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Elevated Uric Acid Is Associated With 
New- Onset Atrial Fibrillation: Results From 
the Swedish AMORIS Cohort
Mozhu Ding , PhD; Ngoc Nguyen Viet , MSc; Bruna Gigante , MD, PhD; Viktor Lind , MD;  
Niklas Hammar, PhD; Karin Modig , PhD

BACKGROUND: The role of uric acid is gaining increasing importance in the evaluation of cardiovascular disease, but its relation-
ship with atrial fibrillation (AF) is unclear. This study aims to investigate the association between uric acid levels and risk of 
new- onset AF.

METHODS AND RESULTS: A total of 339 604 individuals 30 to 60 years of age and free from cardiovascular disease at base-
line (1985– 1996) in the Swedish AMORIS (Apolipoprotein- Mortality Risk) cohort were followed until December 31, 2019 for 
incident AF. Cox regression models were used to examine the association between uric acid and AF, adjusting for potential 
confounders and stratifying by incident cardiovascular disease. Over a mean follow- up of 25.9 years, 46 516 incident AF cases 
occurred. Compared with the lowest uric acid quartile, each of the upper 3 quartiles were associated with an increased risk 
of AF in a dose– response manner. Adjusted hazard ratios were 1.09 (95% CI, 1.06– 1.12) for second quartile, 1.19 (95% CI, 
1.16– 1.23) for third quartile, and 1.45 (95% CI, 1.41– 1.49) for fourth quartile. The association was similar among individuals with 
and without incident hypertension, diabetes, heart failure, or coronary heart disease. The dose– response pattern was further 
supported in a subsample of individuals with repeated measurements of uric acid.

CONCLUSIONS: Elevated uric acid was associated with an increased risk of AF, not only among people with cardiovascular 
disease and cardiovascular risk factors but also among those without. Future investigations are needed to examine whether 
lowering uric acid is relevant for AF prevention.
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Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia in old age, with an increasing incidence 
and prevalence worldwide.1,2 Many studies have 

been conducted aiming at stroke prevention in patients 
with AF, whereas less is known about primary preven-
tion of AF in the general population. Mounting evidence 
has shown that conventional cardiovascular risk factors 
(older age, male sex, smoking, obesity, hypertension, hy-
perlipidemia, and diabetes) are unable to fully explain the 
development of AF.3– 5

Uric acid is the final product of purine metabolism, 
catalyzed by xanthine oxidase. Its role in cardiovas-
cular disease (CVD) and cardiometabolic disorders is 
gaining increasing importance, and elevated uric acid 
is associated with a higher risk of hypertension, diabe-
tes, and coronary heart disease (CHD) in large stud-
ies.6,7 Recent data, such as the Atherosclerosis Risk in 
Communities study and the Norwegian Tromsø Study, 
showed that high uric acid levels may also elevate the 
risk of AF.8,9 Uric acid is highly related to inflammation 
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and oxidative stress, which play a central role in the 
cause of AF.6,10 However, robust evidence on the as-
sociation between uric acid and AF risk is still scarce, 
especially among younger and healthier individuals. 
Most past studies were cross- sectional or conducted 
in selected populations. It is also not known whether 
increased uric acid contributes to a higher risk of AF 
independently of established AF risk factors (eg, CVD 
and cardiovascular risk factors), or if it is just a marker 
for overall cardiometabolic burden. In addition, most 
previous studies have been limited by one- time bio-
marker measurement,11 and the reported associations 
might therefore be over-  or underestimated because 
of changes in uric acid levels over time. Because the 
pathogenesis of AF is still not entirely clear, elucidating 
the association between uric acid and AF using a large 
prospective cohort may help to gain a better under-
standing of AF risk factors and thus lend support to 
better preventive strategies.

In this study, we aimed to investigate the associa-
tion between uric acid levels in midlife (30– 60 years 
of age) and the risk of AF later in life, using data from 
339 604 healthy individuals in the Swedish AMORIS 
(Apolipoprotein- Mortality Risk) cohort. Uric acid was 
measured at baseline, as well as repeatedly over a 5- 
year period. The large sample size also allowed strati-
fied analysis to examine whether the association differs 
by co- occurring CVD and cardiovascular risk factors.

METHODS
Data Availability Statement
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the Department of 
Environmental Medicine, Karolinska Institutet (contact 
information available at https://ki.se/en/imm/amoris).

Study Population
The large population- based AMORIS cohort was de-
signed to study the associations between metabolism 
and inflammation biomarkers and chronic diseases.12 
The cohort included in total 812 073 Swedish individuals 
with enrollment and blood measurements from 1985 to 
1996. These individuals had their blood tests taken ei-
ther as part of a health assessment conducted at their 
workplaces (screening), or from regular blood exami-
nations within primary or occupational health care. All 
laboratory tests were conducted on fresh blood sam-
ples by the Central Automation Laboratory, Stockholm, 
Sweden. Several clinically commonly assessed bio-
markers (eg, total cholesterol, triglycerides, glucose, and 
serum creatinine) were included in a standard analysis 
package offered by the Central Automation Laboratory, 
and these biomarkers were available for a large pro-
portion of all participants.12 Uric acid is one of the bio-
markers in the package, and 531 276 cohort members 
(65.4%) had at least 1 uric acid measurement.

Participants were followed up until December 31, 2019 
with regard to vital status and hospital diagnoses through 
linkage with multiple national registers (eg, National Patient 
Register, Cause of Death Register, Total Population 
Register), using a unique Swedish personal identification 
number for each individual. All participants were followed 
from the date of their first laboratory test until the date of AF 
diagnosis, date of death, emigration, or end of follow- up 
(December 31, 2019), whichever came first.

Figure 1 shows the flowcharts of the study popu-
lation. A total of 350 384 individuals, whose uric acid 
level was measured at least once and who were 30 
to 60 years of age at the first measurement, were in-
cluded. Of these, 32.6% came from occupational 
health screening, 41.4% came from primary or occu-
pational health care, and the rest underwent health 
examinations for undocumented reasons. We then 
excluded 1068 participants with a history of AF at 
baseline. We further excluded 7709 individuals with 
preexisting heart failure (HF), CHD, stroke or transient 
ischemic attack, hypertension, and diabetes; 72 indi-
viduals who died on the sampling date; 952 individuals 
who immigrated to Sweden; and 979 individuals who 
were lost to follow- up because they lacked registration 
in the Total Population Register during the follow- up, 

CLINICAL PERSPECTIVE

What Is New?
• In this large population- based study of 339 604 

individuals, elevated uric acid in midlife is as-
sociated with an increased risk of atrial fibrilla-
tion later in life, not only among individuals with 
cardiovascular diseases and cardiovascular risk 
factors but also among those without.

What Are the Clinical Implications?
• Elevated uric acid may not only operate through 

cardiovascular pathways to increase the risk of 
atrial fibrillation, it may also have a direct influ-
ence on the development of atrial fibrillation via 
other mechanisms.

• Future investigations are needed to examine 
whether lowering uric acid is relevant for the 
prevention of atrial fibrillation in the general pop-
ulation settings.

Nonstandard Abbreviation and Acronym

AMORIS Apolipoprotein- Mortality Risk
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which means that any migration out of the country 
and vital status was unknown. Eventually, data from 
339 604 individuals were analyzed for association be-
tween baseline uric acid and incident AF.

To reduce within- person variations in uric acid levels 
over time, we examined all individuals with at least 3 
uric acid measurements within 5 years since baseline, 
for a total of 66 034 individuals (Figure 1). Of these, we 
further excluded 146 incident AF cases that occurred 
between the first and the last uric acid measurement 
and 134 individuals migrating on the date of last mea-
surement. A total of 65 754 individuals were eventually 
included in this subsample.

This study complies with the Declaration of Helsinki 
and has been approved by the regional ethical com-
mittee at Karolinska Institutet, Stockholm, Sweden 
(reference number 2018/2401– 31). The ethical board 
waived the need for informed consent because of the 
large number of participants in the cohort and because 
half of them had already died at the time of linkage of 
the cohort to registers after ethical vetting.

Assessment of Serum Uric Acid and Other 
Biomarkers
Serum uric acid (micromoles per liter) was measured 
by the enzymatic uricase method. Variation for uric acid 

Figure 1. Flowchart of the study population.
AF indicates atrial fibrillation; AMORIS, Apolipoprotein- Related Mortality Risk; CHD, coronary 
heart disease; HF, heart failure; and TIA, transient ischemic attack.
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determinations were  <2.8% at 164  μmol/L (2.76 mg/
dL), 2.3% at 470  μmol/L (7.90 mg/dL), and 1.8% at 
624  μmol/L (10.49 mg/dL). Covariates included sex 
(men/women), age (years), blood glucose (millimoles 
per liter), total cholesterol (millimoles per liter), triglyc-
erides (millimoles per liter), and estimated glomerular 
filtration rate (eGFR; milliliters per minute per 1.73 m2) 
at baseline.

Identification of AF and Other Conditions
Individuals developing AF during the follow- up were 
identified in the Swedish National Patient Register and 
the Cause of Death Register. The Swedish National 
Patient Register contains information on hospital dis-
charge records from inpatient care regionally since 
1964 and nationally since 1987, and data on special-
ized outpatient care were available nationally since 
2001. Information retrieved from this register includes 
the dates and discharge diagnoses of each hospital 
visit, and all discharge diagnoses were coded ac-
cording to the International Classification of Diseases, 
Eighth Revision, Ninth Revision, and Tenth Revision 
(ICD- 8, ICD- 9, ICD- 10). A previous study showed that 
the sensitivity and specificity of AF diagnosis in the 
Swedish Patient Register were 80% and 93%, respec-
tively, between 2001 and 2011.13 The National Cause 
of Death Register is a complete register of all deaths 
in Sweden since 1952, with ICD codes of underlying 
and contributing causes of deaths. In this study, inci-
dent AF was identified as the first diagnosis appear-
ing in either the National Patient Register or the Cause 
of Death Register (ICD- 8: 427.90 and 427.92; ICD- 9: 
427.3; ICD- 10: I48).

Among those who developed incident AF, we as-
certained incident diabetes (ICD- 8: 250; ICD- 9: 250, 
251.D; ICD- 10: E10, E11, E13, E14), hypertension (ICD- 
8: 400– 404; ICD- 9: 401– 405; ICD- 10: I10, I13, I15), HF 
(ICD- 8: 427.0, 427.1; ICD- 9: 402, 404, 425, 428; ICD- 
10: I110, I130, I132, I27, I280, I42, I43, I515, I517, I528), 
or CHD (ICD- 8: 410– 414; ICD- 9: 410– 414; ICD- 10: I20- 
25) cases only if they occurred before, on the same 
date, or within 6 months after AF diagnosis. Among 
those who did not develop incident AF, incident dia-
betes, hypertension, HF, or CHD cases that occurred 
before death, migration, or the end of follow- up were 
ascertained.

Statistical Analysis
Cox proportional hazards models were used to exam-
ine the association between baseline uric acid and the 
risk of incident AF, with attained age as the time scale. 
Concentrations of uric acid were first dichotomized, 
and the cutoff value for hyperuricemia was >420 μmol/L 
in men and >340 μmol/L in women.14 We also catego-
rized uric acid into quartiles (separately in men and 

women), with the first quartile as the reference group 
(≤282 μmol/L for men and ≤205 μmol/L for women). 
The second quartile of uric acid corresponds to 283 to 
319 μmol/L for men and 206 to 236 μmol/L for women, 
the third quartile corresponds to 320 to 361 μmol/L for 
men and 237 to 273 μmol/L for women, and the fourth 
quartile corresponds to ≥362 μmol/L for men and ≥274 
μmol/L for women. All models were adjusted for age, 
sex, blood glucose, total cholesterol, triglycerides, and 
eGFR at the time of uric acid measurement. Stratified 
analyses were also performed to examine whether the 
association between uric acid and incident AF differs 
between people with and without incident diabetes, 
hypertension, HF, or CHD.

To reduce within- person variations in uric acid as-
sessments over time, a 5- year cumulative average of 
uric acid was analyzed in relation to AF among a sub-
sample of individuals with repeated measures of uric 
acid. Because uric acid is reported to be highly cor-
related over time within individuals,15 taking the cumu-
lative average provides a more precise estimate of uric 
acid levels over the 5- year period. We then used the 
average to define hyperuricemia and to create quartiles 
in the same way as described in the baseline analy-
sis. The start of follow- up in this subsample is the day 
after the last uric acid measurement, and Cox regres-
sion models were applied to assess the association 
between cumulative average uric acid and incident AF, 
adjusting for age, sex, blood glucose, total cholesterol, 
triglycerides, and eGFR at baseline.

To assess whether the associations could be con-
founded by body mass index (BMI), we performed 
sensitivity analyses in a subgroup of 56 851 partici-
pants for whom BMI data were available on the same 
date or within 5 years before blood measurement. We 
then further adjusted all models for BMI. We also ex-
cluded people with gout diagnosis (ICD- 8, ICD- 9: 274, 
ICD- 10: M10) before baseline or during follow- up, as a 
sensitivity analysis.

All statistical analyses were conducted using Stata 
16.1 (StataCorp, College Station, TX). Effect estimates 
were presented as adjusted hazard ratio (HR) and 95% 
CI.

RESULTS
A total of 339 604 individuals were followed for a mean 
follow- up of 25.9 years (SD, 7.9 years), and 46 516 inci-
dent AF cases (13.7%) were identified. Among those 
who developed incident AF, 32 287 individuals (69.4%) 
also developed incident hypertension, diabetes, HF, or 
CHD. Among those who did not develop incident AF, 
121 397 (41.4%) individuals had incident hypertension, 
diabetes, HF, or CHD. The distribution of participant 
characteristics across uric acid quartiles is shown in 
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the Table. Individuals with higher uric acid levels at 
baseline were more likely to have lower eGFR; higher 
total cholesterol, glucose, and triglycerides; and more 
frequently experienced incident cardiovascular events 
during the follow- up.

Figure 2 shows the incidence rate and HR for AF by 
uric acid quartiles at baseline, shown in the total sam-
ple and stratified by incident hypertension, diabetes, 
HF, or CHD. All HRs were adjusted for age, sex, total 
cholesterol, glucose, eGFR, and triglycerides at the 
time of uric acid measurement. In the total sample, the 
upper 3 uric acid quartiles were associated with an in-
creased risk of AF in a dose– response manner (second 
quartile: HR, 1.09 [95% CI, 1.06– 1.12]; third quartile: 
HR, 1.19 [95% CI, 1.16– 1.23]; fourth quartile: HR, 1.45 
[95% CI, 1.41– 1.49]), compared with the first. The HRs 
did not differ substantially between people who devel-
oped incident hypertension, diabetes, HF, or CHD and 
those who did not. However, with regard to absolute 
risk, the incidence rate of AF was substantially higher 
among people with incident hypertension, diabetes, 
HF, or CHD than those without. When uric acid was 
analyzed as a dichotomous variable, hyperuricemia at 
baseline was associated with an increased risk of AF 
(HR, 1.48 [95% CI, 1.43– 1.53]) in the multivariate model 
(Table S1). Excluding individuals with gout diagnosis at 
baseline or during the follow- up did not alter the results 
(HR, 1.08 [95% CI, 1.05– 1.11] for the second uric acid 
quartile, 1.20 [95% CI, 1.16– 1.23] for the third quartile, 
and 1.48 [95% CI, 1.43– 1.52] for the fourth quartile, as 
compared with the first quartile). Furthermore, restrict-
ing the study sample to participants coming only from 
health screenings (n=111 573) yielded similar results as 

the main analyses (HR, 1.05 [95% CI, 1.00– 1.11] for the 
second uric acid quartile, 1.18 [95% CI, 1.13– 1.24] for 
the third quartile, and 1.43 [95% CI, 1.36– 1.51] for the 
fourth quartile, as compared with the first quartile).

To reduce within- person variations in uric acid 
levels over time, a subsample of 65 754 individuals 
with ≥3 uric acid measurements within 5 years since 
baseline were included. The mean number of re-
peated uric acid measurements per person was 4.1 
(SD, 1.7). A total of 51.0% had 3 uric acid measure-
ments, 23.2% had 4, 13.1% had 5, and 13.6% had 
≥6 (Figure S1). Figure  3 shows the HRs for AF by 
quartiles of cumulative average uric acid. The results 
are shown in the total sample as well as stratified by 
incident hypertension, diabetes, HF, or CHD. Similar 
to the results on baseline uric acid, the upper 3 quar-
tiles of cumulative average uric acid were associated 
with a higher risk of AF in a dose– response manner 
(second quartile: HR, 1.18 [95% CI, 1.11– 1.25]; third 
quartile: HR, 1.35 [95% CI, 1.27– 1.44]; fourth quar-
tile: HR, 1.68 [95% CI, 1.26– 1.80]), compared with 
the first quartile. Similar associations were observed 
in the stratified analyses, meaning that the relative 
association between uric acid and AF was present 
both among individuals with and without incident hy-
pertension, diabetes, HF, or CHD.

Results of the sensitivity analyses showed that fur-
ther adjusting for BMI attenuated the associations, but 
a higher risk of AF associated with hyperuricemia (HR, 
1.24 [95% CI, 1.14– 1.37]) or upper uric acid quartiles 
(third quartile: HR, 1.09 [95% CI, 1.02– 1.17]; fourth 
quartile: HR, 1.21 [95% CI, 1.12– 1.30]) still remained 
(Table S2).

Table 1. Baseline Characteristics of the Study Population by Uric Acid Quartiles

Characteristics
Total sample, 
n=339 604

Uric acid quartiles

1, n=86 738 2, n=83 987 3, n=84 617 4, n=84 262

Women, n (%) 154 047 (45.4) 39 557 (45.6) 37 871 (45.1) 38 687 (45.7) 37 932 (45.0)

Age, y, mean (SD) 44.6 (8.0) 43.2 (7.7) 43.5 (7.9) 44.2 (8.0) 45.5 (8.2)

Uric acid, μmol/L, mean (SD) 287.2 (72.6) 218.6 (43.2) 265.3 (41.1) 300.2 (44.1) 366.5 (62.5)

Total cholesterol, mmol/L, mean (SD) 5.6 (1.1) 5.4 (1.0) 5.5 (1.0) 5.7 (1.1) 5.9 (1.2)

Glucose, mmol/L, mean (SD) 4.9 (1.0) 4.9 (1.3) 4.9 (0.9) 4.9 (0.9) 5.1 (1.0)

Triglycerides, mmol/L, mean (SD) 1.3 (1.0) 1.1 (0.7) 1.2 (0.8) 1.3 (0.9) 1.7 (1.4)

eGFR, mL/min per 1.73 m2, mean (SD) 90.7 (13.7) 94.8 (12.9) 91.8 (13.1) 89.6 (13.4) 86.4 (14.2)

Incident AF, n (%) 46 516 (13.7) 10 033 (11.6) 10 629 (12.7) 11 817 (14.0) 14 037 (16.7)

Incident cardiovascular conditions, n (%) 153 684 (45.3) 32 308 (37.3) 34 835 (41.5) 39 425 (46.6) 47 116 (55.9)

Diabetes, n (%) 41 804 (12.3) 6403 (7.4) 7783 (9.3) 10 357 (12.2) 17 261 (20.5)

Hypertension, n (%) 120 712 (35.6) 24 813 (28.6) 27 308 (32.5) 31 189 (36.9) 37 402 (44.4)

Coronary heart disease, n (%) 52 582 (15.5) 11 054 (12.7) 11 838 (14.1) 13 295 (15.7) 16 395 (19.5)

Heart failure, n (%) 28 919 (8.5) 5657 (6.5) 6059 (7.2) 7286 (8.6) 9917 (11.8)

Body mass index,* kg/m2 24.4 (3.7) 23.1 (3.1) 23.8 (3.3) 24.6 (3.6) 26.3 (4.3)

AF indicates atrial fibrillation; and eGRF, estimated glomerular filtration rate.
*Data on body mass index were available in a subsample of 56 851 individuals.
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DISCUSSION
Most previous studies investigating the association be-
tween uric acid and AF are of cross- sectional nature. 
Only a few longitudinal studies exist,8,9,11,16,17 and they 
mostly include older adults with preexisting cardiovas-
cular conditions. This makes it difficult to disentangle 
the causal directions, as well as to know if the associa-
tion differs by coexisting CVD and cardiovascular risk 
factors. In this large population- based cohort study, 
the first and by far the largest to elucidate the asso-
ciation between uric acid and risk of AF in a younger 
population free of cardiovascular conditions at base-
line, we found that increased uric acid in middle adult-
hood (30– 60 years of age) was a significant risk factor 
for new- onset AF. We also found that the association 
between uric acid and AF was similar among individu-
als who developed CVD during follow- up and among 
those who did not. We additionally adjusted for a wide 
range of metabolic biomarkers that may correlate with 
uric acid and AF (eg, glucose, total cholesterol, eGFR, 

triglycerides) to minimize residual confounding. Taken 
together, this suggests that uric acid may not only be a 
reflection of cardiometabolic burden that further leads 
to AF, but it can also contribute to the onset of AF in a 
pathway other than prior onset of cardiovascular con-
ditions. This hypothesis is strengthened by the dose– 
response relationship between long- term elevation of 
uric acid and risk of AF.

Cumulating evidence supports serum uric acid as a 
marker for CVD and a measure of cardiovascular risk 
factor load.6,7 In large population- based studies, high 
uric acid levels were associated with various cardio-
vascular end points, including stroke, CHD, and HF.18– 21 
Evidence from randomized controlled trials and animal 
experiments suggests that uric acid could be an inde-
pendent causal factor for hypertension,22– 24 which is 
a known risk factor for AF. Although the mechanisms 
are not entirely clear, it has been suggested that in-
hibition of endothelial nitric oxide, microvascular renal 
lesions, and vascular inflammation could play a cen-
tral role in the relationship between high uric acid and 

Figure 2. Hazard ratios and incidence rate (95% CI) of atrial fibrillation associated with 
quartiles of baseline uric acid in the total sample and stratified by incident hypertension, 
diabetes, heart failure, or coronary heart disease during follow- up.
All hazard ratios were adjusted for age, sex, total cholesterol, glucose, estimated glomerular 
filtration rate, and triglycerides at the time of uric acid measurement. CHD indicates coronary 
heart disease; HF, heart failure; HR, hazard ratio; IR, incidence rate; and PY, person- years.
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hypertension and other cardiovascular outcomes.6,18 In 
the current study, it is likely that uric acid increases the 
risk of cardiovascular risk factors and CVD, which in 
turn elevates the risk of AF later in life, as shown in our 
stratified analyses.

In the current study, we also found a dose– response 
relationship between uric acid and AF in people with-
out incident CVD and cardiovascular risk factors. The 
effect estimate for upper quartiles of uric acid in these 
individuals is even larger than those with CVD pre-
disposed to AF (HR, 1.39 versus 1.23). It is, however, 
worth noting that the absolute risk of AF (ie, incidence 
rate) is still considerably higher among those with inci-
dent CVD than those without. Nevertheless, all these 
findings could suggest a potential direct association 
between uric acid and the onset of AF, independent 
of cardiovascular risk factors and co- occurring CVD. 
The mechanism behind this association remains elu-
sive. Uric acid is known to promote inflammation via 
the activation of proinflammatory cytokines, and in-
flammation has been suggested to be essential in the 
pathophysiological mechanisms of AF.10,25 However, it 
is still debated whether inflammation is a cause or a 
consequence of AF.26 Many studies have suggested 
that inflammation contributes to at least some type of 
AF, and inflammatory biomarkers, such as C- reactive 
protein, were shown to be associated with an increased 
risk of AF in population- based settings.27,28 Moreover, 
uric acid can promote oxidative stress by reducing the 
production of nitric oxide in arterial endothelial cells 
and inhibiting vasodilation, which may be involved in 
the pathogenesis of AF.25,29 Uric acid also has a direct 
effect on vascular smooth muscle cells proliferation by 
stimulating the vascular renin- angiotensin system,29,30 

which may further promote arterial stiffness and in-
creases the risk of AF development.31 These potential 
mechanisms are supported by experimental studies 
where high uric acid levels were shown to directly pro-
mote atrial remodeling, ionic channel remodeling, and 
large left atrial size, leading to a higher risk of AF.25,30

Our study is one of the first with repeated measures 
of uric acid. Uric acid levels are subject to change over 
time because of lifestyle, diet, or medication use.32 
Moreover, the risk could be different among individuals 
who have a 1- point elevation of uric acid, from those 
with a longer duration of elevated uric acid. Only 1 study 
has examined repeated measurements of uric acid in 
relation to incident AF, using data from 107 360 indi-
viduals followed up for a mean of 6.7 years.11 However, 
this study included all uric acid measurements from 
baseline to the end of follow- up, which increases the 
risk of reverse causality (ie, a change to higher uric acid 
level could be a result of AF pathology). In our study, 
we allowed for a 5- year exposure window to assess 
the average uric acid level, and all incident AF cases 
that occurred before the last uric acid measurement 
were excluded. This method reduces the risk that long- 
term uric acid elevation could be a consequence of 
AF and lends weight to the inference on a temporal 
relationship between high uric acid and higher AF risk.

Our study has several strengths, including repeated 
measures of uric acid using a well- documented 
method in the same clinical laboratory, a long follow- up 
using high- quality Swedish registers, a large enough 
sample to stratify by incident CVD and cardiovascular 
risk factors, and adjustments of several important met-
abolic biomarkers. However, there are also limitations. 
Medication data were not available at the time of uric 

Figure 3. Hazard ratios (95% CI) of atrial fibrillation by quartiles of cumulative average 
uric acid in the total sample and stratified by incident hypertension, diabetes, heart 
failure, or coronary heart disease during follow- up.
All hazard ratios were adjusted for age, sex, total cholesterol, glucose, estimated glomerular 
filtration rate, and triglycerides at the time of first uric acid measurement. CHD indicates 
coronary heart disease; HF, heart failure; and HR, hazard ratio.
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acid measurement in this study. Uric acid levels can be 
influenced by medications such as diuretics. However, 
participants were relatively young, and individuals with 
a history of cardiovascular morbidities were excluded; 
therefore, it is unlikely that many were on cardiovas-
cular medications at the time of enrollment. Moreover, 
other urate- lowering medications, such as allopurinol, 
which is commonly used to prevent or treat gout, can 
also influence uric acid levels. It is possible that normal 
uric acid at baseline for some individuals is a result of 
prior treatment, or some with high levels at baseline 
can start treatment during follow- up. However, in our 
sensitivity analyses, excluding people with a gout diag-
nosis did not alter the results. Furthermore, we could 
not consider lifestyle factors (eg, physical activity, diet, 
and alcohol consumption) because of lack of data, al-
though uric acid levels can be reflective, at least partly, 
of lifestyle and dietary patterns. Moreover, it is likely 
that individuals with high uric acid at baseline received 
medical advice on lifestyle changes during the fol-
low- up, such as reducing the consumption of alcohol 
and purine- rich food,33,34 which may in turn lower the 
risk of developing AF. Therefore, the observed associ-
ation between high uric acid and higher AF risk in this 
study may be underestimated. Of all lifestyle- related 
factors, BMI is most strongly associated with risk of AF 
and thus could most likely have acted as a confounder. 
Therefore, in the sensitivity analyses, we additionally 
adjusted for BMI, and the association between high 
uric acid levels and higher risk of AF still remained. This 
suggests that the observed association cannot be fully 
explained by BMI. Nevertheless, residual confounding 
is still possible.

Taken together, our study shows that elevated uric 
acid levels in middle adulthood are associated with a 
higher risk of AF later in life. High uric acid not only 
operates through CVD and cardiovascular risk factors 
to increase the risk of AF, it may also have a direct 
influence on the development of AF via other mecha-
nisms. Future studies are needed to further elucidate 
the mechanism by which uric acid may increase the 
risk of AF and in controlled randomized studies exam-
ine whether lowering uric acid levels may prevent the 
development of AF in a general population setting.
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Table S1. Incidence rate and hazard ratios (95% confidence interval) for AF associated with 

hyperuricemia and uric acid quartiles at baseline, in the total population and stratified by 

incident hypertension, diabetes, HF, or CHD. 

No. of 

subjects 

No. of 

cases 

IR per 1000 PY 

(95% CI)  

HR (95% CI) 

Model 1 Model 2 

Total cohort 

(N=339604) 

Hyperuricemia 

No 318575 42454 5.1 (5.1-5.2) 1.00 1.00 

Yes 21029 4062 8.3 (8.1-8.6) 1.50 (1.45-1.55) 1.48 (1.43-1.53) 

Uric acid quartiles 

Q1 86738 10033 4.4 (4.3-4.5) 1.00 1.00 

Q2 83987 10629 4.8 (4.7-4.9) 1.06 (1.03-1.09) 1.09 (1.06-1.12) 

Q3 84617 11817 5.4 (5.3-5.5) 1.15 (1.12-1.18) 1.19 (1.16-1.23) 

Q4 84262 14037 6.8 (6.6-6.9) 1.40 (1.37-1.44) 1.45 (1.41-1.49) 

Among those with incident hypertension, 

diabetes, HF, or CHD (n=153684) 

Hyperuricemia 

No 140347 29019 7.7 (7.6-7.8) 1.00 1.00 

Yes 13337 3268 10.0 (9.7-10.4) 1.38 (1.33-1.43) 1.40 (1.35-1.45) 

Serum urate quartiles 

Q1 32308 6234 7.2 (6.9-7.3) 1.00 1.00 

Q2 34835 7013 7.4 (7.2-7.5) 1.02 (0.99-1.06) 1.06 (1.02-1.09) 

Q3 39425 8352 7.9 (7.7-8.0) 1.09 (1.06-1.13) 1.14 (1.11-1.18) 

Q4 47116 10688 8.8 (8.7-9.0) 1.27 (1.23-1.31) 1.34 (1.30-1.39) 

Among those without incident 

hypertension, diabetes, HF, or CHD 

(n=185920) 

Hyperuricemia 

No 178228 13435 3.0 (2.9-3.0) 1.00 1.00 

Yes 7692 794 4.9 (4.6-5.3) 1.46 (1.36-1.60) 1.48 (1.37-1.59) 

Serum urate quartiles 

Q1 54430 3799 2.7 (2.6-2.8) 1.00 1.00 

Q2 49152 3616 2.9 (2.8-2.9) 1.05 (1.00-1.10) 1.07 (1.02-1.12) 

Q3 45192 3465 3.0 (2.9-3.2) 1.10 (1.05-1.15) 1.13 (1.08-1.19) 

Q4 37146 3349 3.9 (3.7-4.0) 1.33 (1.27-1.39) 1.39 (1.32-1.46) 

Model 1: Adjusted for age and sex 

Model 2: Adjusted for age, sex, total cholesterol, glucose, eGFR, and triglyceride at the time of uric 

acid measurement 

HF=heart failure; CHD=coronary heart disease; IR=incidence rate; HR=hazard ratio; CI=confidence 

interval; PY=person-years



Table S2. Hazard ratios (95% confidence interval) for AF associated with hyperuricemia and uric 

acid quartiles at baseline in the subsample with body mass index data (n=56851).
HR (95% CI) 

No. of 

subjects 

No. of 

cases 
Model 1 Model 2 

Hyperuricemia 

No 54024 6452 1.00 1.00 

Yes 2827 510 1.44 (1.31-1.58) 1.24 (1.14-1.37) 

Uric acid quartiles 

Q1 15179 1570 1.00 1.00 

Q2 14524 1613 1.04 (0.97-1.11) 1.00 (0.92-1.06) 

Q3 14368 1810 1.18 (1.10-1.27) 1.09 (1.02-1.17) 

Q4 12780 1969 1.42 (1.32-1.52) 1.21 (1.12-1.30) 

Model 1: Adjusted for age, sex, total cholesterol, glucose, eGFR, and triglyceride at baseline 

Model 2: Model 1 + body mass index 

Figure S1. Distribution of number of repeated uric acid measurements per person in the 

subsample (n=65754).
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