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ABSTRACT

Objectives To examine the association of a high C-
reactive protein (CRP) level at discharge from an acute
decompensated heart failure (ADHF) hospitalisation with
the 1-year clinical outcomes.

Design A post-hoc subanalysis of a prospective cohort
study of patients hospitalised for ADHF (using the Kyoto
Congestive Heart Failure (KCHF) registry) between October
2014 and March 2016 with a 1-year follow-up.

Setting A physician-initiated multicentre registry
enrolled consecutive hospitalised patients with ADHF for
the first time at 19 secondary and tertiary hospitals in
Japan.

Participants Among the 4056 patients enrolled in the
KCHF registry, the present study population consisted

of 2618 patients with an available CRP value both on
admission and at discharge and post-discharge clinical
follow-up data. We divided the patients into two groups,
those with a high CRP level (>10mg/L) and those with

a low CRP level (<10 mg/L) at discharge from the index
hospitalisation.

Primary and secondary outcome measures The
primary outcome measure was all-cause death after
discharge from the index hospitalisation. The secondary
outcome measures were heart failure hospitalisations,
cardiovascular death and non-cardiovascular death.
Results The high CRP group and low CRP group included
622 patients (24%) and 1996 patients (76%), respectively.
During a median follow-up period of 468 days, the
cumulative 1-year incidence of the primary outcome was
significantly higher in the high CRP group than low CRP
group (24.1% vs 13.9%, log-rank p<0.001). Even after

a multivariable analysis, the excess mortality risk in the
high CRP group relative to the low CRP group remained
significant (HR, 1.43; 95%Cl, 1.19 to 1.71; p<0.001). The
excess mortality risk was consistent regardless of the
clinically relevant subgroup factors.

Strengths and limitations of this study

» This study was a large-scale, contemporary, multi-
centre, observational study clarifying the association
of a high C-reactive protein (CRP) level at discharge
from an acute decompensated heart failure (ADHF)
hospitalisation with the 1-year clinical outcomes.

» The data for this study were prospectively collected
from consecutive patients who were hospitalised
due to ADHF in the real-world clinical practice in
Japan.

» This study examined whether a high CRP level
(>10mg/L) at discharge from an ADHF hospitalisa-
tion was associated with an excess mortality risk at
1year.

» We could not fully address the effects of chronic in-
flammatory diseases such as autoimmune disease
and malignancy on the clinical outcomes.

Conclusions A high CRP level (>10mg/L) at discharge
from an ADHF hospitalisation was associated with an
excess mortality risk at 1year.

Trial registration details https:/clinicaltrials.gov/ct2/
show/NCT02334891 (NCT02334891) https://upload.
umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=
R000017241 (UMIN000015238).

INTRODUCTION

The post-discharge mortality in patients with
acute decompensated heart failure (ADHF)
remains high and have not significantly
improved over the past decade.' The previous
studies reported that the cumulative l-year
incidence of all-cause death in hospitalised
patients with ADHF was approximately 20%,
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which was substantially higher than that in patients with
chronic heart failure who remained free from ADHF
hospitalisations.” > Thus, identification of patients with
a high mortality risk is clinically relevant in hospitalised
patients with ADHF.

The Creactive protein (CRP) is a product of the liver
regulated by cytokines, principally interleukin 6 (IL-6)
and tumour necrosis factor-oo (TNF-o) and activates the
classical complement pathway and opsonises phagocytic
ligands.*® The CRP has been established as a prognostic
predictor of adverse events in patients with chronic
heart failure,”® but has not been adequately established
in patients with ADHF. Some previous studies have
shown that high CRP levels on admission due to ADHF
are associated with a high mortality after discharge;’™"
however, those results were affected by acute inflamma-
tory responses such as a concomitant infection and acute
coronary syndrome (ACS). On the other hand, the CRP
level at discharge from an ADHF hospitalisation might
reflect a chronic inflammatory response and could be
a more relevant prognostic predictor in hospitalised
patients with ADHF. Thus, we aimed to examine the asso-
ciation of a high CRP level at discharge from an ADHF
hospitalisation with the l-year clinical outcomes using
a large contemporary all-comer study of patients with
ADHF hospitalisations in Japan.

METHODS

Study design, setting and population

The KCHF (Kyoto Congestive Heart Failure) registry was
a physician-initiated, prospective, observational, multi-
centre cohort study enrolling consecutive patients who
were hospitalised due to ADHF for the first time between
October 2014 and March 2016, including patients with
previous heart failure hospitalisations before October
2014. The participating centres were 19 secondary and
tertiary hospitals, including rural and urban, as well as
large and small institutions, in Japan. The design and
patient enrolment in the KCHF registry were previously
reported in detail.'* ** Briefly, we enrolled consecutive
patients with ADHF as defined by the modified Fram-
ingham criteria, who were admitted to the participating
hospitals and underwent heart failure-specific treat-
ment requiring intravenous drugs within 24hours after
presenting to the hospitals. One-year clinical follow-up
data were collected in October 2017. The attending physi-
cians or research assistants at each participating hospital
collected the clinical event data, including deaths and
heart failure hospitalisations, during the follow-up from
the hospital medical records or patients, their relatives
or their referring physicians by phone and/or mailed
questions.

Among the 4056 patients enrolled in the KCHF registry,
271 died during the index hospitalisation (figure 1). We
excluded patients without data after the index hospitalisa-
tion (n=57), patients with missing CRP values on admis-
sion and/or at discharge (n=413), and those with a fever

’ 4056 patients enrolled in the KCHF registry from October 2014 to March 2016 ‘

—){ 271 patients died during the index hospitalisation ‘

1007 patients were excluded

57 had no follow-up data after the index hospitalisation
413 had missing CRP values on admission and/or at discharge

210 with fever (body temperature 237.5 degree Celsius)
173 with ACS on admission
304 with events of infection during the index hospitalisation

10 with events of ACS during the index hospitalisation

‘ Current Study Population: 2618 patients

[
High CRP group: 622 patients
(CRP >10 mg/L at discharge)

Low CRP group: 1996 patients
(CRP =10 mg/L at discharge)

Figure 1 Study flowchart. ACS, acute coronary syndrome;
CRP, C-reactive protein; KCHF, Kyoto Congestive Heart
Failure.

(n=210), ACS (n=173), infectious events during the index
hospitalisation (n=304) and ACS events during the index
hospitalisation (n=10). Finally, the present study popula-
tion consisted of 2618 patients, including 1658 patients
(63%) with first-ever heart failure hospitalisations, with an
available CRP value both on admission and at discharge
and post-discharge clinical follow-up data. According to
the previously reported cut-off Values,9 " we divided the
patients into two groups, those with a high CRP level
(>10mg/L) and those with a low CRP level (<10mg/L)
at discharge from the index hospitalisation (figure 1).

Ethics

The investigation conformed to the principles outlined
in the Declaration of Helsinki. The study protocol was
approved by the ethical committees at Kyoto University
Hospital (local identifier: E2311) and at each partici-
pating hospital (online supplemental eAppendix 1). A
waiver of written informed consent from each patient
was approved, because it met the conditions included
in the Japanese Ethical Guidelines for Epidemiological
Studies.'* " No patients refused to participate in the study
when contacted for follow-up.

Patient and public involvement

This research was done without patient involvement.
Patients were not invited to comment on the study design
and were not consulted to develop patientrelevant
outcomes or to interpret the results. Patients were not
invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

Definitions

The CRP values were measured on admission and at
discharge in each hospital using a normal-sensitivity or
high-sensitivity assay. The CRP measurement in each
hospital was standardised by the common reference
interval developed by the Committee on Common Refer-
ence Intervals of the Japan Society of Clinical Chemistry."”
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Fever was defined as a body temperature of >37.5 degree
Celsius. Infection included viral infections, bacterial
pneumonia, urinary tract infections, biliary tract infec-
tions, sepsis, unknown foci of the infections and other
infections (online supplemental eTable 1). Heart failure
was classified according to the baseline left ventricular
ejection fraction (LVEF) as that with a reduced LVEF
(<40%) or preserved LVEF (240%). Anaemia was diag-
nosed if the value of the haemoglobin was <13g/dL for
men and <12g/dL for women. The detailed definitions
of the other patient characteristics are described in
online supplemental eAppendix 2. The missing values
are presented in online supplemental eTable 2.

The primary outcome measure in the present study
was all-cause death after discharge from the index hospi-
talisation. Other outcome measures included heart
failure hospitalisations, cardiovascular death and non-
cardiovascular death. The causes of death were classified
according to the VARC (Valve Academic Research Consor-
tium) definitions,'® and were adjudicated by a clinical
event committee.'? 7 Death was regarded as cardiovas-
cular in origin unless obvious non-cardiovascular causes
could be identified. Cardiovascular death included death
related to heart failure, acute myocardial infarctions, fatal
ventricular arrhythmias, sudden cardiac death (SCD),
other cardiac death, strokes, intracranial haemorrhages
and other vascular death.'” SCD was defined as unex-
plained death of a previously stable patient, including
fatal ventricular arrhythmias and cardiac arrest. Non-
cardiovascular death included malignancy, infections,
renal failure, liver failure, respiratory failure, bleeding
and other causes.'” Heart failure hospitalisations were
due to worsening heart failure, requiring intravenous
drug therapy.'?

Statistical analysis

Categorical variables are expressed as numbers and percent-
ages, and continuous variables are expressed as the mean
with the SD or median with the IQR based on their distri-
bution. As for the patient characteristics, the categorical
variables were compared using the ” test when appropriate;
otherwise, the Fisher’s exact test was used. Continuous vari-
ables were compared using the Student’s t-test or Wilcoxon
rank-sum test based on their distribution. The baseline char-
acteristics and clinical outcomes including all-cause death,
heart failure hospitalisations, cardiovascular death and non-
cardiovascular death were compared between the high CRP
and low CRP groups at discharge. We regarded the date of
discharge as time zero for the clinical follow-up. The l-year
clinical follow-up was regarded as completed with an allow-
ance of I month. Cumulative incidences were estimated by the
Kaplan-Meier method and differences were assessed with the
log-rank test. We constructed multivariable Cox proportional
hazard models to estimate the risk of the high CRP group
relative to the low CRP group, with the results expressed as
the HRs and 95% CIs. We included the following 25 clinically
relevant risk-adjusting variables into the model: demograph-
ical variables (age 280 years, sex and body mass index (BMI)

<22kg/m®), variables related to heart failure (previous heart
failure hospitalisaion and LVEF <40% by echocardiog-
raphy), variables related to comorbidities (atrial fibrillation
or flutter, hypertension, diabetes mellitus, previous myocar-
dial infarction, previous stroke, current smoking and chronic
lung disease), living status (living alone and ambulatory), vital
signs at presentation (systolic blood pressure <90mm Hg and
heart rate <60bpm), laboratory tests on admission (estimated
glomerular filtration rate (eGFR) <30mL/min/1.73 m2,
albumin <3.0g/dL, sodium <135mEq/L and anaemia) and
medications at discharge (ACE inhibitors (ACEIs) or angio-
tensin I receptor blockers (ARBs), B-blockers, loop diuretics
and tolvaptan) consistent with the previous reports,* and
history of malignancy as an additional variable into the model,
as indicated in table 1. The continuous variables were dichot-
omised by clinically meaningful reference values or median
values. To account for the competing risk of all-cause death,
we used the Fine and Gray’s method to estimate the risk for
heart failure hospitalisations in the high CRP group relative
to the low CRP group. As sensitivity analyses, we constructed
three additional multivariable Cox proportional hazard
models. First, we set a lower cut-off value for the CRP, and
estimated the risk of the group with a CRP level >3mg/L rela-
tive to the group with a CRP level <3mg/L for the primary
outcome measure. Second, we excluded those patients with
very high CRP levels (>50mg/L) and estimated the risk of
the high CRP group (CRP >10mg/L) relative to the low CRP
group (CRP <10mg/L) for the primary outcome measure.
Finally, based on the quartile of the CRP levels at discharge,
we divided the entire cohort into four groups: Quartile 1
(£1.3mg/L), Quartile 2 (1.4 to 3.5mg/L), Quartile 3 (3.6
to 9.5mg/L) and Quartile 4 (=9.6mg/L). We compared the
clinical outcomes across the CRP quartiles, and estimated
the risk of Quartile 2, Quartile 3 and Quartile 4, relative to
Quartile 1 for the primary outcome measure. In the post-hoc
subgroup analysis, we evaluated the interaction between those
subgroup factors such as the age, coronary artery disease and
LVEF at baseline, and the risk of the high CRP group relative
to the low CRP group for the primary outcome measure in
the Cox models. All statistical analyses were performed with
EZR software (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) or JMP V.14.0.0 (SAS Institute Inc, Cary,
North Carolina, USA). Two tailed p values of <0.05 were
considered statistically significant.

Data sharing statement

All data relevant to the study are included in the article or
uploaded as supplementary information. No additional
data available.

RESULTS

Patient characteristics

In the present study population, the median CRP level
at discharge in the entire study population was 3.6 (IQR,
1.4 to 9.6) mg/L (figure 2). The high CRP group (CRP
>10mg/L) and low CRP group (CRP <10mg/L) included
622 patients (24%) and 1996 patients (76%), respectively
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Low CRP group
High CRP group CRP <10mg/L
Total (n=2618) CRP >10mg/L (n=622) (n=1996) P value

Lowest and highest decile, mg/L 0.6 t0 22.0 11.3t0 55.7 05t07.4

Length of hospital stay, days 15 (11 to0 22) 15 (10 to 23) 15 (11 to0 22) 0.29

Age, years 77.6+12.1 79.4+10.9 77.0£12.3 <0.001

Women* 1186 (45%) 240 (39%) 946 (47%) <0.001

<22 kg/m?* 1161 (46%) 263 (45%) 898 (47%) 0.55

Coronary artery disease excluding ACS 728 (28%) 194 (31%) 534 (27 %)

Cardiomyopathy 442 (17%) 76 (12%) 366 (18%)

Other heart disease 65 (2.5%) 24 (3.9%) 41 (2.1%)

Previous heart failure hospitalisation* 960 (37 %) 215 (35%) 745 (38%) 0.25

Hypertension* 1891 (72%) 463 (74%) 1428 (72%) 0.16

Dyslipidaemia 1010 (39%) 244 (39%) 766 (38%) 0.70

Previous stroke* 414 (16%) 110 (18%) 304 (15%) 0.14

Current smoking* 324 (13%) 80 (13%) 244 (12%) 0.60

Chronic lung disease* 345 (13%) 105 (17%) 240 (12%) 0.002

Cognitive dysfunction 468 (18%) 132 (21%) 336 (17%) 0.01

Poor medical adherence 458 (17%) 108 (17%) 350 (18%) 0.92

With occupation 343 (13%) 72 (12%) 271 (14%) 0.20

Daily life activities <0.001

Use of wheelchair, outdoor only 189 (7.3%) 56 (9.1%) 133 (6.7%)

Bedridden 90 (3.5%) 25 (4.1%) 65 (3.3%)

BP, mm Hg

Continued

E-
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Table 1 Continued

Low CRP group
High CRP group CRP <10mg/L
Total (n=2618) CRP >10mg/L (n=622) (n=1996) P value
<90mm Hg* 60 (2.3%) 17 (2.7%) 43 (2.2%) 0.40
Diastolic BP 86+24 86+25 86+24 0.83
Heart rate, bpm 95+28 94428 96+28 0.29
<60 bpm* 194 (7.5%) 54 (8.8%) 140 (7.1%) 0.16
Rhythms at presentation 0.41
Sinus rhythm 1392 (53%) 344 (55%) 1048 (53%)
Atrial fibrillation or flutter 1018 (39%) 234 (38%) 784 (39%)
Other rhythms 208 (7.9%) 44 (7.1%) 164 (8.2%)
NYHA class lll or IV 2259 (87 %) 547 (88%) 1712 (86%) 0.14
Laboratory tests on admission
LVEF, % 46+16 46+16 46+17 0.83
<40%* 962 (38%) 236 (39%) 726 (37 %) 0.54
>40% 1598 (62%) 375 (61%) 1223 (63%)
BNP, pg/mL 707 (389 to 1218) 749 (414 to 1302) 693 (384 to 1192) 0.09
NT-proBNP, pg/mL 5312 (2642 to 12 149) 5638 (2814 to 16 398) 5146 (2618to 11318) 0.29
Serum creatinine, mg/dL 1.10 (0.82 to 1.59) 1.12 (0.84 to 1.79) 1.08 (0.81 to 1.54) 0.004
eGFR, ml/min/1.73m? 47+23 45124 47+23 0.03
<30mL/min/1.73m?* 687 (26%) 194 (31%) 493 (25%) 0.001
Blood urea nitrogen, mg/dL 23 (17 to 34) 26 (19 to 36) 23 (17 to 33) <0.001
Albumin, g/dL 3.5+0.5 3.4+0.5 3.5+0.5 <0.001
<3.0g/dL* 309 (12%) 111 (18%) 198 (10%) <0.001
Sodium, mEg/L 139+4.1 139+4.3 139+4.1 0.009
<135 mEq/L* 285 (11%) 80 (13%) 205 (10%) 0.07
Haemoglobin, g/dL 11.6+2.3 11.4+2.3 11.7£2.4 0.007
Anaemia*t 1710 (65%) 435 (70%) 1275 (64 %) 0.005
CRP, mg/L 5.0 (2.0 to 15) 13 (3.9 to 33) 4.0 (1.7 to 11) <0.001
>10mg/L 893 (34%) 353 (57%) 540 (27 %) <0.001
Medications at discharge
ACEls or ARBs* 1525 (58%) 332 (53%) 1193 (60%) 0.005
B-blockers* 1768 (68%) 413 (66%) 1355 (68%) 0.49
Loop diuretics* 2175 (83%) 501 (81%) 1674 (84%) 0.054
Thiazide 155 (5.9%) 33 (56.3%) 122 (6.1%) 0.46
Tolvaptan® 259 (9.9%) 67 (11%) 192 (9.6%) 0.40

Categorical variables are presented as numbers and percentages. Continuous variables are presented as the mean+SD, or the median (IQR)
based on their distributions. Categorical variables were compared with the %2 test. Continuous variables were compared using the Student’s
t-test or Wilcoxon rank-sum test based on their distribution.

Missing values were presented in online supplemental eTable 2.

*Risk-adjusting variables selected for multivariable Cox proportional hazard models.

TDelta CRP levels were calculated according to the following equation: (the CRP levels on admission) — (the CRP levels at discharge).
FAnaemia was defined by the WHO criteria (haemoglobin <12.0g/dL in women and 13.0g/dL in men).

ACEI, ACE inhibitor; ACS, acute coronary syndrome; ARB, angiotensin Il receptor blocker; BMI, body mass index; BNP, brain-type natriuretic
peptide; BP, blood pressure; bpm, beat per minute; CABG, coronary artery bypass grafting; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal-proBNP; NYHA, New York Heart Association; PClI,
percutaneous coronary intervention.
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Figure 2 Distribution of the CRP values at discharge. CRP,
C-reactive protein.

(figure 1). The baseline characteristics were significantly
different in several aspects between the high and low CRP
groups (table 1). Patients in the high CRP group were
older, less frequently women, and more frequently had
coronary artery disease excluding ACS, previous percu-
taneous coronary intervention or coronary artery bypass
grafting, chronic kidney disease, chronic lung disease,
dementia, high blood urea nitrogen levels, low albumin
levels, hyponatraemia and anaemia than those in the low
CRP group. On the other hand, the patients in the low
CRP group more frequently had an ambulatory status
and the use of ACEIs or ARBs at discharge (table 1).

Clinical outcomes

The median length of the follow-up was 468 (IQR, 362
to 637) days, with a 95.8% follow-up rate at 1year. The
cumulative l-year incidence of the primary outcome
measure (all-cause death after discharge) was signifi-
cantly higher in the high CRP group than low CRP
group (24.1% vs 13.9%, p<0.001) (figure 3A). After a

>

All-cause death

100%
= High CRP

80%] = LowCRP

Log-rank P<0.001

40%-

Cumulative incidence

20%-

120 240 360
Days after discharge

multivariable analysis, the excess risk of the high CRP
group relative to the low CRP group remained signifi-
cant for all-cause death (adjusted HR, 1.43; 95% CI, 1.19
to 1.71; p<0.001) (table 2). The excess adjusted risks
of the high CRP group relative to the low CRP group
were also significant for cardiovascular death and non-
cardiovascular death (adjusted HR, 1.31; 95% CI, 1.03 to
1.65; p=0.03, and adjusted HR, 1.60; 95% CI, 1.21 to 2.12;
p<0.001, respectively) (table 2). The cumulative l-year
incidence of a heart failure hospitalisation after discharge
was not different between the high and low CRP groups
(27.5% vs 24.6%, p=0.23) (figure 3B). Even after a multi-
variable analysis, the risk of the high CRP group relative
to the low CRP group remained insignificant for a heart
failure hospitalisation (adjusted HR, 1.04; 95% CI, 0.88
to 1.25; p=0.63) (table 2). Even after taking into account
the competing risk of all-cause death, the cumulative
1l-year incidence of a heart failure hospitalisation was not
different between the high and low CRP groups (25.0%
vs 23.8%, p=0.73) (online supplemental eFigure 1), and
the adjusted risk of the high CRP group relative to the
low CRP group remained insignificant for a heart failure
hospitalisation (HR, 0.96; 95% CI, 0.80 to 1.16; p=0.69)
(online supplemental eTable 3). The details of the causes
of death in the high and low CRP groups are presented
in table 3.

Sensitivity analysis

Even when we divided the patients into two groups of
patients according to a CRP level of 3mg/L (online supple-
mental eTable 4), the excess crude and adjusted risks in the
CRP >3mg/L group relative to the CRP <3mg/L group
for the primary outcome measure remained significant
(adjusted HR, 1.47; 95%CI, 1.23 to 1.75; p<0.001) (online
supplemental eTable 5). In addition, even after excluding
the patients with a CRP level >50mg/L (n=2548, online

B . T
Heart failure hospitalisation
100%
= High CRP
8 goy] — LowcrP
b5
i)
2 60%q
Qo —
2 o] Log-rank P=0.23
>
g 20%-
3 o
09 T T T
0 120 240 360

Days after discharge

Oday  30-day 90-day 180-day 365-day

O-day  30-day 90-day 180-day 365-day

High CRP

High CRP

21 52 o7 147
622 599 563 513 415
3.4% 8.4% 158%  241%

N of patients with event 36 72 101 153
N of patients at risk 622 570 507 446 322
Cumulative incidence 5.9% 1.9%  172%  27.5%

Low CRP.

22 65 128 270
1996 1970 1908 1832 1518
11% 3.3% 6.5% 13.9%

N of patients with event 101 209 308 468
1996 1878 1732 1589 1201
5.1% 106%  158%  246%

Figure 3 The Kaplan-Meier curves (A) for all-cause death after discharge compared between the high CRP group (CRP
>10mg/L at discharge) versus low CRP group (CRP <10mg/L at discharge), and (B) for heart failure hospitalisations after
discharge compared between the high CRP group (CRP >10mg/L at discharge) versus low CRP group (CRP <10mg/L at

discharge). CRP, C-reactive protein.
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Table 2 Clinical outcomes

High CRP group

CRP >10mg/L (n=622)
N of patients with event
(cumulative 1-year

Low CRP group

(cumulative 1-year

CRP <10mg/L (n=1996)
N of patients with event

incidence) incidence) Crude HR (95%CIl) P value Adjusted HR (95% Cl) P value
All-cause death 190 (24.1%) 391 (13.9%) 1.75 (1.47 to 2.07) <0.001 1.43(1.19to 1.71) <0.001
Cardiovascular 107 (14.4%) 247 (9.0%) 1.56 (1.24 to 1.95) <0.001  1.31(1.03 to 1.65) 0.03
death
Non-cardiovascular 83 (11.3%) 144 (5.3%) 2.07 (1.58 to 2.71) <0.001 1.60 (1.21 to 2.12) <0.001
death
Heart failure 170 (27.5%) 537 (24.6%) 1.11 (0.93 to0 1.32) 0.24 1.04 (0.88 to 1.25) 0.63

hospitalisation

Number of patients with event was counted throughout the entire follow-up period because we used the Cox proportional hazard models which provided the HRs
between the high and low CRP groups over the entire study duration, while the cumulative incidence was estimated at 1year. The crude and adjusted HRs and 95%
Cls of the high CRP group for the clinical outcome measures were estimated by the Cox proportional hazard models using the low CRP group as the reference. To
adjust for potential confounders, we selected 25 clinically relevant confounders as indicated in table 1.

CRP, C-reactive protein.;

supplemental eTable 6), the excess crude and adjusted
risks in the high CRP group (CRP >10mg/L) relative to the
low CRP group (CRP <10mg/L) for the primary outcome
measure remained significant (adjusted HR, 1.37; 95%CI,
1.14 to 1.65; p=0.001) (online supplemental eTable 7). When

we divided the entire cohort into four groups based on the
quartile of the CRP levels at discharge, the cumulative 1-year
incidence of the primary outcome measure increased incre-
mentally from Quartile 1 to Quartile 4 (Quartile 1: 10.5%,
Quartile 2: 12.9%, Quartile 3: 17.8% and Quartile 4: 23.7%,

Table 3 Causes of death compared between the high CRP group versus low CRP group during entire follow-up period

Low CRP group
High CRP group CRP <10mg/L
Total CRP >10mg/L N of patients
N of patients with N of patients with with death
death (proportion death (proportion (proportion

among total among total among total
death) death) death)

All-cause death 581 190 391

Cardiovascular death 367 (63%) 111 (58%) 256 (66%)
Heart failure death 229 (39%) 68 (36%) 161 (41 %)
Sudden cardiac death 0 (12%) 3 (12%) 7 (12%)
Vascular death 8 (1.4%) 0 (0.0%) 8 ( .0%)
Acute coronary syndrome 6 (1.0%) 3 (1.6%) 3 (0.8%)
Stroke or intracranial haemorrhage 28 (4.8%) 8 (4.2%) 20 (5.1%)
Other cardiovascular death 26 (4.5%) 9 (4.7%) 7 (4.3%)

Non-cardiovascular death 212 (36%) 79 (42%) 133 (34%)
Malignancy 8 (8.3%) 19 (10%) 9 (7.4%)
Infection 76 (13%) 27 (14%) (1 3%)
Fatal bleeding 6 (1.0%) 3 (1.6%) 3 (0.8%)
Other gastrointestinal cause 6 (1.0%) 1 (0.5%) 5(1.3%)
Renal failure 12 (2.1%) 2 (1.1%) 10 (2.6%)
Liver failure 5 (0.9%) 3 (1.6%) 2 (0.5%)
Respiratory failure 22 (3.8%) 9 (4.7%) 3 (8.3%)
Other non-cardiovascular death 37 (6.4%) 15 (7.9%) 22 (5.6%)

Unknown cause of death 2 (0.3%) 0 (0.0%) 2 (0.5%)

Number of patients with death was counted throughout the entire follow-up period because we used the Cox proportional hazard models,
which provided the HRs between the high and low CRP groups over the entire study duration.

CRP, C-reactive protein.
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N of patients with event
during entire follow-up

period/ N of patients at risk Adjusted
hazard ratio . P for

Subgroup High CRP Low CRP (95% Cl) High CRP worse Interaction
Age, years

280 138/354  288/1000 1.33(1.08-1.65) —a—

<80 52/268 103/996 1.81(1.26-2.57) —_— . 0.09
Sex

Men 120/382 201/1050 1.43(1.13-1.81) ——

Women 70240 190/946 1.44(1.08-1.92) —. 0.8
BMI 22 kg/m?

No 113/428  251/1503 1.19(0.90-1.56) P E—

Yes 77/194 140/493 1.56 (1.22-1.98) —a— 024
Diabetes mellitus

No 126/394  250/1288 1.40 (1.12-1.75) ——

Yes 64/228 132/708 1.50 (1.10-2.04) — . 061
Anaemia

No 34/187 751721 1.47(0.93-2.27) —- oar

Yes 156/435  316/1275 1.39(1.14-1.69) —
©GFR <30 ml/min/1.73m?

No 113/428  251/1503 1.38(1.09-1.74) —— 095

Yes 77/194 140/493 1.51(1.13-2.02) —
LVEF, %

<40 74/239 135/743 1.30(0.96-1.76) — .-

240 116383 256/1253 1.43(1.13-1.79) — . 082
Coronary artery disease excluding ACS

No 121/428  275/1462 1.33(1.06-1.65) —.—

Yes 69/194 116/534 1.73(1.25-2.39) — . 0.24
Previous myocardial infarction

No 139/467  295/1567 1.49(1.21-1.84) —a— 0.69

Yes 51/155 96/429 1.37(0.93-2.00) ———y

heart failure i

No 111/407  194/1251 1.57 (1.24-2.00) — .

Yes 791215 197/745 1.33(1.00-1.75) —— 016
Malignancy

No 153/529  319/1704 1.37(1.12-1.68) ——

Yes 37/93 721292 1.74(1.09-2.77) ' = 050
CRP (on admission) >10 mg/L

No 56/269 262/1456 1.14(0.83-1.53) ——

Yes 134/353 129/540 1.52(1.18-1.95) —. 046
ACEls or ARBs at discharge

No 115/290 207/803 1.53(1.21-1.94) —

Yes 75/332 184/1193 1.32(0.99-1.73) S E—1 063
B-blockers atdischarge

No 76/209 159/641 1.31(0.98-1.74) N E— 034

Yes 114/413  232/1355 1.55(1.22-1.96) —.—

v g T T T T g 1
0.75 1.0 1.5 2.0 25 3.0

Hazard ratio (95% CI)

Figure 4 Subgroup analysis for the associations of the high CRP group relative to the low CRP group with all-cause deaths
after discharge. Anaemia was defined by the WHO criteria (haemoglobin <12.0g/dL in women and 13.0g/dL in men). ACEI,
angiotensin converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin Il receptor blocker; BMI, body mass
index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LVEF, left ventricularejection fraction.

p<0.001) (online supplemental eFigure 2). Even after a
multivariable analysis, the excess risk of Quartile 4 relative
to Quartile 1 remained significant for the primary outcome
measure (adjusted HR, 1.95; 95%CI, 1.51 to 2.52; p<0.001)
(online supplemental eTable 8). The cumulative 1-year inci-
dence of heart failure hospitalisations after discharge was
not different across the CRP quartiles (23.4%, 23.1%, 27.4%
and 27.3%, p=0.25) (online supplemental eFigure 2). Even
after the multivariable analysis, the risk of Quartile 4 relative
to Quartile 1 remained insignificant for heart failure hospi-
talisations (adjusted HR, 1.04; 95%CI, 0.84 to 1.29; p=0.71)
(online supplemental eTable 8).

Subgroup analysis

We conducted subgroup analyses stratified by the age, sex,
BMI, diabetes mellitus, anaemia, renal dysfunction, LVEF,
coronary artery disease excluding ACS, previous myocardial
infarction, previous heart failure hospitalisation, malignancy,
elevated CRP level (>10mg/L) on admission, use of ACEIs
or ARBs at discharge and use of PB-blockers at discharge
(figure 4). The CRP level at discharge was higher in the

elderly patients (=80 years), men, and patients with anaemia,
renal dysfunction (eGFR <30mL/min/1.73 m2), coronary
artery disease excluding ACS, previous heart failure hospital-
isations, elevated CRP levels on admission and the use of the
ACEIs or ARBs at discharge (online supplemental eTable 9).
The CRP level at discharge was not different regardless of a
reduced or preserved LVEF (online supplemental eTable 9).
An excess adjusted risk in the high CRP group relative to the
low CRP group for the primary outcome measure was consis-
tently seen across all the subgroups (figure 4). There were
no significant interactions between the subgroup factors and
effect of the high CRP group relative to the low CRP group
for the primary outcome measure (figure 4).

DISCUSSION

The main findings of the present study were as follows:
(1) the high CRP level (>10mg/L) at discharge from the
index hospitalisation for ADHF was associated with an
excess adjusted risk for all-cause death at 1year; (2) the
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excess mortality risk in the high CRP group relative to the
low CRP group was consistent in all the clinically relevant
subgroups; and (3) there was no significant excess risk
for heart failure hospitalisations in the high CRP group
compared with the low CRP group.

A high CRP level (>10mg/L) at discharge from the
ADHF hospitalisation was a simple predictor of the 1-year
mortality, which might have been partly due to the under-
lying inflammation that could not be controlled by clas-
sical ADHF therapies. Unfortunately, previous studies have
failed to demonstrate the efficacy of heart failure-specific
treatments targeting inflammation, such as a targeted
anticytokine therapy using a TNF-o antagonist,”’ immune
modulation therapy® and statin therapy,” in chronic
heart failure. However, a recent randomised controlled
trial suggested that an IL-1f inhibitor dose-dependently
reduced heart failure hospitalisations and the composite
of heart failure hospitalisations or heart failure-related
mortality in patients with a previous myocardial infarction
and elevated high-sensitivity CRP (hsCRP) levels.** In the
setting of ADHF, patients are haemodynamically unstable
with marked congestion, which leads to bowel oedema
and overgrowth of bacteria flora, resulting in inflamma-
tion.” Precipitating inflammation or an infection triggers
a haemodynamic collapse due to an increased oxygen
demand and surge in the blood pressure in a substantial
proportion of patients with ADHF.*® Thus, the elevated
CRP levels at discharge may reflect a prolonged inflam-
matory response despite the treatment for ADHF. The
efficacy of the therapies to block the upstream inflam-
mation in ADHF has not yet been evaluated, and further
study on this topic is warranted.

There is a paucity of data on the association of the CRP
level at discharge from an ADHF hospitalisation with the
clinical outcomes. A previous study reported that a high CRP
level (29.5mg/L) at discharge was associated with an excess
adjusted risk for mortality within 120 days; however, this excess
risk in the high CRP level patients (=29.5mg/L) decreased
markedly with time.'* Instead, a modestly elevated CRP level
(1.2 to 9.5mg/L) was associated with an excess adjusted risk
for mortality in the long-term follow-up beyond 120 days
(median, 510 (IQR, 381 to 765) days)."* Another previous
study reported that the cumulative 3-month incidence of
deaths or heart failure hospitalisations was significantly high
for a high CRP level (>12.3mg/L, upper third) at discharge
in ADHF patients without a concomitant infection but not in
those with a concomitant infection,27 however, this was not
explicitly adjusted for the confounders. In the present study,
a high CRP level (>10mg/L) at discharge was clearly associ-
ated with an excess adjusted mortality risk at 1year in ADHF
patients in whom a concomitant infection was excluded as
much as possible. Several previous studies have suggested
that circulating elevated levels of cytokines and cytokine
receptors predict a worse clinical outcome in patients with
heart failure.”* Further, a previous study demonstrated that
cytokines (TNF-0, and IL-6) and their receptors were inde-
pendent predictors of mortality in patients with advanced
heart failure.” I1-6 works between the upstream of CRP and

downstream of interleukin-1f (IL-1B), and the CRP values
are easier to measure than both IL-6 and IL-1B. Therefore,
the high CRP level could be a more relevant prognostic
predictor in patients with heart failure.

The excess mortality risk in patients with a high CRP
at discharge was consistent in all the clinically relevant
subgroups. There is a paucity and inconsistency of data of
the difference in the CRP levels between ADHF patients
with a reduced LVEF and those with a preserved LVEE.'" *!
A previous study reported that a decrease of at least 40% in
the hsCRP during hospitalisations (hsCRP levels on admis-
sion minus those at discharge) was associated with a low
adjusted risk for mortality at 3years in ADHF patients with
a preserved LVEF, but not in those with a reduced LVEF.*
In the present study, the CRP levels at discharge were not
different regardless of a reduced or preserved LVEF. Further-
more, the excess mortality risk in patients with a high CRP at
discharge was consistent regardless of a reduced or preserved
LVEF, suggesting that the CRP levels on admission might
have a different meaning between ADHF patients with a
reduced LVEF and those with a preserved LVEF considering
the previous report.” Regarding the CRP levels on admis-
sion, the excess mortality risk in patients with a high CRP at
discharge was consistent regardless of an elevated CRP level
on admission. Consistent with the previous studies,” ** the
CRP levels at discharge were higher in the elderly patients
and patients with coronary artery disease. However, the
excess mortality risk in patients with a high CRP at discharge
was consistent regardless of the age and presence of coro-
nary artery disease. Thus, the high CRP level (>10mg/L) at
discharge was a prognostic predictor across the wide spec-
trum of patients with ADHF.

There was no significant excess risk for heart failure hospi-
talisations in the high CRP group compared with the low CRP
group. The association between the CRP levels and severity
of systolic dysfunction or symptoms was controversial.’*® In
the present study, there was no significant difference in the
proportion of a low LVEF or New York HeartAssociation
(NYHA) class III/IV between the high and low CRP groups
(table 1). These findings suggest that the association of the
elevated CRP levels at discharge from ADHF hospitalisations
with the mortality risk at 1 year might not reflect the severity
of the systolic dysfunction or symptoms.

Study limitations

The present study had several limitations. First, we used
the CRP values measured in each hospital using a normal-
sensitivity or high-sensitivity assay, because the present study
was based on an observational cohort study in daily clinical
practice. This may have caused variability in the measurement
of the CRP levels and might have led to an inconsistent clas-
sification of the high and low CRP groups. Second, we could
not fully address the effects of chronic inflammatory diseases
such as autoimmune disease and malignancy on the clinical
outcomes. Thus, we conducted subgroup analyses stratified
by malignancy, in which we did not find any significant inter-
action between malignancy and the excess mortality risk in
patients with a high CRP. Third, we excluded patients with
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infections using the body temperature and physician’s judge-
ment as much as possible. However, there was the possibility
of a concomitant infection due to the complex nature of the
infection. For example, we could not completely exclude
patients who presented without a fever but still had a suspi-
cion of an infection. Fourth, several subgroup analyses had
the risk of a multiple comparison as well as a small sample size
with a low statistical power. Finally, it is not clear how we could
apply the present study findings in clinical practice.

CONCLUSIONS

A high CRP level (>10mg/L) at discharge from an ADHF
hospitalisation was associated with an excess mortality risk
at lyear.
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