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ABSTRACT

Background: The relationship between self-reported and urinary cotinine-verified smoking 
status and atrial arrhythmia (AA) is unclear. The aim of this study was to evaluate the 
association of self-reported and urine cotinine-verified smoking status with AA.
Method: A total of 201,788 participants (106,375 men, mean age 37 years) who had both 
a urinary cotinine measurement and electrocardiogram were included. Cotinine-verified 
current smoking was defined as a urinary cotinine level above 50 ng/mL. Individuals were 
divided into three groups based on self-reported smoking and two groups based on cotinine-
verified smoking status.
Results: Among overall subjects, 505 had documented AA (0.3%) and 135 had atrial 
fibrillation (AF) (0.1%). Self-reported current smoking was associated with an increased 
risk of AA (odds ratio [OR], 1.42; 95% confidence interval [CI], 1.06–1.91; P = 0.019) and 
AF (OR, 2.20; 95% CI, 1.24–3.90; P = 0.007), whereas self-reported former smoking had no 
significant association with AA (OR, 1.30; 95% CI, 0.97–1.73; P = 0.078) and AF (OR, 1.74; 
95% CI, 1.00–3.04; P = 0.051). Cotinine-verified current smoking showed no significant 
association with AA (OR, 1.24; 95% CI, 0.98–1.58; P = 0.080) and AF (OR, 1.20; 95% CI, 
0.79–1.83; P = 0.391).
Conclusion: Self-reported current smoking was associated with AA and AF, while self-
reported former smoking and cotinine-verified current smoking showed no significant 
association with AA and AF.
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INTRODUCTION

Atrial arrhythmia (AA) is commonly seen in various clinical conditions. Although observational 
studies have found that traditional and non-traditional cardiovascular risk factors contribute 
to triggering AA,1,2 the mechanism causing AA is still unclear. Among risk factors, cigarette 
smoking may cause cardiac arrhythmias through the combined effects of nicotine, carbon 
monoxide, and pro-cyclic aromatic hydrocarbons.3,4 In particular, nicotine may increase 
susceptibility to catecholamine and consequently cause pro-arrhythmic atrial fibrosis.5
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Until now, there has been a paucity of studies related to smoking and AA, other than a study 
of the association between smoking and supraventricular tachyarrhythmia in myocardial 
infarction patients with implanted cardioverter defibrillators.5 Meanwhile, there have been 
several studies assessing the effects of cigarette smoking on atrial fibrillation (AF) that 
found conflicting results6-9 and were mostly based on self-reported questionnaires.5-8,10 
Previous studies have reported misclassification of smoking status between self-reported 
questionnaires and biomarker verification.11,12

Cotinine, the main metabolite of nicotine, is extensively used as a biomarker for assessing 
actual cigarette smoking status. Urinary cotinine concentration offers an easy-to-use 
screening method of exposure to cigarette smoking that is non-invasive. Furthermore, 
previous studies have reported that urinary cotinine level is highly correlated with plasma 
cotinine level.13,14

Therefore, this study evaluated the relationship between self-reported and urinary cotinine-
verified smoking status and AA in a large Korean population.

METHODS

Study population
A total of 231,051 individuals who participated in the Kangbuk Samsung Health Study (KSHS) 
between 2011 and 2015 and received urinary cotinine measurement and electrocardiography 
(ECG) examinations were screened. The KSHS is a retrospective cohort study of adult 
Korean men and women who underwent a comprehensive annual examination at Total 
Healthcare Centers of Kangbuk Samsung Hospital. Among them, 29,263 were excluded 
because of history of atherosclerotic cardiovascular disease or abnormal ECG findings such 
as premature ventricular complex and bundle branch block. Ultimately, 201,788 individuals 
(men, 106,375; mean age, 37.4 ± 7.4 years) were enrolled in this study. Among these 
individuals, 12,803 were excluded from the self-reported smoking analysis because of missing 
data on their self-reported smoking questionnaires.

Smoking assessment
Data on smoking status were collected through a self-administered questionnaire. Smoking 
status was categorized as never, former or current smokers. Smoking status was classified 
according to the answer to this question: ‘How much have you smoked in your life until now 
in total?’ Never smokers were individuals who answered ‘No, I have not ever smoked’ or ‘I 
have smoked less than 5 packs in my life but I do not smoke’, former smokers were those who 
answered ‘I have smoked more than 5 packs but I do not smoke’, and current smokers were 
those who smoke.

Urinary cotinine concentration was determined using the DRI Cotinine Assay (Microgenics 
Corp., Fremont, CA, USA) with a modular P800 (Roche Diagnostics, Tokyo, Japan). A 
cotinine- verified current smoker was defined as having a urinary cotinine level of 50 ng/
mL or higher by applying the Society for Research on Nicotine and Tobacco (SRNT) 2002 
recommendation.15,16 In our previous report, a urinary cotinine cut-off value of 50 ng/mL 
showed high sensitivity (84.8%) and specificity (98.2%) for distinguishing current from never 
smokers.15 Procedures of anthropometric and laboratory measurements were the same as 
those described in our previous studies.17
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AA ascertainment
On the day of the urinary cotinine test, a standard supine 12-lead surface ECG was performed 
and interpreted by experienced cardiologists. AA was defined as atrial premature complex, 
non-sustained or sustained atrial tachycardia, atrial flutter, paroxysmal supraventricular 
tachycardia, and AF.

Statistical analysis
Data are expressed as mean ± standard deviation (SD) or median (interquartile range) for 
continuous variables and as a percentage (%) for categorical variables. Continuous variables were 
expressed as mean ± SD for normally distributed variables or as median and interquartile range 
if not normally distributed. Among the variables, serum thyroid stimulating hormone (TSH), 
triglycerides, high-sensitivity C reactive protein (hs-CRP), daily alcohol consumption (grams), 
and urinary cotinine were log-transformed for analysis to correct for skewed distributions, but 
data in tables are expressed as untransformed data for ease of interpretation. The prevalence 
of self-reported smoking status and cotinine-verified smoking status was determined using 
descriptive statistics. Characteristics were compared between two groups according to cotinine-
verified smoking status and presence/absence of AA using either the Student's t-test or the 
χ2-test. Characteristics were compared between three groups according to self-reported smoking 
status using analysis of variance (ANOVA) or χ2 tests. Post hoc comparisons between the three 
groups were performed with Scheffe's multiple comparison test. Multivariate logistic regression 
analyses were performed to evaluate the relationship between self-reported and cotinine-verified 
smoking status, urinary cotinine quartile level (0–49 ng/mL, 50–601 ng/mL, 602–1,290 ng/
mL, ≥ 1,291 ng/mL) and AA and AF. The multivariate model was adjusted for age, gender, body 
mass index, vigorous exercise (≥ 5 times/wk), daily amount of alcohol consumption, blood 
urea nitrogen, creatinine, uric acid, total cholesterol, high density lipoprotein-cholesterol, 
triglycerides, hs-CRP, free T4, and presence/absence of hypertension, and diabetes mellitus if 
variables of which the P value was < 0.05 in univariate analysis or clinical significant risk factors 
for AA or AF. Furthermore, the associations between daily amount (< 10, 10–19, ≥ 20 cigarettes/
day) and duration of cigarette smoking (< 10 years, ≥ 10 years) and AA and AF were analyzed. 
Statistical analyses were carried out using IBM SPSS statistics version 24 (IBM Corp, Armonk, 
NY, USA), with a P value less than 0.05 considered statistically significant.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of Kangbuk Samsung Hospital 
(IRB No. 2017-08-027). The requirement for informed consent was waived because we used only 
anonymized retrospective data that were routinely collected during clinical practice.

RESULTS

Prevalence of self-reported and cotinine-verified smoking and AA
The prevalence rates of self-reported never, former, and current smokers were 59.2%, 17.0%, 
and 17.5%, respectively. The prevalence of cotinine-verified current smokers was 18.2%. The 
prevalence rates of AA and AF were 0.3% and 0.1%, respectively.

Characteristics of self-reported/cotinine-verified smoking groups and AF/
non-AF group
There were significant differences in characteristics between the three self-reported smoking 
groups for all variables (Table 1). The characteristics between cotinine-verified never smokers 
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and current smokers were also significantly different for all variables (Table 2). In particular, 
self-reported former/current smokers had a higher prevalence of AF compared with self-
reported never smokers (0.1% for former smokers, 0.1% for current smokers, and 0.02% for 
never smokers, P < 0.001), and cotinine-verified current smokers also had a higher prevalence 
of AF than cotinine-verified never smokers (0.1% vs. 0.06%, P = 0.006). The results of AA 
were consistent with the above results.

Comparisons of characteristics between the two groups according to AF are presented in 
Table 3. The group with AF was older and had higher glucose levels and less favorable renal 
profiles, as well as a higher proportion of men, hypertension, and diabetes than the group 
without AF; they also had a higher proportion of self-reported former/current smokers and 
cotinine-verified current smokers, longer smoking duration (≥10 year), and greater daily 
amount of cigarette smoking (≥ 20 cigarettes/day), and higher urinary cotinine levels (329.03 
± 792.89 ng/mL vs. 198.0 ± 549.96 ng/mL, P = 0.023) compared to the group without AF. 
Comparisons of characteristics between the two groups according to AA are presented in 
Supplementary Table 1.
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Table 1. Baseline characteristics of self-reported smoking groups
Characteristics Never smokers (n = 119,475) Former smokers (n = 34,229) Current smokers (n = 35,281) P value
Age, yr 36.3 ± 7.1a,b 38.8 ± 7.6a,c 38.1 ± 6.7b,c < 0.001
Gender, men 37,623 (31.5)a,b 31,348 (91.6)a,c 33,515 (95.0)b,c < 0.001
Body mass index, kg/m2 22.6 ± 3.3a,b 24.6 ± 3.1a,c 24.8 ± 3.2b,c < 0.001
Systolic BP, mmHg 105.5 ± 12.1a,b 113.9 ± 11.7 113.7 ± 11.5b,c < 0.001
Diastolic BP, mmHg 67.4 ± 9.3a,b 74.0 ± 9.6a,c 73.8 ± 9.5b,c < 0.001
Total cholesterol, mmol/L 4.9 ± 0.8a,b 5.2 ± 0.9a 5.2 ± 0.9b < 0.001
Triglycerides, mmol/L 0.88 (0.65–1.25)a,b 1.27 (0.89–1.84)a,c 1.42 (0.99–2.06)b,c < 0.001
LDL-C, mmol/L 2.9 ± 0.8a,b 3.3 ± 0.8a 3.3 ± 0.8b < 0.001
HDL-C, mmol/L 1.6 ± 0.4a,b 1.4 ± 0.4a,c 1.35 ± 0.34b,c < 0.001
Glucose, mmol/L 5.1 ± 0.6a,b 5.4 ± 0.8a,c 5.42 ± 0.96b,c < 0.001
BUN, mmol/L 4.2 ± 1.1a,b 4.6 ± 1.1a,c 4.53 ± 1.06b,c < 0.001
Creatinine, µmol/L 68.1 ± 15.9a,b 83.1 ± 14.1a 83.09 ± 13.26b < 0.001
Uric acid, µmol/L 287.9 ± 80.9a,b 361.0 ± 78.5a 362.23 ± 75.53b < 0.001
TSH, mIU/L 1.96 (1.3–2.9)a,b 1.90 (1.3–2.7)a,c 1.61 (1.1–2.3)b,c < 0.001
Free T4, pmol/L 16.3 ± 2.8a,b 17.1 ± 2.6a,c 17.2 ± 2.6b,c < 0.001
Free T3, pmol/L 4.8 ± 0.9a,b 5.2 ± 0.9a,c 5.3 ± 0.9b,c < 0.001
hs-CRP, mg/L 0.4 (0.2–0.8)a,b 0.5 (0.3–1.0)a,c 0.6 (0.3–1.1)b,c < 0.001
Urinary cotinine, ng/mL 20.7 ± 178.3a,b 68.4 ± 310.1a,c 945.1 ± 871.5b,c < 0.001
Daily alcohol consumption, g/day 3 (1–9)a,b 10 (4–25)a,c 14 (6–35)b,c < 0.001
Cotinine-verified current smoker 2,883 (2.4)a,b 2,964 (8.7)a,c 29,415 (83.4)b,c < 0.001
Vigorous exercise, ≥ 5 times/wk 3,764 (3.2)a,b 1,224 (3.6)a,c 987 (2.8)b,c < 0.001
Daily amount of cigarette smoking, cigarettes

< 10 - - 8,025 (22.7) -
10–19 - - 18,596 (52.7) -
≥ 20 - - 8,415 (23.8) -

Smoking duration, yr
< 10 - - 2,887 (8.2) -
≥ 10 - - 31,970 (90.6) -

Hypertension 7,322 (6.1)a,b 5,272 (15.4)a,c 4,916 (14.0)b,c < 0.001
Diabetes mellitus 2,228 (1.9)a,b 1,617 (4.7)a,c 1,835 (5.2)b,c < 0.001
Atrial arrhythmia 245 (0.2)a,b 106 (0.3)a 103 (0.3)b < 0.001
Atrial fibrillation 29 (0.02)a,b 45 (0.1)a 38 (0.1)b < 0.001
Values are given as mean ± standard deviation for normally distributed, median (interquartile range) if not normally distributed for continuous variables and 
number (%) for categorical variables. Serum TSH, triglycerides, hs-CRP, daily alcohol amount, and urinary cotinine were log-transformed for analysis.
BP = blood pressure, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol, BUN = blood urea nitrogen, TSH = thyroid 
stimulating hormone, hs-CRP = high-sensitivity C-reactive protein.
P values based on one-way analysis of variance or χ2 test. Statistically significant (P < 0.05) by Scheffe's multiple comparison: anever smokers vs. former smokers, 
bnever smokers vs. current smokers, cformer smokers vs. current smokers.
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Association of self-reported/cotinine-verified smoking groups with AA and AF
Multivariate logistic regression analyses for the relationship of cotinine-verified and self-
reported smoking status with AA was shown in Table 4. Self-reported current smoking was 
significantly associated with AA compared with self-reported never smoking (odds ratio 
[OR], 1.42; 95% confidence interval [CI], 1.06–1.91; P = 0.019), whereas self-reported former 
smoking showed no significant association with AA (OR, 1.30; 95% CI, 0.97–1.73; P = 0.078). In 
particular, self-reported current smoking with ≥ 20 cigarettes/day and ≥ 10 years increased the 
risk for AA (P for trend, P = 0.012 and P = 0.035, respectively) and AF (P for trend, P = 0.047 and 
P = 0.028, respectively) compared with self-reported never smoking.

Cotinine-verified current smoking is not significantly associated with AA (OR, 1.24; 95% 
CI, 0.98–1.58; P = 0.080) compared with cotinine-verified never smoking. However, as the 
cotinine quartiles increased, the OR for AA tend to increase linearly after multivariate logistic 
analysis (P for trend, P = 0.046) (Fig. 1). Meanwhile, cotinine-verified current smoking was not 
associated with the presence of AF compared with cotinine-verified never smoking (OR, 1.20; 
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Table 2. Baseline characteristics of cotinine-verified smoking groups
Characteristics Cotinine-verified never smoker (n = 164,967) Cotinine-verified current smoker (n = 36,821) P value
Age, yr 37.2 ± 7.5 38.2 ± 6.8 < 0.001
Gender, men 72,851 (44.0) 33,524 (91.0) < 0.001
Body mass index, kg/m2 23.0 ± 3.3 24.6 ± 3.2 < 0.001
Systolic BP, mmHg 107.4 ± 12.6 113.0 ± 11.6 < 0.001
Diastolic BP, mmHg 68.9 ± 9.7 73.3 ± 9.6 < 0.001
Total cholesterol, mmol/L 4.9 ± 0.8 5.1 ± 0.9 < 0.001
Triglycerides, mmol/L 0.9 (0.7–1.4) 1.41 (0.9–2.0) < 0.001
LDL-C, mmol/L 3.1 ± 0.8 3.3 ± 0.8 < 0.001
HDL-C, mmol/L 1.6 ± 0.4 1.4 ± 0.4 < 0.001
Glucose, mmol/L 5.2 ± 0.7 5.4 ± 0.9 < 0.001
BUN, mmol/L 4.3 ± 1.1 4.5 ± 1.1 < 0.001
Creatinine, µmol/L 70.7 ± 16.8 82.2 ± 13.3 < 0.001
Uric acid, µmol/L 302.8 ± 86.2 356.9 ± 77.3 < 0.001
TSH, mIU/L 1.9 (1.3–2.8) 1.6 (1.1–2.3) < 0.001
Free T4, pmol/L 16.5 ± 2.8 17.1 ± 2.6 < 0.001
Free T3, pmol/L 4.9 ± 0.9 5.3 ± 1.0 < 0.001
hs-CRP, mg/L 0.4 (0.2–0.8) 0.6 (0.3–1.1) < 0.001
Urinary cotinine, ng/mL 0.24 ± 3.16 1,084.9 ± 835.2 < 0.001
Daily alcohol consumption, g/day 4 (1–11) 14 (6–34) < 0.001
Vigorous exercise, ≥ 5 times/wk 5,492 (3.3) 1,060 (2.9) < 0.001
Self-reported smoking status < 0.001

Never smokers 116,592 (70.7) 2,883 (7.8)
Former smokers 31,265 (18.9) 2,964 (8.0)
Current smokers 5,866 (3.6) 29,415 (79.9)

Daily amount of cigarette smoking, cigarettes/day < 0.001
< 10 2,411 (1.5) 5,614 (15.2)
10–19 2,590 (1.6) 16,006 (43.5)
≥ 20 779 (0.5) 7,636 (20.7)

Smoking duration, yr < 0.001
< 10 yr 809 (0.5) 2,078 (5.6)
≥ 10 yr 4,937 (2.9) 27,033 (73.4)

Hypertension 13,902 (8.4) 4,912 (13.3) < 0.001
Diabetes mellitus 4,319 (2.6) 1,938 (5.3) < 0.001
Atrial arrhythmia 392 (0.2) 113 (0.3) 0.017
Atrial fibrillation 98 (0.06) 37 (0.1) 0.006
Values are given as mean ± standard deviation for normally distributed, median (interquartile range) if not normally distributed for continuous variables and 
number (%) for categorical variables. Serum TSH, triglycerides, hs-CRP, daily alcohol amount, and urinary cotinine were log-transformed for analysis.
BP = blood pressure, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol, BUN = blood urea nitrogen, TSH = thyroid 
stimulating hormone, hs-CRP = high-sensitivity C-reactive protein.
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95% CI, 0.79–1.83; P = 0.391), but self-reported current smoking showed an increased OR for AF 
compared with self-reported never smoking (OR, 2.20; 95% CI, 1.24–3.90; P = 0.007) (Table 5).

DISCUSSION

The main findings of the present study were as follows: 1) self-reported current smoking 
was significantly associated with AA and AF, but self-reported former smoking showed 
no significant association with AA and AF compared with self-reported never smoking; 
2) cotinine-verified current smoking showed no significant association with AA but an 
increase in OR for AA as cotinine quartiles increased; 3) self-reported current smoking of 
≥ 20 cigarettes/day and ≥ 10 years significantly increased the risk of AA by 81% and 43%, 
respectively, compared with self-reported never smoking.

Nicotine may promote arrhythmia through various mechanisms including marked elevations 
in serum catecholamine concentration, pro-fibrotic effects at the atrial level, direct blocking 

6/10https://jkms.org https://doi.org/10.3346/jkms.2020.35.e296

Smoking Status and Atrial Arrhythmia

Table 3. Baseline characteristics according to atrial fibrillation
Characteristics No atrial fibrillation (n = 201,283) Atrial fibrillation (n = 135) P value
Age, yr 37.41 ± 7.40 49.67 ± 11.63 < 0.001
Gender, men 106,072 (52.7) 119 (88.1) < 0.001
Body mass index, kg/m2 23.31 ± 3.40 25.29 ± 3.48 < 0.001
Systolic BP, mmHg 108.47 ± 12.63 114.00 ± 14.69 < 0.001
Diastolic BP, mmHg 69.76 ± 9.88 74.80 ± 10.20 < 0.001
Total cholesterol, mmol/L 4.99 ± 0.87 5.00 ± 0.98 0.929
Triglycerides, mmol/L 1.02 (0.72–1.53) 1.25 (0.90–1.72) 0.001
LDL-C, mmol/L 3.10 ± 0.82 3.17 ± 0.85 0.329
HDL-C, mmol/L 1.53 ± 0.39 1.39 ± 0.32 < 0.001
Glucose, mmol/L 5.24 ± 0.76 5.74 ± 1.49 < 0.001
BUN, mmol/L 4.34 ± 1.1 5.09 ± 1.25 < 0.001
Creatinine, µmol/L 73.37 ± 16.79 86.63 ± 14.14 < 0.001
Uric acid, µmol/L 312.86 ± 86.84 367.58 ± 78.51 < 0.001
TSH, mIU/L 1.88 (1.28–2.73) 1.92 (1.33–2.56) 0.705
Free T4, pmol/L 16.60 ± 2.83 17.88 ± 6.30 0.024
Free T3, pmol/L 4.92 ± 0.93 5.22 ± 2.47 0.226
hs-CRP, mg/L 0.4 (0.2–0.9) 0.6 (0.4–1.2) < 0.001
Daily alcohol consumption, g/day 6 (2–14) 10 (3–20) 0.004
Urinary cotinine, ng/mL 198.00 ± 549.96 329.03 ± 792.89 0.023
Cotinine-verified current smoker 36,708 (18.2) 37 (27.4) 0.008
Vigorous exercise, ≥ 5 times/wk 6,533 (3.3) 7 (5.6) 0.134
Self-reported smoking status < 0.001

Never smokers 119,230 (63.2) 29 (25.9)
Former smokers 34,123 (18.1) 45 (40.2)
Current smokers 35,178 (18.7) 38 (33.9)

Daily amount of cigarette smoking, cigarettes 0.001
< 10 8,006 (4.3) 7 (6.4)
10–19 18,546 (9.8) 16 (14.5)
≥ 20 8,379 (4.5) 12 (10.9)

Smoking duration, yr < 0.001
< 10 yr 2,656 (1.4) 2 (1.8)
≥ 10 yr 31,874 (16.9) 34 (30.9)

Hypertension 18,729 (9.3) 42 (31.6) < 0.001
Diabetes mellitus 6,227 (3.1) 17 (12.7) < 0.001
Values are given as mean ± standard deviation for normally distributed, median (interquartile range) if not normally distributed for continuous variables and 
number (%) for categorical variables. Serum TSH, triglycerides, hs-CRP, daily alcohol amount, and urinary cotinine were log-transformed for analysis.
BP = blood pressure, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol, BUN = blood urea nitrogen, TSH = thyroid 
stimulating hormone, hs-CRP = high-sensitivity C-reactive protein.
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effects on inward KI1 channels, and significant increases in atrial interstitial fibrosis.18 
Previous studies about the effect of nicotine on arrhythmia have been investigated in 
experimental canine models.19,20 Supraventricular arrhythmia (83% of the experiments) 
was observed at increasing doses of intravenous nicotine in healthy anaesthetized dogs.19 
In particular, nicotine caused a considerable increase in atrial fibrosis in dogs with 
experimentally induced myocardial infarction, promoting atrial flutter.20 In a study of 
myocardial infarction patients with implantable cardioverter defibrillators, inappropriate 
shock caused by supraventricular tachyarrhythmia was 3-fold higher in current smokers 
compared with former and never smokers.5
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Table 4. Multivariate logistic regression analyses for the relationship of cotinine-verified and self-reported smoking status with atrial arrhythmia
Variables Cases/No. Age and gender adjusted Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Cotinine-verified smoking status

Never smoking 392/164,967 1 1
Current smokinga 113/36,821 1.15 (0.91–1.44) 0.238 1.24 (0.98–1.58) 0.080

Self-reported questionnaire
Never smoking 245/119,475 1 1
Former smokingb 106/34,229 1.30 (0.99–1.73) 0.063 1.30 (0.97–1.73) 0.078
Current smokingb 103/35,281 1.33 (1.00–1.76) 0.050 1.42 (1.06–1.91) 0.019

Daily amount of cigarette smoking, cigarettes/dayb

< 10 13/8,019 0.89 (0.51–1.55) 0.672 0.94 (0.54–1.65) 0.839
10–19 50/18,596 1.27 (0.89–1.80) 0.184 1.40 (0.98–2.00) 0.068
≥ 20 36/8,415 1.73 (1.17–2.56) 0.006 1.81 (1.19–2.76) 0.005
P for trend 0.031 0.012

Duration of cigarette smoking, yrb

< 10 4/2,887 0.89 (0.33–2.41) 0.813 0.92 (0.34–2.50) 0.869
≥ 10 96/31,970 1.34 (1.00–1.79) 0.047 1.43 (1.06–1.94) 0.020
P for trend 0.086 0.035

Serum TSH, triglycerides, hs-CRP, daily alcohol amount were log-transformed for analysis. Multivariate model was adjusted for age, gender, body mass index, 
vigorous exercise (≥ 5 times/wk), daily alcohol amount, blood urea nitrogen, creatinine, uric acid, total cholesterol, high-density lipoprotein cholesterol, 
triglycerides, high-sensitivity C reactive protein, free T4 (3 groups), and presence of hypertension and diabetes.
OR = odds ratio, CI = confidence interval, TSH = thyroid stimulating hormone, hs-CRP = high-sensitivity C reactive protein.
aReference group is ‘cotinine-verified never smoking’; bReference group is ‘self-reported never smoking’.
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Fig. 1. Multivariate regression analyses for the association between cotinine quartiles and AA. 
Multivariate logistic regression analyses showed that the OR for AA tend to increase linearly as the cotinine 
quartiles increased (P for trend, P = 0.046). 
AA = atrial arrhythmia, OR = odds ratio, CI = confidence interval.
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On the other hand, there have been several studies on the relationship between smoking and 
AF,7,9,10 likely due to the clinical importance of fatal complications of AF, including stroke 
and heart failure. Although previous studies have shown inconsistent results, most of them 
have reported that smoking is associated with an increased risk of AF.7,10 We found that 
self-reported current smoking was associated with AA, including AF, whereas self-reported 
former smoking had no significant association with AA and AF. This result was in line with 
several previous studies that only current smoking, not former smoking, was associated with 
AF incidence.8,9 Some authors found that current smoking was associated with a risk of AF 
of about 40% using validated self-reported current smoking status ascertained by plasma 
cotinine.9 Another authors assumed that high total smoking consumption associated with AF 
was due to smoking-related atrial remodeling resulting from atrial fibrosis.8 In a study of 95 
patients with known coronary artery disease undergoing bypass surgery, cigarette smoking 
measured as pack-years was an independent predictor of atrial fibrosis in smokers.18 Our 
results might represent the chronic effects of smoking on atrial fibrosis and remodeling 
over long durations (≥ 10 years) or with heavy smoking (≥ 20 cigarettes). This effect could 
be attenuated in the former smokers, resulting in a insignificant association with former 
smoking with AA and AF in our study. Therefore, these findings suggest that smoking 
cessation should be encouraged to prevent AA including AF.

In the present study, cotinine-verified current smoking as a binary variable showed no 
significant association with AA, which was slightly different from the results of self-reported 
current smoking. This difference may be attributed to the misclassification of smoking 
status. As shown in Tables 1 and 2, the prevalence of cotinine-verified never smokers among 
self-reported current smokers was 16.6%, whereas that of self-reported former and current 
smokers among cotinine-verified never smokers was 18.9% and 3.6%, respectively. This 
discrepancy can be caused by inaccurate reporting of actual smoking status, secondhand 
smoke exposure, or genetic variation of nicotine metabolism. Consequently, these factors 
could attenuate the association between cotinine-verified current smoking and AA. We 
further analyzed the association between current smoking and AA in individuals in the same 
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Table 5. Multivariate logistic regression analyses for the relationship of cotinine-verified and self-reported smoking status with atrial fibrillation
Variables Cases/No. Age and gender adjusted Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Cotinine-verified smoking status

Never smoking 98/164,673 1 1
Current smokinga 37/36,745 1.05 (0.71–1.56) 0.793 1.20 (0.79–1.83) 0.391

Self-reported questionnaire
Never smoking 29/119,259 1 1
Former smokingb 45/34,168 1.78 (1.04–3.04) 0.035 1.74 (1.00–3.04) 0.051
Current smokingb 38/35,216 1.90 (1.10–3.27) 0.021 2.20 (1.24–3.90) 0.007

Daily amount of cigarette smoking, cigarettes/dayb

< 10 7/8,013 2.34 (1.03–5.30) 0.043 2.58 (1.12–5.94) 0.026
10–19 16/18,562 1.60 (0.83–3.10) 0.165 1.85 (0.93–3.66) 0.079
≥ 20 12/8,391 1.86 (0.90–3.82) 0.093 2.01 (0.99–4.46) 0.053
P for trend 0.128 0.047

Duration of cigarette smoke, yrb

< 10 2/2,658 2.73 (0.64–11.70) 0.177 2.93 (0.68–12.6) 0.150
≥ 10b 34/31,908 1.79 (1.03–3.12) 0.040 2.04 (1.14–3.66) 0.017
P for trend 0.085 0.028

Serum TSH, triglycerides, hs-CRP, daily alcohol amount were log-transformed for analysis.
Multivariate model was adjusted for age, gender, body mass index, vigorous exercise (≥ 5 times/wk), daily alcohol amount, blood urea nitrogen, creatinine, uric acid, 
total cholesterol, high-density lipoprotein cholesterol, triglycerides, high-sensitivity C reactive protein, free T4 (3 group), and presence of hypertension and diabetes.
OR = odds ratio, CI = confidence interval, TSH = thyroid stimulating hormone, hs-CRP = high-sensitivity C reactive protein.
aReference group is ‘cotinine-verified never smoking’; bReference group is ‘self-reported never smoking’.
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category of smoking status according to self-reported questionnaire and cotinine verification. 
The group with both self-reported and cotinine-verified current smoking showed an 
increased risk of AA and AF compared with the group with both self-reported and cotinine-
verified never smoking (OR, 1.44; 95% CI, 1.05–1.97; P = 0.021 for AA; OR, 2.05; 95% CI, 
1.13–3.73; P = 0.018 for AF) (data not shown). This association was more obvious compared 
to the results according to each self-reported smoking status or cotinine-verified smoking 
status, which could suggest the importance of accurate assessment of actual smoking status.

Our study has several limitations. First, we could not establish a causal relationship between 
smoking and AA because of the cross-sectional design of this study. Second, in this study, the 
prevalence of AA and AF was relatively low. This is probably because most of our population was 
relatively young and apparently healthy. This low prevalence of AA and AF could have attenuated 
the statistical power. Third, a single ECG may have missed cases of paroxysmal or transient 
AA. Further studies using prolonged ECG monitoring such as 24-hour Holter or event recorder 
could validate more paroxysmal AF. Fourth, urinary cotinine is a major metabolite of nicotine, 
but harmful effects of other chemicals from cigarette smoking, including carbon monoxide, 
thiocyanate, and cyanide, were not evaluated. Fifth, the cut-off value for urinary cotinine to 
differentiate smokers from never smokers can vary depending on race and region. However, in 
our previous studies, the urinary cotinine level of 50 ng/mL showed a good sensitivity (98.2%) 
for the accuracy of self-reported never smokers and the rate of misclassification of actual 
smoking status was also less than 1.8%.21 Lastly, genetic variation such as CYP2A6 alleles that 
can affect nicotine metabolism could be potential confounders.

In conclusion, self-reported current smoking significantly increased the risk of AF as well as 
AA, and these results also showed a dose dependent association. Meanwhile, self-reported 
former smoking and cotinine-verified current smoking showed no significant association with 
AA. These findings suggest that quitting smoking could reduce the risk of AA. However, further 
longitudinal studies using both self-reported questionnaires and biomarker verification will be 
needed to clarify the risk of smoking status to the development of AA and AF.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Baseline characteristics according to atrial arrhythmia

Click here to view
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