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A case—control study to investigate
association between serum uric
acid levels and paroxysmal atrial
fibrillation

Xia Zhong?, Huachen Jiao?*?, Dongsheng Zhao! & Jing Teng*

The relationship between serum uric acid (SUA) levels and paroxysmal atrial fibrillation (AF) remains
controversial. The objective of this case—control study was to investigate the association between
serum SUA levels and paroxysmal AF by gender in 328 patients. This study included 328 hospitalized
patients with newly diagnosed paroxysmal AF in China between January 2019 and September 2021.
Controls with sinus rhythm were matched (2:1) to cases by age and gender. Baseline data were
analyzed using ANOVA, T-test, and Chi-square test. Pearson correlation analyses were used to confirm
the correlation between variables, and multivariate regression analyses were used to adjust for
covariates. Elevated SUA levels in female patients were significantly associated with paroxysmal AF
after adjusting for confounding factors (OR=1.229, 95% Cl 1.058-1.427, P=0.007). Further results
showed SUA levels were negatively correlated with high-density lipoprotein cholesterol (HDL-C)
(r=-0.182, p=0.001) and apolipoprotein A1 (APOA1) (r=-0.109, p=0.049), were positively correlated
with low-density lipoprotein cholesterol (LDL-C) (r=0.169, p=0.002) and prealbumin (PAB) (r=0.161,
p=0.004) . Nevertheless, there was no significant complication difference between SUA levels

and paroxysmal AF (P> 0.05). Increased SUA in female patients was significantly associated with
paroxysmal AF in a Chinese population. This finding implies that it would be interesting to monitor and
interfere with hyperuricemia in paroxysmal AF patients.

Atrial fibrillation (AF), an increasingly epidemic and challenging cardiac arrhythmia, is affecting over 33 mil-
lion individuals worldwide!?. The prevalence of AF is expected to more than double over the next 40 years®. AF
represents a burgeoning health threat associated with increased risk of stroke, cognitive impairment, systemic
embolism, heart failure, and even death*. In the past decade, despite multifaceted efforts, there has been no
significant progress against AF in clinical practice’. From a clinical point of view, AF usually begins as parox-
ysmal, progresses to persistent, and eventually permanent forms of arrhythmias. Unfortunately, paroxysmal
AF as the initiator of AF has a single operative success rate of only 66.6% and may be associated with more
complications'®!!. Consequently, the prevention and treatment of paroxysmal AF remain challenging and it is
of great significance to investigate serum biomarkers related to the pathological mechanism of paroxysmal AE.

Uric acid is produced by xanthine oxidase (XO) and is the byproduct of purine metabolism in humans'>"3.
Recently, considerable attention has been obtained to the possible mechanism by which hyperuricemia con-
tributes to AF'*'%, Several studies reported that there was an association between elevated SUA and the risk of
AF'018 while results remained an inconclusive measurement, possibly due to differences in the study population,
confounding factors, or gender. To our knowledge, studies on different subtypes of relationships between SUA
levels and AF are limited, and the potential relationship between paroxysmal AF and SUA levels has not been
fully elucidated, especially in the Chinese population.

Therefore, this study aimed to investigate the association between serum SUA levels and paroxysmal AF by
gender in 984 patients from China.
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Material and methods

Study design. This study conducted a retrospective design to investigate 984 hospitalized patients (M/F:
499/485, aged 25-85 years) from the Affiliated Hospital of Shandong University of Traditional Chinese Medi-
cine from January 2019 to September 2021. Using the hospital electronic medical records database, we included
the short-term hospitalized community patients with a healthy lifestyle and normal nutritional status, includ-
ing patients newly diagnosed with paroxysmal AF (M/F:179/149, 67.57 +11.16 years) and age-, sex-matched
non-AF patients with sinus rhythm. Then, we excluded patients with a medical history of persistent AF and
permanent AF, congenital heart disease, valvular disease, heart failure, cardiac surgery, malignancy, current
liver or kidney dysfunction, hyperthyroidism, infection, gout, or use of uric acid-lowering drugs, and diuret-
ics, B-blockers, anticoagulants during the study period, as well as pregnant women. Finally, we identified 328
patients with a new diagnosis of paroxysmal AF; a further 656 aged- and sex-matched (2:1) patients with sinus
rhythm were randomly extracted as controls. This study was conducted in accordance with the principles of
the Helsinki Declaration and approved by the Medical Research Ethics Committee of the Affiliated Hospital of
Shandong University of Traditional Chinese Medicine. Because the data are anonymized, the Ethics Committee
of Affiliated Hospital of Shandong University of Traditional Chinese Medicine (NO.20200512FA62) agreed to
waive informed consent.

Definition of paroxysmal AF and comorbidities. According to the published guidelines'’, AF was
defined as an arrhythmia lasting for 12-lead ECG to be recorded, or lasting for at least 30 s. Paroxysmal AF was
considered spontaneous termination terminated spontaneously or intervention within 7 days of the onset of AE
Hypertension, coronary heart disease, and diabetes were considered comorbidities of paroxysmal AF.

Definition of SUA. The uricase method was performed to define SUA levels. The conversion standard of
SUA levels was defined as 1 mg/dL=59.48 pmol/L. The SUA levels were divided into three tertiles (men: <5.01,
5.01->6.39, >6.39; women: <4.42, 4.42-5.70, > 5.70).

Screened variables. Thebaseline information of participants was selected including age, gender, comorbid-
ities (hypertension, coronary heart disease, and diabetes), and serum indicators, such as triglyceride(TG), total
cholesterol(TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
apolipoprotein A1(APOA1), apolipoprotein B (APOB), serum creatinine (Scr), aspartate aminotransferase(AST),
alanine aminotransferase (ALT), albumin (ALB), prealbumin(PAB), and serum uric acid (SUA).

Statistical analysis. All statistical analyses were performed using SPSS version 26.0 (SPSS Inc., Chicago, IL,
USA) and GraphPad Prism software (version 9.0.0). Data were presented as mean + SD for continuous variables
and as the frequency for categorical variables. The comparison of continuous variables was performed by T-test
or ANOVA, and the comparison of categorical variables was performed by Chi-square. The correlation between
SUA and metabolic factors was distinguished by Pearson correlation analyses. Multivariate regression analyses
were used to adjust for covariates. P<0.05 was considered to be significant and statistical tests were two-sided.

Ethics approval and consent to participate. Ethics approval was approved by the Ethics Com-
mittee of Affiliated Hospital of Shandong University of Traditional Chinese Medicine. Because the data are
anonymized, the Ethics Committee of Affiliated Hospital of Shandong University of Traditional Chinese Medi-
cine (NO.20200512FA62) agreed to waive informed consent.

Results

Baseline characteristics. As shown in Table 1, 328 paroxysmal AF patients (M/F:179/149,
67.57+11.16 years) and 656 patients with sinus rhythm (M/F:320/336, 68.09+12.28 years) were enrolled.
Compared with controls, paroxysmal AF patients were more likely to have hypertension, CHD, and diabetes
(p<0.001), significantly higher levels of Scr, AST, and ALT (P<0.05), significantly lower levels of TC, LDL-C,
HDL-C, APOAI, APOB, ALB and PAB (P<0.05), and were more likely to use CCBs, ACEI/ARB, and statins
(p<0.05). In addition, SUA levels in women with paroxysmal AF patients were significantly higher than controls
(P<0.05), while there was no significant difference in men (P> 0.05).

Association between SUA and paroxysmal AF. Using multivariate logistic regression analysis, the
relationship between SUA and paroxysmal AF was investigated. As shown in Table 2, SUA levels were asso-
ciated with paroxysmal AF after adjusting for hypertension, CHD, diabetes, CCBs, ACEI/ARB, and statins
(OR=1.138,95% CI 1.018-1.272, P=0.023). After adjusting for age, TG, TC, LDL-C and HDL-C, Scr, AST, ALT,
ALB, APOA1, APOB, and PAB, SUA remained significantly correlated with paroxysmal AF (OR=1.161, 95%
CI 1.039-1.298, P=0.008). After further adjustment for all these factors, SUA remained as a significant factor
related to paroxysmal AF (OR=1.229, 95% CI 1.058-1.427, P=0.007). The current results showed the independ-
ent association was significant only in women (P=0.003).

Complication and age differences in the association between SUA levels and paroxysmal
AF.  Asshown in Table 3, there was no significant complication difference between SUA levels and paroxysmal
AF (P>0.05). As shown in Fig. 1, compared with controls, SUA levels in paroxysmal AF patients were signifi-
cantly higher among women aged <65 years (5.08+1.90 vs. 443 +1.21 mg/dL, P=0.025) and among women
aged > 65 years (5.31+£2.06 vs. 4.71 +1.40 mg/dL, P=0.003).
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Variable Controls (n=656) | Paroxysmal AF patients (n=328) | P value

Age, years 68.09+12.28 67.57+11.16 0.519

Gender 0.087

Men 320 (48.78) 179 (54.57)

Women 336 (51.22) 149 (45.43)

Hypertension, n (%) 183 (27.90) 191 (58.23) <0.001*
CHD, n (%) 106 (16.16) 275 (83.84) <0.001*
Diabetes, n (%) 88 (13.41) 103 (31.40) <0.001*
TG, mmol/L 1.36+1.31 1.22+1.06 0.072

TC, mmol/L 5.05+£1.08 4.20+1.16 <0.001*
LDL-C, mmol/L 2.98+0.84 2.51+£0.97 <0.001*
HDL-C, mmol/L 1.23+£0.33 1.08+0.34 <0.001*
APOAL g/L 1.23+0.24 1.11+0.28 <0.001*
APOB, g/L 0.98+0.24 0.83+£0.55 <0.001*
Scr, umol/L 64.82+27.19 76.37+53.45 <0.001*
AST, U/L 20.64+11.39 24.81+£23.35 0.002*
ALT, U/L 20.09+13.82 23.43+23.00 0.016*
ALB, g/L 40.29+4.13 37.49+4.99 <0.001*
PAB, mg/L 222.79+56.96 190.87 £64.99 <0.001*
SUA, mg/dL 5.20+1.51 5.53+1.99 0.008*
Men 5.78+1.43 5.76+1.95 0.869

Women 4.65+1.37 5.24+2.01 <0.001*
CCBs, n (%) 73 (11.13) 105 (32.01) <0.001*
ACEI/ARB, n (%) 42 (6.40) 187 (57.01) <0.001*
Statins, n (%) 98 (14.94) 198 (60.37) <0.001*

Table 1. Baseline characteristics in paroxysmal AF patients and controls. Data were presented as mean +SD
or n (%). paroxysmal AF paroxysmal atrial fibrillation, CHD coronary heart disease, AST aspartate
aminotransferase, ALT alanine aminotransferase, APOAI apolipoprotein A1, APOB apolipoprotein B, ALB
albumin, PAB prealbumin, TG triglyceride, TC total cholesterol, LDL-C low-density lipoprotein cholesterol,
HDL-C high-density lipoprotein cholesterol, SUA serum uric acid. *Statistically significant value (P <0.05).

Total Men Women

OR 95% CI Pvalue | OR95% CI Pvalue | OR 95% CI P value
Modell 1.119 (1.035-1.210) | 0.005* 0.994 (0.889-1.112) | 0.919 1.246 (1.106-1.403) | <0.001*
Model2 1.138 (1.018-1.272) | 0.023* 0.990 (0.843-1.163) | 0.906 1.228 (1.040-1.451) 0.016*
Model3 | 1.161 (1.039-1.298) | 0.008* | 1.135 (0.954-1.350) | 0.152 | 1.300 (1.118-1.512) | 0.001*
Model4 1.229 (1.058-1.427) | 0.007* 1.096(0.837-1.435) | 0.506 1.419 (1.126-1.787) 0.003*

Table 2. Association between SUA and paroxysmal AF. Modell: crude, no adjustment. Model2: adjusting
for hypertension, CHD and diabetes, CCBs, ACEI/ARB, and statins. Model3: adjusting for age, TG, TC,
LDL-C and HDL-C, Scr, AST, ALT, ALB, APOA1, APOB, and PAB. Model4: adjusting for all these factors.
*Statistically significant value (P <0.05). Abbreviations as in Table 1.

Variable n SUA (mg/dL) Pvalue
AF +hypertension 191 5.58+1.89

AF+CHD 275 5.50+1.89 0.613
AF +diabetes 103 5.35+£1.95

Table 3. Complication difference in the association between SUA levels and paroxysmal AF. Data were
presented as mean + SD. Abbreviations as in Table 1. *Statistically significant value (P <0.05).
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Figure 1. SUA levels in women with paroxysmal AF patients and controls by age. Compared with controls,
SUA levels in paroxysmal AF (PAF) patients were significantly higher among women aged <65 years (5.08 +1.90
vs.4.43+1.21 mg/dL, P=0.025) and among women aged > 65 years (5.31+2.06 vs. 4.71 +1.40 mg/dL, P=0.003).
Abbreviations as in Table 1.

Correlation between SUA levels and paroxysmal AF-related metabolic factors. As shown in
Fig. 2, SUA levels were negatively correlated with HDL-C (r=—0.182, p=0.001; Fig. 2A) and APOA1 (r=-0.109,
p=0.049; Fig. 2B), were positively correlated with LDL-C (r=0.169, p=0.002; Fig. 2A) and PAB (r=0.161,
p=0.004; Fig. 2D).

Association between SUA levels and metabolic indicators in men and women with paroxys-
mal AF.  As shown in Table 4, we observed higher SUA had higher Scr in men and women (P<0.05). Addi-
tionally, the results also showed higher SUA had higher ALB, PAB, TG, and LDL-C in men (P<0.05).

Discussion

This study performed a case-control design to investigate the association between SUA levels and paroxysmal
AF by gender in 984 participants from China. We reported that elevated SUA levels in female patients were
significantly associated with AF after adjusting for confounding factors. Further results showed that SUA levels
were negatively correlated with HDL-C and APOA1, were positively correlated with LDL-C and PAB. However,
we did not observe the association between SUA levels and metabolic indicators in women with paroxysmal
AF. Meanwhile, there was no significant comorbidity difference between SUA levels and paroxysmal AF. These
significant findings might help evaluate the relationship between SUA levels and paroxysmal AF, as well as better
understand the pathologic mechanisms of paroxysmal AE

In the present study, we compared comorbidities and some serum markers between paroxysmal AF patients
and sinus rhythm participants. We found that patients with paroxysmal AF were more likely to have hyperten-
sion, coronary heart disease, and diabetes, which were important risk factors for paroxysmal AF. Moreover, we
observed that TC, LDL-C, and HDL-C were lower in patients with paroxysmal AF. We speculated that this result
may be related to lipid-lowering drugs in patients with paroxysmal AF, Wang et al. also obtained similar results
with our study'®. The current results also showed that SUA levels in women with paroxysmal AF patients were
significantly higher, but not in men. We further investigated the gender-specific association between SUA levels
and paroxysmal AF by multivariate logistic regression analysis. The findings indicated that SUA levels were
significantly correlated with paroxysmal AF after adjusting for all confounding factors, while this independent
association was only in the total population and women. Although several studies have also reported a strong
association between SUA and AF'***?!, few studies have reported the association between SUA levels and par-
oxysmal AF. A meta-analysis included 31 studies with 504,958 participants that investigated the association
between SUA levels and different types of AF, the results suggested that SUA levels were significantly different
among participants with new-onset, paroxysmal and persistent AF?2. Another retrospective study showed that
in patients with paroxysmal AF undergoing catheter ablation, increased SUA levels were associated with a higher
incidence of AF recurrence®. These findings were consistent with our current results.

Evidence about the association between SUA and paroxysmal AF could help understand the multifactorial
mechanisms of AF. AF was mediated by inflammation, oxidative stress, neurohormonal activation, and immune
activation '**%. Xanthine oxidase can produce SUA, which was upregulated by inflammation and neurohor-
mones. The activation of inflammatory and xanthine stress pathways facilitated by xanthine oxidoreductase
were associated with the initiation and maintenance of AF?*?¢. On the one hand, high levels of SUA can mediate
the formation of the free radical superoxide anion, and left atrial remodeling is promoted by xanthine stress®”2.
On the other hand, elevated SUA can induce inflammation by reducing the bioavailability of nitric oxide in the
vascular wall®. Meanwhile, activation of inflammation also facilitated the production of SUA by augmenting cell
destruction®. Furthermore, this process may increase the risk factors of developing AF such as hypertension,
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Figure 2. Correlation between SUA levels and metabolic factors in paroxysmal AF patients. (A) Correlation
between SUA levels and HDL-C in paroxysmal AF patients (r=-0.182, p=0.001). (B) Correlation between
SUA levels and LDL-C in paroxysmal AF patients ( r=0.169, p=0.002). (C) Correlation between SUA levels
and APOALI in paroxysmal AF patients (r=-0.109, p=0.049). (D) Correlation between SUA levels and PAB in
paroxysmal AF patients (r=0.161, p=0.004). Abbreviations as in Table 1.

Men (n=179) Women(n=149)
5.01-6.39 mg/ 4.42-5.70 mg/

Variable <5.01 mg/dL | dL >6.39 mg/dL | Pvalue |<4.42mg/dL |dL >5.70 mg/dL | Pvalue
Number, n 58 62 59 45 40 67
Scr, umol/L 68.52+18.98 81.90+16.02 87.27+30.83 <0.001* | 55.47+13.52 67.88+£42.05 95.27+119.95 | 0.037*
AST, U/L 25.41+27.65 26.95+23.65 29.58+£36.54 0.744 20.35+£9.12 21.75+£9.96 23.29+15.14 0.461
ALT, U/L 26.24+29.58 27.55+31.10 27.51+23.67 0.960 17.47 £9.41 18.49+11.96 21.08+17.38 0.376
APOAL g/L 1.03+£0.29 1.08+0.27 1.03+£0.24 0.494 1.17+£0.27 1.20+£0.27 1.18+0.30 0.885
APOB, g/L 0.86+1.20 0.78+0.22 0.83+£0.25 0.823 0.77+0.20 0.84+0.28 0.89+0.31 0.079
ALB, g/L 35.15+5.31 38.12+5.05 38.38+4.50 <0.001* | 36.94+5.56 38.32+4.09 38.06+4.61 0.349
PAB, mg/L 165.46+67.02 | 204.34+69.45 | 206.24+60.01 | <0.001* | 174.27+67.74 | 196.29+£50.80 | 196.35+63.51 | 0.136
TG, mmol/L 0.92+0.39 1.22+0.78 1.15+£0.51 0.016* | 1.17+0.60 1.60+2.27 1.27+0.61 0.268
TC, mmol/L 3.72+0.83 4.08+1.02 4.14x1.11 0.050 4.21+1.09 4.58+1.34 4.61+1.35 0.232
LDL-C, 2.10+£0.63 2.41+0.78 2.64+0.88 <0.001* | 2.49+0.89 2.64+1.10 2.87+1.33 0.221
mmol/L
22];1/% 1.08+£0.41 1.02+£0.28 0.96+0.22 0.119 1.13+£0.33 1.19+£0.43 1.11+£0.31 0.517

Table 4. Association between SUA levels and metabolic factors in paroxysmal AF patients. Data were
presented as mean + SD. Abbreviations as in Table 1. *Statistically significant value (P <0.05).
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diabetes, and metabolic syndrome. Therefore, we hope this study will contribute to a better understanding of
these important mechanisms of AF.

In addition, our findings also indicated a gender-specific association between SUA and paroxysmal AF, that
was, SUA levels were independently associated with paroxysmal AF in women. There are possible mechanisms
that could explain the current results. According to previous reports**?, cardiomyocytes have receptors that
express sex hormones, and estrogen plays an important role in the occurrence of AF by changing ion channels.
Estrogen enhances AF-triggering activity by increasing ICaL and NCX activity. Liang et al.** also found that
estrogen prolongs the APD of the atrium and promotes AF by reducing the double-pore potassium channel
(TASK-1) in the atrium. Although this finding was consistent with those of previous studies?****, some stud-
ies still reported inconsistent results. A study based on the general Japanese population found an independent
association between SUA and AF in both sexes®, and several other studies also reported similar results*”*%. The
gender-specific association between SUA levels and paroxysmal AF remains controversial, and more evidence
is needed to confirm this relationship and the underlying mechanisms in the future.

Additionally, we further explored the correlation between SUA levels and paroxysmal AF-related metabolic
factors. As far as we know, this is the first study to systematically investigate the relationship between SUA levels
and metabolic factors in a paroxysmal AF population. The results of Pearson correlation analysis indicated that
SUA levels were negatively correlated with HDL-C and APOAL1, and were positively correlated with LDL-C and
PAB. There are several possible reasons for the current results. First, it has been demonstrated that ApoAl levels
of paroxysmal AF patients decreased significantly®’; Second, the anti-inflammatory and antioxidant properties
of HDL-C and APOA1 may prevent the formation of the AF matrix and risk factors**-*% Third, it more and more
appeared that abnormal levels of LDL-C might increase the risk of incident AF®4; Tn addition, lower serum PAB
are associated with inflammatory status, impaired cardiac function, and cardiovascular risk ¢, and it has been
found in the AF patients*’. Nevertheless, we did not observe the association between SUA levels and metabolic
indicators in women with paroxysmal AF. Certainly, it is essential to further confirm these relationships and
explore their potential mechanisms.

The current study had several obvious limitations that deserve mention. First, the retrospective case-con-
trol design couldn’t determine the causality between SUA levels and paroxysmal AF pathology. Therefore, it is
essential to confirm the results in prospective cohort studies. Second, smaller sample size was limited to patients
visiting a single hospital in China, the results can’t be extrapolated to the general population. Thus, large-sample
and multi-center population studies are needed in the future. Third, we didn’t investigate the age-related asso-
ciation between SUA levels and paroxysmal AE. Fourth, due to the limited sample size, we failed to match more
relevant factors, such as comorbidities, medications, etc. Additionally, several potential confounding factors
such as inflammation and oxidative stress state should also be considered. Nevertheless, this study did provide a
new perspective to better understand the pathologic mechanisms of paroxysmal AF. Further prospective studies
are needed to confirm the current results and age-specific association between SUA levels and paroxysmal AF.

Conclusion

In conclusion, we reported herein that elevated SUA in female patients was significantly associated with par-
oxysmal AF. Current findings proposed the hypothesis that elevated SUA might be a significant serum marker
involved in the pathologic progression of paroxysmal AF along with several metabolic factors. Further rigorous
investigations were needed to confirm these findings and explore the potential mechanisms.

Data availability
The datasets are not publicly available due to them containing information that could compromise research
participant privacy, but the minimal data are available from the corresponding author on reasonable request.
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