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ABSTRACT

Background: Postoperative atrial fibrillation (POAF) after 
cardiac surgery is a common complication. We aimed to inves-
tigate the impact of serum uric acid level (UA) on the POAF of 
patients undergoing coronary artery bypass grafting (CABG).

Methods: A retrospective cohort study of patients under-
going CABG at the Hospital between January 2019 and 
December 2019 was performed. Hyperuricemia (HUA) was 
defined as serum UA levels >420 μmol/l in men and>360 
μmol/l in women. The included patients were divided into 
the HUA group (103) and the normal UA group (306) based 
on serum uric acid levels before surgery. POAF was defined 
as atrial fibrillation that occurred within 7 days of cardiac 
surgery. We use COX regression analysis and Kaplan-Meier 
curves (log-rank test) for statistical analysis.

Results: The incidence of HUA was 25.2% (103/409). 
The rate of POAF was 28.61%. Univariate COX regression 
analysis showed the risk of POAF occurrence. It was revealed 
that UA was an independent predictor of POAF (HR=1.493, 
95% CI1.007-2.212, P = 0.046). Kaplan-Meier curves showed 
that high serum UA was associated with the occurrence of 
POAF (P = 0.034). Moreover, age (HR=1.05, 95%CI 1.024-
1.076, P < 0.001), AD (HR=1.567, 95%CI .015-2.42, P = 
0.043), and CCB (HR=0.647, 95%CI 0.424-0.988, P = 0.044) 
also were independent predictors of POAF.

Conclusions: Preoperative UA level was significantly 
associated with POAF. Higher serum UA was an independent 
risk factor for POAF.

INTRODUCTION

Postoperative atrial fibrillation (POAF) is the most 
common arrhythmia after cardiac surgery, occurring in 20% 
to 40% of patients undergoing coronary artery bypass graft-
ing surgery (CABG) [Benedetto 2020]. It usually occurs 
within the first 2-4 days after surgery [Echahidi 2008]. POAF 
can lead to increased short-term mortality and complications, 

such as cerebrovascular accidents, duration of hospital stay, 
and costs [Woldendorp 2020; Saxena 2012]. And com-
pared with those with no POAF, long-term mortality and 
the incidence of long-term complications, such as ischemic 
stroke, heart failure, and long-term AF, is obviously higher 
in patients with POAF [Benedetto 2020; Woldendorp 2020; 
Thoren 2020; Taha 2021].

UA is a product of human body intake and endogenous 
synthesis of purines; it is catalyzed by xanthine oxidase (XO). 
Many studies have proven that in several pathological con-
ditions, uric acid clearly was associated with oxidative stress 
and inflammation [Deng 2021; Spiga 2017; Kurajoh 2021]. 
This also is considered to be part of the POAF mechanism 
[Li 2010; Harada 2015]. Serum UA is closely related to the 
morbidity of cardiovascular diseases, such as hypertension, 
coronary artery disease [Gaubert 2020; Liu 2021; Saito 2021].

Many studies have proven the link between UA and atrial 
fibrillation in patients who have not undergone surgery 
[Hong 2020; Kwon 2018; Kawasoe 2018]. Memetoglu et al. 
reported patients with postoperative atrial fibrillation have 
higher levels of uric acid in a small population [Memetoglu 
2015]. Considering the limitations of previous studies, this 
study was designed.

METHODS

Study population: The present study is a cohort study 
among the patients who have undergone CABG at the 
Hospital between January 2019 and December 2019. Our 
cohort uses a mixed cohort of off-pump CABG and on-
pump CABG. Such a cohort is more in line with the cur-
rent situation of coronary artery bypass surgery in China, 
mainly off-CABG, and there also is a small part of on-pump 
CABG. This heart center is a tertiary referral center, and all 
operations are independently performed by experienced phy-
sicians. Retrospective studies were exempted from informed 
consent by the Ethics Committee of the the Hospital. The 
inclusion criteria were an age >18 years and patients with 
isolated coronary artery bypass. The exclusion criteria were 
listed as follows: (1) preoperative diagnosis of atrial fibrilla-
tion; (2) history of pacemaker implantation or implantation 
of a pacemaker during surgery; (3) minimally invasive CABG; 
(4) missing data. (Figure 1) Consequently, 409 patients were
stratified and included in the analyses. Preoperative and oper-
ative data retrospectively were collected for each patient. All
laboratory data were last recorded before surgery. Emergency
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surgery (ES) is defined as surgery performed within 48 hours 
of admission to the hospital. Palpitations are a sensory symp-
tom, defined as an unpleasant awareness of an abnormal beat-
ing of the heart.

Definition of hyperuricemia: Hyperuricemia (HUA) 
was defined as serum UA levels >420 μmol/l in men and>360 
μmol/l in women [Nan 2006; Wang 2020].

Detection of atrial fibrillation: The endpoint of this 
study was the new onset of atrial fibrillation within 7 days 
after surgery. POAF is defined as patients who were in sinus 
rhythm before surgery and developed new AF after heart 
surgery. AF was defined as irregular heart rhythm without 
a repetitive pattern and distinct P wave for at least 30 sec-
onds. Each patient underwent continuous electrocardiograph 
(ECG) monitoring for more than 7 days.

Perioperative period management: All patients have 
undergone CABG. The patient did not undergo any treat-
ment for arrhythmia prior to surgery. The same anesthetic 
medication and surgical techniques were used for all surger-
ies. During surgery, the left internal mammary artery can 
be used to bypass the anterior descending branch, or the 
diagonal branch and other blood vessels can be anastomosed 
sequentially, according to the condition. Great saphenous 
vein bridge was used for other diseased vessels. After the 
operation, the patient’s vital signs were closely observed and 
recorded through ECG monitoring. Patients did not undergo 
any treatment to prevent arrhythmia prior to surgery.

Statistical analysis: Continuous variables are presented as 
the mean (SD) or median (interquartile range) and compared 
by t-test or Mann-Whitney U test. Categorical data are pre-
sented as counts with proportions and analyzed by χ2 test. 
Univariate Cox analysis was used to test all variables. Vari-
ables included in the final multivariable model were P < 0.2 
in the univariable Cox model. Kaplan-Meier curve was drawn 
to estimate the incidence of POAF and the log-rank test was 
used for comparison. Statistical significance was defined by 
two-tailed P-values of <0.05. Data analysis was performed 
using R 4.1.0 and SPSS 26.0.

RESULTS

From January 2019 to December 2019, 459 patients who 
had undergone CABG were consecutively enrolled in the 
study. According to exclusion criteria, a total of 409 patients 
were included in the final analysis. Baseline characteristics of 
both the normal UA group and high UA group are presented 
in Table 1. Among 409 patients, 294 (71.9%) were male, 267 
(65.3%) had hypertension, and 208 (50.9%) had diabetes 
mellitus. The incidence of HUA was 25.2% (103/409). In 
the entire study population, the incidence of POAF 7 days 
after CABG surgery was 28.61% (117/409). The incidence of 
POAF in the normal UA group and the high UA group was 
25.82% (79/306) and 36.90% (38/103), respectively. Table 2 
shows the results of univariate and multivariate COX regres-
sion. (Table 2) All clinical variables were entered into uni-
variate Cox analysis. (Appendix incorporates factors with P < 
0.2 in univariate analysis into multivariable Cox regression.) 

The univariate Cox analysis results show that UA is a risk 
factor of POAF. On multivariable Cox regression (Table 2), 
UA (HR=1.493, 95% CI 126 1.007-2.212, P = 0.046), age 
(HR=1.05, 95% CI 1.024-1.076, P < 0.001), AD (HR=1.567, 
127 95% CI 1.015-2.42, P = 0.043), and CCB (HR=0.647, 
95% CI 0.424-0.988, P = 0.0 were found to independently 
predict POAF. The Kaplan-Meier curves were used to deter-
mine the relationship between serum UA and the incidence 
of POAF. Using log-rank tests, high serum UA was associated 
with POAF (P = 0.034).

DISCUSSION

In the cohort of patients undergoing CABG, we found 
a significant association between UA and the risk of POAF, 
and this association continued after controlling for potential 
confounders. And compared with the normal UA group, the 
high UA group has a higher incidence of POAF. (Figure 2) 
Memetoglu et al. previously explored the role of uric acid in 
postoperative AF through prospective studies [Memetoglu 
2015]. But the study was a case-control trial of small samples, 
with only 39 patients in the case group. On this basis, the 
present retrospective study was conducted in a larger heart 
center, including 117 patients with POAF and 103 patients 
with HUA. The inclusion of more patients can reduce selec-
tion bias. The present study is a cohort study in which all 
patient information was extracted from medical records and 
electronic advanced care record sheets. Adjusted Cox regres-
sion analysis revealed that preoperative UA elevation is an 
independent risk factor for POAF. The incidence of POAF 
in the seven days after CABG was 28.61% (117/409) among 
the study population. This is consistent with prior research 
reports on the incidence of POAF [Mathew 2004]. Of note, 
a systematic review and meta-analysis reported that the inci-
dence of HUA in mainland China is 13.3%, while our inci-
dence of HUA is 25.2%, which is significantly higher. How-
ever, a study in Qingdao reported that the incidence of HUA 
was 25.3% [Nan 2006], which is consistent with our study. 
This may partly be explained by Qingdao's location along the 
coast, with high intake of purine-rich seafood. The purine in 
food is one of the main sources of human UA [Kang 2011].

The relationship between uric acid and atrial fibrillation 
in nonoperative patients has been supported by numerous 
studies. Studies from South Korea and Japan in large popula-
tions both show that UA is significantly related to AF [Kwon 
2018; Kawasoe 2018]. Meanwhile, the evaluation of the meta-
analysis also provided evidence of the association between AF 
and serum UA [Tamariz 2014]. On the other hand, the meta-
analysis results of Zhao et al. showed that elevated serum UA 
is not associated with increased risk of AF recurrence after 
catheter ablation [Zhao 2016].

Higher uric acid levels may increase the incidence of AF 
in patients through the following mechanisms. Elevated UA 
induced cardiac remodeling including electrophysiology and 
structural changes may be associated with the emergence of 
POAF. UA is produced by the action of XO, and XO is an 
important source of ROS. Animal experiments have shown 
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Table1. Baseline Characteristics according to serum UA. (n=409)

Normal UA group
n=306

High UA group
n=103

Baseline parameters

   Age(year) 64.5 (7.8) 64.0 (8.8)

   Male, n (%) 229 (74.8) 65 (63.1)

   BMI 25.1 (3.1) 25.9 (2.9)

   Smoking, n (%) 130 (42.5) 40 (38.8)

   Drinking, n (%) 83 (27.1) 27 (26.2)

   Diabetes mellitus, n (%)  114 (27.3) 32 (31.1)

   Hypertension, n (%) 184 (60.1) 83 (80.6)

   Palpitations, n(%) 35 (11.4) 20 (19.4)

   Heart failure, n (%) 9 (2.9) 6 (5.8)

   OMI, n (%) 26 (8.5) 20 (19.4)

Diagnosis, n (%)

   Stable angina 7 (2.3) 2 (1.9)

   Unstable angina 193 (63.1) 55(53,4)

   AMI 106 (34.7) 46 (44.7)

Pre-operative laboratory values

   creatinine 77.0 [63.6,90.8] 90.2 [74.2,105.4]

   LDLC 2.4 [1.9, 3.0] 2.4 [2.0, 3.0]

   Triglycerides 1.4 [1.0, 1.8] 1.9 [1.2, 2.6]

   glucose 5.4 [4.8, 7.1] 5.6 [5.0, 6.6]

Echocardiogram

   LVEF 57.7 (7.1) 54.9 (8.9)

   VWM, n (%) 172 (56.4) 69 (68.3)

   AD, n (%) 192 (62.7) 76 (73.8)

Preoperative medication, n (%)

   ACEI 41 (13.4) 10 (9.7)

   CCB 99 (32.4) 36 (35.0)

   BRB 211 (69.0) 66 (64.1)

Surgery information

   ES, n (%) 19 (6.2) 6 (5.8)

   LITA, n (%) 260 (85.0) 80 (77.7)

   OPERATIVETIME 263.7 (85.5) 258.1 (85.0)

   CPB, n (%) 30 (9.8) 11 (10.7)

   IABP, n (%) 29 (9.5) 7 (6.8)

BMI: body Mass Index; OMI: old myocardial infarction; AMI: acute myocardial infarction; LDLC: Low Density Lipoprotein Cholesterol; LVEF: Left ventricular 
ejection fraction; VWM: ventricular wall motion abnormal; AD: atrial dilation; ACEI: angiotensin-converting enzyme inhibitor; CCB: Calcium Channel Blockers; 
BRB: β-receptor blockers ES emergency surgery LITA: left internal mammary artery bypass; CPB: cardiopulmonary bypass; IABP :intra-aortic balloon pump.
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that UA can cause oxidative damage and inhibit cardiomyo-
cyte activity, further progressing to myocardial remodeling 
[Chen 2011]. Researchers also found that the use of XO-
inhibiting drugs for four weeks in infarcted rats weakened 
sympathetic innervation and reduced the arrhythmia vulner-
ability [Lee 2016].

Studies have proven that the circulating and local renin-
angiotensin-aldosterone system (RAAS) in the cardiovascular 
system can be stimulated by UA, which in turn causes atrial 
inflammation and oxidative stress [Perlstein 2004; Corry 
2008]. UA has been proven to increase the level of inflamma-
tion in the body through a variety of pro-inflammatory path-
ways [Yu 2020; Maharani 2016].

Inflammation can increase the risk of POAF by modulat-
ing atrial electrophysiological, altering atrial conduction, and 
facilitating re-entry [Ishii 2017; Ishii 2005]. Meanwhile, the 
inflammatory factors produced by UA stimulation also can 
lead to the remodeling of atrial structure, thereby stimulating 
the occurrence of POAF [Deng 2021; Ishii 2017]. In addition, 
animal models indicate that HUA can lead to apoptosis of 
atrial myocytes, atrial fibrosis, and over-innervation of sym-
pathetic nerves, thereby significantly increasing the suscep-
tibility to AF and the duration of AF [Wang 2021]. During 
cardiac surgery, the negative effects of HUA on patients may 
be amplified by the shock of surgery and the increase in sym-
pathetic nerve excitability.

Allopurinol is a competitive inhibitor of xanthine oxi-
dase (XO) that can reduce the concentration of UA in the 
blood. Many studies have shown that allopurinol can reduce 
inflammation levels, improve oxidative stress and endothe-
lial function [Alem 2018; Zhang 2021]. Research shows that 
the electrical and structural remodeling of the atrium can be 

attenuated by allopurinol [Yang 2018]. However, there is a 
lack of corresponding clinical trials to prove that allopurinol 
can reduce the production of postoperative AF. In this study, 
it was also found that age is an independent risk factor for 
POAF in patients undergoing CABG; HR=1.05. Advanced 
age has been widely reported and accepted as a risk factor 
for postoperative AF. Results from a study by Mathew et al. 
demonstrated that for every 10 years of atrial fibrillation, the 
probability of POAF increases by 75% [Mathew 2004]. Shen 
et al. reported there is a non-linear relationship between age 
and the prevalence of POAF after cardiac surgery, and the 
prevalence of POAF is sharply increased over 55 years of 
age [Shen 2011]. Age was significantly related to atrial fibro-
sis and nonuniform anisotropic conduction may be a good 
explanation. In addition, our study confirms that preoperative 
CCB use, and AD also are independent risk factors for POAF.

According to our research, we recommend investigating 
uric acid in blood as a routine investigation in all CABG. For 
whether it is recommended to control uric acid before an 
operation, further prospective studies of multicenter cohorts 
are needed to assess the postoperative effects of controlling 
serum uric acid levels on patients and whether patients ben-
efit. The present analysis has several limitations. First, this 
study is a single-center retrospective cohort study, and the 
data has not been collected prospectively, which may lead 
to selection bias and retrospect bias. Therefore, prospective 
studies are needed to further verify. Second, because it is a 
retrospective study, the duration of atrial fibrillation cannot 
be collected. We cannot assess the association between UA 
and POAF duration. Third, due to emergency surgery and 
other reasons, 5% of data was missing, which may affect the 
results.

Table2.COX regression analysis for predicting POAF after GABG

Univariate  Multivariate

HR 95%CI P HR 95%CI p

AGE 1.06 1.03-1.09 <0.001 1.05 1.024-1.076 <0.001

OMI 1.45 0.87-2.42 0.157

UA 1.52 1.03-2.24 0.034 1.493 1.007-2.212 0.046

LVEF 0.97 0.95-0.99 0.002 - - -

VWM 1.5 1.02-2.21 0.04 - - -

AD 1.74 1.14-2.64 0.01 1.567 1.015-2.42 0.043

CCB 0.66 0.44-1 0.051 0.647 0.424-0.988 0.044

BRB 0.73 0.5-1.06 0.098 - - -

ES 1.59 0.83-3.05 0.159 - - -

LITA 0.65 0.42-0.99 0.047 - - -

OPERATIVETIME 1 1-1 0.039 - - -

IABP 1.56 0.91-2.68 0.109 - - -

OMI: old myocardial infarction; LVEF: left ventricular ejection fraction; VWM: ventricular wall motion abnormal; AD: atrial dilation; CCB: Calcium Channel Block-
ers; BRB: β-receptor blockers ES emergency surgery CPB: cardiopulmonary bypass; LITA: left internal mammary artery bypass; IABP: intra-aortic balloon pump.
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CONCLUSIONS

The results of this study suggest that the serum UA was 
an independent risk factor for POAF following CABG. This 
connection emphasizes the importance of early intervention 
and management of UA to reduce the incidence of POAF and 
improve patient prognosis.
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