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Abstract

Background 
Outcome measure choice and definition can determine the result of the study. We describe outcome measures and their definitions for cardiovascular studies in highly-cited medical journals.

Methods
Cardiovascular phase 3 or 4 randomised clinical trials (RCT) or multicentre observational studies published in the New England Journal of Medicine, Lancet or Journal of the American Medical Association between 1st January 2013 and 6th June 2024 from Embase and Ovid Medline were included. Two independent reviewers selected the studies and extracted the primary and secondary outcome measures from each publication.

Results
386 studies (83% RCTs; 17% observational) representing 10,699,147 participants were included. Studies investigated coronary heart disease (51%), cardiomyopathy / heart failure (22%), heart rhythm disease (15%), valvular heart disease (11%) and ‘other’ cardiovascular diseases (1%), with 45% investigating a device and 48% funded by industry. The most frequently reported primary outcome measure was a composite (63%), the most frequent component of which was myocardial infarction (58%). The use of a composite for the primary outcome measure increased from 49% of studies in 2013 to a peak of 85% in 2018. From 2013 to 2023 the median number of secondary outcome measures per study increased for RCTs (3 to 8) and observational studies (0 to 7). Definitions for cardiovascular mortality, myocardial infarction and stroke varied across the studies. 

Conclusions
For cardiovascular studies published in highly-cited journals, there has been an expansion in the use of primary composite outcome measures and secondary outcomes measures, with heterogeneity in the definition of primary outcome measures. A standardised approach to the use of cardiovascular outcomes measures is required. 



What is already known about the topic
Major adverse cardiovascular events (MACE) are often used as a composite outcome measure in clinical studies of cardiovascular diseases. There is limited literature about the nature and definitions of outcome measures in cardiovascular studies, and how this may have changed over time.

What this study adds
For clinical studies of cardiovascular diseases, a composite is the most frequently reported primary outcome measure, the use of which has increased almost two-fold over the last decade. The number of secondary outcome measures also increased at least two-fold over this period. Primary outcome composite measures were inconsistently defined and classified, as were primary outcome measures for cardiovascular death and myocardial infarction, making comparisons between studies difficult. 

How this study affects research
The increasing use of composite outcome measures, expansion in the number of secondary outcome measures employed per study, and variation in the primary outcome measures reported and their definitions contributes to biases and potentially makes interpretation, cross-study comparisons and marketing applications problematic. The adoption of robust, internationally agreed and standardised outcome measure definitions for cardiovascular studies by trialists, funders and regulatory bodies has the potential to improve the quality of clinical research. 


Introduction 

Primary outcome measures and their definitions are fundamental components of research that determine the sample size and evaluate the result of the study. A positive randomised clinical trial (RCT) can influence guideline recommendations and clinical practice.[1, 2] However, improving cardiovascular disease mortality,[3] an increasing time period to manifest the impact of interventions,[4] and an expansion in the use of routine data not originally collected for research purposes have catalysed changes to study design.[5-7] Approaches to increase the power of a study without increasing the sample size (and therefore not increasing costs) include using composite outcomes measures. Secondary outcome measures are employed to help interpret the primary outcome measure. 

Major adverse cardiovascular events (MACE) are well-recognised composites, but there is heterogeneity in its classification and definition.[8-10] This can lead to uncertainty about the effectiveness of a treatment and is a potential signal of investigator bias.[11] Seemingly small differences in definitions, for example of peri-procedural myocardial infarction (MI), alter study conclusions and make comparisons between studies challenging.[12-14] To that end, in 2009 the US Food and Drug Administration established the Standardised Data Collection for Cardiovascular Trials.[15] 

As part of the British Heart Foundation SCORE-CVD collaborative, we aimed to describe and summarise the use of outcome measures and their definitions in RCTs and multicentre observational studies of cardiovascular disease published in three highly-cited journals. Understanding the extent and depth of outcome measures in cardiovascular clinical studies helps improve the study design, conduct and result interpretability. 


Methods
Search strategy and selection criteria
This systematic review was reported in accordance with the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations.[16] The protocol was pre-registered: https://doi.org/10.25405/data.ncl.19264346.

Eligibility criteria
Studies published in highly-cited journals included: New England Journal of Medicine (NEJM), Lancet and Journal of the American Medical Association (JAMA). Eligible studies were phase 3 or 4 RCTs or multicentre observational studies of patients with established cardiovascular disease or tested a cardiovascular intervention, published between 1st January 2013 and 6th June 2024. Cardiovascular disease was pre-specified as conditions typically managed by cardiologists: heart rhythm disease, coronary heart disease, cardiomyopathy and heart failure, and valvular heart disease.[17] Review articles, studies published in subsidiary journals, sub-studies of the main paper, secondary and meta-analyses, and studies in which outcome measures were not reported or not disclosed were excluded.

Information sources and search strategy
Embase and Ovid Medline was searched using a search strategy developed with a research librarian (appendix 1). Recommended search filters for phase 3 and 4 RCTs and observational studies were used,[18, 19] and previously searches for heart disease were adapted.[20-22]

Selection, data, and risk of bias
Two reviewers (of CW, BB, PK, GB, SA, AT, AW, AB) independently selected studies. The titles and abstracts of studies were screened, and the full text was assessed for eligibility. Decisions were recorded using Rayyan software.[23] Disagreements were resolved through discussion with a third reviewer (CW). Seven reviewers contributed to study selection, and eight to data extraction. 

Study characteristics included the journal, year of publication, continent(s) in which the study was delivered and the number of countries from which participants were recruited, funding sources (industry, non-industry or combined/both), cardiovascular disease category, number of participants, follow-up duration and study type (RCT or observational and device, drug or other). A device / drug study was defined as any study that investigated the safety or effectiveness of an interventional procedure, technique or medication. ‘Other’ was defined as anything that was neither a drug nor device study, such as investigating the impact of quality improvement toolkits on outcomes for ACS patients.[24] Only the first primary outcome measure stated, its definition (as reported verbatim in the manuscript text by the study authors) and result (statistically significant or not) was extracted and categorised according to their clinical topic or composite if there was more than one outcome measure considered, for example, all-cause mortality and stroke. We recorded the total number of primary and secondary outcomes provided in the manuscript. 

Data analysis
Risk of bias (quality) assessment
Studies were assessed for bias using the Newcastle-Ottawa score for observational studies and risk of bias 2 toolkit for RCTs. [25, 26] 

Data synthesis and statistical analysis
Study characteristics were summarised using counts and proportions for categorical variables, means with standard deviation (SD) for normally distributed and medians with interquartile range (IQR) for non-normally distributed data.. The data synthesis on outcome measures was mapped by publication year, sample size, study design and cardiovascular disease. Outcome heterogeneity was described narratively by the author and their definitions were synthesised narratively. Stata 17 MP was used for analysis and R for data visualisation. 

Patient and public involvement (PPI)
There was no PPI involvement in the conduct of this study. Results will be shared with a PPI working group who will co-author future work on patient reported outcome measures.[27] 

Role of funding source
There was no funding for this study, however, the study was undertaken with the British Heart Foundation SCORE-CVD collaborative.


Results
Study selection and characteristics
Of 2,868 unique citations screened, 386 were included in the review after full-text evaluation (figure 1). Of these, 168 (44%) were published in the NEJM, 112 (29%) in JAMA, and 106 (27%) in the Lancet, comprising 320 (83%) RCTs and 66 (17%) observational studies. There were 10,699,147 participants recruited from six continents, most commonly from Europe (n=260, 67%). (supplementary figure 1). Most frequently, one country was included (n=162, 42%), and the maximum was 57 countries (median 3, IQR 1 to 12). During the study period, the median number of studies per year was 33 (IQR 26-40). 

Cardiovascular disease categories
Most studies concerned coronary heart disease (n=197, 51%) followed by cardiomyopathy / heart failure (n=85, 22%), heart rhythm disease (n = 58, 15%), valvular heart disease (n = 42, 11%) and other (n = 4, 1%; table 1). 
Overall, the most frequently reported primary outcome was a composite (243 studies, 63%; figure 2) and across each cardiovascular disease category. These ranged between two and ten components and the most common components, across all studies, were MI (142 studies, 58%) and all-cause mortality (125 studies, 51%) (table 2 and figure 3). All-cause mortality and stroke were the most common components in the domains except for coronary heart disease (table 2). 
Overall, the distribution of the components of the primary outcome measure included in the composite varied according to their frequency of use by study design (figures 2 and 3). The most frequently used components of composites remained relatively stable over time, with an increase in the reporting of all-cause mortality and hospitalisation in recent years (figures 3).
The frequency of use of secondary outcome measures varied, with a high proportion of studies reporting them in heart rhythm, valvular heart disease and coronary heart disease studies and lower rates in cardiomyopathy studies (table 1). 	
	
Funding, intervention and outcome results
Most studies (n=184, 48%) were industry funded, and most investigated devices (n=173, 45%) and drugs (n=169, 44%). A minority of studies investigated care processes or lifestyle measures (n=44, 11%). The majority of studies, when stratified by funding or intervention, were RCTs that employed a composite as the primary outcome measure (n=124 studies, 75%; n=44 studies, 57%; n=52 studies, 68%; n=96 studies, 68%; n=111 studies, 72%; n=13 studies, 54%; for industry, non-industry combined/both funding, device, drug and other intervention respectively, supplementary table 1 and 2). Of these the most commonly used components of the composites were all cause mortality (in non-industry, combined funding / both, device, drug and other intervention trials) followed by MI (in industry, non-industry, combined funding / both and device trials, supplementary table 1 and 2).
Most studies reported a statistically significant primary outcome (66%) and a composite primary outcome was most frequently employed across the three journals and whether the primary outcome reported was statistically significant or not. The most common components were commonly all-cause mortality and MI. (supplementary table 3 and 4).
Temporal trends
The use of a composite primary outcome measure increased from 49% of studies in 2013 to a peak of 85% in 2018. The number of secondary outcomes per study increased from a mean of 3 in 2013 to 8 in 2023. The median use of secondary outcomes per study and by study type also increased (RCT = 3 in 2013 to 6 in 2023 with a peak of 7.5 in 2018; observational studies = 0 in 2013 to 7 in 2023 (figures 4 and 5, supplementary table 5). The median number of participants in RCTs appeared to decline over time (figure 6) and across funding sources and interventions apart from non-industry and ‘other’ RCTs where it appeared to increase (supplementary table 6). The median number of participants in observational trials increased from a median of 8,188 in 2013 to a median of 23,341 in 2023 with a peak of 114,871 in 2022 and was evident across funding sources and interventions (supplementary table 6).

Outcome definitions 
Mortality
All-cause mortality formed the primary outcome measure in 158 studies (125 as part of a composite) the definition of which was consistent. 

Cardiovascular mortality was reported in 107 studies (104 as part of the composite), and there was wide variation in the definitions used. The definitions were not always reported in the study manuscript, and were often absent from the protocol or supplementary materials (34%)[28-30] or were partially defined to include unexplained death only (15%)[31]. The majority of studies employed one consensus-based definition of cardiovascular mortality (51%). Half of these studies (47%; 24% of total) employed a broad definition of cardiovascular mortality in line with consensus documents published in 2018.[32, 33] This included: MI, pump failure, pulmonary embolism, stroke, presumed and confirmed sudden death, post procedural death and presumed cardiac death.[34]

Of the studies that reported partial definitions some included study specific definitions; presuming all deaths to be cardiovascular unless there was a clear demonstration of a non-cardiac cause,[35, 36] and having cardiovascular mortality as the first of two primary outcome measures (added post priori).[28]  


Myocardial infarction
Myocardial infarction formed the primary outcome measure for 143 studies (in 142 as a component of a composite) and definitions were not universally reported. In some studies (17%), no definition was provided.[37-39] 

Definitions (when given) varied. In 20% of studies, study-specific criteria were used. One study employed two definitions of MI, one for the primary outcome measure and the other for its secondary outcome measure,[40] to capture all types of MI.  Another study changed the definition that was stated a priori to a contemporary definition,[41] with the adjudicating committee still blinded to the group allocation and results.[42] Recent consensus definitions such as the Third and Fourth Universal Definition of MI were deployed in the majority of studies (63%).[43-47] However, the definition of peri-procedural MI was inconsistent – for example, one required higher biomarker thresholds for defining an MI citing data that a more stringent definition ‘had greater prognostic significance than the universal definition types 4a and 5’.[43] 

Stroke
In 50% of studies with stroke as the primary outcome measure, stroke was defined as a ‘non-traumatic focal neurologic deficit lasting greater than 24 hours’,[48] In 14% of studies a definition for stroke was not provided.[49] Consensus definitions included those by the Valve Academic Research Consortium-2 (VARC-2).[50] 

Bleeding
Bleeding was a primary outcome measure in 42 studies (29 as part of a composite). Consensus definitions included the International Society on Thrombosis and Haemostasis (IISTH),[51] Thrombolysis in Myocardial Infarction (TIMI),[52] the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria[53] and the Bleeding Academic Research Consortium (BARC).[52] The most commonly used consensus definition was BARC (81%). 
Risk of bias
Most (78%) of the RCTs and observational studies had a low risk of bias. There were some areas of concern particularly in deviations in assignment and adherence (22%). There were no areas of high concern in any of the studies (supplementary table 7). 


Discussion

[bookmark: _Hlk195705043]In this systematic review of 386 RCTs and observational studies of cardiovascular diseases published in three highly-cited international medical journals during the past decade, the primary outcome measure employed was a composite in more than half of studies. The use of a primary composite outcome increased and by 2018 eight in ten studies were using this form of outcome measure. In parallel, the number of secondary outcome measures per study increased. These findings were consistent across both RCTs and observational studies, journals, outcome results, sources of funding, disease area and study design. Furthermore, we found wide variation in the number and type of outcome measures, and their definitions were often incomplete or not reported in the primary results manuscript. 

Outcome measure definitions, where reported, were inconsistent between studies which leads to suboptimal interpretation and limits the comparison across similar studies.[11] For example, the definitions of MI, if given, varied over the past decade. Some, but not all, variability is expected given that common consensus definitions have updated over time such as the universal definition of MI.[54] Adjudication within studies can differ due to multiple consensus definitions that are not aligned,[15, 46, 55], making meaningful comparisons between studies difficult. In contrast bleeding was an infrequent primary outcome (11% of all studies) with most definitions opting for BARC.[52] This could be because bleeding is becoming a less important outcome in intervention studies given the safety and efficacy of contemporary anti-thrombotic therapies.[56] When bleeding was reported, it was frequently part of a composite, which may suggest that low absolute event rates associated with advanced medical therapy were anticipated, or patients with low risk of bleeding were investigated.

Previous studies have demonstrated heterogeneity in how MACE is defined and classified. [8, 9] In this work, the components of composites were not limited to MACE, and up to six components were included. This is problematic as inappropriate combinations of composites may introduce bias because each component differs in clinical significance, [57, 58] particularly if they are not separated into safety and efficacy composites.[9] Subsequently, elevated event rates and treatment effects associated with less important components may ‘result in misleading impressions of the impact of treatment’.[59] As cardiovascular morbidity and mortality decline, studies need to be larger or combine outcomes measures to reach sufficient statistical power. Given that large studies incur additional delivery complexity and cost, our finding that the trend to use more composite and secondary outcomes over time is unsurprising.
 
[bookmark: _Hlk195705403]Reporting bias can be compounded if outcome measures are not pre-specified and fully reported. It has been shown that only half of papers published in high-profile journals reported all of their specified outcome measures and on average each study added five new outcome measures during the conduct of the study.[60] This may have impacted the included studies and therefore our analyses. To this end, the cardiovascular and stroke outcome definition for clinical trials was published but there has been a small uptake in its use since their publication in 2018 (n = 11 studies, 9%).[32] This may occur because changing outcome definitions midway through a trial is unlikely to occur and could account for the small change as well as the presence of alternative consensus definitions for the common cardiovascular conditions. [50, 54, 61] Nonetheless the criteria for outcome definition for participants of studies for valvular heart disease are more consistently employed – suggesting opportunities to utilise standardised outcome definitions internationally.[11, 62, 63] 

The a priori selection of patient-relevant, clinically-meaningful and standardised study outcome measures is fundamental to the delivery of high quality clinical research and innovation.[18] Novel methods are employed to plan, conduct and interpret RCTs and observational studies, that include routinely collected data from electronic health records and registries.[64] Accurate use of such datasets for recruitment and in follow-up for RCTs, including registry-based trials, necessitates the mapping of finite outcomes and their definitions to commonly used coding frameworks,[65] as historically outcomes such as MI have limited specificity and sensitivity in administrative data.[66] The ADAPTABLE randomised trial used a common data model as the outcome measure ascertainment without adjudication, and found that the positive predictive values for hospitalisation for MI, stroke, and major bleeding, compared to adjudication were 90%, 72%, and 93% respectively.[67] Whilst adjudication of outcome measures is considered important to minimise noise and mitigate bias,[68] there are increasing data to support the use of routinely collected health data for outcome measure ascertainment.[68, 69] Recent work has sought to meet the need for standardised outcome measures and their definitions in order to improve the quality and generalisability of outcome reporting across registry and study designs.[62] 
[bookmark: _Hlk195191897][bookmark: _Hlk195705467]
In this carefully conducted review we present important findings that may guide improvements in the design and conduct of clinical research. However, there are limitations to our work. We focused on only three, albeit highly-cited and respected journals that limited the number of included trials, which were mainly RCTs (83%), in our analysis. Other studies including more observational trials from other journals with wide readership were not considered and the resultant analysis is therefore subject to publication bias. However, the included studies provide an overview of the clinically relevant literature in which practice-changing work is presented to clinicians. Our analysis majored upon the first primary outcome measure stated, which may have been subject to outcome reporting bias, [60] with limited analyses for outcomes that listed more than one primary outcome and of secondary outcome measures, for the main cardiovascular disease states. We therefore lack detail on outcomes that frequently appear as secondary outcome measures such as PROMS, and on outcomes for other cardiovascular diseases. 


Conclusion

This investigation of outcome measures in RCTs and multicentre observational studies in cardiovascular disease published over a decade in major international clinical journals found evidence for the increasing use of composite outcome measures, an expansion in the number of secondary outcome measures employed per study, and variation in the primary outcome measures reported and their definitions. This heterogeneity has the potential to contribute to biases and potentially makes interpretation, cross-study comparisons and marketing applications problematic. The adoption of robust, internationally agreed and standardised outcome measure definitions for cardiovascular studies by trialists, funders, and regulatory bodies has the potential to improve the quality of clinical research. 
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Table 1: Characteristics of the included studies and their outcome measures by disease category.

	[bookmark: _Hlk188604723]Category
	Study type
	Number of studies
	Number of participants
	Number of primary outcome measures reported
	Number of studies that report secondary outcome measures
	Number of secondary outcome measures reported *

	
	
	(% of category)
	Total
	Median (IQR)
	Median (IQR)
	Range
	
	Median (IQR)
	Range

	Coronary disease and ischaemia
	RCT
	172 (87)
	[bookmark: _Hlk176643016]857,246

	2,441
(1257 – 5,691)
	1
(1 – 1)
	1 - 8
	164 (94%)

	5
(2 - 9)
	1 - 27

	
	Observational
	25 (13)
	6,857,735
	28,304
(4,314 – 62,048)
	1 
(1 - 2)
	1 - 4
	13 (57%)

	1
(0 – 4)
	1 - 17

	Cardiomyopathy and heart failure
	RCT
	74 (87)
	156,541
	888
(422 – 2,859)
	1
(1 - 2)
	1 - 5
	41 (55%)

	5
(3 - 7)
	1 – 20

	
	Observational
	11 (13)

	694,440
	5,816
(794 – 23,341)
	1
(1 - 2)
	1 - 4
	4 (36%)

	5
(3 – 5)
	1 – 9

	Heart rhythm
	RCT
	43 (74)

	62,845
	455
(300 – 1,902)
	1
(1 - 2)
	1 - 3
	44 (98%)
	4
(3 – 10)
	1 – 26

	
	Observational
	15 (26)

	1,050,942
	15,400
(526 – 51,496)
	2
(1 – 3)
	1 - 4
	9 (69%)

	1
(1 – 4)
	1 – 7

	Valvular heart disease
	RCT
	28 (67)

	32,793
	913
(375 – 1,535)
	1
(1 – 2)
	1 - 3
	28 (100%)

	7
(4 – 10)
	1 – 38

	
	Observational
	14 (33)

	821,775
	19,547
(1077 – 91,330)
	2
(1 – 2)
	1 - 4
	12 (86%)

	2
(1 – 3)
	1 – 11

	Other
	RCT
	3 (75)
	10,834
	321
(2709 – 8,126)
	1
(1 – 2)
	1 - 2
	2 (67%)
	3 (2 – 5)
	3 – 6

	
	Observational
	1 (25)
	153,996
	153,996
(N/A)
	2
	N/A
	N/A
	0
	N/A

	Abbreviations   IQR: interquartile range; RCT: randomised clinical trial
* of those studies that report secondary outcome measures





Table 2: Characteristics of the most commonly reported outcome measures by cardiovascular disease category and study design
	Category
	Study type
	Number of studies 
(% of category)
	Most common primary outcome                  Most common components
(n = number of studies, % of category)


	Coronary disease and ischaemia
	RCT
	172 (87)
	Composite 
(142, 82%)
	MI 
(125, 88%) 
CV mortality 
(77, 54%).

	
	Observational
	25 (13)
	All-cause mortality 
(11, 48%)
	
-

	Cardiomyopathy and heart failure
	RCT
	74 (87)
	
Composite 
(45, 61%)

	Cause specific hospitalisation 
(28, 62%)
All-cause mortality 
(26, 58%)

	
	Observational
	11 (13)

	All-cause mortality
(5, 46%)
	



	Heart rhythm
	RCT
	43 (74)

	Composite
(14, 31%)
	Stroke
(8, 57%)
Systemic embolism
(6, 43%)

	
	Observational
	15 (26)

	Composite
(7, 54%)
	All-cause mortality
(5, 71%)
Stroke
(4, 57%)

	Valvular heart disease
	RCT
	28 (67)

	Composite
(18, 64%)
	All-cause mortality
(17, 94%)
Stroke
(13, 72%)

	
	Observational
	14 (33)

	Composite
(6, 43%)
	Stroke
(5, 83%) 
All-cause mortality
(5, 83%)


Abbreviations: RCT: randomised clinical trial, Obs: observational studies, MI: Myocardial Infarction, CV mortality: Cardiovascular mortality
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Legends:
Figure 1. PRISMA diagram of included studies.
Figure 2. Temporal trends in primary outcome measures for A) randomised clinical trials and B) observational studies.
Figure 3. Temporal trends in the most common components of composite outcome measures in A) randomised clinical trials and B) observational studies.
Figure 4. Median number of secondary outcome measures by study design and funding.
Figure 5. Temporal trends in the median number of components of primary and secondary outcomes by study type.
Figure 6. Evidence map of A) temporal trends of the number of participants in observational studies and randomised clinical trials, and B) temporal trends in the reporting of secondary outcome measures in observational studies and randomised clinical trials.

