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Abstract 

Background: The real impact of the degree of association (DoA) between endpoint components of a composite 
endpoint (CE) on sample size requirement (SSR) has not been explored. We estimate the impact of the DoA between 
death and acute myocardial infarction (AMI) on SSR of trials using use the CE of major adverse cardiac events (MACE).

Methods: A systematic review and quantitative synthesis of trials that include MACE as the primary outcome 
through search strategies in MEDLINE and EMBASE electronic databases. We limited to articles published in journals 
indexed in the first quartile of the Cardiac & Cardiovascular Systems category (Journal Citation Reports, 2015–2020). 
The authors were contacted to estimate the DoA between death and AMI using joint probability and correlation. We 
analyzed the SSR variation using the DoA estimated from RCTs.

Results: Sixty‑three of 134 publications that reported event rates and the therapy effect in all component endpoints 
were included in the quantitative synthesis. The most frequent combination was death, AMI, and revascularization (n 
= 20; 31.8%). The correlation between death and AMI, estimated from 5 trials¸ oscillated between − 0.02 and 0.31. SSR 
varied from 14,602 in the scenario with the strongest correlation to 12,259 in the scenario with the weakest correla‑
tion; the relative impact was 16%.

Conclusions: The DoA between death and AMI is highly variable and may lead to a considerable SSR variation in a 
trial including MACE.

Keywords: Composite endpoints, Sample size, Correlation, MACE

Background
The use of combined or composite endpoints (CEs) as 
primary outcomes in randomized clinical trials (RCT) 
is common. In the field of cardiovascular (CV) medical 

literature, the CE “major adverse cardiovascular event” 
(MACE) is widely extended [1–9]. MACE usually 
includes the endpoints cardiovascular or all causes of 
death, non-fatal acute myocardial infarction (AMI), non-
fatal stroke, and, in many instances, revascularization.

The strengths and weaknesses of the use of CEs as pri-
mary outcomes have been broadly discussed [8, 9]. Their 
potential to reduce sample size requirement (SSR) and 
their ability to capture the net effect of an intervention 
are the most popular attributed benefits [8, 10–13]. In a 
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recent study [14], we described how the expected occur-
rence rates of the individual component endpoints, the 
expected magnitude of the effect of the intervention on 
each endpoint, and the degree of association (DoA) or 
correlation between the component endpoints can mod-
ulate the ability of the CE to reduce the SSR [10, 14–16]. 
Although the expected event rate and the expected mag-
nitude of effect on each endpoint can be estimated from 
prior trials, the expected DoA between endpoints of the 
CE is unknown. Even though this parameter is usually not 
incorporated in the calculation of the sample size, it may 
eventually dictate the ability of the CE to actually reduce 
the SSR [7, 9, 17–23]. Therefore, ignoring this parameter 
could lead to imprecise estimation of the required sam-
ple size which, in turn, can negatively impact the ethical 
soundness and logistical efficiency of the trial.

In the present study, we aimed to estimate the DoA 
between two common component endpoints of MACE 
(all-cause death and AMI) from a sample of clinical tri-
als published in the CV medical literature that included 
MACE as their primary outcome. The ultimate purpose 
was to assess the impact of the DoA between these two 
component endpoints (all-cause death and AMI) on the 
SSR of a trial with a hypothetical CE combining these 
endpoints. A strong variability in the SSR depending on 
the DoA between death and AMI would justify the con-
sideration of this parameter for a more precise calcula-
tion of sample size.

Methods
We performed a systematic review following Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) recommendations [24]. This study was 
sponsored by CIBER of Epidemiology and Public Health 
(CIBERESP).

Literature search
To identify studies for inclusion in this review, we devel-
oped comprehensive search strategies for MEDLINE 
and EMBASE electronic databases. We applied no 
restrictions to language or gender. The literature search 
was restricted to RCT using MACE as the primary out-
come, published in core medical journals and indexed 
in the first quartile of the Cardiac & Cardiovascular 
Systems category in the Journal Citation Reports from 
2015 to 2020.

The search strategies used, and additional core medi-
cal journals added to the criteria of selecting titles 
indexed in the first quartile of the Cardiac & Cardiovas-
cular Systems category, are available in Additional file 1: 
Supplementary material.

Eligibility criteria
We included RCT with (a) two-arm parallel design (i.e., 
excluding crossover, factorial or more than two treat-
ments/groups); (b) primary outcome defined as the 
combination of at least 2 of the following events: cardio-
vascular (or all-causes) death, non-fatal AMI, and non-
fatal stroke, allowing a combination with one or more 
other events; and (c) sample size of 500 patients or more. 
We excluded the manuscripts referring to interim anal-
ysis or not including the main analysis of the RCT (i.e., 
analysis of subgroups).

Selection of studies and data extraction
All references’ titles and abstracts were independently 
screened by at least two reviewers. Second, the full arti-
cle of those selected in the first screening was reviewed. 
This second round of screening involved two reviewers 
independently and was based on the application of the 
selection criteria. Two independent reviewers extracted 
the following data from each study included: popula-
tion, intervention groups and outcome characteristics, 
intervention effects on the different outcomes, compo-
sition of the MACE, and numbers of patients with the 
events of interest were independently extracted by two 
reviewers. Finally, we contacted by email the corre-
sponding author/s of each included RCT to request for 
further information and the necessary data to estimate 
the association between the events conforming to the 
MACE (see Additional file  1: Supplementary material 
for further details).

Any disagreement between the reviewers at all stages 
was solved by a third reviewer. The risk of bias was not 
assessed because the aim of the study was not to estimate 
the unbiased effect of the study interventions.

Analytical plan
We first described the CEs of the clinical trials included 
in the quantitative synthesis. Then, we used the generic 
inverse variance method [25] to estimate the pooled 
event rates and the pooled risk ratios (RRs) for the CEs 
included in the selected trials and for those compo-
nent endpoints more often included in these CEs: death 
(cardiovascular and all-causes death), AMI, stroke, and 
revascularization. This was done overall and by sub-
groups depending on certain RCTs characteristics: 
number of components of the CE, number of patients 
included in the trial, follow-up time, and the mean age of 
the population.

From the RCTs for which we could obtain the neces-
sary data to estimate the DoA, we calculated the joint 
probability and Pearson’s correlation between the pair of 
outcomes death (all causes or cardiovascular) and AMI. 
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We define the joint probability between the components 
i and j (πij) as the number of patients with both compo-
nents at the final assessment divided by all patients at the 
initial time. Pearson’s correlation between the compo-
nents i and j (ρi, j) was calculated as:

where πi and πj are the proportion of deaths for any 
cause and proportion of AMI in both treatment groups 
(we pooled the results of both treatments since we con-
sider unlikely different associations in each group), 
respectively, and  πi, j is the joint probability mentioned 
before.

In addition, the standardized joint probability (SJP) 
was calculated as πij/ min(πi, πj) because the SJP has bet-
ter metric properties than joint probability or correlation 
[26]. A value of 0 indicates no overlapping, and 1 indi-
cates that all subjects with the less prevalent event also 
had the most prevalent event. We then selected the RCTs 
that included the outcomes death (all-causes death or 
CV death) and AMI as component endpoints. We esti-
mated, from these trials, the pooled event rate in both 
baseline (t = 0) and final (t = 1) from the proportion of 
each event and the proportions of subjects with both 
events as follows: πt = πi, t + πj, t − πij, t, the pooled effect 
of the therapies and the SSR of a hypothetical clinical 
trial that included these outcomes as individual primary 
outcomes. SSR was calculated using the normal approxi-
mation to the binomial test [14, 27, 28] as follows:

where Zα/2and Zβ are the standardized normal quan-
tiles for error types I and II, respectively.

Finally, we estimated the pooled event rate, the pooled 
effect of the therapies, and the SSR in a theoretical RCT 
that included these endpoints as a primary CE consider-
ing two scenarios according to DoA between component 
outcomes: the most favorable scenario for SSR (weakest 
correlation) and the less favorable scenario (strongest 
correlation). All these calculations were further carried 
out considering also four hypothetical scenarios depend-
ing on the event rate of the original MACE and the rela-
tive effect of the intervention on the original MACE. 
Thus, scenario 1 included those studies with an event rate 
of the CE lower than the median event rate in the whole 
sample (< 10.9%) and an effect of the therapy on the CE 
lower than the median effect in the whole sample (RR > 

ρi,j =
πi,j − πiπj

πi(1− πi)πj 1− πj

n ≥

(

Zα/2
√
2π(1− π)+ Zβ

√
πt=0(1− πt=0)+ πt=1(1− πt=1)

πt=0 − πt=1

)2

,π =
πt=0 + πt=1

2

0.9); scenario 2 contained those studies with an event rate 
of the CE lower than the median event rate in the whole 
sample (< 10.9%) and an effect of the therapy higher than 
the median effect in the whole sample (RR < 0.9); sce-
nario 3 included those studies with an event rate > 10.9% 
and effect on the CE > 0.9; scenario 4 included those 
studies with an event rate > 10.9% and effect RR < 0.9.

Results
Literature search
Our literature search identified 761 articles, and 37 addi-
tional articles were detected after a manual search. A 
total of 548 articles were excluded after reading the titles 
and abstracts, and 13 additional articles were excluded 
because they were duplicates or because they were not an 
RCT (Fig. 1). The remaining 237 articles corresponded to 
several publications of 134 RCTs. Sixty-three out of these 
134 primary publications reported both the event rate 
and the effect of the therapy on each specific endpoint 
of the MACE. These 63 were included in the quantita-
tive synthesis. None of them reported the DoA between 
the endpoints of CE. The selection process is detailed 
in Additional file  1: Supplementary material. We sent a 
request for information to the corresponding authors of 
the 63 RCTs, and we could obtain the necessary data to 
estimate the DoA for only 5 RCTs.

CE combinations
The 63 RCTs included a total of 332,199 patients (ranging 
from 501 to 27,564). Most trials (n = 38; 60.3%) included 

a CE with three endpoints, being AMI the most frequent 
(n = 62; 98.4%), followed by stroke (n = 37; 58.7%), car-
diovascular death (n = 35; 55.6%), and revascularization 
(n = 33; 52.4%) (Table  1). The most frequent combina-
tion was death for any reason or cardiovascular death, 
AMI, and revascularization (n = 20; 31.8%). CV death 
and AMI were used in 32 RCTs, more than 50% of the 
identified trials. Death and AMI appeared in 29 RCT. In 
most of the analyzed trials, predetermined follow-up was 
longer than 1 year (n = 53; 84.1%).

Table  2 shows the pooled MACE CE event rate and 
the pooled effect of the different interventions in the 
study, expressed as risk ratio, for the overall 63 RCTs 
and by subgroups created according to the number 
of endpoints included in the CE, sample size of the 
trial, time of follow-up, baseline average age of the 
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Fig. 1 A total of 548 articles were excluded after reading the titles and abstracts, and 13 additional articles were excluded because they were 
duplicates or because they were not an RCT 
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participants, and the specific endpoints included in the 
CE. The pooled event rate and the pooled magnitude of 
effect (risk ratio) for the CEs in the 63 RCT were 11.6% 
(95% CI 9.7–13.4) and 0.89 (95% CI 0.86–0.92), respec-
tively. There was not any association between these 
parameters and the number of endpoints included in 
the CE. The magnitude of the effect of interventions 
was higher in RCTs with smaller sample sizes. How-
ever, neither time of follow-up nor the baseline mean 
age was associated to the effect of therapies. The larg-
est magnitude of the effect of therapies was on the 
endpoint revascularization (0.75; 95% CI 0.68–0.82). 
Concerning the global event rate of the CEs, it was 
higher in those clinical trials with longer follow-up and 
in those with a higher baseline mean age of the pop-
ulation included, without differences depending on 
the sample size of the clinical trials. Again, the largest 
event rate corresponded to the endpoint revasculariza-
tion (6.5%; 95% CI 7.7–8.3).

Impact of correlation between death and MI on SSR
Table 3 shows the DoA between death and AMI estimated 
from 5 studies and expressed as the joint probability of 
the distributions of both endpoints and the correlation, 
which ranged between − 0.02 and 0.31. Figure  2 shows 
the impact of the correlation between death and acute 
myocardial infarction on the event rate and on the SSR 
of a theoretical trial that includes these outcomes in a 
composite endpoint. All calculations were performed 
with data from the overall 63 clinical trials (left columns 
in the figure) and classifying these trials in four scenarios 
according to the pooled magnitude of the effect of the 
intervention on the original CE (RR < 0.9 and RR > 0.9) 
and the pooled CE event rate (< 10.9% and > 10.9%).

Considering the full set of RCT, the impact of cor-
relation on the event rate was a variation of 19% from 
the less favorable scenario (strongest correlation, event 
rate 7.17%) to the most favorable scenario (weakest cor-
relation, event rate 8.53%). This led to a SSR variation of 
16% from the less favorable scenario (strongest correla-
tion, SSR 14,602 patients) to the most favorable scenario 
(weakest correlation, SSR 12,259 patients), which means a 

Table 1 MACE’s design and characteristics of the 63 RCT included 
in the analysis

Number Percent

RCT included 63

Type of intervention

 Drug treatment (vs placebo) 23 36.5

 Drug treatment (vs other drug or dose) 5 7.9

 Procedure (type of device or invasive procedure) 23 36.5

 Diagnostic (to guide intervention) 9 14.1

 Other types of intervention (process of care, rehab) 4 6.3

No. of component outcomes

 3 components 38 60.3

 4 components 12 19.0

 5 components 13 20.6

No. of patients included

 ≤ 1500 21 33.3

 1500–5000 22 34.9

 > 5000 20 31.7

Individual component outcomes

 AMI 62 98.4

 Stroke 37 58.7

 CV death 35 55.6

 Revascularization 33 52.4

 Death for any reason 28 44.4

 Angina 13 20.6

 Others 9 14.3

 Stent thrombosis 3 4.8

 HF 3 4.8

 Bleeding 4 6.3

Most frequent MACE

 CV death ‑ AMI ‑ revascularization 11 17.5

 CV death ‑ AMI ‑ stroke 11 17.5

 Death ‑ AMI ‑ revascularization 9 14.3

 Death ‑ AMI ‑ stroke 6 9.5

 CV death ‑ AMI ‑ stroke ‑ angina 4 6.3

 CV death ‑ AMI ‑ stroke ‑ revascularization ‑ angina 4 6.3

Death ‑ AMI ‑ revascularization ‑ stroke 4 6.3

CV death ‑ AMI ‑ revascularization ‑ angina ‑ chest pain 1 1.6

CV death ‑ AMI ‑ stent thrombosis 1 1.6

CV death ‑ AMI ‑ stroke ‑ angina ‑ HF 1 1.6

CV death ‑ AMI ‑ stroke ‑ bleeding 1 1.6

Death ‑ AMI ‑ stent thrombosis ‑ stroke ‑ revasculariza‑
tion

1 1.6

Death ‑ AMI ‑ angina ‑ complicated procedure 1 1.6

Death ‑ AMI ‑ angina ‑ CV admission ‑ stroke 1 1.6

Death ‑ AMI ‑ HF 1 1.6

Death ‑ AMI ‑ revascularization ‑ ACS 1 1.6

Death ‑ AMI ‑ stroke ‑ bleeding 1 1.6

Death ‑ AMI ‑ stroke ‑ bleeding ‑ revascularization 1 1.6

Death ‑ AMI ‑ stroke ‑ cardiovascular hospitalization 1 1.6

Death ‑ low cardiac output ‑ AMI ‑ cardiac arrest ‑ HF 1 1.6

Death ‑ stroke ‑ bleeding ‑ vascular complication ‑ 
coronary obstruction

1 1.6

Table 1 (continued)

AMI acute myocardial Infarction, CV death cardiovascular death, HF heart failure 
with hospitalization, ACS acute coronary syndrome

Number Percent

Follow-up

 ≤ 1 year 10 15.9

 From 1 to 5 years 47 74.6

 > 5 years 6 9.5

Mean age over 64 years 31 47.6
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difference of 2343 patients in absolute numbers. Although 
the relative impact of the DoA across the four scenarios 
was similar, in absolute values, SSR may vary up to 7192 
patients, depending upon the specific combination of 
absolute risk of the event in the study follow-up and the 
magnitude of the relative effect of the intervention.

Discussion
In this systematic review of 63 randomized clinical tri-
als in the CV field published in first-quartile journals, 
the CE most often used (n = 20 trials) included the 

endpoints death (all-cause death or CV death), AMI, and 
revascularization. In the pooled analysis of these RCTs, 
the pooled effect of therapies and the pooled event rate 
were higher in the component endpoint revasculariza-
tion, which is clinically the less important outcome. The 
DoA between the endpoints death and AMI, which could 
be estimated from 5 RCTs, was highly variable. This vari-
ability led to a SSR variation of a hypothetical CE includ-
ing these two outcomes from 2343 patients (16%). The 
relative impact of the DoA on the variation of SSR was 
similar in different settings regardless of the event rate 

Table 2 MACE proportion and risk ratio depending on the different characteristics

MACE Number Event rate Risk ratio

% 95% CI p RR 95% CI p

63 11.6 9.7–13.4% 0.89 0.86–0.92

No. of components 0.456 0.499

 3 components 38 10.7 8.5–12.8% 0.91 0.88–0.94

 4 components 12 13.2 9.3–17.1% 0.87 0.81–0.94

 5 components 13 12.8 7.4–18.1% 0.87 0.81–0.94

No. of patients included 0.428 0.002

 ≤ 1500 21 13.0 9.2–16.8% 0.77 0.71–0.85

 1500–5000 22 11.9 9.5–14.3% 0.91 0.89–0.94

 > 5000 20 9.9 6.8–13.1% 0.91 0.86–0.95

Follow-up time 0.002 0.650

 ≤ 1 year 10 11.9 6.7–17.1% 0.85 0.78–0.94

 1 to 5 years 47 10.2 8.4–11.9% 0.89 0.86–0.93

 > 5 years 6 22.0 15.7–28.3% 0.89 0.83–0.98

Age 0.039 0.907

 ≤ 64 years 32 9.8 7.3–12.4% 0.89 0.85–0.92

 > 64 years 31 13.6 11.1–16.2% 0.89 0.85–0.93

Individual outcome

 CV death 3.5 2.7–4.3% 0.9 0.87–0.94

 All-causes death 3.8 2.6–5% 0.88 0.82–0.94

 Acute myocardial infarction 4.3 3.4–5.1% 0.87 0.83–0.91

 Stroke 1.7 1.4–2.1% 0.84 0.79–0.88

 Revascularization 6.5 4.7–8.3% 0.75 0.68–0.82

Table 3 Degree of association between death and acute myocardial infarction, expressed by joint probability and correlation, in the 5 
RCT with complete information

AMI Acute myocardial infarction
a Cardiovascular death

Study Number Death (n, (%)) AMI (n, (%)) Death and AMI 
(n)

Joint probability 
(%)

Correlation (95% CI)

ACCELERATE [29]a 12,092 309 (2.6) 517 (4.3) 74 0.61 0.157 (0.14–0.17)

GIK [30] 930 20 (2.2) 2 (0.2) 2 0.22 0.31 (0.25–0.37)

PROMISE [31] 10,003 149 (1.5) 70 (0.7) 3 0.03 0.02 (0–0.04)

Yoga‑Ca [32] 3,959 144 (3.6) 28 (0.7) 0 0.00 − 0.02 (− 0.05–0.01)

MR.INFORM [33] 918 6 (0.7) 19 (2.1) 1 0.11 0.08 (0.02–0.14)
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and magnitude of the effect of the intervention, but, in 
absolute terms, SSR variation may reach a maximum of 
7192 patients.

In previous publications, we and others already showed 
that both the CE event rate and the effect of the therapy 
on the CE are usually driven by the less important end-
point [6, 10, 14, 15, 34]. In this systematic review of a 
sample of CV trials that used the CE MACE as the pri-
mary endpoint, we analyzed the pooled event rate and 
the pooled effect of the therapies on the most common 
endpoints, such as death, AMI, stroke, and revasculariza-
tion. Again, the event rate was higher, and the magnitude 
of the effect of therapy was larger on the endpoint revas-
cularization, which is the less important and can be con-
sidered a clinician-driven outcome. The gradients in both 
importance to patients and treatment effects across com-
ponent endpoints may complicate the interpretation of 
trial results, as was previously pointed out [7]. Regardless 

of the potential problems of interpretation due to a gra-
dient between endpoints, since one of the main uses of 
the CE is to reduce SSR, in this work, we explore how the 
interrelationship between the most popular components 
included in the CE MACE (i.e., death and AMI) may 
impact SSR.

As we illustrated in a simulation study, the interrela-
tionship between endpoints included in a CE can help 
to define the SSR in some situations, at least in the car-
diovascular field. Specifically, we showed that in 25 of 66 
simulated scenarios the DoA between two CV endpoints 
influenced the decision of using a CE instead of a single 
endpoint [14, 16]. We also showed that the influence of 
the DoA in SSR decreases when the effect of the therapy 
on the relevant endpoint increases.

Although it is true that the smaller the DoA between 
endpoints the lower the SSR of the corresponding CE, the 
impact of the DoA on SSR is also importantly influenced 

Fig. 2 Impact of the correlation between death and acute myocardial infarction on the event rate and sample size requirement of a theoretical trial 
that includes these outcomes as a composite endpoint
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by the CE event rate and by the magnitude of the effect 
of the therapy on endpoints, as we previously have 
shown [14]. Thus, from a statistical perspective, a small 
DoA between two specific endpoints should not lead to 
the selection of these endpoints for a CE to decrease the 
SSR. Rather, the expected effect of the therapy on the 
endpoints, the expected event rate, and, importantly, 
the specific type of endpoints should carefully be con-
sidered during the sample size calculation. In this sense, 
our findings could be useful for sample size considera-
tions in future cardiovascular trials using the CE MACE. 
The present work shows that the variability of the DoA 
between death and AMI endpoints, estimated from real 
CV trials, is generally high. Specifically, the required 
sample size for a trial with a CE combining this couple 
of endpoints might vary as much as 17% depending on 
the DoA between them, which supposes a considerable 
uncertainty.

We also analyzed the impact of the DoA on the SSR 
across four scenarios defined by the CE event rate and by 
the effect of the therapy on the CE (Fig. 2). This impact, 
in relative terms, was similar across the four scenarios, 
probably because the ranges of the event rates and the 
magnitudes of the effect of the experimental interven-
tions among the trials included were narrow, and these 
parameters are closely related with the impact of the 
DoA on the SSR, as we previously showed [14].

Nowadays, it is impossible to know in advance the DoA 
between the component endpoints of a CE. For this rea-
son, our initial approach has been to estimate the range of 
variation of the DoA between the most popular endpoints 
included in the CE MACE, as a first step to understand 
the potential of this parameter to drive the SSR. In any 
case, the DoA between CV endpoints may likely be influ-
enced by other intrinsic characteristics of the population, 
such as the baseline cardiovascular risk. For instance, 
the probability of death in patients who had an AMI is 
likely to be higher in patients with diabetes, hyperten-
sion, and renal impairment than in patients without these 
conditions, which can lead to a different DoA estima-
tion between these endpoints. Similarly, clinician-driven 
outcomes, such as revascularization, could be influenced 
by regional practices, which can also lead to different 
DoA between revascularization and other CV outcomes 
depending on the region. Therefore, the next step in 
future research should be to explore in depth, in large 
databases from RCT, or in large observational studies or 
registries, not only the DoA between other CV endpoints 
but which factors, if any, determine a stronger or weaker 
DoA between different CV endpoints. This will permit 
us to anticipate the expected DoA more precisely, and 
thus, it will lead to a more informed and precise sample 
size estimation in future studies. In the meantime, given 

the important variation in correlation estimates between 
death and AMI, ranging from − 0.02 to 0.31, there are 
several possibilities for sample size estimation when using 
these outcomes. One could conservatively use the worst 
case, one could use some average correlation, or one could 
estimate the correlation in a blinded interim analysis and 
recalculate the sample size. Although our intention is not 
to make a formal recommendation regarding how to cal-
culate SSR based on DoA, we think that the latter strat-
egy would likely allow a more precise correction in the 
interim analysis regarding SSR.

Limitations
Unfortunately, we could obtain the data necessary to 
estimate the DoA between death and AMI only from 5 
RCTs. Therefore, we cannot conclude that our DoA esti-
mations may be representative of the full spectrum of CV 
trials. However, these five trials may represent, to a cer-
tain extent, a disparate trial sample (i.e., different sample 
sizes, event rates, magnitude of effect). We also restricted 
ourselves to the study of CV CE, specifically MACE, a 
commonly used endpoint. Relationships between com-
ponent endpoints making up CE in other fields (e.g., 
infectious and neurological diseases) may be different, as 
well as their potential impact on the required sample size 
for trials in those clinical areas.

Another limitation of our study is that we restricted our 
approximation to the differences in proportions, while 
most clinical trials in the cardiovascular area use survival 
analysis to estimate hazard rations. In addition, the fact 
that we do not consider censoring could yield biased esti-
mates. Although we attempt to study how the association 
between the most usual outcomes in the cardiovascular 
field varies and how this variation may impact the SSR 
estimations, future studies should focus on survival data 
to quantify DoAs between two components of a MACE, 
which is probably a more realistic approach.

Conclusions
The use of CE in clinical trials is a challenge for the inter-
pretation of their results and for the estimation of the 
anticipated SSR. The most common CE used in CV trials 
combines the outcomes death, AMI, stroke, and revas-
cularization. In this CE, the higher event rate and the 
higher effect of therapies usually falls on the outcome 
revascularization, which is the less important. The DoA 
between components of the CE MACE may influence the 
SSR. Specifically, the DoA between the endpoints death 
and MI is highly variable and can lead to a sizeable SSR 
variation of a trial with a theoretical CE including these 
outcomes. Therefore, the DoA among the components 
of the most frequent CEs used in clinical trials should be 
explored in depth in future studies. We recommend that 
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future trialists incorporate some measures of the degree 
of association between components in their publications. 
Also, initiatives for enhancing transparency in publica-
tions of health research, such as EQUATOR, could also 
help tackle the lack of recommendations on what infor-
mation to display and how to display it when CEs are 
used as the main results of a clinical study. This would 
permit the incorporation of this parameter for a refined 
calculation of the sample size in future clinical trials.
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