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h Background: Adherence to dual antiplatelet therapy (DAPT) is critical after coronary stenting. Although
adherence rates are frequently assessed in clinical trials, adherence rates in the unselected population
u recommended for treatment but beyond clinical trials are largely unknown. Therefore, we performed a
< systematic review of published observational studies to describe rates of DAPT adherence, trends in DAPT use
over time, and patient-level factors associated with nonadherence.
Hypothesis: DAPT adherence declines with increasing time after drug-eluting stent implantation.
Methods: PubMed, Cumulative Index to Nursing and Allied Health Literature, Embase, and Web of Knowledge
were searched through November 20, 2012 for studies including patients receiving 1 or more drug-eluting stents
and reporting the use of aspirin and/or thienopyridines, or assessing factors associated with nonadherence to
DAPT after bare metal or drug-eluting stent placement.
Results: We included 34 studies in the description of DAPT adherence and 11 studies in the description
of factors associated with nonadherence. Adherence to DAPT and thienopyridines was high at 1 month but
declined by 12 months. Aspirin adherence was at least 90% throughout. Factors associated with nonadherence
included bleeding, lower education level, immigrant status, and lack of education regarding DAPT.
Conclusions: DAPT adherence is suboptimal at 12 months, and interventions to increase adherence should
focus on reducing bleeding risk and improving communication between patients and physicians.

Introduction

Percutaneous coronary intervention (PCI) is an effective
treatment in patients with acute coronary syndromes and
stable angina refractory to medical therapy. However, the
administration of both aspirin and additional inhibitors of
the platelet receptor P2Y12 (ie, dual antiplatelet therapy
[DAPT]), in the months following stent placement is
necessary to decrease the risk of stent thrombosis.! In
fact, early discontinuation of therapy is the most powerful
predictor of stent thrombosis for patients treated with a drug-
eluting stent (DES).23 Therefore, current American College
of Cardiology (ACC) and American Heart Association (AHA)
guidelines recommend DAPT for a minimum of 12 months
after DES placement.?
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The necessity of prolonged DAPT after coronary stenting
with a DES and the direct relationship of failure to adhere
with poor outcomes have focused attention on rates of
nonadherence, identifying those at risk for nonadherence
and designing interventions to improve adherence rates.
Although several studies have attempted to identify various
factors associated with nonadherence to address the issue
of poor compliance, no integrated assessment of the factors
associated with DAPT nonadherence across a broad array
of treatment settings and beyond prospective clinical trials
has been performed.

We therefore performed a systematic review of published
studies of patients receiving a coronary DES to describe
rates of DAPT adherence, trends in adherence over time,
and patient-level factors associated with nonadherence to
provide insight into the magnitude of the clinical problem of
nonadherence to DAPT and to identify potential targets for
interventions designed to improve adherence.

Methods

The protocol for this systematic review was prospectively
registered in PROSPERO.?
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Search Strategy

PubMed, Embase, and Cumulative Index to Nursing and
Allied Health Literature were searched on November 20,
2012, and Web of Knowledge was searched on November
23, 2012. Each search consisted of subject headings and
free-text terms related to coronary artery disease, bare-metal
or drug-eluting stents, and adherence or compliance (see
Supporting Methods in the online version of this article).
In addition, 1 author performed a manual review of major
relevant journals (see Supporting Table1, in the online
version of this article) from January 2012 through January
2013 to identify any articles that may have been in publication
during the time period of the database search, as well as a
search of the bibliography of any included study identified
through the initial database searches.

Study Selection

Only studies reporting primary data were eligible for
inclusion. All studies selected for our analysis of DAPT
adherence rates included patients receiving at least 1 coro-
nary DES and reported adherence to aspirin, ticlopidine,
clopidogrel, or prasugrel at 1, 6, or 12 months postproce-
dure. Adherence was defined as use of a medication during
the prescribed period, without regard for the reason for
discontinuation. Studies were excluded if they selected
patients based on adherencerelated factors (eg, stent
thrombosis) or reported on patients not filling prescriptions
rather than directly estimating adherence. Clinical trials,
meta-analyses, and reviews were also excluded. If 2 or more
studies reported overlapping data, the study with the most
complete data (as assessed by sample size and length of
follow-up) was included, along with any nonoverlapping data
points. We attempted to contact the authors of any study
that appeared to have collected but not reported adherence
rates, but did not seek clarification of studies not in English.

Two authors independently screened each study identi-
fied through the database searches. Both authors reviewed
the full text of any study thought potentially eligible for
inclusion by either, and any disagreement was resolved by
consensus. Articles not in English were reviewed by an
interpreter and 1 author. Cohen’s kappa (k) was used to
quantify inter-rater agreement on inclusion.

Data Extraction

Data were extracted from each study independently by
2 authors using a standardized form, with discrepancies
resolved by consensus. Data from studies not in English
were extracted by 1 author with the assistance of an
interpreter. If the expected duration of DAPT was not
specified in the study methods, we used any mention of
the expected duration of DAPT found in the remainder
of the article. In the few cases where neither of these
strategies was successful, we assumed that the relevant
guidelines in the country of origin during the period of
data collection governed the expected duration of DAPT. All
factors associated with adherence to DAPT after bare metal
stent (BMS) or DES in a multivariate model were recorded.

When the total sample size at the time adherence
assessment was not available, the sample size was assumed
to remain constant throughout the study. Three studies

contained adherence data within figures but did not state
exact rates.5~8 Therefore, adherence rates were estimated
from the figures with the use of Plot Digitizer (University of
South Alabama, Mobile, AL), and the average rate calculated
by the 2 authors was then taken to be the actual rate of
medication adherence.

Statistical Analyses

Summary adherence rates were estimated by meta-analysis
with a random effects model. An analysis of the influence
of the time period of data collection on adherence rates
was prespecified in our protocol and was performed by
metaregression with a random effects model, with the
end date of data collection as the independent variable.
A few small studies had use rates of 100%, resulting in a
standard error of 0, which could not be included in the
metaregression. Therefore, we subtracted 0.0001% from
each of these adherence estimates to allow inclusion.
All statistical analyses were performed with Stata 12.1
(StataCorp, College Station, TX) and the metan and metareg
packages.

Results

Study Selection

The screening and selection of studies is summarized in
the Figure. We reviewed the full text of 299 of 1165 (25.7%)
unique records identified through our database search.
Of these, 20 studies (6.7%) were included in our analysis
of DAPT adherence. Inter-rater agreement was acceptable
for the title and abstract (x =0.65) and full-text (x =0.73)
reviews. Furthermore, our bibliography review and hand
search yielded an additional 14 articles, for a total of 34
articles included in our analysis of DAPT adherence.

Study Characteristics

Thirty-four studies reported adherence rates for aspirin,
thienopyridines, or both at 1, 6, or 12 months after DES
placement (Table1l). The studies had a mean sample
size of 4286, and data collection spanned April 2002
through February 2010. Most studies (31/34) assessed
adherence by asking patients or reviewing the medical
record; 3 studies utilized a database to determine medication
adherence. Seventy-nine percent of studies (27/34) defined
nonadherence as not taking the medication at the time of
assessment.

Baseline demographics and comorbidities varied widely
across the included studies (see Supporting Table 2 in the
online version of this article). In addition, 56% (19/34) of
the studies required written informed consent, 3 studies
restricted the patient population to those receiving only 1
specific stent, 26% (9/34) included only a specific class or
classes of DESs, and 3 either provided medications for free
or ensured that they were covered by insurance.

DAPT Adherence

Rates of DAPT adherence in each individual study are
presented in Table 2. Aspirin adherence was reported in
10 studies, thienopyridine adherence in 25, and DAPT
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Table 1. Properties of Studies Included in the Systematic Review of Dual Antiplatelet Therapy Adherence Rates

Data Source of Definition of
First Author Publication Year No. Period of Data Collection Country Collection Adherence Information Nonadherence
Urban® 2006 15157 4/2002-9/2005 International P PR/MR NT
Trabattoni'® 2007 867 4/2002-12/2004 Italy P PR NT
Airoldi'” 2007 3021 6/2002-1/2004 Italy/Germany P PR NT
Schulz®® 2009 6816 7/2002-12/2006 Germany P PR NT
Spertus? 2006 500 1/2003-6/2004 USA P PR NT
Petersen® 2010 9256 1/2003-8/2006 USA R D NT
Park®® 2006 1911 2/2003-10/2004 South Korea P PR/MR NT
0Oh?° 2012 2146 3/2003-6/2009 South Korea P PR/MR NT
Gaglia®* 2010 5688 4/2003-6/2009 USA R PR NT
Kovacic?? 2012 5681 5/2003-5/2008 USA P PR NT
Flores-Rios?3 2008 604 6/2003-2/2005 Spain P PR/MR NT
Ko” 2009 5263 12/2003-3/2006 Canada R D No rx in 14 days
Wang?4 2009 4972 1/2004-12/2006 China R PR NT
Abbott?5 2007 1460 2/2004-5/2004 USA P PR/MR NT
Lasala2® 2009 7492 2/2004-7/2008 USA P PR/MR NT
Pallares?” 2009 257 3/2004-8/2005 USA P PR Taking <80%“
Yan2® 2008 1630 4/2004-10/2006 Australia P PR/MR NT
Win29 2007 3323 7/2004-9/2005 USA P PR NT
Kimura3® 2009 10778 8/2004-11/2006 Japan P PR/MR NT for >2 months
Kimura3! 2012 12 812 8/2004-11/2006 Japan P PR/MR NT for >2 months
Ikari¢ 2009 2051 9/2004-9/2005 Japan P PR/MR NT
Tada3? 2012 6802 1/2005-12/2007 Japan P PR/MR NT for >2 months
Musumeci33 2012 1437 6/2005-6/2008 Italy P PR/MR NT
Lotan34 2009 8314 9/2005-10/2007 International P PR/MR NT
Shroff35 2009 216 9/2005-8/2005 USA R D MPR! <80%
Blich3® 2010 314 2/2006-1/2007 Israel P PR NT
Urban37 2011 15147 5/2006—4/2008 International P PR/MR NT
Tsukahara3® 2010 184 6/2006-6/2008 Japan P PR/MR NT
Poh3? 2011 203 1/2007-12/2007 Singapore P PR NT for >1 week
Quadros4® 2011 12 11/2007-3/2008 Brazil P PR NT
Fath-Ordoubadi4* 2012 1640 1/2008-12/2009 International P PR/MR NT
Ferreira-Gonzalez#? 2012 1622 1/2008-4/2008 Spain P PR NT
Naidu43 2012 8061 7/2008-2/2010 USA P PR NT
Unverdorben? 2007 97 - Germany P PR/MR NT

Abbreviations: D, database; MPR, medication possession ratio (see text for definition); MR, medical record; NT, not taking; P, prospective cohort; PR,
patient report; R, retrospective cohort; rx, medication.

Studies are sorted in chronological order according to the start of data collection. Properties of the studies by Gaglia®* and Quadros“® include a combined
bare-metal and drug-eluting stent population.

9Taking <80% of medication or missed >2 doses/week.
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Table 2. Individual Study Estimates of DAPT Use After Drug-Eluting Stent Implantation

Expected Aspirin Use, % Thienopyridine Use, % DAPT Use, %

First Author Adherence, mo 1month 6 months 12 months 1month 6 months 12 months 1month 6 months 12 months
Urban?®s 3 91.5 92.5 91.4 89.3 74.2 47.2 85.6 70.3 43.0
Trabattoni® 3 - — - - - - 98.3 - —
Airoldi* 3 = = = = 81.2 42.6 97.6 80.7 42.8
Schulz® 1 - — — — — 80.2 — — —
Spertus® 3 = = = 86.4 86.7 87.1 = = =
Petersen® 12 = = = 90.7 80.3 64.1 = = =
Park®® 6 = = = = = = = 96.7 =
Oh2° 6 - - - - 87.9 - - - -
Gaglia®* 6 - — — 99.0 94.9 89.3 — — —
Kovacic?? 12 - — 96.8 - - 97.0 — — 94.6
Flores-Rios?3 6 — — — — — — — 98.8 =
Ko” 12 — - — 89.9 71.9 34.4 - - -
Wang?4 9 = = 96.1 = = 94.5 = = =
Abbott?5 3 - — 91.0 - = 59.7 — — _
Lasala?® 6 - — - - - - - - 67.6
Pallares®? 3 - - = = 79.8 — — — —
Yan28 B — — — 92.0 — 61.3 — — —
Win29 3 - 94.7 95.5 - 86.6 78.2 - 83.2 75.8
Kimura3° 3 — — — 97.0 — — — — —
Kimura3* 3 = = = = 74.9 63.0 = = =
Ikari® 3 - — - 95.4 66.7 53.9 - - —
Tada3? 3 = = = = 81.8 69.4 = = =
Musumeci33 12 — - — - - - - - 86.9
Lotan34 3 = = = = = = 97.9 85.0 61.0
Shroff35 3 — - - - 75.6 - - - -
Blich3¢ 12 - — = = = 35.7 — — _
Urban37 6 98.3 97.4 95.9 99.3 96.6 82.2 98.0 94.6 79.4
Tsukahara3® 12 — — 99.5 - - - - - 96.2
Poh3? 12 - — 91.6 - - 93.1 96.6 91.6 87.2
Quadros4® 12 = = = 100.0 = = = = =
Fath-Ordoubadi4* 6 - — - - - - 98.2 96.8 74.2
Ferreira-Gonzalez4? 6 — — — — — — — 98.0 95.7
Naidu#3 12 95.9 93.4 91.4 97.4 94.7 90.2 94.2 90.5 85.6
Unverdorben? 6 — — 81.3 — 99.0 100.0 — — —

Abbreviations: DAPT, dual antiplatelet therapy.
Studies are sorted in chronological order according to the start of data collection.
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1493 records identified through
database searches

J

1165 records remaining after
duplicates removed

866 records excluded:

1. Patient population (518)
2. Study type (307)

3. No adherence data (41)

299 full-text records assessed

QhwnN =

279 records excluded:
Patient population (102)
Study type (106)

No adherence data (61)
Could not be obtained (1)
Duplicate population (9)

20 records included

14 records included from
TOC/bibliography search

34 total records included in
adherence rate analysis

analysis

5 records included in both

11 total records included in

analysis

6 records included in only
adherence associations

adherence associations
analysis

Figure 1. Screening and flow of records through the systematic review. Abbreviations: TOC, table of contents.

adherence in 16. Aspirin use was greater than 90% at 1,
6, and 12 months except in 1 small study.” In contrast,
DAPT and thienopyridine adherence were generally high at
1 month, began to decrease by 6 months, and had declined
significantly by 12 months.

We attempted to determine the rate of adherence at
each time point by meta-analysis, but there was a high
degree of between-study variance. We therefore performed
several subgroup analyses according to study properties
(Table 1 and text) to investigate possible sources of this
heterogeneity. Metaregression according to any of these
variables did not result in a significant reduction in the 12
statistic, though all of these analyses were underpowered.

As an exploratory analysis, we performed metaregression
to predict DAPT use according to the end date of the study
to determine the influence of the change in the ACC/AHA
guideline? in 2007 recommending that the duration of DAPT
after DES be extended from 3 to 6 months to 12 months.
DAPT use at 12 months increased from 53.9% for studies
ending in 2004 to 2006 (95% confidence interval [CI]: 33.8%-
73.9%; n=3) to 82.5% (95% CI: 73.5%-91.5%; n =9) for those
ending in 2007 to 2009 (P=0.01, I?=99.9%), whereas
thienopyridine use increased from 63.8% (95% CI: 51.8%-
75.8%; n=12) to 78.1% (95% CI: 68.8%-87.5%; n = 6) over the
same time period (P = 0.02, I? =99.9%).

Factors Associated With Nonadherence to DAPT

A total of 11 studies investigated patient-level factors asso-
ciated with nonadherence to DAPT after coronary stent-
ing with either BMS or DES within multivariate models
(Table 3). In this analysis, we defined nonadherence as ces-
sation of the course of therapy prior to completion of the
originally planned duration. Of the included studies, 1 inves-
tigated only bleeding, whereas another focused on factors
relevant only to the local population (eg, being non-Jewish in
Israel).

Patient factors associated with nonadherence across mul-
tiple studies were limited to the use of oral anticoagulation
and previous bleeding (both serious and nuisance). Multiple
comorbidities were found to be associated with nonadher-
ence, though only chronic obstructive pulmonary disease
(COPD) was associated with nonadherence in more than
1 study. Furthermore, previous myocardial infarction (MI)
was found to be associated with improved adherence in 2
studies.

Few studies have comprehensively investigated the effect
of socioeconomic factors and healthcare systems factors
on DAPT nonadherence. However, lower education level,
immigrant status, and the lack of instructions regarding
antiplatelet therapy on discharge from the hospital were
associated with nonadherence in 2 studies each.
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Table 3. Factors Associated With Nonadherence to DAPT after BMS or DES.

Study No. Country Factor Associated With Nonadherence
DAPT
Ferreira-Gonzalez (2010)44 1606 Spain Oral anticoagulation therapy prescribed at discharge
Immigrant

Previous major hemorrhage

Chronic renal impairment

Psychotropic drug consumption

Peripheral arterial disease

Greater mean number of patients receiving stents
Previous myocardial infarction

Instructions concerning antiplatelet therapy maintenance
administered before discharge (hospital level)

Publicly funded hospitals
Rossini (2011)45 1358 Italy In-hospital major bleeding
Oral anticoagulants at discharge
Statin at discharge
Kovacic (2012)?2 5681 USA Use of warfarin at discharge
Age (per 1 year increase)

Presentation with unstable coronary syndrome or acute myocardial
infarction (vs stable presentation)

Hypertension
Multivessel coronary artery disease
Prior myocardial infarction
Diabetes
Stenting of left main coronary artery
Thienopyridines
Spertus (2006)? 500 USA Not completing high school
Ko (2009)7 5263 Canada Cancer
Heart failure
Chronic obstructive pulmonary disease
Age
Low income
Blich (2010)3¢ 314 Israel Non-Jewish

Lack of explanation of the importance of taking clopidogrel by
medical staff at the time of discharge

Lack of cardiology follow-up

Armero (2011)46 396 France Nuisance and internal bleeding
Jura-Szoltys (2011)47 962 Poland Liver cirrhosis
Epistaxis

OR (95% CI)

3.9 (1.3-12.0)
3.8 (1.2-12.0)
3.8 (1.4-10.0)
2.8 (1.5-5.3)
2.6 (1.3-5.1)
1.8 (1.0-3.2)
1.0 (1.0-1.0)
0.5 (0.3-0.8)

0.4 (0.2-0.8)

0.1 (0.0-0.6)
9.0 (3.0-24.4)
8.2 (4.0-17.0)
0.4 (0.2-0.6)
1.7 (1.3-2.2)

1.0 (1.0-1.0)

0.9 (0.8-1.0)

0.8 (0.7-1.0)
0.8 (0.7-0.9)
0.7 (0.6-0.9)
0.7 (0.6-0.8)

0.6 (0.4-0.9)

1.8 (1.0-3.2)
1.3 (1.0-1.8)¢
1.2 (1.1-1.4)°
1.2 (1.0-1.3)¢
1.0 (1.0-1.0)¢
0.9 (0.8-1.0)7
19.2 (2.4-142.0)

10.8 (2.7-42.9)

4.7 (1.0-23.1)
3.1 (1.0-9.2)
4.8 (1.4-16.7)

2.5 (1.4-4.3)
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Table 3. Continued

Study No. Country Factor Associated With Nonadherence OR (95% CI)
History of peptic ulcer disease 2.1 (1.4-3.1)
Bruising 2.0 (1.4-3.0)
Higher-level education 0.6 (0.4-1.0)
Chronic kidney disease 0.5 (0.3-0.9)
DES implantation 0.5 (0.3-0.6)
Quadros (2011)4° 400 Brazil Salary <2x minimum wage 8.2 (2.7-25.0)
Lack of health insurance 4.7 (1.1-21.0)
Salary >3 x minimum wage 4.5 (1.3-16.0)
Salary 2 x —3x minimum wage 4.5 (1.3-16.0)
Unmarried 2.5 (1.0-6.1)
Acute coronary syndrome 2.3 (1.3-4.1)
Diabetes mellitus 2.2 (1.0-4.7)
Zhu (2011)48 9703 USA Prior use of clopidogrel (within 12 months) 1.4
Prior all-cause hospitalization (within 12 months) 1.3
Did not receive stent during percutaneous coronary intervention 1.3
Chronic obstructive pulmonary disease 1.3
Age <55 years 1.3
Diabetes mellitus 1.2
Prior B-blocker, statin, ACE inhibitor use (within 12 months) 0.8
Aspirin
Cuisset (2012)4° 308 France Immigrant 8.4 (3.5-19.8)
Treated for diabetes 4.5 (1.9-10.9)
Smoker 3.1 (1.4-6.9)
Older age 1.0 (1.0-1.2)

Abbreviations: ACE, angiotensin-converting enzyme; Cl, confidence interval; DAPT, dual antiplatelet therapy; DES, drug-eluting stent; OR, odds ratio.

%Hazard ratio.

Discussion

Nonadherence to DAPT has long been recognized as
an important predictor of poor outcomes after coronary
stenting.* Our systematic review found that rates of DAPT
adherence after DES placement are generally high at 1
month, begin to decline by 6 months, and are lower still
at 12 months. Furthermore, 12-month DAPT use after DES
increased from 54% in 2004 to 2006 to 83% in 2007 to 2009.
These findings demonstrate the effectiveness of clinical
guidelines? in increasing adherence. Although a previous
single-center study reported an increase in DAPT adherence
over time, !0 this is the first study to comprehensively review
diverse, unselected sources of data.

A recent analysis from the PARIS (Patterns of Non-
Adherence to Anti-Platelet Regimens In Stented Patients)
registry suggested that the reason for DAPT cessation

influences the risk for major adverse cardiac events, with
those stopping therapy due to “disruption” (nonadherence
or bleeding) having the highest risk, whereas those
discontinuing permanently due to completion of therapy
or temporarily due to a need for surgery having a lower
risk.!! In this registry, those who discontinued DAPT due
to nonadherence or bleeding were older; were less likely
to have a previous MI, coronary artery bypass surgery,
or diabetes; were more likely to be a smoker, have silent
ischemia, or present with an acute coronary syndrome; and
were more likely to be on DAPT and oral anticoagulation.!!

Our systematic review of patient factors associated
with discontinuation of DAPT prior to the prescribed
course of therapy (ie, nonadherence) further supports this
conclusion. First, previous or in-hospital bleeding and use
of oral anticoagulation were relatively strong predictors of
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nonadherence, which increases the risk of stent thrombosis.
COPD and lack of a previous MI were also associated with
nonadherence, though these should be interpreted with
caution given the lack of a clear mechanism.

Furthermore, lower education level, immigrant status,
and a lack of clearly communicated instructions regarding
DAPT prior to discharge from the index hospitalization were
associated with nonadherence. These findings suggest that
the lack of a clear understanding of DAPT therapy may
also contribute to the risk for nonadherence, though few
studies of patients with coronary stents have examined
nonadherence from the patient’s perspective. In 2 small
studies, clinicians more frequently identified cost, patient
education, and poor transitions in care as common barriers
to clopidogrel adherence,'? whereas patients stressed a lack
of knowledge and poor communication.!3

Therefore, communication between patients and physi-
cians is an important target for interventions aimed at
increasing DAPT adherence. In a single-center study,
patients were contacted by telephone at 7 days and at
1, 6, and 9 months post-DES implantation to encour-
age DAPT adherence, with resulting “near-perfect” DAPT
adherence.* Whether these results can be effectively imple-
mented broadly or in the targeted populations at higher risk
for nonadherence is worthy of further investigation.

Our study should be interpreted in the context of the
available data for analysis. First and foremost, we did
not account for the reason for DAPT discontinuation.
In addition, our estimates of adherence, especially at 12
months, may be confounded by the time of assessment. For
example, 12-month adherence assessed at 12.5 months may
have led to the classification of some who had completed a
12-month course of DAPT as nonadherent. To minimize this,
we specifically excluded any studies that explicitly allowed
a range of follow-up times.

In addition, there was substantial heterogeneity among
studies included in this study, specifically in study
characteristics, patient populations, data sources, and
definitions of adherence. However, this heterogeneity
provides some degree of representation of the spectrum
of patients receiving coronary stents as well as the diversity
across regional medical practices. Furthermore, although
the side effect and safety profiles of various P2Y12 inhibitors
differ, we were not able to address whether rates of
adherence varied according to the type of DAPT prescribed.

Conclusion

We found that adherence to DAPT after DES implantation
is high at 1 month, begins to decline by 6 months, and
is lower still at 12 months. Efforts to reduce bleeding
risk and implement improved direct patient education,
possibly targeted to patients with high-risk features for
nonadherence, is an important area of future investigation,
with implications for adherence to critical medications more
generally.
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