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Abstract
Background New-onset atrial fibrillation (NOAF) is a common adverse outcome of percutaneous coronary 
intervention (PCI) in patients with acute myocardial infarction (AMI) and is closely correlated with hospital stay 
and prognosis. In recent years, serum fibrinogen-to-albumin ratio (FAR), a novel biomarker for inflammation and 
thrombosis, has been used to predict the severity and prognosis of coronary artery disease. Our study aimed to 
investigate the relationship between FAR and NOAF during hospitalization after PCI in patients with AMI.

Methods We retrospectively analyzed the incidence of NOAF during hospitalization and follow-up in 670 patients 
with AMI after PCI. Data were collected on patient age, sex, body mass index, medical history, current medication, 
heart failure, laboratory tests, culprit blood vessels, echocardiographic characteristics, and AMI type. The enrolled 
patients were divided into NOAF and non-NOAF groups. The baseline characteristics of patients in the two groups 
were compared, and the predictive correlation between FAR and NOAF was evaluated using logistic regression 
analysis and the receiver operating characteristic curve.

Results Fifty-three (7.9%) patients developed NOAF during hospitalization. The occurrence of NOAF was found 
to be independently associated with higher FAR besides older age, higher neutrophil count, greater left atrial size, 
worse Killip class upon admission, lower body mass index, lower platelet count, lower left ventricle ejection fraction, 
and target left circumflex artery disease. FAR exhibited a better predictive value for the occurrence of NOAF during 
hospitalization (area under the curve, 0.732; 95% confidence interval, 0.659–0.808).

Conclusions FAR is a robust tool for predicting NOAF risk during hospitalization in patients with AMI after PCI and 
has a better predictive value than serum fibrin and serum albumin levels alone.

Keywords Acute myocardial infarction, Atrial fibrillation, Serum fibrin-to-albumin ratio, Percutaneous coronary 
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Background
New-onset atrial fibrillation (NOAF) is a common com-
plication of acute myocardial infarction (AMI), with an 
incidence rate of 6–21% [1] that is related to the prolon-
gation of hospital stay, and an increase in the incidence 
and mortality of adverse cardio-cerebrovascular disease 
[2, 3]. Although it is not yet clear whether NOAF is a 
causative factor or a concomitant manifestation of poor 
prognosis, it is a risk factor for a deterioration of progno-
sis during hospital stay [4]. Therefore, early identification 
of patients with AMI having a higher risk of developing 
NOAF is crucial for the effective management of these 
cases. The specific mechanism of NOAF in patients with 
AMI after percutaneous coronary intervention (PCI) is 
complex and unclear, and is influenced by various risk 
factors, including advanced age, female sex, and heart 
failure. However, it is mainly associated with coronary 
artery blood flow disorders, embolic effects, and inflam-
matory reactions [5, 6]. At present, reliable and easy-to-
assess clinical predictors for the early identification of 
NOAF are lacking. Therefore, a better understanding of 
the risk factors for the occurrence and development of 
NOAF after PCI will benefit patients with AMI by mak-
ing preventive measures possible.

Fibrinogen (FIB) is a soluble glycoprotein synthesized 
mainly in the liver that participates in platelet aggre-
gation and activation, smooth muscle cell prolifera-
tion, and the expression of cell adhesion molecules and 
pro-inflammatory factors [7, 8]. It plays a central role in 
coagulation cascades, inflammation, and the process of 
coronary atherosclerosis [9, 10]. As an acute reactant, the 
FIB concentration increases in the inflammatory state. 
Many observational studies have found that plasma FIB 
levels are independently associated with all-cause mor-
tality and long-term prognosis in patients with coronary 
artery disease (CAD) after PCI [11, 12]; however, there 
are no reports to the short-term effects of FIB levels.

Albumin (ALB) is the most abundant protein in human 
extracellular fluid. It not only has anti-inflammatory and 
antioxidant effects but can also inhibit platelet aggrega-
tion and activation to affect plasma viscosity [13]. Low 
ALB levels are associated with adverse cardiac events in 
patients with CAD after PCI [14].

FIB and ALB levels are negatively correlated with each 
other and are important mediators of changes in blood 
flow and inflammatory. Low ALB levels act as a compen-
satory response by stimulating the synthesis of lipopro-
teins and procoagulative factors (such as factor V and VIII 
and FIB), resulting in hyperlipidemia and a hypercoagu-
lable state, ultimately promoting atherosclerotic plaque 
formation and thrombosis [15]. The serum fibrinogen-to-
albumin ratio (FAR), combines the above mentioned two 
indices, is independently related to the severity and long-
term prognosis of CAD, and can be used by clinicians to 

improve the risk stratification of patients with AMI post-
PCI [16]. This study speculated that FAR could supple-
ment the disease dimensions missing from the GRACE 
score that are related to the outcomes of patients with 
AMI, such as inflammation, blood flow status, and CAD. 
More importantly, FAR is a novel inflammatory marker 
similar to the C-reactive protein-to-albumin ratio (CAR). 
We have extensively studied the predictive value of CAR 
in cardiovascular related patients. Whether in patients 
with coronavirus disease 2019 [17] or those with heart 
failure who received implantable cardiac defibrillator 
treatment and had a reduced ejection fraction [18], high 
CAR levels are known to increase in-hospital mortality 
and the long-term risk of death.

We speculate that combining FIB and ALB into a sin-
gle index (FAR) may be more sensitive and specific than 
using FIB or ALB alone to predict the risk of NOAF. The 
purpose of our study was to evaluate whether FAR could 
be used as an early circulatory biomarker for predicting 
the risk of NOAF and for the risk stratification of patients 
with AMI.

Methods
Study design and patient population
This single-center, retrospective, observational cohort 
study was conducted between January 2020 and Decem-
ber 2022 at the Zhejiang Provincial People’s Hospital 
(Hang Zhou, China). We collected data from 723 patients 
with AMI with no history of atrial fibrillation (AF) who 
underwent their first PCI during hospitalization. Our 
diagnostic standards for AMI were in accordance the 
European Society of Cardiology/American College of 
Cardiology criteria [19], including ST-segment eleva-
tion myocardial infarction (STEMI) and non-STEMI 
that was defined as AF during hospitalization after PCI. 
During hospitalization, AF episodes were monitored 
and recorded by a 12-lead electrocardiogram (ECG) or a 
Holter monitoring device (duration ≥ 30 s).

We excluded patients who [1] had pre-existing AF or 
AF presented at admission; [2] had undergone throm-
bolytic therapy or emergent coronary artery bypass 
grafting (CABG) surgery; [3] had severe cardiac valve 
disease or congenital heart disease; [4] had chronic kid-
ney disease or nephrotic syndrome, severe liver dysfunc-
tion, or cirrhosis; [5] had a chronic consumptive disease 
such as a malignant tumor, tuberculosis, hyperthyroid-
ism, severe infection, hematological disease, etc.; [6] 
died before or during PCI; and [7] had a history of sur-
gery up to 2 weeks before the current hospitalization. 
We recruited 723 patients with AMI who underwent 
PCI. We excluded 23 patients with malignant tumors, 20 
with chronic kidney disease or hemodialysis, 8 who had 
received thrombolytic therapy, 6 with severe infection, 3 
who died before or during PCI, and 1 with hematological 
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disease. Ultimately, 670 patients were included in the 
study (Fig. 1). This study was reviewed and approved by 
the Human Ethics Committee of Zhejiang Provincial 
People’s Hospital (Hangzhou, China; Approval Number: 
QT2023257). The requirement of obtaining informed 
consent from patients was waived by the hospital review 
board due to the retrospective nature of our study. At the 
same time, patient data were anonymized or maintained 
with confidentiality.

Data collection
We obtained the following data from the medical records 
of patients in our hospital database: baseline patient 
characteristics (age, sex, height, weight, body mass 
index [BMI]), vital signs on admission (heart rate, sys-
tolic and diastolic blood pressure), presence of compli-
cations (hypertension, diabetes, stroke, coronary artery 
disease), current smoking and drinking status, current 
drug use, laboratory test results before heparin admin-
istration or the commencement of the reperfusion pro-
cess (blood cell counts for white blood cells [WBCs], 
lymphocytes, monocytes, neutrophils, erythrocytes, 
and platelets; serum levels of high-sensitivity C-reactive 
protein, FIB, ALB, total cholesterol [TC], triglycerides 
[TG], high-density lipoprotein cholesterol [HDL-C], low-
density lipoprotein cholesterol [LDL-C], lipoprotein (a), 

uric acid, creatinine [Scr], and B-type natriuretic peptide 
[BNP]; estimated glomerular filtration rate [eGFR]; and 
cardiac troponin I levels), echocardiography results (left 
atrial diameter [LA] and left ventricular ejection frac-
tion [LVEF]) type of AMI, type of coronary artery ste-
nosis, and Killip class. The normal serum FIB range was 
2.00–4.00  g/L, whereas the normal serum ALB range 
was 4.00–5.50 g/dL. FAR was calculated by dividing the 
serum FIB (g/L) value by the serum ALB (g/dL) value. All 
patients underwent coronary angiography via the femo-
ral or radial route. Coronary artery stenosis is defined as 
stenosis ≥ 50% in any coronary artery (including the left 
main artery [LM], left anterior descending artery [LAD], 
left circumflex artery [LCX], and right coronary artery 
[RCA] observed by coronary angiography. Three-vessel 
CAD was defined as coronary angiography confirming 
that all three main coronary arteries (LAD, LCX, RCA) 
have stenosis ≥ 50%. During the physical examination, the 
patients were divided into four classes according to the 
Killip classification: class I, no signs of heart failure; class 
II, left heart failure with lung rales occupying < 50% of the 
lung field; class III, acute pulmonary edema; and class IV, 
cardiogenic shock with varying degrees of hemodynamic 
changes. Transthoracic echocardiography was performed 
by an experienced ultrasound physician within 24  h of 
patient admission. Anticoagulant and antiplatelet medi-
cations were administered to patients in accordance with 
current AMI guidelines. Patients routinely received anti-
platelet agents including 300 mg of aspirin and a puriner-
gic receptor P2Y, G-protein coupled, 12 protein (P2Y12) 
inhibitor (clopidogrel 300-600 mg, ticagrelor 180 mg, or 
prasugrel 60 mg) before the procedure, followed by daily 
aspirin (100 mg) and P2Y12 inhibitors (clopidogrel 75 mg 
once, ticagrelor 90  mg twice, or prasugrel 10  mg once 
daily).

Follow-up
Our AF diagnosis was consistent with the consensus 
guidelines [20]. Telemetric ECG (standard 12-lead) was 
performed once per day until discharge to monitor all 
patients while they remained hospitalized in the cardiac 
care unit following PCI. All patients also completed a 
24-h Holter monitoring after surgery. The follow-up end-
point was patient discharge. The electronic monitoring 
data of all participants were reviewed to determine the 
occurrence of NOAF. NOAF was defined as the detection 
of AF lasting ≥ 30 s during post-PCI hospitalization.

Statistical methods
Statistical analyses were performed using IBM SPSS Sta-
tistics software (version 26.0; SPSS Inc. Corp., Armonk, 
NY). Normally distributed continuous variables are pre-
sented as means and standard deviations, whereas non-
normally distributed data are presented as medians with 

Fig. 1 Flow chart of the population. AMI, acute myocardial infarction;PCI, 
percutaneous coronary intervention; NOAF, New-onset Atrial Fibrillation; 
FAR, Serum Fibrin to Serum Albumin ratio
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interquartile ranges. The Kolmogorov–Smirnov test was 
used to analyze normally distributed data. The Mann–
Whitney U-test was used to analyze non-normally dis-
tributed data, while Student’s t-test was used to analyze 
normally distributed data. Categorical data are described 
as frequencies (percentages) and were analyzed using 
Pearson’s chi-square test. Univariate and multivariate 
logistic regression models were used to determine the 
relationship between the variables and NOAF. We con-
ducted a multicollinearity test on potential risk factors 
determined by the univariate analysis, selected variables 
with a variance expansion factor (VIF) < 3, and incorpo-
rated more meaningful variables into the multivariate 
analysis according to experience to determine indepen-
dent risk factors related to NOAF after PCI. To deter-
mine the predictive performance of FAR for NOAF after 
PCI, we used receiver operating characteristic (ROC) 
curves. We further evaluated the predictive performance 
of FAR through a subgroup analysis of AMI. In addition, 
we divided FAR into quartiles for the Mantel–Haenszel 
chi-squared test to evaluate whether there was a linear 
relationship with the incidence rate of NOAF. Pearson’s 
correlation analysis was used to investigate the correla-
tions between two variables. For logistic regression anal-
ysis, the median quartile was used as a quasi-continuous 
variable to calculate the P value of the trend. Statistical 
significance was defined as a two-sided P-value < 0.05.

Results
Baseline patient characteristics
Table  1 summarizes the baseline characteristics of this 
patient cohort. A total of 670 patients with AMI were 
included in this study, including 324 (48.4%) STEMI and 
346 (51.6%) non-STEMI patients. The average age was 
61 years, and 563 (84%) were men. Fifty-three (7.9%) 
patients developed NOAF during hospitalization. There 
was no significant difference between the two groups 
in terms of sex distribution, height, heart rate, systolic 
blood pressure, current smoking or drinking status, 
medications, history of hypertension, history of coronary 
artery disease, blood counts of lymphocytes, monocytes, 
serum levels of high-density lipoprotein cholesterol, lipo-
protein (a), uric acid, or the type of AMI. Compared with 
the patients in the non-NOAF group, those in the NOAF 
group were older and more likely to have a higher FAR; 
blood cell counts for WBCs and neutrophils; serum lev-
els of high-sensitivity C-reactive protein, FIB, Scr and 
BNP; cardiac troponin I; LA; and Killip class, as well as 
a history of diabetes or stroke (p<0.05). Patients in the 
NOAF group had a lower body weight, BMI, diastolic 
blood pressure, blood cell counts for erythrocytes, plate-
lets, serum levels for ALB, total cholesterol, triglycerides, 
low-density lipoprotein cholesterol, and eGFR and LVEF 
values (p<0.05). As for the angiography results, patients 

in the NOAF group were more likely to have three-vessel 
disease, and target lesions in RCA and LCX (p<0.05).

Clinical predictors of incident NOAF
We included numerous variables from both groups of 
patients in the univariate regression analysis, and the 
results showed that the following variables were signifi-
cantly associated with the occurrence of NOAF (Table 2): 
patient age (odds ratio [OR], 1.061; 95% confidence inter-
val [CI], 1.037–1.085, P < 0.001), FAR (OR, 4.299; 95% CI, 
2.537–7.286, P < 0.001), and WBC count (OR, 1.119; 95% 
CI, 1.043–1.201, P = 0.002). Prior to conducting a multi-
variate analysis, multicollinearity analysis showed that 
there was multicollinearity between patient body weight 
and BMI, WBC count and Neu, FAR and FIB or ALB, Scr 
and eGFR, three-vessel disease and target lesions in the 
RCA or LCX, and the four classes of Killip with a vari-
ance inflation factor (VIF) > 3. Consequently, we selected 
BMI, Neu, FAR, eGFR, target lesions in the RCA, target 
lesions in the LCX, Killip class > 2, and other variables 
in the multivariate analysis (Table  2). These variables 
had a VIF < 2. After adjusting for confounding factors, 
we found that high FAR is an independent predictor 
of NOAF occurrence in patients with AMI after PCI 
(OR, 3.377; 95% CI, 1.562–7.298, P = 0.002). In addition, 
based on the median time of onset of NOAF (2 days), we 
divided patients with NOAF into two subgroups: those 
with an onset within 2 days and those with an onset later 
than 2 days. This analysis showed no significant differ-
ence in FAR between the two subgroups. We speculate 
that, based on its magnitude, FAR can predict the onset 
of NOAF but not the timing of onset. Additionally, our 
multivariate logistic regression analysis showed other 
significant predictors, including patient age (OR, 1.045; 
95% CI, 1.007–1.084, P = 0.019), BMI (OR, 0.843; 95% 
CI, 0.733–0.969, P = 0.016), Neu (OR, 1.150; 95% CI, 
1.033–1.280, P = 0.011), platelet count (Plt) (OR, 0.991; 
95% CI, 0.985–0.997, P = 0.003), LA (OR, 1.104; 95% CI, 
1.023–1.191, P = 0.011), LVEF (OR, 0.964; 95% CI, 0.931–
0.998, P = 0.041), LCX (OR, 2.984; 95% CI, 1.155–7.711, 
P = 0.024), and Killip class>2 (OR, 3.073; 95% CI, 1.310–
7.208, P = 0.010).

FAR: a good predictor of NOAF after PCI in patients with 
AMI
The ROC of FAR (as shown in Fig. 2) can accurately pre-
dict the incidence rate of NOAF during hospitalization in 
patients with AMI post-PCI (area under the curve [AUC], 
0.732; 95% CI, 1.562–7.298, P<0.001). A FAR value>1.142 
distinguished patients at risk for NOAF with 58.5% sen-
sitivity and 81.5% specificity (maximum Youden index J, 
0.400). The predictive role of FAR was significantly supe-
rior to that of FIB (AUC, 0.705; 95% CI, 0.626–0.783) 
or ALB (AUC, 0.719; 95% CI, 0.646–0.792), as shown in 
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Variables NOAF
n = 53

Non-NOAF
n = 617

P-value

Demographic characteristics
Male, n(%) 44(83%) 519(84.1%) 0.834
Age,(y) 70.6 ± 12.82 60.54 ± 13.17 <0.001
Height(cm) 166.49 ± 7.13 167.78 ± 6.9 0.190
Weight(kg) 64.31 ± 9.32 70.49 ± 11.34 <0.001
BMI(kg/m2) 23.14 ± 2.55 24.96 ± 3.20 <0.001
Heart rate at admission(bpm) 80(70.5–95) 78(70–89) 0.155
SBP(mmHg) 131.37 ± 28.97 138.47 ± 26.07 0.059
DBP(mmHg) 76.19 ± 15.56 83.15 ± 17.17 0.004
Current smoker, n(%) 21(39.6%) 299(48.5%) 0.217
Current drinker, n(%) 16(30.2%) 189(30.6%) 0.946
Medications
ACEI/ARB, n(%) 12(22.6%) 136(22%) 0.920
Beta-blocker, n(%) 5(9.4%) 48(7.8%) 0.669
Calcium-blocker, n(%) 24(45.3%) 210(34%) 0.100
Statin, n(%) 5(9.4%) 60(9.7%) 0.945
Aspirin, n(%) 6(11.3%) 63(10.2%) 0.802
Clopidogrel, n(%) 4(7.5%) 37(6%) 0.652
Comorbidities
Hypertension, n(%) 37(69.8%) 354(57.5%) 0.080
Diabetes, n(%) 19(35.8%) 137(22.2%) 0.024
History of stroke, n(%) 7(13.2%) 36(5.8%) 0.036
History of coronary heart disease, n(%) 4(7.5%) 37(6%) 0.946
Laboratory tests
WBC (109/L) 9.83(8.39–12.90) 8.67(6.72–11.16) 0.001
Lym (109/L) 1.40(1.03–2.07) 1.70(1.24–2.28) 0.061
Mon (109/L) 0.50(0.40–0.69) 0.45(0.33–0.60) 0.166
Neu (109/L) 7.6(5.50–10.50) 5.85(4.28–8.40) <0.001
RBC (109/L) 4.56(4.02–4.75) 4.64(4.25–5.02) 0.042
Plt (109/L) 181(139.50–210) 207(175–248) <0.001
Hs-CRP(mg/L) 7.70(2.00-56.55) 2.80(1.30–7.25) <0.001
Serum fibrinogen(g/L) 4.27(3.025–5.685) 3.010(2.530–3.750) <0.001
Serum albumin(g/dL) 3.47(3.28–3.71) 3.74(3.55–3.95) <0.001
FAR(10− 3) 1.226(0.826–1.558) 0.796(0.659–1.005) <0.001
TC (mmol/L) 4.30(3.57–5.11) 4.58(3.96–5.36) 0.041
TG (mmol/L) 1.06(0.77–1.61) 1.49(1.08–2.15) <0.001
HDL-C (mmol/L) 0.95(0.80–1.07) 0.93(0.81–1.07) 0.797
LDL-C (mmol/L) 2.64(2-3.27) 2.86(2.27–3.47) 0.040
Lipoprotein(a) (mg/L) 175(108-377.5) 180.5(91.25–330) 0.716
Uric-acid (umol/L) 362(316.50–460) 358(288.5–434) 0.163
Scr (umol/L) 93.7(81.25–107) 80.8(71.8-92.25) <0.001
eGFR (mL/min*1.73m2) 72.75 ± 27.26 89.84 ± 22.19 <0.001
BNP (pg/mL) 400.2(155.8-1075.05)119.10(46.70-266.60) <0.001
cTnI (ug/L) 4.35(0.48–16.21) 0.99(0.16–5.82) 0.004
Echocardiography results
LA (mm) 40.68 ± 4.51 37.19 ± 4.54 <0.001
LVEF (%) 50(41.5–58) 60(53–65) <0.001
Type of AMI, n (%)
STEMI 32(60.4%) 292(47.3%) 0.068
NSTEMI 21(39.6%) 325(52.7%) 0.068
Coronary artery stenosis>50%, n (%)
LM 1(1.9%) 44(7.1%) 0.144

Table 1 Baseline characteristics of study population based on the absence or presence of NOAF
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Fig. 2. At the same time, using the classification of AMI, 
we analyzed the ROCs of the two subgroups (as shown in 
the Fig. 3), and FAR exhibited a strong predictive ability 
in the NSTEMI subgroups (AUC, 0.815; 95% CI, 0.716–
0.914). An FAR>0.815 distinguished patients at risk of 
NOAF with 76.2% sensitivity and 84.3% specificity. How-
ever, FAR showed only an average predictive ability in 
the STEMI subgroup (AUC, 0.696; 95% CI, 0.620–0.791). 
In addition, we conducted an ROC analysis on patient 
age, BMI, Neu, Plt, LA and LVEF that represented other 
continuous independent predictors. However, their pre-
dictive powers were poorer than that of FAR, with AUC 
values of 0.719 (95% CI, 0.646–0.792) for age, 0.659 (95% 
CI, 0.590–0.727) for BMI, 0.653 (95% CI, 0.581–0.725) 
for Neu, 0.656 (95% CI, 0.579–0.733) for Plt, 0.710 (95% 
CI, 0.640–0.799) for LA, and 0.729 (95% CI, 0.660–0.798) 
for LVEF (Table 3).

We then divided FAR into quartiles to evaluate whether 
there was a linear relationship between FAR and NOAF 
during hospitalization in patients with AMI post-PCI. 
Patients with FAR values ≥ 1.07 had an incidence rate 
of 18.56%, compared to 2.40% for those with FAR val-
ues < 0.67, 3.57% for those with FAR values ranging 
between 0.67 and 0.82, and 7.14% for those with FAR val-
ues ranging between 0.82 and 1.07 (P < 0.001 for trend). 
These findings were in agreement with our hypoth-
esis that the magnitude of -FAR was associated with an 
increased NOAF risk (Supplementary material).

Discussion
In the present study, we evaluated independent risk fac-
tors for NOAF during hospitalization in patients with 
AMI post-PCI. These included older age, higher neu-
trophil count, FAR, LAD, worse Killip class, lower BMI, 
platelet count, LVEF, and concomitant LCX disease. AMI 

type was not found to be a risk factor. More importantly, 
our findings revealed that higher serum FAR values have 
a better predictive power for NOAF after PCI in terms 
of sensitivity (58.5%) and specificity (81.5%) with a C-sta-
tistic of 0.732 (Table 3), even after adjustment, especially 
in NSTEMI patients (AUC = 0.815; 95% CI, 0.716–0.914, 
sensitivity, 76.2%; specificity, 84.3%).

NOAF is a common outcome in patients with AMI 
after PCI. In our present study, we found that 7.9% of 
patients experienced AF during hospitalization, and this 
is consistent with previous studies [21].

Previous studies have shown that NOAF after revascu-
larization in patients with AMI is related to longer hos-
pital stays, higher mortality rates, and poorer prognoses 
(including ischemic stroke, reinfarction, and heart fail-
ure) [22, 23]. In the cohort of this study, patients in the 
NOAF group had a longer hospital stay, with a median 
hospital stay of 10 days, whereas those in the non-NOAF 
group had a median hospital stay of 6 days that was sta-
tistically significant. Adverse outcomes in patients with 
AMI are related to the adverse hemodynamic effects 
caused by NOAF. The loss of effective atrial contrac-
tion and atrioventricular synchronization, acceleration 
of the ventricular rate, valve regurgitation, and irregu-
larity of the beat-to-beat interval, all lead to a reduction 
in cardiac output [24]. Therefore, early identification of 
patients at high risk of NOAF after PCI is clinically valu-
able for ensuring preventive treatment and care during 
hospitalization.

The etiology of NOAF is multifactorial and complex, 
including coronary artery blood flow disorders, embolic 
effects, atrial ischemia or infarction, local and systemic 
inflammation, and hormone activation [6, 25, 26]. These 
events then serve as triggering factors or participants in 
the process of arrhythmia onset, leading to structural 

Variables NOAF
n = 53

Non-NOAF
n = 617

P-value

Demographic characteristics
LAD 46(86.8%) 548(88.8%) 0.656
LCX 45(84.9%) 379(61.4%) 0.001
RCA
three-vessel disease

44(83%)
35(66.0%)

422(68.4%)
279(45.2%)

0.027
0.004

Killip class, n (%)
I 16(30.8%) 481(78%) <0.001
II 23(44.2%) 87(14.1%) <0.001
III 8(15.1%) 21(3.4%) <0.001
IV 8(15.1%) 28(4.5%) 0.001
Abbreviations: NOAF, New-onset Atrial Fibrillation; BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; ACEI, Angiotensin converting 
enzymeinhibitors; ARB, Angiotensin receptor blocker; WBC, White blood cell count; Lym, Lymphocyte count; Mon, Monocyte count; Neu, Neutrophil count; RBC, Red 
blood cell count; Plt, platelet count; Hs-CRP, High-sensitivity C-reactive protein, FAR, Fibrin/Albumin ratio; TC, Total cholesterol; TG, triglyceride; HDL-C, High-density 
lipoprotein cholesterol; LDL-C, Low density lipoprotein cholesterol; Scr, Serum creatinine; eGFR, Estimated glomerular filtration rate; BNP, B-type natriuretic peptide; 
cTnI, cardiac troponin I;LA, Left atrium; LVEF, left ventricular ejection fraction; AMI, Acute myocardial infarction; STEMI, ST segment elevation myocardial infarction; 
NSTEMI, Non ST segment elevation myocardial infarction; LM, Left main coronary artery; LAD, Left anterior descending branch; LCX, Left circumflex branch; RCA, 
Right coronary artery

Table 1 (continued) 
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and electrical remodeling of the atrium and contributing 
to NOAF. The occurrence of AF further stimulates these 
pathophysiological pathways through a positive feed-
back loop, commonly known as “AF producing AF” [27]. 
Excessive atrial traction caused by acute heart failure 
after myocardial infarction may increase atrial excitabil-
ity and the lengths of conduction pathways [28]. Infarc-
tion-related pericarditis has been described as a direct 
cause of AF [29].

Advanced age is an independent risk factor for AF [30]. 
Numerous studies have reported that older individuals 
are more likely to develop NOAF after AMI [3, 31, 32]. 
Our current data also demonstrate that advanced age is 
an independent risk factor for NOAF after PCI, demon-
strating good predictive value.

A meta-analysis showed that obesity increases the inci-
dence rate of AF in the general population, and the risk 
increases with an increase in BMI [33]. However, some 

Table 2 Predictors of NOAF variable univariate analysis multivariate analysis
Variables OR 95%CI P
Univariate analysis
Age,(y) 1.061 1.037–1.085 <0.001
Weight(kg) 0.948 0.923–0.975 <0.001
BMI(kg/m2) 0.816 0.738–0.902 <0.001
DBP(mmHg) 0.974 0.957–0.992 0.005
Diabetes, n(%)
History of stroke, n(%)

1.958
2.456

1.082–3.541
1.036–5.824

0.026
0.041

WBC (109/L) 1.119 1.043–1.201 0.002
Neu (109/L) 1.131 1.053–1.215 0.001
RBC (109/L) 0.562 0.358–0.884 0.013
Plt (109/L) 0.991 0.986–0.996 0.001
Hs-CRP(mg/L) 1.013 1.008–1.019 <0.001
Serum fibrinogen(g/L) 1.657 1.377–1.994 <0.001
Serum albumin(g/dL) 0.132 0.060–0.294 <0.001
FAR(10− 3) 4.299 2.537–7.286 <0.001
TC (mmol/L) 0.799 0.616–1.036 0.091
TG (mmol/L) 0.719 0.518–0.999 0.049
LDL-C (mmol/L) 0.709 0.508–0.991 0.044
Scr (umol/L) 1.016 1.009–1.024 <0.001
eGFR (mL/min*1.73m2) 0.970 0.958–0.982 <0.001
BNP (pg/mL) 1.001 1.001–1.001 <0.001
cTnI (ug/L) 1.005 0.998–1.012 0.133
LA (mm) 1.155 1.089–1.226 <0.001
LVEF (%) 0.936 0.913–0.960 <0.001
LCX (%) 3.532 1.637–7.624 0.001
RCA (%)
three-vessel disease (%)

2.259
2.356

1.081–4.720
1.306–4.250

0.030
0.004

Killip I (%) 0.126 0.068–0.233 <0.001
Killip II (%) 4.832 2.672–8.737 <0.001
Killip III (%) 5.046 2.116–12.029 <0.001
Killip IV (%) 3.740 1.611–8.681 0.002
Multivariate analysis
Age,(y)
BMI(kg/m2)
Neu (109/L)

1.045
0.843
1.150

1.007–1.084
0.733–0.969
1.033–1.280

0.019
0.016
0.011

Plt (109/L) 0.991 0.985–0.997 0.003
FAR(10− 3)
LA (mm)
LVEF (%)

3.377
1.104
0.964

1.562–7.298
1.023–1.191
0.931–0.998

0.002
0.011
0.041

LCX (%) 2.984 1.155–7.711 0.024
Killip>II (%) 3.073 1.310–7.208 0.010
NOAF, New-onset Atrial Fibrillation; BMI, Body mass index; DBP, Diastolic blood pressure; WBC, White blood cell count; Neu, Neutrophil count; RBC, Red blood cell 
count; Plt, platelet count; Hs-CRP, High-sensitivity C-reactive protein, FAR, Fibrin/Albumin ratio; TC, Total cholesterol; TG, triglyceride; LDL-C, Low density lipoprotein 
cholesterol; Scr, Serum creatinine; eGFR, Estimated glomerular filtration rate; BNP, B-type natriuretic peptide; cTnI, cardiac troponin I;LA, Left atrium; LVEF, left 
ventricular ejection fraction; LCX, Left circumflex branch; RCA, Right coronary artery
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researchers have proposed the “obesity paradox” in the 
CAD patient population, where overweight or obese 
patients have a lower risk of hospital complications and 
1-year mortality than normal and lean patients [34], as 
well as a lower risk of adverse heart events and stroke 
[35]. Our present data also agree with the “obesity para-
dox” of patients with CAD and show that patients with 
a lower BMI are more likely to develop AF. Adiponec-
tin produced in the adipose tissue is protective for ath-
erosclerosis, and this may improve myocardial ischemia 
status and reduce AF risk in patients with AMI [36]. 
Adipose tissue can also produce soluble tumor necrosis 

factor receptors to neutralize the harmful effects of 
tumor necrosis factor-α expression on the myocardium 
[37].

Hyperlipidemia is a recognized risk factor for CAD, 
and lipid-lowering therapy is the cornerstone of treat-
ment for patients with CAD [38, 39]. However, para-
doxically, our study found a negative correlation of TC, 
LDL-C, and TG with NOAF that has also been reported 
in previous studies [40, 41]. Although the exact mecha-
nism of this contradictory association is still unclear, 
cholesterol consumption increases the intracellular 
Ca2+concentration and triggers signal cascade reac-
tions, ultimately leading to myofibrillar destruction and 

Fig. 3 Receiver operating characteristic curves of each subgroup of acute myocardial infarction (AMI). STEMI, ST segment elevation myocardial infarction; 
NSTEMI, Non-ST segment elevation myocardial infarction

 

Fig. 2 Receiver operating characteristic curves of Serum fibrinogen-to-albumin ratio (FAR), fibrinogen, albumin
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cardiomyocyte contraction disorders [42]. This may 
partly explain the higher incidence of NOAF in patients 
with AMI and lower lipid levels.

Killip grading is a simple clinical tool used to assess the 
severity of heart failure in patients with AMI. A meta-
analysis indicated that a higher Killip class after AMI has 
a strong predictive value for NOAF [21]. In our study, we 
found that patients in the NOAF group had a higher Kil-
lip class, larger left atrium, and lower ejection fraction. 
A low ejection fraction is also associated with contrast 
agent nephropathy after PCI [43]. An increase in the left 
atrial diameter is a sign of left atrial myocardial dilation 
and remodeling and is the basis for triggering and main-
taining AF [44]. The acute increase in atrial filling pres-
sure and left ventricular dysfunction are related to the 
occurrence of NOAF [45]. Similarly, animal studies have 
shown that elevated atrial pressure leads to a significant 
increase in the susceptibility to AF [46].

In most patients, the LCX is the smallest epicardial ves-
sel that supplies the ventricular myocardium. When LCX 
lesions occur, their appearance on the electrocardiogram 
is usually not easily visible i.e., there is no ST-segment 
elevation [47]. Therefore, patients with acute coronary 
syndrome caused by LCX coronary artery occlusion are 
likely to be missed during the early stages of myocardial 
infarction, resulting in delayed blood flow reconstruc-
tion, larger infarct size, and poorer prognosis [48]. In a 
case-control study, it was found that about half of the 
patients with NOAF had severe lesions of the RCA or 
LCX that were 25 times more severe than the lesions in 
those without AF [26]. Similarly, our study revealed that 
the lesions in the NOAF group were more concentrated 
in the RCA and LCX.

FIB is an acute-phase protein involved in systemic 
inflammation and plays a role in the normal physiological 
process of blood coagulation. The underlying pathophysi-
ological mechanisms of cardiovascular risk mediated by 

FIB are multifaceted: [1] the formation of the thrombin 
substrate that is involved in the last step of the coagula-
tion cascade; [2] improved speed and reactivity of plate-
let aggregation, maintaining the blood hypercoagulable 
state, and promoting the formation of atherosclerotic 
plaques and thrombi [49]; [3] regulation of endothelial 
function; [4] promoting the proliferation and migra-
tion of smooth muscle cells [50]. FIB and its degrada-
tion products participate in the inflammatory response 
of atherosclerosis by binding to the action sites of lym-
phocytes and endothelial cells [51]. In advanced athero-
sclerotic plaques, excessive accumulation of extracellular 
matrix proteins, such as FIB, promotes the formation of a 
fibrous cap, leading to a localized swelling of the vascular 
wall and further limiting the internal diameter of blood 
vessels that represents the core process of atherosclerotic 
lesions [52]. FIB is involved in the entire process of ath-
erosclerosis. The serum FIB level is an independent pre-
dictor of death or nonfatal reinfarction in patients with 
NSTEMI treated with PCI, and its accuracy is similar 
to that of the GRACE scoring system [53]. FIB was also 
independently associated with 2-year all-cause and car-
diac mortality in patients with CAD treated with PCI 
[11]. In a meta-analysis of coagulation and AF, there was 
a significant association between FIB levels and the inci-
dence of AF; however, other cardiovascular risk factors, 
such as BMI or complications, weakened this association 
[54]. The association between FIB levels and NOAF inci-
dence after PCI has not been studied.

ALB has multiple physiological properties such as 
antiinflammation, antioxidation, anticoagulation, anti-
platelet aggregation, and maintenance of capillary 
membrane stability [55]. Decreased serum ALB levels 
increase the activity of vascular cell adhesion molecule-1 
in endothelial cells and reduce inflammation, resulting 
in vascular endothelial injury. In addition, a decrease in 
serum ALB levels can increase the concentration of free 

Table 3 Independent continuous predictors: AUC, CI, cutoff value, relative sensitivity, and specificity
Predictors AUC 95%CI Cutoff value Sensitivity, % Specific-

ity, %
FAR
 AMI 0.732 0.659–0.808 1.142 58.5% 81.5%
 STEMI 0.696 0.602–0.791 0.816 78.1% 57.5%
 NSTEMI 0.815 0.716–0.914 1.219 76.2% 84.3%
Fib 0.705 0.626–0.783 3.885 58.5% 78.3%
Alb 0.719 0.646–0.792 3.515 58.5% 78.4%
Age 0.719 0.646–0.792 70.5 60.4% 78.1%
BMI
Neu
Plt
LA
LVEF

0.659
0.653
0.656
0.710
0.729

0.590–0.727
0.581–0.725
0.579–0.733
0.640–0.799
0.660–0.798

25.74
6.715
212.5
36.5
54.4

62.2%
67.9%
79.2%
84.9%
69.8%

73.5%
61.4%
46.4%
46.8%
72.1%

Abbreviations: AUC, area under the curve; CI, confidence interval; FAR, Fibrin/Albumin ratio; AMI, Acute myocardial infarction; STEMI, ST segment elevation 
myocardial infarction; NSTEMI, Non-ST segment elevation myocardial infarction; Fib, Serum fibrinogen; Alb, Serum albumin; BMI, Body mass index; Neu, Neutrophil 
count; Plt, platelet count; LA, Left atrium; LVEF, left ventricular ejection fraction
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lysophosphatidylcholine, stimulate the synthesis of lip-
ids and coagulation factors, and increase blood viscosity, 
resulting in hyperlipidemia and a hypercoagulable state 
[56]. Endothelial injury and a hypercoagulable state fur-
ther promote the formation of atherosclerotic plaques 
and thrombosis. Lower serum ALB concentrations 
have been associated with an increased risk of cardio-
vascular death [57]. Low serum ALB levels are associ-
ated with adverse cardiac events in patients with CAD 
after PCI [14]. Another study found that ALB levels are 
independently associated with a long-term risk of AF in 
octogenarians after the implantation of dual chamber 
permanent pacemakers [58].A community atherosclero-
sis risk study reported an independent, inverse, and linear 
correlation between serum ALB levels and the occur-
rence of AF events, although the causal effect was unclear 
[59]. As such, ALB may serve as an excellent prognos-
tic factor, but therapeutics targeted at increasing ALB 
are unlikely to prevent AF effectively. Further research 
is needed to understand the relationship between ALB 
and AF or the role of additional factors that amplify the 
underlying causal relationship between ALB and AF.

Coagulation and inflammation are the chronic bases of 
atherosclerosis and can be activated by the same type of 
stimulus, including acute stress, surgery, and cross-link-
ing in time and space in the same tissue [7]. The synergis-
tic effect between inflammation and coagulation places 
the body in a state of high coagulation and low fibrino-
lysis, and this may lead to systemic and local biochemical 
changes and remodeling of the atrial structure, resulting 
in AF. Inflammation and immune thrombosis may also be 
associated with AF through other cardiovascular risk or 
susceptibility factors, such as coronary heart disease or 
heart failure [60].

The FAR, a new marker of inflammation and the pre-
embolization state, can predict not only the prognosis 
of many tumors, such as ovarian cancer [61], but also 
the occurrence of thromboembolism-related complica-
tions [62]. So far, a large number of studies have been 
conducted to explore the relationship between FAR and 
CAD. Regardless of the type of AMI, FAR can not only 
assess the severity of the lesion but also evaluate the 
prognosis. It is worth emphasizing that in assessing the 
severity of CAD, FAR is significantly correlated with the 
SYNTAX score. In predicting prognosis and risk stratifi-
cation, FAR can improve deficiencies in GRACE scores, 
making predictions more sensitive [16, 63, 64]. These 
studies also emphasize that FAR performs better than 
FIB or ALB alone. Our study also demonstrated that 
FAR was more effective than FIB, ALB, and other indi-
cators in predicting the occurrence of hospital-acquired 
NOAF after PCI. FAR is a simple and easy-to-assess 
serum biological indicator. The findings of our study will 

help stratify the risk of AMI in patients receiving PCI and 
identify the risk of AF in patients as early as possible.

In patients with AMI, dual antiplatelet therapy 
(DAPT) using aspirin and P2Y12 inhibitors can signifi-
cantly reduce the occurrence of ischemic events [65]. In 
patients with AF, oral anticoagulant (OAC) treatment is 
effective in preventing stroke and other thromboembolic 
events [66]. However, triple therapy ( TAT) combined 
with DAPT and OAC usually increases the risk of bleed-
ing [67], especially when this regimen is used for a long 
period [68]. However, in which TAT was discontinued 
in all patients at 6-months, found no bleeding excess. 
Therefore, whether the excessive bleeding complications 
observed in a few studies should not be attributed to TAT 
itself, the duration and or composition of TAT should be 
further studied. This increase in bleeding risk is consid-
ered positively correlated with mortality [69, 70], making 
the clinical treatment of patients with AMI-NOAF more 
challenging. Moreover, in our study, most patients with 
NOAF were transient and recoverable, whereas some 
patients developed persistent AF and required drugs to 
control the ventricular rate and restore sinus rhythm. 
Related studies have also found that transient NOAF is 
associated with poor clinical outcomes and is an inde-
pendent predictor of adverse cardio-cerebrovascular 
events and death in patients with AMI [71]. However, 
there is no consensus on whether these patients should 
be treated with anticoagulants.

Currently, artificial intelligence (AI) and machine 
learning (ML) have shown their effectiveness in CAD 
and AF management, including risk assessment, diag-
nosis, choice of therapy, remote monitoring, etc., for 
patients [72]. AI algorithms are capable of examining 
vast volumes of patient data, including medical history, 
laboratory findings, imaging investigations, and genetic 
information. We found that NOAF after PCI was mostly 
transient and not easily detected viatelemetric ECG and 
24-h Holter monitoring. Fortunately, an AI-enabled ECG 
algorithm can identify patients with AF during sinus 
rhythm [73]. We hope that AI can also be used to pre-
dict NOAF after PCI, enabling risk assessment of such 
patients before surgery or proposing more effective inter-
vention methods for such patients.

At present, it is not clear whether NOAF is a causative 
factor or a concomitant manifestation of poor prognosis. 
Further research is required to clarify the relationship 
between NOAF and poor prognosis after PCI. However, 
the benefit of the early identification of the risk of NOAF 
in patients is clear. As an early availability biological indi-
cator, FAR shows good predictive ability for NOAF risk.

This study has some limitations that should be consid-
ered when interpreting the results. First, this was a sin-
gle-center, retrospective, observational study with a small 
sample size. Identified and undetermined confounding 
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factors may have affected the results. Therefore, a mul-
ticenter study with a larger sample size is needed to vali-
date our findings. Second, the small number of newly 
diagnosed patients with AF studied by us may have lim-
ited the number of independent predictive factors iden-
tified and the consistency of the results. Third, some 
patients may have had unobserved or unrecorded parox-
ysmal AF. Finally, we focused only on the occurrence of 
NOAF during hospitalization and did not investigate the 
impact of improved FAR on future outcomes.

Conclusions
Preoperative FAR proved to be an independent predic-
tor of NOAF during hospitalization in patients with AMI 
after PCI. Therefore, it may be useful for the stratification 
of early risk in patients with AMI after PCI.
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