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Randomized controlled trials (RCTs) form the basis for guidelines, 
regulatory approval, and reimbursement.1 They are commonly 
industry-funded and apply selective eligibility criteria,2 potentially limit
ing generalizability. A few older cardiovascular studies suggested that 
factors like renal insufficiency, hyperlipidaemia, male sex, and active 
smoking were associated with RCT participation.3 Associations be
tween RCT participation and outcomes are available only for patients 
with coronary artery disease and are inconclusive.3,4 In heart failure 

(HF), a single centre study suggested that willingness to participate in 
an RCT at index outpatient visit was associated with lower ejection 
fraction (EF), more comorbidities, lower N-terminal pro-B-type natri
uretic peptide (NT-proBNP) and better survival.5

The ESC-EORP Heart Failure Long-Term (ESC-HF-LT) registry was 
a prospective registry of patients with HF conducted across 337 cardi
ology centres in 33 countries.6 Local ethical review boards gave approv
al for participation in accordance with the regulatory requirements of 
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each country. All patients enrolled in the survey signed an informed 
consent, unless exempt by the local ethics committee. In the 
ESC-HF-LT registry, we assessed rates of participation in an RCT (for 
any intervention/arm), association between patient characteristics 
and participation in RCTs, use and doses of guideline-recommended 
medical treatment (GRMT) according to RCT participation, and asso
ciations between RCT participation and outcomes.

Patients enrolled between 22 March 2011 and 29 September 2018 
were included. Randomized controlled trial participation was a tick-box 
in the baseline case report form. Patients were excluded if they had miss
ing data on RCT participation, died during index hospitalization, or were 
lost to follow-up. One centre exhibited extreme patterns regarding HF 
hospitalization (HFH) outcomes and was excluded. Data on first HFH 
and all-cause mortality were obtained over 12-month follow-up. 
Guideline-recommended medical treatment included renin-angiotensin 
system inhibitors, beta-blockers, and mineralocorticoid receptor 
antagonists.

To identify independent predictors of RCT participation, a general
ized linear mixed-effects model with a binomial distribution was per
formed using RCT participation as the dependent variable. The 
country was included as a random effect in the model. The independent 
variables included were inpatient setting, age per strata (<60, 60–69, 
70–79, ≥80 years), female sex, home situation, body mass index 
≥25 kg/m2, blood pressure ≥100 mmHg, heart rate ≥70 b.p.m., per
ipheral and pulmonary congestion, hypoperfusion, HF history >12 
months, ischaemic aetiology, prior myocardial infarction (MI), 

percutaneous coronary intervention (PCI) or coronary artery bypass 
graft (CABG) surgery, previous valve surgery, stroke/transient ischae
mic attack, venous thromboembolism, current smoking, hypertension, 
peripheral vascular disease, diabetes, sleep apnoea, obstructive pul
monary disease, hypercholesterolaemia, hepatic dysfunction, depres
sion, current malignancy, atrial fibrillation/flutter, New York Heart 
Association Classes III and IV, EF per strata (≤40%, 41%–49%, ≥50%), 
moderate–severe mitral regurgitation, estimated glomerular filtration 
rate <60 mL/min/1.73 m2 and NT-proBNP >1,000 pg/mL. Rates of 
all-cause mortality and first HFH are presented as cases/100 patient- 
years and visualized with cumulative incidence curves. To identify the 
association between participation in an RCT and outcomes, univari
able and multivariable Cox regression analyses were performed 
with the same independent variables as above and country as a strata 
variable. Patients were censored at 12-month follow-up visit if they 
had not yet experienced an event or on the date of death in the ana
lyses assessing first HFH as outcome. Missing data were imputed with 
multiple imputation (R-package mice; 10 imputed datasets),7 including 
the same variables as the regression models. For patients with missing 
information on the date of hospitalization, time to hospitalization was 
imputed with half the time to last follow-up. A two-sided P-value of 
<0.05 was considered statistically significant. Analyses were per
formed using R version 4.2.1.8

Of 25,621 patients in the registry, 7,374 met exclusion criteria and 
18,247 patients were analysed. Among these, 938 (5%) participated 
in an RCT at index visit (Figure 1A).

Figure 1 (A) Baseline characteristics and rates of participation in randomized controlled trials among 18,247 patients with any ejection fraction from 
the ESC-EORP-HF-LT registry. (B) Independent predictors of participation in a randomized controlled trial. Odds ratios and 95% confidence intervals 
derived from multivariable logistic regression analyses using randomized controlled trial participation as the dependent variable are shown. (C ) Use of 
guideline-recommended medical therapy and devices among patients with heart failure and reduced ejection fraction. (D) Cumulative incidence curves 
for all-cause mortality (left) and for first heart failure hospitalization (right) according to randomized controlled trial participation. ACEi, angiotensin- 
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; CABG, coronary artery bypass graft surgery; CRT, cardiac resyn
chronization therapy; HFpEF, heart failure with preserved ejection fraction; Hx, history; ICD, implantable cardioverter defibrillator; MI, myocardial 
infarction; MR, mitral valve regurgitation; MRA, mineralocorticoid receptor antagonist; N/A, not applicable; NYHA, New York Heart Association; 
PCI, percutaneous coronary intervention.
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Patient characteristics independently associated with a higher likeli
hood of RCT participation were outpatient setting, age, less severe 
HF symptoms and lower EF, absence of active malignancy, history of 
MI or PCI but no history of CABG or hypercholesterolaemia, history 
of sleep apnoea, active smoking, peripheral congestion, moderate–se
vere mitral regurgitation and HF history >12 months (Figure 1B).

Patterns of GRMT and device use among patients with EF ≤40% 
stratified by RCT participation are depicted in Figure 1C. Median (inter
quartile range) follow-up was 12.2 (11.6–13.7) months. Mortality rates 
were 9.7 (7.9–11.9) vs. 12.9 (12.3–13.4) deaths/100 patient-years for 
those enrolled vs. not in RCTs, respectively [crude hazard ratio (HR) 
0.71; 95% confidence interval (CI) 0.58–0.87, P = 0.001; adjusted HR 
0.81; 95% CI 0.66–1.00, P = 0.051], while the respective rates for first 
HFH were 18.4 (15.7–21.4) vs. 16.4 (15.8–17.0) events/100 patient- 
years (crude HR 1.03; 95% CI 0.88–1.21, P = 0.704; adjusted HR 
1.09; 95% CI 0.93–1.29, P = 0.283; Figure 1D).

The participation rate captured in our study (5%) may have been too 
low for optimal power, but may also have been greater than in unse
lected HF populations, given that the ESC-HF-LT registry was con
ducted at cardiology centres with potentially greater research 
interest.6 Several studies have evaluated differences in baseline charac
teristics between HF registry patients eligible and ineligible for enrol
ment in specific HF RCTs.9 Our study is the first to report 
associations between clinical characteristics and RCT participation, ra
ther than RCT eligibility, after extensive adjustment for confounders.

Data demonstrating a higher proportion of GRMT use among pa
tients enrolled vs. not in RCTs, even when the latter are eligible for 
RCT participation, are present in the literature.10 However, these com
parisons were performed between different populations rather than 
within a single cohort such as ours. A key novel finding was that enrol
ment in an RCT was associated with a strong trend towards a 19% low
er all-cause mortality, after adjustment for all measured confounders, 
including those commonly used for trial selection. The unique design 
of our study (direct comparisons between RCT vs. non-RCT partici
pants within the same registry) and the lower risk for all-cause mortality 
after extensive adjustment potentially reflects, at least in part, actual 
benefits of participating in an RCT, regardless of background therapy 
and treatment assignment in that RCT. The statistically neutral and nu
merically higher incidence rates of HFH among patients participating in 
RCTs, despite lower mortality, may represent, in part, the selection of 
patients with higher risk for presumably modifiable cardiovascular and 
HF events, but may also reflect more follow-up contacts during the 
conduct of the RCT and increased vigilance, which may prompt hospi
talization in patients who would not otherwise seek care (until after fur
ther deterioration).

The ESC-HF-LT registry is more selective than many real-world co
horts and registries,6 and GRMT was used more than in less selective 
registries.11 This might have minimized the differences in characteristics 
and outcomes between trial participants and non-participants, poten
tially blunting the beneficial ‘effect’ that RCT participation may exert 
in unselected HF patients.

In summary, 5% of patients in the ESC-HF-LT registry who partici
pated in an RCT had characteristics associated with higher risk of HF 
events but lower risk of competing events, had greater use of background 
GRMT, and indeed had lower risk of all-cause mortality but not HFH.

Acknowledgements
EORP Oversight Committee, Registry Executive and Steering 
Committees of the EURObservational Research Programme (EORP). 

Data collection was conducted by the EORP department from the 
ESC by Emanuela Fiorucci as Project Officer, Gérard Gracia and 
Maryna Andarala as Data Managers. Statistical analyses were performed 
by Lina Benson. Overall activities were coordinated and supervised by 
Dr Aldo P. Maggioni (EORP Scientific Coordinator).

Data availability statement
The R code, the project-specific data handling and statistical analyses can 
be found online at: https://github.com/KIHeartFailure/esctrialparticipation.

Conflict of interest statement
A.J.S.C.: none related to the present work. Outside the present work: 
consultancy fees from Astra Zeneca, Bayer, Boehringer Ingelheim, 
Edwards, Menarini, Novartis, Nutricia, Servier, Vifor, Abbott, 
Actimed, Arena, Cardiac Dimensions, Corvia, CVRx, Enopace, ESN 
Cleer, Faraday, Gore, Impulse Dynamics, Respicardia. A.P.M.: none re
lated to the present work. Outside the present work: personal fees 
from Novartis, Bayer, AstraZeneca for participation in study commit
tees. L.H.L.: none related to the present work. Outside the present 
work: grants: AstraZeneca, Vifor, Boston Scientific, Boehringer 
Ingelheim, Novartis, MSD; Consulting: Vifor, AstraZeneca, Bayer, 
Pharmacosmos, MSD, MedScape, Sanofi, Lexicon, Myokardia, 
Boehringer Ingelheim, Servier, Edwards Life Sciences, Alleviant; 
Speaker’s honoraria: Abbott, OrionPharma, MedScape, Radcliffe, 
AstraZeneca, Novartis, Boehringer Ingelheim, Bayer; Patent: 
AnaCardio. M.F.P.: none related to the present work. Outside the pre
sent work: Consultancy, speaker’s, institutional fees from AstraZeneca, 
Boehringer Ingelheim, CHF solution, Menarini, Novartis, Servier. 
M.G.C.-L.: none related to the present work. Outside the present 
work: Speakers honorary and/or consultancy fees from AstraZeneca, 
Boehringer Ingelheim, Novartis, Rovi, Vifor, Bayer, CareDx, Pfizer, 
Abbott and Medtronic. M.L.: none related to the present work. 
Outside the present work: speakers honoraria: AstraZeneca, Vifor, 
Boehringer Ingelheim, Novartis, Bayer, Sanofi; Consulting: Vifor, 
Boehringer Ingelheim. P.M.S.: honoraria for lectures from Servier, 
AstraZeneca, Respicardia, Menarini. Consultancy agreement and hon
oraria from Boehringer Ingelheim, Novartis, Vifor Pharma and Roche 
diagnostic. S.D.A.: grants and personal fees from Vifor and Abbott 
Vascular, and personal fees for consultancies, trial committee work 
and/or lectures from Actimed, Amgen, AstraZeneca, Bayer, 
Boehringer Ingelheim, Bioventrix, Brahms, Cardiac Dimensions, 
Cardior, Cordio, CVRx, Edwards, Farraday, Impulse Dynamics, 
Janssen, Novartis, Occlutech, Pfizer, Respicardia, Servier, Vectorious, 
and V-Wave. T.M.: none related to current work. Outside of current 
work, speaker honoraria; Boehringer Ingelheim, AstraZeneca, 
Edwards and Abbott. All other authors declare no conflict of interest 
for this contribution.

Funding statement
Since the start of EORP, the following companies have supported the pro
gramme: Abbott Vascular Int. (2011–21), Amgen (2009–18), AstraZeneca 
(2014–21), Bayer (2009–18), Boehringer Ingelheim (2009–19), Boston 
Scientific (2009–12), The Bristol-Myers Squibb and Pfizer Alliance (2011– 
19), Daiichi-Sankyo Europe (2011–20), The Alliance Daiichi-Sankyo 
Europe GmbH and Eli Lilly and Company (2014–17), Edwards (2016–19), 
Gedeon Richter Plc. (2014–16), Fondazione Internazionale Menarini 
(2009–12), MSD (2011–14), Novartis Pharma AG (2014–20), ResMed 

1528                                                                                                                                                                                            Kapelios et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/44/17/1526/7069574 by Fondazione C
entro S. R

affaele user on 19 D
ecem

ber 2025

https://github.com/KIHeartFailure/esctrialparticipation


(2014–16), Sanofi (2009–11), Servier (2009–21), Vifor (2019–22). L.H.L. is 
supported by Karolinska Institutet, the Swedish Research Council (grant 
523-2014-2336), the Swedish Heart Lung Foundation (grants 20150557, 
20190310), and the Stockholm County Council (grants 20170112 and 
20190525).

References
1. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. Evidence based 

medicine: what it is and what it isn’t. BMJ 1996;312:71–72.
2. Kapelios CJ, Naci H, Vardas PE, Mossialos E. Study design, result posting and publication 

of late-stage cardiovascular trials. Eur Heart J Qual Care Clin Outcomes 2022;8:277–288.
3. Kandzari DE, Roe MT, Chen AY, Lytle BL, Pollack CV Jr, Harrington RA, et al. Influence 

of clinical trial enrollment on the quality of care and outcomes for patients with 
non-ST-segment elevation acute coronary syndromes. Am Heart J 2005;149:474–481.

4. de Boer SPM, van Leeuwen MAH, Cheng JM, Oemrawsingh RM, van Geuns RJ, Serruys 
PWJC, et al. Trial participation as a determinant of clinical outcome: differences be
tween trial-participants and Every Day Clinical Care patients in the field of intervention
al cardiology. Int J Cardiol 2013;169:305–310.

5. Clark AL, Lammiman MJ, Goode K, Cleland JGF. Is taking part in clinical trials good for 
your health? A cohort study. Eur J Heart Fail 2009;11:1078–1083.

6. Crespo-Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippatos G, Ruschitzka F, et al. 
European Society of Cardiology Heart Failure Long-Term Registry (ESC-HF-LT): 
1-year follow-up outcomes and differences across regions. Eur J Heart Fail 2016;18: 
613–625.

7. van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by chained equa
tions in R. J Stat Softw 2011;45:1–67.

8. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R 
Foundation for Statistical Computing, 2019. https://www.R-project.org

9. Kapelios CJ, Lainscak M, Savarese G, Laroche C, Seferovic P, Ruschitzka F, et al. 
Sacubitril/valsartan eligibility and outcomes in the ESC-EORP-HFA Heart Failure 
Long-Term Registry: bridging between European Medicines Agency/Food and Drug 
Administration label, the PARADIGM-HF trial, ESC guidelines, and real world. Eur J 
Heart Fail 2019;21:1383–1397.

10. Greene SJ, DeVore AD, Sheng S, Fonarow GC, Butler J, Califf RM, et al. Representativeness 
of a heart failure trial by race and sex: results from ASCEND-HF and GWTG-HF. JACC 
Heart Fail 2019;7:980–992.

11. Brugts JJ, Linssen GCM, Hoes AW, Brunner-La Rocca HP; CHECK-HF Investigators. 
Real-world heart failure management in 10,910 patients with chronic heart failure in 
the Netherlands: design and rationale of the chronic heart failure ESC guideline-based 
cardiology practice quality project (CHECK-HF) registry. Neth Heart J 2018;26: 
272–279.

Trial participation and outcomes in HF                                                                                                                                                         1529
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/44/17/1526/7069574 by Fondazione C
entro S. R

affaele user on 19 D
ecem

ber 2025

https://www.R-project.org


LITTMANN
RATING

9/10

LITTMANN
RATING

10+

Delivering to 20+ European Countries.

FREE CASE ANY LITTMANN® CORE

FREECASE
add code at the checkout to apply

SHOP NOW

FREE CASE ANY LITTMANN® CARD IV

FREECASE
add code at the checkout to apply

SHOP NOW

To deliver the best 
patient care, you
need the tools 
to match.
Littmann® Cardiology IV™

& Littmann® CORE Digital
Stethoscopes

Keep your tools safe
with laser engraving.

♥☺♫★♠


	Participation in a clinical trial is associated with lower mortality but not lower risk of HF hospitalization in patients with heart failure: observations from the ESC EORP Heart Failure Long-Term Registry
	Acknowledgements
	Data availability statement
	Conflict of interest statement
	Funding statement
	References
	References


