'." frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 19 May 2021
doi: 10.3389/fphar.2021.687549

OPEN ACCESS

Edited by:
Ria Benko,
University of Szeged, Hungary

Reviewed by:

Joris Komen,

Utrecht University, Netherlands
Karel Urbanek,

Palacky University Olomouc, Czechia

*Correspondence:

Martin Wawruch
martin.wawruch@gmail.com
Tomas Tesar
tesar@fpharm.uniba.sk

Specialty section:

This article was submitted to
Drugs Outcomes Research
and Policies,

a section of the journal
Frontiers in Pharmacology

Received: 29 March 2021
Accepted: 04 May 2021
Published: 19 May 2021

Citation:

Wawruch M, Murin J, Tesar T,
Paduchova M, Petrova M, Celovska D,
Havelkova B, Trnka M and Aarnio E
(2021) Non-Persistence With
Antiplatelet Medications Among Older
Patients With Peripheral

Arterial Disease.

Front. Pharmacol. 12:687549.

doi: 10.3389/fohar.2021.687549

Check for
updates

Non-Persistence With Antiplatelet
Medications Among Older Patients
With Peripheral Arterial Disease

Martin Wawruch'*, Jan Murin?, Tomas Tesar®*, Martina Paduchova® Miriam Petrova’,
Denisa Celovska?, Beata Havelkova® Michal Trnka® and Emma Aarnio™®

TInstitute of Pharmacology and Clinical Pharmacology, Faculty of Medicine, Comenius University, Bratislava, Slovakia, 21st
Department of Internal Medicine, Faculty of Medicine, Comenius University, Bratislava, Slovakia, *Department of Organization and
Management of Pharmacy, Faculty of Pharmacy, Comenius University, Bratislava, Slovakia, “Department of Angiology, Health
Centre, Trnava, Slovakia, °General Health Insurance Company, Bratislava, Slovakia, ®Institute of Medical Physics, Biophysics,
Informatics and Telemedicine, Faculty of Medicine, Comenius University, Bratislava, Slovakia, “Institute of Biomedicine, University
of Turku, Turku, Finland, 8School of Pharmacy, University of Eastern Finland, Kuopio, Finland

Introduction: Antiplatelet therapy needs to be administered life-long in patients with
peripheral arterial disease (PAD). Our study was aimed at 1) the analysis of non-persistence
with antiplatelet medication in older PAD patients and 2) identification of patient- and
medication-related characteristics associated with non-persistence.

Methods: The study data was retrieved from the database of the General Health
Insurance Company. The study cohort of 9,178 patients aged > 65 years and treated
with antiplatelet medications was selected from 21,433 patients in whom PAD was newly
diagnosed between 01/2012 and 12/2012. Patients with a 6 months treatment gap
without antiplatelet medication prescription were classified as non-persistent.
Characteristics associated with non-persistence were identified using the Cox regression.

Results: At the end of the 5 years follow-up, 3,032 (33.0%) patients were non-persistent.
Age, history of ischemic stroke or myocardial infarction, clopidogrel or combination of
aspirin with clopidogrel used at the index date, higher co-payment, general practitioner as
index prescriber and higher overall number of medications were associated with
persistence, whereas female sex, atrial fibrillation, anxiety disorders, bronchial asthma/
chronic obstructive pulmonary disease, being a new antiplatelet medication user (therapy
initiated in association with PAD diagnosis), and use of anticoagulants or antiarrhythmic
agents were associated with non-persistence.

Conclusion: In patients with an increased probability of non-persistence, an increased
attention should be paid to improvement of persistence.

Keywords: peripheral arterial disease, antiplatelet medications, non-persistence, discontinuation, atrial fibrillation,
anxiety disorders
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INTRODUCTION

Our manuscript is focused on older patients with peripheral
arterial disease (PAD) of lower limbs, a chronic atherosclerotic
disease affecting the peripheral vasculature of lower limbs. It is
associated with limb-related symptoms and complications such
as intermittent claudication, ischemic rest pain, and critical limb
ischemia. PAD may result in gangrene of the affected limb
requiring amputation. Since atherosclerosis represents a
generalized process affecting the whole cardiovascular (CV)
system, PAD is associated with an increased risk of CV events
(ischemic stroke, myocardial infarction (MI) and CV death)
(Agrawal and Eberhardt, 2015; Bonaca and Creager, 2015;
Morley et al,, 2018). PAD is a relatively frequent disease, its
prevalence increasing with advancing age. According to the
systematic review by Fowkes et al. (2013), 202 million people
were affected with PAD globally in 2010, 69.7% of them in low- or
middle-income countries. In high-income countries, the
prevalence of PAD at age 45-49years was 5.3% among
women and 5.4% among men and, at age 85-89 years, it was
18.4% among women and 18.8% among men.

Besides the management of modifiable risk factors (smoking
cessation, pharmacologic treatment of high blood pressure,
increased blood glucose levels, and dyslipoproteinemia), PAD
treatment includes administration of antiplatelet agents,
inhibitors of angiotensin-converting enzyme/angiotensin
receptor blockers and statins. Platelet hyperaggregability in
PAD patients as well as an important role of platelets in the
atherosclerotic process justify the use of antiplatelet agents in the
treatment of PAD (Aboyans et al., 2018; Bevan and White Solaru,
2020).

Adherence to antiplatelet medication represents the basic
requirement for successful treatment of PAD patients.
Although medications used in treatment of CV diseases have
improved significantly, adherence to these medications remains
unsatisfactory (Xu et al, 2020). The issue of medication
adherence is particularly relevant in case of asymptomatic
conditions (e.g., treatment of CV risk factors) (Burnier, 2019).
Adherence includes three interrelated phases: initiation,
implementation and persistence. Initiation represents the start
of using the prescribed medication. Implementation reflects the
extent to which a patient’s actual dosing corresponds to the
prescribed dosing (from initiation until the last dose). Persistence
refers to the length of time between initiation and discontinuation
(Vrijens et al., 2012; De Geest et al., 2018). Since antiplatelet
therapy needs to be administered life-long in PAD patients, we
focused our study on the issue of non-persistence with this
medication.

In the literature there is a lack of information about
adherence to medications used in secondary prevention in
older PAD patients. The study by Qvist et al. (2019)
evaluated adherence to antiplatelet and statin therapy;
however, besides PAD patients, it included also subjects with
abdominal aortic aneurysm, and the age of participants was
limited to the range of 65-74 years. Persistence was defined as
an absence of treatment gap > 100days between two
prescription renewals. No predictors of persistence were
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found in the study. To fill in this gap in the literature and
describe patterns of persistence with antiplatelet therapy in
older PAD patients, our study was aimed at 1) the analysis
of non-persistence and 2) identification of patient- and
medication-related  characteristics associated with non-
persistence. To the best of our knowledge, our study is the
first one to evaluate these issues to such an extent.

METHODS

Database and Study Population

The study data was retrieved from the database of the General
Health Insurance Company. It is the largest health insurance
provider in Slovakia covering approximately 63% of the
population. In this database, 21,433 patients in whom PAD
was newly diagnosed between January 1 and December 31,
2012 were identified. Among the patients in this database,
antiplatelet medication use was recorded in 15,382 patients.
Out of these patients, those aged > 65 years (n = 9,892) were
selected. Patients with only one antiplatelet medication
prescription during the 5 years follow-up period (n = 604) and
those who changed their health insurance company (n = 110)
were excluded. After the exclusion of these patients, there
remained a sample of 9,178 patients used as the study cohort
for further evaluations (Figure 1). This database of 21,433
patients represented a source of data in our previous study
focused on non-persistence with statin treatment in older
patients with PAD (Wawruch et al., 2019). In Slovakia, aspirin
is available as an over-the-counter drug, but in case of diseases in
whose treatment aspirin is fully indicated (e.g, PAD), it is
prescribed by a physician. Consequently, its use in PAD
patients can be traced via registers.

Analysis of Non-Persistence
The index date of our retrospective cohort study was the date of
the first dispensation of antiplatelet medication at a pharmacy
after the diagnosis of PAD. From the index date, patients were
followed for 5 years or up to the date of their death if it occurred
during the follow-up period. Patients who died were censored to
avoid their misclassification as non-persistent subjects.
Non-persistence was identified according to the treatment gap
period which was defined as a 6 months period without any
antiplatelet medication prescription observed after the estimated
date of the last day covered by the last package of the prescribed
medication. All tablets in previous packages were considered
when calculating the length of the period covered by medication
(i.e., tablets carried over in case of early prescriptions). The start
of non-persistence was set at the first day after the end of the
period covered by the prescribed medication, i.e., the first day of
treatment gap. Antiplatelet medications were considered as a
medication group, i.e., persistence with particular antiplatelet
agents, besides the initial treatment, was not examined. Except
for ticlopidine, dosing of one tablet per day was considered to
calculate the number of tablets of antiplatelet medications needed
for a certain time period. In case of ticlopidine, twice daily
administration was considered. Patients with a treatment gap
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FIGURE 1 | Flow chart of the study cohort (n = 9,178).
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period were classified as non-persistent and those without such
period were considered as persistent.

Analysis of Factors Associated With
Non-Persistence

Data on patient- and medication-related characteristics,
evaluated as factors potentially associated with non-
persistence, were collected at the time of inclusion in the study
cohort. The following characteristics were analyzed:

a) Socio-demographic characteristics: age, gender, university
education, and employment.

b)

<)

d)

History of CV events: ischemic stroke, transient ischemic
attack (TIA), and MI during 5 years before the index date.
Number of comorbid conditions and particular
comorbidities. Data on comorbid conditions were
collected in accordance with the 10th revision of the
International Classification of Diseases (ICD-10, 1992)
(Supplementary Table S1).

Antiplatelet medication-associated characteristics:
initially (i.e., on the index date) administered antiplatelet
agent(s), whether the patient was a new (antiplatelet
treatment initiated in association with PAD diagnosis)
or prevalent (administered already before PAD diagnosis)
user of antiplatelet medication, patient’s co-payment per
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one month, and whether the antiplatelet medication was
prescribed initially after the PAD diagnosis by a general
practitioner or a specialist. To identify new users, a period
of at least 2years without antiplatelet medication
prescription before PAD diagnosis was required.

e) The overall number of medications, the number of CV co-
medications and particular CV medications identified
according to ATC codes (Guidelines for ATC
Classification ~and  DDD  Assignment,  2018)
(Supplementary Table S2)

Statistical Analysis

Continuous variables were expressed as means + standard
deviations, and categorical variables as frequencies and
percentages.

Categorical variables were compared between persistent
and non-persistent patients using the x’-test. The Mann-
Whitney U test was applied to compare continuous
variables between the two patient groups. This non-
parametric test was wused because of non-Gaussian
distribution of evaluated variables. The distribution of
continuous variables was analyzed by the Kolmogorov-
Smirnov test.

The Life table analysis was used to identify numbers and
proportions of patients who became non-persistent during each
particular year of the 5 years follow-up period. To analyze the
development of non-persistence during the follow-up period in
relation to the initially used antiplatelet medication, and to clearly
illustrate the differences in non-persistence among patients with
particular antiplatelet agents, the Kaplan-Meier model was
applied. To identify the significance of these differences, the
log-rank test was used. To identify patient- and medication-
related characteristics associated with non-persistence, the Cox
proportional hazards model was applied. Hazard ratios and
corresponding 95% confidence intervals were determined for
each characteristic. The Cox regression included all variables
evaluated as factors potentially associated with non-persistence.
We checked the proportional hazards assumption using
Schoenfeld residuals, and this assumption was met (Newman,
2001).

All tests were carried out at the significance level of a = 0.05.
The statistical software IBM SPSS for Windows, version 27, was
used (IBM SPSS Inc., Armonk, NY, United States).

Sensitivity Analyses

To evaluate the potential confounding caused by the inclusion of
both new and prevalent antiplatelet medication users, we
performed a stratified Cox regression analysis of factors
associated with non-persistence separately in the two
mentioned groups. To analyze the possible influence of the
length of the treatment gap period used to identify non-
persistence on the results of our study, a sensitivity analysis
using shorter (1-5 months) and longer (12 months) treatment
gaps was performed. Since the 5 years follow-up is a relatively
long period of time, we identified factors associated with non-
persistence in a sensitivity analysis with a shorter 3 years follow-
up period.

Non-Persistence With Antiplatelet Medications

RESULTS

The baseline characteristics of the study cohort (n = 9,178) are
summarized in Table 1. During the first, second, third, fourth,
and fifth year of the follow-up, 14.7, 7.3, 5.4, 3.8, and 1.8% of
patients, respectively, became non-persistent with antiplatelet
medications. At the end of the 5years follow-up, 3,032
(33.0%) patients were identified as non-persistent with
antiplatelet medications.

The Kaplan-Meier analysis revealed a significant difference
(p < 0.001 according to the log-rank test) in persistence among
the groups of patients created according to the particular
antiplatelet agents used initially at the time of PAD diagnosis
(aspirin, clopidogrel, ticlopidine and combination of aspirin with
clopidogrel). The sharpest decline of the survival curve can be
seen with aspirin, and the curve of patients with combination of
aspirin and clopidogrel indicates the lowest likelihood of
treatment discontinuation (Figure 2).

Table 2 shows the results of the Cox proportional hazards
model which analyzed potential association between patient- and
medication-related characteristics and non-persistence. Age,
history of ischemic stroke or MI, clopidogrel or combination
of aspirin and clopidogrel as the initial antiplatelet medication,
higher patient’s co-payment, general practitioner as index
prescriber and higher overall number of medications appeared
as protective factors decreasing the patient’s likelihood of non-
persistence. On the other hand, female sex, atrial fibrillation,
anxiety disorders, bronchial asthma/chronic obstructive
pulmonary disease (COPD), being a new antiplatelet
medication user, use of anticoagulants or antiarrhythmic
agents represented factors associated with increased probability
of non-persistence.

Sensitivity Analyses

The distribution of patient- and medication-associated
characteristics in the groups of new and prevalent antiplatelet
medication users is shown in Supplementary Table S3. Factors
associated with non-persistence evaluated separately in the
groups of new and prevalent antiplatelet medication users are
listed in Supplementary Table S4. In the analysis performed in
the group of prevalent users, almost the same factors associated
with non-persistence as those in the main analysis, which
included both new and prevalent users, were found. The only
exceptions were: history of MI and anxiety disorders represented
factors influencing persistence in the main cohort but not in the
group of prevalent users, while mineralocorticoid receptor
antagonists were associated with persistence only in the group
of prevalent users but not in the main cohort. On the other hand,
in the group of new users only age and the use of combination of
aspirin and clopidogrel at the time of inclusion in the study were
associated with persistence.

The inverse relationship between the length of the treatment
gap period (1-6, 12 months) and the proportion of non-
persistent patients was confirmed (Table 3). The 6 month
period defining non-persistence may be considered as optimal
choice since the use of shorter (1-5months) or longer
(12 months) treatment gap periods may lead to over- or
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TABLE 1 | Baseline characteristics of the study cohort.

Factor All (n = 9,178)
Socio-demographic characteristics
Age 75.2 + 6.8
Female sex 5,285 (57.6)
University education 637 (6.9)
Employed patients 448 (4.9)
History of cardiovascular events®
History of ischemic stroke 1,756 (19.1)
History of TIA 715 (7.8)
History of MI 577 (6.3)
Comorbid conditions
Number of comorbid conditions 28+1.6
Arterial hypertension 7,551 (82.3)
Chronic heart failure 739 (8.1)
Atrial fibrillation 1,124 (12.2)
Diabetes mellitus 3,866 (42.1)
Hypercholesterolemia 3,577 (39.0)
Dementia 815 (8.9)
Depression 1,082 (11.8)
Anxiety disorders 2,816 (30.7)
Parkinson’s Disease 444 (4.8)
Epilepsy 246 (2.7)
Bronchial asthma/COPD 2,106 (22.9)
Antiplatelet agent related characteristics
Initial antiplatelet agent
Aspirin 6,391 (69.6)
Clopidogrel 1,662 (17.0)
Ticlopidine 639 (7.0)
Aspirin + clopidogrel 586 (6.4)
New antiplatelet agent user® 1,314 (14.9)
Patient’s co-payment (EUR)° 14+£12
General practitioner as index prescriber 6,678 (72.8)
Cardiovascular co-medication
Number of medications 81+26
Number of CV medications 50+23
Anticoagulants 1,917 (20.9)
Cardiac glycosides 744 (8.1)
Antiarrhythmic agents 654 (7.1)
Beta-blockers 1,789 (19.5)
Thiazide diuretics 1,991 (21.7)
Loop diuretics 2,177 (23.7)
Mineralocorticoid receptor antagonists 722 (7.9)
Calcium channel blockers 2,856 (31.1)
RAAS inhibitors 7,659 (83.4)
Statin 6,319 (68.8)
Lipid lowering agents other than statins® 902 (9.8)

Non-Persistence With Antiplatelet Medications

Persistent (n = 6,146) Non-persistent (n = 3,032) p
76.0 + 7.1 73.7 £+ 6.0 <0.001*
3,413 (65.5) 1,872 (61.7) <0.001
393 (6.4) 244 (8.0) 0.003
258 (4.2) 190 (6.3) <0.001
1,314 (21.4) 442 (14.6) <0.001
488 (7.9) 227 (7.5) 0.446
445 (7.2) 132 (4.4) <0.001
29+1.6 26+1.6 <0.001*
5,218 (84.9) 2,333 (76.9) <0.001
563 (9.2) 176 (5.8) <0.001
736 (12.0) 388 (12.8) 0.259
2,739 (44.6) 1,127 (37.2) <0.001
2,361 (38.4) 1,216 (40.1) 0.118
644 (10.5) 171 (5.6) <0.001
745 (12.1) 337 (11.1) 0.159
1,876 (30.5) 940 (31.0) 0.640
326 (5.3) 118 (3.9) 0.003
179 (2.9) 67 (2.2) 0.049
1,397 (22.7) 709 (23.4) 0.484
4,103 (66.8) 2,288 (75.5) <0.001
1,121 (18.2) 441 (14.5)
462 (7.5) 177 (5.8)
460 (7.5) 126 (4.2)
737 (12.0) 577 (19.0) <0.001
156+1.3 1.3+ 1.1 <0.001*
4,626 (75.3) 2,052 (67.7) <0.001
83+25 78+28 <0.001*
51+23 48+23 <0.001*
1,300 (21.2) 617 (20.3) 0.374
578 (9.4) 166 (5.5) <0.001
416 (6.9) 238 (7.9) 0.058
1,241 (20.2) 548 (18.1) 0.016
1,313 (21.4) 678 (22.4) 0.275
1,655 (26.9) 522 (17.2) <0.001
575 (9.4) 147 (4.8) <0.001
1,918 (31.2) 938 (30.9) 0.792
5,188 (84.4) 2,471 (81.5) <0.001
4,168 (67.8) 2,151 (70.9) 0.002
596 (9.7) 306 (10.1) 0.550

In case of categorical variables, values represent the frequency and the percentages are provided in parentheses (% of ). In case of continuous variables, means + standard deviations are
provided. TIA-transient ischemic attack; MI-myocardial infarction; COPD-chronic obstructive pulmonary disease; CV—-cardiovascular; RAAS-renin-angiotensin-aldosterone system;
p-statistical significance between persistent and non-persistent patients according to the Xz -test; *Statistical significance according to the Mann-Whitney U test; In case of statistical

significance (p < 0.05), the values are expressed in bold.
aThe time period covered by “history”-5 years before the index date of this studly.

PNew antiplatelet agent user-patient in whom antiplatelet treatment was initiated in association with the diagnosis of peripheral arterial disease.

“Co-payment-calculated as the cost of antiplatelet treatment paid by the patient per month.

9Lipid lowering agents other than statins—ezetimibe and fibrates.

underestimation of non-persistence. In the sensitivity analysis
which used the Cox model with a shorter 3 years follow-up
period, the same characteristics, except for
hypercholesterolemia, as those in the main model with a
5years follow-up were associated with non-persistence.
Hypercholesterolemia was associated with non-persistence
only in the Cox model with a 3 years follow up period but not
in one with a 5 years follow-up (Supplementary Table S5).

DISCUSSION

Our study focused on the analysis of non-persistence with
antiplatelet treatment in older PAD patients revealed some
important findings. The proportion of PAD patients who
became non-persistent with antiplatelet medication during the
5 years follow-up period (33.0%) can be considered as high. In the
Cox regression model, factors associated with increased or
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FIGURE 2 | Persistence among the groups of patients with particular antiplatelet agents used at the index date of the studly.

decreased probability of non-persistence were identified. To the
best of our knowledge, there are almost no similar studies
evaluating the issue of non-persistence with antiplatelet
medications used in secondary prevention of PAD in older
patients. As we have mentioned previously in the
Introduction, the only study similar to ours was the study by
Qvist et al. (2019) which focused on adherence to antiplatelet and
statin treatment in patients with PAD and abdominal aortic
aneurysm. However, in contrast to our study, characteristics
associated with non-persistence with antiplatelet medications
were not found in that study. For the reasons mentioned
above, we compared our results mostly with the studies
analyzing persistence with antiplatelet treatment in patients
after MI or stroke/TTIA. The recommendations for the use of
antiplatelet agents in recent guidelines of the European Society of
Cardiology on the diagnosis and treatment of PAD by Aboyans
et al. (2018) do not basically differ from those in the previous
guideline by Tendera et al. (2011) which represented the actual
guideline for the treatment of PAD at the time of inclusion of
patients in our study.

Among socio-demographic characteristics evaluated in our
study, higher age was associated with persistence, while female
sex was associated with non-persistence. Better persistence in
older PAD patients may indicate a careful medication-taking
behavior in this age group of patients who are used to take
concurrently several medications. Similarly to our study, in the
systematic review by Jang and Zuniga (2020), older age was
associated with persistence, while female sex was associated with
non-persistence. That systematic review was focused on
observational studies evaluating adult ischemic stroke or TIA
patients, and reported poor persistence with antiplatelet agents,
anticoagulants, and statins. Female sex was associated with
poorer persistence also in the retrospective observational
database study by Liu et al. (2019) which analyzed initiation
of and persistence with antiplatelet medications among patients
with acute coronary syndromes. Patients with no gaps of >
30 days in antiplatelet treatment were considered persistent.

The findings of our study do not make it possible to explain
why female gender was associated with non-persistence. One
possible factor contributing to the increased risk of non-
persistence in women may be the fact that, in general, women
experience adverse drug reactions (ADRs) more frequently than
men (Miller, 2001; Franconi et al, 2007). ADRs may
consequently lead to treatment discontinuation.

Certain comorbid conditions, namely atrial fibrillation,
anxiety disorders and asthma/COPD as well as some CV co-
medications like anticoagulants and antiarrhythmic agents were
associated with non-persistence in our study cohort. Increased
risk of bleeding associated with concurrent use of antiplatelet
agents and anticoagulants may serve as one possible explanation
of an increased likelihood of antiplatelet treatment
discontinuation in older PAD patients with atrial fibrillation
(Hindricks et al, 2021). According to a nationwide
population-based cohort study by Green et al. (2016), atrial
fibrillation was associated with a higher risk of treatment
breaks in DAPT among patients undergoing percutaneous
coronary intervention after an acute MI. Anxiety is associated
with a fear of developing ADRs which may be responsible for
treatment discontinuation (Sundbom and Bingefors, 2013).
Anxiety has previously been reported to be a patient factor
affecting adherence to medications in older adults in the
systematic review by Yap et al. (2016). Patients who
interrupted DAPT had a higher rate of some comorbidities
including COPD in the study by Ferreira-Gonzilez et al.
(2012). Their study was focused on the analysis of risk of
major cardiac events associated with discontinuation of DAPT
in patients after drug-eluting stent implantation.

In our study cohort, PAD patients who initiated antiplatelet
treatment with clopidogrel or DAPT (combination of aspirin and
clopidogrel) had better persistence in comparison with those treated
with aspirin alone. The positive association of DAPT with
persistence may be related to its use after stenting in patients
undergoing percutaneous coronary intervention after acute MI
(Ibanez et al, 2018). History of MI and ischemic stroke
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TABLE 2 | Multivariate analysis of the association between patient- and
medication-related characteristics and the likelihood of non-persistence (n =

9,178).
Factor

Socio-demographic characteristics
Age
Female sex
University education
Employed patients
History of cardiovascular events?
History of ischemic stroke
History of TIA
History of Ml
Comorbid conditions
Number of comorbid conditions
Arterial hypertension
Chronic heart failure
Atrial fibrillation
Diabetes mellitus
Hypercholesterolemia
Dementia
Depression
Anxiety disorders
Parkinson’s Disease
Epilepsy
Bronchial asthma/COPD
Antiplatelet agent related characteristics
Initial antiplatelet agent
Aspirin
Clopidogrel
Ticlopidine
Aspirin + clopidogrel
New antiplatelet agent user®
Patient’s co-payment (EUR)°
General practitioner as index prescriber
Cardiovascular co-medication
Number of medications
Number of CV medications
Anticoagulants
Cardiac glycosides
Antiarrhythmic agents
Beta-blockers
Thiazide diuretics
Loop diuretics
Mineralocorticoid receptor antagonists
Calcium channel blockers
RAAS inhibitors
Statin

Lipid lowering agents other than statins®

Hr (95% CI)

0.98 (0.97-0.98)
1.26 (1.16-1.37)
1.10 (0.96-1.26)
1.13 (0.97-1.32)

0.87 (0.78-0.97)
1.08 (0.93-1.24)
0.82 (0.68-0.98)

0.92 (0.83-1.02)
0.96 (0.83-1.11)
1.03 (0.84-1.25)
1.56 (1.33-1.84)
0.89 (0.78-1.01)
1.13 (0.99-1.29)
0.84 (0.69-1.01)
1.07 (0.91-1.25)
1.17 (1.03-1.34)
1.02 (0.82-1.27)
1.04 (0.79-1.36)
1.20 (1.04-1.37)

1.00
0.83 (0.73-0.94)
0.88 (0.73-1.07)
0.60 (0.49-0.74)
1.44 (1.28-1.62)
0.94 (0.89-0.98)
0.81 (0.74-0.88)

0.95 (0.93-0.97)
0.99 (0.95-1.03)
1.15 (1.04-1.28)
1.03 (0.86-1.22)
1.33 (1.13-1.55)
0.95 (0.86-1.06)
1.09 (0.99-1.20)
0.94 (0.83-1.05)
0.84 (0.69-1.01)
1.07 (0.97-1.17)
1.02 (0.91-1.15)
1.01 (0.93-1.11)
1.04 (0.92-1.18)

Values represent hazard ratios (95% confidence intervals). In case of statistical
significance (p < 0.05), the values are expressed in bold. TIA-transient ischemic attack;
MI-myocardial infarction; COPD-chronic obstructive pulmonary disease;

CV-cardiovascular; RAAS-renin-angiotensin-aldosterone system.

aThe time period covered by “history”-5 years before the index date of this studly.
PNew antiplatelet agent user-patient in whom antiplatelet treatment was initiated in

association with the diagnosis of peripheral arterial disease.

°Co-payment-calculated as the cost of antiplatelet treatment paid by the patient

per month.

9L jpid lowering agents other than statins-ezetimibe and fibrates.

represented factors associated with persistence in our study. This
result may indicate better awareness of the importance of antiplatelet
treatment in PAD patients with other conditions where antiplatelet
medication is fully indicated in secondary prevention (Arnan et al,
2014; Kernan et al.,, 2014; Ibanez et al., 2018).

Non-Persistence With Antiplatelet Medications

In our study, being a new user of antiplatelet medication
appeared as a factor associated with non-persistence.
Analogously, in the study by Qvist et al. (2019), among
antiplatelet medication non-users at baseline, 57% persisted,
whereas among users at baseline, 79% persisted with their
antiplatelet therapy during the 5 years follow-up. After the first
acute coronary syndrome-related hospitalization, patients who
had prior use of antiplatelet agents were more likely to persist
with this medication also in the study by Liu et al. (2019).

Higher co-payment was associated with persistence in our
study cohort. The design of our study does not make it possible to
explain this result. In contrast to our results, according to the
claims database study by Burke et al. (2010), higher medication
co-payment had a negative impact on persistence with
antiplatelet therapy among ischemic stroke survivors. In their
study, non-persistence was defined as an absence of medication
refilling within 30 days from the run-out date of the prior
prescription.

Increasing overall number of medications appeared as a
protective factor associated with persistence in our study.
Polypharmacy was associated with persistence also in our
previous study focused on the analysis of non-persistence with
antiplatelet medications in older patients after a TIA (Wawruch
et al,, 2017). In our study, index prescriber being a general
practitioner rather than a specialist was associated with
persistence. Similar association was found in our previous
study focused on non-persistence with statins in older PAD
patients (Wawruch et al., 2019).

Our study has some limitations which should be taken into
consideration when interpreting its results. The database of the
General Health Insurance Company, which served as a source of
data for our study, was primarily constituted for insurance and
reimbursement purposes and not for research. For this reason, it
is impossible to identify the reasons for discontinuation and
distinguish who decided to discontinue the treatment (i.e., the
patient or the physician). Moreover, the database does not make it
possible to identify whether patients actually took their
medications as prescribed. We did not have access to data
beyond the end of the study period. For this reason, it was
impossible to identify the 6 months treatment gap during the
period of less than 6 months before the end of the follow up.
Inclusion of prevalent users in our study cohort (ie., patients
taking a therapy for a certain period of time before the index date
of the study) can cause two types of biases: 1) prevalent users
“survived” the early period of pharmacotherapy; this may cause
selection bias, and 2) covariates of prevalent users at the time of
inclusion in the study may be significantly affected by the drug
itself (ENCePP Guide on Methodological Standards in
Pharmacoepidemiology, 2020). Since PAD represents one of
manifestations of atherosclerosis, which is a systemic process
affecting the whole vasculature, PAD patients often use
antiplatelet agents at the time of PAD diagnosis, e.g., because
of coronary artery disease or after stroke/TIA. In our study, new
users represented only 14.3% of the cohort of 9,178 patients.
Exclusion of remaining 85.7% of patients would lead to a
substantial confounding. This was the reason why we decided to
prefer also to include prevalent users. On the other hand, the large
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TABLE 3 | Sensitivity analysis of the effect of different lengths of treatment gap period defining non-persistence.

Treatment gap to define non-persistence (months)

1 2 3
1st year 3,807 (42.5) 2,861 (31.2) 2,187 (23.8)
2nd year 844 (9.2) 782 (8.5) 780 (8.5)
3rd year 333 (3.6) 445 (4.9) 476 (5.2)
4th year 190 (2.1) 206 (3.2) 340 (3.7)
5th year 140 (1.5) 221 (2.4) 223 (2.4)
Total 5,404 (58.9) 4,605 (50.2) 4,006 (43.6)

4 5 6 12
Non-persistent patients
1,804 (19.7) 1,524 (16.6) 1,350 (14.7) 832 (9.1)
770 (8.4) 729 (7.9) 670 (7.3) 552 (6.0)
498 (5.4) 493 (5.4) 498 (5.4) 441 (4.8)
333 (3.6) 346 (3.8) 353 (3.8) 344 (3.7)
202 (2.2) 194 (2.1) 161 (1.8) 18 (0.2
3,607 (39.3) 3,286 (35.8) 3,032 (33.0) 2,187 (23.8)

Values represent the frequency, and the percentages are provided in parentheses (% of n = 9,178).

sample size which covers all administrative regions of the Slovak
Republic and detailed and precise data on drug dispensations and
patients’ comorbid conditions represent the strengths of our study.

Despite the limitations mentioned above, our study revealed that
younger patients, females, subjects in whom aspirin as monotherapy
was administered at the index date, patients without history of MI or
ischemic stroke, those with atrial fibrillation, anxiety disorders,
bronchial asthma/COPD, subjects with lower overall number of
medications and with lower co-payment, new antiplatelet
medication users in whom this therapy was initiated in
association with PAD diagnosis, and patients treated with
anticoagulants or antiarrhythmic agents represent the groups of
PAD patients in whom an increased likelihood of antiplatelet
treatment discontinuation may be expected.

CONCLUSION

Our study revealed a relatively high proportion of older PAD patients
who discontinued antiplatelet treatment (33.0%) at some point during
the 5 years follow-up. This finding indicates that non-persistence with
antiplatelet medications in older PAD patients represents an important
public health issue. Factors characterizing patients with an increased
probability of non-persistence make it possible to identify patient
groups that require increased attention aimed at the improvement of
persistence with antiplatelet medication.
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