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Background: High systolic blood pressure (SBP) is an important risk factor for the

progression of heart failure (HF); however, the association between SBP and prognosis

among patients with established HF was uncertain. This study aimed to investigate the

association between SBP and long-term clinical outcomes in patients hospitalized for HF.

Methods: This study prospectively enrolled adult patients hospitalized for HF in 52

hospitals from 20 provinces in China. SBPs were measured in a stable condition judged

by clinicians during hospitalization before discharge according to the standard research

protocol. The primary outcomes included 1-year all-cause death and HF readmission.

The multivariable Cox proportional hazards regression models were fitted to examine the

association between SBP and clinical outcomes. Restricted cubic splines were used to

examine the non-linear associations.

Results: The 4,564 patients had a mean age of 65.3 ± 13.5 years and 37.9% were

female. The average SBP was 123.2 ± 19.0 mmHg. One-year all-cause death and HF

readmission were 16.9 and 32.7%, respectively. After adjustment, patients with SBP

< 110 mmHg had a higher risk of all-cause death compared with those with SBP of

130–139 mmHg (HR 1.71; 95% CI: 1.32–2.20). Patients with SBP < 110 mmHg (HR

1.36; 95% CI: 1.14–1.64) and SBP ≥ 150 mmHg (HR 1.26; 95% CI: 1.01–1.58) had

a higher risk of HF readmission, and the association between SBP and HF readmission

followed a J-curve relationship with the nadir SBP around 130mmHg. These associations

were consistent regardless of age, sex, left ventricular ejection fraction, hypertension,

coronary heart disease, and medications for HF.

Conclusion: In patients hospitalized for HF, lower SBP in a stable phase during

hospitalization portends an increased risk of 1-year death, and a J-curve association

has been observed between SBP and 1-year HF readmission. These associations were

consistent among clinically important subgroups.
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FIGURE 1 | Cumulative incidence curves for all-cause death (A), heart failure readmission (B), cardiovascular death (C), and all-cause hospitalization (D) in patients

hospitalized for heart failure. This study assessed the association of systolic blood pressure with clinical outcomes in patients hospitalized with heart failure. Patients

were categorized into six groups by systolic blood pressure (<110, 110–119, 120–129, 130–139, 140–149, and ≥150 mmHg) for analysis.

and SBP ≥ 150 mmHg (adjusted HR, 1.26; 95% CI: 1.01–1.58;
P = 0.044) were more likely to have readmission due to HF
compared with those with SBP of 130–139 mmHg (Table 2).
In sensitivity analysis, the association between SBP and clinical
outcomes remained consistent after excluding those who died
within 30 days after discharge and those with SBP < 90 mmHg,
respectively (Supplementary Tables 2, 3).

In the restricted cubic spline analysis, the risk of all-cause
death increased significantly only at lower SBP (Figure 2); while
a J-shaped association was observed between SBP and HF
readmission (P = 0.001), and the nadir of risk occurred when
the SBP was around 130 mmHg with the risk increasing below or
above that cutoff (Figure 2).

Subgroup Analyses
There were no significant interactions of SBP level with
LVEF (P-value for interaction: 0.290 for all-cause death and

0.681 for HF readmission, respectively). The interactions were
not significant in other important subgroups, including age,
sex, HF type, hypertension, diabetes, coronary heart disease,
prescriptions of ACEIs/ARBs, β-blockers, and aldosterone
antagonists (Figures 3, 4).

DISCUSSION

Findings from this study demonstrate that lower SBP in a stable
phase during hospitalization was associated with an increased
risk of 1-year death in patients hospitalized for HF, and our
study for the first time observed a J-curve association between
SBP in a stable phase during hospitalization and 1-year HF
readmission. The associations remained consistent in various
clinically important subgroups, including the subgroups of age,
sex, LVEF, HF type, hypertension, and coronary heart disease; the
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consistency was not affected when using important medications
for HF with BP-lowering effects.

Our study expands the literature by providing an insight
into the association of SBP and death among a whole spectrum
of HF with more accurate BP measurement. In our study, we
measured BP in a stable phase during hospitalization before
discharge according to the standard approach; i.e., using the
unified BP monitor and measuring BP at least twice to get the
average. This approach maximumly reduced the measurement
bias, and we could therefore obtain more accurate SBP values
than previous studies which only collected SBP values from
routine clinical measurement at discharge (12–16). Our study
demonstrated patients with SBP < 110 mmHg had a 1.7-fold
higher risk of death than those with SBP of 130–139 mmHg.
Similar to our findings, several other studies found an inverse
association of SBP at discharge with the risk of death in patients
hospitalized for HF (12–14, 20). However, these studies only
included patients with HFrEF or HFpEF (12–14, 20), while
patients with HFmrEF were usually overlooked and less well-
studied. In our study, all three types of patients were included
and we did not observe heterogeneity in the associations between
SBP and death across LVEF levels. In the sensitivity analysis, we
excluded the patients with SBP < 90 mmHg, who were more
likely to have worse clinical status and greater adverse outcomes
(25), and the association remained consistent. Accordingly, our
findings suggest that clinicians should be cautious about the
lowering of SBP to a low level during hospitalization for patients
with HF.

Our data suggest that the association between SBP < 110
mmHg and increased risk may be causal rather than due to
reverse causality. It is possible that patients with lower SBP
had more progressive systolic dysfunction and the resultant
neurohormonal activation may result in a higher risk of death
(26); however, the effects of SBP on death were homogeneous
in patients with HF with different LVEF levels. In addition,
lower BP might cause coronary hypoperfusion and result in
increased deaths among patients with the compromised coronary
flow (27, 28); nevertheless, the associations were consistent
in patients with and without coronary heart disease. Another
possible explanation could be related to the treatment patterns.
Because patients with lower SBP tended to be undertreated
with HF therapy, prior studies left open the possibility that
suboptimal treatment could contribute to the poor outcomes of
these patients (29); however, in this study, among patients with
SBP < 110 mmHg, most of them have been treated with proved
medications during hospitalization and at discharge. The use
of β-blockers and aldosterone antagonists during hospitalization
and at discharge was even higher in patients with SBP < 110
mmHg than other SBP groups. Besides, the association between
SBP and death was significant no matter whether patients
received these medications or not. Moreover, we excluded the
patients who died within 30 days after discharge because of their
greater burden of comorbidities and higher illness severities, and
the results remained the same (30). Thus, this study indicates
that lower SBP may not be a marker of more advanced disease
or worse health status, which suggests that SBP per se may be
directly associated with the increased risks. And the randomized
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FIGURE 2 | Restricted cubic spline curves for an association between systolic blood pressure and all-cause death (A), heart failure readmission (B), cardiovascular

death (C), and all-cause hospitalization (D) in patients hospitalized for heart failure. Hazard ratios and 95% confidence intervals for clinical outcomes by systolic blood

pressure groups in 4,564 patients hospitalized for heart failure according to restricted cubic spline regression models using four knots at systolic blood pressures of

95, 115, 129, and 157 mmHg. SBP of 130 mmHg was applied as the reference. Solid blue lines indicate hazard ratios, and shaded areas indicate 95% confidence

intervals. CI, confidence interval; HR, hazard ratio; SBP, systolic blood pressure.

clinical trials to evaluate the optimal SBP goals in HF patients
are warranted.

This study is the first to reveal a J-curve association between
SBP in a stable phase during hospitalization and 1-year HF
readmission in patients hospitalized for HF with the nadir SBP
around 130 mmHg. Some previous studies have examined the
association between discharge SBP and HF readmission, but
they did not evaluate whether the non-linear association existed
(14, 20). The association between SBP and HF readmission in
this study agreed with the results from a previous analysis by
Lee et al. which described a non-linear association between
on-treatment SBP and long-term HF readmission in a Korean
acute heart failure cohort, with the lowest risk at an SBP of
144 mmHg (19). In our study, among patients with SBP ≥

130 mmHg, more than three quarters had a medical history
of hypertension; and in those with SBP ≥ 150 mmHg, more
than 90% had hypertension. Persistent high SBP could increase

the left ventricular afterload and peripheral vascular resistance,
leading to a high possibility of the clinical deterioration (31). As a
result, it is possible that HF patients with higher SBP are more
likely to have readmission due to HF aggravation (19). More
investigations are needed to confirm the findings and further
elucidate the underlying mechanism.

This study should be considered in the context of limitations.
Although we performed multivariable analyses accounting for
extensive baseline characteristics, unmeasured and residual
confounders could exist, which is inevitable for the observational
studies. We had limited data on post-discharge SBP, and
SBP crossover during follow-up may attenuate between-group
differences in the outcomes. As this study was based on patients
hospitalized for HF, the results could not be generalizable to other
HF populations, especially ambulatory HF patients, because
the clinical characteristics of patients in these two settings
are different.
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FIGURE 3 | Restricted cubic spline curves for an association between systolic blood pressure and all-cause death in subgroups. SBP of 130 mmHg was applied as

the reference. ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CI, confidence interval; HR, hazard ratio; HF, heart failure;

HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction;

NT-proBNP, N-terminal pro-brain natriuretic peptide; SBP, systolic blood pressure.
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FIGURE 4 | Restricted cubic spline curves for an association between systolic blood pressure and HF readmission in subgroups. SBP of 130 mmHg was applied as

the reference. ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CI, confidence interval; HR, hazard ratio; HF, heart failure;

HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction;

NT-proBNP, N-terminal pro-brain natriuretic peptide; SBP, systolic blood pressure.
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In conclusion, among patients hospitalized for HF, lower SBP
in a stable phase during hospitalization portends an increased
risk of 1-year death, and a J-curve association has been observed
between SBP and 1-year HF readmission with the nadir SBP
around 130 mmHg. The associations remained consistent across
various subgroups of clinical importance. Our observation could
provide more evidence for future recommendations on BP
management among patients with HF.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because, the China PEACE 5p-HF Study is a national program,
and as the government policy stipulates, it is not permissible for
the researchers to make the raw data publicly available at this
time. Requests to access the datasets should be directed to JLi,
jing.li@fwoxford.org.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Central Ethics Committee at Fuwai Hospital
and Local Internal Ethics Committees at Study Hospitals. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

JLi, JLiu, and XH designed the study. XH, XB, and SH designed
the statistical methods and analyzed the data. XH drafted the
manuscript. LZ, BW, FM, AT, TY, and YL revised the manuscript

for important intellectual content. All the authors participated in
the interpretation of the data and approved the final version of
the manuscript.

FUNDING

This work was supported by the National Key Research and
Development Program (2018YFC1312400, 2018YFC1312401,
and 2018YFC1312404) from the Ministry of Science and
Technology of China, the CAMS Innovation Fund for Medical
Science (2021-1-I2M-009), and the National Key Technology
R&D Program (2015BAI12B02) from theMinistry of Science and
Technology of China.

ACKNOWLEDGMENTS

We appreciate the multiple contributions made by project
teams in the realms of study operation and data collection.
We also thank Harlan M. Krumholz from the Yale University,
Frederick A. Masoudi from the University of Colorado, John
A. Spertus from the University of Missouri, Xuyu Jin from
the University of Oxford, and Christiane E. Angermann from
the Universitätsklinikum Würzburg for their advice on study
design. We are grateful for the support provided by the
Chinese government.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2022.877293/full#supplementary-material

REFERENCES

1. Braunwald E. The war against heart failure: the lancet lecture. Lancet. (2015)

385:812–24. doi: 10.1016/S0140-6736(14)61889-4

2. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR,

Cheng S, et al. Heart disease and stroke statistics-2018 update: a report

from the American Heart Association. Circulation. (2018) 137:e67–e492.

doi: 10.1161/CIR.0000000000000558

3. Jones NR, Roalfe AK, Adoki I, Hobbs FDR, Taylor CJ. Survival of patients with

chronic heart failure in the community: a systematic review andmeta-analysis.

Eur J Heart Fail. (2019) 21:1306–25. doi: 10.1002/ejhf.1594

4. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J,

et al. Blood pressure lowering for prevention of cardiovascular disease and

death: a systematic review and meta-analysis. Lancet. (2016) 387:957–67.

doi: 10.1016/S0140-6736(15)01225-8

5. Zanchetti A, Thomopoulos C, Parati G. Randomized controlled trials of

blood pressure lowering in hypertension. Circ Res. (2015) 116:1058–73.

doi: 10.1161/CIRCRESAHA.116.303641

6. Group SR, Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM,

et al. A randomized trial of intensive versus standard blood-pressure control.

N Engl J Med. (2015) 373:2103–16. doi: 10.1056/NEJMoa1511939

7. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM,

et al. 2017 Acc/Aha/Hfsa focused update of the 2013 Accf/Aha guideline

for the management of heart failure: a report of the American College

of Cardiology/American Heart Association Task Force on clinical practice

guidelines and the Heart Failure Society of America. Circulation. (2017)

136:e137-61. doi: 10.1161/CIR.0000000000000509

8. Whelton PK, Carey RM, Aronow WS, Casey DE

Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017

Acc/Aha/Aapa/Abc/Acpm/Ags/Apha/Ash/Aspc/Nma/Pcna guideline for

the prevention, detection, evaluation, and management of high blood

pressure in adults: a report of the American College of Cardiology/American

Heart Association Task Force on clinical practice guidelines. J Am

Coll Cardiol. (2018) 71:e127–248. doi: 10.1161/HYP.00000000000

00076

9. Vidan MT, Bueno H, Wang Y, Schreiner G, Ross JS, Chen J, et al. The

relationship between systolic blood pressure on admission and mortality

in older patients with heart failure. Eur J Heart Fail. (2010) 12:148–55.

doi: 10.1093/eurjhf/hfp195

10. Rosman Y, Kopel E, Shlomai G, Goldenberg I, Grossman E. The association

between admission systolic blood pressure of heart failure patients with

preserved systolic function and mortality outcomes. Eur J Intern Med. (2015)

26:807–12. doi: 10.1016/j.ejim.2015.10.005

11. Huang X, Liu J, Hu S, Zhang L, Miao F, Tian A, et al. Systolic blood pressure at

admission and long-term clinical outcomes in patients hospitalized for heart

failure. ESC Heart Fail. (2021) 8:4007–17. doi: 10.1002/ehf2.13521

12. Ambrosy AP, Vaduganathan M, Mentz RJ, Greene SJ, Subacius H, Konstam

MA, et al. Clinical profile and prognostic value of low systolic blood

pressure in patients hospitalized for heart failure with reduced ejection

fraction: insights from the efficacy of vasopressin antagonism in heart failure:

outcome study with tolvaptan (everest) trial. Am Heart J. (2013) 165:216–25.

doi: 10.1016/j.ahj.2012.11.004

13. Tsimploulis A, Lam PH, Arundel C, Singh SN, Morgan CJ, Faselis C,

et al. Systolic blood pressure and outcomes in patients with heart failure

Frontiers in Cardiovascular Medicine | www.frontiersin.org 11 April 2022 | Volume 9 | Article 877293

mailto:jing.li@fwoxford.org
https://www.frontiersin.org/articles/10.3389/fcvm.2022.877293/full#supplementary-material
https://doi.org/10.1016/S0140-6736(14)61889-4
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1002/ejhf.1594
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1161/CIRCRESAHA.116.303641
https://doi.org/10.1056/NEJMoa1511939
https://doi.org/10.1161/CIR.0000000000000509
https://doi.org/10.1161/HYP.0000000000000076
https://doi.org/10.1093/eurjhf/hfp195
https://doi.org/10.1016/j.ejim.2015.10.005
https://doi.org/10.1002/ehf2.13521
https://doi.org/10.1016/j.ahj.2012.11.004
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Huang et al. Systolic Blood Pressure in Heart Failure

with preserved ejection fraction. J Am Med Assoc Cardiol. (2018) 3:288–97.

doi: 10.1001/jamacardio.2017.5365

14. Arundel C, Lam PH, Gill GS, Patel S, Panjrath G, Faselis C, et al. Systolic blood

pressure and outcomes in patients with heart failure with reduced ejection

fraction. J Am Coll Cardiol. (2019) 73:3054–63. doi: 10.1016/j.jacc.2019.04.022

15. Sato Y, Yoshihisa A, OikawaM, Nagai T, Yoshikawa T, Saito Y, et al. Relation of

systolic blood pressure on the following day with post-discharge mortality in

hospitalized heart failure patients with preserved ejection fraction. Int Heart

J. (2019) 60:876–85. doi: 10.1536/ihj.18-699

16. Yao YN, Zhang RC, An T, Zhang Q, Zhao XK, Zhang J. Different

prognostic association of systolic blood pressure at different time

points with postdischarge events in patients hospitalized for

decompensated heart failure. J Geriatr Cardiol. (2019) 16:676–88.

doi: 10.11909/j.issn.1671-5411.2019.09.009

17. Lip GY, Skjoth F, Overvad K, Rasmussen LH, Larsen TB. Blood pressure

and prognosis in patients with incident heart failure: the diet, cancer

and health (Dch) cohort study. Clin Res Cardiol. (2015) 104:1088–96.

doi: 10.1007/s00392-015-0878-4

18. Nunez J, Nunez E, FonarowGC, Sanchis J, Bodi V, Bertomeu-Gonzalez V, et al.

Differential prognostic effect of systolic blood pressure onmortality according

to left-ventricular function in patients with acute heart failure. Eur J Heart Fail.

(2010) 12:38–44. doi: 10.1093/eurjhf/hfp176

19. Lee SE, Lee HY, Cho HJ, Choe WS, Kim H, Choi JO, et al. Reverse J-

curve relationship between on-treatment blood pressure and mortality in

patients with heart failure. J Am Coll Cardiol Heart Fail. (2017) 5:810–9.

doi: 10.1016/j.jchf.2017.08.015

20. Faselis C, Lam PH, Zile MR, Bhyan P, Tsimploulis A, Arundel C, et al. Systolic

blood pressure and outcomes in older patients with Hfpef and hypertension.

Am J Med. (2021) 134:e252–e63. doi: 10.1016/j.amjmed.2020.08.030

21. Huang X, Yu Y, Li X, Masoudi FA, Spertus JA, Yan X, et al. The

China patient-centred evaluative assessment of cardiac events (peace)

prospective heart failure study design. BMJ Open. (2019) 9:e025144.

doi: 10.1136/bmjopen-2018-025144

22. Park SY, Freedman ND, Haiman CA, Le Marchand L, Wilkens LR, Setiawan

VW. Association of coffee consumption with total and cause-specific

mortality among nonwhite populations. Ann Intern Med. (2017) 167:228–35.

doi: 10.7326/M16-2472

23. Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival

data in the presence of competing risks. Circulation. (2016) 133:601–9.

doi: 10.1161/CIRCULATIONAHA.115.017719

24. Lau B, Cole SR, Gange SJ. Competing risk regressionmodels for epidemiologic

data. Am J Epidemiol. (2009) 170:244–56. doi: 10.1093/aje/kwp107

25. Gheorghiade M, Vaduganathan M, Ambrosy A, BöhmM, Campia U, Cleland

JG, et al. Current management and future directions for the treatment of

patients hospitalized for heart failure with low blood pressure.Heart Fail Rev.

(2013) 18:107–22. doi: 10.1007/s10741-012-9315-1

26. Cohn JN. Blood pressure and the therapy of advanced heart failure. J Am Coll

Cardiol. (2004) 43:1430–1. doi: 10.1016/j.jacc.2004.01.019

27. Messerli FH, Panjrath GS. The J-curve between blood pressure

and coronary artery disease or essential hypertension. J Am

Coll Cardiol. (2009) 54:1827–34. doi: 10.1016/j.jacc.2009.

05.073

28. Bohm M, Ewen S. Blood pressure risk associations in heart failure: true

effects or inverse causality? J Am Coll Cardiol Heart Fail. (2017) 5:820–2.

doi: 10.1016/j.jchf.2017.09.010

29. Böhm M, Young R, Jhund PS, Solomon SD, Gong J, Lefkowitz MP, et al.

Systolic blood pressure, cardiovascular outcomes and efficacy and safety

of sacubitril/valsartan (LCZ696) in patients with chronic heart failure and

reduced ejection fraction: results from PARADIGM-HF. Eur Heart J. (2017)

38:1132–43. doi: 10.1093/eurheartj/ehw570

30. Oh GC, Cho H-J. Blood pressure and heart failure. Clin Hypertens. (2020)

26:132. doi: 10.1186/s40885-019-0132-x

31. Sax DR,Mark DG, Hsia RY, Tan TC, Tabada GH, Go AS. Short-term outcomes

and factors associated with adverse events among adults discharged from the

emergency department after treatment for acute heart failure. Circ Heart Fail.

(2017) 10:e004144. doi: 10.1161/CIRCHEARTFAILURE.117.004144

Conflict of Interest: JLi reported receiving research grants, through Fuwai

Hospital, from the Chinese government and Chinese Academy of Medical

Sciences for work to improve the management of hypertension and blood lipids

and to improve patient outcomes of cardiovascular disease and COVID-19;

receiving research agreements, through the National Center for Cardiovascular

Diseases and Fuwai Hospital, from Amgen for a multicenter clinical trial assessing

the efficacy and safety of omecamtiv mecarbil and for dyslipidemic patient

registration; receiving a research agreement, through the Fuwai Hospital, from

Sanofi for a multicenter clinical trial on the effects of sotagliflozin; receiving a

research agreement, through the Fuwai Hospital, with the University of Oxford

for a multicenter clinical trial of empagliflozin; receiving a research agreement,

through the National Center for Cardiovascular Diseases, from AstraZeneca for

clinical research methods training outside the submitted work; and receiving a

research agreement, through the National Center for Cardiovascular Diseases,

from Lilly for physician training outside the submitted work.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Huang, Liu, Zhang, Wang, Bai, Hu, Miao, Tian, Yang, Li and Li.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 12 April 2022 | Volume 9 | Article 877293

https://doi.org/10.1001/jamacardio.2017.5365
https://doi.org/10.1016/j.jacc.2019.04.022
https://doi.org/10.1536/ihj.18-699
https://doi.org/10.11909/j.issn.1671-5411.2019.09.009
https://doi.org/10.1007/s00392-015-0878-4
https://doi.org/10.1093/eurjhf/hfp176
https://doi.org/10.1016/j.jchf.2017.08.015
https://doi.org/10.1016/j.amjmed.2020.08.030
https://doi.org/10.1136/bmjopen-2018-025144
https://doi.org/10.7326/M16-2472
https://doi.org/10.1161/CIRCULATIONAHA.115.017719
https://doi.org/10.1093/aje/kwp107
https://doi.org/10.1007/s10741-012-9315-1
https://doi.org/10.1016/j.jacc.2004.01.019
https://doi.org/10.1016/j.jacc.2009.05.073
https://doi.org/10.1016/j.jchf.2017.09.010
https://doi.org/10.1093/eurheartj/ehw570
https://doi.org/10.1186/s40885-019-0132-x
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004144
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

