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Abstract

Background—Many clinical trials use composite endpoints to reduce sample size, but the 

relative importance of each individual endpoint within the composite may differ between patients 

and researchers. 

Methods and Results—We asked 785 cardiovascular patients and 164 clinical trial authors to 

assign 25 “spending weights” across 5 common adverse events comprising composite endpoints 

in cardiovascular trials: death, myocardial infarction (MI), stroke, coronary revascularization, 

and hospitalization for angina. We then calculated endpoint ratios (“ratios”) for each 

participant’s ratings of each nonfatal endpoint relative to death. Whereas patients assigned an 

average weight of 5 to death, equal or greater weight was assigned to MI (mean ratio 1.12) and 

stroke (ratio 1.08). In contrast, clinical trialists were much more concerned about death (average 

weight of 8) than MI (ratio 0.63) or stroke (ratio 0.53). Both patients and trialists considered 

revascularization (ratios 0.48 and 0.20, respectively) and hospitalization (ratios 0.28 and 0.13, 

respectively) as substantially less severe than death. Differences between patient and trialist 

endpoint weights persisted after adjustment for demographic and clinical characteristics 

(p<0.001 for all comparisons). 

Conclusions—Neither patients nor clinical trialists weigh individual components of a composite 

endpoint equally. While trialists are most concerned about avoiding death, patients place equal or 

greater importance on reducing MI or stroke. Both groups considered revascularization and 

hospitalization as substantially less severe. These findings suggest that equal weights in a 

composite clinical endpoint do not accurately reflect the preferences of either patients or trialists.   

Key words: clinical trial, statistics, cardiovascular disease, patient-centered care 
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Clinical trials frequently use a composite primary endpoint to increase event rates, improve trial 

efficiency, and decrease study costs.1-3 However, analytic approaches to composite endpoints 

typically assume that the individual components are of similar importance. In practice, a 

treatment often has different effects on each individual endpoint, resulting in uncertainty when 

interpreting the results of a clinical trial employing a composite primary endpoint.4-7 

Some investigators have recommended using a weighted composite endpoint to address 

these concerns, in which individual components are valued relative to one another.4, 5, 7, 8 

However, data to inform the weighting of individual endpoints, using opinions from both clinical 

trial authors and patients, has not been collected. Furthermore, prior efforts to weigh composite 

endpoints have assumed that patients, physicians, and clinical trialists would assign similar 

values to individual events (e.g., severity of stroke relative to death). If patients value individual 

components of a composite endpoint differently from trialists, this would suggest that efforts to 

develop weighted composite endpoints may also need to address patient preferences.  

Accordingly, we asked both patients and clinical trialists to weigh the relative importance 

of frequently measured outcomes from cardiovascular clinical trials. To better understand the 

value of each endpoint for patients and trialists, we quantified the relative severity of each 

endpoint when compared to death and assessed for rating differences between the two groups. In 

addition, we examined whether endpoint weights varied by the demographic and clinical 

characteristics of patients and trialists.  

Methods

Selection of Patients 

We administered a voluntary survey to patients managed by a single-specialty cardiovascular 
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practice at an academic medical center (Saint Luke’s Mid America Heart Institute, Kansas City, 

MO). Potential subjects were approached at random in the office waiting or procedural holding 

areas, at varying times of day, over a 3-month recruiting period. After obtaining verbal consent, 

subjects anonymously completed the survey described below. The survey was personally 

administered by a member of the research team, and explanations regarding the assignment of 

endpoint weights (i.e., sum of 25 points) were provided as needed.  

Selection of Trialists 

In parallel with the patient survey, an identical electronic survey was administered to authors of 

major randomized clinical trials of statin lipid-lowering drugs and coronary revascularization 

therapies published in the English-speaking literature between 2000 and 2009. Potential clinical 

trials were identified through Medline searches, literature review, and the clinicaltrials.gov 

website (see Supplemental Tables 1 and 2). Only investigators from trials with clinical 

endpoints were included in this survey; trials with surrogate marker endpoints (e.g., lipid levels, 

ultrasound or computed tomography findings, angiographic late loss after coronary intervention) 

were not included. E-mail addresses were collected from Medline and Internet browser searches 

by the study investigators and stored in a secure database, after which an invitation was sent via 

e-mail with links to participate or decline participation. Each clinical trialist was only permitted 

to complete the survey once, even if listed as an author on multiple clinical trials. 

Survey Data Collection 

The text of the survey is illustrated in Figure 1. Although demographic and clinical data 

collected were specific to patients and trialists, the same survey for weighing clinical outcomes 

was administered to both groups. Each respondent was asked to distribute 25 “spending weights” 

among five clinical outcomes commonly included in composite primary endpoints of clinical 

herapies published in the English-speaking literature between 2000 and 2009. PoPooteeenntn iaiaial l l clclclinininiciicaal 

rials were identified through Medline searches, literature review, and the clinicaltrials.gov 

wewebsbsbsitititeee (s(s(seeeeee SSSupppppplelemental Tables 1 and 2). Onlnlnly investigators frfrfromm tttriririaals with clinical
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trials of statins and coronary revascularization: death, myocardial infarction (MI), stroke, 

coronary revascularization, and hospitalization for angina. All respondents were required to 

distribute exactly 25 weights across the five endpoints, and verification of the 25-point total was 

ensured before the survey could be submitted. To minimize bias, the specific order of the 5 

individual endpoints to be weighed was varied at random for both patients and trialists. 

Analytic Approach 

To facilitate interpretation as percentages, we rescaled the data so that the weights sum to 100. 

We then converted each respondent’s endpoint weights to ratios, by dividing the weight assigned 

to each non-fatal endpoint (MI, stroke, revascularization, and hospitalization) by the weight 

assigned to mortality. These ratios represent the relative unadjusted weights assigned to each of 

the 4 non-fatal endpoints versus the reference of death. For example, a respondent who assigned 

values of 10, 5, 5, 3, and 2 points for death, MI, stroke, revascularization, and hospitalization, 

respectively, would have endpoint ratios of 0.5, 0.5, 0.3, and 0.2 for MI, stroke, 

revascularization, and hospitalization relative to death. 

We then assessed whether the weights assigned by trialists differed from those of 

patients. Because the weights represent a special type of multivariate data known as 

compositional data, which are constrained to add up to a constant value (i.e., 25 points),9 we used 

multivariate methods appropriate to multiple correlated dependent variables. This constant-sum 

constraint imposes a mathematical structure to the data (an increase in one variable 

mathematically necessitates a decrease in another) for which standard statistical methods are not 

appropriate. To accomplish this, the four endpoint ratios for each participant were log-

transformed and analyzed using standard repeated measures analysis of variance models. This 

model included a fixed effect for respondent type (patient or trialist), a respondent type-by-

assigned to mortality. These ratios represent the relative unadjusted weights assiigggnedede ttooo eaeaeachchch oof 

he 4 non-fatal endpoints versus the reference of death. For example, a respondent who assigned f
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endpoint interaction term, and an unstructured residual covariance matrix to account for differing 

variances and within-respondent correlations among the four variables.  

Next, we conducted analyses to examine the association between respondent 

characteristics and endpoint weights, separately for patients and trialists. Continuous 

characteristics (e.g., age) were categorized so that predicted mean weights could be displayed for 

each category. We first analyzed each respondent characteristic individually in unadjusted 

models, similar to that described above. Next, we fit a multivariable model including all 

respondent characteristics, and performed backward selection (p<0.05) to retain only those 

characteristics that were associated with endpoint weights. 

For responses in which a specific endpoint was assigned a weight of zero (e.g., 0 points 

assigned to revascularization by an individual patient or trialist), we replaced the zero with a 

uniform random positive fractional weight <0.5 to avoid mathematical difficulties in calculating 

log ratios. This assumes that a reported weight of zero was a “detection limit” error due to the 

coarseness of the response scale (0-25); i.e., that respondents would have given at least some 

nominal positive weight to the endpoint if a large enough number of spending points were 

available. To account for the uncertainty in these replaced values, we used multiple imputation 

methods. Specifically, we repeated the zero-replacement process 25 times, generating 25 distinct 

complete data sets. All analyses described above were replicated on each of the 25 data sets, and 

the results from each were pooled to obtain final estimates for statistical inferences. This 

approach allows calculation of endpoint log ratios for all respondents and appropriately 

incorporates uncertainty due to imputation. 

All analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, North 

Carolina) and R version 2.10.0 (R Foundation for Statistical Computing, Vienna, Austria). For 

For responses in which a specific endpoint was assigned a weight of zeroo (e(e.g.. ..,, 000 pppoioiointnts s

assigned to revascularization by an individual patient or trialist), we replaced the zero with a 
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oog rar tios. Thisis aaassssummmeses tthahahat t t a a a rerepopoporrtrteedd wwweigghght off zzeero o wwawas s a “d“deeeteeectitiononn llimimiit”t”t” eerrrrrororo dddueue tttoo thththee e

cooarararseseenenen ssss ooofff ththeee rrerespsppononnsese sccacalelele (((0-0-0-22525););) iii e.e.e..,., thhhatata rrressspopoondnddenenentsts wwwoououldldld hhaaavee e gigiiveveven n n atatt llleeeasstt sssomomee 

nominal posiitititiveveve wwweieie ghghg t tt tooo tttheheh eeendndndpopopoinnntt t ififif a a a lalaargrgrge ee enenenououo ghghgh nnnumumumbebeber r ofofof ssspepependndndinini ggg popopoininintststs wwere

 by guest on O
ctober 9, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.113.006588 

7 

each analysis, we evaluated the null hypothesis at a 2-sided significance level of 0.05.  Findings 

are reported as mean [interquartile range]. The study protocol was reviewed and approved by the 

Institutional Review Board of Saint Luke’s Hospital. 

Results

Comparison Between Patients and Trialists 

A total of 785 patients and 164 clinical trialists completed the study survey, representing 

response rates of >95% of patients solicited and ~60% of trialists with valid e-mail addresses. 

Overall, there were marked differences (P<0.001) in how patients and clinical trialists weighed 

the relative severity of each endpoint compared with death (Table 1). In general, patients 

assigned slightly higher importance to MI and stroke as death (endpoint ratios of 1.12 and 1.08, 

respectively) and viewed repeat revascularization and hospitalization as significantly less severe 

than death (endpoint ratios 0.48 and 0.28, respectively). In contrast, clinical trialists assigned 

one-third and one-half as much importance to MI or stroke (endpoint ratios 0.63 and 0.53, 

respectively) than death, and they weighed repeat revascularization and hospitalization as 

relatively minor events (endpoint ratios 0.20 and 0.13, respectively).  

Patient Subgroups 

Endpoint weights for patient subgroups are summarized in Table 2. Overall, 54% of patients 

were male, 84% were Caucasian, and more than half were 65 years of age or older. Nearly 60% 

had a college or graduate degree, 55% were retired, and two-thirds were currently married. More 

than two-thirds of patients had hypertension or hypercholesterolemia, 1 in 4 had a prior MI, 1 in 

3 had undergone prior percutaneous coronary intervention (PCI), and 1 in 6 had undergone prior 

coronary artery bypass grafting (CABG).  

he relative severity of each endpoint compared with death (Table 1). In general,l, ppatata ieeentnntsss
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Although patients, in aggregate, assigned weights of relatively similar importance for MI 

and stroke compared with death, there were differences by age, race, and household income 

level. Patients under 45 years of age weighed death as twice as severe as MI or stroke, whereas 

older patients (65-74, 75-84, and >85) assigned greater importance to avoiding MI or stroke than 

death (P<0.001 across age categories) (see Table 2). Patients between 45 and 64 viewed death, 

MI, and stroke as equally severe. African-American patients were more concerned about MI than 

either stroke or death, whereas Caucasian patients were equally concerned about death, stroke, 

and MI (P=0.01 for comparison between races). Patients with household incomes less than 

$40,000 annually were more concerned about MI and stroke than death, whereas those with 

annual household incomes exceeding $120,000 were most concerned about death and assigned 

significantly less importance to revascularization (P=0.001). There were no differences in 

weighting assignments by other clinical and socioeconomic subgroups such as marital status, 

education level, employment status, or by medical comorbidity. These findings were similar in 

fully adjusted models (Figure 2).

Clinical Trialist Subgroups 

Endpoint weights for clinical trialist subgroups are displayed in Table 3. Among 164 clinical 

trialists, 93% were practicing in academic settings and 70% were 20 or more years out of 

training. One-half of the trialists were European, while another 39% were American. Nearly 

three-quarters were active investigators in patient enrollment for their respective clinical trials.  

In unadjusted analyses, clinical trialists who spent most of their time in clinical care were 

more likely to weigh death as more severe than stroke or MI (see Table 3). There were also 

differences by cardiovascular subspecialty in how trialists weighed the relative severity of death 

vs. MI and stroke. However, these differences were no longer significant after adjustment for 

annual household incomes exceeding $120,000 were most concerned about deatthh h anannd d asaassisisigngngneded 

ignificantly less importance to revascularization (P( =0.001). There were no differences in 

weweigigighththtinininggg asasa sssignnnmmements by other clinical and sociciioeoeo cconomic subggroror uppss sususuch as marital status, 

edduucucation leveel,l eemmpmplololoymymmeneent tt sststatatuusus,,, ororr bbby mmmedddicaal ccommmoororbibiididiityty. ThThese ee fiindndinininggsgs wwwererreee sisis mimimillalarrr ininn 

fuulllllly yy adadadjujujuststtededed mmodododelelss (FFiFigug rerere 222))).
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physician characteristics (data not shown, all p>0.05), which suggests less variation in the 

weighing of clinical endpoints among trialists, when compared with variation in weighing among 

patients.  

Discussion

Despite the common practice of weighing all adverse events equally within a clinical trial’s 

composite endpoint, we found that patients and clinical trial authors considered “hard” 

cardiovascular events (death, MI, stroke) significantly more important than repeat 

revascularization or hospitalization for angina. Moreover, among hard clinical endpoints, the 

relative value varied substantially between patients and trialists. Clinical trialists placed greater 

emphasis on avoiding death than MI or stroke, whereas patients viewed avoiding death, stroke, 

and MI as equally severe. Furthermore, there was heterogeneity in how patients weighed clinical 

endpoints according to age, race, and household income. Collectively, our findings provide 

important insights as to how clinical trialists and patients prioritize the goals of medical 

treatment.

For more than two decades, clinical trialists have struggled with the inadequacy of 

composite endpoints. Ideally, the components of the composite should have similar importance, 

frequency of occurrence, and response to the therapy being tested.4 However, these criteria are 

seldom met, and the clinical significance of individual endpoints within the composite can vary 

considerably.5 Not infrequently, trial results are driven by the impact of therapy on a single 

component outcome—often representing an event of much lesser severity (e.g., revascularization 

or rehospitalization) than hard endpoints such as death. For example, recurrent ischemia was 

primarily responsible for the reduction in the composite endpoints in one statin trial, whereas 

elative value varied substantially between patients and trialists. Clinical trialistss pplalaaceeedd d grgrgreaeaeateter 

emphasis on avoiding death than MI or stroke, whereas patients viewed avoiding death, stroke, 

annd d d MIMIMI aasss eqeqe uuualllllyy y sesevere. Furthermore, there waaass s hheterogeneity ininn howoww pppata ients weighed clinical

ennddpdpoints accoordrdrdinnng g totoo aaagegee,, rararaccece, ananand d hhohouusehehhooold iinncccomememe. . CCoollllecectttivvvelyly, ouuur r fififindnndiningggs ppprorooviviidedde 

mmpopoportrtrtanana tt inininsissighghtts aass ttto hhowow cccliliinininicacacalll trtrriaiaialililistststss s ananand d papapatit eenentststs ppprriorororititiiizeee thththee e gogooalalsss ofofof mmmededediccaaal 

reatment.
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mortality was completely unaffected by randomization to statin therapy.10 Similarly, repeat 

revascularization drove the difference in the composite endpoint in multiple clinical trials 

comparing PCI versus CABG for multivessel coronary artery disease, with no differences in 

“hard” endpoints like mortality and myocardial infarction.11-13 

To address these concerns, some authors have recommended a system of weighing 

composite endpoints. In 1989, Califf et al. surveyed 407 cardiologists at a national specialty 

conference to assign rank order to a list of endpoints,3 although this process did not quantify the 

relative severity of one endpoint relative to another. In 1992, Braunwald et al. assigned weights 

to death (1 point), disabling intracranial hemorrhage (1 point), heart failure (0.8 points), major 

bleeding (0.3 points), and other adverse events based on clinical importance or severity.14 The 

authors acknowledged the arbitrary nature of their weights and recommended continued 

refinement of these scores in the future.  

Other studies have also attempted to provide relative values to different endpoints, either 

through arbitrary systems of assigning weights, by surveying clinical researchers to arrive at 

consensus weights,15-23 or through using disability-adjusted life-years to estimate endpoint 

importance to patients.24, 25 In addition, several studies have elicited patient and physician 

preferences regarding stroke prophylaxis in atrial fibrillation, or the threshold at which a patient 

would be willing to consider systemic anticoagulation to avoid suffering a stroke.26-28 One recent 

evaluation of patients used an online survey to confirm the lack of equal weighing in composite 

endpoints, and these authors recommended further emphasis on weighing individual adverse 

events to improve statistical validity and interpretation of clinical trial results.29 Our study 

expands these findings by evaluating weights by both clinical trialists and cardiovascular 

patients. To our knowledge, no other studies have solicited patient input on the relative severity 

bleeding (0.3 points), and other adverse events based on clinical importance or sseeeverere ittty.y.y 141414 TTThehhe 

authors acknowledged the arbitrary nature of their weights and recommended continued f

eefifiinenenemmementntnt oofff thheseseseee scores in the future.  
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of individual cardiovascular endpoints.  

By surveying clinical trialists with the same clinical endpoints as the ones they used in 

their respective statin and coronary revascularization trials, we were able to generate relative 

weights for each individual endpoint compared with death. It is important to note that both the 

clinical trialists and patients apportioned different weights to death vs. stroke and MI. These 

differences were especially prominent among older patients, as stroke and MI were viewed as 

~50% more important than death in those individuals 75 to 84 years of age, and 150% to 250% 

more important than death in those 85 years of age and older. Similarly, patients with low 

household income were more concerned about revascularization than those with higher 

household income, and thus placed at least as much importance on avoiding MI and stroke, if not 

more importance, than the avoidance of death. Of note, these observed differences in patients’ 

endpoint weights by age, race, and income persisted after adjustment for potential confounders 

such as education, marital and employment status, and other demographic and clinical variables. 

Differences between physicians and patients, and among patients themselves, suggest that 

development of weighted composite outcomes is complex and requires further study to help 

determine whether trialist, patient, or both patient and trialist preferences are needed in the 

development of endpoint weights for future clinical trials. 

Study Limitations 

The findings from our study should be interpreted in the context of several potential limitations. 

First, the patients included in this study’s survey were followed at a single-specialty 

cardiovascular practice, and results may not be generalizable to all patients. Second, the short 

period of time available for surveying patients waiting for office visits or procedures generally 

precluded a comprehensive discussion regarding the definitions of specific adverse events. For 

household income, and thus placed at least as much importance on avoiding MI aaandndd strtrtrokokoke,e,e, iiif f non t

more importance, than the avoidance of death. Of note, these observed differences in patients’
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instance, the manifestations of myocardial infarction could range from minor elevations in 

myocardial enzymes to cardiogenic shock. As prior studies have not shown that patients rate MI 

as worse than death or similar to stroke, this difference could have occurred due to the brevity of 

our survey form and time of patient interaction. As a result, differences in baseline definitions of 

the endpoints between trialists and patients may have affected our comparisons of endpoint 

weights between the two groups. However, if such differences are present, they further reinforce 

the fact that these events have different significance between patients and trialists. Third, 

although our focus was to survey trialists since they are directly involved in clinical trial design, 

we did not survey physicians in daily clinical practice. Fourth, we focused our analyses on 

efficacy endpoints and did not assess the importance of safety endpoints, such as bleeding, as 

these are not typically included as part of a composite primary endpoint. Finally, although we 

derived weights for individual components of a composite endpoint, a systematic approach to 

weighing composite endpoints requires further study, especially given the differences identified 

between trialists and patients.  

Conclusions

Although many contemporary clinical trials use composite endpoints to simplify and streamline 

the evaluation of new cardiovascular therapies, neither patients nor clinical trialists weight 

individual components of a composite endpoint equally. In addition, we found substantial 

differences between the preferences of patients and trialists regarding the relative importance of 

specific adverse events. These findings should stimulate further study into how best to develop 

composite endpoints that accurately reflect the severity of each individual endpoint component, 

and to address differences in how trialists and patients view their severity. 

efficacy endpoints and did not assess the importance of safety endpoints, such as s blblleeee dididingngng, ,, asasa  

hese are not typically included as part of a composite primary endpoint. Finally, although we 
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Table 1. Comparison of Endpoint Weights By Patients and Clinical Trial Authors

  Endpoint Weight Endpoint Ratio vs. Death  
N Death MI Stroke Revasc Hosp MI Stroke Revasc Hosp P

Respondent           <0.001* 
 Patients 785 25 (12-40) 28 (20-32) 27 (16-32) 12 (0-20) 7 (0-20) 1.12 1.08 0.48 0.28  
 Trialists 164 40 (28-48) 25 (18-28) 21 (16-28) 8 (4-12) 5 (4-8) 0.63 0.53 0.20 0.13  
Hosp indicates hospitalization for angina; MI, myocardial infarction; Revasc, coronary revascularization procedure. 
Values are reported as mean (interquartile range) on a 100-point scale. 
* For comparison of the distribution of patient vs. trialist weights.  
 
 

s are reported as mean (interquartile range) on a 100-point scale.
comparison of the distribution of patient vs. trialist weights. 
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Table 2. Patient Endpoint Weights and Ratios According to Demographic and Clinical Characteristics. 

 Mean Endpoint Weights* Relative Weight vs. Death  
Characteristic N (%)* Death MI Stroke Revasc Hosp MI Stroke Revasc Hosp P**
Age (yrs) 
 18-44 
 45-54 
 55-64 
 65-74 
 75-84 
 85+ 

 
82 (10%) 
101 (13%) 
167 (21%) 
217 (28%) 
178 (23%) 
39 (5%) 

 
41 
29 
28 
23 
21 
11 

 
21 
29 
28 
29 
30 
27 

 
17 
24 
24 
29 
31 
40 

 
13 
11 
13 
12 
11 
12 

7 
8 
7 
7 
8 
9 

 
0.51 
1.00 
1.00 
1.26 
1.43 
2.45 

 
0.41 
0.83 
0.86 
1.26 
1.48 
3.64 

 
0.32 
0.38 
0.46 
0.52 
0.52 
1.09 

 
0.17 
0.28 
0.25 
0.30 
0.38 
0.82 

<0.001 

Sex 
 Male 
 Female 

 
419 (54%) 
364 (46%) 

 
24 
26 

 
30 
27 

 
26 
28 

 
12 
12 

8 
7 

 
1.25 
1.04 

 
1.08 
1.08 

 
0.50 
0.46 

 
0.33 
0.27 

0.43 

Race 
 Caucasian 
 African-American 
 Other 

 
655 (84%) 
101 (13%) 
26 (3%) 

 
25 
25 
21 

 
28 
33 
29 

 
28 
20 
28 

 
12 
11 
14 

7 
11 
8 

 
1.12 
1.32 
1.38 

 
1.12 
0.80 
1.33 

 
0.48 
0.44 
0.67 

 
0.28 
0.44 
0.38 

0.010 

Annual income 
 $0 – 40K 
 $40 – 80K 
 $80 – 120K 
 > $120K 

 
345 (48%) 
194 (27%) 
86 (12%) 
95 (13%) 

 
23 
25 
27 
34 

 
28 
29 
26 
31 

 
27 
28 
30 
22 

 
14 
11 
10 
9 

9 
7 
6 
5 

 
1.22 
1.16 
0.96 
0.91 

 
1.17 
1.12 
1.11 
0.65 

 
0.61 
0.44 
0.37 
0.26 

 
0.39 
0.28 
0.22 
0.15 

0.001 

Education 
 High school 

 College 
 Graduate school 

 
324 (41%) 
300 (39%) 
156 (20%) 

 
23 
27 
27 

 
30 
27 
28 

 
26 
27 
27 

 
13 
12 
11 

9 
7 
7 

 
1.30 
1.00 
1.04 

 
1.13 
1.00 
1.00 

 
0.57 
0.44 
0.41 

 
0.39 
0.26 
0.26 

0.57 

Employment 
 Full time 
 Part time 
 Retired 
 Unemployed 

 
218 (28%) 
59 (8%) 

428 (55%) 
74 (9%) 

 
29 
34 
22 
25 

 
29 
22 
30 
26 

 
24 
22 
29 
26 

 
12 
14 
11 
12 

6 
7 
8 
11 

 
1.00 
0.65 
1.36 
1.04 

 
0.83 
0.65 
1.32 
1.04 

 
0.41 
0.41 
0.50 
0.48 

 
0.21 
0.21 
0.36 
0.44 

0.10 

5 74 
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39 (5%) 

23 
21 
11 

29 
30 
27 

29 
31 
40 

12 
11 
12 

7 
8 
9 

1.26 
1.43 
2.45 

1.26 
1.48 
3.64 

0.52 
0.52522 
1. 90909 

0.0 30 
0.0.0.383838 
0.0.0 828282 

Male
emale 

419 (54%) 
364 (46%) 

24 
26 

30 
27 

26 
28 

12 
12 

8 
7 

1.25 
1.04 

1.08 
1.08 

0.50 
0.46 

0.33 
0.27 

000

auaucacac sisisianan 
frrfrici anaa -Ameri acan nn
ththt rrer 

65656555 (84%) 
10101011 (1(13%3%%)))
2622 (((3%3%3 )))

25 
2525 
212121 

28 
3333 
92929 

28 
2020 
28 

1211  
111  
411  

7 
111111
88 

1.12122 
1.1.1.32323  
1.1.3838 

11.1.1212 
0.0.0.8088  
1.3333  

0.48 
00.0.444444 
0.0 76767 

0.28 
0.0.0.44444 
.0.383838 

0.

alaa incnn ome 
0 0 –– 404040K 
4040 –– 880K0K0K 
80 – 112020K K
$$12120K0K 

44345 (4(4 %8%8%) 
9919444 (2(2(2 %7%7%)))

8686 ((1212%) 
9595 ((1313%)%) 

3323 
25252  
2727 
3434 

282828 
29292  
262  
3131 

272  
282828 
3030 
2222 

411  
1111  
10 
99 

9 9
777 
6 
5 5 

.1.2222 
1.1.16161  
0.9696 
00.9191 

1.1717 
1.12121  
1.111 
00.6565 

0.0.61 
000.444444 
00.3737 
00.2626 

.0.393  
0.28282  
0..2222 
00.1515 

0.

ation 000

 by guest on O
ctober 9, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.113.006588 

18 

Marital status 
 Married 
 Never 
 Previously married 
 Widowed 

 
514 (66%) 
74 (9%) 
96 (12%) 
98 (13%) 

 
27 
35 
20 
17 

 
29 
23 
30 
28 

 
26 
22 
27 
35 

 
11 
11 
14 
12 

7 
8 
8 
8 

 
1.07 
0.66 
1.50 
1.65 

 
0.96 
0.63 
1.35 
2.06 

 
0.41 
0.31 
0.70 
0.71 

 
0.26 
0.23 
0.40 
0.47 

0.14 

Hypertension 
 Yes 
 No 

 
545 (70%) 
236 (30%) 

 
23 
31 

 
29 
27 

 
28 
25 

 
12 
11 

8 
6 

 
1.26 
0.87 

 
1.22 
0.81 

 
0.52 
0.35 

 
0.35 
0.19 

0.10 

Hypercholesterolemia 
 Yes 
 No 

 
524 (67%) 
257 (33%) 

 
24 
28 

 
29 
28 

 
27 
26 

 
13 
10 

7 
8 

 
1.21 
1.00 

 
1.13 
0.93 

 
0.54 
0.36 

 
0.29 
0.29 

0.18 

Diabetes 
 Yes 
 No 

 
182 (23%) 
599 (77%) 

 
25 
25 

 
32 
28 

 
24 
28 

 
11 
12 

8 
7 

 
1.28 
1.12 

 
0.96 
1.12 

 
0.44 
0.48 

 
0.32 
0.28 

0.23 

Prior MI 
 Yes 
 No 

 
195 (25%) 
586 (75%) 

 
24 
25 

 
30 
28 

 
24 
28 

 
13 
12 

8 
7 

 
1.20 
1.12 

 
1.00 
1.12 

 
0.54 
0.48 

 
0.33 
0.28 

0.47 

Prior PCI 
 Yes 
 No 

 
261 (33%) 
520 (67%) 

 
22 
27 

 
29 
28 

 
26 
27 

 
15 
11 

8 
7 

 
1.32 
1.04 

 
1.18 
1.00 

 
0.68 
0.41 

 
0.36 
0.26 

0.07 

Prior CABG 
 Yes 
 No 

 
139 (18%) 
642 (82%) 

 
19 
27 

 
29 
28 

 
29 
26 

 
14 
12 

9 
7 

 
1.53 
1.04 

 
1.53 
0.96 

 
0.74 
0.44 

 
0.47 
0.26 

0.15 

Chronic heart failure 
 Yes 
 No 

 
182 (23%) 
597 (77%) 

 
28 
24 

 
26 
29 

 
27 
27 

 
11 
12 

8 
7 

 
0.93 
1.21 

 
0.96 
1.13 

 
0.39 
0.50 

 
0.29 
0.29 

0.40 

Prior stroke 
 Yes 
 No 

 
88 (11%) 
692 (89%) 

 
23 
25 

 
27 
29 

 
28 
27 

 
14 
12 

8 
7 

 
1.17 
1.16 

 
1.22 
1.08 

 
0.61 
0.48 

 
0.35 
0.28 

0.90 

Angina 
 Current 
 Past 

 
115 (15%) 
200 (26%) 

 
23 
26 

 
29 
26 

 
26 
26 

 
12 
14 

10 
8 

 
1.26 
1.00 

 
1.13 
1.00 

 
0.52 
0.54 

 
0.43 
0.31 

0.36 
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 Never 465 (59%) 25 29 27 11 7 1.16 1.08 0.44 0.28 
Defibrillator 
 Yes 
 No 

 
89 (11%) 
692 (89%) 

 
26 
25 

 
27 
29 

 
30 
26 

 
10 
12 

7 
8 

 
1.04 
1.16 

 
1.15 
1.04 

 
0.38 
0.48 

 
0.27 
0.32 

0.73 

Atrial fibrillation 
 Yes 
 No 

 
278 (36%) 
497 (64%) 

 
25 
25 

 
27 
30 

 
31 
25 

 
11 
13 

7 
8 

 
1.08 
1.20 

 
1.24 
1.00 

 
0.44 
0.52 

 
0.28 
0.32 

0.07 

Smoking status 
 Current 
 Former 
 Never 

 
86 (11%) 
353 (45%) 
342 (44%) 

 
24 
24 
27 

 
25 
31 
27 

 
27 
27 
27 

 
14 
11 
12 

10 
8 
7 

 
1.04 
1.29 
1.00 

 
1.13 
1.13 
1.00 

 
0.58 
0.46 
0.44 

 
0.42 
0.33 
0.26 

0.24 

Alcohol use 
 Frequent 
 Occasional 
 Quit 
 Never 

 
55 (7%) 

403 (52%) 
132 (17%) 
190 (24%) 

 
24 
26 
23 
24 

 
26 
28 
31 
28 

 
29 
26 
26 
28 

 
11 
12 
11 
12 

10 
7 
10 
7 

 
1.08 
1.08 
1.35 
1.17 

 
1.21 
1.00 
1.13 
1.17 

 
0.46 
0.46 
0.48 
0.50 

 
0.42 
0.27 
0.43 
0.29 

0.42 

CABG indicates coronary artery bypass surgery; Hosp, hospitalization for angina; MI, myocardial infarction; PCI, percutaneous coronary intervention; Revasc, 
coronary revascularization procedure. 
* Mean endpoint weights may not add exactly to 100 due to rounding, and total N in each subgroup may not add to 785 patients due to differential response rates 
for each question.  
** P-value for comparison of endpoint weights across categories of each characteristic. 
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Table 3. Endpoint Weights According to Demographic Characteristics of Clinical Trial Authors. 

 Endpoint Weight* Relative Weight vs. Death 
Characteristic N (%)* Death MI Stroke Revasc Hosp MI Stroke Revasc Hosp P†

Percent clinical care 
 0 to <20 
 20 to <40 
 40 to <60 
 60 to <80 
 80 to 100 

 
27 (18%) 
34 (23%) 
32 (21%) 
28 (19%) 
29 (19%) 

 
32 
41 
44 
38 
45 

 
31 
24 
21 
28 
23 

 
26 
24 
20 
16 
17 

 
6 
7 
8 

11 
9 

 
5 
4 
6 
6 
6 

 
0.97 
0.59 
0.48 
0.74 
0.51 

 
0.81 
0.59 
0.45 
0.42 
0.38 

 
0.19 
0.17 
0.18 
0.29 
0.20 

 
0.16 
0.10 
0.14 
0.16 
0.13 

0.005 

Years post-training 
 0 to <10 
 10 to <20 
 20 to <30 
 30 to <40 
 40 to 54 

 
13 (9%) 

31 (21%) 
51 (34%) 
45 (30%) 
10 (7%) 

 
44 
45 
39 
37 
42 

 
22 
22 
25 
28 
32 

 
17 
19 
23 
21 
16 

 
11 
9 
8 
8 
7 

 
6 
6 
5 
7 
3 

 
0.50 
0.49 
0.64 
0.76 
0.76 

 
0.39 
0.42 
0.59 
0.57 
0.38 

 
0.25 
0.20 
0.21 
0.22 
0.17 

 
0.14 
0.13 
0.13 
0.19 
0.07 

0.17 

Practice type 
 Academic 
 Private/industry 

 
140 (93%) 
10 (7%) 

 
41 
33 

 
25 
26 

 
21 
20 

 
8 

14 

 
5 
7 

 
0.61 
0.79 

 
0.51 
0.61 

 
0.20 
0.42 

 
0.12 
0.21 

0.53 

Specialty‡ 
 General cardiology 

 Interventional cardiology 
 Invasive cardiology 
 Preventative cardiology 
 Other 

 
53 (35%) 
47 (31%) 
18 (12%) 
19 (13%) 
13 (9%) 

 
43 
45 
41 
28 
31 

 
25 
24 
20 
32 
29 

 
20 
18 
19 
26 
29 

 
6 
9 

13 
8 
8 

 
6 
5 
7 
6 
3 

 
0.58 
0.53 
0.49 
1.14 
0.94 

 
0.47 
0.40 
0.46 
0.93 
0.94 

 
0.14 
0.20 
0.32 
0.29 
0.26 

 
0.14 
0.11 
0.17 
0.21 
0.10 

0.007 

Region 
 US 
 Europe 
 Other 

 
64 (39%) 
84 (51%) 
16 (10%) 

 
39 
40 
48 

 
26 
26 
22 

 
22 
21 
16 

 
7 
9 
7 

 
6 
5 
7 

 
0.67 
0.65 
0.46 

 
0.56 
0.53 
0.33 

 
0.18 
0.23 
0.15 

 
0.15 
0.13 
0.15 

0.34 

Trial role 
 Investigator 
 Expert 
 Other 

 
118 (72%) 
24 (15%) 
22 (13%) 

 
41 
44 
36 

 
25 
22 
30 

 
21 
23 
18 

 
8 
7 

10 

 
5 
5 
6 

 
0.61 
0.50 
0.83 

 
0.51 
0.52 
0.50 

 
0.20 
0.16 
0.28 

 
0.12 
0.11 
0.17 

0.85 

Hosp indicates hospitalization for angina; MI, myocardial infarction; Revasc, coronary revascularization procedure 
* Mean endpoint weights may not add exactly to 100 due to rounding, and total N in each subgroup may not add to 164 trialists due to differential response rates for each question.  
† P-value for comparison of endpoint weights across categories of each characteristic. 
‡ Trialist specialty was self-designated by each respondent. Invasive cardiologists are trained in general cardiology and also are qualified to perform cardiac catheterization and diagnostic angiography. 

Interventional cardiologists are qualified to perform both the diagnostic procedures and a variety of more invasive measurements (e.g., intracoronary pressure or ultrasound assessments) and 
percutaneous therapies (e.g., coronary and peripheral arterial revascularization, valvuloplasty, repair of vascular and intracardiac defects).  
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Figure Legends: 

Figure 1. Survey for Weighing Clinical Endpoints. The order of individual endpoints was varied 

at random to help minimize bias when assigning endpoint weights. 

 

Figure 2. Adjusted Endpoint Weights According to Patient Age, Race, and Annual Income. 

Shaded bars indicate mean absolute weights (after rescaling data so that weights sum to 100), 

adjusted for all available demographic and clinical characteristics.  
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Supplemental Table 1.  Statin Clinical Trials Included in the Email Survey 
 

Trial Acronym First Author Journal Year 

A to Z De Lemos JAMA 2004 

ALLIANCE Koren JACC 2004 

ASCOT-LLA Sever Lancet 2003 

CARDS Charlton-Menys Lancet 2004 

Heart Protection Study Collins Lancet 2002 

IDEAL Pedersen JAMA 2005 

JUPITER Ridker NEJM 2008 

LIPS Serruys JAMA 2002 

MIRACL Schwartz JAMA 2001 

PROSPER Shepherd Lancet 2002 

PROVE-IT Cannon NEJM 2004 

TNT LaRosa NEJM 2005 

Journal abbreviations: JACC, Journal of the American College of Cardiology; JAMA, Journal of 

the American Medical Association; NEJM, New England Journal of Medicine. 

 

 



Supplemental Table 2.  Revascularization Trials Included in the Email Survey 
 

Trial Acronym First Author Journal Year 

APEX AMI Armstrong JAMA 2007 

ARTS Serruys NEJM 2001 

ARTS-II Daemen JACC 2008 

ASSENT-3 Van de Werf Lancet 2001 

ASSENT-4 PCI Van de Werf Lancet 2006 

BARI-2D Frye NEJM 2009 

CARDia Kapur JACC 2010 

CARESS-in-AMI DiMario Lancet 2008 

CARP McFalls NEJM 2004 

COSTAR Krucoff JACC 2008 

COURAGE Boden NEJM 2007 

C-PORT Aversano JAMA 2002 

DANAMI-2 Andersen NEJM 2003 

DECREASE-V Schouten AJC 2009 

EARLY-ACS Giugliano NEJM 2009 

ENDEAVOR-II Fajadet Circulation 2006 

ERACI-II Rodriguez JACC 2001 

FINESSE Ellis NEJM 2008 

FRISC-II Lagerqvist Lancet 2006 

GUSTO V Topol Lancet 2001 

HORIZONS-AMI Stone NEJM 2009 

ICTUS De Winter NEJM 2005 

IMPRESS Versaci JACC 2002 



ISAR Left Main Mehilli JACC 2009 

LEADERS Windecker Lancet 2008 

MASS-II Hueb JACC 2004 

MULTISTRATEGY Valgimigli JAMA 2008 

OAT Hochman NEJM 2006 

PASSION Laarman NEJM 2006 

PRESTO Holmes Circulation 2002 

RITA-3 Fox Lancet 2002 

SHOCK Hochman JAMA 2006 

SIRIUS Moses NEJM 2003 

STAT Le May JACC 2001 

STRATEGY Valgimigli JAMA 2005 

SWISSI-II Erne JAMA 2007 

SYNTAX Serruys NEJM 2009 

TACTICS-TIMI-18 Cannon NEJM 2001 

Thiele et al. Thiele JACC 2009 

TIMACS Mehta NEJM 2009 

TIME Pfisterer JAMA 2003 

TRANSFER-AMI Cantor NEJM 2009 

TYPHOON Spaulding NEJM 2006 

VANQWISH Heggunje EHJ 2000 

Windecker et al. Windecker NEJM 2005 

Journal abbreviations: AJC, American Journal of Cardiology; EHJ, European Heart Journal; 

JACC, Journal of the American College of Cardiology; JAMA, Journal of the American 

Medical Association; NEJM, New England Journal of Medicine. 
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Summary

배경

많은 임상연구는 대상군의 수를 줄이기 위해 복합 연구 종료점

(composite end point)을 사용하나, 각 연구 종료점들 사이의 상

대적인 중요성에 대한 평가는 연구자와 환자에 따라 달라질 수 

있다.

방법 및 결과

785명의 심혈관계 질환자와 164명의 임상연구 저자들에게 심혈

관계 임상연구에서 복합 연구 종료점에 포함되는 5가지 흔한 부

작용(사망, 심근경색증, 뇌졸중, 관동맥 혈관재개통술, 협심증으

로 인한 입원)에 대해서 각각 25점의 가중치를 주도록 요청하였

다. 연구자들은 참여자들이 각각의 치명적이지 않은(사망 이외) 

연구 종료점들에 대해 부여한 점수를 사망에 대한 점수의 비로 

환산하였다. 환자들은 사망에 평균 5점의 가중치를 부여한 반면, 

심근경색증(평균 상대비, 1.12)이나 뇌졸중(상대비, 1.08)에 대

해 사망과 비슷하거나 더 높은 가중치를 부여하였다. 이에 반해, 

연구자들은 사망(평균 가중치, 8점)에 대해 심근경색증(상대비, 

0.63)이나 뇌졸중(상대비, 0.53)에 비해 좀 더 높은 가중치를 부여

하였다. 환자들과 연구자들은 공통으로 혈관재개통술(각각 상대

비, 0.48, 0.20)이나 입원(각각 상대비, 0.28, 0.13)은 사망에 비해 

중요도가 매우 낮은 것으로 생각하였다. 환자와 연구자들의 연구 

종료점에 대한 가중치의 차이는 인적, 임상적 특성을 보정한 이

후에도 통계적으로 유의하였다(P<0.001).

결론 

환자와 연구자들은 개별적인 임상연구 종료점들에 대해 중요성

을 다르게 생각하고 있었다. 연구자들은 사망에 대해 중요성을 

가장 많이 부여한 반면, 환자들은 심근경색증과 뇌졸중을 사망

보다 더 중요하거나, 비슷한 정도로 중요하다고 생각하였다. 환

자와 연구자들은 모두 혈관재개통술과 입원을 보다 중요성이 낮

은 부작용으로 생각하였다. 이러한 결과는 복합 연구 종료점의 

각 구성요소에 대해 동일한 가중치를 주는 것이 환자나 연구자 

모두의 생각을 제대로 반영하지 못하고 있음을 보여준다.

임상연구 종료점의 재해석, 그 결과를 다시 생각해 볼 필요가 있다 
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