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Abstract

Aims Stroke is an important problem in patients with heart failure (HF), but the intersection between the two conditions is poorly 
studied across the range of ejection fraction. The prevalence of history of stroke and related outcomes were investigated in 
patients with HF.

Methods 
and results

Individual patient meta-analysis of seven clinical trials enrolling patients with HF with reduced (HFrEF) and preserved ejection 
fraction (HFpEF). Of the 20 159 patients with HFrEF, 1683 (8.3%) had a history of stroke, and of the 13 252 patients with 
HFpEF, 1287 (9.7%) had a history of stroke. Regardless of ejection fraction, patients with a history of stroke had more vas-
cular comorbidity and worse HF. Among those with HFrEF, the incidence of the composite of cardiovascular death, HF hos-
pitalization, stroke, or myocardial infarction was 18.23 (16.81–19.77) per 100 person-years in those with prior stroke vs. 
13.12 (12.77–13.48) in those without [hazard ratio 1.37 (1.26–1.49), P < 0.001]. The corresponding rates in patients 
with HFpEF were 14.16 (12.96–15.48) and 9.37 (9.06–9.70) [hazard ratio 1.49 (1.36–1.64), P < 0.001]. Each component 
of the composite was more frequent in patients with stroke history, and the risk of future stroke was doubled in patients 
with prior stroke. Among patients with prior stroke, 30% with concomitant atrial fibrillation were not anticoagulated, and 
29% with arterial disease were not taking statins; 17% with HFrEF and 38% with HFpEF had uncontrolled systolic blood 
pressure (≥140 mmHg).

Conclusion Heart failure patients with a history of stroke are at high risk of subsequent cardiovascular events, and targeting underutil-
ization of guideline-recommended treatments might be a way to improve outcomes in this high-risk population.
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Structured Graphical Abstract

Although both stroke and heart failure (HF) are common and lead to considerable morbidity and premature loss of life, the clinical
relevance of stroke in HF is poorly studied. 

1683 / 20 159 patients (8.3%) with heart failure with reduced ejection fraction (HFrEF) and 1287 / 13 252 (9.7%) with heart failure with 
preserved ejection fraction (HFpEF) enrolled in 7 clinical trials had a history of stroke. Regardless of heart failure phenotype, patients 
with a history of stroke had a higher risk of all non-fatal and fatal outcomes examined. 

One in 11 HF patients has a history of stroke. Targeting underutilization of Guideline-recommended treatments such as
anticoagulants, statins, and antihypertensives is a possible way to improve outcomes in this high-risk population. 

Key Question

Key Finding

Take Home Message

1.0 1.5 2.5
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Outcome

CV death or HF hosp.
Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

Overall
HFrEF
HFpEF

First HF Hosp.

Cardiovascular death

All-cause death

Fatal/nonfatal stroke

Fatal/nonfatal MI or stroke

Fatal/nonfatal MI

CV death, HF hosp., MI or stroke

Adjusted HR
(95% CI)

Interaction
P value

Favours no history of stroke

1.18 (1.10, 1.27)

1.12 (1.03, 1.23)

1.31 (1.20, 1.43)

1.26 (1.17, 1.36)

1.26 (1.06, 1.51)

2.02 (1.73, 2.36)

1.60 (1.42, 1.80)

1.23 (1.15, 1.31)

1.17 (1.07, 1.28)

1.16 (1.03, 1.31)
1.08 (0.95, 1.23)

1.19 (1.07, 1.33)
0.29

0.84

1.23 (1.10, 1.37) 0.02

1.23 (1.11, 1.37) 0.31

1.07 (0.82, 1.40)
1.44 (1.15, 1.81)

0.09

2.24 (1.80, 2.79)
1.84 (1.48, 2.29)

0.38

1.55 (1.30, 1.85)

1.22 (1.12, 1.33)
1.24 (1.12, 1.37)

1.64 (1.39, 1.92)
0.52

1.28 (1.14, 1.45)

1.44 (1.25, 1.66)

0.36
Prior stroke and
atrial �brillation

Prior stroke and
arterial disease

30% 29%

No anticoagulant

Anticoagulant

No statin

Statin

Prevalence 8.3% of patients with HFrEF and 9.7% of those with HFpEF 

Characteristics Regardless of ejection fraction, patients with a history
of stroke had more vascular comorbidity and worse HF

Outcomes The incidence of the composite of cardiovascular death,
HF hospitalization, stroke or MI was approximately
one-third higher in HFrEF patients with prior stroke
versus no prior stroke; in patients with HFpEF it was
about 50% higher (see forest plot in panel). Among
patients with prior stroke, anticoagulants and statins
were underutilized (pie charts). 17% with HFrEF and
38% with HFpEF had systolic BP≥140 mmHg

Conclusion Greater utilization of anticoagulants and statins, and
better BP control, may reduce risk in these patients

To examine the prevalence of history of prior stroke, characteristics of
patients with history of stroke (versus those without) and outcomes
related to history of stroke (versus no history)

Individual patient meta-analysis of 7 clinical trials including 20 159 patients
with HFrEF and 13 252 patients with HFpEF

Aim

History of stroke: key �ndings

Population

Stroke is an important problem in patients with HF, and the intersection between the two conditions is poorly studied. In an individual patient meta- 
analysis of seven clinical trials including 20 159 patients with HFrEF and 13 252 patients with HFpEF, we found that ∼1 in 11 patients had a history of 
stroke. Regardless of ejection fraction, patients with a history of stroke had more vascular comorbidity, more severe HF, and worse outcomes. The 
incidence of the composite of cardiovascular death, HF hospitalization, stroke, or MI was approximately one-third higher in HFrEF patients with prior 
stroke vs. no prior stroke; in patients with HFpEF, it was ∼50% higher (see forest plot in panel). Among patients with prior stroke, there was under-
utilization of statins and anticoagulants and suboptimal blood pressure control, pointing to therapeutic avenues to reduce the high risk experienced 
by these patients. Panel (forest plot) shows HRs for the first occurrence of the clinical outcomes of interest according to history of stroke (vs. no 
history of stroke). HRs are provided for the overall pooled cohort and each HF phenotype separately. BP, blood pressure; CI, confidence interval; 
CV, cardiovascular; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; hosp., 
hospitalization; HR, hazard ratio; MI, myocardial infarction.

Keywords Heart failure • Stroke • Atrial fibrillation • Natriuretic peptides • Risk factors

Introduction
Stroke is an important problem in patients with heart failure, but the 
intersection between the two conditions is poorly studied across the 
range of ejection fraction, even though each is common and results in 
considerable morbidity and premature loss of life.1–4 Patients with heart 

failure, including those in sinus rhythm, are at increased risk of stroke, 
probably because of underlying atherosclerosis and a heightened risk 
of thromboembolism. Concerning the latter, a role for Virchow’s triad 
has been postulated, especially in patients with reduced ejection fraction, 
where the left ventricular endocardium may be abnormal and blood sta-
sis may occur, along with activation of blood coagulation; in this context, 
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atrial myopathy, without atrial fibrillation, may also be relevant in patients 
with heart failure and preserved ejection fraction (HFpEF) as well as in 
those with reduced ejection fraction (HFrEF).2,5,6 Other factors such 
as hypotension and abnormal autoregulation of the cerebral circulation 
may also be important.7,8 Conversely, there is also evidence that stroke 
may induce cardiac dysfunction, as a consequence of ‘stroke–heart syn-
drome’, thought to result from stroke-induced autonomic dysfunction 
and inflammation.9–12 Information about the incidence of stroke is avail-
able from stroke prevention trials using anticoagulants in patients with 
HFrEF13,14 but not in patients with HFpEF. However, very little is known 
in either heart failure phenotype about the characteristics and outcomes 
of patients with prevalent stroke, despite a history of stroke being re-
ported in up to 15% of ambulatory patients with heart failure, compared 
with 1%–3% of the general population.1–4 Because the overlap between 
heart failure and prevalent stroke has not been studied in detail, we ex-
amined the clinical characteristics of patients with HFrEF and HFpEF 
with prior stroke, compared with those without a history of stroke, 
and the clinical outcomes in patients with prior stroke compared 
with those without.15–17 Our aims included description of the poten-
tial impact of stroke on quality of life and non-atherothrombotic out-
comes in patients with heart failure, across the spectrum of ejection 
fraction, as this has not been reported before. We also aimed to de-
scribe the use of therapies to improve atherothrombotic as well as 
heart failure outcomes as this may identify gaps in care and the oppor-
tunity to improve outcomes. We did this using patient-level data from 
three recent HFrEF trials (ATMOSPHERE, PARADIGM-HF, and 
DAPA-HF) and four HFpEF trials (CHARM-Preserved, I-Preserve, 
TOPCAT, and PARAGON-HF).18–24

Methods
Trials and patients included
In this post hoc analyses study, we pooled individual patient data from large 
HFrEF (ATMOSPHERE NCT00853658, PARADIGM-HF NCT01035255, 
and DAPA-HF NCT03036124) and HFpEF (CHARM-Preserved 
NCT00634712, I-Preserve NCT00095238, TOPCAT NCT00094302, 
and PARAGON-HF NCT01920711) trials (although originally described 
as HFpEF trials, these trials also included some patients with the recently 
defined HFrEF). The designs and results of these trials have been reported 
previously.18–24 The patients included in these trials had prevalent heart fail-
ure, and the inclusion and exclusion criteria for the two types of trials were 
broadly similar and are summarized in Supplementary data online, Table S1. 
The endpoint definitions used by the Clinical Endpoint Committee were 
also provided in Supplementary data online, Table S2. Each trial was ap-
proved by the ethics committee at participating centres, and all the patients 
provided written informed consent.

To ensure consistency in how HFpEF was defined, only patients in 
CHARM-Preserved with a left ventricular ejection fraction (LVEF) ≥ 45% 
were included (450 patients with LVEF <45% excluded), and because of 
concerns about the integrity of the TOPCAT trial, only patients enrolled in 
the Americas were included in the present analysis (1066 from Russia and 
612 from Georgia excluded). A total of 12 patients had missing information 
about a history of stroke (2 from TOPCAT-Americas and 10 from 
PARAGON-HF). As a result, the numbers of patients, in the final analysis, 
were as follows: 7016 from ATMOSPHERE, 8399 from PARADIGM-HF, 
4744 from DAPA-HF, 2573 from CHARM-Preserved, 4128 from 
I-Preserve, 1765 from TOPCAT, and 4786 from PARAGON-HF.

Clinical outcomes
The original primary outcomes for each trial included are shown in 
Supplementary data online, Table S1. For the present analyses, the time 
to the first occurrence of the composite of cardiovascular death or 

hospitalization for heart failure was examined, along with the components 
of this composite and death from any cause. We also analysed the occur-
rence of fatal or non-fatal myocardial infarction, fatal or non-fatal stroke, 
and the composite of these two atherothrombotic outcomes. Finally, we 
examined a composite of all the major fatal and non-fatal adverse cardiovas-
cular outcomes described above, i.e. time to first occurrence of cardiovas-
cular death, heart failure hospitalization, non-fatal myocardial infarction, or 
non-fatal stroke. Each outcome had been adjudicated by endpoint commit-
tees as described in the original trial reports.

Statistical analysis
Baseline characteristics were expressed either as means with standard de-
viations or medians with interquartile ranges (IQRs) for continuous vari-
ables, while presented as counts and percentages for categorical variables. 
Baseline characteristics between two groups were compared by two- 
sample Student’s t-test or Mann–Whitney U test as appropriate for con-
tinuous variables and Pearson’s χ2 test for categorical variables.

The incidence rate for each outcome was reported per 100 patient- 
years. Cox proportional hazard models were used to compute the hazard 
ratio (HR) with 95% confidence interval (CI) for the time-to-first occur-
rence of each endpoint. We reported crude and adjusted HRs from models 
including region, age, gender, heart rate, systolic blood pressure, body mass 
index, New York Heart Association (NYHA) functional class, LVEF, esti-
mated glomerular filtration rate (eGFR), N-terminal pro B-type natriuretic 
peptide (NT-proBNP), atrial fibrillation, ischaemic aetiology, history of 
myocardial infarction, history of diabetes mellitus, treatment arm, and 
within-trial clustering. Multivariable analyses were conducted with multiple 
imputation using chained equations, in which 20 imputed data sets were 
created and the estimates of analysis per data set were integrated using 
Rubin’s rule. Additionally, two sensitivity analyses for the outcomes were 
undertaken: (i) excluding patients from I-Preserve because a history of 
stroke or transient ischaemic attack (TIA) was collected at baseline (rather 
than a history of stroke alone) and (ii) excluding patients from 
CHARM-Preserved because of the unavailability of NT-proBNP.

The occurrence of each endpoint according to history of stroke was 
compared with Kaplan–Meier curves and the log-rank test. The incidence 
rate for each individual and composite time-to-first outcome was evaluated 
across the spectrum of LVEF using a Poisson regression model, in which 
LVEF was examined using restricted cubic splines employing 5 knots (placed 
at 5th, 27.5th, 50th, 72.5th, and 95th percentiles).25

The analysis was completed using Stata/SE version 17.0 (Stata Corp, 
College Station, TX, USA), and a conventional two-tailed P < 0.05 was con-
sidered to be statistically significant. To calculate standardized mean differ-
ence (95% CI), we used stddiff package of R software version 4.1.3.

Results
Of the 20 159 patients with HFrEF, 1683 (8.3%) had a history of stroke, 
and of the 13 252 patients with HFpEF, 1287 (9.7%) had a history of 
stroke. This proportion ranged from 7.0%–9.8% in the HFrEF trials 
and 8.6%–10.6% in the HFpEF trials.

Baseline characteristics of patients with 
and without a history of stroke
The characteristics of patients according to a history of stroke are 
shown in Table 1 (HFrEF and HFpEF separately) and Supplementary 
data online, Table S3 (all heart failure patients combined).

Demographics, smoking habits, and physiologic 
measures
Patients with a history of stroke were slightly older and more likely to 
come from North America but did not differ by sex. Blood pressure, 
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pulse pressure, heart rate, body mass index, and history of current 
smoking did not differ meaningfully between patients with and without 
a history of stroke.

Comorbidities associated with stroke
A history of atrial fibrillation [and atrial fibrillation of the baseline elec-
trocardiogram (ECG)], diabetes, hypertension, coronary artery disease, 
and peripheral artery disease was more frequent in patients with a his-
tory of stroke compared with those without. Mean eGFR was substan-
tially lower in patients with a history of stroke, as was the proportion of 
patients with chronic kidney disease (CKD) (eGFR < 60 mL/min/1.73 
m2).

Carotid artery disease and history of transient 
ischaemic attack
In the trials which documented history of carotid artery disease (includ-
ing carotid endarterectomy) and TIA, each of these was more frequent 
in patients with a history of stroke compared with those without.

Heart failure history and characteristics
Patients with a history of stroke were more likely to have an ischaemic 
aetiology and longer-standing heart failure. They were also more likely 
to have worse NYHA functional class and patient-reported 
health-related quality of life. Each of the KCCQ domain scores was low-
er (worse) in patients with a history of stroke (see Supplementary data 
online, Figure S1). Regarding Minnesota Living with Heart Failure scores, 
the results for each domain and most individual questions were higher 
(worse) in patients with a history of stroke (see Supplementary data 
online, Figures S2 and S3). Similarly, among the subgroup of patients 
with data from the EQ-5D, those with a history of stroke reported 
more problems related to mobility, self-care, and usual activities (see 
Supplementary data online, Tables S5 and S6). History of stroke was as-
sociated with a substantially higher frequency of fatigue, more oedema, 
and a higher NT-proBNP concentration, even in patients without atrial 
fibrillation. However, mean LVEF did not differ between patients with 
and without a history of stroke.

Baseline treatment
Patients with a history of stroke were more likely to be treated with a 
calcium channel blocker, statin, and anticoagulant. However, the use of 
statins was relatively low in patients with arterial disease (74% in HFrEF 
and 66% in HFpEF), as was the use of anticoagulants in those with atrial 
fibrillation (76% in HFrEF and 62% in HFpEF). Patients with prior stroke 
were also more likely to have a pacemaker (and in those with HFrEF, 
cardiac resynchronization therapy).

Clinical outcomes according to history of 
stroke
Outcomes in patients with and without a history of stroke are shown in 
Table 2, Figure 1 (all heart failure patients combined), and the Structured 
Graphical Abstract.

Regardless of heart failure phenotype, patients with a history of 
stroke had a higher risk of all non-fatal and fatal outcomes examined. 
However, when HFrEF and HFpEF were examined separately, there 
was a significant interaction between heart failure phenotype and risk 
of death from cardiovascular causes, with the risk of this outcome being 
greater in patients with HFpEF (HR 1.73, 95% CI 1.50–1.99) compared 
with patients with HFrEF (HR 1.37, 95% CI 1.22–1.53). This led to a 

similar trend for the composite of the time-to-first occurrence of car-
diovascular death or hospitalization for HF, driven by the mortality 
component. The risk of heart failure hospitalization was also significant-
ly higher in patients with a history of stroke, compared with patients 
without such a history, although the relative elevation in risk was similar 
in patients with HFrEF and HFpEF.

The greatest excess risk in patients with a history of stroke, in relative 
terms, was for fatal or non-fatal stroke (i.e. recurrent stroke), which was 
doubled, and patients with a history of stroke also had a higher risk of 
myocardial infarction, compared with those with no history of stroke.

Although the elevation of risk of atherothrombotic events was sizeable 
in relative terms, the absolute excess risk was modest because such events 
were infrequent by comparison with heart failure hospitalization or death. 
However, when the broadest composite outcome (time-to-first occur-
rence of cardiovascular death, hospitalization for HF, non-fatal stroke, or 
non-fatal myocardial infarction) was examined, the absolute excess risk 
in patients with a history of stroke was substantial at ∼5/100 person-years, 
and this absolute excess was similar in HFrEF and HFpEF.

Examination of overall death and death by category confirmed a 
higher risk of death overall in patients with a history of stroke, and 
the proportion of deaths due to cardiovascular causes was slightly 
greater because of a few per cent more deaths from stroke and myo-
cardial infarction (see Supplementary data online, Figure S4).

Although most individual HRs were attenuated by adjustment for re-
cognized prognostic variables, the overall picture was broadly unaltered 
(Table 2).

Sensitivity analyses excluding I-Preserve (because a history of stroke 
was not differentiated from a history of TIA) and CHARM-Preserved 
(because of the unavailability of NT-proBNP for adjustment) gave es-
sentially identical results (see Supplementary data online, Table S7). 
Surprisingly, we also found a similar pattern of events/risk related to 
TIA as seen for stroke, although there was a somewhat weaker rela-
tionship with non-atherothrombotic events in patients with HFpEF 
(see Supplementary data online, Table S8).

Clinical outcomes across the spectrum of 
LVEF according to history of stroke
Figure 2 shows the incidence rate per 100 person-years for the out-

comes of interest across the range of LVEF, shown as a continuous vari-
able. The risk of heart failure hospitalization and death (whether from 
any cause or cardiovascular causes) increased as LVEF decreased. By 
contrast, the incidence rate of atherothrombotic outcomes (myocardial 
infarction and stroke) remained constant across the range of LVEF. The 
risk of all outcomes was higher in patients with a history of stroke; in-
spection of Figure 2 showed that, essentially, the lines relating each out-
come to LVEF in patients with a history of stroke ran in parallel to those 
in patients without a history of stroke but were shifted upwards.

Discussion
To the best of our knowledge, this is the first large individual patient ana-
lysis of the clinical characteristics of heart failure patients with and with-
out a history of stroke.17,26–28 The COACH trial reported higher rates 
of hospitalization and death in 105 heart failure patients with a history of 
stroke, compared with 918 patients without stroke in the Netherlands, 
but did not differentiate by ejection fraction phenotype or report ather-
othrombotic outcomes, including recurrent stroke.26 Approximately 1 
in 11 patients with heart failure had a prior stroke. We provided a de-
tailed description of a wide range of outcomes in these individuals. 
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Table 2 Clinical outcomes of HF patients with and without prior stroke

Total events Events per 100 person-years 
(95% CI)

Stroke vs. nonstroke

No prior 
stroke 

(n = 30 441)

Prior 
stroke 

(n = 2970)

No prior stroke 
(n = 30 441)

Prior stroke 
(n = 2970)

Unadjusted 
HR 

(95% CI)

Adjusted HR 
(95% CI)

CV death or HF hosp.

Overall 7578 (24.9) 934 (31.5) 9.97 (9.75–10.20) 13.54 (12.70–14.44) 1.34 (1.26–1.44) 1.18 (1.10–1.27)

HFrEF 4756 (25.7) 521 (31.0) 11.89 (11.55–12.23) 15.66 (14.37–17.06) 1.30 (1.19–1.43) 1.17 (1.07–1.28)

HFpEF 2822 (23.6) 413 (32.1) 7.84 (7.56–8.14) 11.57 (10.51–12.74) 1.46 (1.32–1.62) 1.19 (1.07–1.33)

First HF hosp.

Overall 4806 (15.8) 586 (19.7) 6.32 (6.15–6.50) 8.50 (7.84–9.21) 1.32 (1.21–1.44) 1.12 (1.03–1.23)

HFrEF 2761(14.9) 307 (18.2) 6.90 (6.65–7.16) 9.23 (8.25–10.32) 1.31 (1.17–1.48) 1.16 (1.03–1.31)

HFpEF 2045 (17.1) 279 (21.7) 5.68 (5.44–5.93) 7.82 (6.95–8.79) 1.35 (1.19–1.53) 1.08 (0.95–1.23)

Cardiovascular death

Overall 4327 (14.2) 576 (19.4) 5.23 (5.08–5.39) 7.49 (6.90–8.13) 1.44 (1.32–1.57) 1.31 (1.20–1.43)

HFrEF 3024 (16.4) 348 (20.7) 6.98 (6.74–7.24) 9.50 (8.55–10.55) 1.37 (1.22–1.53) 1.23 (1.10–1.37)

HFpEF 1303 (10.9) 228 (17.7) 3.31 (3.13–3.49) 5.67 (4.98–6.45) 1.73 (1.50–1.99) 1.44 (1.25–1.66)

All-cause death

Overall 5672 (18.6) 740 (24.9) 6.86 (6.68–7.04) 9.62 (8.95–10.34) 1.41 (1.31–1.52) 1.26 (1.17–1.36)

HFrEF 3623 (19.6) 423 (25.1) 8.36 (8.10–8.64) 11.54 (10.49–12.69) 1.39 (1.26–1.54) 1.23 (1.11–1.37)

HFpEF 2049 (17.1) 317 (24.6) 5.20 (4.98–5.43) 7.88 (7.06–8.79) 1.53 (1.36–1.72) 1.28 (1.14–1.45)

Fatal/nonfatal MI

Overall 1032 (3.4) 148 (5.0) 1.27 (1.19–1.35) 1.97 (1.68–2.32) 1.54 (1.30–1.83) 1.26 (1.06–1.51)

HFrEF 534 (2.9) 59 (3.5) 1.25 (1.15–1.36) 1.64 (1.27–2.12) 1.31 (1.00–1.71) 1.07 (0.82–1.40)

HFpEF 498 (4.2) 89 (6.9) 1.29 (1.18–1.41) 2.28 (1.85–2.80) 1.75 (1.39–2.19) 1.44 (1.15–1.81)

Fatal/nonfatal stroke

Overall 963 (3.2) 200 (6.7) 1.18 (1.11–1.26) 2.68 (2.34–3.08) 2.27 (1.95–2.64) 2.02 (1.73–2.36)

HFrEF 491 (2.7) 99 (5.9) 1.15 (1.05–1.25) 2.79 (2.29–3.40) 2.44 (1.97–3.03) 2.24 (1.80–2.79)

HFpEF 472 (3.9) 101 (7.9) 1.22 (1.11–1.33) 2.58 (2.13–3.14) 2.12 (1.71–2.63) 1.84 (1.48–2.29)

Fatal/nonfatal MI or stroke

Overall 1939 (6.4) 329 (11.1) 2.41 (2.31–2.52) 4.51 (4.05–5.02) 1.86 (1.65–2.09) 1.60 (1.42–1.80)

HFrEF 998 (5.4) 148 (8.8) 2.36 (2.22–2.51) 4.24 (3.61–4.98) 1.79 (1.51–2.13) 1.55 (1.30–1.85)

HFpEF 941 (7.9) 181 (14.1) 2.47 (2.32–2.63) 4.75 (4.11–5.50) 1.91 (1.63–2.24) 1.64 (1.39–1.92)

CV death, HF hosp., MI, or 
stroke

Overall 8436 (27.7) 1067 (35.9) 11.36 (11.12–11.60) 16.13 (15.19–17.13) 1.40 (1.32–1.50) 1.23 (1.15–1.31)

HFrEF 5159 (27.9) 583 (34.6) 13.12 (12.77–13.48) 18.23 (16.81–19.77) 1.37 (1.26–1.49) 1.22 (1.12–1.33)

HFpEF 3277 (27.4) 484 (37.6) 9.37 (9.06–9.70) 14.16 (12.96–15.48) 1.49 (1.36–1.64) 1.24 (1.12–1.37)

The adjusted hazard ratio is from a model adjusted for region, age, gender, heart rate, SBP, BMI, NYHA functional class III/IV, LVEF, eGFR, NT-proBNP (log-transformed), atrial fibrillation, 
ischaemic aetiology, MI, diabetes mellitus, treatment arm, and within-trial clustering. 
Single and composite clinical outcomes (rate per 100 person-years) in patients with and without prior stroke. 
BMI, body mass index; CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; hosp. hospitalization; HFrEF, heart failure with reduced 
ejection fraction; HFpEF, heart failure with preserved ejection fraction; HR, hazard ratio; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal pro 
B-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure.
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Figure 1 Kaplan–Meier curves for clinical outcomes in heart failure patients with and without prior stroke. (A) Cardiovascular death or first hospi-
talization for heart failure; (B) hospitalization for heart failure; (C ) cardiovascular death; (D) all-cause death; (E) fatal/non-fatal myocardial infarction; (F ) 
fatal/non-fatal stroke; (G) fatal/non-fatal myocardial infarction or stroke; (H ) cardiovascular death, hospitalization for heart failure, myocardial infarction, 
or stroke. The number at risk for the event of interest of heart failure patients with and without prior stroke was shown below each graph. CV, car-
diovascular; HF, heart failure; hosp., hospitalization; MI, myocardial infarction.
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Figure 2 Incidence rates of outcomes across LVEF in heart failure patients with (upper lines/red) and without (lower lines/blue) prior stroke. (A) 
Cardiovascular death or first hospitalization for heart failure; (B) hospitalization for heart failure; (C ) cardiovascular death; (D) all-cause death; (E) 
fatal/non-fatal myocardial infarction; (F ) fatal/non-fatal stroke; (G) fatal/non-fatal myocardial infarction, or stroke; (H ) cardiovascular death, hosp. for 
heart failure, myocardial infarction, or stroke. All the incidence rates are expressed as per 100 patient-years. CV, cardiovascular; HF, heart failure; 
hosp., hospitalization; MI, myocardial infarction.
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Our analysis included patients with both of the main LVEF phenotypes, 
and we examined outcomes across the spectrum of LVEF.

A history of stroke added substantially to cardiovascular risk in patients 
with heart failure, whether HFrEF or HFpEF. Specifically, looking at the 
broadest composite endpoint, reflecting all major adverse cardiovascular 
outcomes faced by patients with heart failure (cardiovascular death, hos-
pitalization for heart failure, non-fatal stroke, or non-fatal myocardial in-
farction), patients had a 40% higher risk in relative terms and an excess 
absolute risk of ∼5/100 person-years of follow-up. Although, as might 
be anticipated, a history of stroke was a particularly powerful predictor 
of atherothrombotic events (risk of myocardial infarction 50% higher 
and risk of stroke doubled), the risk of heart failure hospitalization was 
also elevated (∼30% higher), and the risk of cardiovascular death was 
also considerably higher (∼40% higher). The former likely reflects the find-
ing that patients with a history of stroke had evidence of more severe heart 
failure and the excess risk was attenuated by adjustment for variables 
known to predict outcomes in heart failure. However, the elevation in 
risk of cardiovascular death was not as attenuated by adjustment, presum-
ably reflecting the direct contribution of stroke (and myocardial infarction) 
to cardiovascular death in heart failure.

While, as expected, the incidence rates of heart failure and death 
were higher in the lower range of LVEF, no such pattern was seen 
for stroke (or myocardial infarction), and the relatively low incidence 
of these atherothrombotic events was similar across the range of 
LVEF studied and, therefore, similar in patients with HFrEF and 
HFpEF. This argues against the oft-repeated suggestion that low LVEF 
is associated with an increased risk of stroke, and in a recent analysis 
of incident stroke in HFrEF, LVEF was not a predictor.29,30 A history 
of hypertension was more common in patients with a prior stroke al-
though patients with and without a history of stroke had similar average 
blood pressure and the incidence of stroke was similar across the range 
of systolic blood pressure at baseline. However, a substantial minority 
of participants with and without stroke had uncontrolled systolic blood 
pressure (≥140 mmHg), especially among those with HFpEF (38%) 
compared with HFrEF (17%).

Patients with a history of stroke were considerably more likely to 
have concomitant atrial fibrillation and also had more evidence of ath-
erosclerosis, including coronary artery disease, peripheral artery dis-
ease, and carotid artery disease. These findings are obviously relevant 
to the potential causation of stroke and point to potentially beneficial 
therapeutic interventions. Surprisingly, only 70% of patients with atrial 
fibrillation had been prescribed an anticoagulant, and only 71% of pa-
tients with arterial disease were treated with a statin at baseline, sug-
gesting scope for improving secondary prevention. There may also be 
a role for anticoagulation in selected patients in sinus rhythm but this 
needs to be tested in prospective randomized trials.30,31

Interestingly, one of the biggest differences between patients with 
and without a history of stroke was in eGFR and the proportion of par-
ticipants with chronic kidney disease. There is a great deal of debate 
about whether low eGFR per se is a risk factor for stroke or merely 
a biomarker reflecting the effects of hypertension, diabetes, and per-
haps other diseases on the kidney.32,33 We are not aware of this asso-
ciation having been identified in heart failure previously.

Patients with a history of stroke also reported worse health-related 
quality of life than those without a prior stroke, although it is not clear 
whether this reflected more severe heart failure or the residual effects 
of stroke. However, our analysis of the EQ-5D showed that patients 
with a prior stroke reported much more limitations in their mobility 
and ability to undertake ordinary activities. It was also notable that fa-
tigue was considerably more common in patients with a history of 

stroke compared to those without. Post-stroke fatigue is a well- 
recognized and sometimes debilitating consequence of stroke.34

Limitations
Our study has several limitations. The patients analysed were enrolled in 
clinical trials, i.e. were relatively selected and may not be representative 
of patients in ordinary clinical practice. Ejection fraction could be measured 
by different methods in the included trials. Medical history was based on 
answers to questions in the trial case report forms, and completion of 
these may have varied by trial and by country. Patients with severe strokes 
are unlikely to have been enrolled, and we did not have any measure of 
stroke severity. Similarly, a major limitation was that we did not have infor-
mation on the type of stroke. Future studies with thorough imaging-based 
adjudication will be important to help understand the most important 
causes of stroke in patients with heart failure, for example, embolism or 
small vessel disease, as this aetiological information could suggest thera-
peutic strategies. Patients with clinically significant uncorrected primary 
valvular disease were excluded from the trials analysed, as were patients 
with uncontrolled arrhythmias. This may have resulted in underestimation 
of the true prevalence of stroke in a broad real-world population of heart 
failure due to any cause. Some data were not available in specific trials as 
described in Supplementary data online, Table S4.

Conclusions
About 1 in 11 patients in this pooled heart failure trial database had a 
history of stroke. Their annualized rate of cardiovascular death, hospital-
ization for heart failure, non-fatal stroke, or non-fatal myocardial infarc-
tion was ∼18% (compared with 13% in those without a history of 
stroke); the corresponding rates in patients with HFpEF were 14% 
and 9%, respectively, and their risk of further stroke was twice as high 
as in patients without a history of stroke. The relatively low rates of 
use of anticoagulants in patients with atrial fibrillation and statins in pa-
tients with arterial disease, along with poor blood pressure control (es-
pecially in patients with HFpEF) point to potential therapeutic 
opportunities to reduce this risk.

Supplementary data
Supplementary data are available at European Heart Journal online.
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