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Background Heart failure (HF) trials have stringent inclusion and exclusion criteria, but limited data exist regarding generalizability
of trials. We compared patient characteristics and outcomes between patients with HF and reduced ejection fraction
(HFrEF) in trials and observational registries.
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Methods and
Results

Individual patient data for 16 922 patients from five randomized clinical trials and 46 914 patients from two HF reg-
istries were included. The registry patients were categorized into trial-eligible and non-eligible groups using the most
commonly used inclusion and exclusion criteria. A total of 26 104 (56%) registry patients fulfilled the eligibility criteria.
Unadjusted all-cause mortality rates at 1 year were lowest in the trial population (7%), followed by trial-eligible pa-
tients (12%) and trial-non-eligible registry patients (26%). After adjustment for age and sex, all-cause mortality rates
were similar between trial participants and trial-eligible registry patients [standardized mortality ratio (SMR) 0.97; 95%
confidence interval (CI) 0.92–1.03] but cardiovascular mortality was higher in trial participants (SMR 1.19; 1.12–1.27).
After full case-mix adjustment, the SMR for cardiovascular mortality remained higher in the trials at 1.28 (1.20–1.37)
compared to RCT-eligible registry patients.
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Conclusion In contemporary HF registries, over half of HFrEF patients would have been eligible for trial enrolment. Crude clinical
event rates were lower in the trials, but, after adjustment for case-mix, trial participants had similar rates of survival as
registries. Despite this, they had about 30% higher cardiovascular mortality rates. Age and sex were the main drivers
of differences in clinical outcomes between HF trials and observational HF registries.
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Introduction
Randomized controlled trials (RCTs) are the gold standard for evalu-
ating the efficacy and safety of investigational therapies due to their
robust methodology conducted within a strict regulatory frame-
work.1 A well-conducted RCT has high internal validity, which en-
sures that the observed treatment effect is directly the result of
the therapy tested.1–4 However, high internal validity can come at
the expense of external validity, defined as the degree to which the
treatment effect found in the study can be generalized and repli-
cated outside the RCT.1 If the RCT results found in the study pop-
ulation are not generalizable to the target population, it is unclear
which patients in routine care can receive a treatment safely and
effectively.1–5

Physicians’ uncertainty and criticism of RCTs’ generalizability has
been suggested as one reason for the underuse of evidence-based
treatments, specifically in the field of heart failure (HF).2,6 There
is currently no consensus on how to assess generalizability, but a
logical and important first step is to assess if an RCT study popula-
tion is representative of the projected target population.2–4,7 Studies
comparing summary data on baseline characteristics between RCTs
and observational data have already been conducted, specifically for
heart failure with reduced ejection fraction (HFrEF).5,8–10 Although
these studies have shown differences in crude outcomes between
trial and real-world patients, it is not known how differences in pa-
tient characteristics drive the observed differences in prognosis. In
addition, some of these comparisons have been limited by the small
sample sizes from single trials.
Here, we compared individual patient data of five HFrEF ran-

domized clinical trials and two HF registries by direct data access
and collaboration between academic researchers and pharmaceu-
tical industry partners. We first determined their differences in
patient characteristics, treatment, and clinical outcomes. Then, we
identified the proportion of registry patients who were eligible
for inclusion in the trials and compared their outcomes with trial
participants while adjusting for known prognostic factors of HF at
the individual patient level.

Methods
Data sources
Based on a collaboration with industry partners through the Big-
Data@Heart Consortium11, data access to patient level information was
obtained for five randomized clinical trials in HFrEF patients. BEAUTIFUL
and SHIFT were ivabradine trials (n = 15 732),12,13 FAIR-HF and CON-
FIRM were studies on intravenous iron supplementation (n = 763)14,15

and PANTHEON was a trial for neladenosone bialanate (n = 427).16 Of
these, three were phase III trials, one was phase II and lastly, one phase IV
study. All RCTs included HFrEF patients based on left ventricular ejec-
tion fraction (LVEF) values (ranging from ≤35% to ≤45%) except for
the BEAUTIFUL study, which recruited coronary artery disease (CAD)
patients who had left ventricular dysfunction. To maintain comparability
between patients from the RCTs, only patients with New York Heart
Association (NYHA) class II–IV from BEAUTIFUL (n = 9227) were
included.

............................................................................................................................................................................

Aggregated data from both treatment and placebo arms of each
RCT were pooled and compared against the HFrEF population from
two observational data sources: the CHECK-HF and the SwedeHF reg-
istries.17,18 Detailed information on the methods for both registries
can be found elsewhere.17,18 Briefly, the CHECK-HF registry included
patients with chronic HF if they had an HF diagnosis based on ESC
2012 guidelines between 2013 and 2016.17 The ongoing SwedeHF
registry enrolled patients with clinician-judged HF patients in Swe-
den.18 For the current analysis, outpatients registered between 2000
and 2016 (n = 40 230) were included to ensure consistency with
CHECK-HF.

Data from both registries were combined for describing patient char-
acteristics and treatment but only SwedeHF data were used in the re-
porting on clinical outcomes because CHECK-HF did not have follow-up
data. For each of the five trials, ethics approval and written informed con-
sent were obtained by the respective study investigators.12–16 CHECK-
HF registry was granted ethics approval for anonymized analysis of exist-
ing patient data, whereas in the SwedeHF registry, enrolment was based
on specific health centres’ participation and patients allowed to opt-out
should they wish not to participate.17,18

Eligibility criteria and outcomes
The inclusion and exclusion criteria listed in the study protocol of the
five RCTs were tabulated (see Supplementary material online, Table
S1) to identify common study entry criteria. These criteria were cross-
checked for data availability within the registries and a set of most com-
monly used eligibility criteria was then identified to select subsets of
RCT-eligible and non-eligible patients from the registries. The follow-
ing inclusion criteria were used: age ≥18 years, LVEF <40%, NYHA
functional class II–IV, on optimally tolerated chronic HF medications
of β-blocker and angiotensin-converting enzyme inhibitor (ACEI) or
angiotensin-II receptor blocker (ARB). Then, the following exclusion cri-
teria were applied: serum haemoglobin concentrations <11 g/dL in men
or <10 g/dL in women, chronic liver disease, creatinine >220 μmol/L
and cancer.

Comparisons were made based on (i) patient baseline characteristics,
(ii) cardiovascular medications, and (iii) mortality outcomes. For sum-
mary statistics, aggregated data were extracted from each trial and there
were instances of low patient numbers in the data contingency tables.
To maintain patient anonymity, all table cells with counts of 3 and below
were replaced with a central number of 2.19 For HF medications, the
percentage of patients who received <50% or ≥50% target doses of
the HF medications were assessed (see Supplementary material online,
Table S2). Finally, the following clinical outcomes at 1 year were assessed:
all-cause mortality, cardiovascular mortality (ICD-10 codes I00–I99) and
first HF hospitalization (main diagnosis with codes I50, I11.0, I42.0, I42.3–
I42.9, I43, I25.5, K76.1, I13.0, I32.2, or J81). Follow-up duration differed
between the five trials. Three trials (BEAUTIFUL, CONFIRM-HF, and
SHIFT) had follow-up data for at least 1 year, so outcome at 1 year was
reported here. The remaining two trials (FAIR-HF and PANTHEON)
had less than a year’s follow-up and patients were censored at the end
of study.

Statistical analysis
Continuous data are presented as mean with standard deviation whereas
categorical variables are reported in frequencies and percentages. Mean
and proportion differences between the RCT and RCT-eligible registry
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Figure 1 Flow chart of the selection of RCT-eligible patients based on the harmonized eligibility criteria.

patients were calculated and reported with their corresponding 99%
confidence intervals (CI). Data are presented by three groups: (i)
RCT participants, (ii) RCT-eligible, and (iii) RCT-non-eligible registry
patients. Cumulative incidence curves were used to compare unadjusted
outcomes between study groups. For cardiovascular mortality, deaths
due to other causes were treated as competing events. For first HF
hospitalization, all-cause deaths were treated as competing events. Then,
standardized mortality ratios (SMRs) were used to compare adjusted
mortality rates between the trials and the SwedeHF registry population.
First, we fitted a Poisson model with 11 prognostic indicators from a
validated MAGGIC HF risk score [age, sex, LVEF, NYHA class, serum
creatinine, chronic obstructive pulmonary disease (COPD), diabetes,
systolic blood pressure, body mass index (BMI), HF duration, smoking
status] in a stepwise manner to the trial-eligible SwedeHF patients’
data.20,21 Next, the model with the derived β-coefficients was applied
to each trial to estimate each individual’s expected mortality, which was
then summed across all participants to derive total expected mortality
counts. The observed mortality count for each trial was divided by the
expected mortality count to give the SMRs. An SMR value >1 indicated
that the observed risk of mortality in a trial was higher than the risk pre-
dicted based on SwedeHF patients as the reference population. The SMR
was risk-adjusted for 11 prognostic factors to address heterogeneity be-
tween the trials. This was considered sufficient adjustment to pool the
trials using fixed effect meta-analysis without introducing partial pooling.
The corresponding 95% CI was determined using methods described
by Breslow and Day.22 SMRs were not estimated for HF hospitalization
because its existing risk prediction models do not have adequate discrim-
inative performance compared to those designed to predict mortality.23

For cardiovascular causes of mortality, the Poisson model has taken
into account competing risk from other causes of death as every pa-

....................................................................................

tient’s follow-up duration was included in the estimation of the num-
ber of events. Rather than predicting cumulative probabilities, the Pois-
son model gives a prediction of the number of events for each in-
dividual which can be summed to obtain the total expected number
of events in a trial. Missing data were multiply imputed by chained
equations using the mice package in R.24 The number of imputations
was set at 20.25 Statistical significance was set at 0.05. Statistical anal-
ysis was performed using the R statistical software version 3.6.1 (R
Core Team, 2019) and Stata SE Version 15 (StataCorp LP, College
Station, TX).26,27

The largest RCTs (BEAUTIFUL and SHIFT) in this analysis only in-
cluded patients who were in sinus rhythm and the BEAUTIFUL study
included a population who had CAD; therefore, sensitivity analyses
were conducted in subsets of registry patients who were (i) in sinus
rhythm or (ii) diagnosed with CAD. The fully adjusted SMRs from
each subset were then compared to the original estimates. A third
sensitivity analysis was performed to determine the effects of time
period differences between trial and registry data on HF medication
prescription.

Results
Study population
Majority of registry patients (56%) were eligible for inclusion
in the trials (Figure 1). Compared to the overall registry group,
RCT patients were younger (mean 63.6 years vs. 72.7 years),
less frequently women (22% vs. 31%), had longer duration of HF,
were more often in LVEF category of 30–39% as opposed to
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Table 1 Characteristics of HFrEF patients by RCT and registry groups

Registry population RCT vs. RCT-eligible
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RCT study
population
N = 16 922

RCT-eligible
N = 26 104

(56%)

RCT-non-
eligible N =
20810 (44%)

Difference in mean or
proportion (99% CI) P-valueb

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Patient characteristics
Age (years) 63.6 ± 10.0 71.1 ± 12.6 74.7 ± 13.1 −7.5 (−7.8, −7.2) ***

Women 3663 (22%) 8294 (32%) 6290 (30%) −10.1% (−11.2%, −9.0%) ***

Body mass index (kg/m2) 28.3 ± 4.4 27.1 ± 5.7 25.9 ± 6.1 −1.2 (−1.3, −1.1) ***

Systolic blood pressure—mmHg 125.2 ± 13.4 124.6 ± 21.0 124.5 ± 22.7 0.6 (0.1, 1.1) ***

Diastolic blood pressure—mmHg 76.6 ± 8.4 73.7 ± 12.3 72.3 ± 13.4 2.9 (2.6, 3.2) ***

Heart rate—beats per minute 74.4 ± 9.5 74.5 ± 15.9 75.7 ± 17.4 −0.1 (−0.4, 0.2)
Serum creatinine—μmol/L 99.2 ± 29.5 99.4 ± 37.9 123.4 ± 91.2 −0.2 (−1.1, 0.6)
Haemoglobin—g/dL 14.1 ± 1.3 13.7 ± 2.1 12.9 ± 2.6 0.4 (0.4, 0.4) ***

Current smoker 2667 (16%) 3370 (15%)a 2301 (13%)a 1.1% (0.1%, 2.0%) **

Heart failure severity measures
Duration of heart failure—months 42.0 ± 56.4 29.8 ± 61.7 32.9 ± 61.9 12.2 (10.7, 13.7) ***

LVEF categories—no (%)
<30 5338 (32%) 13 936 (53%) 9751 (47%) - ***

30–39 11 225 (66%) 12 168 (47%) 11 059 (53%)
≥40 247 (1%) - -
Missing 112(1%) - -

Mean LVEF (%) 31 - - -
NYHA Functional Class—no (%)

I 3 (0.02%) 0 (0%) 4459 (21%) - ***

II 10 394 (61%) 14 478 (55%) 7231 (35%)
III 6422 (38%) 10 623 (41%) 7673 (37%)
IV 113 (1%) 1003 (4%) 1447 (7%)

Medical history—no (%)
Hypertension 11 517(68%) 14 654 (56%) 11 505 (55%) 11.9% (10.7%, 13.2%) ***

Diabetes mellitus 5711 (34%) 7083 (27%) 5649 (27%) 6.6% (5.4%, 7.8%) ***

Coronary artery disease 14 541 (86%) 11 916 (52%)a 9497 (55%)a 33.8% (32.7%, 34.9%) ***

History of MI 5721 (34%) 8120 (31%) 6776 (33%) 2.7% (1.5%, 3.9%) ***

Atrial fibrillation 449 (38%)c 12 563 (48%) 10 014 (48%) −10.4% (−14.1% −6.7%) ***

Valvular disease 2009 (12%) 5616 (22%) 5280 (25%) −10.7% (−11.7%, −9.8%) ***

Stroke/TIA 1564 (9%) 3220 (14%)a 3067 (18%)a −4.8% (−5.7%, −4.0%) ***

Anaemia 588 (3%) 6611 (25%) 9064 (44%) −21.8% (−22.6%,
−21.1%)

***

COPD 1482 (9%) 5084 (19%) 4417 (21%) −10.7% (−11.6%, −9.9%) ***

Depression 451 (3%) 1117 (5%)a 894 (5%)a −2.2% (−2.7%, −1.7%) ***

Cancer 462 (3%) 0 (0%) 6710 (32%) 2.7% (2.4%, 3.1%) ***

Coronary revascularization
PCI 1538 (9%) 1994 (8%) 1528 (7%) - ***

CABG 1029 (6%) 3038 (12%) 2609 (13%)
PCI + CABG 236 (1%) 2913 (11%) 2020 (10%)

Clinical outcomes at 1 year
All-cause mortality 1112 (7%) 2674 (12%)a 4482 (26%)a −5.1% (−5.9%, −4.4%) ***

Cardiovascular mortality 1005 (6%) 2026 (9%)a 3114 (18%)a −2.9% (−3.6%, −2.3%) ***

First HF hospitalization 1399 (8%) 5544 (24%) a 4310 (25%)a −16.0% (−16.9%,
−15.1%)

***

Cardiovascular medications at baseline
ACEI/ARBd 15 251 (90%) 26 104 (100%) 14 773 (71%) - -
Mineralocorticoid receptor antagonist 7294 (43%) 10 275 (40%) 6880 (33%) 3% (2%, 5%) ***

Antiplatelet 13 208 (78%) 12 329 (47%) 9788 (47%) 31% (30%, 32%) ***

β-Blockerd 14 808 (88%) 26 104 (100%) 15 392 (75%) - -
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Table 1 Continued.

Registry population RCT vs. RCT-eligible
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RCT study
population
N = 16 922

RCT-eligible
N = 26 104

(56%)

RCT-non-
eligible N =
20810 (44%)

Difference in mean or
proportion (99% CI) P-valueb

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Diuretic 12 120 (72%) 20 697 (79%) 16 379 (79%) −8% (−9%, −7%) ***

Digitalis 2500 (15%) 4447 (17%) 3002 (14%) −2% (−3%, −1%) ***

Statins 11 231 (66%) 13 995 (54%) 9674 (47%) 13% (11%, 14%) ***

Values are expressed as mean ± standard deviation or number (%).
Percentages may not add up to 100% due to rounding.
*P < 0.05, **P < 0.01, ***P < 0.001.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; CABG, coronary artery bypass graft; CI, confidence intervals; COPD, chronic
obstructive pulmonary disease; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIA, transient
ischaemic attack.
a Data from SwedeHF only.
b Comparison between RCT and registry (RCT-eligible) population (independent t-test for continuous and 2-test for categorical variables).
c RCT data only from CONFIRM, FAIR HF, and PANTHEON.
d Statistical comparisons were not done for ACEI/ARB and β-blocker because these treatments were part of the criteria for selecting RCT-eligible registry patients.

<30% and predominantly in NYHA class II rather than class III–IV
(Table 1). The baseline characteristics of each registry are provided
in Supplementary material online, Table S3.
Hypertension, diabetes, and CAD were more common in the

RCT group compared to the overall registry group. However, the
proportion of patients with valve disease, stroke, anaemia, COPD,
cancer, and coronary revascularization were markedly lower in the
RCT patients. After restricting the registry group to those who
would be eligible for inclusion in the RCTs, this RCT-eligible registry
group was more similar to the RCT group in NYHA class, serum
creatinine, and haemoglobin, but differences in comorbidities largely
remained (Table 1). In the selection of trial-eligible patients, the most
restrictive inclusion criteria were NYHA class II–IV and the use of
ACEI/ARB and ß-blockers while the most restrictive exclusion cri-
terion was cancer (Figure 1).

Use and target doses of cardiovascular
medication
Prescription of medications was higher for antiplatelets, miner-
alocorticoid receptor antagonists, and statins in the RCTs com-
pared with registry patients. Despite similar proportions in use of
ACEI/ARB (87% vs. 90%), more registry than RCT patients re-
ceived higher doses (≥50% of target doses) of these medications
(see Supplementary material online, Table S4). We then restricted
the comparison to the same time periods (2005–09) between the
two largest trials and SwedeHF registry patients and found that the
proportion of patients who were given target doses did not differ
much from the main findings, which used data from 2001 to 2016
(see Supplementary material online, Table S5).

Clinical outcomes at one year
Cumulative incidence curves are shown in the central illustration
and Figure 2. All-cause mortality, cardiovascular mortality, and first

......................................................................................................

HF hospitalization at 1 year were lower in the RCTs than in trial-
eligible and trial non-eligible registry groups.
There was no remaining difference in all-cause mortality risk be-

tween trial and registry patients after adjusting for known HF prog-
nostic factors [fully adjusted (Model 4) SMR 1.04; 95%CI 0.98–1.11)]
(Central Illustration). However, higher cardiovascular mortality risk
persisted in the RCT group compared to trial-eligible registry pa-
tients [fully adjusted (Model 4) SMR 1.28; 95%CI 1.20–1.37)]. Age
and sex explained most of the mortality difference between pa-
tient groups, as reflected in the large shift of SMR between Model
1 (empty model) to Model 2 (with age and sex). Stepwise addition
of prognostic factors changed SMR in the same direction but to
a lesser degree, as seen in the shift of SMR in Model 2 (with age
and sex) to Model 4 (fully adjusted) for all-cause and cardiovascular
mortality.
Sensitivity analyses were conducted by estimating SMRs in a sub-

set of patients who were in sinus rhythm and estimates were similar
to those obtained in the main results (see Supplementary material
online, Figures S1 and S2).

Discussion
The present study has individual patient data of over 62 000 patients
from five clinical trials and two observational HF registries, which
allowed direct and adjusted comparisons on patient characteristics
for both all-cause and cause-specific mortality. Overall, we found
that over half of patients in the registries met the most commonly
used inclusion and exclusion criteria for trial enrolment. Unadjusted
survival was markedly lower in registries than trials. However, after
adjusting for case-mix, all-cause mortality rates were comparable
between the trials and registries whereas cardiovascular mortality
occurred more frequently in the trial participants compared to reg-
istry patients.
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Central illustration. Cumulative incidence and case-mix adjusted SMRs for all-cause and cardiovascular mortality at 1 year. (A) Cumulative incidence
for all-cause mortality between RCT and registry patients. (B) Cumulative incidence for cardiovascular mortality between RCT and registry
patients. (C) SMRs for all-cause and cardiovascular mortality with stepwise adjustment for HF prognostic factors. Pooled SMRs estimated from
five trials with their 95% CI were reported.

We identified a higher proportion of trial-eligible patients com-
pared to previous studies on patients with acute decompensated
HF and HF with reduced and preserved ejection fraction: 56% vs.
13–42%.8,28,29 Furthermore, the percentage of trial-eligible registry
patients who were given at least 50% target doses of HF medi-
cations were slightly higher than in RCTs. This higher proportion
compared to previous reports could be explained at least in part
by extensive HF programmes and nurse-led up-titration of disease-
modifying therapies in the Netherlands and Sweden. Also, data in
the registries were from more recent years than the trials, thus re-
flecting more contemporary prescribing practices. Accordingly, we

.................................

would expect background therapies in newer HF trials to be at a
higher rate than the ones described here. Therefore, our findings,
along with other recent studies in acute HF suggest that the gap
in HF guideline-adherent treatment between trial and real-world
patients is narrowing.6,30

The differences observed between trial participants and trial-
eligible registry patients highlight other factors besides eligibility
criteria that influence patient selection in RCTs. Physicians intu-
itively recruit patients who are deemed less likely to drop out
to ensure low attrition rates which retain high internal valid-
ity.31–33 Older patients and those with comorbidities are not always
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Figure 2 Cumulative incidence curves for first HF hospitalization at 1 year by (i) RCT participants, (ii) RCT-eligible, and (iii) RCT-non-eligible
registry patients.

physically or mentally able to comply and finish the treatment pro-
tocol due to frailty, low mobility and increased risk for adverse
events.7,34 Women with HF tend to be older and are less likely
to participate due to perceived harm from clinical studies, trans-
portation difficulties, or constraints from a caregiving role.33,35,36

Consequently, the additional criteria introduced by investigators
alongside the eligibility criteria consistently cause underrepresen-
tation of older patients, those with comorbidities and women in
CV trials.37 However, expanding the study population to include
these groups would increase the cost of already expensive HF tri-
als, and other solutions to improve generalizability that have been
proposed include individual participant data meta-analysis, proper
reporting of subgroup analysis, registry-based trials, or compara-
tive effectiveness studies.38–40 The growing trend to conduct RCTs
as site-less or direct-to-patient studies may reduce this bias in the
future.
We have shown, by direct comparisons between study groups

that the risk of mortality and HF hospitalization was lowest in the
trial population. However, after accounting for known prognostic
factors for survival in HF, differences in survival between trial and
registry patients disappeared. In fact, age and sex combined ex-
plained the largest variation in SMRs between trials and registries.
This observation is evident for both all-cause and cardiovascular
mortality and highlights their important contribution on the gen-
eralizability of HF trials.
Taken together, it seems that differences in overall survival be-

tween HF trials and registries behave predictably, and could be ad-
dressed by clinical variables which are readily available in daily clinical
practice. Although well accepted, we have demonstrated for the first
time that there are increased cardiovascular mortality rates in the

........................................................................................

HF trial participants compared to trial-eligible registry patients, as
high up to 30% even after adjustment for prognostic factors. From
a drug developer and/or regulatory perspective, prognostic enrich-
ment strategies were advocated and used in many cardiovascular tri-
als to identify patients who have higher likelihood of cardiovascular
events.32 In addition, excluding patients with other comorbidities in
these trials could lead to lower competing risks of death from non-
cardiovascular causes. On a broadly similar note, trial-eligible registry
patients selected for the PARADIGM-HF trial criteria had higher risk
of both cardiovascular and non-cardiovascular mortality compared
to non-eligible registry patients.41 From the clinicians’ perspective,
it is important to be aware that half of patients were ineligible, and
that even among trial-eligible patients, residual differences between
cardiovascular and non-cardiovascular outcomes persists.

Strengths and limitations
The strength of this study lies in the large sample sizes from both
trial and observational datasets. Direct access to individual patient
data also enabled the reporting of case-mix-adjusted differences in
outcomes between trials and registry. There are also several limi-
tations to this study. First, we applied a harmonized set of criteria
which were common across the trials based only on data that were
also available from the registries. There was not sufficient depth in
the data from the registries to assess many of the eligibility criteria
such as worsening HF in the past 12 months, scheduled coronary
revascularization within 3 months or severe valve disease. Also, not
all criteria per RCT have been considered but only the most com-
mon ones. For these reasons, the percentage of patients eligible for
trial inclusion is likely overestimated. The trials included in this study
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were a convenient sample based on data accessibility; thus, it can
be difficult to infer these findings to other HF trials. Second, a large
proportion of trials patients came from two RCTs which excluded
patients with atrial fibrillation (BEAUTIFUL and SHIFT), which might
have impacted the results. However, we believe that this impact is
not substantial, as supported by sensitivity analyses (see Supplemen-
tary material online, Figures S1 and S2). Although the trials evaluated
here were not the most recent HFrEF trials, we do not expect large
changes in patient and clinical characteristics among those enrolled
in trials then and now. This is supported by a baseline characteris-
tics comparison with DAPA-HF and PARADIGM-HF, which showed
comparable patient characteristics in terms of mean age, percent-
age of women, percentage in NYHA class III/IV and mean LVEF, ex-
cept for percentage with atrial fibrillation which was lower in this
study.42 It is also necessary to note that, although registry patients
are a fair representation of real-world patients, there are likely to
be some differences in characteristics and treatment practices be-
tween patients who were and were not enrolled in the registries.
We also acknowledge that the trial and real-world populations dif-
fered on geographical location, healthcare systems and time of data
collection.43

Conclusion
In summary, over half of patients in registries met the most com-
monly used inclusion and exclusion criteria for potential trial enrol-
ment. In terms of generalizability, age and sex were the main drivers
of differences in clinical outcomes between HF trials and observa-
tional HF registries. As expected, HF trial participants showed higher
residual cardiovascular mortality rates after correction for case mix.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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