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Key messages

What is already known about this subject?
►► In the general population of adults, gout is associat-
ed with 9%–13% increased risk of atrial fibrillation 
(AF), but the risk in older adults in unknown.

What does this study add?
►► After multivariable-adjustment for AF risk factors, 
gout was associated with a higher HR of incident AF 
in adults 65 years or older with a HR of 1.92 (95% 
CI 1.88 to 1.96).

►► Older age, male sex, white race and higher Charlson-
Romano index score were associated with higher 
risk of AF.

How might this impact on clinical practice?
►► Screening for AF in people with gout, both in the 
presence or the absence of heart disease, may lead 
to early detection and treatment of AF.

Abstract
Objective T o assess the association of gout with new-
onset atrial fibrillation (AF) in the elderly.
 Methods  We used the 5% Medicare data from 2005 
to 2012 to assess whether a diagnosis of gout was 
associated with incident AF. We used multivariable Cox 
regression adjusted for demographics, Charlson-Romano 
comorbidity index, common cardiovascular medications, 
allopurinol and febuxostat use, to calculate hazard ratios 
(HRs) and 95% confidence intervals (CIs).
 Results  A mong 1 647 812 eligible people, 9.8% had 
incident AF. The mean age was 75 years, 42% were male, 
86% were white and the mean Charlson-Romano index 
score was 1.52. We noted 10 604 incident AF cases in 
people with gout and 150 486 incident AF cases in people 
without gout. The crude incidence rates of AF in people 
with and without gout were 43.4 vs 16.3 per 1000 patient-
years, respectively. After multivariable-adjustment, gout 
was associated with a higher HR of incident AF, 1.92 
(95% CI 1.88 to 1.96), with minimal attenuation of HR in 
sensitivity models that replaced the Charlson-Romano 
index score with a categorical variable, HR was 1.91 
(95% CI 1.87 to 1.95). In another model that adjusted 
for AF-specific risk factors including hypertension, 
hyperlipidaemia and coronary artery disease and individual 
Charlson-Romano index comorbidities, the HR was slightly 
attenuated at 1.71 (95% CI 1.67 to  1.75). Older age, male 
sex, white race and higher Charlson-Romano index score 
were each associated with higher hazard of incident AF.
 Conclusion A  diagnosis of gout almost doubled the risk 
of incident AF in the elderly. Future studies should explore 
the pathogenesis of this association.

Introduction
Gout is the most common inflammatory 
arthritis in adults affecting 3.9% of US adults.1 
Atrial fibrillation (AF) is the most common 
cardiac arrhythmia worldwide2 that increases 
the risk of mortality and stroke.3–7 Population 
is ageing worldwide. In the USA, people 65 
years or older will grow from 34.4 million in 
2000 to more than 70 million in 2030.8 Both 
conditions are far more common in adults 65 
years or older: 57% of Americans with gout are 
60 years or older and gout was present in 9% 
of adults 70 years or older and 12.6% of adults 

80+ years1  and compared with 2% of Ameri-
cans younger than age 65 with AF, about 9% of 
people aged 65 years or older have AF.9–11 The 
AF prevalence is 9% in elderly Portuguese12 
and 12% in 75–76-year-old Swedish general 
population,13 similar to that described in the 
US Epidemiologic data from other countries 
showing a similar prevalence of gout in the 
general population as in the USA have been 
reported, 2% in the Sweden general popula-
tion,14 1.4% in UK and Germany,15 1.7% in 
Australia16 and 2.7% in New Zealand.17 This 
indicates that the study of AF and novel risk 
factors in the elderly is very important, given 
its current and future public health impact. 
Few, if any studies have focused on older 
adults, indicating that there is a major knowl-
edge gap in this area.

Chronic inflammation and oxidative stress 
are the hallmarks of gout.18 Recent studies 
have shown that gout is associated higher 
cardiovascular morbidity and mortality.19–24 
Many factors likely contribute to a higher 
cardiovascular disease burden in people with 
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gout, including higher rates of metabolic syndrome and 
associated comorbidities (hypertension, hyperlipidaemia, 
diabetes and so on)25 26 as well as hyperuricaemia27–29 and 
chronic inflammation,30 both of which have an adverse 
effect on the cardiovascular system.

Few studies have focused on the risk of arrhythmias, 
such as the AF.31 32 In a study of the UK Clinical Prac-
tice Research Data-link (CPRD), gout was associated with 
higher HR of 1.09 (1.03 to 1.16) for AF, after adjusting for 
comorbidities.31 In a study of US commercial insurance 
plan data from 2004 to 2013, compared with osteoarthritis, 
people with gout had higher multivariable-adjusted HR 
for new AF at 1.13 (95% CI 1.04 to 1.23).32 Key study 
limitations were misclassification bias and the lack of 
assessment of this risk in the elderly population, who are 
at the highest risk of AF9 and associated complications 
including stroke and associated mortality.3–7  The elderly 
also have the highest prevalence of gout among all age 
groups.1 Therefore, our objectives were to assess whether 
gout was associated with a higher risk of AF in people 65 
years and older, independent of pre-existing cardiovas-
cular disease and other risk factors for AF, and whether 
this association varied by demographic or clinical charac-
teristics, such as pre-existing cardiovascular disease.

Methods
Data source
In this retrospective cohort study, we used data from the 
5% random sample of Medicare claims obtained through 
the Centers for Medicare and Medicaid Services Chronic 
Condition Data Warehouse. The Institutional Review 
Board (IRB) at the University of Alabama at Birmingham 
approved the study and the need for individual consent 
was waived, as data are deidentified and no beneficiaries 
were contacted.

Study population and variables
In order to maximise data available for analysis for this 
cohort study, we used 2005 as our baseline period and 
2006o 2012 as the observation period. Beneficiaries were 
required to be enrolled in Medicare fee-for-service, be 
US residents from 2006 to 2012, and be older than 64 
and younger than 110 on 1/1/2006.

The gout diagnosis was based on two claims with an 
International Classification of Diseases, ninth revision, 
common modification (ICD-9-CM) code ​274.​xx occur-
ring more than 4 weeks apart during 2006–2012, a vali-
dated approach with sensitivity of 90% and specificity of 
100%.33

A new diagnosis of AF was our outcome of interest and 
was based on occurrence of two claims for AF more than 4 
weeks apart with an ICD-9-CM code of 427.31 during the 
study period, 2006–2012. This approach had a median 
accuracy of 89% of identifying AF in a systematic review 
(range, 70%–96%).34 People who had ICD-9-CM code for 
AF in 2005 were considered to have baseline AF and were 
excluded from the cohort.

We used the 2005 claims data to identify pre-existing 
comorbidities and calculated the Charlson-Romano 
comorbidity score. Part D files were used to assess for 
concomitant medication use, including common cardio-
vascular drugs (statins, beta-blockers, diuretics and 
ACE-inhibitors) and gout drugs (allopurinol, febuxostat).

Statistical analysis
Patient demographics and the occurrence of incident 
(new) AF were summarised, categorical variables as 
frequency (per  cent) with p  values based on χ² test and 
continuous variables as mean (SD) with p values based on 
Student’s t-test. We assessed the association of gout with 
incident (new) AF using the multivariable-adjusted Cox 
proportional hazards model, while adjusting the analyses 
for known or suspected risk factors for AF (ie, some were 
potential confounders), including age, gender, race, cardi-
ovascular and gout medications, and medical comorbidi-
ties (Model 1). Several covariates were assessed at baseline 
including gender, race and comorbidities, while others 
were allowed to vary over time, such as age, gout diagnosis 
and medication use for cardiovascular disease and gout.

We performed sensitivity analysis by replacing the 
continuous Charlson-Romano score in the main model 
by a 3-level categorised Charlson-Romano score (Model 
2). We examined an additional AF-specific model by 
controlling for comorbidities that are known/suspected 
risk factors for AF including hypertension, hyperlipi-
daemia and coronary artery disease (CAD)  and indi-
vidual components of Charlson-Romano index (diabetes, 
myocardial infarction (MI) , peripheral vascular disease 
and heart failure were among the 17 comorbidities; 
Model 3). We performed sensitivity analysis by removing 
CAD from Model 3, due to collinearity of CAD with MI (1 
of the 17 Charlson-Romano index comorbidities).

We also performed subgroup (secondary) analyses 
with additional multivariable-adjusted Cox proportional 
hazards models by subsetting the data based on age, 
gender, race and select baseline comorbidities that are 
well-known risk factors for AF (congenital heart disease, 
CAD, previous MI).

Results
Study population
We observed 1 647 812 eligible people from 2006 to 2012, 
of whom 9.8% developed incident AF. Mean age was 75 
years, 42% were male, 86% were white and the mean 
Charlson-Romano index score was 1.52 (table  1). Fifty-
four per cent had a Charlson-Romano index score of 0, 
10% had a score of 1% and 36% had a score of 2 or more 
(table 1).

Crude incidence rate of atrial fibrillation
There were 0.24 million person-years of follow-up 
for people with gout and 9.46 million person-years of 
follow-up available (including 9.2 million follow-up years 
in people without gout). We noted 10 604 incident AF 
cases in people with gout and 150 486 incident AF cases 
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Table 1   Demographic and clinical characteristics of people with vs without incident AF

Entire cohort 

AF during the follow-up

No Yes

Total, N 1 647 812* 1 486 722 161 090

Age, mean (SD) 75.1 (7.6) 75.0 (7.6) 76.7 (7.2)

Gender, N (%)

 � Male 694 358 (42.1%) 621 069 (41.8%) 73 289 (45.5%)

 � Female 953 454 (57.9%) 865 653 (58.2%) 87 801 (54.5%)

Race/Ethnicity, N (%)

 � White 1 412 663 (85.7%) 1 266 743 (85.2%) 145 920 (90.6%)

 � Black 139 503 (8.5%) 130 466 (8.8%) 9037 (5.6%)

Other/unknown 95 646 (5.8%) 89 513 (6.0%) 6133 (3.8%)

Charlson-Romano comorbidity score

 � 0 895 277 (54.3%) 831 644 (55.9%) 63 633 (39.5%)

 � 1 165 719 (10.1%) 145 893 (9.8%) 19 826 (12.3%)

 � ≥2 586 816 (35.6%) 509 185 (34.2%) 77 631 (48.2%)

Charlson-Romano comorbidity score, mean (SD) 1.5 (2.3) 1.5 (2.3) 2.0 (2.4)

Charlson-Romano comorbidities

 � Myocardial infarction 59 767 (3.6%) 50 493 (3.4%) 9274 (5.8%)

 � Heart Failure 166 340 (10.1%) 139 115 (9.4%) 27 225 (16.9%)

 � Peripheral vascular disease 152 816 (9.3%) 130 465 (8.8%) 22 351 (13.9%)

 � Cerebrovascular disease 151 250 (9.2%) 130 151 (8.8%) 21 099 (13.1%)

 � Dementia 73 121 (4.4%) 67 567 (4.5%) 5554 (3.4%)

 � Chronic pulmonary disease 246 373 (15.0%) 213 089 (14.3%) 33 284 (20.7%)

 � Connective tissue disease 44 644 (2.7%) 38 548 (2.6%) 6096 (3.8%)

 � Peptic ulcer disease 30 219 (1.8%) 26 376 (1.8%) 3843 (2.4%)

 � Mild liver disease 7968 (0.48%) 7124 (0.48%) 844 (0.52%)

 � Diabetes 295 939 (18.0%) 257 467 (17.3%) 38 472 (23.9%)

 � Diabetes with end organ damage 86 605 (5.3%) 74 589 (5.0%) 12 016 (7.5%)

 � Hemiplegia 12 910 (0.78%) 11 478 (0.77%) 1432 (0.89%)

 � Renal failure/disease 53 318 (3.2%) 45 554 (3.1%) 7764 (4.8%)

 � Any tumour leukaemia lymphoma 161 515 (9.8%) 141 779 (9.5%) 19 736 (12.3%)

 � Moderate or severe liver disease 1876 (0.11%) 1744 (0.12%) 132 (0.08%)

 � Metastatic cancer 17 006 (1.0%) 15 674 (1.1%) 1332 (0.83%)

 � AIDS 536 (0.03%) 487 (0.03%) 49 (0.03%)

Hypertension 772 911 (46.9%) 672 974 (45.3%) 99 937 (62.0%)

Hyperlipidaemia 560 195 (34.0%) 489 856 (32.9%) 70 339 (43.7%)

Coronary artery disease 266 116 (16.1%) 223 011 (15.0%) 43 105 (26.8%)

*Met eligibility criteria and did not have AF in the baseline 365-day period.
AF, atrial fibrillation.

in people without gout. The crude incidence rates of AF 
in people with and without gout were 43.4 vs 16.3 per 
1000 patient-years, respectively.

Multivariable-adjusted risk of atrial fibrillation, sensitivity 
analyses and subgroup analyses
After multivariable-adjustment, gout was associated 
with higher hazard rate of incident AF, 1.92 (95% CI 
1.88 1.96) (table  2). Older age, white race and higher 
Charlson-Romano index score were each associated with 
higher hazard of incident AF (table 2).

In sensitivity analyses that replaced the continuous score 
in the main model with categorical Charlson-Romano 
index score (model 2), the findings from the main anal-
yses were confirmed with some attenuation of the associ-
ation of gout with incident AF, with HR of 1.91 (95% CI 
1.87 to 1.95) (table 2). In the AF-risk factor specific model, 
including hypertension, hyperlipidaemia, CAD and all 
individual Charlson-Romano index comorbidities (model 
3), the HR of AF with gout was slightly attenuated at 1.71 
(95% CI 1.67 to 1.75) (table 2). In sensitivity analyses that 
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Table 2   Multivariable-adjusted association of gout and select risk factors with incident AF

Multivariable-adjusted
(Model 1)

Multivariable-adjusted
(Model 2)

Multivariable-adjusted
(Model 3)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (in years)

 � 65–<75 Ref Ref Ref

 � 75–<85 1.77 (1.75 to 1.79) <0.0001 1.75 (1.73 to 1.77) <0.0001 1.70 (1.68 to 1.72) <0.0001

 � ≥85 2.47 (2.43 to 2.51) <0.0001 2.46 (2.42 to 2.49) <0.0001 2.36 (2.33 to 2.40) <0.0001

Female sex 0.80 (0.79 to 0.81) <0.0001 0.80 (0.79 to 0.81) <0.0001 0.80 (0.79 to 0.81) <0.0001

Race

 � White Ref Ref Ref

 � Black 0.59 (0.57 to 0.60) <0.0001 0.60 (0.59 to 0.61) <0.0001 0.59 (0.57 to 0.60) <0.0001

 � Other 0.57 (0.55 to 0.58) <0.0001 0.58 (0.57 to 0.60) <0.0001 0.57 (0.56 to 0.59) <0.0001

Charlson-Romano 
score, per unit change

1.15 (1.15 to 1.15) <0.0001 N/A N/A

Charlson-Romano score

 � 0 N/A Ref N/A

 � 1 N/A 1.68 (1.65 to 1.71) <0.0001 N/A

 � ≥2 N/A 2.17 (2.15 to 2.20) <0.0001 N/A

Gout 1.92 (1.88 to 1.96) <0.0001 1.91 (1.87 to 1.95) <0.0001 1.71 (1.67 to 1.75) <0.0001

Bold represents statistical significance, with a p<0.05.
*Model 1 included Charlson-Romano score as a continuous variable; Model 2 replaced it with categorised Charlson-Romano score and 
Model 3 replaced it with each of the 17 Charlson-Romano score comorbidities plus hypertension, hyperlipidaemia and coronary artery 
disease. All models were also adjusted for medications for cardiovascular diseases (statins, beta-blockers, diuretics, ACE-inhibitors) and for 
gout (allopurinol, febuxostat), which were time-varying covariates, in addition to age.
AF, atrial fibrillation; N/A, not applicable; Ref, referent category.

Figure 1   Subgroup analyses of association of gout with 
incident AF by clinical characteristics that are risk factors 
for AF. Point estimates indicate the HR of incident AF with 
gout and the whiskers 95% CI. We show these for each 
subgroup analysis, based on the presence or absence of 
each disease. The horizontal line through HR of 1 represents 
null hypothesis. Any HR with 95% CI that overlaps this line is 
not statistically significant. AF, atrial fibrillation.

removed CAD from model 3 (to avoid collinearity), the 
main findings were confirmed; gout was associated with AF 
with HR of 1.72 (95% CI 1.68 to 1.76).

In subgroup analyses, we found that risk of AF with 
gout was higher in people without known congenital 
heart disease, CAD or a previous MI (p<0.05 for interac-
tion term in each model; online supplementary appendix 
1), although a higher risk of AF with gout was noted in 

both categories (figure  1). Borderline differences were 
also noted by race/ethnicity, with slightly higher AF risk 
with gout in Blacks (p=0.13), but no differences by sex 
(p=0.45; figure 2).

Discussion
In this study of elderly Americans, we found that the 
crude incidence of AF was 4.3/100 person-years in people 
with gout vs 1.6/100 in those without gout. The higher 
AF incidence in our study compared with the previous 
studies is likely related to our cohort being 15–20 years 
older than the previous cohorts,31 32 and older age is a 
well-known risk factor for higher risk of AF.9 Gout was 
independently associated with a 71%–92% higher 
hazard/risk of incident AF in people who were 65 years 
of older. We also noted that the increase in the risk of AF 
with gout varied by the underlying cardiac disease and 
possibly by race/ethnicity. Several findings in our study 
merit further discussion.

Recent studies including systematic reviews35 36 support 
the association of gout with increased cardiovascular 
morbidity including the risk of CAD and stroke.35–40 
Emerging data have suggested that gout is associated 
with slightly higher risk of AF in the general UK or an 
insured US population, with increased odds of 9%–13%, 
compared with those without gout or those with osteoar-
thritis.31 32 However, no estimates were provided for the 
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Figure 2   Subgroup analyses of association of gout with 
incident AF by key demographic characteristics, race and 
gender. Point estimates indicate the HR of incident AF with 
gout and the whiskers 95% CI for subgroup analysis by race 
and gender. The horizontal line through HR of 1 represents 
null hypothesis. Any HR with 95% CI that overlaps this line is 
not statistically significant. AF, atrial fibrillation.

elderly population that is at the highest risk for gout1 and 
AF,9 6 and also the most rapidly expanding US popula-
tion subgroup that will grow from 34.4 million in 2000 to 
more than 70 million in 2030 in the USA.8 To our knowl-
edge, our study is one of the first studies to assess the risk 
of AF in older Americans, who are 65 years or older.

We found that gout independently increased the risk of 
incident AF by 71%–90%; the excess risk attributable to 
gout was much larger than previously reported 9% and 
13% by the two studies.31 32 Our study differs from the 
previous studies in that we focused on people 65 years 
or older as the population of interest for the reasons 
previously cited (as opposed to all people or people 40 
years of older),8 defined the comparator group as people 
with no gout (compared with osteoarthritis), defined 
gout as the presence of gout diagnosis (rather than diag-
nosis plus medication use, which has higher sensitivity, 
but has lower generalizability) and performed subgroup 
analyses by the common risk factors for AF, including 
CAD, MI   and so on, previously not assessed by other 
studies. Medication adherence with gout is poor with 
only 33%–50% of gout people using gout medications 
long-term.41 42 Definitions of gout that require the use 
of gout medications are designed to have higher spec-
ificity at the cost of missing a large proportion of gout 
people (50%–67%), making findings only generalisable 
to small proportion of people with gout that use gout 
medications. In addition, urate-lowering drugs would 
reduce urate crystal deposition, which could reduce 
the observed risk of AF associated with gout. Therefore, 
we did not require the use of medications for defining 
gout, but used the presence of diagnostic codes, a vali-
dated approach with sensitivity of 90% and specificity of 
100%.33 We adjusted for medication use to understand 
the disease associations independent of the treatments. 
Our study finding advances our understanding of cardio-
vascular comorbidity of gout in the elderly. Healthcare 
providers who already discuss the possible increased risk 
of CAD with people with gout should also incorporate 
the discussion regarding the associated increased risk of 

AF. These discussions can fully inform patients with gout 
that associated ongoing inflammation may have implica-
tions not only for their joints, but other vital body organs.

We found that even though the risk of AF with gout 
was increased in people in both groups in subgroup anal-
yses, the risk was higher in people without CAD, congen-
ital heart disease or previous MI, compared with the AF 
risk in people with any of these conditions. CAD, MI and 
congenital heart disease are associated with a higher risk 
of AF,43 which indirectly explains a smaller risk contribu-
tion of gout to AF in their presence. The AF risk with 
gout was statistically and clinically significantly different 
in people with vs without CAD, 1.55 vs 2.01. This observa-
tion is similar to that noted by Kuo et al of a higher MI risk 
with gout in people without vs with CAD.21 If confirmed 
in another dataset, these findings have practical clinical 
implications, mainly that a good control of gout may be 
more beneficial for AF prevention in those without CAD.

We found that in contrast to the gender difference in risk 
of other cardiovascular comorbidity with hyperuricaemia 
and gout,19 the AF risk was similarly increased in men and 
women. Gout was associated with a higher AF risk in all 
race/ethnicities with minor differences by race/ethnicity. 
Not surprisingly, higher medical comorbidity index score 
was associated with a higher risk of incident AF. Compared 
with people with no Charlson-Romano index comorbidi-
ties, those with Charlson-Romano index score of 1 had 65% 
higher hazard and those with a Charlson-Romano index 
score of 2 or more comorbidities had 102% higher HR. 
Older age was associated with a higher hazard of incident 
AF. Compared with those 65 to <75 years old, those 75 to 
<85 years and 85 years and older had 68% and 108% higher 
hazard of incident AF. This finding confirms a previous 
similar finding.10 Our study adds to the growing evidence 
of higher cardiovascular morbidity and mortality in people 
with gout and/or hyperuricaemia.

Hyperuricaemia,44–48 oxidative stress49 50 and chronic 
inflammation51–53 increase the AF risk, and all are 
features of gout, which might explain the higher AF risk 
with gout. Supporting evidence also comes from animal 
studies that showed that allopurinol reduced the risk 
of AF54 and prevented oxidative stress and fibrosis.55 A 
recent cohort study in the elderly found AF risk reduc-
tion with allopurinol.56 This effect may be mediated by 
allopurinol-associated oxidative stress reduction by its 
inhibition of xanthine oxido-reductase,57 or an improve-
ment of the endothelial dysfunction by allopurinol, as 
previously noted in heart failure.58 Allopurinol may also 
reduce the AF risk by the reduction of serum urate (sUA), 
urate crystal deposition and associated chronic inflam-
mation.59 These data lead to the hypothesis that hyper-
uricaemia, oxidative stress and chronic inflammation in 
gout may contribute to the risk of AF.

Our study has several strengths and limitations. 
Study strengths include the use of US Medicare claims 
data, which is representative of Americans 65 years and 
older, adjustment for multiple covariates/potential 
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confounders and the replication of findings in sensitivity 
analyses that support robustness of findings.

Study limitations include potential non-differential 
misclassification bias since we used the diagnostic codes 
to identify people with gout and AF, and we would expect 
to bias results towards the null. Residual confounding is 
possible given our observational cohort design, despite 
our attempts to control for demographic factors, medical 
comorbidity and the use of common medications. We did 
not adjust for aspirin, non-steroidal anti-inflammatory 
drug use, alcohol use, smoking or exercise, which may have 
contributed to some residual confounding, since these data 
including over-the-counter medication use are not avail-
able in Medicare claims. Findings can only be generalised 
to Americans 65 years or older. We were unable to assess 
potential mechanistic pathways for study findings, due to 
the lack of data on sUA and inflammation markers (C reac-
tive protein or others) in Medicare data, which does not 
include results of laboratory tests. We performed subgroup 
analyses by several common correlates of AF (age, race, 
CAD, MI, congenital heart disease), but limited resources, 
low numbers and/or lack of data in Medicare made it 
infeasible to analyse whether association of gout with AF 
varied by the presence/absence of other AF risk factors, for 
example, heart failure, obesity, heavy alcohol use, hyper-
thyroidism. The recent finding of cardioprotective effect 
with the inhibition of IL-1 pathway with canakinumab in 
people with heart disease in the CANTOS study60 indicates 
that subsequent studies should explore the role of other 
medications that inhibit IL-1 pathway including colchicine 
for the prevention of AF.

Conclusion
We found that gout was associated with a higher risk of 
incident AF in adults 65 years or older, after controlling 
for several known and suspected risk factors, including 
age, sex, race, medical comorbidities including cardiovas-
cular disease and medication use. The presence of cardi-
ovascular disease had some impact on this association. 
Future studies should reproduce these findings in similar 
elderly cohorts and assess what mechanisms underlie this 
increased risk. An equally important question is whether 
inhibitors of xanthine oxidase such as allopurinol can 
independently reduce the risk of AF and could potential 
treat or prevent AF in high-risk patients.

Acknowledgements  We thank Dr Jeffrey Curtis of the UAB Division of 
Rheumatology, who permitted us to reuse the 5% Medicare data. We thank 
patients at the University of Alabama gout clinic for asking us to questions whether 
controlling gout can benefit other comorbid conditions, which prompted us to ask 
this question.

Contributors  JAS designed the study, developed study protocol, reviewed 
analyses and wrote the first draft of the paper. JDC performed the data abstraction 
and data analyses. All authors revised the manuscript, read and approved the final 
manuscript.

Funding  This material is the result of work supported by research funds from 
the Division of Rheumatology at the University of Alabama at Birmingham and the 
resources and use of facilities at the Birmingham VA Medical Center, Birmingham, 
Alabama, USA.

Disclaimer  The funding body did not play any role in design, in the collection, 
analysis and interpretation of data; in the writing of the manuscript and in the 
decision to submit the manuscript for publication.

Competing interests  JAS has received research grants from Takeda and Savient 
and consultant fees from Savient, Takeda, Regeneron, Merz, Iroko, Bioiberica, 
Crealta/Horizon and Allergan pharmaceuticals, WebMD, UBM LLC and the 
American College of Rheumatology. JAS serves as the principal investigator for an 
investigator-initiated study funded by Horizon pharmaceuticals through a grant to 
DINORA, Inc., a 501 (c)(3) entity. JAS is a member of the executive of OMERACT, 
an organisation that develops outcome measures in rheumatology and receives 
arms-length funding from 36 companies; a member of the American College 
of Rheumatology's (ACR) Annual Meeting Planning Committee (AMPC); Chair of 
the ACR Meet-the-Professor, Workshop and Study Group Subcommittee and a 
member of the Veterans Affairs Rheumatology Field Advisory Committee. JAS is the 
editor and Director of the UAB Cochrane Musculoskeletal Group Satellite Center 
on Network Planning Committee (AMPC); Chair of the ACR Meet-the-Professor, 
Workshop and Study Group Subcommittee and a member of the Veterans Affairs 
Rheumatology Field Advisory Committee. JAS is the editor and Director of the UAB 
Cochrane Musculoskeletal Group Satellite Center on Network Meta-analysis.

Patient consent  Not required.

Ethics approval  The University of Alabama at Birmingham’s Institutional Review 
Board approved this study and all investigations were conducted in conformity with 
ethical principles of research. The IRB waived the need for informed consent for 
this study.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data sharing statement  These data can be obtained from the Centers for 
Medicare and Medicaid Services (CMS) Chronic Condition Data Warehouse. We are 
ready to share the data with colleagues, after obtaining appropriate permissions 
from the Centers for Medicare and Medicaid Services (CMS) Chronic Condition 
Data Warehouse and the University of Alabama at Birmingham (UAB) Ethics 
Committee, related to HIPAA and Privacy policies.

Open access  This is an Open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

References
	 1.	 Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia 

in the US general population: the National Health and Nutrition 
Examination Survey 2007-2008. Arthritis Rheum 2011;63:3136–41.

	 2.	 Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide 
epidemiology of atrial fibrillation: a Global Burden of Disease 2010 
Study. Circulation 2014;129:837–47.

	 3.	 Kannel WB, Wolf PA, Benjamin EJ, et al. Prevalence, incidence, 
prognosis, and predisposing conditions for atrial fibrillation: 
population-based estimates. Am J Cardiol 1998;82(8A):2N–9.

	 4.	 Benjamin EJ, Wolf PA, D'Agostino RB, et al. Impact of atrial 
fibrillation on the risk of death: the Framingham Heart Study. 
Circulation 1998;98:946–52.

	 5.	 Thrall G, Lane D, Carroll D, et al. Quality of life in patients with atrial 
fibrillation: a systematic review. Am J Med 2006;119:448.e1–448.
e19.

	 6.	 Wang TJ, Larson MG, Levy D, et al. Temporal relations of 
atrial fibrillation and congestive heart failure and their joint 
influence on mortality: the Framingham Heart Study. Circulation 
2003;107:2920–5.

	 7.	 Chugh SS, Blackshear JL, Shen WK, et al. Epidemiology and natural 
history of atrial fibrillation: clinical implications. J Am Coll Cardiol 
2001;37:371–8.

	 8.	 Census Bureau US, Projections NP, Summary files I. 2000. Total 
population by age, sex, race and Hispanic origin. (NP-T4-F). 
Projections of the total resident population by 5-year age groups, 
race and Hispanic origin with special age categories: middle series. 
2025 to 2045. https://​www2.​census.​gov/​programs-​surveys/​popproj/​
tables/​2000/​2000-​national-​summary-​tables/​np-​t4-​f.​pdf (cited 18 Jan 
2018).

	 9.	 CDC. Atrial fibrillation fact sheet. 2017. https://www.​cdc.​gov/​dhdsp/​
data_​statistics/​fact_​sheets/​fs_​atrial_​fibrillation.​htm (cited 18 Apr 
2018).

	10.	 Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and 
stroke statistics--2015 update: a report from the American Heart 
Association. Circulation 2015;131:e29–322.

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1002/art.30520
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005119
http://dx.doi.org/10.1016/S0002-9149(98)00583-9
http://dx.doi.org/10.1161/01.CIR.98.10.946
http://dx.doi.org/10.1016/j.amjmed.2005.10.057
http://dx.doi.org/10.1161/01.CIR.0000072767.89944.6E
http://dx.doi.org/10.1016/S0735-1097(00)01107-4
https://www2.census.gov/programs-surveys/popproj/tables/2000/2000-national-summary-tables/np-t4-f.pdf
https://www2.census.gov/programs-surveys/popproj/tables/2000/2000-national-summary-tables/np-t4-f.pdf
https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_atrial_fibrillation.htm
https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_atrial_fibrillation.htm
http://dx.doi.org/10.1161/CIR.0000000000000152


7Singh JA, Cleveland JD. RMD Open 2018;4:e000712. doi:10.1136/rmdopen-2018-000712

Crystal arthropathiesCrystal arthropathiesCrystal arthropathies

	11.	 Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial 
fibrillation in adults: national implications for rhythm management 
and stroke prevention: the AnTicoagulation and Risk Factors in Atrial 
Fibrillation (ATRIA) Study. JAMA 2001;285:2370–5.

	12.	 Monteiro P, em nome dos investigadores do estudo Safira. The 
SAFIRA study: A reflection on the prevalence and treatment patterns 
of atrial fibrillation and cardiovascular risk factors in 7500 elderly 
subjects. Rev Port Cardiol 2018;37:307–13.

	13.	 Svennberg E, Engdahl J, Al-Khalili F, et al. Mass screening for 
untreated atrial fibrillation: the STROKESTOP study. Circulation 
2015;131:2176–84.

	14.	 Dehlin M, Drivelegka P, Sigurdardottir V, et al. Incidence and 
prevalence of gout in Western Sweden. Arthritis Res Ther 
2016;18:164.

	15.	 Annemans L, Spaepen E, Gaskin M, et al. Gout in the UK and 
Germany: prevalence, comorbidities and management in general 
practice 2000-2005. Ann Rheum Dis 2008;67:960–6.

	16.	 Robinson PC, Taylor WJ, Merriman TR. Systematic review of the 
prevalence of gout and hyperuricaemia in Australia. Intern Med J 
2012;42:997–1007.

	17.	 Winnard D, Wright C, Taylor WJ, et al. National prevalence of gout 
derived from administrative health data in Aotearoa New Zealand. 
Rheumatology 2012;51:901–9.

	18.	 Dalbeth N, Haskard DO. Mechanisms of inflammation in gout. 
Rheumatology 2005;44:1090–6.

	19.	 Clarson LE, Hider SL, Belcher J, et al. Increased risk of vascular 
disease associated with gout: a retrospective, matched cohort 
study in the UK clinical practice research datalink. Ann Rheum Dis 
2015;74:642–7.

	20.	 Clarson LE, Chandratre P, Hider SL, et al. Increased cardiovascular 
mortality associated with gout: a systematic review and meta-
analysis. Eur J Prev Cardiol 2015;22:335–43.

	21.	 Kuo CF, Yu KH, See LC, et al. Risk of myocardial infarction 
among patients with gout: a nationwide population-based study. 
Rheumatology 2013;52:111–7.

	22.	 Krishnan E, Svendsen K, Neaton JD, et al. Long-term cardiovascular 
mortality among middle-aged men with gout. Arch Intern Med 
2008;168:1104–10.

	23.	 Cohen SD, Kimmel PL, Neff R, et al. Association of Incident Gout 
and Mortality in Dialysis Patients. Journal of the American Society of 
Nephrology 2008 Nov;19:2204–10.

	24.	 Choi HK, Curhan G. Independent impact of gout on mortality and 
risk for coronary heart disease. Circulation 2007;116:894–900.

	25.	 Krishnan E. Inflammation, oxidative stress and lipids: the risk triad 
for atherosclerosis in gout. Rheumatology 2010;49:1229–38.

	26.	 Krishnan E. Gout and coronary artery disease: Epidemiologic clues. 
Curr Rheumatol Rep 2008;10:249–55.

	27.	 Brand FN, McGee DL, Kannel WB, et al. Hyperuricemia as a risk 
factor of coronary heart disease: The Framingham Study. Am J 
Epidemiol 1985;121:11–18.

	28.	 Niskanen LK, Laaksonen DE, Nyyssönen K, et al. Uric acid level 
as a risk factor for cardiovascular and all-cause mortality in 
middle-aged men: a prospective cohort study. Arch Intern Med 
2004;164:1546–51.

	29.	 Fang J, Alderman MH. Serum uric acid and cardiovascular mortality 
the NHANES I epidemiologic follow-up study, 1971-1992. National 
Health and Nutrition Examination Survey. JAMA 2000;283:2404–10.

	30.	 Mason JC, Libby P. Cardiovascular disease in patients with chronic 
inflammation: mechanisms underlying premature cardiovascular 
events in rheumatologic conditions. Eur Heart J 2015;36:482–9.

	31.	 Kuo C-F, Grainge MJ, Mallen C, et al. Impact of gout on the risk of 
atrial fibrillation. Rheumatology 2016;55:721–8.

	32.	 Kim SC, Liu J, Solomon DH. Risk of incident atrial fibrillation in gout: 
a cohort study. Ann Rheum Dis 2016;75:1473–8.

	33.	 Singh JA, Hodges JS, Toscano JP, et al. Quality of care for gout in 
the US needs improvement. Arthritis & Rheumatism 2007;57:822–9.

	34.	 Jensen PN, Johnson K, Floyd J, et al. A systematic review 
of validated methods for identifying atrial fibrillation using 
administrative data. Pharmacoepidemiol Drug Saf 2012;21(Suppl 
1):141–7.

	35.	 Kim SY, Guevara JP, Kim KM, et al. Hyperuricemia and coronary 
heart disease: a systematic review and meta-analysis. Arthritis Care 
Res 2010 Feb;62:170–80.

	36.	 Kim SY, Guevara JP, Kim KM, et al. Hyperuricemia and risk of stroke: 
a systematic review and meta-analysis. Arthritis & Rheumatism 
2009;61:885–92.

	37.	 Ekundayo OJ, Dell'Italia LJ, Sanders PW, et al. Association between 
hyperuricemia and incident heart failure among older adults: A 
propensity-matched study. Int J Cardiol 2010;142:279–87.

	38.	 Krishnan E, Pandya BJ, Chung L, et al. Hyperuricemia and the risk 
for subclinical coronary atherosclerosis - data from a prospective 
observational cohort study. Arthritis Res Ther 2011;13:R66.

	39.	 Krishnan E, Pandya BJ, Lingala B, et al. Hyperuricemia and 
untreated gout are poor prognostic markers among those with a 
recent acute myocardial infarction. Arthritis Res Ther 2012;14:R10.

	40.	 Kuo D, Crowson CS, Gabriel SE, et al. Hyperuricemia and incident 
cardiovascular disease and noncardiac vascular events in patients 
with rheumatoid arthritis. Int J Rheumatol 2014;2014:523897.

	41.	 Briesacher BA, Andrade SE, Fouayzi H, et al. Comparison of drug 
adherence rates among patients with seven different medical 
conditions. Pharmacotherapy 2008;28:437–43.

	42.	 Singh JA, Hodges JS, Asch SM. Opportunities for improving 
medication use and monitoring in gout. Ann Rheum Dis 
2009;68:1265–70.

	43.	 Schmitt J, Duray G, Gersh BJ, et al. Atrial fibrillation in acute 
myocardial infarction: a systematic review of the incidence, 
clinical features and prognostic implications. Eur Heart J 
2009;30:1038–45.

	44.	 Mantovani A, Rigolon R, Civettini A. Hyperuricemia is associated 
with an increased prevalence of paroxysmal atrial fibrillation in 
patients with type 2 diabetes referred for clinically indicated 24-h 
Holter monitoring. J Endocrinol Invest 2017 Jul 15.

	45.	 Kuwabara M, Niwa K, Nishihara S, et al. Hyperuricemia is an 
independent competing risk factor for atrial fibrillation. Int J Cardiol 
2017;231:137–42.

	46.	 Xu X, Du N, Wang R, et al. Hyperuricemia is independently 
associated with increased risk of atrial fibrillation: A meta-analysis of 
cohort studies. Int J Cardiol 2015;184:699–702.

	47.	 Chuang S-Y, Wu C-C, Hsu P-F, et al. Hyperuricemia and incident 
atrial fibrillation in a normotensive elderly population in Taiwan. 
Nutrition, Metabolism and Cardiovascular Diseases 2014;24:1020–6.

	48.	 Liu Y. Hyperuricemia and risk of atrial fibrillation. J Atr Fibrillation 
2014;6:967.

	49.	 Hanna N, Cardin S, Leung TK. Differences in atrial versus ventricular 
remodeling in dogs with ventricular tachypacing-induced congestive 
heart failure. Cardiovasc Res 2004;63:236–44.

	50.	 Li D, Shinagawa K, Pang L, et al. Effects of angiotensin-converting 
enzyme inhibition on the development of the atrial fibrillation 
substrate in dogs with ventricular tachypacing-induced congestive 
heart failure. Circulation 2001;104:2608–14.

	51.	 Aviles RJ, Martin DO, Apperson-Hansen C, et al. Inflammation as a 
risk factor for atrial fibrillation. Circulation 2003;108:3006–10.

	52.	 Boos CJ, Anderson RA, Lip GY. Is atrial fibrillation an inflammatory 
disorder? Eur Heart J 2006;27:136–49.

	53.	 Gaudino M, Andreotti F, Zamparelli R, et al. The -174G/C 
interleukin-6 polymorphism influences postoperative interleukin-6 
levels and postoperative atrial fibrillation. Is atrial fibrillation an 
inflammatory complication? Circulation 2003;108 Suppl 1:195II-–9.

	54.	 Sakabe M, Fujiki A, Sakamoto T, et al. Xanthine oxidase inhibition 
prevents atrial fibrillation in a canine Model of atrial pacing-
induced left ventricular Dysfunction. J Cardiovasc Electrophysiol 
2012;23:1130–5.

	55.	 Sagor MA, Tabassum N, Potol MA, et al. Xanthine oxidase inhibitor, 
allopurinol, prevented oxidative stress, fibrosis, and myocardial 
damage in isoproterenol induced aged rats. Oxid Med Cell Longev 
2015;2015:478039.

	56.	 Singh JA, Yu S. Allopurinol and the risk of atrial fibrillation in the 
elderly: a study using Medicare data. Ann Rheum Dis 2017;76:72–8.

	57.	 Carro MD, Falkenstein E, Radke WJ, et al. Effects of allopurinol 
on uric acid concentrations, xanthine oxidoreductase activity and 
oxidative stress in broiler chickens. Comparative Biochemistry and 
Physiology Part C: Toxicology & Pharmacology 2010;151:12–17.

	58.	 Farquharson CA, Butler R, Hill A, et al. Allopurinol improves 
endothelial dysfunction in chronic heart failure. Circulation 
2002;106:221–6.

	59.	 Ruggiero C, Cherubini A, Ble A, et al. Uric acid and inflammatory 
markers. Eur Heart J 2006;27:1174–81.

	60.	 Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory therapy 
with canakinumab for atherosclerotic disease. N Engl J Med 
2017;377:1119–31.

http://www.ncbi.nlm.nih.gov/pubmed/11343485
http://dx.doi.org/10.1016/j.repc.2017.08.006
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.014343
http://dx.doi.org/10.1186/s13075-016-1062-6
http://dx.doi.org/10.1136/ard.2007.076232
http://dx.doi.org/10.1111/j.1445-5994.2012.02794.x
http://dx.doi.org/10.1093/rheumatology/ker361
http://dx.doi.org/10.1093/rheumatology/keh640
http://dx.doi.org/10.1136/annrheumdis-2014-205252
http://dx.doi.org/10.1177/2047487313514895
http://dx.doi.org/10.1093/rheumatology/kes169
http://dx.doi.org/10.1001/archinte.168.10.1104
http://dx.doi.org/10.1681/ASN.2007111256
http://dx.doi.org/10.1681/ASN.2007111256
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.703389
http://dx.doi.org/10.1093/rheumatology/keq037
http://dx.doi.org/10.1007/s11926-008-0039-0
http://dx.doi.org/10.1093/oxfordjournals.aje.a113972
http://dx.doi.org/10.1093/oxfordjournals.aje.a113972
http://dx.doi.org/10.1001/archinte.164.14.1546
http://www.ncbi.nlm.nih.gov/pubmed/10815083
http://dx.doi.org/10.1093/eurheartj/ehu403
http://dx.doi.org/10.1093/rheumatology/kev418
http://dx.doi.org/10.1136/annrheumdis-2015-208161
http://dx.doi.org/10.1002/art.22767
http://dx.doi.org/10.1002/pds.2317
http://dx.doi.org/10.1002/art.24612
http://dx.doi.org/10.1016/j.ijcard.2009.01.010
http://dx.doi.org/10.1186/ar3322
http://dx.doi.org/10.1186/ar3684
http://dx.doi.org/10.1155/2014/523897
http://dx.doi.org/10.1592/phco.28.4.437
http://dx.doi.org/10.1136/ard.2008.092619
http://dx.doi.org/10.1093/eurheartj/ehn579
http://dx.doi.org/10.1016/j.ijcard.2016.11.268
http://dx.doi.org/10.1016/j.ijcard.2015.02.038
http://dx.doi.org/10.1016/j.numecd.2014.03.012
http://dx.doi.org/10.4022/jafib.967
http://dx.doi.org/10.1016/j.cardiores.2004.03.026
http://dx.doi.org/10.1161/hc4601.099402
http://dx.doi.org/10.1161/01.CIR.0000103131.70301.4F
http://dx.doi.org/10.1093/eurheartj/ehi645
http://dx.doi.org/10.1161/01.cir.0000087441.48566.0d
http://dx.doi.org/10.1111/j.1540-8167.2012.02356.x
http://dx.doi.org/10.1155/2015/478039
http://dx.doi.org/10.1136/annrheumdis-2015-209008
http://dx.doi.org/10.1016/j.cbpc.2009.07.010
http://dx.doi.org/10.1016/j.cbpc.2009.07.010
http://dx.doi.org/10.1161/01.CIR.0000022140.61460.1D
http://dx.doi.org/10.1093/eurheartj/ehi879
http://dx.doi.org/10.1056/NEJMoa1707914

	Gout and the risk of incident atrial fibrillation in older adults: a study of US Medicare data
	Abstract
	Introduction﻿﻿
	Methods
	Data source
	Study population and variables
	Statistical analysis

	Results
	Study population
	Crude incidence rate of atrial fibrillation
	Multivariable-adjusted risk of atrial fibrillation, sensitivity analyses and subgroup analyses

	Discussion
	Conclusion
	References


