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Abstract

Aims The study sought to investigate the association between admission systolic blood pressure (SBP) and 1-year clinical
outcomes in patients hospitalized for heart failure (HF) and in subgroups.

Methods This study was based on the China Patient-centred Evaluative Assessment of Cardiac Events Prospective Heart Fail-
ure Study, which prospectively enrolled patients hospitalized for HF in 52 hospitals from 20 provinces in China between August
2016 and May 2018. Patients were divided into four groups according to the quartiles of SBP at admission. The multivariable
Cox proportional hazards regression models were fitted to examine the association between admission SBP and all-cause
death and HF readmission within 1 year after the index hospitalization. Restricted cubic splines were used to explore the
non-linear association between SBP and the clinical outcomes.

Results Among 4896 patients, those with lower admission SBP were younger, more likely to be male, have left ventricular
ejection fraction <40%, and receive B-blockers, aldosterone antagonists, and diuretics. After adjustment for potential con-
founders, lower admission SBP was significantly associated with higher all-cause death and there is no threshold, while we
only observed such an association with HF readmission when admission SBP was lower than 120 mmHg. Compared with
the 4th SBP quartile, patients in the 1st SBP quartile had higher risk of all-cause death (hazard ratio, 1.85; 95% confidence in-
terval 1.48-2.33; P < 0.001) and HF readmission (hazard ratio, 1.40; 95% confidence interval 1.19-1.65, P < 0.001). These as-
sociations were consistent in most subgroups, such as age, sex, and left ventricular ejection fraction.

Conclusions In patients hospitalized for HF, lower admission SBP portends an increased risk of 1 year all-cause death and HF
readmission, and these associations were consistent among subgroups.
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Introduction

Heart failure (HF) is a global major public health problem due
to its high prevalence and poor prognosis.® Approximately
64.3 million people suffer from HF globally, and the preva-
lence is increasing with extended longevity, high prevalence
of risk factors, and improved survival in those with cardiovas-
cular disease.*™ High blood pressure is associated with an in-
creased risk of the development of HF,*® and about 50% of

patients admitted to hospital for HF have elevated systolic
blood pressure (SBP).”® Patients hospitalized for HF are at
high risk for all-cause death and HF readmission.®° It is im-
portant to understand the association between SBP at admis-
sion and long-term outcomes of HF patients.

Previous studies demonstrated that acute HF patients
with lower admission SBP had higher risk of short-term
death®¥13; however, inconsistent results have been found
in the association between admission SBP and long-term
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death, particularly whether the continuous relationship be-
tween lower admission SBP and higher mortality exists with-
out upper threshold.®#*372 Despite the high frequency of HF
readmission, little is known about the association between
admission SBP and HF readmission during the first year after
the index hospitalization.***” Besides, patients with HF is a
heterogeneous population and some studies indicated dis-
crepancy in the association between admission SBP and prog-
nosis among important subgroups [e.g. left ventricular
ejection fraction (LVEF), diabetes, and age], which requires
further investigation.®4%”

To address this issue, we examined the association be-
tween admission SBP and 1 year clinical outcomes in a large
prospective multicentre cohort of patients hospitalized for
HF, and the associations in important subgroups as well.

Methods
Study design and population

We established a nationwide prospective cohort of acute HF,
the China Patient-centered Evaluative Assessment of Cardiac
Events Prospective Heart Failure Study (China PEACE 5p-HF
Study), from 52 hospitals located in 20 provinces, covering
all economic-geographic regions in China; the study design
has been published before.'® Patients were eligible if they
were aged 18 years or older, local residents, and hospitalized
primarily for new-onset HF or decompensation of chronic HF.
Between August 2016 and May 2018, we consecutively
screened eligible patients and enrolled them if they signed in-
formed consent to participate the study within 48 h of admis-
sion. We interviewed enrolled patients to collect data during
the index hospitalization and at 1 month, 6 months, and
1 year after discharge.

The China PEACE 5p-HF study was approved by the ethics
committees of Fuwai Hospital and all collaborating hospitals.
The study protocol was registered on ClinicalTrials.gov
(number: NCT02878811).

Data collection

We collected information on demographic characteristics,
socio-economic characteristics, smoking status, and self-
reported health status using a standardized questionnaire
through face-to-face interview by trained local clinicians dur-
ing index hospitalization. Data were directly entered into lap-
top computers equipped with a customized electronic data
collection system to allow real-time off-line logic checks to
verify the accuracy and completeness of entered data. We
obtained clinical status, comorbidities, and medications
through central medical record abstraction. LVEF was mea-
sured during hospitalization by trained clinicians according

to the standard echocardiogram protocol. Laboratory test of
serum creatinine, HbA,., low-density lipoprotein cholesterol,
and N-terminal pro-brain natriuretic peptide (NT-proBNP)
were based on central laboratory tests (i.e. tests of blood
and urine samples taken within 48 h of admission) or local
laboratory tests at admission if central laboratory tests were
unavailable (missing rate <7%); haemoglobin was based on
local admission laboratory test results.

If patients had HF for some time and chronic stable HF de-
terioration led to the admission, they were considered as de-
compensation of chronic HF; others were considered as
new-onset HF. Coronary heart disease, hypertension, diabe-
tes, chronic obstructive pulmonary disease, valvular heart dis-
ease, stroke, atrial fibrillation, reduced renal function, and
anaemia were defined according to medical history, discharge
diagnosis, or positive laboratory test results. The diagnosis
criteria of laboratory tests of anaemia (haemoglobin
<120 g/L in men or <110 g/L in women), reduced renal func-
tion (estimated glomerular filtration rate <60 mL/min/
1.73 m?), and diabetes (HbA;. > 6.5%) were defined.
Self-reported health status was evaluated during index hospi-
talization by the summary score of the short version of the
Kansas City Cardiomyopathy Questionnaire, with scores rang-
ing from 0 to 100 (lower score indicating poorer health
status).

Outcomes

Two clinical outcomes were evaluated: all-cause death and
HF readmission within 1 year after the index hospitalization.
We collected information on clinical outcomes through
follow-up interviews and searching the national death cause
database in China. Potential outcome events were centrally
adjudicated based on medical records by trained clinicians
at the national coordinating centre.

Statistical analysis

Patient characteristics were described using mean * standard
deviation, median (interquartile range), or frequency (per-
centage) as appropriate. Patients were categorized into quar-
tiles by admission SBP (<117, 117-130, 131-148, and
>148 mmHg). We evaluated the differences in baseline char-
acteristics of patients among the SBP groups using the
one-way analysis of variance for normal distributed continu-
ous variables, the Kruskal-Wallis test for skewed distributed
continuous variables, and the chi-square test for categorical
variables.

Kaplan—Meier survival analysis was used to compare cu-
mulative risk of outcomes. Differences in outcomes across
SBP groups were evaluated using the log-rank test. The asso-
ciations between SBP and outcomes were estimated with Cox
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proportional hazards regression models, adjusting demo-
graphic characteristics (age and sex), socio-economic status
(marital status and education level), clinical characteristics
at admission (body mass index, heart rate, New York Heart
Association functional class, LVEF, and HF type), current
smoking, comorbidities (coronary heart disease, hyperten-
sion, diabetes, chronic obstructive pulmonary disease, valvu-
lar heart disease, stroke, atrial fibrillation, reduced renal
function, and anaemia), laboratory test results at admission
(low-density lipoprotein cholesterol, NT-proBNP), medica-
tions before admission [angiotensin-converting enzyme in-
hibitors (ACEls), angiotensin receptor blockers (ARBs),
B-blockers, aldosterone antagonists, and diuretics], medica-
tions during hospitalization (ACEls, ARBs, B-blockers, aldoste-
rone antagonists, diuretics, digoxin, and nitrates), and Kansas
City Cardiomyopathy Questionnaire sum score. Restricted cu-
bic splines were used to explore the non-linear association
between SBP and the clinical outcomes. Four knots were
placed at the 5th, 35th, 65th, and 95th percentiles (at 97,
121, 140, and 180 mmHg, respectively).

We conducted subgroup analyses to assess the homogene-
ity of the association between SBP and outcomes in clinical im-
portant subgroups, including sex (male or female), age (<65 or
>65 years), LVEF (<40%, 40-49%, or >50%), HF type (new-on-
set HF or decompensation of chronic HF), NT-proBNP (<me-
dian or >median), diabetes (yes or no), atrial fibrillation (yes
or no), coronary heart disease (yes or no), valvular heart dis-
ease (yes or no), prescriptions of ACEls/ARBs (yes or no),
B-blockers (yes or no), and aldosterone antagonists (yes or no).

Variables with missing values (e.g. NT-proBNP and Kansas
City Cardiomyopathy Questionnaire score) were imputed
using the multiple imputation method with 20 imputations,
and the final imputed value was the average of the 20 impu-
tations. NT-proBNP had the highest missing rates (112, 2.3%).

All analyses were performed with SAS (9.4, SAS institute,
Cary, North Carolina, USA). All the tests of significance were
two sided, and an alpha level of less than 0.05 indicated sta-
tistical significance for all analysis.

Results
Baseline characteristics

In this study, we excluded patients without admission SBP
(n = 2) or patients discharged alive but not attending follow
up interview (n = 9), and a total of 4896 patients were in-
cluded in the current study (Figure 1). The mean age of pa-
tients was 65.2 + 13.5 years, 37.6% were female, and 70.7%
were decompensated chronic HF. Compared with patients
with higher admission SBP, those with lower admission SBP
were younger, more likely to be male, LVEF <40%, and have
lower creatinine; while they were less likely to be new-onset
HF, and have history of coronary heart disease, hypertension,
diabetes, reduced renal function, and stroke. Prescriptions of
B-blockers, aldosterone antagonists, diuretics, and digoxin
during hospitalization were more often observed in the lower
SBP quartiles, whereas ACEIs/ARBs and nitrates were less
prescribed (Table 1).

Admission systolic blood pressure and clinical
outcomes

Within 1 year after the index hospitalization, 856 (17.5%) pa-
tients died and 1560 (31.9%) had HF readmission. Cumulative
risks for 1 year all-cause death and HF readmission by SBP
groups were shown in Figure 2. Of patients with SBP in the

Figure 1 Flowchart of patient selection. HF, heart failure; SBP, systolic blood pressure.
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Figure 2 Kaplan—Meier plots for all-cause death (A) and heart failure readmission (B) by systolic blood pressure quartiles. This study assessed the as-
sociation of admission systolic blood pressure with outcomes in patients hospitalized with heart failure. Patients were categorized into quartiles by
admission systolic blood pressure (<117, 117-130, 131-148, >148 mmHg) for analysis. During 1 year follow up, patients in the 1st systolic blood pres-
sure quartile had higher event rates of all-cause death and heart failure readmission than those in other systolic blood pressure quartiles.
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Table 2 Unadjusted and adjusted risk for outcomes according to systolic blood pressure quartiles

All-cause death

Heart failure readmission

Hazard ratio (95% Cl) p value Hazard ratio (95% Cl) p value
Unadjusted
<117 mmHg 1.99 (1.64-2.41) <0.001 1.61 (1.40-1.85) <0.001
117-130 mmHg 1.41 (1.14-1.75) 0.001 1.16 (0.99-1.35) 0.062
131-148 mmHg 1.27 (1.03-1.55) 0.022 1.10 (0.95-1.27) 0.188
>148 mmHg 1.00 1.00
Adjusted for demographic, socio-economic, clinical characteristics, treatment, and self-reported health status
<117 mmHg 1.85(1.48-2.33) <0.001 1.40 (1.19-1.65) <0.001
117-130 mmHg 1.50 (1.19-1.89) <0.001 1.09 (0.92-1.29) 0.303
131-148 mmHg 1.30 (1.05-1.60) 0.015 1.04 (0.89-1.20) 0.641
>148 mmHg 1.00 1.00

Abbreviations: Cl, confidence interval.

1st quartile (SBP < 117 mmHg), 293 (23.8%) died compared
with 161 (12.9%) of those with SBP in the 4th quartile
(SBP > 148 mmHg) (P < 0.001). There were 474 (38.4%) pa-
tients in the 1st SBP quartile having HF readmission com-
pared with 355 (28.4%) patients in the 4th SBP quartile
(P < 0.001).

After adjusting covariates, the associations between SBP
and 1-year clinical outcomes were slightly attenuated but
still significant (Table 2). Compared with the 4th SBP quar-
tile, the adjusted hazard ratios (HR) for all-cause death
were 1.85 [95% confidence interval (Cl) 1.48-2.33;
P < 0.001] for the 1st SBP quartile, 1.50 (95% CI 1.19-
1.89; P < 0.001) for the 2nd SBP quartile (SBP of 117-
130 mmHg), and 1.30 (95% Cl 1.05-1.60; P = 0.015) for

the 3rd SBP quartile (SBP of 131-148 mmHg). For HF read-
mission, patients in the 1st admission SBP quartile were
more likely to be readmitted for HF than those in the 4th
SBP quartile (adjusted HR, 1.40; 95% Cl: 1.19-1.65;
P < 0.001), and the 2nd and 3rd quartiles had no signifi-
cant difference in the risk of HF readmission.

Restricted cubic splines for the association between SBP
and outcomes were shown in Figure 3. Lower admission
SBP was associated with significantly higher all-cause death,
and this association persisted even at rather high SBP levels.
The risk of HF readmission was higher in patients with a
lower SBP; however, above a SBP of approximately
120 mmHg, the relationship between SBP and HF readmis-
sion got flattened and was not significant.
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Figure 3 Restricted spline curve for association between admission systolic blood pressure and all-cause death (A) and heart failure readmission (B).
Hazard ratios and 95% confidence intervals for two outcomes by admission systolic blood pressure level in 4896 patients hospitalized with heart failure
according to restricted cubic spline regression models using four knots at systolic blood pressures of 97, 121, 140, and 180 mmHg. Solid black lines

indicate hazard ratios, and shaded areas indicate 95% confidence intervals.
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Admission systolic blood pressure and clinical
outcomes in subgroups

The association between SBP and all-cause death was consis-
tent across various clinically relevant subgroups of patients,
such as age, sex, and LVEF type; although there is an interac-
tion between prescription of aldosterone antagonists and
SBP, the directions of the associations in the subgroups were
the same (Figure 4A). The association between SBP and HF re-
admission was also consistent across subgroups, except those
with diabetes; but the directions were the same (Figure 4B).

Discussion

This study demonstrates an independent association be-
tween lower admission SBP and higher risk of 1 -year all-
cause death in patients hospitalized for the entire spectrum
of HF, and there is no threshold; while we only observed such
an association with 1 -year HF readmission when admission
SBP was lower than 120 mmHg. These associations were con-
sistent across subgroups such as age, sex, LVEF, HF type, and
coronary heart disease, and the consistency was not affected
by the use of important medications for HF, which have
blood pressure-lowering effect, such as ACEIs/ARBs and
B-blockers. Our findings could help physicians to stratify the
risk of patients hospitalized for HF very early and improve
their management of HF patients.

We demonstrate a continuous relationship between lower
admission SBP and higher 1 -year death without upper
threshold in the whole HF cohort and various subgroups. This

finding is consistent with that in old HF patients, HF patients
with reduced ejection fraction, and a Gulf cohort of HF.&*%°
Previous studies reported heterogeneous results among sub-
groups. Barsheshet et al. found that among the elderly, the
association between SBP and death was inverse linear; in
contrast, in patients younger than 75 years, there was a J
shape curve.'® Nufiez et al. demonstrated that in HF patients
with reduced ejection fraction, SBP has an inverse linear rela-
tionship with death, while in HF patients with preserved ejec-
tion fraction, the relationship showed a J shape curve.’® The
inconsistency may be related to different study populations,
sample sizes, and confounders. In this study, we collected
comprehensive information on potential confounders in a
large cohort. Besides demographic and clinical characteris-
tics, we also adjusted socio-economic status and
self-reported health status and the association between low
SBP and high risks of 1 -year death persisted without upper
threshold. Our findings indicate that SBP measurement at ad-
mission for HF patients can help to identify the patients at
high risk of 1 year death at a very early time, and to provide
intensive care to HF patients with low admission SBP may im-
prove their long-term survival.

This study for the first time shows that lower admission
SBP is only associated with increased HF readmission in the
range of 117 mmHg and below. HF readmission very fre-
quently occurred after a hospitalization for HF*”%; patients
with admission SBP below 120 mmHg should be particularly
given more attention and more aggressive care to reduce
their risk of HF readmission. The association between admis-
sion SBP and HF readmission is similar to, but weaker than,
that between admission SBP and all-cause death. Compared
with the 4th SBP quartile, the 2nd and 3rd quartiles show
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Figure 4 Forest plots for subgroup analyses of all-cause death (A) and heart failure readmission (B) by systolic blood pressure quartiles. Forest plots
displaying hazard ratios and 95% confidence intervals for all-cause death and heart failure readmission in subgroups of patients hospitalized with heart
failure by the 1st systolic blood pressure quartile vs. 4th systolic blood pressure quartile. Abbreviation: ACEls, angiotensin-converting enzyme inhibi-
tors; ARBs, angiotensin Il receptor blockers; HF, heart failure; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic

peptide.
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weak but not significant tendencies towards higher risk of HF
readmission. There are two possible explanations for the
weak and non-significant associations. First, a more modest
relative risk of HF readmission may be due to the substantial
competing risk of death, that is, patients in lower SBP quar-
tiles may have less opportunity to be readmitted because of
increased mortality.?* Second, apart from disease severity,
other factors (e.g. medical resource accessibility and avail-
ability) could influence the occurrence of HF readmission.%
We noted that there was a significant interaction between
admission SBP and diabetes for HF readmission and no signif-
icant association was found between SBP and HF readmission
in diabetic patients. These findings may be explained by high
rates of HF readmission across all admission SBP quartiles in
diabetic patients and the little extra risk added by decreased
SBP (Table SI).

The association between admission SBP and clinical out-
comes remained after adjustment for potential confounders
(including demographic and clinical characteristics of pa-
tients, proved beneficial medications for HF patients with
reduced ejection fraction, socio-economic status, and
self-reported health status), although we are uncertain
whether the association is causality. Some people argued
that patients with lower SBP tend to be older and weaker.?
However, in this study, old age could not explain the worse
prognosis because patients with lower admission SBP were
even younger. Although LVEF was lower in patients with
lower SBP levels, indicating a worse systolic function,?*%*
the association between admission SBP and death
remained significant after adjustment for LVEF. The differ-
ences in comorbidities may explain the results,** which is
however unlikely because patients with higher SBP also
have high proportion of comorbidities; even after adjust-
ment for these comorbidities, the associations persisted.
In terms of medications, some people stated that physi-
cians may be reluctant to use ACEIs/ARBs or B-blockers in
HF patients with lower SBP and tend to treat those with
higher SBP more aggressively®®; however, this study found
that even in the lowest SBP quartile, most patients used
these medications during hospitalization.

The results should be interpreted in the context of limita-
tions. First, patients with different admission SBP may receive
different medications during follow up, but we did not collect
comprehensive data about the follow-up medications, which
could be confounders. Second, although we minimized the
risk of confounding by a thorough multivariate adjustment,
other unknown confounders could have been missed, which
is inevitable for observational studies.

In conclusion, lower admission SBP was significantly associ-
ated with higher risk of all-cause death and there is no
threshold, while such an association with HF readmission
was only observed when admission SBP was lower than
120 mmHg. These associations were consistent among vari-
ous clinically important subgroups. These findings can

improve risk stratification at very early stage and facilitate
more effective management strategies for patients hospital-
ized for HF.
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