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Habitual Alcohol Intake and Risk of Atrial Fibrillation in Young Adults in Korea

Minju Han, MD; So-Ryoung Lee, MD, PhD; Eue-Keun Choi, MD, PhD; JungMin Choi, MD; Jaewook Chung, MD; Sang-Hyeon Park, MD; HuiJin Lee, MD; Hyo-Jeong Ahn, MD;

Soonil Kwon, MD; Seung-Woo Lee, BSc; Kyung-Do Han, PhD; Seil Oh, MD, PhD; Gregory Y. H. Lip, MD

Abstract

IMPORTANCE Guidelines recommend that all risk factors for early-onset atrial fibrillation, including
lifestyle factors, be proactively managed, considering the poor prognosis of the disease. Not much
is known about the association of cumulative alcohol intake with the risk of atrial fibrillation in young
adults aged 20 to 39 years, especially among heavy drinkers.

OBJECTIVE To explore the association of alcohol consumption with the risk of incident atrial
fibrillation in young adults.

DESIGN, SETTING, AND PARTICIPANTS Using the National Health Insurance Service database, a
nationwide population-based cohort study of adults aged 20 to 39 years without prior atrial
fibrillation who underwent 4 serial annual health examinations between 2009 and 2012 was
conducted. The cumulative alcohol consumption burden over 4 years was calculated by assigning 1
point to more than moderate drinking (=105 g of alcohol per week) each year. Additionally, a
semiquantitative cumulative burden was calculated by assigning 0, 1, 2, and 3 points to non, mild
(<105 g per week), moderate (105-210 g per week), and heavy (=210 g per week) drinking,
respectively. Data were analyzed from May to June 2021.

EXPOSURE Amount of alcohol intake in 4 years.

MAIN OUTCOMES AND MEASURES The primary outcome was incident atrial fibrillation during

the follow-up period.

RESULTS A total of 1537 836 participants (mean [SD] age 29.5 [4.1] years, 1100 099 [71.5%] male)
were included in the final analysis. According to the 4-year cumulative burden of alcohol
consumption stratified by moderate to heavy drinking, 889 382 participants (57.8%) were in the
burden O group, 203 374 participants (13.2%) in the burden 1 group, 148 087 participants (9.6%) in
the burden 2 group, 144 023 participants (9.4%) in the burden 3 group, and 152 970 participants
(9.9%) in the burden 4 group. During a median (IQR) follow-up of 6.13 (4.59-6.48) years, atrial
fibrillation was newly diagnosed in 3066 participants (0.36 per 1000 person-years). Participants
with a cumulative burden of 4 points who continued more than moderate drinking for 4 years
showed a 25% higher risk of atrial fibrillation compared with O-point participants who kept non-to-
mild drinking over 4 years (adjusted HR, 1.25; 95% Cl, 1.12-1.40). In a semiquantitative analysis,
participants who sustained heavy drinking for 4 consecutive years were associated with a 47% higher
atrial fibrillation risk than those who remained nondrinkers over 4 years (aHR, 1.47, Cl 1.18-1.83).
CONCLUSIONS AND RELEVANCE Persistent moderate to heavy drinking and higher cumulative
alcohol consumption burden might increase the risk of atrial fibrillation even in young adults aged 20
to 39 years.

JAMA Network Open. 2022;5(9):e2229799. doi:10.1001/jamanetworkopen.2022.29799

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points
Question Is high alcohol intake
associated with the risk of atrial

fibrillation in young adults?

Findings In this cohort study including
1537 836 adults aged 20 to 39 years, an
up to 25% higher risk of incident atrial
fibrillation was associated with a higher
cumulative alcohol burden for 4 years,
and up to 47% with sustained heavy
drinking over 4 years.

Meaning Persistent moderate to heavy
drinking and higher cumulative alcohol
consumption burden were associated
with an increased risk of atrial fibrillation
in young adults aged 20 to 39 years,
suggesting the need for education on
the risk of atrial fibrillation in young
heavy drinkers.
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Introduction

Despite its lower prevalence in younger people, atrial fibrillation (AF) and AF-related complications
are still associated with poor clinical outcomes.™ The recurrence rate of AF reaches 50% despite
treatments including cardioversion and antiarrhythmic drugs.® Considering the long life expectancy
of younger people, awareness of AF prevention is necessary.

Alcohol is a well-known risk factor for AF development.®-8 Several studies have been conducted
on the mechanism by which alcohol induces AF. One of the potential mechanisms is tachycardia from
alcohol-induced autonomic imbalance leading to AF.% Changes in cardiac structure and function
including cardiomyopathy and atrial remodeling are also thought to have an effect.’®" It has also
been suggested that hypertension, obesity,'* and heart failure'®' linked to excessive alcohol
consumption are risk factors for incident AF.

Although heavy drinking among young adults, especially those between 18 to 29 years, is a
serious social issue that many countries are facing,'® ' few studies on the association of AF and
alcohol have been conducted in this population. Even among studies that have explored AF in this
population, the age criteria for younger age were under 65 years,'® 60 years,?° and 45 years.?'
Furthermore, the proportion of participants between 18 and 29 years was small.

Heavy drinking is a modifiable factor associated with risk for AF, since it can be improved with
education and awareness. Using a nationwide population-based cohort, we investigated the
outcomes of a 4-year cumulative burden of alcohol consumption on the risk of incident AF in young
adults aged 20 to 39 years.

Methods

This cohort study was exempted from review and the need for informed consent by the Seoul
National University Hospital Institutional Review Board because anonymized and deidentified
information was used for this analysis. The analysis was conducted from May to June 2021. This study
followed Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Data Source

We used the Korean National Health Information Database (NHID), which holds all data from
inpatient and outpatient medical claims, including prescriptions, procedures and surgery records,
and information on insurance premium payment.2? The Korean National Health Insurance System
(NHIS) is compulsory for Korean citizens, with more than 51 million subscribers as of 2019.2 A
national health examination is conducted annually or biennially for citizens older than 20 years. In
addition to physical measurements and laboratory tests, a self-reported questionnaire is obtained.

Study Population

A flowchart of the enrollment is presented in Figure 1. Young adults aged between 20 and 39 years
who underwent 4 consecutive NHIS health examinations from 2009 to 2012 were included.
Participants with prevalent AF before the last (fourth) health examination and those with missing
values were excluded.

Definition of Cumulative Burden of Alcohol Consumption

The self-reported questionnaire and the calculation regarding the alcohol content in standard drinks
are presented in the eMethods in the Supplement. Briefly, the calculated alcohol content in 1
standard drink was 7.5 g.” We defined less than 105 g (7.5 g x 14 drinks), more than 210 g, and 105 g
to 210 g of weekly alcohol consumption as mild, heavy, and moderate drinking, respectively.
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To operationally define the cumulative burden of alcohol, we assigned 1 point to each year of
moderate to heavy drinking (>105 g per week). Therefore, participants were categorized into 5
groups according to their alcohol burden over 4 years (0, 1, 2, 3, and 4).

To evaluate the dose-response association between the amount of alcohol consumption and
risk of AF, a more stratified scoring for alcohol burden was conducted. The novel semiquantitative
cumulative alcohol consumption burden was calculated by assigning each 1, 2, and 3 points for mild,
moderate, and heavy drinking (mild drinking, <105 g per week, moderate, 105-210 g per week, and
heavy, =210 g per week). The participants were then categorized into 13 groups according to 4 years'
total points (0-12). For the detailed study design, refer to eFigure 1in the Supplement.

Covariates

Participants' age, sex, underlying comorbidities, body mass index (BMI), smoking status, physical
activity, and income level were included as covariates. All covariates were identified according to the
information collected during the index (fourth) health examination.

Comorbidities were identified using the operational definitions according to the International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) codes.
Detailed definitions are provided in eTable 1in the Supplement. We defined obesity as BMI greater
than 25; BMI is calculated as weight in kilograms divided by height in meters squared.?* Smoking
status and physical activity were assessed using a self-reported questionnaire, while regular physical
activity was defined as moderate intensity exercise more than 5 times or vigorous intensity more
than 3 times a week.?® Participants who paid the bottom 20% of health insurance premiums were
defined as the low-income group.

Figure 1. Flowchart of the Study
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Study Outcome and Follow-up

The primary end point of the study was the diagnosis of new-onset AF during the follow-up. We
ascertained AF using ICD-10 codes 1480 to 1484 and 1489 that were claimed at least once during
hospitalization or twice in outpatient visits.>? Recognizing AF by ICD-10 codes was validated in a
study by Lee et al,2® where the positive predictive value of defining AF by ICD-10 codes reached
94.1%. Participants were followed up from the index date (the last examination) to the date of
new-onset AF, death, or the end of the follow-up (December 31, 2018), whichever came first.

Statistical Analysis

Continuous variables are expressed as the mean and SD, while categorical variables are presented as
numbers (percentages). A 1-way analysis of variance and 2 tests were conducted to evaluate the
baseline differences among groups.

The crude incidence rate (IR) of new-onset AF was calculated as the number of events per 1000
person-years (PYs). The cumulative incidence of AF was analyzed using survival analysis and log-
rank test.

Using a multivariable Cox regression model, we analyzed the association between cumulative
alcohol burden and the risk of AF. A model adjustment was made for covariates of age, sex,
comorbidities, including hypertension, diabetes, dyslipidemia, heart failure, chronic obstructive
pulmonary disease, thyroid disease, peripheral artery disease, prior myocardial infarction, prior
ischemic stroke, sleep apnea, chronic kidney disease, BMI, smoking status, regular physical activity,
and low income. The risks for AF are presented as hazard ratios (HRs) and 95% Cls for different
cumulative alcohol burden groups. The level of significance was set at .05, and all analyses were
2-sided. We used SAS version 9.4 (SAS Institute) for statistical analyses. Analyses were conducted
from May to June 2021.

Subgroup Analyses

We performed subgroup analyses and interaction tests to evaluate the potential outcomes of age,
sex, comorbidities, BMI, smoking, physical activity, and low income. For subgroup analyses, we used
multivariable Cox proportional hazards regression models. The analyses were 2-sided, and a P value
of less than .10 was considered significant.

Sensitivity Analysis

To provide complementary analysis for healthy young adults, we conducted a sensitivity analysis for
those without prior heart failure, myocardial infarction, and ischemic stroke. Participants were
censored when these cardiovascular adverse events occurred. Apart from our newly defined
categorization, we have performed additional analysis classifying participants according to the
existing US drinking scale.

Results

A total of 1537 836 participants (mean [SD] age 29.5 [4.1] years, 1100 099 [71.5%] men) were
included in the final analysis (Figure 1). According to the 4-year cumulative burden of moderate to
heavy drinking, 889 382 participants (57.8%) were in the burden O group, 203 374 participants
(13.2%) in the burden 1 group, 148 087 participants (9.6%) in the burden 2 group, 144 023
participants (9.4%) in the burden 3 group, and 152 970 participants (9.9%) in the burden 4 group.
Baseline characteristics of the study population are presented in Table 1. The proportions of men and
current smokers were significantly higher in the groups with higher cumulative alcohol burden. The
prevalence of hypertension, dyslipidemia, and obesity tended to be higher in higher alcohol

burden groups.
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Four-Year Cumulative Alcohol Consumption Burden and the Risk of Incident AF
During a mean (SD) of 5.6 (1.2) years of follow-up duration (8 533 037 PYs), 3066 received a

diagnosis of new-onset AF (IR, 0.36 per 1000 PY). The number of events, crude IR, unadjusted HRs,
and curves for the incidence probability of AF according to cumulative alcohol burden are presented

Table 1. Baseline Characteristics of the Study Population

No. (%)
Total 4-y Cumulative burden of moderate to heavy drinking
Characteristic (N=1537836) 0(n=889382) 1(n=203374) 2 (n=148087) 3(n=144023) 4 (n=152970) P value
Age,y
Mean (SD) 29.54 (4.07) 29.44 (4.15) 29.26 (4.09) 29.51(3.99) 29.85 (3.89) 30.23(3.75) <.001
20-29 758589 (49.33) 443576 (49.87) 106 440 (52.34) 74367 (50.22) 67863 (47.12) 66343 (43.37)
30-39 779247 (50.67) 445806 (50.13) 96 934 (47.66) 73720 (49.78) 76160 (52.88) 86627 (56.63) <001
Sex
Male 1100099 (71.54) 529317 (59.52) 164050 (80.66) 129024 (87.13) 131883 (91.57) 145825 (95.33)
Female 437737 (28.46) 360065 (40.48) 39324 (19.34) 19063 (12.87) 12 140 (8.43) 7145 (4.67) <001
Smoking
Never 737 186 (47.94) 562281 (63.22) 80389 (39.53) 42648 (28.80) 30600 (21.25) 21268 (13.90)
Former 226450 (14.73) 103265 (11.61) 36130(17.77) 28770 (19.43) 28316 (19.66) 29969 (19.59) <.001
Current 574200 (37.34) 223836 (25.17) 86855 (42.71) 76669 (51.77) 85107 (59.09) 101733 (66.51)
Underlying comorbidities
Hypertension 117935 (7.67) 47930 (5.39) 16264 (8) 14541 (9.82) 17323 (12.03) 21877 (14.3) <.001
Dyslipidemia 139895 (9.1) 69112 (7.77) 19212 (9.45) 15723 (10.62) 16650 (11.56) 19198 (12.55) <.001
Chronic obstructive 42780(2.78) 26436 (2.97) 5338 (2.62) 3823 (2.58) 3575 (2.48) 3608 (2.36) <.001
pulmonary disease
Sleep apnea 2021 (0.13) 921 (0.1) 332(0.16) 258(0.17) 242 (0.17) 268 (0.18) <.001
Thyroid disease 25048 (1.63) 18 344 (2.06) 2584 (1.27) 1576 (1.06) 1334 (0.93) 1210 (0.79) <.001
Diabetes 33279 (2.16) 15906 (1.79) 4500 (2.21) 3990 (2.69) 4125 (2.86) 4758 (3.11) <.001
Prior myocardial 946 (0.06) 498 (0.06) 149 (0.07) 133 (0.09) 95 (0.07) 71(0.05) <.001
infarction
Heart failure 1047 (0.07) 592 (0.07) 159 (0.08) 90 (0.06) 101 (0.07) 105 (0.07) .33
g_eripheralarterial 11093 (0.72) 6633 (0.75) 1456 (0.72) 999 (0.67) 980 (0.68) 1025 (0.67) <.001
isease
Chronic kidney disease 5404 (0.35) 3738 (0.42) 624 (0.31) 390 (0.26) 315(0.22) 337(0.22) <.001
Prior stroke 929 (0.06) 540 (0.06) 129 (0.06) 107 (0.07) 85 (0.06) 68 (0.04) .036
Regular exercise 272060 (17.69) 150289 (16.9) 38075 (18.72) 28428(19.2) 27216 (18.9) 28052 (18.34) <.001
Body mass index?®
Mean (SD) 23.62 (4.04) 23.05 (3.66) 23.98(3.59) 24.33(3.56) 24.61 (3.52) 24.85 (6.34) <.001
Obesity (BMI 225) 499 408 (32.47) 237 406 (26.69) 72334 (35.57) 58434 (39.46) 61442 (42.66) 69792 (45.62) <.001
Low income 49467 (3.22) 36257 (4.08) 4953 (2.44) 3116 (2.1) 2637 (1.83) 2504 (1.64) <.001
Glomerular filtration rate, ~ 102.11 (70.67) 102.06 (65.4) 102.33 (76.49) 101.97 (75.24) 102.38(79.77) 101.95 (78.06) .22
mean (SD),
mL/min/1.73m?
Blood pressure,
mean (SD), mm Hg
Systolic 119.08 (12.8) 116.75 (12.43) 120.18 (12.48) 121.75(12.42) 123.23 (12.51) 124.63 (12.55) <.001
Diastolic 74.93(9.22) 73.39(8.92) 75.56 (9) 76.66 (9.06) 77.68 (9.15) 78.75(9.26) <.001
Glucose, mean (SD), mg/dL  92.16 (16.33) 90.91 (15.32) 92.58 (16.48) 93.63(17.8) 94.4(17.61) 95.39 (18.16) <.001
Total cholesterol, 189.62 (34.91) 186.91 (34.2) 190.65 (34.77) 192.71 (36.04) 194.46 (35.82) 196.42 (35.51) <.001
mean (SD), mg/dL
High-density lipoprotein, 56.07 (19.12) 56.34(18.52) 55.51(18.54) 55.38(17.41) 55.7 (17.9) 56.25 (25.01) <.001
mean (SD), mg/dL
Low-density lipoprotein, 109.36 (40.59) 109.04 (37.22) 110.17 (44.87) 110.22 (42.54) 109.77 (45.13) 108.92 (46.49) <.001
mean (SD), mg/dL
Follow-up duration, 5.55(1.17) 5.53(1.18) 5.53(1.18) 5.57(1.16) 5.6 (1.15) 5.6 (1.15) <.001
mean (SD), y

Sl conversion factors: To convert glucose to millimoles per liter, multiply by 0.0555. To
convert high-density lipoprotein, low-density lipoprotein, and total cholesterol to

millimoles per liter, multiply by 0.0259.

2 Body mass index is calculated as weight in kilograms divided by height in

meters squared.
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in Table 2 and Figure 2. Generally, participants with a higher cumulative burden of alcohol during the
4-year period showed a higher IR for AF than those with no burden. Adjusted HRs are presented in
Table 2 and Figure 3A. Participants with burdens 1, 3, and 4 were associated with a 14%, 16%, and
25% increased risk of AF compared with the O group, respectively (Table 2 and Figure 3A). A cubic
spline curve showing the association between the total amount of alcohol consumed per week at the
4 time points when the questionnaires were filled out and the incidence of AF is presented in

eFigure 2 in the Supplement. Alcohol consumption between 700 g and 4200 g, which is
approximately 90 to 560 standard drinks according to our categorization, and 50 to 300 standard
drinks according to US standards, was associated with an increased risk of atrial fibrillation. The
hazard ratio was not significant when the alcohol consumption was greater than 4200 g, presumably
because the number of corresponding participants was too small.

Table 2. The Risk of AF According to the 4-Year Alcohol Burden and 4-Year Cumulative Amount of Alcohol Consumption

HR (95% CI)

Participants IR per 1000

Alcohol consumption Participants, No. with AF, No. person-years Crude Adjusted model®

Alcohol intake 2105 g/wk (moderate to heavy drinking)

at the index date
No 1157234 2104 0.33 1 [Reference] 1 [Reference]
Yes 380602 962 0.45 1.38(1.28-1.49) 1.13(1.05-1.23)
P value NA NA NA <.001 .002

The 4-y alcohol burden (1 point to each moderate to heavy

drinking [>105 g/wk] during 4 consecutive years)
0 889382 1512 0.31 1 [Reference] 1 [Reference]
1 203374 445 0.4 1.29(1.16-1.43) 1.14(1.03-1.27)
2 148087 313 0.38 1.24 (1.09-1.40) 1.04 (0.91-1.17)
3 144023 361 0.45 1.45(1.30-1.63) 1.16 (1.03-1.31)
4 152970 435 0.51 1.65(1.48-1.83) 1.25(1.12-1.40)
P value NA NA NA <.001 <.001

Amount of alcohol consumption at the index date
0 485221 838 0.31 1 [Reference] 1 [Reference]
1 (<105 g/wk) 672013 1266 0.34 1.10 (1.00-1.20) 0.97 (0.88-1.06)
2 (105-210 g/wk) 237069 557 0.42 1.35(1.21-1.50) 1.04 (0.93-1.16)
3 (2210 g/wk) 143533 405 0.51 1.63 (1.45-1.84) 1.22 (1.08-1.38)
P value NA NA NA <.001 <.001

The 4-y cumulative amount of alcohol consumption
0 246284 424 0.31 1 [Reference] 1 [Reference]
1 132566 204 0.28 0.90 (0.76-1.06) 0.90 (0.76-1.07)
2 133208 225 0.31 0.99 (0.84-1.16) 0.97 (0.82-1.14)
3 173593 294 0.31 0.99 (0.85-1.15) 0.92 (0.80-1.07)
4 272954 509 0.34 1.10(0.97-1.25) 0.96 (0.84-1.09)
5 135620 305 0.41 1.32(1.14-1.53) 1.08 (0.93-1.26)
6 107017 235 0.40 1.28 (1.09-1.50) 1.02 (0.86-1.20)
7 89303 195 0.39 1.27 (1.07-1.50) 0.98 (0.82-1.16)
8 77 356 191 0.44 1.42(1.20-1.69) 1.07 (0.90-1.28)
9 60 686 163 0.48 1.55(1.30-1.86) 1.16 (0.96-1.40)
10 45606 109 0.43 1.39(1.12-1.71) 1.02 (0.83-1.27)
11 34096 106 0.56 1.80(1.46-2.23) 1.31(1.05-1.63)
12 29547 106 0.64 2.08(1.68-2.57) 1.47 (1.18-1.83)
P value NA NA NA <.001 .002

Abbreviations: AF, atrial fibrillation; IR, incidence ratio; HR, hazard ratio; NA, not

applicable.

@ The adjusted model was adjusted for age, sex, diabetes, hypertension, dyslipidemia,

chronic obstructive pulmonary disease, sleep apnea, thyroid disease, myocardial

infarction, heart failure, peripheral artery disease, chronic kidney disease, prior stroke,

body mass index, smoking, performing regular exercise, and low income.
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Figure 2. Cumulative Incidence Curves of Atrial Fibrillation (AF) According to 4-Year Alcohol Burden
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=210 g per week), groups with more than 10 points associate with higher incidence rate

for AF.

On the left, when participants are divided into 5 groups according to their 4-year alcohol
aHR indicates adjusted hazard ratio; IR, incidence rate; PY, person-year.

burden (alcohol burden defined as >105 g/wk), higher burden groups show a higher
incidence rate for AF than burden O group. On the right, when participants are divided
into 13 groups according to their 4-year cumulative amount of alcohol consumption,

calculated by assigning 1, 2, and 3 points for mild, moderate, and heavy drinking,
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Semiquantitative Cumulative Alcohol Consumption Burdens and the Risk

of Incident AF

Calculating the semiquantitative cumulative alcohol consumption burden, participants who
sustained heavy drinking over 4 years (burden 12) had a higher risk of incident AF by 47% than those
who sustained nondrinking (burden O) (Table 2 and Figure 3B). Participants with burden 11, who
mostly continued heavy drinking but reported moderate drinking for a year, were associated with a
31% higher AF risk than burden O group (Table 2 and Figure 3B).

Subgroup Analyses

The results of subgroup analyses according to participants' age, sex, comorbidities including
hypertension, diabetes, dyslipidemia, heart failure, chronic obstructive pulmonary disease, thyroid
disease, peripheral arterial disease, myocardial infarction, ischemic stroke, sleep apnea, chronic
kidney disease, BMI less than 25, BMI 25 or greater, smoking, regular exercise, and low income are
presented in eTable 2 in the Supplement. There were no significant interactions between various
subgroups and the associations between cumulative alcohol consumption burden and the risk of AF,
except for the sex subgroup (P for interaction = .07). The main results were consistently observed
only in men.

Sensitivity Analysis

We analyzed the association between cumulative alcohol consumption burden and incident AF in
apparently healthy young adults without a history and new occurrence of heart failure, myocardial
infarction, or ischemic stroke during follow-up. The results were consistent with the main results. The
risk of AF was higher in the burden 1 (HR, 1.15; 95% Cl, 1.03-1.29), 3 (HR, 1.18; 95% Cl, 1.04-1.34), and
4 groups (HR, 1.22, HR, 1.08-1.38) than in the burden O group (eTable 3 in the Supplement). When
classification of participants’ drinking habit and cumulative alcohol consumption was done according
to the existing US drinking scale, heavy drinking in the index year and more than moderate drinking
for 3 or more years out of the screened 4 years was associated with increased risk of atrial fibrillation
in men. However, the association was not clear in women (eTable 4 in the Supplement).

Discussion

This cohort study investigated the association of cumulative alcohol consumption burden on the risk
of incident AF in young adults. The principal findings of this study were: (1) the risk of AF was higher
by 25% in participants who maintained moderate to heavy drinking for 4 years compared with those
who sustained no-to-mild drinking; (2) persistent heavy drinking across 4 years was associated with
a higher risk of AF by 47% compared with persistent nondrinking; and (3) a positive correlation
between high cumulative alcohol consumption and higher risk of AF was consistently observed in
apparently healthy young adults. These findings do not come as a surprise, since no clear interaction
between alcohol and age has been reported from previous studies.

The prevalence and incidence of AF worldwide are increasing, as are the related health care
costs.?”2° The most likely reason for the increasing prevalence of AF is the growing aging population,
since age is a critical risk factor for AF and AF-related complications.*3°-32 AF is also associated with
various cardiovascular risk factors and comorbidities, and multimorbidity is common among patients
with AF, contributing to complications such as stroke and heart failure.33-3

Drinking is one of the risk factors of AF even among young people.®® Several mechanisms by
which alcohol triggers AF include stimulation of the sympathetic nervous system that promotes
adrenaline secretion, parasympathetic modulation of autonomic tone, and slowing of interatrial
electrical conduction concomitant with a shorter atrial refractory period resulting in reentry.'
Structural changes in atria such as left atrial enlargement" and atrial tissue fibrosis'> have also been
proposed as possible pathophysiology. Although some studies®-®3637 have already revealed the
association of excessive drinking with increased risk of AF, a few studies®®° have recently paid
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attention to the threshold amount of drinking or drinking habits associated with the risk of AF. On the
other hand, although some studies*°#! reported cardiovascular-protective association of mild or
moderate drinking, each of these studies used different criteria to define the amount of drinking.
Therefore, there has been no consensus on how much alcohol should be considered low- or high-risk
drinking.*? We further consolidated these associations between alcohol intake and AF risk. The
strength of this study lies in the study design, in which we enrolled a large number of young adults
who had undergone 4 yearly health checkups. In light of the vast amount of data, we could evaluate
the participants’ cumulative burden of moderate to heavy drinking over 4 years. Compared with
previous studies with only cross-sectional estimation of the participants’ alcohol consumption status,
our study could evaluate the participants longitudinally.

Another major novelty of our study is the application of 2 different concepts of cumulative
alcohol burden. Analyzing the association between alcohol burdens that were defined by the 2
different methods and risk of AF, we confirmed that both persistent moderate to heavy drinking for
4 years and semiquantitative cumulative alcohol consumption burden higher than 10 points was
significantly associated with a higher risk of AF. Participants in these groups (11 and 12 points)
consumed over 2.5 points of alcohol per year on average, where 2.5 points of alcohol consumption
indicated more than moderate (105-210 g) but less than heavy drinking (=210 g). Alcohol intake in
this range might represent a new threshold for average alcohol content over a 4-year period that
increases AF risk and could be used as a reference in subsequent longitudinal studies.

Alcohol consumption among younger people is a global problem that has drawn increasing
attention. According to a World Health Organization report,'” 13.5% of the total deaths among those
20 to 39 years old are related to alcohol consumption. Young adults (20-24 years) account for 48.5%
of heavy episodic drinkers among all drinkers.'® To the best of our knowledge, the present study
included the largest number of young adults as participants, especially those between 20 and 39
years of age. Given that AF induces fatal complications, including stroke,*® the prognosis is worse
when AF is diagnosed at an early age.3 As the risk of AF and stroke is lowered by alcohol abstinence
4445 young adults should be educated about the risk of AF and its
association with drinking. Lee et al** reported that alcohol abstinence in patients with AF reduced

under various circumstances,

the risk of ischemic stroke, and a study of alcohol abstinence by Voskoboinik et al*> demonstrated a
reduction in the recurrence and total disease burden in patients with AF. Choi et al*® found that the
risk of AF was reduced with alcohol abstinence in patients who received a new diagnosis of diabetes.
Addressing excessive alcohol consumption is part of an integrated care approach to AF care,*” and

is associated with improved clinical outcomes.*84°

Limitations

This study has limitations. First, because diagnostic codes of NHID are claimed by health care
practitioners for medical billing and reimbursement and not for research, a disparity between the
diagnostic code and actual diagnosis may exist because of contamination or coding inaccuracy. There
is also the possibility of overestimation or underestimation of diagnoses, since the analyses are based
on novel operational definitions.®-? Second, this study was conducted only on an Asian population,
so caution is required when applying the study results to other ethnicities. Third, alcohol
consumption itself could be a factor associated with risk for other AF risk factors. The baseline
characteristics of the participants in the moderate to heavy drinking burden group confirmed that
there were more comorbidities such as hypertension, diabetes, and dyslipidemia among these
people. Participants’ BMIs were also higher in the higher-burden groups. Although we went through
adjustments to correct the influence of different comorbidities and body measurements, the severity
of comorbidity or comorbidities' management level might not have been reflected in the correction.
Fourth, alcohol intake was surveyed using a self-reported questionnaire, in which a recall bias may
have occurred. Nevertheless, this method has already been adopted by numerous studies in which
meaningful research results were obtained.”3”3944 Fifth, the proportion of drinkers, particularly of
moderate to heavy drinkers, was fundamentally too small in women. Therefore, it is not possible to
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conclusively state the association between alcohol consumption and AF in young women according
to the results of this cohort alone. Sixth, the participants for annual health examination in Korea are
employer-provided policyholders (workers and employers of all workplaces and public officials and
school employees). Additionally, those who did not miss out on health checkups 4 times in a row are
more likely to be interested in their health. Therefore, it is a limitation of our study that there may be
a selection bias in the study population and might not represent the entire young population.
Additionally, our analysis did not consider a change in drinking habits. Therefore, it cannot be
concluded from the results of our study alone that drinking cessation reduces the risk of AF. People
who drink heavily for 4 consecutive years are probably more likely to drink heavily during rest of their
lives, and prolonged exposure to large amounts of alcohol during young ages might lead to left atrial
remodeling, a well-known mechanism by which alcohol triggers atrial fibrillation. Further research is
required to answer these issues that were not explainable solely by our results.

Conclusions

Persistent moderate to heavy drinking and a higher cumulative alcohol consumption burden might
increase the risk of AF, even in young adults. Young adults with heavy drinking habits should be
educated about the hazardousness of AF and its association with heavy drinking.

ARTICLE INFORMATION
Accepted for Publication: July 10, 2022.

Published: September 2, 2022. doi:10.1001/jamanetworkopen.2022.29799

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Han M et al.
JAMA Network Open.

Corresponding Author: Eue-Keun Choi, MD, PhD, Department of Internal Medicine, Seoul National University
College of Medicine, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Republic of
Korea (choiekl7@snu.ac.kr).

Author Affiliations: Department of Internal Medicine, Seoul National University Hospital, Seoul, Republic of Korea
(M. Han, S.-R. Lee, E.-K. Choi, J. Choi, Chung, Park, H. Lee, Ahn, Kwon, Oh, Lip); Department of Internal Medicine,
Seoul National University College of Medicine, Seoul, Republic of Korea (E.-K. Choi, Oh, Lip); Department of
Medical Statistics, College of Medicine, Catholic University of Korea, Seoul, Republic of Korea (S.-W. Lee); Statistics
and Actuarial Science, Soongsil University, Seoul, Republic of Korea (K.-D. Han); Liverpool Centre for
Cardiovascular Science, University of Liverpool and Liverpool Heart and Chest Hospital, Liverpool, United Kingdom
(Lip); Department of Clinical Medicine, Aalborg University, Aalborg, Denmark (Lip).

Author Contributions: Dr Choi had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Dr M. Han and Professor S.-R. Lee contributed equally.

Concept and design: M. Han, S.-R. Lee, E.-K. Choi, J. Choi, Park, H. Lee, Ahn, Kwon, K.-D. Han, Oh, Lip.

Acquisition, analysis, or interpretation of data: M. Han, S.-R. Lee, E.-K. Choi, Chung, Kwon, S.-W. Lee, K.-D. Han,
Oh, Lip.

Drafting of the manuscript: M. Han, S.-R. Lee, E.-K. Choi, H. Lee.

Critical revision of the manuscript for important intellectual content: M. Han, S.-R. Lee, E.-K. Choi, J. Choi, Chung,
Park, Ahn, Kwon, S.-W. Lee, K.-D. Han, Oh, Lip.

Statistical analysis: M. Han, Chung, Ahn, Kwon, S.-W. Lee, K.-D. Han.
Obtained funding: E.-K. Choi.

Administrative, technical, or material support: E.-K. Choi, Kwon.
Supervision: S.-R. Lee, E.-K. Choi, J. Choi, Oh, Lip.

Conflict of Interest Disclosures: Dr E. Choi reported receiving grants from Bayer, BMS/Pfizer, Biosense Webster,
Chong Kun Dang, Daewoong Pharmaceutical Co, Daiichi-Sankyo, DeepQure, Dreamtech Co, EIL Pharmaceutical
Co, Medtronic, Sanofi-Aventis, Samjinpharm, Seers Technology, and Skylabs outside the submitted work. Dr Chung
reported receiving grants from the Korean government during the conduct of the study. Dr Lip reported receiving

[5 JAMA Network Open. 2022;5(9):€2229799. doi:10.1001/jamanetworkopen.2022.29799 September 2,2022 10/13

Downloaded From: https://jamanetwor k.com/ by a Aalborg University Library User on 09/13/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.29799&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.29799
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.29799
mailto:choiek17@snu.ac.kr

JAMA Network Open | Cardiology Habitual Alcohol Intake and Risk of Atrial Fibrillation in Young Adults in Korea

consultant and speaker fees from BMS/Pfizer, Boehringer Ingelheim, and Daiichi-Sankyo. No other disclosures
were reported.

Funding/Support: This work was supported in part by the Korea Medical Device Development Fund grant funded
by the Korean government (the Ministry of Science and ICT, the Ministry of Trade, Industry and Energy, the
Ministry of Health and Welfare, the Ministry of Food and Drug Safety) (Project Nos.: HI20C1662, 1711138358,
KMDF_PR_20200901_0173), and by the Korea National Research Foundation funded by the Ministry of Education,
Science and Technology (grant 2020R1F1A106740).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES
1. Gourraud JB, Khairy P, Abadir S, et al. Atrial fibrillation in young patients. Expert Rev Cardiovasc Ther. 2018;16
(7):489-500. doi:10.1080/14779072.2018.14906 44

2. Maaijwee NA, Rutten-Jacobs LC, Schaapsmeerders P, van Dijk EJ, de Leeuw FE. Ischaemic stroke in young
adults: risk factors and long-term consequences. Nat Rev Neurol. 2014;10(6):315-325. doi:10.1038/nrneurol.
2014.72

3. Lee E, Choi EK, Han KD, et al. Mortality and causes of death in patients with atrial fibrillation: a nationwide
population-based study. PLoS One. 2018;13(12):e0209687. doi:10.1371/journal.pone.0209687

4. Aggarwal N, Selvendran S, Raphael CE, Vassiliou V. Atrial fibrillation in the young: a neurologist’s nightmare.
Neurol Res Int. 2015;2015:374352. doi:10.1155/2015/374352

5. Vizzardi E, Curnis A, Latini MG, et al. Risk factors for atrial fibrillation recurrence: a literature review. J Cardiovasc
Med (Hagerstown). 2014;15(3):235-253. doi:10.2459/JCM.0b013e328358554b

6. Larsson SC, Drca N, Wolk A. Alcohol consumption and risk of atrial fibrillation: a prospective study and dose-
response meta-analysis. J Am Coll Cardiol. 2014;64(3):281-289. doi:10.1016/j.jacc.2014.03.048

7. Kim YG, Han KD, Choi JI, et al. Frequent drinking is a more important risk factor for new-onset atrial fibrillation
than binge drinking: a nationwide population-based study. Europace. 2020;22(2):216-224. doi:10.1093/europace/
euz256

8. Kim YG, Han KD, Choi JI, et al. Non-genetic risk factors for atrial fibrillation are equally important in both young
and old age: a nationwide population-based study. Eur J Prev Cardiol. 2021;28(6):666-676. doi:10.1177/
2047487320915664

9. Brunner S, Herbel R, Drobesch C, et al. Alcohol consumption, sinus tachycardia, and cardiac arrhythmias at the
Munich Octoberfest: results from the Munich Beer Related Electrocardiogram Workup Study (MunichBREW). Eur
Heart J. 2017;38(27):2100-2106. doi:10.1093/eurheartj/ehx156

10. Gongalves A, Claggett B, Jhund PS, et al. Alcohol consumption and risk of heart failure: the Atherosclerosis Risk
in Communities Study. Eur Heart J. 2015;36(15):939-945. doi:10.1093/eurheartj/ehu514

11. McManus DD, Yin X, Gladstone R, et al. Alcohol consumption, left atrial diameter, and atrial fibrillation. J Am
Heart Assoc. 2016;5(9):e004060. doi:10.1161/JAHA.116.004060

12. Bébarova M, Horakovd Z, Kula R. Addictive drugs, arrhythmias, and cardiac inward rectifiers. Europace. 2017;
19(3):346-355. doi:10.1093/europace/euw071

13. Voskoboinik A, Prabhu S, Ling LH, Kalman JM, Kistler PM. Alcohol and atrial fibrillation: a sobering review. J Am
Coll Cardiol. 2016;68(23):2567-2576. doi:10.1016/j.jacc.2016.08.074

14. Mukamal KJ, Psaty BM, Rautaharju PM, et al. Alcohol consumption and risk and prognosis of atrial fibrillation
among older adults: the Cardiovascular Health Study. Am Heart J. 2007;153(2):260-266. doi:10.1016/j.ahj.
2006.10.039

15. Bell S, Daskalopoulou M, Rapsomaniki E, et al. Association between clinically recorded alcohol consumption
and initial presentation of 12 cardiovascular diseases: population based cohort study using linked health records.
BMJ. 2017;356:j909. doi:10.1136/bm;j.j909

16. Kuntsche E, Rehm J, Gmel G. Characteristics of binge drinkers in Europe. Soc Sci Med. 2004;59(1):113-127. doi:
10.1016/j.socscimed.2003.10.009

17. World Health Organization. Alcohol. May 9, 2022. Accessed August 20, 2021. https://www.who.int/news-room/
fact-sheets/detail/alcohol

18. Poznyak V, Rekve D. Global status report on alcohol and health 2018. 2018. Accessed August 20, 2021. https://
apps.who.int/iris/bitstream/handle/10665/274603/9789241565639-eng.pdf

[5 JAMA Network Open. 2022;5(9):€2229799. doi:10.1001/jamanetworkopen.2022.29799 September 2,2022 1/13

Downloaded From: https://jamanetwor k.com/ by a Aalborg University Library User on 09/13/2022


https://dx.doi.org/10.1080/14779072.2018.1490644
https://dx.doi.org/10.1038/nrneurol.2014.72
https://dx.doi.org/10.1038/nrneurol.2014.72
https://dx.doi.org/10.1371/journal.pone.0209687
https://dx.doi.org/10.1155/2015/374352
https://dx.doi.org/10.2459/JCM.0b013e328358554b
https://dx.doi.org/10.1016/j.jacc.2014.03.048
https://dx.doi.org/10.1093/europace/euz256
https://dx.doi.org/10.1093/europace/euz256
https://dx.doi.org/10.1177/2047487320915664
https://dx.doi.org/10.1177/2047487320915664
https://dx.doi.org/10.1093/eurheartj/ehx156
https://dx.doi.org/10.1093/eurheartj/ehu514
https://dx.doi.org/10.1161/JAHA.116.004060
https://dx.doi.org/10.1093/europace/euw071
https://dx.doi.org/10.1016/j.jacc.2016.08.074
https://dx.doi.org/10.1016/j.ahj.2006.10.039
https://dx.doi.org/10.1016/j.ahj.2006.10.039
https://dx.doi.org/10.1136/bmj.j909
https://dx.doi.org/10.1016/j.socscimed.2003.10.009
https://www.who.int/news-room/fact-sheets/detail/alcohol
https://www.who.int/news-room/fact-sheets/detail/alcohol
https://apps.who.int/iris/bitstream/handle/10665/274603/9789241565639-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/274603/9789241565639-eng.pdf

JAMA Network Open | Cardiology Habitual Alcohol Intake and Risk of Atrial Fibrillation in Young Adults in Korea

19. Sankaranarayanan R, Kirkwood G, Dibb K, Garratt CJ. Comparison of atrial fibrillation in the young versus that
in the elderly: a review. Cardiol Res Pract. 2013;2013:976976. doi:10.1155/2013/976976

20. De With RR, Marcos EG, Van Gelder IC, Rienstra M. Atrial fibrillation progression and outcome in patients with
young-onset atrial fibrillation. Europace. 2018;20(11):1750-1757. doi:10.1093/europace/euy028

21. Segev A, Maor E, Goldenfeld M, et al. Atrial fibrillation in the young: clinical characteristics, predictors of new
onset and outcomes. EP Europace. 2021;23(suppl 3). doi:10.1093/europace/euab116.149

22. Choi EK. Cardiovascular research using the Korean National Health Information Database. Korean Circ J.
2020;50(9):754-772. doi:10.4070/kcj.2020.0171

23. 2019 National Health Insurance Statistical Yearbook. 2020. Accessed August 20, 2021. https://www.hira.or.kr/
bbsDummy.do?pgmid=HIRAJO30000007000&brdScnBItNo=4&brdBItNo=3&pagelndex=1

24. Consultation WHOE; WHO Expert Consultation. Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet. 2004;363(9403):157-163. doi:10.1016/S0140-6736
(03)15268-3

25. Kim MK, Han K, Park YM, et al. Associations of variability in blood pressure, glucose and cholesterol
concentrations, and body mass index with mortality and cardiovascular outcomes in the general population.
Circulation. 2018;138(23):2627-2637. doi:10.1161/CIRCULATIONAHA.118.034978

26. LeeSS, Ae Kong K, Kim D, et al. Clinical implication of an impaired fasting glucose and prehypertension related
to new onset atrial fibrillation in a healthy Asian population without underlying disease: a nationwide cohort study
in Korea. Eur Heart J. 2017;38(34):2599-2607. doi:10.1093/eurheartj/ehx316

27. Kim MH, Johnston SS, Chu BC, Dalal MR, Schulman KL. Estimation of total incremental health care costs in
patients with atrial fibrillation in the United States. Circ Cardiovasc Qual Outcomes. 2011;4(3):313-320. doi:10.1161/
CIRCOUTCOMES.110.958165

28. Lee SR, Choi EK, Han KD, Cha MJ, Oh S. Trends in the incidence and prevalence of atrial fibrillation and
estimated thromboembolic risk using the CHA,DS,-VASc score in the entire Korean population. Int J Cardiol. 2017;
236:226-231. doi:10.1016/j.ijcard.2017.02.039

29. Burdett P, Lip GYH. Atrial fibrillation in the UK: predicting costs of an emerging epidemic recognizing and
forecasting the cost drivers of atrial fibrillation-related costs. Eur Heart J Qual Care Clin Outcomes. 2020;8(2):
187-194. doi:10.1093/ehjgcco/qcaa093

30. Staerk L, Wang B, Preis SR, et al. Lifetime risk of atrial fibrillation according to optimal, borderline, or elevated
levels of risk factors: cohort study based on longitudinal data from the Framingham Heart Study. BMJ. 2018;
361:k1453. doi:10.1136/bmj.k1453

31. Rutten-Jacobs LC, Arntz RM, Maaijwee NA, et al. Cardiovascular disease is the main cause of long-term excess
mortality after ischemic stroke in young adults. Hypertension. 2015;65(3):670-675. doi:10.1161/
HYPERTENSIONAHA.114.04895

32. Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE. The natural history of atrial fibrillation: incidence,
risk factors, and prognosis in the Manitoba Follow-Up Study. Am J Med. 1995;98(5):476-484. doi:10.1016/S0002-
9343(99)80348-9

33. Lip GYH, Tran G, Genaidy A, Marroquin P, Estes C. Revisiting the dynamic risk profile of cardiovascular/non-
cardiovascular multimorbidity in incident atrial fibrillation patients and five cardiovascular/non-cardiovascular
outcomes: a machine-learning approach. J Arrhythm. 2021;37(4):931-941. doi:10.1002/joa3.12555

34. Lip GYH, Genaidy A, Tran G, Marroquin P, Estes C, Sloop S. Improving stroke risk prediction in the general
population: a comparative assessment of common clinical rules, a new multimorbid index, and machine-learning-
based algorithms. Thromb Haemost. 2022;122(1):142-150. doi:10.1055/a-1467-2993

35. Lip GYH, Tran G, Genaidy A, Marroquin P, Estes C, Landsheftl J. Improving dynamic stroke risk prediction in
non-anticoagulated patients with and without atrial fibrillation: comparing common clinical risk scores and
machine learning algorithms. Eur Heart J Qual Care Clin Outcomes. 2021;qcab037. doi:10.1093/ehjgcco/qcab037

36. Marcus GM, Smith LM, Whiteman D, et al. Alcohol intake is significantly associated with atrial flutter in patients
under 60 years of age and a shorter right atrial effective refractory period. Pacing Clin Electrophysiol. 2008;31(3):
266-272. doi:10.1111/j.1540-8159.2008.00985.x

37. Mukamal KJ, Tolstrup JS, Friberg J, Jensen G, Grgnbaek M. Alcohol consumption and risk of atrial fibrillation in
men and women: the Copenhagen City Heart Study. Circulation. 2005;112(12):1736-1742. doi:10.1161/
CIRCULATIONAHA105.547844

38. Zhang HZ, Shao B, Wang QY, et al. Alcohol consumption and risk of atrial fibrillation: a dose-response meta-
analysis of prospective studies. Front Cardiovasc Med. 2022;9:802163. doi:10.3389/fcvm.2022.802163

[5 JAMA Network Open. 2022;5(9):e2229799. doi:10.1001/jamanetworkopen.2022.29799

Downloaded From: https://jamanetwor k.com/ by a Aalborg University Library User on 09/13/2022

September 2, 2022

12/13


https://dx.doi.org/10.1155/2013/976976
https://dx.doi.org/10.1093/europace/euy028
https://dx.doi.org/10.1093/europace/euab116.149
https://dx.doi.org/10.4070/kcj.2020.0171
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAJ030000007000&brdScnBltNo=4&brdBltNo=3&pageIndex=1
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAJ030000007000&brdScnBltNo=4&brdBltNo=3&pageIndex=1
https://dx.doi.org/10.1016/S0140-6736(03)15268-3
https://dx.doi.org/10.1016/S0140-6736(03)15268-3
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.034978
https://dx.doi.org/10.1093/eurheartj/ehx316
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.958165
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.958165
https://dx.doi.org/10.1016/j.ijcard.2017.02.039
https://dx.doi.org/10.1093/ehjqcco/qcaa093
https://dx.doi.org/10.1136/bmj.k1453
https://dx.doi.org/10.1161/HYPERTENSIONAHA.114.04895
https://dx.doi.org/10.1161/HYPERTENSIONAHA.114.04895
https://dx.doi.org/10.1016/S0002-9343(99)80348-9
https://dx.doi.org/10.1016/S0002-9343(99)80348-9
https://dx.doi.org/10.1002/joa3.12555
https://dx.doi.org/10.1055/a-1467-2993
https://dx.doi.org/10.1093/ehjqcco/qcab037
https://dx.doi.org/10.1111/j.1540-8159.2008.00985.x
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.547844
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.547844
https://dx.doi.org/10.3389/fcvm.2022.802163

JAMA Network Open | Cardiology Habitual Alcohol Intake and Risk of Atrial Fibrillation in Young Adults in Korea

39. Csengeri D, Spriinker NA, Di Castelnuovo A, et al. Alcohol consumption, cardiac biomarkers, and risk of atrial
fibrillation and adverse outcomes. Eur Heart J. 2021;42(12):1170-1177. doi:10.1093/eurheartj/ehaa953

40. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of alcohol consumption with selected
cardiovascular disease outcomes: a systematic review and meta-analysis. BMJ. 2011;342:d671. doi:10.1136/
bm;.d671

41. Wood AM, Kaptoge S, Paige E, Di Angelantonio E, Danesh J. Risk thresholds for alcohol consumption - authors’
reply. Lancet. 2018;392(10160):2167-2168. doi:10.1016/S0140-6736(18)32181-0

42. Roerecke M, Rehm J. The cardioprotective association of average alcohol consumption and ischaemic heart
disease: a systematic review and meta-analysis. Addiction. 2012;107(7):1246-1260. doi:10.1111/.1360-0443.2012.
03780.x

43. ChughSS, Havmoeller R, Narayanan K, et al. Worldwide epidemiology of atrial fibrillation: a Global Burden of
Disease 2010 Study. Circulation. 2014;129(8):837-847. doi:10.1161/CIRCULATIONAHA.113.005119

44. Lee SR, Choi EK, Jung JH, Han KD, Oh'S, Lip GYH. Lower risk of stroke after alcohol abstinence in patients with
incident atrial fibrillation: a nationwide population-based cohort study. Eur Heart J. 2021;42(46):4759-4768. doi:
10.1093/eurheartj/ehab315

45. Voskoboinik A, Kalman JM, De Silva A, et al. Alcohol abstinence in drinkers with atrial fibrillation. N Engl J Med.
2020;382(1):20-28. doi:10.1056/NEJMoal1817591

46. Choi YJ, Han KD, Choi EK, et al. Alcohol abstinence and the risk of atrial fibrillation in patients with newly
diagnosed type 2 diabetes mellitus: a nationwide population-based study. Diabetes Care. 2021;44(6):1393-1401.
doi:10.2337/dc20-2607

47. Lip GYH. The ABC pathway: an integrated approach to improve AF management. Nat Rev Cardiol. 2017;14(11):
627-628. doi:10.1038/nrcardio.2017.153

48. Romiti GF, Pastori D, Rivera-Caravaca JM, et al. Adherence to the ‘Atrial Fibrillation Better Care’ pathway in
patients with atrial fibrillation: impact on clinical outcomes-a systematic review and meta-analysis of 285,000
patients. Thromb Haemost. 2021;122(3):406-414. doi:10.1055/a-1515-9630

49. Yoon M, Yang PS, JangE, et al. Improved population-based clinical outcomes of patients with atrial fibrillation
by compliance with the Simple ABC (Atrial Fibrillation Better Care) pathway for integrated care management:
a nationwide cohort study. Thromb Haemost. 2019;119(10):1695-1703. doi:10.1055/s-0039-1693516

SUPPLEMENT.

eMethods

eTable 1. Diagnostic ICD-10 Codes Used for Defining Covariates

eTable 2. Subgroup Analyses

eTable 3. Sensitivity Analysis: The Risk of AF in Subjects Without Prior MI, HF or Stroke at the Index Date and
During the Follow-Up Period

eTable 4. Sensitivity Analysis: The Risk of Atrial Fibrillation According to the Baseline Drinking Habit and 4-Year
Cumulative Burden of Moderate-to-Heavy Drinking According to US Drinking Scale

eFigure 1. Study Design

eFigure 2. Cubic Spline Curve on the Association of the 4-Year Alcohol Consumption and the Incidence of Atrial
Fibrillation

[5 JAMA Network Open. 2022;5(9):€2229799. doi:10.1001/jamanetworkopen.2022.29799 September 2,2022 13/13

Downloaded From: https://jamanetwor k.com/ by a Aalborg University Library User on 09/13/2022


https://dx.doi.org/10.1093/eurheartj/ehaa953
https://dx.doi.org/10.1136/bmj.d671
https://dx.doi.org/10.1136/bmj.d671
https://dx.doi.org/10.1016/S0140-6736(18)32181-0
https://dx.doi.org/10.1111/j.1360-0443.2012.03780.x
https://dx.doi.org/10.1111/j.1360-0443.2012.03780.x
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.005119
https://dx.doi.org/10.1093/eurheartj/ehab315
https://dx.doi.org/10.1056/NEJMoa1817591
https://dx.doi.org/10.2337/dc20-2607
https://dx.doi.org/10.1038/nrcardio.2017.153
https://dx.doi.org/10.1055/a-1515-9630
https://dx.doi.org/10.1055/s-0039-1693516

