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ABSTRACT

Objective

To determine the relationship between plasma omega-3 levels and incident atrial fibrillation

(AF), and the association between fish oil supplement (FOS) use and risk for AF.

Methodsand Analysis

Recent studiesin UK Biobank concluded that FOS use was associated with increased risk of
incident AF. Conversely, a meta-analysis found inverse relationships between blood levels of
omega-3 and AF risk. We performed a prospective observational study linking plasma omega-3
levels and reported FOS use with AF risk in UK Biobank. Among UK Biobank participants
without prevalent AF, 261 108 had plasma omega-3 levels and 466 169 reported FOS use. The
primary outcome was incident AF during follow-up (median 12.7 years). Multivariable-adjusted
hazard ratios (HR, 95% confidence intervals, ClI) for fatty acids were computed continuously
(per inter-quintile range, IQsR) and by quintile. Hazard ratios were computed for dichotomous
fish oil supplement use.

Results

Plasma omega-3 levels were inversely associated with incident AF (HR per 1QsR = 0.90, 95% Cl
0.86, 0.93; HR=0.87[0.83, 0.91] in quintile 5 vs quintile 1). Fish oil supplement use was
reported by 31% of the cohort and was more common in older individuals. After adjusting for
age as a continuous variable, no association was observed between fish oil supplement use and
AF risk (HR=1.00; 95% CI 0.97, 1.02).

Conclusion
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Higher circulating omega-3 levels were linked to reduced AF risk in UK Biobank. Further, after
age was adjusted for as a continuous variable, no association was found between fish oil

supplement use and AF.

INTRODUCTION

The most prevalent sustained cardiac arrhythmiais AF (AF), with > 3 million new cases each
year and aglobal prevalence of >37 million people. Moreover, it isasignificant public health
concern, elevating risks of hospitalization, premature mortality, heart failure, and
thromboembolic events including stroke.* Higher blood levels of omega-3 fatty acids have been
favorably associated with lower risk for all these adverse outcomes, however their association

with AF has been less clear.

Randomized trials assessing pharmaceutical omega-3 products containing EPA and/or DHA
have suggested a dose-dependent increase in risk of AF at doses ranging from 1 to 4 g/day.?®
However, contrasting data from ameta-analysis of 17 biomarker-based observational studies,
nearly 55,000 individuals in total, found that increasing blood levels of omega-3 were associated

with lower risk of AF.*

Using UK Biobank data, one research group published two recent reports concluding that self-
reported use of fish oil supplements (FOS, over-the-counter sources of EPA and DHA) was
associated with an increased risk of incident AF.>® Thisfinding is at odds with previous studies
demonstrating improved cardiovascular outcomes and a reduced risk of AF associated with
higher plasma levels of omega-3s.* In light of these conflicting findings, we sought to further

investigate the relationship between omega-3 levels and AF risk in the UK Biobank using serum
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omega-3 levels as the exposure, and to re-evaluate the link between self-reported FOS use and

AF.

MATERIALSAND METHODS

Sample

The UK Biobank is a prospective, population-based cohort of 502 366 individuals, aged 40-69
years, recruited in the UK between April 2007 and December 2010.” UK Biobank has ethical
approval (Ref. 11/NW/0382) from the Northwest Multi-centre Research Ethics Committee asa
Research Tissue Bank. All participants gave electronic signed informed consent. The UK
Biobank study was conducted according to the guidelines established by the Declaration of

Helsinki. The UK Biobank protocol is available online (http://www.ukbiobank.ac.uk/wp114

content/uploads/2011/11/UK-Biobank-Protocol.pdf). The University of South Dakota

Institutional Review Board approved the use of these de-identified, publicly available data for
research purposes (IRB-21-147). Within the cohort, 274 123 had data on plasmafatty acids. Of
these, 4639 had prevalent AF and another 8376 were missing at least one covariate, leaving 261
108 as the primary analytic sample size. Secondary analyses used alarger sample of individuals
(n=466 169) who answered a question on self-reported FOS use, did not have prevalent AF, and
were not missing continuous covariates, regardless of whether blood fatty acid data were

available.

Outcome Assessment
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Date of first diagnosis of AF is available via the primary UK Biobank dataset (variable source
code: 131350), and is primarily based on electronic medical record information from hospital
admissions or primary care, with a limited number of events based on death registries or self-
report (source of AF available in UK Biobank:

https://bi obank.ndph.ox.ac.uk/showcase/field.cqi 2d=131351). Individuals with date of first AF

before measurement of plasma fatty acids were dropped from the analytic sample (see previous
paragraph). A complete list of UK Biobank variable identification corresponding to covariates,

exposures and outcomes is available in Supplemental Tables 1 and 2.

Exposure Assessment

The UK Biobank includes data on two plasma omega-3 metrics. DHA and total omega-3s. We
constructed a third metric, other omega-3 fatty acids (i.e., the sum of alphalinolenic acid, EPA,
and docosapentaenoic acid), as the difference between these two. Plasma samples were collected
at baseline and analyzed for omega-3s by nuclear magnetic resonance (Nightingale Health Plc,
Helsinki, Finland).® We note that in a recent inter-laboratory experiment ° comparing fatty acid
determinations by nuclear magnetic resonance and gas chromatography, the strongest predictor
of other omega-3 % was EPA % (R*=47%). Equations to convert plasma omega-3 metrics
measured by nuclear magnetic resonance to plasma and red blood cell metrics measured by gas
chromatography, based on Schuchardit et al.? are provided in Supplemental Table 3. Omega-3
biomarkers from the nuclear magnetic resonance analysis were analyzed as individual quintiles
or after standardization by the inter-quintile range of the fatty acid (e.g., dividing each fatty acid
metric by the difference between the 90" and 10™ percentile). In separate analyses we considered

self-reported FOS use (Yes/No; UK Biobank Variable Identification: 6179) as afourth exposure.
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90
91  Covariate Assessment
92  In our multivariable models for the analysis of risk for AF by plasma omega-3 levels, we
93  adjusted for the following demographics, behavioral, biomarker- and health-related variables:
94  hiological sex (male/female), body massindex, self-reported race/ethnicity (Asian, Black, White,
95  Other), education (college, high school, less than high school), self-reported alcohol
96 consumption (rarely, monthly, 1-2x/week, 3-4x/week, daily), self-reported exercise (quartiles of
97  moderate-to-vigorous exercise; as minutes/week), smoking status (never, previous, current),
98 plasmalinoleic acid, and other plasma omega-6 fatty acids (total omega-6 fatty acids minus
99 linoleic acid), self-reported use of beta-blockers, self-reported treatment for hypertension, self-
100  reported treatment for high cholesterol, prevalent diagnosis of diabetes, prevalent diagnosis of
101  cardiovascular disease, prevalent diagnosis of heart failure.
102
103  Covariates used in our replication the FOS and risk for AF report by Zhang et al.® were those
104  used by Zhang and are listed in Supplementary Table 4. These were similar to those listed
105  above with the exception that variables like oily fish intake, the Townsend deprivation index, and
106  agenetic risk score were included, and naturally, plasma omega-6 fatty acid levels were not
107  (sincethey were not available on the full cohort used in thisanalysis).
108
109  Statistical Analyses
110  Descriptive sample characteristics were summarized using standard statistical methods. Cox-
111 proportional hazards models were used to estimate adjusted hazard ratio and associated 95% Cls

112 between incident AF (timeto event or censoring) with DHA %, total omega-3 % or other omega-
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113 3%, per quintile using quintile 1 as reference, as well as (in separate models), inter-quintile

114  range, and using covariates as noted above. Tests of non-linearity for omega-3 fatty acid

115  biomarkers were conducted using cubic splines. Fixed-effects meta-analysis was used to

116  combine UK Biobank results with a recently conducted meta-analysis.” In parallel models

117  examining the association between self-reported FOS use (yes/no) and incident AF, we

118  considered different ways of adjusting for age (1) continuously (linear), (2) continuously (cubic
119  splines), (3) dichotomously (65+ vs. <65) or (4) categorically (<45, 45-49, 50-54, 55-59, 60-64,
120  65+). Senditivity analyses explored the use of different covariate sets and different dates for data
121 censoring (in order to replicate the prior studies on thistopic). Statistical significance was set to
122 0.05for all analyses, except for tests of non-linearity which used 0.01 due to the exploratory and
123 multiple-testing nature of those tests, with two-sided testsin all cases. Proportional hazards

124  assumptions were confirmed. R (www.r-project.org) was used for all analyses including the

125  coxme and metafor packages.

126

127  RESULTS

128  Associations of plasma omega-3 fatty acidswith incident AF

129  Amongst the 261 108 individuals with plasma fatty acid data available in the UK Biobank, the
130 mean agewas 56.5 £ 8.1 years, 95% were white and 55% were female with an average body

131 massindex of 27.4 + 4.8 (kg/m?) (Table 1). After a median follow-up of 12.7 years, all three
132 omega-3 fatty acid biomarkers showed statistically significant, inverse associations with incident
133  AFrisk (Table 2). When comparing the highest to lowest quintiles for total omega-3, risk for AF
134  was 14% lower; for other omega-3s, the adjusted risk was 16% lower, and for DHA, 8% lower.

135  Absoluterisk for AF in Q1 total omega-3 was 7.5% and 6.9% in Q5. Similar inverse associations
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136  were seen in the per inter quintile range analyses. There was no evidence of non-linearity in the
137  biomarker relationships (p>0.01 in all cases).
138

139
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Table 1. Subject Characteristics (N=261 108)

Variable % (count) or Mean (SD)

Age (years) 56.5(8.1)
Sex — Female 54.6% (142 617)
Race/Ethnicity

White 95.4% (249 021)

Asian 1.9% (5013)

Black 1.4% (3543)

Other 1.4% (3531)
BMI (kg/m°) 27.4 (4.8)
Education

College 60.2% (157 223)

High School 22.5% (58 737)

Less than High School 17.3% (45 148)
Exercise

Lowest Quartile 22.3% (58 329)

Second lowest Quartile 23.0% (59 970)

Second highest Quartile 23.1% (60 344)

Highest quartile 23.3% (60 914)

Unavailable 8.3% (21 551)
Smoking status

Never 54.8% (143 156)

Previous 34.7% (90 516)

Current 10.5% (27 436)
Alcohol consumption

Rarely 30.2% (78 733)

1-2x/week 26.2% (68 446)

3-4x/week 23.4% (61 139)

Daily 20.2% (52 790)
Linoleic Acid (% composition) 28.9 (3.49)
Non-Linoleic Omega-6s (% composition) 8.9(1.9
Taking Beta-Blockers 6.0% (15 637)
Treated for Hypertension 20.4% (53 368)
Treated for high cholesterol 17.2% (44 966)
Diagnosed with Diabetes 5.1% (13 317)
Diagnosed with Cardiovascular Disease 6.3% (16 469)
Diagnosed with HF 0.4% (995)
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144
145
146

Table 2. Association of Plasma Omega-3 Quintileswith Prospective AF in the UK Biobank

Fatty Acids Median Fatty Acids Sample size Number of Adjusted Hazard
level (%) incident AF cases | Ratio (95% CI)*
DHA
IQsR 1.92 261108 18 264 0.93 (0.89,0.97)***
Quintile 1 (DHA < 1.46%)° 1.24 51 642 3888 1.00
Quintile 2 (1.46% < DHA < 1.77%) 1.63 52 085 3647 0.95 (0.90,0.99)*
Quintile 3 (1.77% < DHA < 2.07%) 1.92 52 399 3582 0.93 (0.89,0.98)**
Quintile 4 (2.07% < DHA < 2.47%) 2.25 52516 3504 0.91 (0.86,0.96)***
Quintile 5 (2.47% < DHA) 2.83 52 466 3643 0.92 (0.87,0.97)**
Total Omega-3
IQsR 417 261 108 18 264 0.89 (0.86,0.93)***
Quintile 1 (< 3.15%) 2.68 51877 3457 1.00
Quintile 2 (3.15% - 3.84%) 3.52 52 261 3558 0.93 (0.89,0.97)**
Quintile 3 (3.84% - 4.52%) 417 52 281 3711 0.90(0.86,0.94)***
Quintile 4 (4.52% - 5.45%) 4.92 52 315 3709 0.86 (0.82,0.91)***
Quintile 5 (> 5.45% ) 6.32 52 374 3829 0.86 (0.82,0.90)***
Other Omega-3
IQsR 2.30 261108 18 264 0.86 (0.83,0.90)***
Quintile 1 (< 1.57%) 1.20 52135 3223 1.00
Quintile 2 (1.57% - 2.08%) 1.84 52 255 3519 0.92 (0.88,0.97)**
Quintile 3 (2.08% - 2.53%) 2.30 52 300 3785 0.90 (0.86,0.95)***
Quintile 4 (2.53% - 3.13%) 2.80 52 156 3817 0.85 (0.82,0.90)***
Quintile 5 (> 3.13%) 3.65 52 262 3920 0.84 (0.80,0.88)***

*p<0.05, **p<0.01, ***p<0.001
'Adjusted for all variablesin Table 1.

2 The corresponding estimated omega-3 index (red blood cell EPA + DHA) values computed from nuclear magnetic resonance - DHA
levels are 4.40%, 5.36%, 6.30% and 7.54%, respectively.
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147  Updateof Qian et al. Meta-analysiswith UK Biobank
148  Qian et al. analyzed 17 prospective cohort studies, encompassing 55,214 individuals among

149  whom there were 7720 incident cases of AF during a median follow-up of 13.3 years.* Since the
150  current analysis used the same covariate set as Qian et al., we were able to harmonize and update
151  the meta-analysis with the present results from the UK Biobank (Table 3) now including 316

152 322 persons. Originally, Qian et a. found inverse relationships between DHA, DHA and EPA +
153  DHA and risk of AF. The findings were largely similar in the updated meta-analysis in which we
154  used the equationsin Supplemental Table 3 to predict plasma docosapentaenoic acid, EPA and
155  EPA + DHA levels from the UK Biobank nuclear magnetic resonance data. The only difference
156  wasthat for EPA, Qian et al. found no association between blood EPA and incident AF, while the
157 UK Biobank analysis showed a significant inverse association. Theinclusion of UK Biobank

158  datadid not substantially change the observed heterogeneities in the meta-analysis (52.2% to

159 59.7%).

11
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160 Table 3. Meta-analysisfrom Qian et al.> updated with UK Biobank Findings
Fatty acid Analysis Adjusted Hazard Heterogeneity
Ratio per 1QsR* 1% (p-value)
DHA Original meta-analysis' 0.90 (0.85, 0.96) ** 47.5% (p=0.016)
UK Biobank alone 0.93 (0.89, 0.97) *** --
Updated meta-analysis’ 0.92 (0.89, 0.96) *** 43.4% (p=0.026)
EPA ° Original meta-analysis’ 1.00 (0.95, 1.05) 52.2% (p=0.008)
UK Biobank alone 0.92 (0.88, 0.95) *** --
Updated meta-analysis” 0.94 (0.92, 0.97) *** 59.7% (p=0.0009)
Docosapentaenoic acid ° | Original meta-analysis’ 0.89(0.83, 0.95) *** | 0.0% (p=0.51)
UK Biobank alone 0.91 (0.87, 0.94) *** --
Updated meta-analysis’ 0.90 (0.88, 0.93) *** 0.0% (p=0.56)
EPA + DHA Original meta-analysis' 0.93(0.87, 0.99) * 60.7% (p=0.001)
UK Biobank alone 0.92 (0.88, 0.95) *** -
Updated meta-analysis® 0.92 (0.90, 0.95) *** 58.5% (p=0.0013)
161  *p<0.05, **p<0.01, ***p<0.001
162 1. From Qianeta.*
163 2. Weight of the UK Biobank sample ranged from 67.3% to 71.7% in the updated meta-analysis based on its large sample size
164 3. EPA, docosapentaenoic acid and EPA + DHA adjusted hazard ratio were computed based on estimated values of these fatty
165 acidsin the UK Biobank sample using the method of Schuchardt and the equations shown in Supplemental Table 3.
166 4. Adjusted for al variablesin table 1.
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167  Re-evaluation of Prior Findingson Fish Oil Supplement Use and Risk of AF in the UK

168  Biobank

169  Asnoted, two recent papers on risk for incident AF and self-reported FOS use in UK Biobank
170  reported increased risk among consumers of FOS.>° The 2022 and the 2024 studies reported

171  identical AF hazard ratios and confidence intervals among individuals without prior

172 cardiovascular disease (adjusted hazard ratio 1.13; 95% CI: 1.10, 1.17). We were able to replicate
173  thesefindingsif age was adjusted for as a dichotomous variable (e.g. age 65+ vs<65) (Table 4).
174  However, when age was treated as a continuous variable the associ ations between FOS use and
175  incident AF was lost (adjusted hazard ratio = 1.00; 0.97, 1.02). Other approaches of adjusting for
176  age-related risk (splines, more age categories), yielded findings smilar to those noted when age
177  was adjusted for as a continuous variable (Table 4). In addition, models adjusting for agein a
178  more continuous manner showed improved concordance (i.e., predictive ability) compared with
179  those using dichotomous age (p<0.0001), providing additional confirmation of the superiority of
180  more granular age adjustments (Table 4). This approach was further confirmed in our sensitivity
181  analyses (Table 4), which considered different follow-up periods and different covariate sets (see

182  Supplemental Table 4 for distributions of these variables).

13
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183

184
185
186
187
188
189
190
191
192

Table 4. Re-evaluation of the association between fish oil supplement use and risk for AF in Zhang et al.

Sample | Fishail Total # Type of age Adjusted Hazard Adjusted M odel
size users Incident AF adjustment Ratio®* Hazard Ratio® | Concordance

Previously 468 665 | 148192 25748 None/ Dichotomous 1.22 (1.19,1.25)" | 1.10(1.07, 1.13)°

published

results’®

Replication 454568 | 143736 26 667 None 1.20(1.17,1.23) --

attempts — .

data censored Dichotomous 1.05 (1.02,1.08) 1.09 (1.06,1.12) 0.746

at 9/1/2020° Continuous — linear 0.92 (0.90,0.95) 0.99 (0.97,1.02) 0.773
Continuous — Spline 0.92 (0.90,0.95) 0.99 (0.97,1.02) 0.773
5-year age category 0.93 (0.91,0.95) 1.00(0.97,1.02) 0.770

Replication 454568 | 143736 32162 No Age Adjustment 1.21(1.18, 1.24)

attempts —

data cpensor od Dichotomous 1.06 (1.03,1.08) 1.10(1.07,1.12) 0.742
Continuous - Spline 0.93 (0.91, 0.95) 1.00 (0.98, 1.02) 0.770
5-year age category 0.94 (0.92,0.96) 1.00 (0.98,1.03) 0.768

1. Unadjusted or adjusted for age only — either dichotomous (65+ vs. <65), continuous (linear), 5-year age categories (<45, 45-49,

50-54, 55-60, 60-65, 65+) or cubic spline

ThwWN

o

Adjusted for age plus al variables listed in Supplemental Table 4, which matches Zhang et al.
Results previously published in Zhang et al.®

Zhang reports an unadjusted model (no age adjustment), which we attempted to replicate
Original censoring date used in Zhang. Slight differences in sample size likely attributable to individuals who withdrew
consent.

Relationship between FOS use and AF comparing Zhang's analysi s (age adjustment dichotomous) and ours with continuous

age adjustment using longer follow-up time (i.e., more cases) than was available for Zhang.
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193  Discussion

194  Wefound that higher circulating levels of omega-3s were associated with reduced risk for AFin
195  the UK Biobank. Fully adjusted risk reductions when comparing the highest to lowest quintiles
196  for total omega-3, other omgea-3, and DHA were 14%, 16%, and 8% respectively. These

197  findings largely paralleled those from arecent meta-analysis by Qian et al. pooling data from 17
198  cohorts and including nearly 55,000 individuals who demonstrated a 12% decreased risk of AF
199  for patientsin the top quintile of DHA + EPA blood levels compared to the bottom quintile.*

200  After the present data were added into the af orementioned meta-analysis, higher blood levels of
201 DHA, EPA, docosapentaenoic acid and EPA + DHA were associated with a 6 to 10% lower risk
202 of AF. Finaly, and importantly, a re-analysis of the relationship between risk of AF and the use
203 of FOSinthe UK Biobank revealed that, after adjusting for age as a continuous variable, the
204  previously reported adverse association between the two disappeared.

205

206  Previous meta-analyses of observational studiesthat have focused on biomarkers instead of

207  edtimated intakes have shown that higher levels of marine omega-3s, which are reflective of

208  chronic dietary intake, correlate with lower risks for all-cause mortality and cardiovascular

209 mortality,’®™ stroke,™ and most recently, AF.* The Qian study, along with the findings presented
210  here, sharply contrast with two previous reports,®® which were both from the same research

211 group, both used the same UK Biobank database, and both concluded that FOS use may increase
212 therisk of AF. Since FOS useisdirectly related to serum omega-3 polyunsaturated fatty acid
213 levels,” the findings of these two previous studies are at odds with our observations. To explore
214  thisapparent contradiction, we undertook areanaysis of the same UKBB data used by Zhang et

215  a.® and Chen et al.” In both of these studies, age was adjusted for as a dichotomous, not a
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216  continuous, variable. Since the incidence of AF and the use of FOSs both increase linearly with
217  ageinthe UK Biobank (Figure 1), a simple dichotomous adjustment for age is insufficient.

218  When age was treated as a continuous variable the apparent association between FOS use and AF
219  disappeared.

220

221 Inarecent meta-analysis of randomized controlled trials testing the effects of pharmaceutical

222 omega-3 productsin 83,112 individuass, there was a 24% increase in relative risk of AF

223 (p=0.0002).2 This relationship appeared to be dose-dependent with a 12% higher relative risk of
224  AFinthefivetrialstesting <1000 mg/d of DHA + EPA, versus a 51% relative risk increase of
225 AFinthethreetriasthat used 1.8 to 4.0 g/d of DHA and/or EPA. The weighted absolute

226  increaseinrisk of AF in these studies were 0.67% overall, 0.46% for lower dose omega-3 trials,
227  and 1.18% for the high dose trials (Supplemental Table 5 including a new report™ not included
228 inJiaet a.> meta-analysis). These relative risk increases have been questioned, however, by

229  Samuel and Nattel who noted that since therisk for dying in all but one of these trials was three
230 tofivetimes higher than the risk for developing AF, and because the individuals randomized to
231 omega-3 had a significantly lower risk of dying compared to placebo-treated patients, afailure to
232 adjust for competing risks may have inflated the relative risk estimates.'*

233

234  These apparently contradictory findings regarding AF risk between randomized trials and

235  biomarker- and FOS use-based observational studiesis a currently unresolved issue. Adding to
236  theconfusion isthefact that 20 years ago, there was sufficient evidence to mount amagjor trial in
237 663 patients with AF in which high dose omega-3 (4 to 8 g/d) were given to reduce recurrent AF

238 episodes.’ The hypothesis was not supported by the data (indeed, there was a trend towards
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239 higher risk for recurrence in the omega-3 group), but this underscores why there remains

240  significant uncertainty about the role of omega-3 and AF. New randomized controlled trials

241  designed to address thisimportant question are needed.

242

243  Mechanigtically, avariety of possibilities have been suggested asto why higher omega-3 fatty
244  acid levels would be associated with susceptibility to AF. As omega-3 fatty acids become

245  incorporated into myocardial membranes, they may alter the conformation of PIEZO1 and

246 PIEZO2 channels.'® These membrane-bound pressure-sensing proteins may be activated when
247  high levels of omega-3s are in the membranes and become arrhythmic triggers. On the other
248  hand, low levels of omega-3s can predispose to heart failure, hypertension, atherosclerotic

249  cardiovascular disease and other cardiac conditions that increase risk for AFY. Intermediate
250 omega-3 levels, such asthose found in individuals consuming fish/seafood and/or low to

251  moderate doses of over-the-counter fish oil, but not high-dose pharmaceutical products, may be
252  protective, resulting in a potential U-shaped relationship between omega-3 status and AF risk
253  (Figure?2).

254

255  Other possible explanations relate to vagal tone.® Studies have consistently shown that omega-
256  3sproduce a dose-dependent increase in vagal tone which becomes apparent starting at relatively
257  low doses of EPA + DHA (~500 mg/d).'*?! Low-level vagal nerve stimulation is antiarrhythmic
258  and is associated with a reduced risk of AF.% In contrast, high-level vagal nerve stimulation is an
259  effective way to induce AF in animal models.?® This phenomenon suggests another possible

260  explanation of how lower-dose (dietary) omega-3 intakes correlate with reduced risk of AF,
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261  whereas high-dose (pharmaceutical) omega-3 use appears to be associated with increased risk of
262 AF

263

264  Prior dietary questionnaire-based epidemiological studies have suggested that an intake of ~500
265 to 700 mg/d of DHA + EPA may be the ideal dose for decreasing risk of AF.%* A large

266  Observational study found that consumption levels less than this were associated with ~10%

267  higher risks of AF,* whereas omega-3 intakes above 1,250 mg/d are also linked with increased
268 risks of AF.* Thetypical adult American eats <1 serving/week of fish or seafood; so the average
269  intake of DHA + EPA in the United Statesis approximately 100 mg/d.?**?" This corresponds to
270  an average DHA + EPA level inred blood céells (i.e., the omega-3 index) in the United States of
271 about 5.4%.%® The estimated median omega-3 index in quintile 5 in the present study was 8.62%.
272 Theomega-3 index level that is optimal for minimizing risk of major adverse cardiovascular

273  events, stroke and all-cause mortality is>8%; to achieve this would require an increase of

274  approximately 1500 mg/d of DHA + EPA. %

275

276 However, for people at high risk for AF or those with ahistory of AF, alower target of ~500 to
277 700 mg/d of DHA + EPA, preferably from fish/seafood, would seem to be a safer level of

278  intake.® The 2021 American Heart Association dietary guidance for improving cardiovascular
279  hedth advocates for adiet that prioritizes the consumption of vegetables, fruits, and fish/seafood
280 asapreferred source of protein. The American Heart Association also specifically recommends
281  at least two meals per week that feature fish or seafood, * which in the case of salmon would
282 supply ~300 mg of EPA + DHA per day.

283
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284  Finadly, itisof interest to note that the omega-3 index in Japan and South Korea averages >8%
285  compared with about 5.5% in the United States,® yet the age-adjusted prevalence of AFin 2019
286  intheformer two countries was 200-399 compared with >1200 per 100 000 in the United States.
287  Thisecological finding is at least consstent with the results of the current observational study—
288  higher intakes (thus blood levels) of omega-3 are associated with lower risks of AF, although
289  obvioudly causal inferences cannot be drawn.

290

291  Strengthsand Limitations

292  One strength of this study was the use of objective measurements of omega-3 plasmalevels

293  rather than relying on dietary questionnaires. Furthermore, the large sample of > 261 000

294  participants followed for 12 years gives us sufficient statistical power to detect relationships

295  between omega-3 and AF. A limitation of the UK Biobank isthe relative lack of ethnic diversity
296  asnearly al individuals are White. However, the UK Biobank data harmonized strongly with a
297  recent meta-analysis of 17 international cohorts evaluating omega-3 blood levels and risk of AF,*
298 thusarefindings are likely to be generalizable. DHA and other omega-3 fatty acids and all

299  covariates were measured only at baseline; however, omega-3 blood levels have shown good
300  reproducibility over time.* The UK Biobank cohort is generally healthier than the UK

301  population, however, the biomarker—disease associations observed in the UK Biobank cohort are
302 considered to be generalizable® Because thisis an observational study, causation cannot be

303  established. Even though we made statistical adjustments for many relevant risk factors (age,
304  sex, occupation, education, physical activity, smoking, hyperlipidemia, hypertension, €tc.),

305  residual confounding from other unmeasured variables is always a possibility.

306
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307 Concluson

308  In agreement with recent biomarker-based meta-analyses, higher circulating blood levels of
309 omega-3 were associated with reduced risk for AF in the UK Biobank. Secondly, this study
310  reassessed the relationship between FOS use and risk of AF in the UK Biobank and found no
311  evidence of an association between FOS use and AF when age is adjusted for as a continuous
312 variable. Thus, virtually all the observational data on omega-3 dietary intake or blood levels

313  point to higher intakes/levels reducing risk of AF.
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Figure Legends

Fig 1. Reported use of Fish Oil Supplements at Baseline and Incidence of AF by Age at
Basdlinein the UK Biobank. The parallel age-related increases in fish oil use (yellow) and
incident AF (blue) require rigorous statistical age adjustment.

Fig 2. U-shaped Relationship Between DHA + EPA Intake & Risk of AF.

The chronic risk of AF appears to be higher for individuals consuming low amounts of EPA +
DHA (<250 mg/day) and large amounts (>1500 mg/day). The AF risk islowest for those
consuming moderate amounts of EPA + DHA (250 to 1500 mg/day). Figure adapted from Fatkin
et.al.'®
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