the main reasons for premature discontinu-
ation of APT [46]. Our result with ischemic stroke pa-
tients could also be understood on this basis.

In the case of rural residency, rural residents are gen-
erally confronted with various barriers when accessing
to health care services, such as limited health care insti-
tutions, lack of physicians, less opportunity to consult
specialists, financial constraints, social isolation, trans-
portation difficulties, and longer distances to healthcare
facilities [47, 48]. Our result suggest that these barriers
may have contributed to the non-persistence with APT
for ischemic stroke survivors residing in rural areas. A
previous study conducted in Korea has also identified
rural residency as a risk factor for non-adherence to
antihypertensive medications [49].
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The strength of the present study is that by analyzing
representative national claims data consisting large pop-
ulations, we objectively evaluated the persistence with
antiplatelet intake of patients with ischemic stroke in a
real-world setting. Furthermore, we considered various
factors including age, sex, income, residential area, co-
morbidities, number of total prescribed drugs, type of
health insurance, and initiated antiplatelets that could
affect medication persistence in the analysis. Among
these, we identified the significant predictors for prema-
ture discontinuation of antiplatelets.

Meanwhile, this study has several limitations as well.
First, other important relevant factors that could affect
the medication persistence, such as severity of the
stroke, disability after stroke, disposition after discharge,
caregiver status, and educational status could not be
identified due to the nature of the NIHS-NSC database.
Second, we were also unable to examine specific causes
for discontinuation of antiplatelets, including adverse ef-
fects such as bleeding and GI toxicity. Thus, further re-
search evaluating the reasons for non-persistence with
APT for ischemic stroke survivors is needed. Third, pre-
scription status of anticoagulation therapy (ACT) was
not assessed in this study. Some ischemic strokes are
consequence of atrial fibrillation, which is not always de-
tected during the hospitalization and patients’ APT can
be switched to ACT if paroxysmal atrial fibrillation
(pAF) is detected later on. Thus, we may have overesti-
mated early discontinuation rate of APT after ischemic
stroke. However, warfarin was primarily used for ACT
during the observation period of this study (new oral an-
ticoagulants were not covered by Korean health insur-
ance prior to 2015) and it is virtually unfeasible to
accurately derive the adherence of warfarins because
their dose and prescriptions need to be adjusted every
time based on the patients’ time in therapeutic range.
Also, it has been reported that the extent of diagnostic
work-ups for detection of pAF differs greatly among in-
stitutions and follow-up electrocardiogram (ECG) is not
performed after discharge in nearly 90% of cryptogenic
strokes [50]. Moreover, among all cryptogenic strokes,
only 1.4% are detected as pAF at 6 months and 2.0% at
12 months with routine ECG monitoring and the detec-
tion rates remains to be low even with an insertable car-
diac monitoring (8.9% at 6 months and 12.4% at 12
months) [51]. In addition, premature discontinuation
rate of APT for this study was mostly consistent with
previous studies. Thus, we believe that the influence of
this limitation of not assessing the ACT status of partici-
pants on overall results would be relatively low. Fourth,
claim-based measurement of persistence with APT also
has some limitations. Some participants may have ob-
tained antiplatelets from a different source (e.g. sharing
drugs with others, drug samples), and filling a
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prescription does not always mean that the drug was ac-
tually taken by patients [52, 53]. Nevertheless, measuring
persistence using pharmacy refill and claims data is gen-
erally viewed objectively as it accurately reflects the real-
world situations, owing to the large study populations of
the database [54]. In addition, the use of over-the-
counter (OTC) aspirin also could not be reviewed in this
study since this variable is not included in the NHIS-
NSC. However, we presume that most patients with is-
chemic stroke would take prescribed aspirin rather than
OTC aspirin, since the former can be obtained at a dis-
counted price via coverage by the Korean health insur-
ance system [55]. Moreover, a previous simulation study
confirmed that in many circumstances, the results based
on prescription claims data are still valid despite missed
OTC exposures [56]. Lastly, the present study did not
specify the type of concomitant drugs taken by the pa-
tients. Even if the participants were prescribed with
same number of medications, the effect on persistence
may differ by type or component each concomitant
drug. However, when analyzing with this kind of real-
world data, it is very difficult to identify every single pre-
scribed drug of each patients during the whole study
period. Therefore, we decided to include the polyphar-
macy status of the patients by averaging total number of
prescribed drugs during the observation period.

Conclusions

In this retrospective cohort study, the early discontinu-
ation of antiplatelets after ischemic stroke was com-
monly observed. The following factors independently
predicted the premature discontinuation of antiplatelets:
the type of initiated antiplatelets, age 70 years or above,
lower income, rural residency, less than 4 total pre-
scribed drugs, and a CCI score of 6 or higher. Therefore,
by understanding factors influencing premature discon-
tinuation, a more strategic approach is required for the
physicians to improve persistence with antiplatelets
among ischemic stroke survivors.
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