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Abstract: Objective: To systematically evaluate the level of serum uric acid in patients with postoperative recurrence 
of atrial fibrillation, and explore the evidence-based medical basis for serum uric acid and postoperative recurrence. 
Methods: The literature on serum uric acid levels in patients with postoperative recurrence of atrial fibrillation was 
collected using keywords in PubMed, Embase, Web of Science, Cochrane Library, CNKI, World Wide Web, Chinese 
Biomedical Literature and other publicly published databases. The literature was collaboratively screened by one 
scholar based on pre-established inclusion and exclusion criteria. Then, we extracted the data in the literature, 
evaluated the quality of the literature and used RevMan software for statistical analysis. Results: This meta-analysis 
included 14 research papers, involving 2046 clinical patients, and analyzed serum uric acid levels in the postopera-
tive recurrence group and non-recurrence group. Combining the analysis of the serum uric acid levels in the patients 
in each study, we found that the serum uric acid levels of the patients in the recurrence group (WMD = 40.79 [27.62, 
53.95], P<0.001) were significantly higher than those of the non-recurrence group. Also, the recurrence rate of 
patients in the high uric acid group (OR = 2.21 [1.73, 2.83], P<0.001) was significantly higher than that of the low 
uric acid group. Conclusion: The level of serum uric acid is closely related to the recurrence of atrial fibrillation after 
radiofrequency ablation, and patients with high serum uric acid level have a higher risk of postoperative recurrence. 
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Introduction

Clinically, atrial fibrillation is a relatively com-
mon arrhythmia, and its incidence is related to 
age. Economically, it brings a substantial bur-
den to society [1]. Due to its high efficiency  
and convenience, radiofrequency ablation has 
become the primary method for the treatment 
of atrial fibrillation. Large-scale cohort studies 
have found, however, that patients after radio-
frequency ablation still have a high risk of re- 
currence. Therefore, exploring the risk factors 
affecting recurrence after radiofrequency abla-
tion has become a hot spot in clinical research 
[2, 3]. In order to explore the factors associated 
with the recurrence of atrial fibrillation after 
radiofrequency ablation, this meta-analysis in- 
cluded randomized control trials (RCTs) from 
multiple countries, and used subgroup analysis 
and regression analysis to determine whether 

high serum uric acid level of patients was asso-
ciated with postoperative recurrence. 

Uric acid is a product of purine metabolism. 
Studies have found that uric acid can promote 
the response of related inflammatory factors, 
leading to inflammation, thereby triggering elec-
trical remodeling and structural remodeling of 
the atrium [4], which is of great significance in 
postoperative recurrence. This meta-analysis of 
relevant published clinical literature explores 
the association between serum uric acid levels 
and the recurrence of atrial fibrillation after 
radiofrequency ablation. 

Materials and methods

General materials

We searched PubMed, Embase, Web of Sci- 
ence, Cochrane Library, Chinese Biomedical 
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Literature, CNKI and Wanfang Database. The 
time range is from the establishment of the 
database to March 2022. The search strategy 
was to combine subject keywords with free 
words. Keywords in Chinese include atrial fibril-
lation, recurrence after radiofrequency ablation 
and serum uric acid. Keywords in English 
include ‘serum uric acid/UA/SUA’, ‘recurrence 
paroxysmal atrial fibrillation’, ‘catheter abla-
tion’, ‘serum uric acid and catheter ablation 
and recurrence’, ‘serum uric acid in recurrence 
paroxysmal atrial fibrillation with catheter abla-
tion’ and ‘serum uric acid or SUA and recur-
rence paroxysmal atrial fibrillation and catheter 
ablation’.

Inclusion and exclusion criteria

Inclusion criteria: The included articles were all 
randomized controlled trials (RCTs). The study 
population was patients with atrial fibrillation 
after radiofrequency ablation; the key event 
observed in the study was recurrence; serum 
uric acid levels were detected in both the recur-
rence group and the non-recurrence group. 

Exclusion criteria: We excluded duplicate pub-
lished literature, reviews, conference reports, 
books, case reports and letters, as well as arti-
cles from which data could not be extracted or 
were insufficient.

Literature screening and data extraction

First, Yuan Chen and Yucheng Wu read the title 
and abstract of the retrieved articles and ini-
tially obtained the legal research according to 
the pre-established inclusion and exclusion  
criteria. Second, the full text was read for fur-
ther screening. When there were different opin-
ions, the inclusion was discussed with Xin Chu 
to obtain a final decision. Third, the extracted 
data were independently processed and cross-
checked by two researchers and reviewed by 
the third researcher. The data of included stud-
ies included year of publication, author, coun-
try, patient sample size, publication time, study 
site, intervention measures and outcome va- 
riables.

Literature quality assessment

The quality of the included literature was in- 
dependently assessed by two investigators 
according to the Newcastle-Ottawa Scale (NOS) 

score, which included the selection of the study 
population, comparability between groups and 
outcome measurement. Articles with a score of 
6 points or more were included in this meta-
analysis. Different opinions were discussed 
within the group to obtain a final decision.

Statistical methods

RevMan software was used for systematic 
analysis. For enumerated data, the OR value 
and its confidence interval were used to 
express. For measured data, weighted mean 
difference (WMD) and confidence interval were 
used. A difference of P<0.05 was considered  
significant. The heterogeneity among studies 
was assessed by I2 test and P value. I2>50  
or P<0.1 indicates significant heterogeneity 
among the studies, and a random effect model 
was used for the study results. Otherwise, a 
fixed effect model was used. Furthermore, the 
funnel plot test was used to evaluate the publi-
cation bias between different studies, and the 
test level was α = 0.05.

Results

Literature search results

Through database retrieval, we obtained a total 
of 325 papers and removed 66 duplicate 
papers. After reading the titles and abstracts of 
the articles, we found that 192 items did not 
meet the inclusion criteria. Among them, 63 
studies were unavailable for clinical data, and 
129 were reviews, case reports, conference 
abstracts or monographs. We reviewed the full 
text of the remaining 67 articles, 6 articles had 
no study endpoint, 37 articles were excluded 
due to insufficient data, 10 articles had NOS 
scores lower than 6 points, and in the end 14 
articles were included in the study, involving a 
total of 2046 patients. The literature screening 
process and results are shown in Figure 1. The 
basic characteristics of the included literature 
are shown in Table 1.

Meta-analysis of serum uric acid levels in dif-
ferent groups

All 14 studies provided the test results of serum 
uric acid in patients. Combining with the serum 
uric acid level and postoperative recurrence of 
patients in each study group, this meta-analy-
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sis found that there was significant heterogene-
ity among the studies (I2 = 61%, P<0.001), so a 
random effect model was used to conduct a 
joint analysis of serum uric acid. The analysis 
results showed that the serum uric acid level in 
the recurrence group was higher than that in 
the non-recurrence group (WMD = 40.79 
[27.62, 53.95], P<0.001), and the difference 
was statistically significant (Figure 2). 

Meta-analysis of recurrence rate

In 7 studies, the patients were divided into a 
low uric acid group and a high uric acid group 
according to the serum uric acid level, and the 
recurrence rate of each group was calculated. 
Meta-analysis found that there was no signifi-
cant heterogeneity among the results of each 
study (I2 = 0%, P = 0.45), so a fixed-effect model 
was used to conduct a joint analysis of the 
recurrence rate. The analysis results showed 
that the recurrence rate in the high serum uric 
acid group was higher than that of the low 
serum uric acid group (OR = 2.21 [1.73, 2.83], 
P<0.001) (Figure 3). 

Post offset

A funnel plot analysis was performed on the 
included research papers, and it was found 
that the scattered points in the figure were 
basically symmetrically distributed, indicating 

served. Heterogeneity in serum uric acid levels 
was possibly due to different laboratory mea-
surements. See Figure 6. 

Meta-regression analysis showed that the num-
ber, age, and sex of patients in each study were 
not associated with postoperative recurrence, 
and high serum uric acid level was a high-risk 
factor for postoperative recurrence. See Table 
2. 

Discussion

The clinical treatment of early atrial fibrillation 
is mainly based on drugs, but radiofrequency 
ablation is used due to the significant side 
effects of drugs. In recent years, radiofrequen-
cy ablation has become an effective means  
for treating atrial fibrillation. Radiofrequency 
ablation guides the electrode catheter into  
the patient’s heart through the venous route. 
Electrophysiologic mapping technology is used 
to find abnormal electrical conduction channels 
or ectopic beat points in the heart. The cardio-
myocytes are dried and necrotic to achieve the 
purpose of rapid treatment for arrhythmia [19]. 
Although radiofrequency ablation has a rapid 
treatment effect, as a clinical invasive opera-
tion, there is still a severe recurrence problem 
in patients with postoperative atrial fibrillation. 
There are clinical studies finding that the post-
operative recurrence rate of atrial fibrillation 

Figure 1. Literature screening process. 

that the included studies had 
no obvious publication bias 
(Figure 4). 

Sensitivity and heterogeneity 
analysis

Sensitivity analysis was per-
formed by Stata software, 
and each study was excluded 
in turn to observe its influence 
on the total effect. The results 
showed that after excluding 
Canpolat’s or Ercan’s study, 
the combined effect size ch- 
anged significantly, suggest-
ing that the results may have 
a certain degree of heteroge-
neity, and subgroup analysis 
was required. See Figure 5. 

Ercan’s and Canpolat’s stud-
ies were excluded from the 
meta-analysis, and no signifi-
cant heterogeneity was ob- 
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after radiofrequency ablation was as high as 
45%. The postoperative recurrence of such 
patients may be related to the level of serum 

uric acid. High uric acid in serum can activate 
oxidative stress and inflammatory responses in 
the body, leading to calcium overload in cells, 

Table 1. General characteristics of included studies
Author and publication year Country Male/Female Age Recurrence group Non-recurrence group NOS score
Xie 2019 [5] China 33/99 40-80 54 158 7
Han 2015 [6] China 6/25 55-75 13 48 6
Hu 2016 [7] China 14/47 50-70 20 71 6
Fan 2015 [8] China 15/42 39-77 45 69 8
Lei 2020 [9] China 15/33 45-70 27 59 7
Zhao 2021 [10] China 22/67 50-80 50 100 6
Zhou 2020 [11] China 35/39 45-65 55 62 7
Zhang 2019 [12] China 30/69 55-80 51 115 8
Li 2020 [13] China 15/30 45-75 24 52 7
He 2013 [14] China 51/123 50-75 96 234 8
Canpolat 2014 [15] Turkey 72/96 52-80 102 261 6
Ercan 2021 [16] Italy 11/21 55-75 16 52 7
Xu 2017 [17] China 25/50 45-75 46 96 8
Zhang 2017 [18] China 13/29 50-75 17 43 6
NOS: Newcastle-Ottawa Scale.

Figure 2. Meta-analysis of serum uric acid levels. 

Figure 3. Meta-analysis of recurrence rate. 
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which in turn reduces the activity of sodium ion 
channels, thereby triggering electrical remodel-
ing. In addition, oxidative stress can also aggra-
vate myocardial cell damage, which in turn 
leads to atrial remodeling [20]. Several studies 
have also reported that high uric acid level is a 
risk factor for recurrence after radiofrequency 
ablation in patients with atrial fibrillation [21]. 
Therefore, this study selected patients with 
atrial fibrillation to conduct a correlation analy-
sis on serum uric acid levels, aiming to explore 
the relationship between serum uric acid levels 
and postoperative recurrence of atrial fibrilla-
tion, so as to provide evidence-based informa-
tion for postoperative recurrence of atrial fibril-

act as a pro-oxidant to activate the NF-κB path-
way and induce cells to release inflammatory 
response mediators (such as IL-6 and TNF-α). 
These inflammatory factors activate NF-κB 
through positive feedback, which amplifies  
the inflammatory response, leading to fibrosis, 
apoptosis and cardiomyocyte death [27]. Th- 
erefore, reducing the level of uric acid in the 
serum of patients is beneficial to reduce the 
risk of postoperative recurrence [28].

The results of this meta-analysis showed that 
the serum uric acid level in the postoperative 
recurrence group was significantly higher than 
that of the non-recurrence group. Further 

Figure 4. Publication bias analysis. 

Figure 5. Sensitivity and heterogeneity analysis. 

lation and serum uric acid 
levels.

On the one hand, high uric 
acid in patients is related to 
vascular endothelial dysfunc-
tion, systemic inflammatory 
response, and oxidative st- 
ress [22]. On the other hand, 
the remodeling of atrial struc-
ture is the pathologicbasis for 
atrial fibrillation, and the clini-
cal manifestations are mainly 
atrial irregularity in patients-
enlargement and fibrosis [23]. 
Therefore, in atrial structural 
remodeling, the inflammatory 
response induced by serum 
uric acid may play a key role  
in atrial fibrillation [24]. Mar- 
chant et al. believed that 
serum uric acid levels were 
related to inflammatory mark-
ers, such as c-reactive pro-
tein, IL-6, and TNF-α, and  
the inflammatory state in 
patients could promote intra-
atrial thrombosis, atrial cell 
apoptosis and atrial fibrosis 
[25]. Possible mechanisms  
by which inflammation pro-
motes atrial structural and 
electrical remodeling include 
atrial fibrosis, gap junction 
regulation and abnormal in- 
tracellular calcium handling 
[26]. In addition, uric acid can 
enter cells through the uric 
acid transporter protein and 
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grouped analysis found that the postoperative 
recurrence rate in the high uric acid group was 
significantly higher than that of in the low uric 
acid group, implying that the high uric acid level 
was significantly related to the postoperative 
recurrence. However, this study also has cer-
tain limitations. First, some data derived from 
the article may be different from the original 
data. Second, most of the published literature 
included are in Chinese, and only 2 are in 
English, so the generality of the analysis results 
may be affected. Third, this systematic review 
is subject to the defects and possible biases of 
the original research. Last, there are not a lot of 
data available, so the reliability of the findings 
need to be verified by large-sample clinically 
relevant studies. Nevertheless, from the results 
of this study, the serum uric acid level of 
patients with atrial fibrillation treated with 
radiofrequency ablation is closely related to 
postoperative recurrence, and patients with 
high serum uric acid levels have a higher risk of 
postoperative recurrence.
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