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Abstract
Background  Elevated C-reactive protein (CRP) is associated with adverse outcomes in heart failure (HF) patients. Beta-
blocker therapy may lower CRP levels.
Methods and results  To assess if the changes of high-sensitivity (hs) CRP levels in HF patients over 12-week titration with 
beta-blockers correlate with functional capacity, plasma hs-CRP levels were measured in 488 HF patients [72.1 ± 5.31 years, 
LVEF 40% (33/50)]. Hs-CRP, NT-proBNP and 6-min-walk-test (6MWT) were assessed at baseline and at week 12. Patients 
were divided based on hs-CRP changes (cut-off > 0.3 mg/dl) into low–low (N = 225), high–high (N = 132), low–high 
(N = 54), high–low (N = 77) groups. At baseline, median hs-CRP concentration was 0.25 (0.12/0.53) mg/dl, NT-proBNP 
551 (235/1455) pg/ml and average 6MWT distance 334 ± 105 m. NT-proBNP changes were significantly different between 
the four hs-CRP groups (P = 0.011). NT-proBNP increased in the low–high group by 30 (− 14/88) pg/ml and decreased in 
the high–low group by − 8 (− 42/32) pg/ml. 6MWT changes significantly differed between groups [P = 0.002; decrease in 
the low–high group (− 18 ± 90 m) and improvement in the low–low group (24 ± 62 m)].
Conclusion  After beta-blocker treatment, hs-CRP levels are associated with functional capacity in HF patients. Whether this 
represents a potential target for intervention needs further study.
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Introduction

Systemic inflammation plays a significant role in the patho-
physiology of heart failure (HF). C-reactive protein (CRP) 
is a marker of inflammation and tissue damage [1]. There 
is broad evidence suggesting that CRP levels are increased 
in HF regardless of etiology [2], and several studies have 
shown the relation between elevated CRP levels and poor 
prognosis in HF [3]. It is also known that lowering of inflam-
matory biomarkers in these patients can reduce the cardio-
vascular risk [4].

CRP levels can be influenced by cardiovascular drugs. 
In particular, beta-blockers are associated with the lower-
ing of CRP levels [5]. Besides clinical events, improved 
functional capacity is a critical patient-centered outcome in 
HF patients. The 6-min walk test (6MWT) is a submaximal 
exercise evaluation that has been validated in patients with 
HF [6].

In this analysis, we sought to assess if the changes of 
hs-CRP levels in HF patients over 12-week titration with 
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beta-blockers correlate with the changes in functional 
capacity.

Methods

Study population

This is a sub-study of the cardiac insufficiency bisoprolol 
study in elderly (CIBIS-ELD), a multicenter, randomized, 
double-blind trial with elderly patients with stable chronic 
HF. Rationale and design of the CIBIS-ELD trial was pub-
lished previously [7]. Briefly, patients were eligible if they 
were older than 65, with current HF diagnosis and symptoms 
consistent with NYHA II or above. All patients were ran-
domized in a 1:1 fashion to either bisoprolol or carvedilol. 
In this analysis, plasma levels of hs-CRP and NT-proBNP 
were measured in 488 patients of the CIBIS-ELD trial. Beta-
blocker naïve and patients treated with maximum 1/4th of 
the target dose were randomized to bisoprolol vs. carvedilol 
and doses were up-titrated to the target or maximally toler-
ated dose during 12 weeks. Patients who had an infection or 
white blood cell count > 10,000,000/ml were excluded from 
this analysis. NT-proBNP and hs-CRP levels were assessed 
at baseline and after 12 weeks (follow-up). At the same 
time, LVEF and results of the 6MWT were documented at 
baseline and after 12 weeks. Authors confirm that the inves-
tigation conforms to the principles outlined in the Declara-
tion of Helsinki. The national and locally appointed ethics 
committees have approved the research protocol and written 
informed consent has been obtained from all subjects.

Laboratory measurements

CRP is produced in the liver and its levels are relatively 
stable, which means it can be accurately measured. CRP is 
traditionally measured down to concentrations of 3–5 mg/l, 
but with the development of high-sensitivity (hs) techniques, 
hs-CRP can be measured down to concentrations around 
0.3 mg/l [8]. For this analysis, blood samples were taken at 
baseline and during after 12 weeks. All blood samples were 
centrifuged within 1 h after collection and the resulting sera 
were frozen at − 80 °C until analyzed. Levels of hs-CRP and 
NT-proBNP were determined using commercially available 
assays (Elecsys, Roche Diagnostics, Basel, Switzerland).

Statistical analysis

We have defined four groups, depending on the hs-CRP 
level at baseline and at follow-up (after 12 weeks). The 
cut-off for the groups has been set at 0.3 mg/dl. We chose 
this cut-off according to the American Heart Association 
and US. Center for Disease Control and Prevention, who 

have defined the following risk groups: low risk < 0.1 mg/
dl, average risk 0.1–0.3 mg/dl and high risk > 0.3 mg/dl [9]. 
Therefore, four groups have been identified: (1) low hs-CRP 
at baseline and low at follow-up (low–low), (2) high hs-CRP 
at baseline and high at follow-up (high–high), (3) low hs-
CRP at baseline and high at follow-up (low–high), (4) high 
hs-CRP at baseline and low at follow-up (high–low). Raw 
data for NT-proBNP and hs-CRP have been log-transformed 
prior to analysis, as they follow a log-normal distribution. 
Differences between baseline and follow-up are computed 
from raw values. Change in walking distance was tested 
by a multifactorial ANOVA with CRP group change, age, 
gender, NYHA, BMI, blood pressure, baseline walking dis-
tance, CAD and left ventricular ejection fraction (LVEF) as 
independent variables. Analyzes were performed using R 
version 3.4.0.

Results

Baseline characteristics

Study population comprised of 64% male with the mean 
age of 72.1 ± 5.31 years. At baseline, patients were pre-
dominantly in NYHA Class II, and the median LVEF was 
40 (33/50)%. Almost half of the patients (43%) had HF of 
ischemic etiology and 40% had previous myocardial infarc-
tion. The average distance of the 6MWT at baseline was 
334 ± 105 m. 40% of the patients were beta-blocker pre-
treated prior to the study. However, no statistically sig-
nificant differences in changes of hs-CRP, 6MWT, and 
NT-proBNP were shown between beta-blocker naive and 
patients who were previously treated with beta-blockers.

Table 1 presents baseline characteristics of the patients.

Biomarkers

Out of the total 488 patients, 225 were in the low–low 
group, 132 in the high–high, 54 in the low–high, and 77 in 
the high–low group. Each group had equal distribution of 
patients randomized to bisoprolol or carvedilol (P = 0.973 
between the groups). Median (Quartile 1/Quartile 3) con-
centrations of hs-CRP were 0.25 (0.12/0.53) mg/dl at base-
line and 0.23 (0.12/0.45) mg/dl at follow-up. NT-proBNP 
levels were 551 (235/1455)  pg/ml at baseline and 573 
(231/1546) pg/ml at follow-up. Detailed biomarker levels 
throughout the four groups are presented in the Table 2.

The relative change of NT-proBNP from baseline to fol-
low-up was analyzed between the four previously defined 
groups. We showed that there is a statistically significant 
difference in the relative NT-proBNP change between four 
groups (P = 0.011; Fig.  1). The overall relative change 
of NT-proBNP from baseline (BL) to follow-up (FU) in 
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the complete analyzed population was Δ % FU-BL NT-
proBNP = 5 (− 28/54).

The biggest decrease of NT-proBNP was seen in 
the high–low group [Δh→l% FU-BL NT-proBNP = − 8 
(− 42/32)], and the biggest increase in the low–high group 
[Δl→h % FU-BL NT-proBNP = 30 (− 14/88)]. The relative 
change of the NT-proBNP in the low–low was close to the 
one determined in the entire analyzed population [Δl→l % 
FU-BL NT-proBNP = 5 (− 28/51)], and the relative change 
in the high–high group was Δh→h % FU-BL NT-proBNP = 2 
(− 25/56).

CRP changes and functional capacity

At baseline, average distance for the 6MWT was 
334 ± 105 m. After 12 weeks, the average distance was 
348 ± 99 m in the overall population. The absolute change 
in 6MWT results from baseline to follow-up was signifi-
cantly different between the four defined groups (P = 0.002; 
Fig. 2), with the overall change of Δ 6MWT = 15 ± 68 m 
(P = 0.002 between the groups). The biggest increase in 
6MWT distance between baseline and follow-up was in 
the low–low group (Δl→l 6MWT = 24 ± 62 m), while the 
biggest decrease occurred in the low–high group (Δl→h 
6MWT = − 18 ± 90 m). The changes from baseline to fol-
low-up in the high–high and the high–low group were close 
to the overall change (Δh→h 6MWT = 15 ± 69 m and Δh→l 
6MWT = 14 ± 62 m).

We further tested several potential predictors (CRP 
group change, age, gender, NYHA, BMI, blood pressure, 
baseline walking distance, CAD and LVEF) in a linear 

Table 1   Baseline and clinical characteristics

Total patient number N = 488

Male, n (%) 311 (64%)
Age (years) 72.1 ± 5.31
NYHA I 18 (4%)
NYHA II 334 (68%)
NYHA III 136 (28%)
LVEF (%), median (Q1/Q3) 40 (33/50)
Ischemic HF etiology 209 (43%)
Myocardial infarction 192 (39%)
Hypertension 406 (83%)
Diabetes mellitus 133 (27%)
Hyperlipidaemia 314 (64%)
COPD 37 (8%)
Pre-study beta-blocker use
 Beta-blocker naïve 193 (40%)
 Beta-blocker pretreated 295 (60%)

Randomized beta-blocker
 Bisoprolol 240 (49%)
 Carvedilol 248 (51%)

ACE Inhibitors 369 (24%)
Aldosterone receptor antagonist 142 (29%)
Calcium channel blocker 84 (17%)
Antiarrhythmic 53 (11%)
ASA 323 (66%)
Hs-CRP baseline (mg/dl), median (Q1/Q3) 0.25 (0.12/0.53)
Hs-CRP follow-up (mg/dl), median (Q1/Q3) 0.23 (0.12/0.45)
NT-proBNP baseline (pg/ml), median (Q1/Q3) 551 (235/1455)
NT-proBNP follow-up (pg/ml), median (Q1/Q3) 573 (231/1546)
6MWT (m) 334 ± 105

Table 2   hs-CRP, NT-proBNP and 6MWT changes from baseline to follow-up

BB beta-blocker, BL baseline, FU follow-up

Variable All Low→low High→low High→high Low→high P

BL hs-CRP, median 
(Q1/Q3), mg/dl

0.25 (0.12/0.53) 0.14 (0.08/0.2) 0.53 (0.37/0.89) 0.66 (0.45/1.13) 0.16 (0.11/0.24)

FU hs-CRP, median 
(Q1/Q3), mg/dl

0.23 (0.12/0.45) 0.13 (0.08/0.19) 0.18 (0.13/0.22) 0.62 (0.43/1.20) 0.43 (0.40/0.60)

Δ hs-CRP, median 
(Q1/Q3) mg/dl

− 0.010 (− 0.14/0.090) 0.000 (− 0.040/0.030) − 0.35 (− 0.70/− 0.21) 0.000 (− 0.242/0.236) 0.29 (0.17/0.45) 0.001

BL NT-proBNP, 
median (Q1/Q3), 
pg/ml

551 (235/1455) 442 (222/1234) 762 (245/1987) 758 (318/1879) 520 (196/1219)

FU NT-proBNP, 
median (Q1/Q3), 
pg/ml

573 (231/1546) 492 (225/1106) 582 (195/1704) 826 (237/1916) 735 (258/1956)

Δ NT-proBNP (Q1/
Q3), pg/ml

16 (− 179/218) 19 (− 168/203) − 29 (− 334/149) 18 (− 182/180) 77 (− 47/383) 0.066

Δ % NT-proBNP 5 (− 28/54) 5 (− 28/51) − 8 (− 42/32) 2 (− 25/56) 30 (− 14/88) 0.011
BL 6MWT, m 334 ± 105 336 ± 111 327 ± 84 323 ± 103 365 ± 109
FU 6MWT, m 348 ± 99 359 ± 104 339 ± 84 332 ± 97 352 ± 104
Δ 6MWT, m 15 ± 68 24 ± 62 14 ± 62 15 ± 69 − 18 ± 90 0.002
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model with change in 6MWT distance as the independ-
ent variable (Table 3). Affiliation to one of the groups 
(CRP group change) was significantly related (P = 0.008). 
The distance at baseline was positively related to change 
(longer distance at baseline was related to the improve-
ment, while the shorter distance at baseline was related to 

worsening). The impact of gender was marginally signifi-
cant with males showing greater improvement.

Discussion

In this analysis of the CIBIS-ELD trial, we have found that 
the relative change of NT-proBNP is associated with the 
change in hs-CRP from baseline to follow-up and that the 
change in 6MWT distance is associated with the change in 
hs-CRP from baseline to follow-up.

Recently, inflammation is getting more and more recogni-
tion in the pathogenesis and development of heart failure. 
Correlation between elevated inflammatory mediators and 
adverse clinical outcomes has been explored and proved in 
previous research [10]. In this analysis, the patients were 
divided into four groups depending on whether the hs-CRP 
level was low or high at baseline and after 12 weeks.

Beta-blockers are guideline-recommended treatment for 
HF patients. Anti-inflammatory role of beta-blockers has 
been very modestly evaluated so far. A recent study in beta-
blocker-naïve HFrEF patients who were given carvedilol 
for 12 months showed a global decrease of inflammatory 
biomarkers [11]. In another study, CRP levels were meas-
ured in a group of 96 outpatients with HF, and it was shown 
that beta-blockers reduced serum CRP by 37.5% [12]. The 
patients whose data we analyzed were randomized to beta-
blockers and we have shown that the hs-CRP levels have 
overall decreased, from 0.25 (0.12/0.53) mg/dl at baseline to 
0.23 (0.12/0.45) mg/dl at follow-up. In 57% of the analyzed 
patients, hs-CRP levels decreased during the 12 weeks of 
treatment. We tested to check if the type of beta-blocker 
assigned (bisoprolol vs. carvedilol) influences the decrease 
in the inflammatory marker, but it seems that selectivity of 

Fig. 1   Association between the relative change of NT-proBNP and 
hs-CRP from baseline to follow-up

Fig. 2   Association between the change of 6MWT and hs-CRP from 
baseline to follow-up

Table 3   Predictors for the change in 6MWT

NYHA New York Heart Association Functional Classification, BMI 
body mass index, RRS systolic blood pressure, RRD diastolic blood 
pressure, 6MWT 6-min-walk-test, CAD coronary artery disease, 
LVEF left ventricular ejection fraction

Predictor Sumsq df Statistic P value

CRP group change 4.632783e + 04 3 3.9737935 0.008
Age 9.227504e + 03 1 2.3744817 0.124
Gender 1.442636e + 04 1 3.7122848 0.055
NYHA 9.192280e + 03 2 1.1827089 0.307
BMI 3.511078e + 03 1 0.9034936 0.342
RRS 8.115663e + 02 1 0.2088376 0.648
RRD 4.203582e + 03 1 1.0816932 0.299
6MWT 3.062140e + 05 1 78.7970038 0.001
CAD 3.074643e + 00 1 0.0007912 0.978
LVEF 3228.1487 1 0.8303637 0.363
Residuals 1.686573e + 06 434 NA NA
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the beta-blocker did not play a role, as each hs-CRP-defined 
group had similar distribution of patients randomized to 
bisoprolol and carvedilol.

Circulating natriuretic peptides, and particularly B-type 
natriuretic peptide (BNP) and N-terminal pro B-type natriu-
retic peptide (NT-proBNP) have been extensively used for 
evaluating the disease status in HF patients. They are cur-
rently recognized as the gold standard of predictive mark-
ers in HF patients [13]. Our results showed that the relative 
change of NT-proBNP was associated with the change in 
hs-CRP. It is also interesting that in the high–low group, in 
which the hs-CRP level went from above 0.3 mg/dl to below 
this cut-off in 12 weeks, NT-proBNP levels also decreased 
significantly. Contrary to that, in the low–high group, 
together with the hs-CRP level increase, the NT-proBNP 
levels increased as well.

Further, we showed that with the increase of hs-CRP 
levels from baseline to follow-up, the 6MWT distance 
decreases. On the other hand, the results of the 6MWT 
were better after 12 weeks of beta-blocker treatment in the 
other groups (low–low, high–low and high–high), where the 
hs-CRP levels did not increase. Despite our expectations 
to show the biggest improvement in the high–low group, 
the biggest improvement was shown in the low–low group. 
The improvement in the high–high and high–low groups was 
comparable. However, looking into the 6MWT results after 
the 12-week treatment, patients in the high–low group had 
better 6MWT results (339 ± 84 m), when compared to the 
high–high group (332 ± 97 m).

There were no previous studies exploring this correlation. 
However, some of the previous trials have explored the cor-
relation between exercise and inflammatory status in patients 
with cardiac diseases [14, 15]. Results from the National 
Health and Nutrition Examination Survey (NHANES) have 
shown that even in healthy individuals with elevated CRP 
(> 0.3 mg/dl), heart recovery rate after intense exercise is 
worse compared to those whose CRP levels were in normal 
ranges [16]. One study published earlier this year concluded 
that there is an association between inflammatory biomark-
ers and differential effect of exercise on functional capacity 
in HF patients [17]. Another study carried out in HF patients 
explored the effects of 12-week treatment with methotrexate 
to the results of the 6MWT. These researches did not find 
any significant changes in 6MWT results in the methotrexate 
group [18]. Further, a recent analysis of a KORA-Age trial, 
showed that higher concentrations of inflammatory markers 
(IL-6 and hs-CRP) in elderly individuals with and without 
cardiac disease are associated with lower levels of muscu-
lar strength [19]. This is somewhat in accordance with our 
results.

However, based on our findings, we could assume that 
combination of NT-proBNP and hs-CRP could serve as a 
good predictor of functional capacity.

The results show that hs-CRP seems to be a good pre-
dictor of functional capacity in HF patients. This could 
mean that the control of inflammation might be beneficial 
in patients with higher hs-CRP levels.
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