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Aims The underlying mechanisms of atrial fibrillation (AF) are largely unknown. Inflammation may underlie atrial remodelling. 
Autoimmune diseases, related to increased systemic inflammation, may therefore be associated with new-onset AF.

Methods 
and results

Participants from the population-based UK Biobank were screened for rheumatic fever, gastrointestinal autoimmune dis-
eases, autoimmune diseases targeting the musculoskeletal system and connective tissues, and neurological autoimmune dis-
eases. Between 2006 and 2022, participants were followed for incident AF. Cox proportional hazards regression analyses 
were performed to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) to quantify associations. 494 072 par-
ticipants free from AF were included (median age 58.0 years, 54.8% women). After a median of 12.8 years, 27 194 (5.5%) 
participants were diagnosed with new-onset AF. Rheumatic fever without heart involvement (HR, 95% CI: 1.47, 1.26–1.72), 
Crohn’s disease (1.23, 1.05–1.45), ulcerative colitis (1.17, 1.06–1.31), rheumatoid arthritis (1.39, 1.28–1.51), polyarteritis 
nodosa (1.82, 1.04–3.09), systemic lupus erythematosus (1.82, 1.41–2.35), and systemic sclerosis (2.32, 1.57–3.44) were as-
sociated with a larger AF risk. In sex-stratified analyses, rheumatic fever without heart involvement, multiple sclerosis, 
Crohn’s disease, seropositive rheumatoid arthritis, psoriatic and enteropathic arthropathies, systemic sclerosis and ankylos-
ing spondylitis were associated with larger AF risk in women, whereas only men showed a larger AF risk associated with 
ulcerative colitis.

Conclusions Various autoimmune diseases are associated with new-onset AF, more distinct in women. Our findings elaborate on the 
pathophysiological differences in autoimmunity and AF risk between men and women.
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Graphical Abstract

Total population

Rheumatic fever

494,072 men and women from the UK Biobank

Free of AF at baseline

Median follow-up 12.8 years

Presence of various autoimmune diseases

New-onset atrial fibrillation

Multivariable Cox proportional
hazard models

Most autoimmune diseases are only associated with AF in women

Gastrointestinal disorders

Musculoskeletal disorders

Neurological disorders

HR 1.47 (95% CI 1.26–1.72)

HR 1.19 (95% CI 1.08–1.32)

HR 1.35 (95% CI 1.26–1.45 )

HR 1.23 (95% CI 1.02–1.47)

Keywords Atrial fibrillation • Autoimmune disease • Inflammation • Sex differences • Risk factors

What’s New?

• (Systemic) inflammation is suggested to be associated with atrial fib-
rillation development. Autoimmune diseases can be used to assess 
underlying (sub)clinical inflammation.

• Various autoimmune diseases targeting different organs showed as-
sociations with new-onset AF in the general population.

• For multiple autoimmune diseases, the impact on atrial fibrillation 
risk was higher in women. These differences may be due to under-
lying differences in autoimmunity and inflammation between men 
and women.

Introduction
Atrial fibrillation (AF) is a highly prevalent cardiac arrhythmia, asso-
ciated with significant morbidity and mortality.1,2 While several AF 
risk factors have been identified, conclusive evidence on AF pathogen-
esis remains lacking.3,4

Inflammation is suggested to be associated with AF development 
through structural and electrical remodelling of the atria.5

Autoimmune diseases are accompanied by local or systemic inflam-
mation, and may therefore be related to AF. A recent systematic re-
view, indeed, suggested an association between rheumatoid arthritis 
and AF.6 However, conclusive evidence on the relation between 
autoimmunity and AF is lacking. This is, at least partly, due to the 

low prevalence of autoimmune diseases, resulting in a lack of power, 
short follow-up periods, and the inability to investigate multiple 
autoimmune diseases.7

Accumulating evidence suggests differences in AF aetiology and 
pathophysiology between men and women.8 Nearly all auto-
immune diseases are more prevalent in women.9 While there could 
be various reasons for the higher prevalence, such as hormonal and 
genetic differences, an upcoming hypothesis is increased (re)activity 
of the innate immune system in women.9 This could imply 
that, besides a higher prevalence of autoimmune diseases, the ac-
companying immune response may lead to more complications in wo-
men. However, evidence regarding sex differences in cardiovascular 
complications of autoimmune diseases, in particular AF, is lacking.

Using data of almost half a million participants of the UK Biobank, we 
aimed to identify the association between a range of autoimmune dis-
eases, including diseases targeting the metabolic and gastrointestinal 
(GI) systems, the musculoskeletal system and connective tissues 
(MSK), and the nervous system, with AF incidence. Additionally, we 
aimed to identify potential differences in the role of inflammation in 
AF pathogenesis between men and women.

Methods
Study population
For this study, we included participants from the UK Biobank. A de-
tailed description of the aims of the study, study population, and 
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methods of data collection has been published before.10 In short, 
the UK Biobank is a population-based cohort study following over 
500 000 inhabitants from the UK since 2006. Through questionnaires, 
interviews, recurrent visits to assessment centres, and linkage to 
the health records, a wide range of psychosocial, sociodemographic, 
physical, and genetic data was collected. Participants without informed 
consent for follow-up data collection, either at baseline or during the 
follow-up, were excluded from this study.

Assessment of autoimmune diseases and atrial 
fibrillation
Participants were continuously monitored for disease occurrences through 
linkages with health-related medical records, including primary care data, 
hospital inpatient data, death register records, and self-reported medical 
conditions. All diseases were recorded based on ICD-10 codes. Included 
autoimmune diseases and their corresponding ICD-10 codes were: I00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the study population

Total population (n = 494 072) Men (n = 223 268) Women (n = 270 804) P-value

Age (years) 58.0 (13) 58.0 (13) 57.0 (13) <0.001

Body mass index (kg/m2) 27.4 ± 4.8 27.8 ± 4.2 27.1 ± 5.2 <0.001

Smoking status <0.001

Current 52 347 (10.6%) 28 133 (12.6%) 24 214 (8.9%)

Former 169 130 (34.2%) 84 688 (37.9%) 84 442 (31.2%)

Never 269 712 (54.6%) 109 051 (48.8%) 160 661 (59.3%)

Diastolic blood pressure (mmHg) 82.2 ± 10.7 84.0 ± 10.5 80.7 ± 10.6 <0.001

Systolic blood pressure (mmHg) 139.7 ± 19.7 142.8 ± 18.5 137.2 ± 20.3 <0.001

Cholesterol-lowering medication 82 858 (16.8%) 49 213 (22.0%) 33 645 (12.4%) <0.001

Blood pressure medication 99 685 (20.2%) 52 897 (23.7%) 46 788 (17.3%) <0.001

Total cholesterol (mmol/L) 5.7 ± 1.1 5.5 ± 1.2 5.9 ± 1.1 <0.001

HDL-cholesterol (mmol/L) 1.4 (0.5) 1.2 (0.4) 1.6 (0.5) <0.001

Glucose (mmol/L) 4.9 (0.7) 5.0 (0.8) 4.9 (0.7) <0.001

Prevalent hypertension 48 436 (9.8%) 24 972 (11.2%) 23 464 (8.7%) <0.001

Prevalent T2DM 12 730 (2.6%) 7829 (3.5%) 4901 (1.8%) <0.001

Prevalent heart failure 1806 (0.4%) 1309 (0.6%) 497 (0.2%) <0.001

Prevalent myocardial infarction 10 520 (2.1%) 8405 (3.8%) 2115 (0.8%) <0.001

Prevalent coronary heart disease 17 821 (3.6%) 13 321 (6.0%) 4500 (1.7%) <0.001

Gastrointestinal disorders 5655 (1.1%) 2649 3006 0.012

Crohn’s disease 2061 (0.4%) 911 (0.4%) 1150 (0.4%) 0.367

Ulcerative colitis 4067 (0.8%) 1967 (0.9%) 2100 (0.8%) <0.001

Musculoskeletal system and tissue disorders 9710 (2.0%) 3326 (1.5%) 6384 (2.4%) <0.001

Rheumatoid arthritis 6572 (1.3%) 2019 (0.9%) 4553 (1.7%) <0.001

Seropositive rheumatoid arthritis 376 (0.1%) 110 (0.0%) 266 (0.1%) <0.001

Other rheumatoid arthritis 6546 (1.3%) 2008 (0.9%) 4538 (1.7%) <0.001

Psoriatic and enteropathic arthropathy 395 (0.1%) 188 (0.1%) 207 (0.1%) 0.337

Polyarteritis nodosa 99 (0.0%) 39 (0.0%) 60 (0.0%) 0.247

Systemic lupus erythematosus 744 (0.2%) 93 (0.0%) 651 (0.2%) <0.001

Dermatopolymyositis 152 (0.0%) 57 (0.0%) 95 (0.0%) 0.057

Systemic sclerosis 210 (0.0%) 28 (0.0%) 182 (0.1%) <0.001

Ankylosing spondylitis 1519 (0.3%) 943 (0.4%) 576 (0.2%) <0.001

Paget’s disease 392 (0.1%) 77 (0.0%) 315 (0.1%) <0.001

Neurological disorders 2208 (0.4%) 619 (0.3%) 1589 (0.6%) <0.001

Multiple sclerosis 1983 (0.5%) 521 (0.2%) 1462 (0.5%) <0.001

Myasthenia gravis 230 (0.0%) 99 (0.0%) 131 (0.0%) 0.513

Categorical data presented as count (%). 
Continuous data presented as mean ± SD for normally distributed data, and median (IQR) for skewed data. 
Significance of the differences between men and women was tested using Student’s t-tests for normally distributed continuous data, Mann–Whitney U tests for skewed continuous data, 
and Pearson’s χ2 test for categorical data. 
HDL, high-density lipoprotein; T2DM, type 2 diabetes mellitus.
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(rheumatic fever without mention of heart involvement), G35 (multiple 
sclerosis), G70 (myasthenia gravis), K50 (Crohn’s disease), K51 (ulcerative 
colitis), M05 (seropositive rheumatoid arthritis), M06 (other rheumatoid 
arthritis), M07 (psoriatic and enteropathic arthropathies), M30 (polyarter-
itis nodosa), M32 (systemic lupus erythematosus; SLE), M33 (dermatopoly-
myositis), M34 (systemic sclerosis), M45 (ankylosing spondylitis), and M88 
(Paget’s disease). While events may rely on self-report only, previous stud-
ies used similar methodology, and reported robust validity within the UK 
Biobank.11 Cases were defined as participants with a report of any auto-
immune disease at inclusion. AF was defined as I48. Participants with at least 
one reported AF event before the first assessment date were excluded (n = 
8342).

Assessment of cardiovascular risk factors
Data on age, sex, ethnicity, use of cholesterol-lowering medication, 
and use of blood pressure lowering medication were collected 
through questionnaire and interviews at the assessment centre. 
Furthermore, body mass index (BMI), defined as body weight divided 
by the square of height (kg/m2), systolic blood pressure, diastolic 
blood pressure, total cholesterol (in mmol/L), high-density lipoprotein 
(HDL) cholesterol (in mmol/L), and serum glucose (in mmol/L) were 
measured at the first assessment centre visit. If ICD-codes for hyper-
tension (I10 or I15), heart failure (I50), or myocardial infarction (I21) 
were reported before the first assessment date, these were defined as 
prevalent cases.

Statistical analyses
The characteristics of the study population were presented as mean and stand-
ard deviation (SD), median and interquartile range (IQR), or counts and per-
centages, as appropriate. Sex differences were assessed through Student’s 
t-tests, Mann–Whitney U tests, or Pearson’s χ2 tests, as warranted by data 
and distribution type. Follow-up time was defined as the period between the 
first assessment centre visit and first AF event, mortality date, date of 
loss-to-follow-up, or 1 February 2022, whichever occurred first.

Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated 
through Cox proportional hazard regression analyses using two models: 
adjusted for age at baseline, sex, and ethnicity (model 1), and additionally 
adjusted for baseline BMI, total cholesterol, HDL-cholesterol, use of 
cholesterol-lowering medication, use of blood pressure lowering medica-
tion, smoking status, prevalent hypertension, prevalent type 2 diabetes 
(T2DM), prevalent heart failure, and prevalent myocardial infarction (model 
2). To identify potential sex differences, we performed all analyses for the 
total population, included sex as an interaction term with the presence of 
the various autoimmune diseases, and performed all analyses in men and 
women separately. Under the assumption of missing at random, missing 
data (range of missingness: 0.0–14.5%) were imputed ten times using fully 
conditional specification and predictive mean matching methods, by using 
all available data as predictors. Finally, complete-cases analyses were per-
formed as sensitivity analyses. In total, 14 278 (2.9%) participants were 
lost to follow-up. Additionally, 27 705 (5.6%) participants died before AF 
onset and were censored in the analyses.
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Figure 1 Prevalence of (the combination of) various autoimmune diseases. Depicted are the prevalences of single autoimmune diseases (one dot) as 
well as combinations of those autoimmune diseases (multiple dots) in individuals for women (upper part of the bar) and men (lower part of the bar). The 
left Y-axis depicts the number of individuals for MSK, GI, neurological, RF, and the combination of MSK and GI. On the right Y-axis, the numbers are 
depicted for the other combinations of diseases. Rheumatic fever included rheumatic fever without heart involvement. Neurological disorders included 
multiple sclerosis and myasthenia gravis. Gastrointestinal disorders included Crohn’s disease and ulcerative colitis. MSK disorders included rheumatoid 
arthritis, psoriatic and enteropathic arthropathies, systemic lupus erythematosus, dermatopolymyositis, systemic sclerosis, ankylosing spondylitis, and 
Paget’s disease. GI, gastrointestinal disordes; MSK, musculoskeletal and connective tissue disorders; RF, rheumatic fever.
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Statistical significance was considered at two-tailed P-value ≤0.05. Data 
management, imputation of the missing values, and statistical analyses 
were performed in R: a language and environment for statistical computing, 
version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria), and 
IBM SPSS Statistics for Windows, version 28 (IBM Corp., Armonk, 
New York, USA).

Results
Baseline characteristics
In total, we included 494 072 participants (median age 58.0, IQR 
13.0), of whom 54.8% were women. Rheumatoid arthritis was 
the most prevalent autoimmune disease in our study population 
(n = 6572, 1.3%). All autoimmune diseases but ulcerative colitis 
(0.8% vs. 0.9%), and ankylosing spondylitis (0.2% vs. 0.4%) were 
more common in women than in men (Table 1). As depicted in 
Figure 1, the majority of our population had only one type of auto-
immune disease. In both men and women, solitary MSK auto-
immune diseases were the most common, followed by GI 
disorders, neurological disorders, and rheumatic fever without 
heart involvement. Only GI and MSK disorders were coexistent 
in over one hundred individuals.

A significantly lower proportion of women used cholesterol- 
lowering medication (12.4% vs. 22.0%) and blood pressure lowering 
medication (17.3% vs. 23.7%). Women had lower prevalences at base-
line of hypertension (8.7% vs. 11.2%), heart failure (0.2% vs. 3.8%), and 
acute myocardial infarction (0.8% vs. 3.8%), compared with men. All 
baseline characteristics are further depicted in Table 1.

Atrial fibrillation incidence
After a total follow-up time of 6 057 849 years (median 12.8 years, IQR 
1.6), 16 804 men (7.5%) and 10 390 women (3.8%) developed new- 
onset AF. The incidence rates were 4.49/1000 person years (py) in 
the total population, 6.25/1000py in men, and 3.08/1000py in women.

As depicted in Table 2 and Figure 2, we found significant associations 
(HR, 95% CI) between the presence of rheumatic fever without heart 
involvement (1.47, 1.26–1.72). Autoimmune disease affecting the di-
gestive system, including Crohn’s disease (1.23, 1.05–1.45) and ulcera-
tive colitis (1.17, 1.05–1.31), were also significantly associated with 
incident AF. Autoimmune diseases targeting the MSK system also 
showed a larger risk for new-onset AF (1.35, 1.26–1.45). Looking at 
the specific autoimmune diseases, this association seemed to be mainly 
driven by rheumatic arthritis (1.39, 1.28–1.51), psoriatic and entero-
pathic arthropathies (1.38, 1.01–1.89), polyarteritis nodosa (1.79, 
1.04–3.09), SLE (1.82, 1.41–2.35), and systemic sclerosis (2.32, 1.57– 
3.44). The other investigated diseases in this group, dermatopolymyo-
sitis, ankylosing spondylitis, and Paget’s disease, showed trends towards 
higher risk of incident AF, but the results were not significant after ad-
justing for cardiovascular risk factors. For the autoimmune diseases tar-
geting the nervous system (multiple sclerosis and myasthenia gravis), we 
found a significant association with incident AF when combining the dis-
eases (1.23, 1.02–1.47), but not when investigating the conditions sep-
arately. To identify the role of sex in the associations between the 
autoimmune diseases and AF, we included interaction terms between 
the autoimmune diseases and sex. These analyses showed a larger im-
pact of rheumatic fever, all combined MSK diseases, rheumatoid arth-
ritis, and ankylosing spondylitis on AF development in women. All 
other autoimmune disorders, excluding dermatopolymyositis, Paget’s 
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Table 2 Associations of various autoimmune diseases with new-onset atrial fibrillation in the total population

Model 1 Model 2 Sex interaction
HR (95% CI) HR (95% CI) HR (95% CI)

Rheumatic fever without heart involvement 1.50 (1.28–1.76) 1.47 (1.26–1.72) 0.61 (0.44–0.84)

Gastrointestinal disorders 1.24 (1.12–1.37) 1.19 (1.08–1.32) 0.98 (0.80–1.20)

Crohn’s disease 1.31 (1.11–1.54) 1.23 (1.05–1.45) 0.83 (0.59–1.15)

Ulcerative colitis 1.21 (1.08–1.36) 1.17 (1.05–1.31) 0.97 (0.77–1.24)

All musculoskeletal diseases 1.54 (1.44–1.65) 1.35 (1.26–1.45) 0.75 (0.65–0.86)

All rheumatoid arthritis 1.60 (1.48–1.73) 1.39 (1.28–1.51) 0.79 (0.67–0.92)

Seropositive rheumatoid arthritis 2.09 (1.56–2.80) 1.83 (1.36–2.45) 0.60 (0.32–1.12)

Other rheumatoid arthritis 1.59 (1.47–1.73) 1.39 (1.28–1.50) 0.78 (0.66–0.92)

Psoriatic and enteropathic arthropathy 1.89 (1.38–2.58) 1.38 (1.01–1.89) 0.47 (0.25–0.88)

Polyarteritis nodosa 2.39 (1.39–4.12) 1.79 (1.04–3.09) 0.70 (0.24–2.08)

Systemic lupus erythematosus 2.10 (1.63–2.71) 1.820 (1.41–2.35) 0.96 (0.53–1.76)

Dermatopolymyositis 1.21 (0.67–2.18) 1.25 (0.69–2.25) 1.25 (0.37–4.27)

Systemic sclerosis 2.52 (1.70–3.73) 2.32 (1.57–3.44) 0.57 (0.19–1.65)

Ankylosing spondylitis 1.24 (1.04–1.48) 1.15 (0.96–1.38) 0.64 (0.44–0.93)

Paget’s disease 1.36 (0.92–2.02) 1.23 (0.83–1.82) 1.74 (0.78–3.88)

Neurological diseases 1.24 (1.04–1.49) 1.23 (1.02–1.47) 0.87 (0.60–1.26)

Multiple sclerosis 1.19 (0.97–1.45) 1.20 (0.98–1.46) 0.73 (0.48–1.12)

Myasthenia gravis 1.53 (1.01–2.33) 1.35 (0.89–2.04) 1.79 (0.66–4.86)

Model 1 is adjusted for age, sex, and ethnicity 
Model 2 is additionally adjusted for BMI, total cholesterol, HDL-cholesterol, use of cholesterol-lowering medication, use of blood pressure lowering medication, smoking status, prevalent 
hypertension, prevalent type 2 diabetes mellitus, prevalent heart failure, and prevalent acute myocardial infarction. 
Presented are hazard ratios with corresponding 95% confidence intervals. Statistical significance is highlighted in bold. 
BMI, body mass index; CI, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio.
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disease, and myasthenia gravis, showed similar trends, albeit not statis-
tically significant.

As visible in Figure 3 and Supplementary material online, Table S1, in 
men, we found significant associations between GI autoimmune dis-
eases (1.19, 1.05–1.35) due to ulcerative colitis (1.17, 1.01–1.35), and 
MSK disorders (1.18, 1.07–1.31) due to rheumatoid arthritis (1.25, 
1.10–1.41) and SLE (1.81, 1.07–3.06) also showed significant associa-
tions with new-onset AF. In contrast to the total population, we also 
found a distinct association between the presence of myasthenia gravis 
and new-onset AF (1.61, 1.00–2.59). Other autoimmune diseases, in-
cluding rheumatic fever without heart involvement, polyarteritis nodo-
sa, Paget’s disease, and neurological autoimmune diseases showed 
significant associations in univariable analyses, but these associations at-
tenuated after adjusting for cardiovascular risk factors.

We found that more autoimmune diseases were significantly associated 
with new-onset AF in women (see Supplementary material online, 
Table S2). We found significant associations for rheumatic fever without 
heart involvement (1.79, 1.45–2.20), Crohn’s disease (1.35, 1.05–1.73), 
MSK (1.51, 1.38–1.66), due to rheumatoid arthritis (1.50, 1.35–1.67), psori-
atic and enteropathic arthropathies (2.01, 1.32–3.05), SLE (1.79, 1.34– 
2.40), systemic sclerosis (2.51, 1.64–3.85), and ankylosing spondylitis 
(1.53, 1.13–2.07) and new-onset AF. In contrast to men, multiple sclerosis 
(1.37, 1.07–1.75) was significantly associated with new-onset AF in women.

Sensitivity analyses adjusting for the use of medication affecting the 
immune system showed similar results (see Supplementary material 
online, Table S3).

Discussion
In the present study, we investigated the associations of multiple auto-
immune diseases with new-onset AF in the population-based UK 
Biobank. We found significant associations between new-onset AF and 

rheumatic fever without heart involvement, GI (Crohn’s disease and ul-
cerative colitis), and MSK (rheumatoid arthritis, psoriatic and enteropathic 
arthropathies, polyarteritis nodosa, SLE, and systemic sclerosis) auto-
immune diseases, with AF incidence. Moreover, we found evidence of sig-
nificant differences between men and women in these associations.

Recent evidence suggests a role for inflammation and the innate im-
mune system in cardiovascular disease development, including myocar-
dial infarction, cerebrovascular events, and heart failure.12–15 However, 
evidence on the role of autoimmunity in AF development is scarce, at 
least partly due to the rarity of these disorders. In our present study, we 
identified a broad range of autoimmune diseases associated with inci-
dent AF in the general population.

We found that Crohn’s disease was significantly associated with AF in 
women, whereas ulcerative colitis was associated with AF solely in men. 
A systematic review of the limited available data suggested an association 
between GI disorders and AF presence.16 However, due to a lack of pau-
city of data, no robust conclusions could be made, and none of the studies 
evaluated potential sex differences. Our findings support the hypothesis 
that estrogen receptors have a paradoxical effect on GI inflammation, re-
sulting in more severe colitis in men, but more ileitis in women.17,18

Rheumatoid arthritis is the most common autoimmune disease af-
flicting the MSK, mostly prevalent in women, and is suggested to in-
crease the risk of cardiovascular disease, including AF.6,14,15,19,20 Our 
results are in line with the relatively large amount of evidence avail-
able on the relation between rheumatoid arthritis and AF. However, 
we were the first to investigate the risk in men and women separate-
ly in a large population. We found that the larger AF risk was mainly 
observed in women. Sex hormones may, at least partly, be the ex-
planation for this. In patients with rheumatoid arthritis, elevated es-
trogen levels are found in the synovial fluid of the afflicted joints.21

Additionally, a decrease in disease activity was observed in patients 
undergoing androgen replacement therapy.21 However, while the 
mediating role of estrogen in autoimmune diseases may be part of 
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Figure 2 The survival time free of atrial fibrillation per autoimmune disorder. Depicted is the probability of survival free of AF over time per auto-
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the explanation, much remains unknown on the histopathology that 
causes these sex differences. This is further supported by the signifi-
cant interactions we found between sex and autoimmune diseases 
targeting the MSK system.

In a similar way, psoriatic and enteropathic arthropathies, systemic 
sclerosis, and ankylosing spondylitis were associated with a higher AF 
risk in women only. While cardiac arrhythmias are relatively common 
in systemic sclerosis, data on the association between these diseases 
and AF is lacking.22 A Korean study found that individuals with ankylosing 
spondylitis had a 28% higher AF risk.23 We found a similar risk in the total 
population, attributed mainly to women. While this could be explained 
by a significant diagnostic delay and less targeted treatment in women, 
our findings support the notion that women with ankylosing spondylitis 
have a higher disease activity, and more extra-articular manifestations.24

In the same Korean population, patients with SLE had a doubled AF 
risk.25 We found a 82% larger risk, equal for men and women. SLE is a 
heterogeneous disease, targeting mostly the joints and hematological sys-
tem in women, and the skin and internal organs in men.26 These different 
characterizations and localizations may imply different causes of atrial fi-
brosis and remodelling, resulting in a higher AF risk for both sexes.

We found a significantly higher AF risk in women, but not in men, in 
relation to multiple sclerosis. This contradicts a Swedish study, which 
found a lower AF risk in both men and women with multiple sclerosis.27

One explanation could be the lower number of events in our study. 
However, another explanation could be that, while we extensively ad-
justed for cardiovascular risk factors, Jadidi et al.27 only adjusted for age 
and country of birth.

Our results may, at least partly, be influenced by medication use. 
Certain autoimmune diseases can be treated with strong anti- 
inflammatory drugs, or even chemotherapy.28 The medication itself 
may give rise to AF through different pathways.29 While we performed 
sensitivity analyses adjusting for the use of numerous medications af-
fecting the immune system, residual confounding due to medication 
use can not be ruled out. Similarly, autoimmune diseases may lead to 
lifestyle changes, such as lower physical activity due to joint pains, or 
an unhealthy diet due to GI diseases. While we adjusted for factors sug-
gesting an unhealthy lifestyle, such as BMI, cholesterol, hypertension, 
and smoking status, other factors may underlie the associations. 
Shared genetic basis may reflect another potential underlying factor. 
It may be that the genetic preposition for the development of auto-
immune disease is also associated with AF development. Future re-
search, including Mendelian randomization studies, may shed light on 
this.

The strengths in our present study are the large population-based 
study population of almost 500 000 individuals, the median of over 
12 years follow-up time, the continuous and careful assessment of 
both physical and social data, and the continuous linkage with multiple 
registries to confirm disease occurrences. In addition, we used robust 
statistical models to adjust for confounding, and used both multiple im-
putation and complete-case analyses to confirm our findings. However, 
our study also has some limitations. Due to the rarity of autoimmune 
disorders, some of our diseases of interest were low in prevalence. 
Moreover, due to the nature of data assessment in the UK Biobank, 
we were constricted to using ICD-10 codes. Using the ICD-10 codes 
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Figure 3 Association of various autoimmune diseases with new-onset atrial fibrillation, stratified by sex. Depicted are hazard ratios with their cor-
responding 95% confidence intervals from model 2. Neurological disorders included multiple sclerosis and myasthenia gravis. Gastrointestinal disorders 
included Crohn’s disease, and ulcerative colitis. MSK disorders included rheumatoid arthritis, psoriatic and enteropathic arthropathies, systemic lupus 
erythematosus, dermatopolymyositis, systemic sclerosis, ankylosing spondylitis, and Paget’s disease. CI, confidence interval; HR, hazard ratio; MSK; mus-
culoskeletal and connective tissue disorders.
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carries various limitations, including the inability to investigate specific 
diseases, but rather the groups of autoimmune diseases. Moreover, 
this could have also influenced the relatively low number of participants 
with prevalent hypertension (9.8%), while 20.2% used blood pressure 
medication. Medication may be started due to comorbidity or preven-
tion, while the ICD-10 diagnosis for hypertension is not registered. 
Also, due to this coding, we were unable to distinguish between the 
various AF patterns and were restricted to overall AF. As clinical trials 
in patients and are often expensive and time-consuming, we hope that 
our results open the door for future patient cohorts to further inves-
tigate differences in AF characteristics and prognosis between AF pa-
tients with and without autoimmune disorders. As AF can have an 
asymptomatic presentation, it is possible that AF patients free of symp-
toms, or who avoided visiting a healthcare professional, were missed. 
However, this would be similar to a real-world situation, in which indi-
viduals from the general population could also remain undiagnosed. 
Additionally, the UK Biobank comprises of mostly men and women 
from European heritage and of middle-to-older age. As all participants 
are volunteering to participate, healthy-volunteer bias is also a possibil-
ity. Lastly, in comparison to all other included autoimmune diseases, of 
which the vast majority is documented within the UK Biobank due to 
hospital or primary care registries, rheumatic fever was registered 
mainly due to self-report only. Recall bias or ambiguity in the question-
naires may have inflated the actual numbers of rheumatic fever events, 
as the prevalence within this population is higher than expected. 
Therefore, the results from this study may not be directly generalized 
to other populations.

Conclusion
Autoimmune diseases are significantly associated with the risk of new- 
onset AF in this prospective population-based study, comprising almost 
half a million participants. Our findings further elaborate on and con-
tribute to the current knowledge of the pathophysiological differences 
in autoimmunity between men and women. This implies that various 
autoimmune diseases may modulate the propensity to develop AF, par-
ticularly in women. This information could also guide future preventive 
strategies. However, evidence on the role of autoimmunity in AF devel-
opment is still scarce. Further evidence is required to support clinical 
translation of our findings.

Supplementary material
Supplementary material is available at Europace online.
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