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ABSTRACT 

Background: Atrial fibrillation (AF) is a frequent arrhythmia associated with an adverse prognostic value in patients 
with ACS. Risk stratification as well as diagnosis of ACS is strongly supported by biomarkers. High sensitivity CRP 
(hs-CRP) is known to be elevated in patients presenting with ACS as well as with AF. Methods: In total, 2034 con-
secutive patients with an ACS were analysed. The incidence of AF in the setting of ACS, the prognostic value of 
hs-CRP and the clinical outcome within 6 months were subject of the study. Death after 6 months was considered as 
primary endpoint. Results: The frequency of AF among patients admitted with suspected ACS was 124 (6.1%). During 
6-month follow-up the mortality rate among patients with AF was significantly higher (20 [16.1%] vs 133 [6.9%]; log- 
rank 13.72; p < 0.001) compared to patients without AF. Cox regression analysis revealed an increased risk for ACS 
patients with AF with an adjusted HR of 2.63 (95% CI 1.48 - 3.78; p < 0.001). Patients with AF showed significant 
higher levels of hs-CRP than patients without AF (6.01mg/dl IQR [1.7 - 17.8] vs 3.3mg/dl IQR [1.37 - 9.83]; p = 0.003). 
By the use of multivariate Cox regression analysis, risk of mortality was higher when AF patients had higher concentra-
tions of hs-CRP (HR 1.076; 95% CI 1.02 - 1.13; p = 0.002). Conclusions: AF is a strong and independent indicator for 
increased mortality in patients presenting with ACS. hs-CRP predicts mortality in AF patients and should be considered 
for risk stratification in clinical routine. 
 
Keywords: Acute Coronary Syndrome; Atrial Fibrillation; Risk Stratification; High-Sensitivity CRP 

1. Introduction 

Atrial fibrillation (AF) is the most common arrhythmia in 
the general population and is linked with relevant mor-
bidity and mortality [1,2]. The prevalence of AF in pa-
tients with stable coronary artery disease is described 
with less frequency compared to patients without car-
diovascular disease [3]. But due to growing life expec-
tancy the number of patients with AF and cardiovascular 
disease will increase [4]. At the moment the prevalence 
of pre-existing and/or new-onset AF in acute coronary 
syndromes (ACS) ranges from 5% to 21% [5-8]. Data 
from several studies showed that new-onset AF in the 
setting of acute myocardial infarction has been associated 
as an independent risk factor for in-hospital and long- 
term mortality [5-10]. Nevertheless, at the moment AF is 

not part of the common risk scores such as the GRACE- 
score. 

Risk stratification in patients with ACS is still a daily 
clinical challenge [11]. Therefore, biomarkers play a 
central role providing both diagnostic and prognostic 
information. Studies have shown that various biomarkers 
can predict a poor prognosis in patients with ACS [12, 
13]. Besides the well established markers cardiac tro-
ponin and NT-pro Brain Natriuretic Peptide [14,15], also 
inflammatory markers are known to be of prognostic 
value [16-19]. 

Especially high sensitivity CRP is associated with car-
diovascular risk and coronary events [20-23]. It is asso-
ciated with culprit lesion plaque rupture in ACS as well 
as with adverse outcome after myocardial infarction [16, 
17,24,25]. On the other hand there is emerging data 
which support an association between inflammation and 
AF. In this context hs-CRP is described to predict mor-
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tality in patients with AF [26-28]. Therefore, CRP seems 
to be an interesting prognostic marker in patients with 
ACS as well as in patients with AF.  

The aim of the present study was to evaluate the 
prognostic value of hs-CRP in patients with ACS com-
plicated by coexistent AF. Furthermore we wanted to 
show the impact of AF and hs-CRP on the clinical out-
come at 6 months follow-up.   

2. Methods 

2.1. Patients and Treatment 

2034 consecutive patients submitted with an episode of 
chest pain within the last 48 h and suspected ACS were 
included into the registry. For the present analysis all 
patients were included. Patients were considered to be at 
high risk if they were in cardiogenic shock, under man-
datory ventilation or admitted after successful CPR. Car-
diogenic shock was defined as reduced blood pressure 
(systolic BP < 90 mmHg or a drop of mean arterial pres-
sure > 30 mmHg) and/or low urine output (<0.5 ml/kg/h), 
with a pulse rate > 60 b.p.m. [29]. PCI was performed 
according to standard clinical practice. Left ventricular 
ejection fraction was routinely measured within the first 
day after admission for the index event during hospitali-
zation. 

Diabetes mellitus was defined by the presence in 
medication with oral antidiabetics or insulin. Hyperlipo-
proteinaemia was defined by chronic use of statins or by 
LDL-cholesterol levels ≥ 160 mg/dl. The definition of 
hypertension was made by the chronic use of antihyper-
tensive drugs.  

The patients were enrolled in the AF group based on 
the ECG on admission. Pre-history of AF was not evalu-
ated given the fact that AF was shown as a risk factor 
irrespective of new-onset or preexisting AF [9,30]. AF 
was defined and categorised using an adaption of the 
2006 Guidelines from the American College of Cardiol-
ogy, American Heart Association and European Heart 
Associaton [31]. Atrial fibrillation was defined as the 
absence of P waves, and atrial activity was represented 
by fibrillatory waves and/or irregular time elapsing be-
tween 2 consecutive R wave (RR) intervals.  

Patients were followed over 6 months. With regard to 
ACS and AF patients medication was recommended to-
wards rate control and anticoagulation following the 
guidelines [31]. Risk stratification for thromboembolism 
and need for anticoagulation was evaluated and recom-
mended by the use of CHADS2-Score. Death after 6 
months was the primary endpoint. Follow up data was 
achieved during a personal visit, which has been afforded 
by 84% of patients. The remaining patients, their rela-
tives or general physicians were contacted by telephone 

to get the absent information.  

2.2. Laboratory Assessment 

Venous blood samples were collected on admission and 
the day after in plain and EDTA-containing tubes for 
determination of the various biomarkers. The serum and 
EDTA-plasma were processed immediately and frozen at 
−80˚C until assayed. 

2.3. Statistical Analysis 

Data for categorical variables are expressed as number 
and percentage of patients. For continuous variables, data 
are reported as means ± SD or median and interquartile 
range when appropriate. Values were compared by un-
paired Student’s t-tests after testing for normal distribu-
tion. Fisher’s exact test or chi-square test was used for 
categorical variables with nominal scales, and the Mann- 
Whitney-U rank-sum test was used for those with ordinal 
scales. Multivariate Cox regression analysis was used to 
calculate Hazard ratios. Univariate Cox regression 
analyses were performed with mortality as the outcome 
variable. The following univariate predictors were tested: 
age, gender, BMI, hypertension, hyperlipoproteinaemia, 
diabetes mellitus, current smoking, family history of 
CAD, prior CAD (prior AMI, prior PCI, prior CABG), 
time limits (onset of symptoms until 1st medical contact, 
1st medical contact until admission PCI center), left ven-
tricular ejection fraction, high risk patients, CAD severity 
(1-, 2-, 3-vessel CAD), treatment (PCI, CABG, conser-
vative), CK-, CK-MB, cardiac troponin T on admission 
and the day after, serum creatinine, high sensitivity (hs-) 
CRP and NT-proBNP on admission. Univariate predic-
tors with p ≤ 0.10 were entered into multivariate Cox 
regression analysis. For the clinical endpoints the Kap-
lan-Meier method was applied and differences assessed 
by the log-rank test. All statistical tests were performed 
with SPSS software, version 15.0. A 2-tailed p-value < 
0.05 was considered statistically significant. 

3. Results 

A total of 2034 consecutive patients with suspected ACS 
were included in the registry. In 124 (6.1%) patients the 
diagnosis of AF was additionally made. Patients with AF 
and those without AF were assigned to AF group (n = 
124) and Non-AF group (n = 1910).  

Patients with AF were significantly older and had sig-
nificantly more hypertension, higher heart rate, lower 
systolic blood pressure on admission and lower ejection 
fraction at baseline. More current smokers and patients 
with family history for CAD were seen in the Non-AF 
group. Looking for high-risk patients revealed that sig-
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nificantly more patients were found in the AF group (32 
[25.8%] vs 281 [14.8%]; p < 0.01). For all other clinical 
parameters no significant differences have been observed 
(Table 1).  

There was no difference in the median time delay from 
onset of symptoms until first medical contact (AF group 
1.5 h IQR [0.5 - 4.0] vs Non-AF group 1.4 h IQR [0.5 - 
4.5]; p = 0.82). However, a trend in time delay from first 
medial contact until admission in the PCI center could be 
observed in the AF group (AF group 2.0 h IQR [1.2 - 7.7] 
vs Non-AF group 1.5 h IQR [1.0 - 4.5]; p = 0.06).  

Patients with AF had higher levels of serum creatinine 
(1.0 mg/dL IQR [0.83 - 1.24] vs 0.89 mg/dL IQR [0.76 - 
1.14]; p < 0.001) and hs-CRP (6.01 mg/dL IQR [1.7 - 
17.8] vs 3.3 mg/dl IQR [1.37 - 9.83]; p = 0.003). A trend 
to higher cardiac troponin T concentrations on admission 
could be observed in the AF group (25.0 ng/L IQR [10.0 - 
69.0] vs 11.0 ng/L IQR [<10.0 - 68.0]; p = 0.08) (Ta-  

ble 2). There was no difference in CK- or CK-MB levels 
between the groups on admission as well as on day 1 
after admission (Table 2). 

There were significantly more patients with multi ves-
sel disease (34 [27.4%] vs 368 [19.3%]; p = 0.03) in the 
AF group. Patients with AF underwent PCI to a signifi-
cant lesser extent (82 [66.1%] vs 1423 [74.5%]; p = 0.03) 
Contrarily, more patients had undergo emergency CABG 
(16 [12.9%] vs 85 [4.5%]; p < 0.001). In total, 428 pa-
tients were treated conservatively (Table 2).  

Follow-Up 

During 6-month follow-up the mortality rate among the 
patients with AF was significantly higher (20 [16.1%] vs 
133 [6.9%]; Log Rank 13.72; p < 0.001) compared to 
patients without AF (Table 3, Figure 1). The mortality 
rate still differed by excluding high-risk patients from the  

 
Table 1. Baseline characteristics of patients. 

Variable AF group (n = 124) Non-AF group n = (1910) p value 

Age (years), mean ± SD 71.9 ± 13.4 63.1 ± 13.3 <0.001 

Male sex, n (%) 80 (64.5) 1335 (70.2) 0.36 

Body-mass-index (kg/m2), mean ± SD 28.4 ± 4.5 27.8 ± 4.5 0.53 

Cardiovascular risk factors, n (%)    

Current Smoking 21 (16.9) 608 (31.9) <0.001 

Hypertension 95 (76.6) 1264 (66.4) 0.02 

Hyperlipoproteinaemia 43 (34.7) 799 (41.9) 0.13 

Diabetes mellitus 34 (27.4) 401 (21.1) 0.09 

Family history of CAD 7 (5.6) 320 (16.8) <0.01 

History of CAD, n (%)    

Previous myocardial infarction 15 (12.1) 255 (13.4) 0.79 

Previous CABG 11 (8.9) 143 (7.5) 0.59 

Previous PCI 11 (8.9) 236 (12.4) 0.26 

ACS-Event, n (%)    

ST-Elevation Myocardial Infarction 50 (40.3) 900 (47.1) 0.07 

Non-ST-Elevation Myocardial Infarction 39 (31.5) 449 (23.5) 0.08 

Unstable Angina 19 (15.3) 257 (13.5) 0.89 

Patients without ACS, n (%) 14 (11.3) 304 (15.9) 0.36 

Systolic BP (mmHg), mean ± SD 128.6 ± 37.9 135.5 ± 33.2 0.04 

Heart rate (bpm), mean ± SD 83.3 ± 31.0 75.2 ± 19.4 <0.001 

LV ejection fraction (%), mean ± SD 42.2 ± 11.4 47.9 ± 10.9 <0.01 

High risk patients, n (%) 32 (25.8) 281 (14.8) <0.01 
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Table 2. Laboratory measurements and angiographic characteristics. 

Variable AF group (n = 124) Non-AF group n = (1910) p value 

Laboratory measurements, median (IQR)    

Serum creatinine (mg/dL) on admission 1.0 (0.8 - 1.2) 0.89 (0.8 - 1.1) <0.001 

High sensitive CRP (mg/dL) on admission 6.01 (1.7 - 17.8) 3.30 (1.37 - 9.83) 0.003 

Cardiac troponin T (ng/L) on admission 25.0 (10.0 - 69.0) 11.4 (<10.0 - 68.2) 0.08 

Cardiac troponin T (ng/L) 1st day 491.0 (62.0 - 1880.0) 383.0 (10.0 - 1820.0) 0.13 

CK (U/l) on admission 153.0 (92.0 - 309.5) 157.0 (71.0 - 420.0) 0.96 

CK (U/l) 1st day 394.0 (130.0 - 1161.0) 350.0 (103.3 - 1123.8) 0.31 

CK-MB (U/l) on admission 7.6 (3.3 - 24.0) 8.6 (3.4 - 34.4) 0.66 

CK-MB (U/l) 1st day 13.0 (5.5 - 44.7) 18.8 (5.0 - 65.5) 0.31 

NT-proBNP (ng/L) on admission 257.0 (74.8 - 758.8) 228.0 (78.0 - 698.0) 0.90 

CAD severity, n (%)    

No CAD 14 (11.3) 272 (14.2) 0.35 

Coronary sclerosis 3 (2.4) 37 (1.9) 0.27 

1-vessel disease 40 (32.3) 750 (39.3) 0.12 

2-vessel disease 33 (26.6) 483 (25.3) 0.84 

3-vessel disease 34 (27.4) 368 (19.3) 0.03 

Treatment, n (%)    

PCI 82 (66.1) 1423 (74.5) 0.03 

CABG 16 (12.9) 85 (4.5) <0.001 

Conservative 26 (21.0) 402 (21.0) 0.73 

 
Table 3. Major adverse cardic events at 6 months follow-up. 

Variable AF group (n = 124) Non-AF group (n = 1910) p value 

Death, n (%) 20 (16.1) 133 (7.0) <0.01 

Myocardial infarction, n (%) 0 (0) 24 (1.3) 0.17 

Repeat revascularization, n (%) 9 (7.2) 90 (4.7)  

PCI, n (%) 6 (4.8) 74 (3.9) >0.99 

CABG, n (%) 3 (2.4) 16 (0.8) 0.43 

Any major adverse cardiac event, n (%) 29 (23.4) 247 (12.9) <0.001 

 
analysis (Figure 2). Furthermore, significant differences 
were also found for major adverse cardiac events (death, 
PCI, CABG, acute myocardial infarction) within 6 
months (Table 3).  

Kaplan-Meier survival analysis and Cox regression 
analysis revealed an increased risk for AF patients with 
an adjusted HR of 2.63 (95% CI 1.48 - 3.78; p < 0.001). 
After exclusion of patients with documented malignant 

and infectious disease the multivariate Cox regression 
analysis showed that risk of mortality was higher when 
patients with AF had higher concentrations of hs-CRP 
(HR 1.076; 95% CI 1.02 - 1.13; p = 0.002) and higher 
CK concentrations (HR 1.001; 95% CI 1.0 - 1.002; p = 
0.044) as well as higher CK-MB concentrations the day 
after admission (HR 1.017; 95% CI 1.002 - 1.031; p = 
0.025) (Table 4).   

Copyright © 2013 SciRes.                                                                                 IJCM 



High Sensitivity CRP Predicts Long-Term Mortality in Patients with  
Atrial Fibrillation and Evident Acute Coronary Syndrome 

141

  
Table 4. Patients with AF: hazard ratios and 95% CIs on logarithmic scale. 

CI 95% 
Variable HR 

Lower Upper 
p value 

Multi vessel CAD 0.22 0.02 2.25 0.20 

High-risk patients 7.53 0.08 731.94 0.39 

High sensitive CRP (mg/dL) 1.08 1.02 1.11 <0.01 

Serum creatinine (mg/dL) 1.47 0.13 16.69 0.76 

CK (U/l) 1st day 1.00 1.00 1.00 0.04 

CK-MB (U/l) 1st day 1.02 1.00 1.03 0.03 

Cardiac Troponin T (ng/L) 0.75 0.33 1.73 0.50 

Cardiac Troponin T (ng/L) 1st day 0.94 0.78 1.12 0.49 

 

 

Figure 1. Kaplan-meier survival curve for the entire cohort. 
 

 

Figure 2. Kaplan-meier survival curve without high-risk 
patients. 

4. Discussion 

Recently published data have illustrated AF in patients 
with ACS as an important risk factor irrespective of new- 

onset or preexisting AF [9,30]. Early invasive strategies 
in patients with ACS decreased the rate of death and/or 
recurrence of myocardial infarction [32]. Despite this 
early revascularization, the morbidity and mortality rate 
of patients with ACS remains high, particularly when 
complicated with AF. 

The aim of the study was to evaluate the prognostic 
value of hs-CRP in patients with ACS complicated by 
AF. Furthermore we wanted to show the impact of AF 
and hs-CRP on the clinical outcome at 6 months follow- 
up. 

The main findings are: First, AF is common in patients 
hospitalized with ACS. The number of affected patients 
in this study is comparable to other registries [5,7-9]. 
Second, patients presenting with ACS complicated by 
AF showed a higher morbidity and mortality rate com-
pared to patients without AF. This difference in clinical 
outcome persists even after exclusion of high-risk pa-
tients from the analyses. Third, patients with ACS and 
AF had significant higher concentrations of high-sensi- 
tive CRP compared to patients without AF. Furthermore, 
hs-CRP predicted long-term mortality in patients with 
ACS and coexisting AF. 

In the coming decades the number of patients with 
ACS and coexisting AF will increase due to the demo-
graphic change. The independent effect of AF as well as 
ACS complicated by AF causing higher short- and long- 
term morbidity and mortality rates is well known [4,5,7-9, 
33]. The identification of patients being at high-risk will 
be a challenge in daily clinical routine. 

Our data confirms the increase of long-term mortality 
in ACS patients due to AF as a comorbidity. Interestingly, 
the adverse outcome of AF patients was not restricted to 
high-risk patients which were defined by the presence of 
cardiogenic shock. However, patients with AF were more 
often unstable. AF causing higher ventricular rates and 
consecutively less ventricular filling ensuing cardiac de-
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compensation could explain this higher percentage of 
hemodynamic unstable patients. Our results showed no 
significant difference in levels of troponin T or CK be-
tween the two groups. That confirms that AF is an im-
portant risk factor for mortality in patients with ACS 
independent of the size of myocardial necrosis. These 
findings are congruent with the results of GRACE [7]. 
Furthermore, hs-CRP seems to be the only marker al-
lowing additional risk prediction on top of traditional 
markers mirroring myocardial necrosis.  

The AF group showed higher hs-CRP levels than the 
non-AF group. That supports previous findings, which 
showed an association between inflammation and AF. A 
longer duration of AF is also associated with higher 
hs-CRP concentrations [26-28]. Furthermore, recent 
studies could demonstrate that CRP predicts left ven-
tricular ejection fraction and infarct sized measured by 
magnet resonance imaging 3 months after AMI [34]. 

The most important finding of our study was that in-
side the AF group hs-CRP could be of prognostic value 
for mortality within 6 months after ACS. That confirms 
the influence of high levels of CRP on culprit lesion 
plaque rupture in ACS. In this context higher CRP levels 
were associated with adverse outcome after ACS [16,17, 
24,25]. ACS are triggered by inflammatory response and 
plaque degradation [35]. These previous findings as well 
as our results support a link between increased risk of 
more plaque ruptures, followed by a worse clinical out-
come, in patients with AF and higher hs-CRP levels 
compared to those with normal CRP levels [24,25,28,36]. 
Our study confirms the elevation of hs-CRP and the role 
of inflammation in both morbidities ACS and AF re-
garding the clinical outcome. The important role of in-
flammatory processes determining plaque stability sup-
ports the possible benefits of lifestyle modification and 
drug therapy with statins and/or antioxidants [37].  

In future studies a focus should be the possibilities to 
influence the inflammation in patients with AF controlled 
by hs-CRP levels with either lifestyle modification or 
drug therapy, e.g. with statin or antioxidants [38-40]. On 
this way both AF and vulnerable plaque rupture might be 
prevented.  

At the moment common risk scores for ACS still ne-
glect AF as an independent implicator for higher mortal-
ity rates. Thus, risk stratification and pharmacotherapeu-
tic treatment in these special patients collective should be 
reconsidered in order to improve prognosis [41]. The risk 
stratification according to AF could be supported by de-
termination of hs-CRP. 

5. Conclusion 

Atrial fibrillation is a strong and independent indicator 
for increased mortality in patients presenting with ACS. 

Hs-CRP levels in patients with ACS are higher when AF 
is coexistent. It predicts mortality in patients with ACS 
complicated by AF and should be considered for risk 
stratification and pharmacotherapeutic interventions in 
clinical routine. 
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