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Abstract
Background: Higher baseline uric acid (UA) was significantly associated with higher
atrial fibrillation (AF) incidence in Japanese women. However, no prospective study is

evident in the association between UA and incident AF in Japanese urban residents.
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Methods: A total of 6863 participants (aged 30-79 years; 47% men) without prior
AF were followed for 13.9 years on average in the Suita Study. According to the UA
categories, cox proportional hazards regression models were used to estimating the
Hazard Ratios (HRs) and 95% confidence intervals (Cls) for incident AF.

Results: During 95178 person-years of follow-up, we observed 311 cases of incident
AF (204 cases in men and 107 cases in women). Compared to the subjects with UA
of 4.0-4.9 mg/dL, multivariable-adjusted HR (95% Cls) of incident AF was 1.50 (1.01-
2.25) (P = .047) for the subjects with UA >7.0 mg/dL.

Conclusion: High UA was associated with an increased risk for incident AF in the

Japanese population.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac ar-
rhythmia.! More than 33 million patients (the AF epidemic) are
projected to impact morbidity, mortality, health care use, and
cost.m? There are great strides in stroke prevention and rhythm
control strategies, yet reducing the incidence of AF has been in-
sufficient.! However, only a few prospective studies have exam-
ined AF’s risk factors among general populations, predominantly
Asian countries. We have shown a basic risk score for incident AF
in a general Japanese population for the first time.® In addition,
the prevention of using factors other than classical AF risk score is
increasingly important for AF strategy.

Serum UA is a byproduct of purine catabolism, the final steps
are catalyzed by xanthine oxidoreductase.* There is no unified
view on the relationship between cardiovascular disease and
UA.>® UA could be a marker of oxidative damage, representing
the inflammation, which plays an essential role in the mechanism
of initiation and perpetuation of AF.”® American and European-
studies showed that those with elevated serum UA at baseline
would be at an increased risk of future AF and that this association
would be independent of cardiovascular risk factors. The associ-
ation of UA with AF risk differed by race and gender.*’ During
the median observation period of 4.1 years, higher baseline UA
was significantly associated with higher AF incidence in Japanese
women but not in men.’® We assessed the hypothesis using this
Japanese urban cohort that higher UA is associated with increased

incident AF in men and women.

2 | METHODS
2.1 | Study participants

The design and selection criteria of the Suita Study have been de-
scribed.'>*? As a baseline, 12 200 and 3000 participants were ran-
domly selected from the municipality population registry of Suita city
and stratified into groups by gender and age in 10-year increments
in 1989 and 1996, respectively. Of these, participants attending the
baseline examination of the original cohort (n = 6485; 1989-1996)
and the secondary cohort (n = 1329; 1996-1998) were eligible for
the present investigation. In addition, the baseline examination of
a volunteer group (n = 546, 1992-2006) was also included in the
present study. We excluded participants for the following reasons:
prior or current illness of AF or atrial flutter (n = 42) or 802 years
old (n = 34) at the baseline examination, missing covariate (n = 2),
and failure to complete the baseline examination (n = 11) or the
follow-up health surveys (n = 1408), resulting in a sample of 6863.°
Informed consent was obtained from all participants. This study was
approved by the Institutional Review Board of the National Cerebral
and Cardiovascular Center, Suita, Japan (M25-043-4). This study
adheres to the principles of medical research as laid down in the

Declaration of Helsinki.

2.2 | Baseline examination

Blood samples were collected at the National Cerebral and
Cardiovascular Center after the participants had fasted for at least
12h between 1989 and 2006. The average of the second and third
blood pressure measurements was used in the analysis. The defini-
tion of systolic prehypertension (120-139 mm Hg), systolic hyper-
tension (2140 mm Hg), under (body mass index: BMI <18.5 kg/m?)
or overweight (BMI 225 kg/mz), non HDL-C (subtracting the HDL-C
from the total cholesterol), excessive drinking, current or quit smok-
ing, valvular disease, arrhythmia (other than AF), coronary heart
disease, and chronic kidney disease (CKD)*® were in the same way
of previous Suita Study.® HU was defined as UA 27.0 mg/dL.***°
The medication of HU was defined as the use of antihyperuricemic

agents.

2.3 | Definition of AF and follow-up

A standard 12-lead electrocardiogram was obtained from all par-
ticipants in the supine position. Each record was coded indepen-
dently using the Minnesota Code by two well-trained physicians.
Participants were diagnosed with AF if AF (Minnesota Code 8-3-1
and 8-3-3) or atrial flutter (Minnesota Code 8-3-2 and 8-3-4) was
present (n = 168) on an electrocardiogram from the routine Suita
health check-up examination (every 2 years) or if AF was indicated
as a present illness by the health check-up examination (n = 54),
and hospital medical records (n = 80), and/or death records (n = 9)
during follow-up. The end point of the follow-up period for each
participant was whichever of the following options occurred first
(1) the date of the first AF event, (2) the date of the last health
examination and medical records, and (3) December 31, 2015

(censored).®

2.4 | Statistical analysis

We thought the critical cutoff point of serum UA level should be
set at 7.0 mg/dL or higher because the level is thought to be ad-
equate for recognizing subjects with increased risks for cardiovas-
cular events. We used analyses of variances and chi-square tests to
compare the mean values and frequencies, respectively. Age-, gen-
der-, and multivariable-adjusted Cox proportional hazards models
for incident AF were used to estimate hazard ratios (HRs) and 95%
confidence intervals (Cls) in men and women. The following cardio-
vascular risk factors were included as covariate: age, male, compo-
nents of the Suita atrial fibrillation risk score (systolic hypertension,
overweight, excessive drinking, current smoking, non-HDL-C, ar-
rhythmia except AF, coronary artery disease, and cardiac murmur)
(Model 1), gamma-glutamyl transferase (y-GTP), and medication of
hyperuricemia (Model 2), and CKD (Model 3). All analyses were per-
formed with SPSS (Version 20.0J; Japan IBM, Tokyo, Japan). A two-

sided P < .05 was considered statistically significant.
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3 | RESULTS

The baseline characteristics of the study participants according to
the UA categories are presented in Table 1. The number in each of
the lowest and highest UA groups was small because of a population
study. The participants with the highest UA group were more likely to
be male and had higher values of BMI (overweight), non-HDL-C, and
y-GTP, a greater prevalence of systolic hypertension, coronary heart
disease, arrhythmia and CKD, frequency of current smoking, exces-
sive alcohol drinking, and medication of HU compared to the partici-
pants with the reference UA (4.0-4.9 mg/dL) group. In each gender,
the participants with the highest UA group had higher BMI values
(overweight), non-HDL-C, and y-GTP, a greater prevalence of systolic
hypertension and CKD, frequency of excessive alcohol drinking, and
medication of HU. In women, the participants with the highest UA
group were also more likely to be older and had a greater prevalence
of arrhythmia and frequency of current smoking (Table S1).

During 95 178 person-years of follow-up, we identified 311
participants (204 men and 107 women) with incident AF. In all,
compared to the participants with the reference UA (4.0-4.9 mg/
dL) group, the age- and gender-, and multivariable-adjusted HRs
(95% Cls) of models 1, 2, and 3 for incident AF in the participants
with the highest UA (27.0 mg/dL) group, were 1.73 (1.17-2.55), 1.53

TABLE 1 Baseline characteristics of
the study participants according to the
uric acid categories: the Suita Study, 1989-
2015, Japan

UA, mg/dL
n
Age, year, mean (SD)
Gender, men, %
SBP
120-139 mm Hg, %
2140 mm Hg, %
Body composition
Underweight, %
Overweight, %
Non-HDL-C
130-189 mg/dL, %
>190 mg/dL, %
Smoking status
Current smoking, %
Quit smoking, %
Excessive drinking, %
CHD, %
Valvular disease, %
Arrhythmia, %
Medication of HU, %

y-GTP, mg/dL, mean (SD)

CKD, %

St of Atythis W 1EY-22

(1.03-2.27), 1.52 (1.02-2.27), and 1.50 (1.01-2.25). (Table 2). In each
man or woman, multivariable-adjusted HRs (95% Cls) for incident AF
in the participants with the highest UA (27.0 mg/dL) group showed
a similar tendency. However, there was no statistical significance in
each gender mainly because of statistical power (Data not shown).
The sample size of the participants with the UA 27.0 mg/dL group
was not enough and we could detect the distribution shifted to low
UA value in the general population of the Suita study.

4 | DISCUSSION

High UA level in combined men and women was associated with
the AF risks after adjusting for traditional cardiovascular risk fac-
tors in the prospective cohort study of Japanese living in an urban
area. Considering the AF real world, the data collection of this AF
study, including hospitalization and underlying cause of death, is
better than the standard cohort study. However, we could not find
a significant association either in the analysis targeting only men or
women. We showed a clue for future studies that examine the asso-
ciation between serum UA levels and the risk of incident AF in Japan.
The larger sample size study would yield statistically significant find-

ings in both genders, and future studies should be conducted. It is

Men and women

<4.0 4.0-4.9 51058 6.0-6.9 >7.0

1284 1929 1787 1157 706
53.5(12.7) 55.4(12.6) 57.0(12.4) 56.8(12.7) 55.7(13.1)
14.5 249 55.4 80.4 90.1

32.3 34.3 36.1 37 36.8

18 22.2 274 29.3 34.8

13.3 10 6.2 4.2 3.1

9.2 16 21.7 28.4 34.6

52,5 57.4 57.4 62.2 56.5

11 15.8 17.5 18.3 21.5

16.5 21.4 31.6 41.4 41.9

10.4 13 21.8 28.1 351

2.4 3.9 10.9 16.9 255

1.6 1.7 1.9 2.4 2.7

2.5 2.4 2.7 1.7 21

3.7 3.5 4.1 4.1 4.5

0.5 0.5 0.9 1.6 3.8
21.8(25.7) 25.5(27.5) 36.2(43.4) 48.3(49.6) 70.4(91.6)
17.4 19.6 25.5 291 33.9

Abbreviations: CHD, coronary heart disease; CKD, chronic kidney disease; HU, hyperuricemia; SBP,
systolic blood pressure; SD, standard deviation; UA, uric acid; y-GTP, gamma-glutamyl transferase.
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TABLE 2 Multivariable-adjusted hazard ratios (95% Cls) for incident AF according to Serum UA in men and women: the Suita Study, 1989-

2015, Japan

UA, mg/dL <4.0 4.0-4.9

Men and women
Person-years, py 18171 27 624
Cases, n 39 64
Incident of AF, n/1000 py 2.2 2.3
Age- and gender-adjusted
HRs (95% Cls) 1.15(0.77-1.72) 1 (reference)
Model 1 adjusted HRs (95% Cls) 1.31 (0.88-1.97) 1 (reference)
Model 2 adjusted HRs (95% Cls) 1.31(0.88-1.97) 1 (reference)
Model 3 adjusted HRs (95% Cls) 1.30 (0.87-1.95) 1 (reference)

5.0-5.9

24 980
88
3.5

1.14 (0.82-1.59)
1.16 (0.83-1.62)
1.16 (0.83-1.61)
1.12(0.80-1.57)

6.0-6.9

15218
67
44

1.27 (0.88-1.82)
1.22(0.84-1.76)
1.21(0.84-1.76)
1.20(0.83-1.74)

>7.0

9184
53
5.8

1.73(1.17-2.55)'
1.53(1.03-2.27)"
1.52(1.02-2.27)'
1.50 (1.01-2.25)’

UA per 1 mg/
dL

1.12(1.02-1.23)
1.06 (0.97-1.23)
1.06 (0.96-1.17)
1.06 (0.96-1.17)

Abbreviations: AF, atrial fibrillation; CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; py, person-years; UA, uric acid.

Model 1: adjusting by components of the Suita atrial fibrillation risk score.

Model 2: Model 1 + Gamma-glutamyl transferase and medication of hyperuricemia.

Model 3: Model 2 + CKD.
*P < .05 (compared with subjects with UA 4.0-4.9 mg/dL)

expected that future studies based on this study form the founda-
tion for novel risk scores for AF.

The serum UA level is closely associated with cardiovascular risk
factors such as BMI, and hypertension.4 In both gender, BMI and pres-
ent illness of systolic hypertension increased in the highest UA group.
Therefore, we found that this study was similarly associated with BMI
and hypertension with the ARIC and Tromsg study. In the Tromsg
study, baseline serum UA was associated with an increased risk for
future AF in both gender, but no gender interaction was observed.’”
In the ARIC and Kagoshima study, significant associations between
high UA levels and incident AF, were observed in all and women.** In
the ARIC study, all were not equally divided into gender, and the per-
centages of the women from <5.0 to 27.0 UA group were 87%, 63%,
39%, and 26%, respectively. Similarly, all in this study were not equally
divided into gender, and the percentages of the women from <4.0
to 27.0 UA group were 85%, 75%, 45%, 20%, and 10%, respectively.
We could show that a high UA level (UA 27.0 mg/dL) was associated
with the risks for AF after adjusting for traditional cardiovascular risk
factors in all but not each gender. The study's numerical value cate-
gories are useful to understand the critical cutoff point of serum UA
level because of recognizing subjects with high risks for AF events in
Japanese. Since alcohol exposure increases UA levels, the higher UA
levels could be associated with the heavy drinker. Since alcohol is a
known factor associated with AF,2® we evaluated excessive drinkers
such as the Suita atrial fibrillation risk score, and the highest UA group
had a frequency of excessive alcohol drinking.

HR of AF was J-shaped associated with serum UA in this study.
UA has a known characteristic that possesses an anti-oxidative
effect even UA could act as a marker of oxidative stress.!” 18
Therefore, higher UA levels might indicate higher values of oxidative
stress and higher activity of anti-oxidative. In contrast, lower values
of UA might indicate lower activity of anti-oxidative effect. The low

and high UA level values of UA level could be associated with high

levels of oxidative stress. Since y-GTP could act as a marker of oxi-
dative stress, y-GTP could be an efficient tool to evaluate the mag-
nitude of oxidative stress in UA’s levels.” In all, men, and women,
the value of y-GTP was the highest in this study's highest UA group.
Therefore, we analyzed Model 2 (Model 1 plus y-GTP and HU), and
multivariable-adjusted HR for incident AF was not significantly
different (1.53 in Model 1 and 1.52 in Model 2). When focused on
the UA, it is crucial to consider CKD. In addition to the previous
study,3 we could not show that CKD was associated with the risks
for AF after adjusting for traditional cardiovascular risk factors. We
also evaluated the influence of medication that lowers serum UA.
However, there was a low frequency of UA medication in this study.
Multivariable-adjusted HR for incident AF was not significantly dif-
ferent (1.53 in Table 2 and 1.37 in Table S2). It is difficult to clarify
risk factors or disease markers. It cannot conclude with only our
work, whether UA is a treatment target or merely an identification
of mediator molecule.

From a preventive medical perspective, we should focus on the
high UA condition of liability to AF. Being overweight is strongly as-
sociated with HU. For high UA people such as HU who keep diet
and exercise sufficiently, prescribing medication for these high UA
people to prevent incident AF needs future studies of UA lowering
therapy on AF.2%2! Finally, even if UA was added to the Suita AF risk
score, the C statistic did not increase significantly (data not shown).
Thus, from the above results, UA is a risk factor for AF, but there is
a possibility that it can be explained by a component of the Suita AF

risk score, and further research is required in the future.

4.1 | Limitations

This study had several limitations. First, this study is a small sample

size and a small number of incident AF cases in Japan. Therefore,
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the generalizability of the results might not be adequate. The re-
sults need to be confirmed by further studies with more subjects
in Japanese and various Asians. Atrial flutter was counted as AF in
this study. Though most AF was frequently accompanied by atrial
flutter, counting exact AF only was more correct and ideal. Second,
as we did not perform Holter electrocardiography, we may miss par-
ticipants with paroxysmal AF. Third, there may be a dilution bias.
Fourth, serum UA was measured only once. Finally, participants

without follow-up were excluded from our baseline data.

5 | CONCLUSION

During over 13.9 years, serum high UA was an independent risk fac-
tor for incident AF in the general Japanese general population after
adjusting for established cardiovascular risk factors. Given preven-
tive medicine, it is expected that future studies based on this study

form the foundation for novel risk scores for AF.
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