
Research Article
Prediction Model of New Onset Atrial Fibrillation in
Patients with Acute Coronary Syndrome

Na Wu ,1,2 Junzheng Li,1,2 Xiang Xu,3 Zhiquan Yuan,1,2 Lili Yang,4 Yanxiu Chen,3

Tingting Xia,1,2 QinHu,1,2 Zheng Chen,1,2 Chengying Li,1,2 Ying Xiang,1,2 Zhihui Zhang ,3

Li Zhong ,5 and Yafei Li 1,2

1Department of Epidemiology, College of Preventive Medicine, Army Medical University, Chongqing 400038, China
2Evidence-based Medicine and Clinical Epidemiology Center, Army Medical University, Chongqing 400038, China
3Department of Cardiology and the Center for Circadian Metabolism and Cardiovascular Disease, Southwest Hospital,
Army Medical University, Chongqing 400038, China
4Department of Information, Xinqiao Hospital, Army Medical University, Chongqing 400038, China
5Cardiovascular Disease Center, Tird Afliated Hospital of Chongqing Medical University, Chongqing 401120, China

Correspondence should be addressed to Zhihui Zhang; xyzpj@tmmu.edu.cn, Li Zhong; zhongli28@hotmail.com, and Yafei Li;
liyafei2008@hotmail.com

Received 9 October 2022; Revised 15 January 2023; Accepted 30 January 2023; Published 23 February 2023

Academic Editor: Luigi Sciarra

Copyright © 2023 NaWu et al.Tis is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Atrial fbrillation (AF) is one of the most common complications of acute coronary syndrome (ACS) patients. Possible
risk factors related to new-onset AF (NOAF) in ACS patients have been reported in some studies, and several prediction models
have been established. However, the predictive power of these models was modest and lacked independent validation. Te aim of
this study is to defne risk factors of NOAF in patients with ACS during hospitalization and to develop a prediction model and
nomogram for individual risk prediction. Methods. Retrospective cohort studies were conducted. A total of 1535 eligible ACS
patients from one hospital were recruited for model development. External validation was performed using an external cohort of
1635 ACS patients from another hospital. Te prediction model was created using multivariable logistic regression and validated
in an external cohort. Te discrimination, calibration, and clinical utility of the model were evaluated, and a nomogram was
constructed. A subgroup analysis was performed for unstable angina (UA) patients. Results. During hospitalization, the incidence
of NOAF was 8.21% and 6.12% in the training and validation cohorts, respectively. Age, admission heart rate, left atrial diameter,
right atrial diameter, heart failure, brain natriuretic peptide (BNP) level, less statin use, and no percutaneous coronary in-
tervention (PCI) were independent predictors of NOAF. Te AUC was 0.891 (95% CI: 0.863–0.920) and 0.839 (95% CI:
0.796–0.883) for the training and validation cohort, respectively, and the model passed the calibration test (P> 0.05). Te clinical
utility evaluation shows that the model has a clinical net beneft within a certain range of the threshold probability. Conclusion. A
model with strong predictive power was constructed for predicting the risk of NOAF in patients with ACS during hospitalization.
It might help with the identifcation of ACS patients at risk and early intervention of NOAF during hospitalization.

1. Introduction

Acute coronary syndrome (ACS) is a life-threatening heart
condition associated with a sudden reduction in blood fow
to the heart [1]. ACS includes ST-elevation myocardial in-
farction (STEMI), non-ST elevation myocardial infarction
(NSTEMI), and unstable angina (UA) [2]. In the Asia-Pacifc

region, the mortality rate during hospitalization is over 5%
[3]. AF is one of the most common complications of ACS
patients. Te incidence of new-onset AF (NOAF) ranged
from 2.4% to 37% in ACS patients during hospitalization
[4–16]. NOAF during hospitalization signifcantly increases
the risk of a major adverse cardiac event, stroke, systemic
embolism, andmortality [9, 10, 14, 17, 18].Terefore, NOAF
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is an important health problem for patients with ACS during
hospitalization.

Early detection and intervention in NOAF among ACS
patients during hospitalization are particularly important.
As a result, many eforts have beenmade previously. Possible
risk factors related to NOAF in ACS patients have been
reported in some studies, and several predictionmodels have
been established to identify high-risk individuals [13, 19–21].
However, these models had only modest predictive value
with the c-statistics ranging from 0.62 to 0.79, and were not
comprehensively evaluated or external validated. Owing to
the lack of a specifc and practical predictive method, the
development of a predictive model that has satisfactory
predictive value based on clinical characteristics at admis-
sion becomes desirable. In addition, ACS includes three
subtypes, of which UA is the most common one [2].Te risk
factors for NOAF in diferent subtypes of ACSmay vary, and
the prediction model for NOAF in UA patients is rare.

We therefore conducted this study to (1) defne risk
factors for NOAF in patients with ACS during hospitali-
zation, (2) develop a prediction model and nomogram for
NOAF risk in ACS patients and comprehensively evaluate
and externally validate the model, and (3) perform subgroup
analysis to develop a prediction model for NOAF risk in UA
patients specifcally.

2. Methods

2.1. Study Participants. Retrospective cohort studies were
conducted. We retrospectively enrolled 5403 consecutive
ACS patients admitted to the Department of Cardiology,Te
First Afliated Hospital of the Army Medical University
(Tird Military Medical University) in Chongqing, China,
from January 2010 to December 2019 for the training cohort.
In addition, we retrospectively enrolled 2316 consecutive
ACS patients admitted to the Department of Cardiology,
Second Afliated Hospital of the Army Medical University,
from January 2017 to December 2019 for external validation
cohort. Patients who were at least 18 years old and diagnosed
with ACS were eligible for this study. Patients with a history
or record of AF at admission, valvular diseases, infections,
malignant tumors, systemic infammatory diseases, in-
complete records of echocardiography, admission heart rate,
circulating brain natriuretic peptide (BNP), and other im-
portant data were excluded from the study. ACS was defned
according to the guideline [22]. Continuous ECG moni-
toring was routinely carried out for all ACS patients
throughout the period of hospitalization so that asymp-
tomatic AF could also be detected and diagnosed. AF was
defned according to the 2016 ESC Guidelines [23]. Finally,
1535 and 1635 ACS patients were eligible for the training
and validation cohort, respectively. Te study was approved
by the Ethics Committee of the Southwest Hospital of the
Army Medical University. Te research was conducted in
accordance with the Helsinki declaration guidelines and all
procedures listed here were carried out in compliance with
the approved guidelines. Because this is a retrospective study
and all the parameters assessed were routinely obtained in
the hospitals so that no additional investigations or

procedures were carried out, informed consent was waived
by the Ethics Committee of Southwest Hospital of the Army
Medical University.

2.2. Data Collection. We collected information on de-
mographics (age and gender) and comorbidities (hyper-
tension, diabetes, cardiomyopathy, cerebral infarction,
chronic obstructive pulmonary disease, and chronic renal
insufciency). In addition, data from physical examination
(height, weight, heart rate, and blood pressure) and Killip
classifcation at admission and the frst biochemical/echo-
cardiography examination (blood routine, liver and kidney
function, cardiac troponin, circulating high-sensitivity C-
reactive protein, circulating BNP, etc.) were collected. Te
information about medication and percutaneous coronary
intervention (PCI) received during hospitalization was also
collected from the electronic medical records. NOAF is
defned as the onset of AF during hospitalization, and there
is no history or record of AF before.

2.3. Statistical Analysis. Te descriptive statistics are pre-
sented as frequency counts and proportions for categorical
data, means and standard deviation (SD) for continuous
variables that were normally distributed, and medians and
interquartile ranges (25th–75th percentile) for continuous
variables that were not normally distributed. To test the
diferences in means and proportions between two groups,
we used a t-test and a chi-square test, respectively. Multiple
imputation was used for the missing BMI, neutrophil count,
and leukocyte count (which accounted for <10% of obser-
vations). Previous studies found that ACS patients with the
admission heart rate above 80 bpm are at the highest risk of
in-hospital mortality [24], suggesting that an admission
heart rate above 80 bpm is of great signifcance for ACS
patients. In the training cohort, the median admission heart
rate of NOAF patients was over 85 bpm, and the median
admission heart rate of patients without NOAF was less than
80 bpm. Terefore, heart rate at admission was transformed
into dichotomous variable at 85 bpm. Killip classifcation at
admission was transformed into a dichotomous variable as
“heart failure” (Killip classifcation was II, III, or IV) and “no
heart failure” (Killip classifcation was I). Te level of cir-
culating BNP was log-transformed due to a heavy skew in
the distribution.

To investigate the risk factors of NOAF, the signifcance
of each variable in the training cohort was assessed by
univariate logistic regression analysis. All variables associ-
ated with NOAF at a signifcant level were candidates for
multivariable analysis. For the selection of prediction model,
according to the TRIPOD statement, logistic regression is
used for short-term (for example, 30-day mortality) prog-
nostic outcomes, so multivariable logistic regression is used.
Backward elimination was adopted for selection of variables
entering the fnal multivariable logistic regression model.
Te variance infation factor (VIF) was used to identify
collinearity among the covariates. Te collinearity was
negligible because the VIFs of the variables were less than 5.
Te model was validated in the external cohort. Te
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discrimination of the models was assessed by the ROC curve
and area under the curve (AUC). Te calibration curve was
drawn to evaluate themodel’s calibration degree.Te clinical
utility of the model was evaluated by decision curve analysis.
Te nomogram was depicted based on the prediction model.

A two-sided P value <0.05 was considered to be sta-
tistically signifcant. All these statistical analyses were con-
ducted using R 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

During the study period, 1535 and 1635 ACS patients were
recruited in the training and validation cohorts, respectively.
Te incidence of NOAF during hospitalization was 8.21% in
the training cohort and 6.12% in the validation cohort. Te
UA, STEMI, and NSTEMI patients were 820 (53.42%), 248
(16.16%), and 467 (30.42%) in the training cohort, and 1288
(78.78%), 128 (7.83%), and 219 (13.39%) in the validation
cohort. Te median length of hospital stay was 6 days and
7 days in the training and validation cohorts, respectively.

Te clinical and demographic characteristics of the
patients are presented in Table 1. Compared with patients
who did not develop AF, NOAF patients were signifcantly
older, more likely to combine with heart failure, have
a higher heart rate at admission, and have higher levels of
circulating BNP, D-dimer, fbrinogen, serum creatinine, left
atrial diameter, and right atrial diameter. NOAF patients had
signifcantly lower levels of admission systolic blood pres-
sure, lymphocytes, platelets, hemoglobin, triglycerides, al-
bumin, and glomerular fltration rate and were less likely to
receive aspirin and PCI during hospitalization in both
training and validation cohorts. In addition, there was no
signifcant diference in the ACS subtype between non-
NOAF and NOAF patients in the training and validation
cohort. Te incidence of NOAF for UA, NSTEMI, and
STEMI patients were 7.44%, 8.87%, and 9.21%, respectively,
in the training cohort and were 5.98%, 6.25%, and 6.85%,
respectively, in the validation cohort. It indicated that NOAF
was more frequent in those with STEMI than in those with
NSTEMI or UA, although the diferences were not signif-
cant. Te variables with signifcant associations assessed by
the univariate logistic regression are shown in Supple-
mentary Table S1. In the fnal multivariable logistic re-
gression model, the age (Odds ratio (OR): 1.058, 95%
confdence interval (CI): 1.036–1.082), admission heart rate
≥85 bpm (OR: 2.207, 95% CI: 1.406–3.654), left atrial di-
ameter (OR: 1.102, 95% CI: 1.054–1.153), right atrial di-
ameter (OR: 1.102, 95% CI: 1.054–1.152), heart failure (OR:
2.663, 95% CI: 1.637–4.331), BNP level (OR: 1.472, 95% CI:
1.013–2.140), use of statins (OR: 0.478, 95% CI: 0.281–0.811),
and PCI (OR: 0.504, 95% CI: 0.312–0.814) were in-
dependently associated with NOAF (Table 2).

Te ROC curve analysis was used to investigate the
discrimination of the prediction model. Te AUC was 0.891
(95% CI: 0.863–0.920) and 0.839 (95% CI: 0.796–0.883) in
the training and validation cohorts, respectively (Figure 1).
Te Hosmer and Lemeshow test of the fnal model showed
an efective goodness-of-ft (P> 0.05 in both cohorts). Te

calibration plots presented a good agreement between the
predicted probability and actual probability of NOAF
(Figure 2). Te fnal decision curve showed that for
a threshold probability between 5% and 50%, the model had
a positive net beneft (Figure 3). A nomogram was con-
structed based on the model (Figure 4).

We then performed a subgroup analysis to develop
a prediction model for NOAF risk in UA patients specif-
cally. Te fnal multivariable logistic regression model in-
cluded six predictors that were also predictors of ACS,
namely age, heart failure, left atrial diameter, right atrial
diameter, BNP level, and no PCI (Table 3). Te AUC was
0.894 (95% CI: 0.854–0.934) and 0.844 (95% CI:
0.796–0.891) in training and validation cohorts, respectively
(Supplementary Figure S1), and the model passed the cal-
ibration test (P> 0.05) (Supplementary Figure S2). Te
clinical utility evaluation shows that the model has a clinical
net beneft within a certain range of the threshold probability
(5%–50%) (Supplementary Figure S3). A nomogram was
also constructed (Supplementary Figure S4).

4. Discussion

In this study, we found age, admission heart rate, left atrial
diameter, right atrial diameter, heart failure, BNP level, less
statin use, and no PCI were independent predictors of
NOAF during hospitalization in ACS patients. Te pre-
diction model based on these eight variables had good
discrimination, calibration, and clinical utility.

Te incidence of NOAF during hospitalization in Chi-
nese ACS patients ranged from 6.7% to 13.4%.
[13, 16, 25, 26] Te incidence variation may be due to
diferent study design, participants, and treatments. In this
study, the incidence was 8.21% in the training cohort and
6.12% in the validation cohort, which were similar to those in
the previous studies. Early detection of high-risk patients is
crucial for the intervention of NOAF.

Several studies had tried to establish prediction models
for NOAF in ACS patients. Mazzone and colleagues had
established a model to predict NOAF during hospitalization
in STEMI patients who underwent PCI, and the model
included age, leukocyte count, BNP, and obesity. Te C-
statistics were 0.734 and 0.76 in the training and validation
cohorts, respectively [20]. Two studies reported the plasma
BNP level in patients with STEMI is a predictor of NOAF,
and the AUC was 0.623 and 0.647, respectively [13, 21].
Yildirim et al. developed a Value of Syntax Score II to predict
NOAF in NSTEMI patients who underwent PCI, and the
AUC of the model was 0.799 [19]. However, these models
had only modest discriminatory power and were not vali-
dated or evaluated in terms of their calibration or clinical
utility.

In this study, our multivariable analysis revealed several
predictors of NOAF. By combining these predictors, we
constructed a prediction model. Interestingly, the newly
constructed model demonstrated a strong discriminatory
performance (with AUC over 0.8) to identify patients with
an increased risk of NOAF. Tis model was externally
validated and comprehensively evaluated. In addition to

International Journal of Clinical Practice 3



Ta
bl

e
1:

T
e
cl
in
ic
al

an
d
de
m
og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s
of

th
e
A
C
S
pa
tie
nt
s
w
ith

/w
ith

ou
t
N
O
A
F.

C
ha
ra
ct
er
ist
ic
s

Tr
ai
ni
ng

co
ho

rt
V
al
id
at
io
n
co
ho

rt
N
on

-N
O
A
F

N
�
14
09

N
O
A
F

N
�
12
6

P
va
lu
e

N
on

-N
O
A
F

N
�
15
35

N
O
A
F

N
�
10
0

P
va
lu
e

D
em

og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s

A
ge

(y
ea
rs
)

65
.0

(5
6.
0,

73
.0
)

75
.5

(6
8.
0,

80
.0
)

<0
.0
1

66
.0

(5
7.
0,

74
.0
)

73
.0

(6
5.
5,

79
.0
)

<0
.0
1

G
en
de
r
(n

(%
))

0.
21

0.
09

M
al
e

10
34

(7
3.
4)

86
(6
8.
3)

10
77

(7
0.
2)

62
(6
2.
0)

Fe
m
al
e

37
5
(2
6.
6)

40
(3
1.
7)

45
8
(2
9.
8)

38
(3
8.
0)

BM
I
(K

g/
m

2 )
24
.2

(2
1.
8,

27
.0
)

24
.8

(2
2.
0,

27
.8
)

0.
47

24
.2

(2
2.
2,

26
.5
)

24
.1
(2
0.
6,

26
.2
)

0.
17

A
C
S
su
bt
yp
es

0.
50

0.
88

U
A

75
9
(5
3.
9)

61
(4
8.
4)

12
11

(7
8.
9)

77
(7
7)

N
ST

EM
I

22
6
(1
6.
0)

22
(1
7.
5)

12
0
(7
.8
)

8
(8
)

ST
EM

I
42
4
(3
0.
1)

43
(3
4.
1)

20
4
(1
3.
3)

15
(1
5)

Le
ng

th
of

st
ay

(d
ay
s)

6
(5
,8

)
7
(5
,1

)
<0

.0
1

7
(6
,8

)
7
(6
,1

0)
<0

.0
1

Ph
ys
ic
al

ex
am

in
at
io
n
at

ad
m
iss

io
n

H
ea
rt

ra
te

(b
pm

)
78
.0

(7
0.
0,

88
.0
)

87
.5

(7
4.
0,

10
2.
0)

<0
.0
1

75
.0

(6
8.
0,

83
.0
)

78
.5

(7
0.
0,

89
.5
)

<0
.0
1

SB
P
(m

m
H
g)

13
0.
0
(1
18
.0
,1

45
.0
)

12
5.
0
(1
10
.0
,1

40
.0
)

0.
01

13
0.
0
(1
17
.0
,1

44
.0
)

12
7.
0
(1
14
.0
,1

40
.5
)

0.
10

D
BP

(m
m
H
g)

78
.0

(7
0.
0,

86
.0
)

74
.0

(6
7.
0,

85
.0
)

0.
10

74
.0

(6
6.
0,

82
.0
)

72
.0

(6
3.
5,

84
.0
)

0.
26

K
ill
ip

cl
as
sif

ca
tio

n
(n

(%
))

<0
.0
1

<0
.0
1

I
88
5
(6
2.
8)

31
(2
4.
6)

26
2
(1
7.
1)

7
(7
.0
)

II
,I
II
,I
V

52
4
(3
7.
2)

95
(7
5.
4)

12
73

(8
2.
9)

93
(9
3.
0)

C
om

or
bi
di
tie
s
(n

(%
))

H
yp
er
te
ns
io
n

79
4
(5
6.
4)

80
(6
3.
5)

0.
12

95
7
(6
2.
3)

59
(5
9.
0)

0.
50

D
ia
be
te
s

47
5
(3
3.
7)

45
(3
5.
7)

0.
65

41
1
(2
6.
8)

24
(2
4.
0)

0.
54

C
ar
di
om

yo
pa
th
y

57
(4
.0
)

25
(1
9.
8)

<0
.0
1

39
(2
.5
)

5
(5
.0
)

0.
14

C
er
eb
ra
li
nf
ar
ct
io
n

59
(4
.2
)

9
(7
.1
)

0.
12

14
6
(9
.5
)

21
(2
1.
0)

<0
.0
1

C
O
PD

24
(1
.7
)

6
(4
.8
)

0.
02

62
(4
.0
)

7
(7
.0
)

0.
15

C
RI

36
(2
.6
)

16
(1
2.
7)

<0
.0
1

57
(3
.7
)

2
(2
.0
)

0.
37

M
ed
ic
at
io
ns

du
ri
ng

ho
sp
ita

liz
at
io
n
(n

(%
))

St
at
in
s

12
32

(8
7.
4)

89
(7
0.
6)

<0
.0
1

14
81

(9
6.
5)

96
(9
6.
0)

0.
80

A
sp
ir
in

11
94

(8
4.
7)

78
(6
1.
9)

<0
.0
1

13
60

(8
8.
6)

67
(6
7.
0)

<0
.0
1

C
lo
pi
do

gr
el

90
1
(6
3.
9)

82
(6
5.
1)

0.
80

10
49

(6
8.
3)

73
(7
3.
0)

0.
33

β-
bl
oc
ke
r

89
3
(6
3.
4)

63
(5
0.
0)

<0
.0
1

10
54

(6
8.
7)

77
(7
7.
0)

0.
08

A
C
EI

53
0
(3
7.
6)

44
(3
4.
9)

0.
55

79
6
(5
1.
9)

68
(6
8.
0)

<0
.0
1

Bi
oc
he
m
ic
al

ex
am

in
at
io
n

A
bn

or
m
al

ca
rd
ia
c
tr
op

on
in

(n
(%

))
65
0
(4
6.
1)

65
(5
1.
6)

0.
24

32
4
(2
1.
1)

23
(2
3.
0)

0.
65

BN
P
(p
g/
m
l)

80
.6

(2
8.
2,

26
1.
0)

43
2.
0
(1
34
.0
,1

10
0.
0)

<0
.0
1

46
.0

(1
6.
0,

16
2.
0)

17
9.
5
(8
2.
6,

41
3.
0)

<0
.0
1

hs
C
RP

(m
g/
L)

3.
3
(1
.4
,1

0.
9)

7.
4
(2
.0
,1

2.
5)

<0
.0
1

1.
9
(0
.8
,1

1.
1)

1.
4
(0
.8
,7

.6
)

0.
14

D
-d
im

er
(m

g/
L)

0.
3
(0
.2
,0

.6
)

0.
6
(0
.3
,1

.3
)

<0
.0
1

0.
2
(0
.1
,0

.7
)

0.
4
(0
.2
,1

.4
)

<0
.0
1

Fi
br
in
og
en

(g
/L
)

2.
8
(2
.3
,3

.5
)

3.
0
(2
.5
,3

.8
)

0.
02

2.
9
(2
.4
,3

.6
)

3.
1
(2
.6
,4

.1
)

0.
04

W
BC

(1
09
/L
)

7.
1
(5
.6
,9

.0
)

6.
9
(5
.6
,1

0.
2)

0.
70

6.
3
(5
.2
,7

.8
)

6.
9
(5
.3
,8

.9
)

0.
03

N
eu
tr
op

hi
ls
(1
09
/L
)

4.
6
(3
.4
,6

.6
)

4.
9
(3
.5
,8

.1
)

0.
16

4.
0
(3
.0
,5

.3
)

4.
5
(3
.3
,6

.6
)

<0
.0
1

Ly
m
ph

oc
yt
e
(1
09
/L
)

1.
5
(1
.1
,2

.0
)

1.
2
(0
.9
,1

.7
)

<0
.0
1

1.
5
(1
.2
,1

.9
)

1.
3
(1
.0
,1

.6
)

<0
.0
1

Pl
at
el
et

(1
09
/L
)

18
9.
0
(1
52
.0
,2

31
.0
)

16
0.
0
(1
25
.0
,2

05
.0
)

<0
.0
1

18
0.
0
(1
45
.0
,2

20
.0
)

17
0.
0
(1
26
.0
,2

06
.0
)

0.
02

4 International Journal of Clinical Practice



Ta
bl

e
1:

C
on

tin
ue
d.

C
ha
ra
ct
er
ist
ic
s

Tr
ai
ni
ng

co
ho

rt
V
al
id
at
io
n
co
ho

rt
N
on

-N
O
A
F

N
�
14
09

N
O
A
F

N
�
12
6

P
va
lu
e

N
on

-N
O
A
F

N
�
15
35

N
O
A
F

N
�
10
0

P
va
lu
e

H
em

og
lo
bi
n
(g
/L
)

13
5.
0
(1
23
.0
,1

47
.0
)

13
1.
0
(1
18
.0
,1

40
.0
)

<0
.0
1

12
9.
0
(1
17
.0
,1

41
.0
)

12
4.
0
(1
09
.5
,1

38
.0
)

0.
03

TG
(m

m
ol
/L
)

1.
3
(1
.0
,1

.9
)

1.
0
(0
.8
,1

.5
)

<0
.0
1

1.
3
(0
.9
,1

.8
)

1.
1
(0
.8
,1

.4
)

<0
.0
1

To
ta
lp

ro
te
in

(g
/L
)

64
.9

(6
1.
2,

68
.1
)

64
.2

(6
0.
3,

68
.0
)

0.
21

63
.9

(6
0.
4,

67
.8
)

64
.3

(5
8.
9,

68
.8
)

0.
70

A
lb
um

in
(g
/L
)

38
.0

(3
5.
8,

40
.2
)

35
.7

(3
3.
5,

39
.2
)

<0
.0
1

40
.5

(3
8.
1,

42
.9
)

39
.3

(3
6.
5,

42
.7
)

0.
03

G
FR

(m
l·m

in
−
1 ·l−

1 )
87
.9

(7
2.
7,

97
.0
)

75
.7

(5
2.
5,

89
.2
)

<0
.0
1

84
.1
(6
8.
0,

95
.0
)

73
.3

(5
3.
5,

84
.7
)

<0
.0
1

C
re
at
in
in
e
(μ
m
ol
/l)

76
.0

(6
5.
1,

90
.0
)

81
.4

(6
8.
0,

10
9.
2)

<0
.0
1

78
.2

(6
6.
9,

92
.1
)

85
.0

(7
2.
3,

10
5.
7)

<0
.0
1

Ec
ho

ca
rd
io
gr
ap
hy

LA
D

(m
m
)

36
.0

(3
3.
0,

39
.0
)

42
.0

(3
8.
0,

47
.0
)

<0
.0
1

34
.0

(3
2.
0,

37
.0
)

41
.0

(3
6.
5,

46
.0
)

<0
.0
1

RA
D

(m
m
)

35
.0

(3
2.
0,

37
.0
)

38
.5

(3
5.
0,

46
.0
)

<0
.0
1

35
.0

(3
3.
0,

36
.0
)

38
.0

(3
6.
0,

43
.0
)

<0
.0
1

LV
EF

(%
)

59
.0

(5
3.
0,

64
.0
)

52
.5

(4
2.
0,

60
.0
)

<0
.0
1

63
.0

(5
9.
0,

67
.0
)

62
.0

(5
7.
5,

67
.0
)

0.
25

PC
I
(n

(%
))

75
8
(5
3.
8)

33
(2
6.
2)

<0
.0
1

69
4
(4
5.
2)

26
(2
6.
0)

<0
.0
1

En
tr
ie
sa
re
n
(%

)f
or

ca
te
go
ri
ca
lv
ar
ia
bl
es
an
d
m
ed
ia
n
(5
th

pe
rc
en
til
e–
75
th

pe
rc
en
til
e)
fo
rc
on

tin
uo

us
va
ri
ab
le
sa

sa
pp

ro
pr
ia
te
.A

C
S,
A
cu
te
co
ro
na
ry

sy
nd

ro
m
e;
N
O
A
F,
ne
w
-o
ns
et
at
ri
al
fb

ri
lla
tio

n;
BM

I,
bo

dy
m
as
s

in
de
x;
D
BP

,d
ia
st
ol
ic
bl
oo

d
pr
es
su
re
;S
BP

,s
ys
to
lic

bl
oo

d
pr
es
su
re
;C

O
PD

,c
hr
on

ic
ob

st
ru
ct
iv
e
pu

lm
on

ar
y
di
se
as
e;
C
RI
,c
hr
on

ic
re
na
li
ns
uf

ci
en
cy
;A

C
EI
,a
ng

io
te
ns
in
-c
on

ve
rt
in
g
en
zy
m
e
in
hi
bi
to
rs
;B

N
P,

br
ai
n

na
tr
iu
re
tic

pe
pt
id
e;
hs
C
RP

,h
ig
h-
se
ns
iti
vi
ty
C
-r
ea
ct
iv
e
pr
ot
ei
n;
W
BC

,w
hi
te
bl
oo

d
ce
ll;
TG

,t
ri
gl
yc
er
id
e;
G
FR

,g
lo
m
er
ul
ar

fl
tr
at
io
n
ra
te
;L
A
D
,l
ef
ta
tr
ia
ld

ia
m
et
er
;R

A
D
,r
ig
ht

at
ri
al
di
am

et
er
;L
V
EF

,l
ef
tv
en
tr
ic
ul
ar

ej
ec
tio

n
fr
ac
tio

n;
PC

I,
pe
rc
ut
an
eo
us

co
ro
na
ry

in
te
rv
en
tio

n.

International Journal of Clinical Practice 5



Table 2: Multivariable logistic regression analysis of NOAF in ACS patients.

Variables and intercept β βs OR (95% CI) P value
Intercept −14.673 — <0.001
Age 0.057 0.368 1.058 (1.036–1.082) <0.001
Left atrial diameter (mm) 0.098 0.633 1.102 (1.054–1.153) <0.001
Right atrial diameter (mm) 0.097 0.249 1.102 (1.054–1.152) <0.001
Heart failure at admission 0.979 0.264 2.663 (1.637–4.331) <0.001
BNP (log10 transformed) 0.387 0.143 1.472 (1.013–2.140) 0.043
PCI −0.685 −0.189 0.504 (0.312–0.814) 0.005
Use of statins −0.739 −0.143 0.478 (0.281–0.811) 0.006
Heart rate at admission (bpm)
<85 1.000 (reference)
≥85 0.792 0.205 2.207 (1.406–3.654) 0.001

NOAF, new-onset atrial fbrillation; ACS, acute coronary syndrome; β, logistic regression coefcients; βs, standardized logistic regression coefcients; OR,
odds ratio; CI, confdence interval; BNP, brain natriuretic peptide; PCI, percutaneous coronary intervention.
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Figure 1: Receiver operating characteristic (ROC) curve for models in predicting NOAF in ACS patients. (a) ROC curve for the model in the
training cohort; (b) the ROC curve for the model in the validation cohort. AUC, area under the curve.
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Figure 2: Te Hosmer-–Lemeshow calibration curve for the model predicting probability of NOAF in ACS patients. (a) Calibration curve
for the model in the training cohort; (b) the calibration curve for the model in the validation cohort. X-axis is predicted probability by model
and y-axis is actual probability of NOAF.
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Figure 3: Te decision curve analysis (DCA) for the model predicting probability of NOAF in ACS patients. (a) DCA for the model in the
training cohort; (b) the DCA for the model in the validation cohort. Te decision curve of the prediction model is composed of an X-axis
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intervened for NOAF. Te red line “net beneft: treat none” shows the net beneft if no ACS patients were intervened for NOAF. Te black
dotted line “prediction model” curve shows the net beneft if it is used to select patients for NOAF intervention. For example, if the personal
threshold probability of a patient was 40%, the net beneft would be 0.2 when using the prediction model to decide whether to intervene
NOAF, which means that there are 20 net detected NOAF per 100 patients.
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enhancing clinical risk prediction, simplicity, practicability,
and costs of predictors should be considered. Te model
included eight predictors which were more than those in
previous studies, but these physiological and examination
parameters were routinely obtained in the clinical setting.

Te predictors of NOAF were age, admission heart rate,
left atrial diameter, right atrial diameter, heart failure, BNP
level, less statins use, and no PCI according to our results. It
is known that age is an independent risk factor of AF. Te
incidence of AF approximately doubled for every 10-year
increment in age [27]. Previous studies demonstrated that
age was an independent risk factor for NOAF in ACS pa-
tients [15, 20, 28]. According to a study based on 58 Eu-
ropean hospitals, the heart rate at admission is a predictor of
in-hospital mortality in patients with ACS [24]. Two studies
showed that the NOAF patients had a higher heart rate at
admission than non-NOAF [4, 10]. ACS is associated with
a sudden reduction in blood fow to the heart. Atrial is-
chemia causes strong conduction slowing in the ischemic
zone, which may stabilize atrial reentry that maintains AF
[29]. Heart rate is the most direct indicator of heart activity,
and an increased heart rate may refect a subtle change in
cardiac electrophysiology. Left/right atrial diameter is an
independent predictor for NOAF occurrence according to
some previous studies [9, 26], and increased left/right atrial
diameter is a marker of progressive dilatation and remod-
eling of the left atrial myocardium, which acts as a substrate
for AF initiation and maintenance. In addition, heart failure
is a risk factor for NOAF in our study whereas it is rarely
reported in previous studies as a risk factor for NOAF during
hospitalization. But it is known that heart failure and AF
coincide in many patients. Heart failure and AF can cause
and exacerbate each other through mechanisms such as
structural cardiac remodeling, activation of neurohormonal
mechanisms, and rate-related impairment of left ventricular
function [30]. BNP is a neurohormone released from ven-
tricular myocytes in response to acute volume and/or
pressure overload is associated with the severity of left
ventricular dysfunction, impaired hemodynamic parame-
ters, and increased left ventricular end-diastolic pressure.
Consistent with previous studies [26, 31, 32], we found that
an increased circulating BNP level was a risk factor for
NOAF in ACS patients.

Te use of statins is a protective factor for NOAF
according to the results. Several meta-analyses have been
published, demonstrating that the use of statins was

signifcantly associated with an AF reduction around 30% in
patients who experienced cardiac surgery [33–35] or elec-
trical cardioversion [36], patients with coronary artery
disease [37], or ACS [38]. Accumulated evidence has in-
dicated that infammation characterized by an elevated level
of CRP and IL-6 may play important role in AF occurrences
[39]. Statins have an established anti-infammatory efect by
inhibiting IL-6, tumor necrosis factor α (TNF-α) pro-
duction, and nuclear factor kappa B (NF-κB) activation, and
suppressing initiation and progression of AF [38]. PCI alters
the natural history of ACS, and it is a protective factor for
NOAF in this study, which is consistent with a previous
study which reported PCI could reduce the risk of de-
veloping NOAF in patients with acute myocardial
infarction [25].

In the training cohort, the NOAF patients were more
likely to have combined with cardiomyopathy, but in the
validation cohort, there were no signifcant diferences in the
proportion of cardiomyopathy between non-NOAF and
NOAF groups. Since the training and validation cohorts
were selected from a single center, respectively, some
characteristics of ACS patients might be diferent between
these two hospitals, and selection bias might be introduced.
Even though the proportions of patients combined with
cardiomyopathy were diferent between non-NOAF and
NOAF groups in training cohort, after adjusting con-
founding factors, cardiomyopathy was not a predictor in the
fnal multivariable prediction model. Terefore, the impact
of this selection bias on the study results was limited.

UA is the most common subtype of ACS, and it
accounted for 46%–91.3% of the total ACS diagnosed
[40, 41]. In this study, we found that 66.5% of the ACS
patients were UA. Te incidences of NOAF during hospi-
talization ranged from 6.7% to 11.4% for UA patients
[13, 19, 42], and NOAF also increased the risk of renal
failure, stroke, and mortality. UA patients had diferent risk
factors compared with STEMI/NSTEMI patients [43].
According to previous studies, the incidences and prognoses
of NOAF among diferent subtypes of ACS were also dif-
ferent. NOAF was more frequent in those with STEMI than
in those with NSTEMI or UA [17, 44], which was consistent
with our results. Te incidence of NOAF for UA, NSTEMI
and STEMI patients was 7.44%, 8.87% and 9.21%, re-
spectively, in the training cohort, and was 5.98%, 6.25% and
6.85%, respectively, in the validation cohort, although these
diferences were not signifcant. NOAF had a larger impact

Table 3: Multivariable logistic regression analysis of NOAF in UA patients.

Variables and intercept β βs OR (95% CI) P value
Intercept −14.722 — <0.001
Age 0.048 0.283 1.049 (1.013–1.087) 0.007
Left atrial diameter (mm) 0.085 0.501 1.089 (1.024–1.158) 0.007
Right atrial diameter (mm) 0.092 0.254 1.097 (1.036–1.161) 0.002
Heart failure at admission 1.388 0.380 4.008 (1.971–8.148) <0.001
BNP (log10 transformed) 0.750 0.258 2.117(1.206–3.716) 0.009
PCI −1.372 −0.371 0.254 (0.105–0.613) 0.002
NOAF, new-onset atrial fbrillation, UA, unstable angina; β, logistic regression coefcients; βs, standardized logistic regression coefcients; OR, odds ratio; CI,
confdence interval; BNP, brain natriuretic peptide; PCI, percutaneous coronary intervention.
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in NSTEMI on the risk of death, stroke, or recurrent
myocardial infarction than in STEMI and UA [44, 45]. So we
expect the risk factors for NOAF in diferent subtypes of
ACS may vary. But there were few studies aiming to build
a prediction model for NOAF in UA patients specifcally. In
the subgroup analysis of UA patients, we found there were
only six predictors in the fnal model. Except for heart rate at
admission and less statin use, the other predictors were the
same as those of ACS patients. In all ACS patients, the
median heart rate was 78 bpm in the non-NOAF group and
87.5 bpm in the NOAF group. And in UA patients, the
median heart rate was also 78 bpm in the non-NOAF group
but 82 bpm in the NOAF group. Tus, UA patients had
a lower admission heart rate, and the diferences in ad-
mission heart rate between NOAF and non-NOAF groups
were smaller in UA. When included in the multivariable
prediction model, admission heart rate was not signifcant.
In all ACS patients, the rate of statins use was 87.4% and
70.6% in the non-NOAF and NOAF groups, respectively.
While in the UA patients, the rate of statin use was sig-
nifcantly higher (96.4% and 85.2% in the non-NOAF and
NOAF groups, respectively). Moreover, the pathology be-
tween UA and STEMI/NSTEMI patients were diferent.
Compared with STEMI/NSTEMI patients, individuals with
UA do not experience acute cardiomyocyte injury/necrosis,
have a substantially lower risk of death, and appear to derive
less beneft from intensifed antiplatelet therapy as well as an
invasive strategy within 72 h [46]. Te driving infammation
process for AF between UA and STEMI/NSTEMI patients
might be diferent. Several studies have investigated the
efect of prior statin therapy on NOAF in ACS, but the efect
in UA patients was seldom demonstrated. More evidence are
needed to elucidate the efect of statin on NOAF among
diferent subtypes of ACS.

Some predictors of NOAF in this model are also iden-
tifed predictors of ACS such as increased age, size of the
atria, and BNP [43, 47–50]. However, the risk factors that
this study mainly focuses on are the characteristics of ACS
patients at admission, such as Killip classifcation II-IV at
admission, a heart rate over 85 bpm at admission, statins,
and PCI during hospitalization. Tese are specifc factors for
hospitalized ACS patients and can help clinicians classify
high-risk patients accurately in the early stages of
hospitalization.

In this study, the rates of ACS patients receiving PCI
were 51.53% and 44.04% in the training and validation
cohorts, respectively. According to the registration data of
coronary intervention in China’s mainland, the rate of
STEMI patients received PCI increased from 30.72% in 2010
to 67.45% in 2019. Another study enrolled ACS patients
from 11 tertiary hospitals in Chengdu which is a city near
Chongqing from 2017 to 2019, and the rates of patients
received PCI were 80.6%, 50.8%, and 26.9% for STEMI,
NSTEMI, and UA patients, respectively [51]. In our study,
most of the ACS patients were UA patients, accounting for
53.4% and 78.8% of the training and validation cohorts,
respectively. So the rate at which ACS patients received PCI
in our study was comparable to that of the whole country
and neighboring city. But compared with the percentage of

70%–80% in European and American countries [52], the rate
of ACS patients receiving PCI in our study was relatively
low. For the medications, the rates of patients receiving
statins and aspirins were relatively high in this study, while
the rate of patients received ACEI was lower than those of
other medications, and even lower than that of the whole
country (66.4% in 2011) and neighboring city Chengdu
(54.3% in 2017–2019) [51]. It is probably because clinicians
were more cautious about prescribing ACEI due to their
potential adverse efects on the blood pressure. Te treat-
ments of ACS in this study indicated that there were still
gaps between the treatment in clinical practice and guide-
lines.Te implementation of guidelines for ACS patients still
needs to be further strengthened.

In this study, based on a “real world” retrospective
cohort, we identifed the most signifcant predictors for
NOAF among all known AF risk factors and then con-
structed a prediction model with a strong discriminatory
performance to identify ACS patients with an increased risk
of NOAF during hospitalization. Te predictors in this
model were routinely examined after admission.Tey can be
easily obtained at the early stage of admission. Tis model is
easy to use in the daily clinical practice and might help
clinicians classify high-risk patients accurately in the early
stage of hospitalization and improve the intervention
of NOAF.

As for the clinical utility of our prediction model, if an
ACS patient was predicted to have an increased risk of
NOAF during hospitalization, intensive ECG monitoring
should be used to detect and diagnose early. Ten, pre-
ventive therapy might be used for the high-risk individuals.
Firstly, statin and ranolazine might reduce the risk of NOAF
in ACS patients, according to some studies. An analysis by
Bang et al. of ACS patients showed that the absolute risk
reduction of NOAF in patients with ACS receiving statin
therapy was 5% (10% vs. 15%), with a calculated relative risk
reduction (RRR) of 33% [53]. A meta-analysis of statin
therapy for prevention of NOAF pooled data from six trials
of over 160,000 patients. ACS patients who were taking
a statin at baseline had a 35% reduction in NOAF (RR 0.65
(95% CI 0.55 to 0.77)) [38]. In a retrospective analysis of the
MERLIN-TIMI36 trial, those ACS patients assigned to
ranolazine had a lower incidence of NOAF after one year
[54]. Secondly, as for the use of antiarrhythmic agents, there
were limited evidences. In a Danish RCT examining those
with LV dysfunction and recent MI on dofetilide or placebo,
they found that treatment with dofetilide was not associated
with a signifcant reduction in the risk of NOAF [55].
Tirdly, increased risk of thrombo-embolic events in ACS
patients with NOAF has been described by several studies.
Studies also found reduced mortality in ACS patients with
new AF treated with oral anticoagulant (OAC) as compared
with treatment without OAC [56, 57]. Despite the clear
guideline recommendations for OAC treatment for AF
patients, undertreatment remains a serious issue. Some
studies found less OAC prescription for new AF as com-
pared with known AF [57, 58]. Possibly, the knowledge that
adding OAC to the indicated ACS antiplatelet therapy in-
creases the risk for bleeding leads to withholding the
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prescription. All in all, the reduction of events with statin,
antiarrhythmic agents, and OAC in these specifc scenarios
has never been well studied in a dedicated randomized
controlled trial, and more evidence are needed. We believe
with the accumulation of evidence, and after full consid-
eration of the risks and benefts, some preventive therapies
might be used for the high-risk patients. And the prediction
model provided by our study might be a practical tool in the
clinical practice.

5. Limitations

Several limitations of this study should be considered when
interpreting our results. Firstly, this study was based on
retrospective cohorts, and selection bias might be introduced
due to collecting data retrospectively. A total of 5403 con-
secutive ACS patients were recruited in the training cohort,
but 3868 of them were excluded, mainly due to the lack of
BNP or echocardiography. Secondly, training and validation
cohorts were selected from a single center, respectively.
Although we validated the prediction model externally and
evaluated it comprehensively, more cohorts in other medical
centers are needed to further validate it. Tirdly, due to the
limitation of retrospective collection of data, we did not have
the data of some other previous histories such as heart failure
or myocardial infarction, treatment histories before ad-
mission, the reason for PCI not performed, and the type of
cardiomyopathy in patients. Bias from unmeasured con-
founding factors may exist. Fourthly, this is an observational
study, and observational studies can be used to determine
the association rather than ascertain the causal relationship.
To ascertain the causal relationship, more prospective
clinical studies with long follow-up are needed to support
the causality. Finally, we only focus on the NOAF occurrence
during hospitalization, and the results of this study need to
be validated by well-designed studies with long-termfollow-
up.

6. Conclusion

In the present study, we demonstrated that age, admission
heart rate, left atrial diameter, right atrial diameter, heart
failure, BNP level, less statins use, and no PCI were in-
dependent predictors of NOAF during hospitalization in
ACS patients. A prediction model based on these eight
variables was constructed. It might help with the identif-
cation of ACS patients at risk and early intervention by
NOAF during hospitalization.
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