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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia in adults, with
an incidence of 3%, which gradually increases with age. The incidence

among individuals over 80 is over 13%.1
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Abstract

Background: This study aims to estimate prognostic indicators of new onset
atrial fibrillation (AF) in patients with acute coronary syndrome (ACS) through
3 to 5 years of follow-up.

Hypothesis: For patients with ACS, some prognostic indicators can be used to pre-
dict new onset AF.

Methods: The Improving Care for Cardiovascular Disease in China-ACS (CCC-ACS)
program was launched in 2014 by a collaborative initiative of the American Heart
Association and Chinese Society of Cardiology. We enrolled 866 patients with ACS
in a telephone follow-up program. We inquired about each patient's general health
and invited each patient to our hospital for further consultation. We also performed
ambulatory electrocardiography and other relevant examinations.

Results: A total of 743 ACS patients were included in the study. After 3 to 5 years, 50 (0.67%)
patients developed AF. In multivariable Cox models adjusting for AF risk factors in ACS patients,
we found that NT-proBNP [hazard ratio (HR) 2.625, 1.654-4.166, P < .05], creatine kinase-MB
(CK-MB) (HR 4.279, 1.887-9.703, P < .05), and left ventricular ejection fraction (LVEF)
(HR 0.01, 0.001-0.352, P < .05) were significantly associated with AF receiver operating char-
acteristic (ROC) curves were used to determine a cutoff level for AF screening. NT-proBNP
using a cutoff of 1705 ng/L resulted in a sensitivity of 58% and a specificity of 89.8%. CK-MB
using a cutoff of 142.5 ng/L resulted in a sensitivity of 73.3% and a specificity of 58.3%.
Conclusion: For patients with ACS, NT-proBNP, CK-MB, and LVEF have a consider-

able prognostic value for predicting whether AF would be detected during follow-up.
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Patients with acute coronary syndrome (ACS) are more likely to
have arrhythmias such as AF and other arrhythmias after myocardial
injury than those without ACS. AF patients are more likely to develop
ACS due to coronary artery embolism than those without AF.2 AF and
ACS affect each other, and this can lead to the rapid development of
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the disease and eventually poor prognosis. Therefore, early detection
and intervention in AF and ACS patients are particularly important.

Some biomarkers have been confirmed to be associated with the
occurrence and development of AF>* and it may be possible to
reduce the complications of AF through more intensive screening.

We used a multimarker approach with eight indexes, including
heart failure markers, myocardial infarction markers, plasma glucose,
creatinine, low-density lipoprotein cholesterol (LDL-C), and left ven-
tricular ejection fraction (LVEF) to determine whether these indicators

can predict the occurrence and development of AF.

2 | METHODS
21 | Study populations

The Improving Care for Cardiovascular Disease in China-ACS (CCC-
ACS) project is a national registry and quality improvement study with
a database that focuses on the quality of treatment and care for ACS.

The project was launched in 2014 by collaborative initiative of
the American Heart Association and Chinese Society of Cardiology.
Because the design and methods of the CCC-ACS project have been
published in a previous report, we will not go into detail here.®

Our study was based on the CCC-ACS project and included all of
the ACS patients in the First Affiliated Hospital of Henan University
of Science and Technology from January 2014 to December 2017.
During this period, we collected baseline data, laboratory tests, elec-
trocardiograms, and echocardiography covering all of the ACS
patients. All of the patients with acute ST segment elevation myo-
cardial infarction, or non-ST segment elevation myocardial infarc-
tion, or unstable angina pectoris were included in ACS. Patients who
had experienced AF before ACS were excluded. If there was no con-
traindication, all of the patients were given dual antiplatelet, aspirin
and clopidogrel, or tegrarol and statins. If the drug had not been
taken orally before, it must be given a load. According to the clinical
situation of patients, angiotensin converting enzyme inhibitors and
beta-blocker drugs were given on time. From September 2019 to
October 2019, these patients were followed up intensively and
asked to go to our outpatient clinic for echocardiography, ambula-
tory electrocardiography, and other related examinations. The pri-
mary end point was defined as the first detection of AF during
follow-up.

All of the participants received written informed consent, which
was approved by the ethics committee of the First Affiliated Hospital

of Henan University of Science and Technology.

2.2 | Baseline measurements and biochemical
analysis

At first hospitalization, participants' gender, age, smoking habits, sys-
tolic blood pressure, heart rate, history of myocardial infarction, and

history of percutaneous coronary intervention (PCl) were recorded.

AF was diagnosed on an ECG obtained using a Holter monitor or hos-
pital records. Whether the ECG recording indicated AF was deter-
mined by a cardiologist. Smoking history was defined as smoking at
least once every day for at least 1 year. Diabetes is defined as glyco-
sylated hemoglobin greater than 6% or long-term use of oral drugs or
subcutaneous insulin injection to control blood sugar. Quality control
of laboratory indicators and definition of medical history standard

were performed with reference to the CCC Project.

2.3 | Statistical analysis

Baseline variables are presented as mean, SD, and percentages. We
analyze normality of all of the measurement data. If a variable does
not conform to normal distribution, log transformation is carried out
and represented by the median and interquartile range. Cox propor-
tional hazards regression models were tested for every marker.
Results were adjusted for cardiovascular risk factors comprising of
gender, age, smoking habits, systolic blood pressure, heart rate, and
history of type 2 diabetes, history of heart failure, history of myocar-
dial infarction, and history of PCI. All of the statistical testes and confi-
dence intervals were two-sided, and P < .05 was used to identify
statistically significant results. Statistical analysis of data was per-
formed using SPSS19 software.

TABLE 1  Baseline characteristics

Clinical N =743
Age (y) 62 +12
Sex (man) 583(78.5%)
Heart rate (bpm) 76 £ 16
Systolic blood pressure (mmHg) 127 + 26
Current smoking 361(48.6%)
Diabetes 132(17.8%)
History of heart failure 76(10.2%)
History of myocardial infarction 48(6.5%)
History of PCI 44(5.9%)
Hypertension 346(46.6%)

Troponin (ng/mL)

NT-proBNP (pg/mL)

CK-MB (IU/L)

Creatinine (umol/L)

Hb (g/L)

Fasting blood glucose (mmol/L)
LDL-C (mmol/L)

LVEF (%)

2.60(0.33, 11.00)
321.0(123.0, 773.5)
121 (159, 226)
89.0(80.5, 102.0)
124 (109, 133)
5.5(4.7,7.0)
2.70(2.11, 3.29)

51 (45, 58)

Notes: Continuous values are represented by mean + SD. Non-normal dis-
tribution values are represented by median (25th, 75th).

Abbreviations: Hb, hemoglobin; LDL-C, low-density lipoprotein choles-
terol; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal
pro-brain natriuretic peptide; PCI, percutaneous coronary intervention.
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TABLE 2  Fluctuation of biomarkers over time
Admission 24 hours 3 months

Troponin (ng/mL) 2.60 (0.33, 11.00) 2.80(0.22, 11.80) /

NT-proBNP (pg/mL) 321.0(123.0, 773.5) 635.0 (256.0, 1056.0) 169.0 (80.0, 472.0)

Ck-MB (IU/L) 121 (59, 226) 136 (32, 218) 13(9, 18)

Hb (g/L) 124 (109, 133) 121 (103, 136) 123 (112, 138)

LVEF (%) 51 (45, 58) 42 (38, 53) 50 (41, 56)

LA diameter (mm) 30 (27, 35) 31 (26, 37) 33(23,41)

Abbreviations: Hb, hemoglobin; LA, left atrial; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide.

TABLE 3  Multivariable-adjusted proportional hazards regression

models for AF
Adjustment factors HR P values
Baseline+log. NT-proBNP 2.625 (1.654-4.166) <.05
Baseline+log, Tnl 1.236 (0.820-1.863) 31
Baseline+log. CK-MB 4.279 (1.887-9.703) <.05
Baseline+log. Cr 0.263 (0.026-2.689) 263
Baseline+log. Hb 1.856 (0.013-272.729) .808
Baseline+log. glucose 0.852 (0.121-6.014) .872
Baseline+loge LDL-C 0.440 (0.059-3.259) 421
Baseline+log. LVEF 0.010 (0.000-0.352) <.05

Notes: Baseline included in gender, age, smoking habits, systolic blood
pressure, heart rate, history of diabetes, history of heart failure, history of
myocardial infarction, and history of PCI.

Abbreviations: AF, atrial fibrillation; CK-MB, creatine kinase-MB; Cr, creat-
inine; Hb, hemoglobin; LDL-C, low-density lipoprotein cholesterol; LVEF,
left ventricular ejection fraction; NT-proBNP, N-terminal probrain natri-
uretic peptide; Tnl, troponin I.

3 | RESULT
We enrolled 866 patients with ACS and conducted telephone follow-
up. We were able to collect clinical data of 743 patients, including
316 (42.5%) patients with acute ST segment elevation myocardial
infarction, 136 (18.3%) patients with non-ST segment elevation myo-
cardial infarction, and 291 (39.2%) patients with unstable angina
pectoris. The baseline characteristics of these patients are shown in
Table 1. The average age of the participants was 62 + 12 years,
78.5% of whom were men. One hundred and twenty-six (14.5%)
patients had clinical symptoms and signs of heart failure at the
time of admission. Twenty-five (3.4%) patients had moderate to
severe valve regurgitation. The changes of biomarkers of myocar-
dial infarction and heart failure over time are listed in Table 2.
NT-proBNP and other clinical data, which do not conform to the
normal distribution, were naturally logarithmically transformed
(loge). Up to the end of the follow-up, 50 patients were found to
have developed new AF (0.67%).

To identify the risk factors of new onset AF, we analyzed each
possible factor using a Cox proportional hazards regression model. In

the multivariate model analysis, we set age, gender, medical history,

ROC Curve

sensitivity

0.0 T T T T
0.0 0z 04 06 o0& 10
1 - specificity
FIGURE 1 ROC curve depicting detection of new atrial fibrillation

as a function of NT-proBNP

and other information as the baseline data, and then NT proBNP, Tnl,
CK-MB, creatinine, hemoglobin, LVEF, blood glucose, and blood lipid
were introduced into the model. The HR of each indicator is shown in
Table 3. We found that the value of NT-proBNP (HR 2.625,
1.654-4.166, P < .05), CKMB (HR 4.279, 1.887-9.703, P < .05), and
LVEF (HR 0.01, 0.001-0.352, P < .05) were significantly closely associ-
ated with AF at the beginning of admission (Table 3). After 3 months,
only the LVEF (HR 0.03, 0.005-0.452, P < .05) was significantly closely
associated with AF.

To further clarify the possibility of NT-proBNP and CK-MB and
so predict the occurrence of AF, we used ROC curves to determine a
cutoff level (Figures 1 and 2). NT-proBNP using a cutoff of
1705 ng/L resulted in a sensitivity of 58% and a specificity of 89.8%.
The area under curve (AUC) for this risk score was 0.647
(Cl 0.558-0.737). CK-MB using a cutoff of 142.5 ng/L resulted in a
sensitivity of 73.3% and a specificity of 58.3%. The AUC for this risk
score was 0.661 (Cl 0.573-0.749).
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FIGURE 2 ROC curve depicting detection of new atrial fibrillation
as a function of creatine kinase-MB

4 | DISCUSSION

For patients with ACS and AF, diagnosis and treatment are difficult,
especially in antithrombotic therapy, and the prognosis is very poor.
The European Heart Association recommends screening for AF to
reduce the incidence rate.® But it is difficult to detect because most
AF is asymptomatic or paroxysmal, which leads to the risk of AF being
far underestimated.”® Meanwhile, a considerable proportion of
elderly patients with AF have not been treated.”

Because AF has a similar pathophysiological mechanism of
occurrence and development with other cardiovascular diseases
such as ischemic heart disease and heart failure, these diseases
may have the same biomarkers. These biomarkers can add prognos-
tic value for predicting the death, cardiovascular events, and heart
failure of cardiovascular diseases.’® We incorporated all factors
that might cause AF in ACS patients into the model for multivariate
analysis. Only NT-proBNP, CK-MB, and LVEF were found signifi-
cantly related with incident AF. The levels of NT-proBNP and
CK-MB were higher and the LVEF were worse in ACS patients who
subsequently developed AF. Over time, CK-MB and NT proBNP
gradually returned to normal, and LVEF was still related with inci-
dent AF. A large number of previous studies have found that
NT-proBNP or Tnl are good predictors of myocardial infarction,
heart failure, ischemic stroke, AF, and mortality.***2 Our study did
not indicate that Tnl level was related to the occurrence of AF, but
CK-MB level, which is also a biomarker of myocardial necrosis, was
found to predict the development of AF. It is possible that longer
changes in myocardial structure resulted in more pronounced

cardiac injury, and a greater chance of AF.

Using the ROC curves, the best cutoff value to predict AF occur-
rence at the NT-proBNP was 1705 ng/L. The best cutoff value of
CK-MB was 142.5 ng/L. The patients with newly detected AF may
have high NT-proBNP because of the stress on the heart caused by
arrhythmia. It may also be a sign of cardiac pathology, which makes
the patients more prone to arrhythmia. Through the detection of
NT-proBNP and CKMB, AF can be prevented and intervention
performed as early as possible to prevent the progressive deteriora-
tion of the condition. Several previous cohorts have quantified the
likelihood of NT-proBNP leading to AF,'**° but there have been few
studies of CKMB. Our study further proves that NT-proBNP is closely
related to the development of AF and significantly improved the pre-
dictive ability, which is consistent with many previous studies.*® Our
study also found that CK-MB might be an important index to predict
the occurrence of AF.

5 | LIMITATIONS

Our study has some specific limitations that need to be considered.
First, although all of the patients were followed up, most of the clinical
data were 3 to 5 years ago, which may have some impact on the
results. Second, because it is a retrospective study, we could not dis-
cern the causal relationship. We do not know whether NT-proBNP
and CK-MB would be useful as a marker of elevated risk after AF
onset or as a marker of incident AF. Finally, only ACS patients were
included, and the number of patients included was small. Further
large-scale, multicenter, prospective data are needed to further con-
firm the research results.

6 | CONCLUSION

For patients with ACS, NT-proBNP, CK-MB, and LVEF are the main
prognostic indicators used to predict new onset AF. Quantitative
measurement based on NT-proBNP and CK-MB can be used to deter-

mine the value conducive to AF screening.

ACKNOWLEDGMENTS

We would like to thank LetPub (www.letpub.com) for its linguistic
assistance during the preparation of this manuscript. The study was
funded by the Luoyang science and technology Foundation, medical
and health project.

CONFLICT OF INTEREST

The authors declare no potential conflict of interest.

ORCID

Hengliang Zhang "> https://orcid.org/0000-0001-5892-954X

REFERENCE

1. Friberg L, Bergfeldt L. Atrial fibrillation prevalence revisited. J Intern
Med. 2013;274:461-468.


http://www.letpub.com
https://orcid.org/0000-0001-5892-954X
https://orcid.org/0000-0001-5892-954X

ZHANG ET AL

10.

Daoud H, Abugroun A, Erramilli S, Kumar S. Acute coronary syndrome
(ACS) due to coronary artery embolism in a patient with atrial fibrilla-
tion. Case Rep Cardiol. 2019;2019:9347198.

Schnabel RB, Larson MG, Yamamoto JF, et al. Relations of biomarkers
of distinct pathophysiological pathways and atrial fibrillation inci-
dence in the community. Circulation. 2010;121:200-207.

Patton KK, Heckbert SR, Alonso A, et al. N-terminal pro-B-type natri-
uretic peptide as a predictor of incident atrial fibrillation in the multi-
ethnic study of atherosclerosis: the effects of age, sex and ethnicity.
Heart. 2013;99:1832-1836.

Hao Y, Liu J, Smith SC Jr, et al. Rationale and design of the improving
care for cardiovascular disease in China (CCC) project: a national
effort to prompt quality enhancement for acute coronary syndrome.
Am Heart J. 2016;179:107-115.

Camm AJ, Lip GY, De Caterina R, et al. 2012 focused update of the
ESC guidelines for the management of atrial fibrillation: an update of
the 2010 ESC guidelines for the management of atrial fibrillation—
developed with the special contribution of the European Heart
Rhythm Association. Europace. 2012;14:1385-1413.

Camm AJ, Corbucci G, Padeletti L. Usefulness of continuous electro-
cardiographic monitoring for atrial fibrillation. Am J Cardiol. 2012;110:
270-276.

Fitzmaurice DA, Hobbs FD, Jowett S, et al. Screening versus routine
practice in detection of atrial fibrillation in patients aged 65 or over:
cluster randomised controlled trial. BMJ. 2007;335:383.

Svennberg E, Engdahl J, Al-Khalili F, Friberg L, Frykman V, Rosenqvist
M. Mass screening for untreated atrial fibrillation: the STROKESTOP
study. Circulation. 2015;131:2176-2184.

Wang TJ, Wollert KC, Larson MG, et al. Prognostic utility of novel
biomarkers of cardiovascular stress: the Framingham Heart Study. Cir-
culation. 2012;126:1596-1604.

11.

12.

13.

14.

15.

16.

cvees RWIESERE

Sabatine MS, Morrow DA, Higgins LJ, et al. Complementary roles for
biomarkers of biomechanical strain ST2 and N-terminal prohormone
B-type natriuretic peptide in patients with ST-elevation myocardial
infarction. Circulation. 2008;117:1936-1944.

de Lemos JA, Drazner MH, Omland T, et al. Association of troponin T
detected with a highly sensitive assay and cardiac structure and mor-
tality risk in the general population. JAMA. 2010;304:2503-2512.

Leal JC, Petrucci O, Godoy MF, Braile DM. Perioperative serum tro-
ponin | levels are associated with higher risk for atrial fibrillation in
patients undergoing coronary artery bypass graft surgery. Interact
Cardiovasc Thorac Surg. 2012;14:22-25.

Alonso A, Krijthe BP, Aspelund T, et al. Simple risk model predicts
incidence of atrial fibrillation in a racially and geographically diverse
population: the CHARGE-AF consortium. J Am Heart Assoc. 2013;2:
e000102.

Schnabel RB, Sullivan LM, Levy D, et al. Development of a risk score
for atrial fibrillation (Framingham Heart Study): a community-based
cohort study. Lancet. 2009;373:739-745.

Svennberg E, Lindahl B, Berglund L, et al. NT-proBNP is a powerful
predictor for incident atrial fibrillation—validation of a multimarker
approach. Int J Cardiol. 2016;223:74-81.

How to cite this article: Zhang H, Dong P, Yang X, et al.
Prognostic indicators of new onset atrial fibrillation in patients
with acute coronary syndrome. Clin Cardiol. 2020;43:
647-651. https://doi.org/10.1002/clc.23363



https://doi.org/10.1002/clc.23363

	Prognostic indicators of new onset atrial fibrillation in patients with acute coronary syndrome
	1  INTRODUCTION
	2  METHODS
	2.1  Study populations
	2.2  Baseline measurements and biochemical analysis
	2.3  Statistical analysis

	3  RESULT
	4  DISCUSSION
	5  LIMITATIONS
	6  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	REFERENCE


