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Abstract

Background—Treatment with the combination of aspirin and a P2Y12 inhibitor is commonly 

employed in a number of cardiovascular conditions. The overall impact of such treatment on all-

cause mortality is unknown. In the Dual Antiplatelet Therapy (DAPT) Study, an international 

multicenter randomized placebo-controlled trial comparing 30 versus 12 months of dual 

antiplatelet therapy after coronary stenting, continuation of DAPT beyond 12 months was 

associated with an increase in mortality at trial completion, largely attributable to an increase in 

non-cardiovascular death. Given the potential public health importance of this, we performed a 

meta-analysis of all randomized, controlled trials of DAPT duration across a wide array of 

cardiovascular conditions to evaluate the impact of extended duration DAPT on mortality.

Methods—A systematic literature search of MEDLINE, Embase, and Cochrane Central Register 

of Controlled Trials (CENTRAL) database was performed to identify randomized controlled trials 

evaluating the impact of extended duration versus no or short-duration DAPT. Study results were 

pooled using a hierarchical Bayesian random-effects model. The primary outcomes examined 

were hazard ratios comparing rates of all-cause, cardiovascular, and non-cardiovascular death.

Findings—Including the DAPT Study, we identified 14 eligible trials that randomized 69,644 

subjects to different durations of DAPT. Compared with aspirin alone or short-duration DAPT (≤ 

6 months), continued DAPT was not associated with a difference in all-cause mortality (hazard 

ratio [HR] 1·05; 95% credible interval [CrI], 0·96–1·19). Similarly, cardiovascular (HR 1·01; 95% 

CrI, 0·93–1·12) and non-cardiovascular mortality (HR 1·04; 95% CrI, 0·90–1·26) were no different 

with extended duration vs. short duration DAPT or aspirin alone.

Interpretation—In a meta-analysis of 14 trials, extended duration DAPT was not associated with 

a difference in the risk of all-cause, cardiovascular, or non-cardiovascular death compared with 

aspirin alone or short duration DAPT.

INTRODUCTION

Treatment with dual antiplatelet therapy (DAPT) using a combination of aspirin and a 

P2Y12 inhibitor is widely used for the prevention of ischemic complications associated with 

a number of cardiovascular diseases, including peripheral arterial, cerebrovascular, and 

coronary artery disease. In each of these areas, the duration of therapy that best balances the 

benefits and risks of DAPT is uncertain. In patients at high risk for ischemic events, 

treatment with DAPT may prevent potentially fatal thrombotic events. However, risks of 

adverse events associated with long-term DAPT also exist, primarily mediated through 

bleeding, and could outweigh benefits, such that overall mortality is unchanged or even 

increased.

Prior studies evaluating the impact of extended duration DAPT on mortality have varied. 

The Clopidogrel and Aspirin versus Aspirin Alone for the Prevention of Atherothrombotic 
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Events (CHARISMA) Trial showed no difference in all-cause mortality among a 

heterogeneous population with or at risk for cardiovascular disease treated with DAPT 

versus aspirin alone.1 On the other hand, the Secondary Prevention of Small Subcortical 

Strokes (SPS3) Trial showed a statistically significant increase in mortality associated with 

DAPT compared to aspirin alone among patients with recent lacunar infarcts, an unexpected 

finding that was attributed to either the specific population enrolled or to chance.2 Most 

recently, the Dual Antiplatelet Therapy (DAPT) Study, an international multicenter 

randomized double placebo controlled trial that compared 30 versus 12 months of DAPT 

after percutaneous coronary intervention (PCI) with stents, showed that continuation of 

DAPT beyond 12 months in DES-treated subjects was associated with an increase in the 

prespecified secondary endpoint of total mortality at trial completion, a difference driven 

primarily by an increase in non-cardiovascular death.3

If true, an increase in non-cardiovascular and all-cause mortality due to extended treatment 

with DAPT would have an important impact on the many cardiovascular patients treated 

with these agents each year. We therefore conducted a comprehensive meta-analysis of 

randomized controlled trials evaluating the impact of extended duration DAPT on all-cause, 

cardiovascular and non-cardiovascular mortality.

METHODS

Data Sources and Search Strategy

We conducted a systematic review and meta-analysis in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for 

reporting systematic reviews and meta-analyses of healthcare interventions to examine the 

impact of extended duration DAPT on mortality.4 A systematic literature search of 

MEDLINE (using the PubMed interface), Embase, and Cochrane Central Register of 

Controlled Trials (CENTRAL) databases was performed for relevant randomized clinical 

trials published prior to October 1, 2014. The following search terms were used: 

“clopidogrel”, “Plavix”, “prasugrel”, “Effient”, “ticagrelor”, “Brilinta”, “thienopyridine”, 

“dual antiplatelet therapy”, “DAPT”, “death”, “mortality”, “survival”, “randomized 

controlled trial”, “random”, “random allocation”, “double-blind”, and “single-blind”. 

References of identified studies were also manually searched. Searches were restricted to 

trials of human subjects with full text published in English. The systematic search strategy is 

outlined in the Appendix (See Study Protocol). In addition to these studies, we also included 

results of for all subjects randomized in the DAPT Study (BMS- and DES-treated subjects), 

which was not published at the time of this analysis.

Study Selection and Endpoints

Three investigators independently executed the systematic search and critically reviewed 

identified studies in order to ensure that each satisfied the following criteria: 1) subjects 

within the study were randomly assigned to receive either extended duration DAPT, defined 

as aspirin and co-administration of a P2Y12 receptor inhibitor (clopidogrel, prasugrel, or 

ticagrelor) for at least 6 months after randomization, or no or short duration DAPT, defined 

as aspirin alone or DAPT for less than 6 months after randomization; 2) all-cause, 
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cardiovascular, and/or non-cardiovascular mortality was reported at 1-year follow-up or 

later; and 3) the study included >100 subjects. We classified all deaths labeled as 

“cardiovascular”, “cardiac”, or “vascular” by the individual trials as cardiovascular deaths 

for this meta-analysis, and all other deaths to be non-cardiovascular. In trials that did not 

specifically report non-cardiovascular mortality, but did report total and cardiovascular 

mortality rates, non-cardiovascular death rates were arithmetically generated. Subgroup 

analyses were excluded, and for each trial, the manuscript reporting the longest follow-up 

included. For trials in which there was a known period of observation in which DAPT 

treatment was not different between study arms, we included the longest duration of follow 

up that preceded this period. Data extraction and assessment for risk of bias were 

independently performed by two investigators using the Cochrane Collaboration’s tool for 

assessing risk of bias5 and checked for consistency by a third investigator. Discrepancies in 

study selection were resolved by consensus.

Statistical Analysis

With survival-type data log hazard ratio and its variance has been recommended as an 

appropriate summary statistics for meta-analyses.6 This measure allows for censoring and 

accommodates variable length of follow-up for each of the included trials. Hazard ratios 

(HRs) with 95% confidence intervals for all-cause, cardiovascular, and non-cardiovascular 

mortality with extended versus short duration DAPT were extracted for each of the trials. 

For studies in which the HR and the associated 95% confidence interval were reported, the 

logarithm of HR and the associated variance were calculated. For studies in which HR was 

not reported for an endpoint, the log (HR) and its variance were estimated using a previously 

validated method, as follows:6,7

Log-HR = 2 * [(# observed events Group 1) − (# observed events Group 2)] / [(# 

observed events Group 1) + (# observed events Group 2)]

Variance (log-HR) = 4 / [(# observed events Group 1) + (# observed events Group 2)].

This approximation is valid for balanced, large studies with similar follow-up between 

treatment groups.

To provide a broad sample of data relevant to the association between extended duration 

DAPT and mortality, we included studies that were heterogeneous with respect to trial 

methods, study populations, and follow-up durations. However, all studies included 

compared extended duration to short duration DAPT, reported all-cause mortality, and 

adjudicated cardiovascular causes of death. To accommodate the heterogeneity across 

studies, we used random-effects meta-analysis to synthesize results. In particular, we used a 

Bayesian hierarchical model to estimate the random effects model. Potential advantages of a 

Bayesian approach, including the appropriate reflection of the uncertainty in estimates of 

hyperparameters, have been previously described.8 The open-source program OpenBUGS 

(Bayesian inference using Gibbs Sampling) was used to fit Markov Chain Monte Carlo 

(MCMC) models.9 Posterior inferences (HR and 95% credible intervals [CrI]) were 

calculated by sampling from the posterior distribution of the parameters. We used non-

informative priors (normal distribution with mean = 0, standard deviation = 1000) for the 

overall mean HR and inverse-gamma (0·00001,0·00001) for the between study variance. 
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Heterogeneity across studies was assessed using the Cochran Q test and the I2 statistic.10 

Funnel plots were created to assess for bias across studies.

We conducted sensitivity analyses to investigate the robustness of our results to various 

assumptions. First, we repeated our analysis omitting one study at a time to assess whether 

any of the included studies had a large influence on the results. Second, we restricted the 

analysis to studies specific to coronary artery disease (e.g. acute coronary syndrome and/or 

PCI). Additionally, a sensitivity analysis was conducted to study the robustness of our 

choice of prior distribution. Finally, to evaluate whether duration of exposure to DAPT was 

related to the magnitude of a possible treatment effect of DAPT on mortality across trials, 

we performed a meta-regression according to difference in duration of DAPT exposure 

between study arms. Each of these sensitivity analyses was performed for the endpoints of 

all-cause, cardiovascular and non-cardiovascular mortality. All primary and sensitivity 

analyses were pre-specified, apart from the analysis limited to patients with coronary artery 

disease, which was performed in a post-hoc manner. The pre-specified study protocol can be 

found in the Appendix (See Study Protocol).

All analyses were performed at the Harvard Clinical Research Institute. Institutional review 

board approval was not obtained due to the nature of the study.

Role of the funding source

There was no funding source for this study. All authors had full access to all the data used in 

the study, and Dr. Yeh had final responsibility for the decision to submit for publication.

RESULTS

Study Selection

Our systematic literature search identified 2,456 articles, of which 13 met the inclusion 

criteria for this analysis (figure 1). After adding results of the DAPT Study, 14 studies 

comprising 69,644 subjects were included in our meta-analysis.1–3,11–21 The subject 

populations enrolled in the trials were as follows: ten trials of subjects with coronary artery 

disease after percutaneous coronary intervention and/or acute coronary syndrome (1,344 

deaths, 42,606 subjects),3,12,14–21 one trial of subjects who underwent surgical 

revascularization for peripheral arterial disease (41 deaths, 851 subjects),11 one trial of 

subjects with recent lacunar stroke (190 deaths, 3,020 subjects),2 one trial of subjects at high 

risk of atherothrombotic events (745 deaths, 15,603 subjects),1 and one trial of subjects with 

atrial fibrillation (1,666 deaths, 7,554 subjects; table 1).13 All trials were multicenter, 

randomized, controlled trials with low risk of bias (Appendix, Supplemental Table 5).

Dual antiplatelet therapy in all included trials was comprised of aspirin and 

thienopyridine.1–3,11–21 All trials evaluated clopidogrel as the sole thienopyridine apart from 

ARCTIC-Interruption and the DAPT Study, which included both clopidogrel- and prasugrel-

treated patients (prasugrel use 32% among randomized BMS- and DES-treated subjects in 

the DAPT Study, and 9% among randomized subjects in ARTIC-Interruption).2,22 Eight 

trials compared DAPT to aspirin alone (55,198 subjects),1–3,11–13,20,21 of which three trials, 

DES-LATE, ARCTIC-Interruption, and the DAPT Study compared the continuation of 
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DAPT beyond 12 months to aspirin alone in subjects having already received 12 months or 

more of DAPT.3,20,21 The remaining six trials compared extended duration DAPT to short 

duration DAPT (12,102 subjects).12,14–18 The difference in DAPT duration between study 

arms in all 14 trials ranged from six months to a median of 43·2 months.

Meta-Analysis of Prolonged DAPT and Mortality

All 14 studies reported all-cause mortality. There was no significance evidence of 

heterogeneity among trials as assessed by Cochran’s Q (Q =17·7, p = 0·17), and the I2 value 

was 26.5%. In a Bayesian random effects model, extended duration DAPT was not 

associated with all-cause mortality when compared to short-duration DAPT or aspirin alone 

(HR 1·05; CrI, 0·96–1·19; figure 2). The overall effect size was comparable to that seen in 

all trials prior to the DAPT Study (HR 1·03; 95% CrI, 0·94–1·16).

Cardiovascular and non-cardiovascular mortality rates were available for 12 (63,915) and 11 

(63,064 subjects) studies, respectively. In a Bayesian random effects meta-analysis, 

extended duration DAPT was not associated with cardiovascular mortality (HR 1·01; 95% 

CrI, 0·93–1·12; figure 3A) or non-cardiovascular mortality (HR 1·04; CrI, 0·90–1·26; figure 

3B). These results were consistent both before and after inclusion of the DAPT Study 

results. Funnel plots suggested no evidence of publication bias. (Appendix, Supplemental 

Figure 1)

Sensitivity Analyses

Sequential exclusion of each trial from the meta-analysis showed results consistent with the 

full analysis for all-cause, cardiovascular, or non-cardiovascular mortality (Appendix, 

Supplemental Figure 2). Restriction of the analysis to the ten trials (42,606 subjects) 

exclusively enrolling subjects treated for coronary artery disease was consistent with the full 

analysis (restricted analysis: HR 1·05; 95% CrI, 0·92–1·24; Supplemental Figure 3). 

Similarly, results of restricted analyses in the eight coronary artery disease trials (39,231 

subjects) reporting cardiovascular (HR 0·98; 95% CrI, 0·84–1·17; Supplemental Figure 4) 

and non-cardiovascular (HR 1·22; 95% CrI, 0·92–1·61; Supplemental Figure 5) mortality 

were consistent with the full analysis, Finally, meta-regression did not demonstrate a 

significant effect of DAPT treatment duration difference on HR for all-cause, 

cardiovascular, or non-cardiovascular mortality across studies (Appendix, Supplemental 

Figures 6 – 8).

DISCUSSION

In this systematic review and meta-analysis of more than 67,000 subjects included in 14 

randomized trials, with average follow up of 22 months, we did not detect an association 

between extended duration DAPT and all-cause, cardiovascular and non-cardiovascular 

mortality. The meta-analysis findings were not sensitive to the exclusion of any single trial, 

and while the enrolled populations varied, there was no substantial heterogeneity in trial 

results with respect to the relationship of DAPT to mortality.

The evaluation of extended duration DAPT in cardiovascular patients has been primarily 

focused on examining the tradeoff between ischemic complications (myocardial infarction, 
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stent thrombosis, and stroke) and bleeding complications associated with more potent 

antiplatelet therapy. The DAPT Study, which compared 30 months vs. 12 months of 

thienopyridine in aspirin-treated subjects undergoing PCI with stent placement, found 

significant reductions in stent thrombosis and the combination of death, myocardial 

infarction and stroke at 30 months in patients treated with extended thienopyridine. 

Unexpectedly, however, all-cause mortality was numerically higher in DES-treated subjects 

randomized to continued thienopyridine (HR 1·36; 95% CI, 1·00–1·85 at 30 months, and HR 

1·36; 95% CI, 1·02–1·82 at the 33 months). These differences were driven by differences in 

non-cardiovascular mortality (HR 2·23; 95% CI, 1·32–3·78 at 30 months). A blinded 

independent review of cases of death in the DAPT Study found that bleeding events did not 

occur in the majority of non-cardiovascular deaths and did not account for the numerical 

difference in deaths between arms.3 Similar findings had previously been observed in the 

SPS3 trial, a study of patients with recent lacunar stroke, and had been attributed to either a 

specific effect in the enrolled population or to chance.2

In light of the millions of patients treated with thienopyridines, including the more than 1 

million undergoing PCI with stents each year worldwide,23 a true increase in mortality 

associated with extended thienopyridine use among the diverse population of cardiovascular 

patients could have profound public health consequences. Conversely, widespread fear over 

the risks of continued thienopyridine use could results in inappropriate discontinuation, 

leading to an increased risk of ischemic events.24,25 This is particularly important in light of 

the renewed observation within the DAPT trial that even late planned thienopyridine 

discontinuation 30 months after PCI was associated with a detectable increase in risk of 

ischemic events. Therefore, it was imperative to examine the impact of extended treatment 

with DAPT on mortality among a wide group of cardiovascular patients, to help frame trial-

specific results against of the larger body of prior literature evaluating DAPT duration.

We did not detect a significant increase or reduction in mortality with extended DAPT 

treatment for the broad population of cardiovascular patients represented in randomized 

trials to date. While these results provide reassurance that there may not be a substantial and 

generalized hazard of long-term DAPT therapy for mortality, they do not exclude the 

possibility of small treatment effects that even this large metanalysis may not have been 

powered to detect, or effects within particular subgroups. For example, in the setting of 

coronary stent treatment, DAPT beyond 12 months is associated with reduction in 

myocardial infarction and stent thrombosis, each of which may be fatal. However, with 

improved recognition and treatment of these conditions, the associated mortality of these 

ischemic events may be less than in prior eras, and the relative contributions of non-

cardiovascular causes of death represent a growing proportion of mortality.26,27 In light of 

the neutral association with mortality, and the offsetting ischemic benefits and bleeding 

risks, the decision to continue DAPT beyond what is currently recommended in guidelines 

should be tailored to the specific anticipated risks for individual patients.

Our study has a number of important limitations. First, the studies included in the meta-

analysis enrolled heterogeneous populations, had differing study protocols and endpoint 

definitions, and compared different durations of DAPT. Although study populations 

differed, when limiting trials to those that enrolled only subjects with coronary artery 
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disease, we found no difference in study results. Despite the size of the overall population 

considered, the credible intervals for mortality indicate that one cannot definitely rule out a 

19% or less true increase in mortality with extended DAPT vs. control. Furthermore, we did 

not identify an association between duration of exposure and treatment effects on mortality 

across studies. Each trial may have reported and adjudicated cardiovascular death slightly 

differently; however, all trials reported all-cause mortality, which should not be influenced 

by differences in study definitions or endpoint adjudication. As with any meta-analysis, our 

study is limited by the limitations of the included studies. While all studies were 

randomized, not all studies were blinded; however, this also would not be expected to 

impact the endpoint of mortality substantially. In addition, in all but two trials, clopidogrel 

was the only P2Y12 inhibitor evaluated, and thus conclusions regarding the association 

between treatment with other P2Y12 inhibitors and mortality cannot be drawn from this 

study. The included trials predominantly enrolled patients with coronary artery disease, and 

the findings may not be generalizable to other patient populations, including high-risk 

patients who might be excluded from clinical trials. Finally, it was not possible in this trial-

level analysis to consider the impact of specific patient characteristics on the association of 

DAPT with mortality. Future efforts focused on patient-level data are needed in order to 

thoroughly investigate a potential relationship between extended duration thienopyridine and 

mortality among selected subgroups of patients.

In summary, in a meta-analysis of 14 trials comparing extended versus short duration 

DAPT, extended DAPT was not associated with a difference in the risk of all-cause, 

cardiovascular, or non-cardiovascular death compared with aspirin alone or short duration 

DAPT. Determining the optimal duration of DAPT in cardiovascular patients should be 

based on the relative ischemic benefit and bleeding risk of treatment in individual patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow diagram of literature search and study selection
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Figure 2. Bayesian meta-analysis of all-cause mortality associated with extended duration DAPT 
versus short duration or no DAPT
Results are presented prior to and after inclusion of the DAPT Study.3 DAPT=dual 

antiplatelet therapy. HR=hazard ratio.
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Figure 3. Bayesian meta-analysis of cardiovascular and non-cardiovascular mortality associated 
with extended duration DAPT versus short duration or no DAPT
Hazard ratio for cardiovascular mortality (A), and non-cardiovascular mortality (B). Results 

are presented prior to and after inclusion of the DAPT Study.3 The number of cardiovascular 

deaths in the CASPAR trial was not reported and is therefore not reflected in the total event 

count.11 DAPT=dual antiplatelet therapy. HR=hazard ratio.
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