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Background: Observational studies have shown that the direct bilirubin (DBIL) 
is correlated with metabolic syndrome and cardiovascular disease. However, it 
remains unclear whether DBIL is associated with atrial fibrillation (AF) risk in the 
patients with coronary artery disease (CAD). This study aimed to investigate the 
association between serum DBIL levels and AF in CAD patients.

Methods: A total of 937 patients diagnosed with CAD were retrospectively 
included. Serum total bilirubin (TBIL), DBIL, lipid profiles, and other data were 
collected and analyzed between the AF and non-AF groups. The characteristics 
of participants were compared based on their DBIL tertiles. Univariate and 
multivariate logistic regression models, as well as restricted cubic spline (RCS) 
regression, were used to explore the relationship between DBIL and AF.

Results: AF was observed in 72 (7.7%) patients. There was a significant higher 
level of DBIL in the AF patients compared to non-AF patients (p < 0.001). 
Individuals from the DBIL T3 group, when compared to those from the T1 
or T2 groups, were more likely to have a higher proportion of AF and lower 
levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), apolipoprotein B (Apo B) and triglyceride-glucose (TyG) (all 
p < 0.001). Univariate logistic regression showed that the OR for AF in patients 
in T3 was 2.796 (95% CI, 1.528–5.116, p = 0.001) compared with participants 
in T1. The result remained consistent in the multivariate logistic regression 
(T3 versus 1: adjusted OR: 2.239). The RCS curve demonstrated a significant 
nonlinear association between DBIL and AF. Subgroup analysis revealed that this 
association was significant among patients aged ≥65 years old, with body mass 
index (BMI) < 25, and with diabetes mellitus (DM).

Conclusion: The study suggested a robust relationship between higher levels 
of DBIL and an increased risk of AF in CAD patients. The association of elevated 
DBIL with the incidence of AF was higher in CAD patients older than 65 years, 
with a BMI < 25, and those with DM.
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Introduction

Atrial fibrillation (AF) is the most frequent cardiac 
arrhythmia, and is associated with significant health and economic 
burden on patients worldwide (1). However, the preventive 
measurement for AF is not satisfied so date due to the unclear 
underling mechanism (2, 3).

As we all know, AF and coronary artery disease (CAD) often 
co-exist based on multiple similar risk factors. The prevalence of 
CAD in patients with AF is estimated to range from 17 to 46.5% 
(4, 5). Risk factors for CAD such as elderly age and diabetes 
mellitus (DM) usually result in atrial remodeling, which includes 
structural and electrical transformation that contribute to the 
incidence and development of AF (6–8). Therefore, it is critical to 
identify and control these risk factors for the prevention and 
treatment of AF in individuals with CAD.

Some correlative processes including inflammation, 
endothelial dysfunction and oxidative stress have been 
demonstrated to be associated with cardiovascular disease in basic 
and clinical research (9–11). Bilirubin, a tetrapyrrolic compound, 
can be oxidized by H2O2 during inflammatory to form several 
degradation products that may contribute to the pathogenesis of 
certain diseases (12). The direct bilirubin (DBIL) is considered an 
inflammatory marker and has been proved to play an important 
role in predicting the poor prognosis of patients with acute and 
chronic heart failure (13, 14). Moreover, DBIL has been identified 
as an independent risk factor for new-onset postoperative atrial 
fibrillation (POAF) after cardiac surgery (15). A retrospective 
cohort study conducted on thyrotoxic patients receiving 
radioactive iodine therapy revealed that DBIL was an important 
risk factor for predicting AF (16). However, Weiping Sun (17) 
found that DBIL was not an independent predictive factors for the 
occurrence of paroxysmal atrial fibrillation (pAF). In addition, a 
case–control study reported significantly lower levels of DBIL in 
AF patients compared to healthy individuals (18).

Previous studies on the association between serum DBIL and 
AF risk have yielded inconsistent results. The epidemiological 
evidence regarding the association of DBIL with risk of AF among 
patients with CAD remains unclear. Therefore, our study aims to 
determine whether an elevated serum DBIL concentration is 
associated with a higher risk of AF in a group of CAD patients.

Patients and methods

Study patients

987 consecutive patients aged ≥18 years old were retrospectively 
enrolled in Wujin Hospital Affiliated with Jiangsu University. All the 
patients were diagnosed with CAD for the first time through coronary 
angiography (CAG) between January 2019 and December 2021. CAD 
was defined as a stenosis of 50% or more in the diameter of the major 
coronary blood vessels.

The patients with chronic hepatitis/cirrhosis, hemolytic anaemia, 
pregnancy, intoxication, biliary obstruction disease, systemic 
inflammation, cancer or missing essential data for total bilirubin 
(TBIL) or DBIL, lipid profile, and ongoing lipid-lowering therapy were 

excluded. Finally, a total of 937 eligible patients were included and 
analyzed in the current study.

The study was conducted in compliance with the principles 
outlined in the Declaration of Helsinki (as revised in 2013). Ethics 
approval was obtained by the Ethics Committee of Wujin Hospital 
Affiliated with Jiangsu University, China (2023-SR-055). Since the data 
was retrospectively collected, written informed consent from the study 
participants had not been obtained.

Measurement of covariates

Clinical characteristics and demographic parameters at 
baseline, including age, sex, BMI, history of hypertension, DM, 
smoking, and drinking status were obtained. Venous blood samples 
were collected after at least 8 h of fasting. Biochemical parameters 
such as TBIL, DBIL, hemoglobin, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), urea nitrogen (BUN), creatinine 
(Cr), uric acid (UA), fasting blood glucose (FBG), lipid profiles 
including total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), apolipoprotein A-1 (Apo A-1) and 
apolipoprotein B (Apo B) were measured using standardized 
laboratory methods. The BMI was calculated using the formula: 
[weight/(Height*Height)] (kg/m2). The TyG (triglyceride-glucose) 
index values were evaluated as follows: ln [fasting TG (mg/
dL) × FPG (mg/dL)/2].

The presence of AF (including paroxysmal AF, persistent AF 
and permanent AF) was confirmed using a 12-lead 
electrocardiogram (ECG) or a 24-h Holter monitor. AF rhythm was 
defined as (I) irregular R-R intervals (II) absence of distinct 
repeating P waves (III) irregular atrial activity show on ECG (2). 
The ECG results were confirmed by both researchers.

The severity of coronary artery stenosis was evaluated using the 
Gensini score (GS) based on the results of CAG for included cases. 
And the number of diseased coronary vessels with ≥50% stenosis 
was calculated in patients according to the selective coronary 
angiography. Patients were assigned into single-vessel CAD (1 
diseased vessel) and multi-vessel CAD (≥2 diseased vessels).

Statistical analysis

Normally continuous variables were presented as means ± standard 
deviation, while categorical variables were presented as numbers and 
percentages. Non-normally distributed variables were expressed as 
median [interquartile rang] (IQR). The t-student test, One-way ANOVA, 
Kruskal-Wallis H test and the chi-square test were used to determine 
significant differences among groups as appropriate. Univariate and 
multivariate logistic regression analyses were performed to assess the 
association of DBIL with AF. A curve of RCS regression model was 
conducted to explore the potential nonlinear association between DBIL 
and AF. Subgroup analyses on the association of DBIL with AF based on 
age, gender, BMI, and DM were carried out. The results were reported 
as odds ratio (OR) with 95% confidence intervals (95% CI). A two-tailed 
p value less than 0.05 was considered a threshold for significance. Data 
analysis was performed using IBM SPSS version 25.
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Results

Patients characteristics

The flow diagram of patient selection is presented in Figure 1. This 
study analyzed 937 patients with CAD. The demographic, clinical, and 
laboratory characteristics of the study patients are shown in Table 1. 
The mean age of all patients was 67 (57,73) years, including 643 
(86.7%) males. A total of 72 (7.7%) AF patients were observed. All 
patients were grouped according to the presence of AF.

The AF patients were notably older than non-AF patients and had 
a significantly lower proportion of male gender (all p < 0.01). Besides 
this, the patients with AF had significantly higher levels of TBIL and 
DBIL compared to those with non-AF (p = 0.003 and p < 0.001, 
respectively). While, significant lower concentrations of TC, LDL-C 
and ApoB levels were observed in the AF group (p < 0.001). However, 
there were no statistical differences neither in percentage of 
hypertension, DM, smoking, drinking, nor in levels of BMI, 
hemoglobin, ALT, AST, BUN, Cr, UA, FBG, TG, HDL-C, ApoA1 or 
TyG index between the two groups (p-values >0.05).

Characteristics of participants by the DBIL 
tertiles

The 937 CAD participants were assigned into three groups based 
on their DBIL levels in tertiles: T1 (≤2.2, n = 328), T2 (>2.2 and ≤ 3.2, 
n = 298), and T3 (>3.2, n = 311). The characteristics of the patients 
according to their DBIL levels were summarized in Table 2.

The patients in the T3 group seemed not to be older than those in 
the T1 and T2 groups (p = 0.177). The T3 exhibited a higher 

percentage of male gender (T1 vs. T2 vs. T3: 57% vs. 70.1% vs. 79.4%, 
p < 0.001). The proportion of AF was significantly higher in the T3 
group compared to the T1 or T2 groups (T1 vs. T2 vs. T3: 4.9% vs. 
5.7% vs. 12.5%, p < 0.001). And more smoker and drinker were 
observed in the T3 group (all p < 0.05).

Patients from the T3 group were more likely to have higher levels 
of TBIL, DBIL, ALT and AST compared to those from the T1 or T2 
groups, and they had lower levels of TC, TG, LDL-C, ApoB, and TyG 
(all p < 0.001). Additionally, patients in the DBIL T3 or T2 groups had 
higher concentrations of hemoglobin in contrast to those in the T1 
(p = 0.001). However, there were no significant differences in the 
proportions of hypertension, DM and multi-vessel, or in the levels of 
BMI, Gensini score, HDL-C and ApoA1.

Logistic regression analysis of variables 
with AF

The binary logistic regression was conducted to establish the 
association between DBIL and AF in patients with CAD. The results 
of univariate and multivariate logistic regression analyses for the 
relationship between variables and AF are presented in Table 3.

The univariate regression analysis showed that the elevated 
DBIL was significantly associated with AF risk (T3 versus 1, 
OR = 2.796, 95% CI: 1.528–5.116, p = 0.001). Additionally, older 
age (OR: 1.084, 95% CI: 1.054–1.114, p < 0.001) and Cr 
(OR = 1.013, 95%CI: 1.003–1.023) were positively associated with 
AF risk. Male gender (OR: 0.511, 95%CI: 0.314–0.830, p = 0.007), 
TC (OR: 0.544, 95% CI: 0.417–0.709, p < 0.001), TG (OR: 0.760, 
95% CI: 0.582–0.992, p = 0.044), LDL-C (OR: 0.460, 95% CI: 
0.331–0.640, p < 0.001), Apo B (OR: 0.081, 95% CI: 0.026–0.251, 

FIGURE 1

The flow-chart of study patients.
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p < 0.001) were significantly associated with a low risk of AF. No 
significant association were observed between smoking, drinking, 
hypertension, DM, BMI, hemoglobin, ALT, AST, BUN, UA, FBG, 
HDL-C, Apo A1, or TyG and the risk of AF.

The variables that had a p-value <0.05 in the univariate analyses 
and traditional risk factors, including smoking, drinking, 
hypertension and DM, were used in the multivariate logistic 
regression analysis model. After adjustment for other confounding 
factors, the OR of AF for patients in T3 was 2.239 (95% CI: 1.152–
4.351) compared with participants in T1 (T3 versus 1, p = 0.017). 
In addition, older age (OR: 1.073, 95% CI: 1.042–1.104, p < 0.001) 
was an independent predictive for AF. Furthermore, the analysis 
revealed that LDL (OR: 0.588, 95% CI: 0.414–0.833, p = 0.001) 
remained inversely associated with the risk of AF. Moreover, the 
male gender (OR: 0.564, 95% CI: 0.309–0.918, p  = 0.038) was 
found to be negatively correlated with AF risk.

Furthermore, a RCS curve of the DBIL for the prediction of 
AF among CAD patients had been displayed in Figure 2. The RCS 
regression model indicated that a significant nonlinear 
relationship between RAR and incident AF (p for overall < 0.001, 
p for nonlinear = 0.029). The inflection point was found at 2.7 
for RAR.

Subgroup stratification analysis for the 
relationship between DBIL and AF

Moreover, stratified analyses of the relationship between DBIL and 
AF risk based on age, gender, BMI, and DM were presented in Table 4. 
The association between higher DBIL and the risk of AF was stronger 
in CAD patients older than 65 years (OR: 3.255, 95% CI 1.466–7.226, 
p = 0.004). Higher DBIL levels were associated with AF in CAD patients 
with a BMI <25 (OR: 3.278, 95% CI 1.223–8.788, p = 0.018). The OR for 
AF in patients with DM in T3 was 3.540 (95% CI: 1.162–10.786) 
compared to participants in T1 (T3 versus 1, p = 0.026).

Discussion

In the study, there were two key findings. Firstly, the results 
suggested a significant relationship between elevated DBIL and AF 
risk in patients with CAD. Secondly, the correlation of elevated DBIL 
with the risk of AF in CAD patients was significantly higher among 
those older than 65 years and with a BMI <25 and DM.

Circulating bilirubin concentrations are primarily derived from 
hemoglobin of aged or damaged red blood cells. Corresponding, in 

TABLE 1 Baseline characteristics of the study patients.

Variables Total (n = 937) AF group (n = 72) Non-AF group 
(n = 865)

p value

Age, median (IQR),y 67 (57, 73) 74 (68, 79) 66 (57, 73) <0.001

Male (n, %) 643 (68.6) 39 (54.2) 604 (69.8) 0.006

Hypertension (n, %) 696 (74.3) 58 (80.6) 638 (73.8) 0.205

DM (n, %) 320 (34.1) 29 (40.3) 291 (33.6) 0.254

Smoking (n, %) 449 (47.9) 27 (37.5) 422 (48.8) 0.065

Drinking (n, %) 223 (23.8) 16 (22.2) 207 (23.9) 0.744

Gensini score 38.00 (20.00, 63.50) 25.25 (12.00, 52.88) 40.00 (21.00, 64.00) 0.010

Multi-vessel (n, %) 531 (56.7) 33 (45.8) 498 (57.6) 0.053

BMI, median (IQR), kg/m2 24.46 (22.23, 26.70) 24.62 (22.49, 27.75) 24.45 (22.22, 26.67) 0.549

Hemoglobin, g/L 137.84 ± 16.14 136.11 ± 15.27 137.98 ± 16.21 0.345

TBIL, median (IQR), μmol/L 14.80 (11.50, 19.20) 16.30 (13.40, 23.28) 14.60 (11.35, 19.00) 0.003

DBIL, median (IQR)μmol/L 2.70 (2.00, 3.60) 3.35 (2.40, 4.95) 2.60 (2.00, 3.60) <0.001

ALT, U/L 21 (15, 34) 18.50 (12.25, 45.50) 21 (15, 33) 0.595

AST, U/L 26 (19.72) 24 (18, 124.75) 26 (19, 69.5) 0.592

BUN, mmol/L 5.49 (4.58, 6.65) 6.02 (4.48, 7.78) 5.45 (4.58, 6.60) 0.082

Cr, μmol/l 71.10 (61.40, 82.00) 73.45 (62.25, 90.63) 70.90 (61.35, 81.30) 0.120

UA, μmol/l 342.40 (286.40, 407.05) 349.10 (290.55, 434.10) 341.20 (284.55, 406.60) 0.532

FBG, mmol/L, 5.51 (4.88, 6.94) 5.56 (4.92, 6.87) 5.51 (4.88, 6.94) 0.837

TC, median (IQR), mmol/L 4.47 (3.80, 5.21) 3.87 (3.31, 4.75) 4.50 (3.83, 5.25) <0.001

TG, median (IQR, mmol/L) 1.58 (1.15, 2.29) 1.46 (1.07, 2.08) 1.58 (1.16, 2.32) 0.161

HDL-C, median (IQR), 

mmol/L

1.12 (0.95, 1.32) 1.05 (0.93, 1.37) 1.13 (0.96, 1.32) 0.342

LDL-C, median (IQR), mmol/L 3.01 (2.47, 3.57) 2.55 (2.07, 3.23) 3.04 (2.51, 3.59) <0.001

ApoA-1, median (IQR), g/L 1.17 (1.03, 1.33) 1.12 (1.00, 1.35) 1.17 (1.04, 1.33) 0.092

Apo B, median (IQR), g/L 0.88 (0.73, 1.04) 0.75 (0.60, 0.98) 0.89 (0.74, 1.04) <0.001

TyG 1.60 ± 0.67 1.48 ± 0.60 1.61 ± 0.67 0.097
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this present study, it was observed that patients without liver disease 
in DBIL T3 or T2 had significantly higher concentrations of 
hemoglobin in contrast to those in T1 (p = 0.001). A review shows that 
increasing plasma bilirubin, acting as an antioxidant and metabolic 
hormone, can drive metabolic adaptions that improve deleterious 
outcomes of weight gain and obesity, such as inflammation, T2DM, 
and cardiovascular diseases (19). Previous studies have proposed a 
link between bilirubin and AF. However, a recent study conducted on 
Chinese elderly individuals with CAD and DM demonstrated that 
DBIL was not a predictor of AF (20). Additionally, a cross-sectional 
study conducted in patients with paroxysmal atrial fibrillation (pAF) 
suggested that patients with pAF had significantly higher levels of 
TBIL and indirect bilirubin, but not DBIL (21). Nevertheless, another 
study conducted in patients with nonvalvular chronic AF without any 
other cardiovascular disease revealed that the levels of total, direct and 
indirect serum bilirubin were significantly lower among the patients 
with AF compared to controls (18). The reports were inconsistent and 
controversial. Our study showed that patients with AF had 
significantly higher levels of both TBIL and DBIL compared to those 
without AF (p = 0.003 and p < 0.001, respectively). However, there was 
no significant difference in liver and kidney function between the two 

groups. Additionally, univariate and multivariate analysis 
demonstrated that DBIL was significantly associated with AF in 
patients with CAD. These findings suggest that DBIL could be  a 
noteworthy marker of AF. Differences in study populations may cause 
inconsistent results. Moreover, the AF in our study was defined as 
paroxysmal AF, persistent AF, and permanent AF. Further stratified 
analysis will be used to evaluate these findings in future studies.

The underling mechanism that may explain the positive association 
between DBIL and AF have been suggested in several studies, but the 
precious pathways remain unclear. For decades, both TC and LDL-C have 
been considered causal factors for atherosclerotic cardiovascular disease. 
Traditional cardiovascular risk factors, including age, sex, DM, 
hypertension, for incident AF have been described in early studies (21, 
22). Based on the above information, the association between 
dyslipidemia and atrial fibrillation (AF) has been evaluated. Current 
studies have indicated that elevated TC and LDL-C levels are inversely 
associated with incident AF (23, 24). The mechanism underpin the 
interesting inverse association may be related to the stabilizing effect of 
cholesterol on myocardial membranes (25–27). Consistently, logistic 
regression analysis in our study described the role of LDL-C in reduced 
AF risk. It is also worth noting that DBIL are negatively correlated with 

TABLE 2 Characteristics of study participants by the DBIL tertiles.

Variables T1 (n = 328) T2 (n = 298) T3 (n = 311) p value

Age (IQR, years) 66 (57, 72) 66.5 (57, 74) 67 (58, 74) 0.177

Male (n, %) 187 (57) 209 (70.1) * 247 (79.4) ## ^ <0.001

Hypertension (n, %) 247 (75.3) 220 (73.8) 229 (73.6) 0.869

DM (n, %) 121 (36.9) 95 (31.9) 104 (33.4) 0.397

AF (n, %) 16 (4.9) 17 (5.7) 39 (12.5) # ^ <0.001

Smoking (n, %) 136 (41.5) 149 (50) * 164 (52.7) # 0.012

Drinking (n, %) 63 (19.2) 71 (23.8) 89 (28.6) # 0.020

Gensini score 38.50 (20.50, 61.00) 34.75 (18.38, 60.63) 41.00 (21.00, 74.00) 0.198

Multi-vessel (n, %) 194 (59.1) 170 (57.0) 167 (53.7) 0.376

Hemoglobin, g/L 135.28 ± 16.35 138.37 ± 15.62 * 140.03 ± 16.10 ## 0.001

BMI (IQR, kg/m2) 24.39 (22.58, 26.83) 24.23 (22.06, 26.50) 24.57 (21.97, 26.78) 0.547

TBIL (IQR, μmol/L) 10.55 (9.10, 12.48) 14.80 (13.20, 17.00) ** 21.30 (17.89, 25.90) ##^^ <0.001

DBIL (IQR, μmol/L) 1.80 (1.50, 2.10) 2.70 (2.50, 2.93) ** 4.10 (3.60, 5.00) ## ^^ <0.001

ALT, U/L 19 (13, 30) 21 (15, 32.25) 24 (17, 40) ## ^^ <0.001

AST, U/L 23 (18, 41) 26 (19, 59.25) * 35 (21, 130) ## ^^ <0.001

BUN, mmol/L 5.70 (4.75, 6.73) 5.50 (4.64, 6.66) 5.33 (4.46, 6.53) 0.059

Cr, μmol/l 69.2 (60.3, 78.0) 72.55 (61.98, 84.23) * 72.1 (61.5, 85.4) # 0.002

UA, μmol/l 343.2 (285.85, 405.) 342.85 (290, 404.53) 341.2 (79.89, 410.6) 0.998

FBG, mmol/L, 5.57 (4.86, 6.98) 5.37 (4.86, 6.73) 5.65 (4.92, 7.02) 0.133

TC (IQR, mmol/L) 4.75 (4.16, 5.56) 4.51 (3.90, 5.21) ** 4.05 (3.51, 4.79) ## ^^ <0.001

TG (IQR, mmol/L) 1.90 (1.31, 2.71) 1.59 (1.16, 2.21) ** 1.40 (1.03, 1.87) ## ^^ <0.001

HDL-C (IQR, mmol/L) 1.13 (0.95, 1.32) 1.11 (0.96, 1.27) 1.13 (0.95, 1.36) 0.467

LDL-C (IQR, mmol/L) 3.28 (2.78, 3.88) 3.05 (2.55, 3.54) ** 2.66 (2.26, 3.24) ## ^^ <0.001

Apo A-1 (IQR, g/L) 1.18 (1.04, 1.32) 1.15 (1.04, 1.32) 1.17 (1.01, 1.37) 0.999

Apo B (IQR, g/L) 0.96 (0.82, 1.12) 0.91 (0.75, 1.04) ** 0.79 (0.66, 0.94) ## ^^ <0.001

TyG 1.76 ± 0.67 1.57 ± 0.63 ** 1.47 ± 0.66 ## <0.001

*p < 0.05 compared to T1; **p < 0.001 compared to T1; #p < 0.05 compared to T1; ##p < 0.001 compared to T1; ^p < 0.05 compared to T2; ^^p < 0.001 compared to T2.
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TC and LDL-C (28). Similar results were obtained in our study. And 
analysis revealed that DBIL was inversely associated with TC, TG, LDL-C, 
and ApoB. Bilirubin might induce hepatic fat utilization and reduce de 
novo lipogenesis, thus lowering lipid levels (29). This may partly explain 
why atrial fibrillation occurs more frequently in these patients.

Furthermore, as an independent risk factor, DBIL-induced AF may 
be associated with an inflammatory response. Heme oxygenase-1 (HO-1) 
and bilirubin IXalpha are predominantly accumulated in the perinuclear 
regions of foam cells (30). Additionally, foam cells are known to initiate 
the inflammatory process that may be linked to the pathogenesis of AF 
(31). Moreover, higher bilirubin levels may reflect increased foam cell 
presence, which plays a pivotal role in inflammation by regulating the 
production of inflammatory cytokines and matrix metalloproteinases 
(32). It was reported that DBIL levels were negatively associated with 
hsCRP levels (28). Further studies are needed to evaluate the potential role 
of DBIL in inflammation related to AF, due to the lack of C-reactive 
protein (CRP), interleukin-6 (IL-6), tumor necrosis factor alpha (TNFα), 
neutrophil to lymphocyte ratio (NLR), and other inflammatory markers.

The role of DBIL in oxidative stress, which may be associated with 
AF, is also reported. Defined doses of bilirubin could be considered as 
mitochondria targeted medication against inflammasome-related 

diseases (33). However, the molecular pathway(s) connecting reactive 
oxygen species (ROS) and AF are unknown. The Ca2+/calmodulin-
dependent protein kinase II (CaMKII) has recently been suggested to 
be  a ROS activated proarrhythmic signal contributing to AF (34). 
Oxidant stress levels evaluated by urinary 8-hydroxy-2′-deoxyguanosine 
(8-OHdG), a biomarker of oxidative DNA damage, and urinary 
biopyrrin, an oxidative metabolite of bilirubin have been proven to 
be significantly increased in AF patients (35).

Insulin resistance (IR) has been demonstrated to be an important 
risk factor for cardiovascular disease. A Prior study reported that 
bilirubin is associated with insulin resistance. Participants with lower 
bilirubin had a significantly higher risk of type 2 diabetes (36). 
Additionally, a cohort study performed by Puerto-Carranza et  al. 
demonstrated that bilirubin can regulate insulin secretion and glucose 
uptake (37). Furthermore, there was a steep increase in the risk of 
incident AF associated with relatively low homeostatic model of insulin 
resistance (HOMA-IR) (38). To date, the TyG index has been shown to 
be a promising indicator of IR status (39, 40). Consistently, our study 
found significantly lower TyG levels in the higher DBIL group. These 
findings may partially elucidate the underling association of DBIL with 
increased AF risk. Our results could also be attributed to difference in 

TABLE 3 Univariate and multivariate analysis of variables associated with AF in patients with CAD.

Variables Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age 1.084 (1.054–1.114) <0.001 1.072 (1.042–1.104) <0.001

Male 0.511 (0.314–0.830) 0.007 0.564 (0.329–0.967) 0.038

Smoking 0.630 (0.384–1.034) 0.067 0.243

Drinking 0.908 (0.510–1.617) 0.744 0.511

Hypertension 1.474 (0.807–2.694) 0.207 0.378

DM 1.330 (0.814–2.175) 0.255 0.269

Multi-vessel 0.624 (0.385–1.011) 0.055

Gensini score 0.991 (0.983–0.999) 0.035 0.991 (0.983–1.000) 0.047

Hemoglobin 0.993 (0.978–1.008) 0.344

BMI 1.038 (0.974–1.106) 0.254

ALT 1.000 (0.994–1.006) 0.949

AST 1.000 (0.999–1.002) 0.767

BUN 1.000 (0.989–1.011) 0.933

Cr 1.013 (1.003–1.023) 0.013 0.176

UA 1.001 (0.999–1.003) 0.309

FBG 0.977 (0.875–1.090) 0.673

TC 0.544 (0.417–0.709) <0.001 0.248

TG 0.760 (0.582–0.992) 0.044 0.622

HDL-C 0.857 (0.367–2.001) 0.721

LDL-C 0.460 (0.331–0.640) <0.001 0.588 (0.414–0.833) 0.003

Apo A-1 0.346 (0.114–1.049) 0.061

Apo B 0.081 (0.026–0.252) <0.001 0.880

TyG 0.723 (0.493–1.060) 0.097

DBIL T1 Reference Reference

  T2 1.180 (0.585–2.379) 0.644 1.010 (0.488–2.090) 0.979

  T3 2.796 (1.528–5.116) 0.001 2.239 (1.152–4.351) 0.017
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ethnicity and sample size. Further studies are needed to investigate 
whether this mechanism palys an important role in atrial remodeling 
and the development of AF.

This study also showed that male gender was inversely correlated 
with the risk of AF, while older age was identified as an independent risk 
factor. These findings are consistent with previous studies (17, 28). 
Previous studies have demonstrated that old age is one of the most 
recognized risk factors for new onset-atrial fibrillation. Old age has been 
shown to induce structural and electrical atrial remodeling which 
increase the risk of developing atrial fibrillation. The prevalence of AF 
increases dramatically with advancing age (41, 42). Hence, the average 
age of individuals with AF is significantly higher than that in those 
without AF. After adjustment for confounding factors, logistic 
regression analysis revealed that higher age was a significant risk factor 
for AF. Furthermore, subgroup analysis revealed that the association of 
higher DBIL levels with the risk of AF was stronger in CAD patients 
older than 65 years. Prior studies have provided evidence that higher 
BMI causally increased the risk of AF (43, 44). However, the positive 
association was not observed in our study. Further stratified analysis 
suggested that the higher baseline DBIL level was associated with AF 
risk in individuals with BMI < 25, but not in those with BMI ≥ 25. 
Selection bias may results in this difference. In addition, Oka et al. (45) 
found that low BMI and female sex could predict reduced post-ablation 
left atrial emptying fraction, which was associated with recurrence of 
AF after ablation. Another possible explanation is that low BMI is a 
significant predictor of non-pulmonary vein (PV) foci, which plays an 
important role in the recurrence of AF (46). Prospective studies should 
be  conducted to explore these results further. Prior studies have 
demonstrated that DM is one of the most common risk factors for the 
development of AF due to atrial structural and electrical remodeling. 
Consistent with previous studies (47, 48), a significant association 
between higher DBIL and AF risk was observed in DM patients. The 
results of this study suggest that we should pay attention to the DBIL 

levels of elderly CAD patients with lower BMI and DM in order to 
detect AF early.

There are several limitations in our study that should be noted. Firstly, 
this was a cross-sectional study conducted at a single center, and there was 
no patient follow-up. The results may be prone to selection or information 
bias. Secondly, the diagnosis of AF based on 12-lead electrocardiogram 
(ECG) or 24-h Holter may inevitably underestimate rates of AF. Thirdly, 
the biomarkers of inflammatory including high-sensitivity C-reactive 
protein and B-type natriuretic peptide, as well as left atrial diameter which 
need to be considered were not presented and studied. Finally, since AF 
can occur both paroxysmal and non-paroxysmal, the results should 
be assessed separately for each category in future studies.

Conclusion

In conclusion, this present study found a robust nonlinear 
correlation between serum DBIL levels and AF in patients with 
CAD. This association was more significant in DM patients and those 
aged ≥65 years, as well as BMI <25 patients. These findings may help 
identify CAD patients at high risk of AF by measuring the DBIL levels. 
In the future, we look forward to design a multicenter study with a 
larger sample size and long-term follow-up to explore the relationship 
between DBIL and AF. In addition, DBIL may be a potential target for 
therapeutic intervention to reduce the risk of AF confirmed by future 
studies. Further studies are necessary to investigate the role of DBIL in 
reducing AF risk.
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FIGURE 2

The RCS curve of the association between DBIL and AF among CAD patients.
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TABLE 4 Stratified analyses of the association between DBIL and AF in CAD patients.

Subgroup Adjusted OR (95% CI) p value

Age

<65

DBIL T1 Reference

  T2 0.503 (0.120–2.109) 0.348

  T3 0.844 (0.229–3.118) 0.799

≥65

DBIL T1 Reference

  T2 1.357 (0.569–3.237) 0.491

  T3 3.255 (1.466–7.226) 0.004

Gender

Male

DBIL T1 Reference

  T2 1.027 (0.346–3.055) 0.961

  T3 2.332 (0.906–6.003) 0.079

Female

DBIL T1 Reference

  T2 0.948 (0.334–2.689) 0.920

  T3 1.978 (0.716–5.463) 0.188

BMI

<25

DBIL T1 Reference

  T2 1.052 (0.346–3.200) 0.929

  T3 3.278 (1.223–8.788) 0.018

≥25

DBIL T1 Reference

  T2 1.2670 (0.465–3.416) 0.650

  T3 1.478 (0.555–3.940) 0.429

DM

Yes

DBIL T1 Reference

  T2 2.442 (0.796–7.488) 0.118

  T3 3.540 (1.162–10.786) 0.026

No

DBIL T1 Reference

  T2 0.556 (0.203–1.519) 0.252

  T3 1.775 (0.793–3.969) 0.163
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Glossary

CAD - Coronary artery disease

AF - Atrial fibrillation

DM - Diabetes mellitus

BMI - Body mass index

TBIL - Total bilirubin

DBIL - Direct bilirubin

ALT - Alanine aminotransferase

AST - Aspartate aminotransferase

BUN - Urea nitrogen

Cr - Creatinine

UA - Uric acid

FBG - Fasting blood glucose

TC - Total cholesterol

TG - Triglyceride

HDL-C - High-density lipoprotein cholesterol

LDL-C - Low-density lipoprotein cholesterol

Apo A-1 - Apolipoprotein A-1

Apo B - Apolipoprotein B

TyG - Triglyceride-glucose

RCS - Restricted cubic spline
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