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Aspirin for Primary Prevention of
Cardiovascular Disease
A Trial Sequential Analysis

the secondary prevention of established atherosclerotic cardiovascular  Mmahmoud Barbarawi, MD
disease. Although the bleeding risk is minimal with short-term admin-  Ghassan Bachuwa, MD

istration during acute cardiovascular events, it increases substantially with pro-  Michael D. Shapiro, DO,
longed use. Nonetheless, the evidence base has clearly established a favorable MCR
risk-benefit ratio in support of aspirin in the secondary prevention of athero-
sclerotic cardiovascular disease.’ On the other hand, the risk-benefit ratio is less
clear in the setting of primary prevention. In a recent trial-level meta-analysis,
Zheng and Roddick? reported a significant reduction of the composite out-
come of cardiovascular mortality, nonfatal myocardial infarction, and nonfatal
stroke with aspirin in primary prevention, though the risk of major bleeding
was higher. However, several potentially serious issues with this study require
critical evaluation.

The meta-analysis conducted by Zheng and Roddick? represents an updated
meta-analysis which might be prone to false positive (type-I errors) and false nega-
tive (type-Il errors) results due to large numbers of significance tests and inad-
equate power.? In a single randomized clinical trial (RCT), a priori calculation of
power is required to produce a true treatment effects estimates before declaring
significant results. In meta-analyses, such a priori information calculations are often
unreported which may lead to unreliable conclusions. Therefore, to draw mean-
ingful conclusions, meta-analyses require the same degree of rigor as RCTs. Thus,
we have conducted a trial sequential analysis which combines a priori information
regarding sample size calculation and adaptation of monitoring boundaries, to
evaluate the efficacy and safety of aspirin for primary prevention of atherosclerotic
cardiovascular disease.

B spirin therapy is a standard component of optimal medical therapy in  Babikir Kheiri, MD

METHODS AND RESULTS

Accuracy of meta-analyses have been focused on issues such as quality assessment of the

included studies, publication bias, heterogeneity in the conduct and design of the studies,

and meta-analyses registration.* However, meta-analyses may report inaccurate treatment

effects, particularly if they fail to include a sufficient number of studies or events.? Therefore,

some propose the notion that meta-analyses should be evaluated with the same rigorous

standards as RCTs, especially those related to power calculations. To avoid the overestima-

tion of treatment effects and the possibility that the results of a cumulative meta-analysis of

sparse data are due to chance findings, the aggregated population size should be as large

as that of an adequately powered RCT. To fulfill this criterion, some meta-analyses require Key Words: aspirin ® diabetes mellitus
construction of sequential monitoring boundaries (similar to interim monitoring in RCTs).5 :ls(;nmgﬁﬁtﬁ;e myocardial infarction
The O'Brien-Fleming a-spending function to control the risk of type-I error may provide a

valid tool to assess the inferences obtained from meta-analyses before sufficient evidence © 2019 American Heart Association, Inc.
has been reached.>¢ In addition, trial sequential analyses adjust for the heterogeneity in https:/Avww.ahajournals.org/journal/
cumulative meta-analyses.? circoutcomes
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Table. Trial Sequential Analysis Results

Overall population

Composite outcome 3.9 157864 0 0 9.6% 82032 Inconclusive | 25% 10768 Inconclusive
All-cause mortality 4.5 161680 0 0 2.8% 787361 Inconclusive | 25% 9473 Futile
Cardiovascular mortality 1.2 161680 0 0 5.3% 1008417 Inconclusive | 25% 36244 Futile
Myocardial infarction 2.0 161680 66 61 13.9% 216992 Inconclusive | 25% 64098 Significantly
lower
Any stroke 1.7 161680 0 0 5.8% 509479 Inconclusive | 25% 24841 Futile
Ischemic stroke 1.5 129068 0 0 12.5% 120474 Significantly | 25% 28109 Futile
lower
Major bleeding 1.1 147858 0 0 -41.8% 19472 Futile 25% 38075 Inconclusive
Intracranial bleeding 0.3 160404 0 0 -33.3% 109500 Futile 25% 169343 Significantly
higher
Gl bleeding 0.5 140801 0 0 -55.5% 25465 Significantly | 25% 95509 Significantly
higher higher
High-risk (10-y risk of cardiovascular events >10%)
Composite outcome 6.1 45298 0 0 8.1% 72078 Inconclusive | 15% 19741 Futile
All-cause mortality 6.9 47838 0 0 6.0% 116669 Inconclusive | 15% 17689 Futile
Cardiovascular mortality 2.2 24773 17 9 3.9% 795144 Inconclusive | 15% 46935 Futile
Myocardial infarction 3.2 47838 56 47 1.7% 151865 Inconclusive | 15% 88641 Inconclusive
Any stroke 2.4 47838 0 0 6.7% 277921 Inconclusive | 15% 52586 Futile
Ischemic stroke 2.2 43512 0 0 11.4% 102071 Inconclusive | 15% 57475 Inconclusive
Major bleeding 1.6 47838 12 3 -41.0% 15481 Futile 15% 90190 Significantly
higher
Intracranial bleeding 0.4 47838 0 0 -18.7% 277503 Inconclusive | 15% 321483 Inconclusive
Gl bleeding 0.7 42699 26 9 -55.1% 24813 Significantly | 15% 225348 Inconclusive
higher
Diabetes mellitus
Composite outcome 6.6 27047 0 0 9.7% 45113 Inconclusive | 15% 18363 Inconclusive
All-cause mortality 9.4 20326 0 0 5.3% 104394 Inconclusive | 15% 12537 Futile
Cardiovascular mortality 2.7 20326 83 52 1.9% 18684125 | Inconclusive | 15% 273336 Inconclusive
Myocardial infarction 4.2 21896 77 54 9.3% 350627 Inconclusive | 15% 130507 Inconclusive
Any stroke 3.6 21363 54 26 19.3% 44067 Inconclusive | 15% 75811 Inconclusive
Ischemic stroke 3.2 22406 72 45 21.0% 68997 Inconclusive | 15% 138749 Inconclusive
Major bleeding 2.9 20076 0 0 -29.0% 14282 Inconclusive | 15% 42296 Significantly
higher
Intracranial bleeding 0.6 18019 0 0 -21.3% 122718 Inconclusive | 15% 213924 Inconclusive
Gl bleeding 1.2 18019 0 0 -35.3% 24742 Inconclusive | 15% 106365 Inconclusive
Low-risk (10-y risk of cardiovascular events <10%)
Composite outcome 3.1 112566 0 0 10.8% 77244 Significantly | 25% 13987 Inconclusive
lower
All-cause mortality 34 112566 39 32 0.32% | 169201288 | Inconclusive | 25% 20610 Inconclusive
Cardiovascular mortality 0.8 112566 0 0 9.2% 486405 Inconclusive | 25% 54558 Futile
Myocardial infarction 1.4 112566 76 72 19.4% 226532 Inconclusive | 25% 130597 Inconclusive
Any stroke 1.4 112566 42 35 2.5% 4585920 Futile 25% 53253 Futile
(Continued)
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Table. Continued

Result
Trials Driven A Priori
Control | Cumulative Required Required
Incidence | Information | Diversity Information Information
Variable (%) Size (n) (%) P (%) RRR Size (n) Conclusion | RRR Size (n) Conclusion
Ischemic stroke 1.2 100020 18 13 13.6% 164718 Inconclusive | 25% 43956 Futile
Major bleeding 0.9 100020 0 0 -43.3% 22355 Inconclusive | 25% 50840 Inconclusive
Intracranial bleeding 0.3 112566 0 0 -40.5% 78207 Inconclusive | 25% 169343 Significantly
higher
Gl bleeding 0.5 98102 0 0 -57.3% 23924 Significantly | 25% 95509 Significantly
higher higher

RRR indicates relative risk reduction.

We included all the 13 trials in Zheng and Roddick’s?
meta-analysis (Figure | in the Data Supplement). The primary
outcome was a composite of cardiovascular mortality, non-
fatal myocardial infarction, and nonfatal stroke. Secondary
outcomes included all-cause mortality, cardiovascular mortal-
ity, myocardial infarction, any stroke, ischemic stroke, major
bleeding, intracranial bleeding, and gastrointestinal bleed-
ing. Subgroup analyses were performed for diabetic, high-
risk (10-year risk 210%), and low-risk (10-year risk <10%)
patients. Trials of high- and low-risk populations were derived
as calculated in the recent meta-analysis.

The analysis maintained a 2-sided type-I error rate at 5%
with 80% power (20% type-Il error) to detect statistically sig-
nificant intervention effects. We calculated the diversity (D?)-
adjusted information size with various relative risk reductions
(RRR) in the aspirin group. For all groups, we estimated the
RRR as pooled by the included trials. In addition, we estimated
a priori calculation of 25% RRR for the overall population and
in low-risk patients. In diabetic and high-risk patients, a priori
estimation of 15% RRR for the power calculation was used.
All analyses were conducted using Trial Sequential Analysis
software, v0.9.5.10.7

For the overall population, aspirin was not associated with
survival benefits (all-cause and cardiovascular mortality), with
inconclusive evidence for the primary outcome. Moreover,
aspirin was associated with high intracranial and gastroin-
testinal bleeding risks in the overall population. In patients
with diabetes mellitus, there were inconclusive results in the
individual ischemic end points. In low-risk patients, there was
futile evidence for stroke benefits and inconclusive evidence
for myocardial infarction reductions (Table and Figure Il in the
Data Supplement).

COMMENT

While aspirin reduces risk of cardiovascular events in
patients with established atherosclerotic cardiovascular
disease, evidence in support of the use of aspirin for
primary prevention is less clear. The European Society of
Cardiology recommends against aspirin use for primary
prevention,® whereas the US Preventive Services Task
Force recommends aspirin administration only after
carefully assessing ischemic and bleeding risks, patient
preferences, and longevity.®
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In a recent meta-analysis, Zheng and Roddick?
reported significant reductions in ischemic end points,
though overall effectiveness is attenuated by signifi-
cantly increased bleeding events. However, our investi-
gation, which accounted for multiple significance test-
ing associated with an updated meta-analysis, failed to
conclusively demonstrate an improvement in the com-
posite cardiovascular outcome. In addition, the lack of
survival benefit among the aspirin-treated group in the
overall population was similar to a recent meta-analysis
using different RRR cutoffs (as low as 5%)."® However,
our results for the high-heterogeneity outcomes should
be interpreted carefully.

For low-risk patients, our results demonstrated no
beneficial effects of aspirin for primary prevention on
cardiovascular mortality and stroke with increased
bleeding events. Indeed, the risks of bleeding might
outweigh the benefits in reducing ischemic benefits.
We chose a lower RRR for diabetics and high-risk
patients as even a smaller reduction of cardiovascu-
lar events would be clinically important. As the results
for the diabetic patients failed to conclusively demon-
strate an improvement on several ischemic outcomes,
further adequately powered trials are needed. In the
meantime, it is reasonable to consider individual patient
characteristics and carefully balance the risk of bleeding
with the benefit on cardiovascular outcomes, as the US
Preventive Services Task Force recommends.

ARTICLE INFORMATION

The Data Supplement is available at https:/Awww.ahajournals.org/doi/suppl/
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