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Abstract
Aims: Plasma concentrations of high sensitivity C-reactive protein (hsCRP) are often raised
in chronic heart failure (CHF) and might indicate inflammatory processes that could be a
therapeutic target. We aimed to study the associations between hsCRP, mode and cause of
death in patients with CHF.

Methods and Results: We enrolled 4,423 patients referred to a heart failure clinic serving a
local population. CHF was defined as relevant symptoms or signs with either a reduced left
ventricular ejection fraction (LVEF) <40% or raised plasma concentrations of amino-terminal
pro-B type natriuretic peptide (NT-proBNP >125 pg/ml).

The median (IQR) plasma hsCRP for patients diagnosed with CHF (n = 3,756) was 3.9 (1.68.5) mg/L and 2.7 (1.3-5.1) mg/L for those who were not (n=667; p<0.001). Patients with
hsCRP >10 mg/L (N=809; 22%) were older and more congested than those with hsCRP <2
mg/L (N=1,117, 30%).

During a median follow up of 53 (IQR: 28-93) months, 1,784 (48%) patients with CHF died.
Higher plasma hsCRP was associated with greater mortality, independent of age, symptom
severity, creatinine and NT-proBNP. Comparing a hsCRP >10mg/L to <2mg/L, the hazard
ratio for all-cause mortality was 2.49 (95% confidence interval: 2.19-2.84); P<0.001), for
cardiovascular (CV) mortality was 2.26 (1.91-2.68; p<0.001) and for non-CV mortality was
2.96 (2.40-3.65; p<0.001).
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Conclusions: In patients with CHF, a raised plasma hsCRP is associated with more congestion
and a worse prognosis. The proportion of deaths that are non-CV also increases with higher
hsCRP.

Key words: heart failure, CRP, inflammation, mortality, prognosis.
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Introduction
Markers of inflammation, such as plasma high sensitivity C-reactive protein (hsCRP), are
often elevated in patients with heart failure. Inflammation might be the primary cause of
some cases of heart failure and/or contribute to its progression in many others (1-3);
importantly, it might also be a therapeutic target (4, 5).

In the Justification for Use of statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin (JUPITER), amongst apparently healthy men and women with a low density
lipoprotein cholesterol <3.4mmol/L and an hsCRP ≥2.0 mg/L, rosuvastatin 20 mg/day nearly
halved the rate of first heart attack, stroke or cardiovascular death compared to placebo (6).
In a post-hoc analysis of The Controlled Rosuvastatin Multinational Trial in Heart Failure
(CORONA), patients with ischaemic heart disease and reduced left ventricular ejection
fraction (HFrEF) assigned to rosuvastatin 10mg/day rather than placebo had fewer
cardiovascular events and a lower mortality if hsCRP was ≥2mg/L but not below this
concentration (7). In The Canakinumab Antiinflammatory Thrombosis Outcome Study
(CANTOS), canakinumab, a human monoclonal antibody targeting interleukin-1 β, reduced
the incidence of cardiovascular events and lung cancer when compared to placebo in patients
with a history of myocardial infarction whose hsCRP was ≥2 mg/L (8, 9). In each of these
three trials treatment reduced plasma concentrations of hsCRP compared to placebo.
Medicines known to improve outcomes in patients with HFrEF, such as beta-blockers and
inhibitors of the renin-angiotensin system, may also reduce plasma CRP concentrations (10).

These data suggest that hsCRP may identify patients who might respond differently to
treatment, possibly because they have an inflammatory component to disease progression.
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High plasma concentrations of hsCRP are also associated with adverse outcomes in chronic
heart failure and could be used as an inclusion criterion to identify patients at greater risk as
well as a potential therapeutic target. However, little is known about the associations between
hsCRP and mode of death, which could influence either strategy. We now explore these
issues in a large out-patient cohort.

Methods

Study Population

Between 2002 and 2015, patients with suspected or confirmed heart failure referred from
both primary and secondary care physicians were enrolled at a single heart failure clinic
serving a local population of about 500,000 people (The Hull LifeLab). Patients were
consented for the use of their medical information prior to investigation. Some patients had
no prior diagnosis of heart failure and were treatment naive, therefore requiring initiation of
guideline-recommended therapy; others had a pre-existing diagnosis of heart failure and had
already been initiated on treatment that might, however, require optimisation.

Information on demography, symptoms & signs, haematology and biochemistry profiles
(including amino-terminal pro-B-type natriuretic peptide (NT-proBNP)), electrocardiograms
(ECGs) and echocardiograms were systematically recorded in a dedicated electronic health
record stored on a secure NHS server. HsCRP was routinely measured during the same visit.

This specific research question was developed post-hoc. However, data were collected
prospectively for the purpose of analyses such as this. Heart failure was defined as signs or
symptoms, confirmed by echocardiographic evidence of significant left ventricular systolic
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dysfunction (LVSD) or abnormal NT-proBNP levels (>125 ng/L), according to current
European Society of Cardiology (ESC)-HF guidelines (11). For the 2,023 patients in whom it
could be measured, left ventricular ejection fraction (LVEF) was <40% in 899 (HFrEF),
between 40 and 49% in 380 (HFmrEF), and >50% in 744 (HFpEF). In a further 1,733
patients in whom LVEF could not be calculated, LVEF by visual estimation was considered
<40% in 509 (HFrEF), 40-49% in 406 (HFmrEF) and ≥50% in 818 (HFpEF).

The study conformed to the principles outlined in the Declaration of Helsinki and was
approved by relevant ethical bodies. All participants gave their written informed consent for
their data to be used for research.

Outcome

The primary outcome of interest was all-cause mortality. Our hospital is the only one in the
region offering acute medical services. With patients’ consent, we have access to blood
results, diagnostic investigations and correspondence on the primary and secondary care
electronic records. Cause and mode of death are adjudicated at regular intervals in accordance
with an in-house guideline based on information available from the clinical and electronic
records (supplementary material - Adjudication process).

Statistical methods
Categorical data are presented as number and percentages; normally distributed continuous
data as mean ± SD and non-normally distributed continuous variables as median and
interquartile range.
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One-way ANOVA and Kruskal-Wallis tests were used to compare continuous variables
between groups depending on the normality of the distribution, and the chi-squared test was
used for categorical variables.

Associations between variables and prognosis were assessed using Cox proportional hazards
models; variables that were significantly (P<0.1) associated with mortality in univariable
analysis were entered into the multivariable analysis if available in >95% of cases. Missing
data were not imputed. Assumptions of the models were tested, including multicolinearity
and proportional hazards.

We prospectively selected variables routinely available in clinic and known to be associated
with outcome (age, sex, body mass index, systolic blood pressure, history of type II diabetes,
ischaemic heart disease, NYHA IV/III (vs I/II), atrial fibrillation (vs sinus rhythm) and
creatinine) to create two baseline models (with and without NT-proBNP). We measured the
incremental value of the hsCRP (the model’s cumulative discrimination) in predicting
mortality at 2 years using Harrell's C statistic. The higher discriminative value associated
with the net reclassification improvement (NRI) and the integrated discrimination
improvement (IDI) for hsCRP were assessed at 2 years of follow-up. Kaplan-Meier curves
with the log-rank statistic were used to illustrate outcome.

All analyses were performed using SPSS and Stata software. A 2-sided P value <0.05 was
considered statistically significant.

Results
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Patient characteristics (table 1)
Of 4,423 patients evaluated, 3,756 fulfilled the criteria for HF (Figure 1 supplementary). For
patients with HFrEF, HFmrEF, or HFpEF, the median (IQR) hsCRP was 4.2 (1.7-9.1) mg/L,
3.9 (1.6-9.0) mg/L and 3.7 (1.5-7.9) mg/L, respectively (P=0.019), and, in those who did not
fulfil criteria for HF, 2.7 (1.3-5.1) mg/L (P<0.001 vs the HF phenotypes) (table 1
supplementary).

Patients with HF and hsCRP >10 mg/L were older, had more symptoms and clinical signs of
congestion, a higher plasma NT-proBNP and were more likely to receive loop diuretics and
less likely to receive ACE inhibitors, beta-blockers and statins than those with hsCRP <2
mg/L (table 1).

Outcome
During a median follow up of 53 (IQR: 28-93) months, 1,784 (48%) patients with HF died.
In a multivariable Cox model, increasing hsCRP was independently associated with mortality
(table 2). Compared to those with hsCRP <2mg/L, those with hsCRP >10mg/L had more
than a two-fold increase in mortality (HR: 2.49 (95% CI: 2.19-2.84), P<0.001; HR: 2.42
(2.12-2.75), p<0.001 when corrected for age and sex, Figure 1). Those who had higher
plasma concentrations of both NT-proBNP and hsCRP had the worst outcome (Figure 2).

Discrimination and reclassification improvement analysis
For the entire cohort of patients with HF, the baseline model without NT-proBNP yielded a cindex for all-cause mortality of 0.70, which rose to 0.72 when NT-proBNP was added
(p<0.001). Including hsCRP led to an increase in c-statistic when added to the baseline model
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with, or without, NT-proBNP for the overall population with HF (table 3) and for each
phenotype, although this did not reach statistical significance for HFmrEF, perhaps due to
smaller numbers. In a model including NT-proBNP, hsCRP increased the IDI and NRI for
all-cause mortality at 2 years in the entire cohort and in each HF phenotype separately (Table
4).

Associations between hsCRP and mode of death in patients with HF.
Higher plasma concentrations of hsCRP were associated with greater all-cause mortality at
two years (table 5). However, the increase in the rate of non-CV deaths (hazard ratio (95%
confidence interval) for hsCRP >10mg/L to <2mg/L: 2.96 (2.40-3.65; p<0.001)) exceeded
that for CV deaths (hazard ratio (95% confidence interval): 2.26 (1.91-2.68; p<0.001)) with
higher plasma hsCRP. Of the 125 deaths in patients with hsCRP<2 mg/L, 71% were
cardiovascular compared to 57% of the 256 deaths amongst those with hsCRP>10 mg/L.
Patients with hsCRP >10 mg/L were at higher risk of death from infections (6.1%;
predominantly respiratory or urinary) and cancer (6.0%: predominantly lung cancer).

When all-cause two-year mortality for each quartile of hsCRP was compared, the mortality
was similar for each heart failure phenotype, but CV mortality was consistently lower
amongst patients with HFpEF. This difference was especially striking for patients with an
hsCRP >10 mg/L amongst whom only 44% of deaths were CV for those with HFpEF
compared to 66% for HFrEF and 62% for HFmrEF. (Table 5, table 2 supplementary, and
Figure 3).

Discussion
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There are three related findings from the present study. Firstly, about 70% of patients with
heart failure attending a clinic have a hsCRP >2 mg/L, which is associated with a lower
LVEF and more evidence of clinical congestion; secondly, raised plasma concentrations of
hsCRP predict a higher all-cause mortality rate, independent of age, symptoms, measures of
renal function and NT-proBNP; and thirdly, that with increasing hsCRP, the proportion of
deaths due to non-cardiovascular causes increases, particularly for patients with HFpEF.

Moliner et al (12) found that more than half of patients attending a heart failure clinic had a
hsCRP >2 ng/L but, in contrast to our findings, they did not find a relation to LVEF. This
difference may reflect the small number of patients with HFmrEF and HFpEF in their study
(n=270, 25% of the entire cohort), and differences in the criteria for diagnosing HFpEF.

A few post-hoc studies from large randomised controlled trials have shown that high levels of
CRP/hsCRP are associated with adverse cardiovascular outcomes in out-patients with HFrEF,
and there are similar findings from smaller registries enrolling patients with either HFrEF or
HFpEF (13-15). There are some exceptions. In CORONA, hsCRP was not an independent
predictor of mortality (16). In the RED-HF trial, in which patients with HFrEF and anaemia
were enrolled, compared to the lowest tercile, patients in the highest tercile of hsCRP had
higher mortality, but hsCRP did not improve risk stratification in models that used NTproBNP (17). The reasons for the discrepancy include the fact that patients enrolled in
randomised controlled trials are younger, and far less likely to have complex (and often
multiple) co-morbidities than those enrolled in “real life” registries such as ours (18). As a
consequence, patients enrolled in CORONA had a median hsCRP of 3.4 mg/L and in the
patients in RED-HF who had an event, median hsCRP was 3.5 mg/l (and was only 2.2 mg/L
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in those without events). In comparison, the patients with HFrEF in our study had a median
hsCRP of 4.2 mg/L.

We found that including hsCRP modestly increased the discrimination and prediction of
outcome models, suggesting that inflammation is related to mortality above and beyond other
commonly used clinical variables, including NT-proBNP. Thus, there may be some value in
exploring further inflammation and its treatment in patients with HF.

Inflammation is associated with atherosclerosis (19); and the response to acute infections can
result in acute myocardial ischaemia (20). Chronic inflammatory conditions, such as
rheumatoid arthritis, predispose to heart failure through both ischaemic and non-ischaemic
mechanisms (21, 22), and might cause an increase in plasma concentrations of natriuretic
peptides (23). Development of venous congestion further activates the innate immune system
and enhances secretion of pro-inflammatory cytokines, leading to a subsequent rise in
circulating hsCRP levels (24). An intriguing hypothesis for which there is increasing
evidence is that heart failure causes inflammation via translocation of bacterial endotoxin
through oedematous bowel wall. The resulting activation of the innate immune system leads
to a rise in CRP (25). There is some evidence to suggest that CRP is itself toxic to the
myocardium (26), suggesting a mechanism by which inflammation may continue to damage
the heart.

To the best of our knowledge, this is the first paper describing the associations between
hsCRP with mode of death in ambulatory patients with heart failure. Our findings are
consistent with a Japanese registry enrolling patients with acute heart failure in whom CRP
(and not hsCRP) was measured at admission: compared to those in the lowest tercile (<2.9

11

Pellicori et al.

hsCRP in HF

Cardiovascular Research_V1

mg/L; N= 1584), patients in the highest tercile of CRP (>11.8 mg/L; n=1596) had a greater
CV (19.6% v 11.7%) and non-CV (17.9% v 6.0%) mortality at 720 days, with a substantial
increase in the proportion of deaths due to non-CV causes (from 34 to 48%) (27).

We found that patients with a raised hsCRP had a higher proportion of deaths from noncardiovascular causes, particularly cancer. This observation was particularly striking amongst
patients labelled as having HFpEF. HFpEF is often a diagnosis of exclusion, and it is less
certain genuinely to represent cardiovascular disease than a diagnosis of HFrEF. In turn, it
also suggests that a more advanced age and a greater number of comorbidities, rather than the
extent of cardiac dysfunction, significantly contribute to the poor prognosis of patients with
HFpEF. Of note, early diagnosis and therapeutic advances, such as better treatments of
ischaemic heart disease and hypertension, have modified the natural history of HFpEF over
the past few decades, with a large increase in the proportion of non-cardiovascular deaths in
this population (28). It is also possible that many of the patients with high hsCRP who
subsequently died had undetected cancer at the time of heart failure diagnosis, and an
important consequence is that treatment targeted at heart failure can only have a limited effect
on outcome in patients with a high hsCRP. However, cancer has long been known to be
intimately involved with the immune system, and inflammation might contribute to an
increased risk of developing cancer in patients with heart failure (29, 30).

Using hsCRP might be helpful in designing future clinical trials. A raised hsCRP identifies a
population at higher risk of adverse outcome. This group might be particularly susceptible to
treatment directed at inflammation. However, because a higher proportion of the deaths in
such a group is non-cardiovascular, treatment directed specifically at heart failure might have
a large effect on cardiovascular death, but a substantially lesser effect on total mortality. In
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contrast, enrolling only those patients with a low hsCRP might identify a population in whom
deaths are likely to be cardiovascular, but in whom the absolute death rate is low. These
observations might be particularly important in patients labelled as having HFmrEF or
HFpEF, in whom non-cardiovascular deaths might be more common than cardiovascular.

Limitations

We only assessed hsCRP at baseline, as it was not routinely measured in all patients during
follow-up. Initiation or up-titration of guideline-recommended treatments for HFrEF might
have reduced plasma concentrations of hsCRP and improved outcome. Other potential
confounders, for instance time-dependent changes in medications, have not been assessed.
We did not exclude patients with chronic infections or auto-immune conditions, and we
cannot exclude the possibility that many patients had an occult malignancy at the time of
presentation to the cardiology service.

It could be argued that in many patients in whom LVEF was not measured, visual assessment
of left ventricular systolic dysfunction might have led to misclassification of HF phenotypes.
The classification system tacitly assumes that echocardiography is an accurate means of
measuring left ventricular ejection fraction, and that it is a stable measurement from day to
day. Neither assumption is correct. In our population, it is very probable that many of the
patients could have been included in a different group had their echocardiogram been
reported by a different operator or repeated on a different day.

Some readers might not accept an NT-proBNP above 125 pg/ml as being diagnostic of heart
failure, whether HFmrEF or HFpEF. The definition we used is, however, consistent with
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recent ESC-HF guidelines (11) and the median NT-proBNP in our patients with HFpEF in
sinus rhythm was higher than that amongst the patients with HFpEF and sinus rhythm
enrolled in recently published trials, such as EDIFY, in which the median NT-proBNP was
375 (IQR: 253-701) ng/l as compared with 389 (IQR: 211-846) ng/l in our population (31).

Conclusions
In ambulatory patients with HF, higher plasma concentrations of hsCRP are a powerful
predictor of mortality, and identify those with higher natriuretic peptides who are also more
likely to die of non-cardiovascular causes.
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Legend to figures

Figure 1: Kaplan Meier curve for the primary outcome of death from all causes. Compared to
those with hsCRP <2mg/L, those with hsCRP >10mg/L had more than a two-fold increase in
mortality (HR: 2.49 (95% CI: 2.19-2.84), unadjusted; and HR: 2.42 (95% CI: 2.12-2.75)
adjusted for age and sex; P<0.001 for both).

Figure 2: heat map showing the interaction between hsCRP and NT-proBNP and their
relationship with probability of death at 2 years in patients with heart failure.

Figure 3: Venn diagram showing proportion of deaths at 2 years amongst all patients with
HF (n=3,538, top row), or by different HF phenotypes, attributed to cardiovascular disease
(in blue), cancer (red), infection (green), other (purple), on in whom the more likely cause of
death was unknown (light blue).
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