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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% Cl: 1.32-2.20). Patients with SBP < 110 mmHg (HR
1.36; 95% Cl: 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 130 mmHg. 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 cutoft (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, p-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 HE, 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, LVEE HF type, hypertension, and coronary heart disease; the
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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. Cl, 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). Asa
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 HE, 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. ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; Cl, 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. ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; Cl, 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 HE 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.
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