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Bidirectional two-sample Mendelian randomization study of
association between smoking initiation and atrial fibrillation
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ABSTRACT

INTRODUCTION The relationship between smoking and heart disease has been
frequently reported. Therefore, we aimed to explore the association between
smoking initiation and atrial fibrillation.

METHODS Genetic association data pertaining to smoking initiation and atrial
fibrillation were obtained from genome-wide association studies (GWAS).
Phenotypically related single nucleotide polymorphisms (SNPs) were selected
as instrumental variables. Inverse-variance weighted (IVW), weighted median,
Mendelian randomization (MR), Egger regression, simple mode, and weighted
mode methods were employed to perform the MR study. The association between
smoking initiation and atrial fibrillation was evaluated using odds ratios (OR)
and 95% confidence intervals (CI). Cochran’s Q test was employed to assess
heterogeneity among instrumental variables, utilizing the IVW and MR-Egger
methods. The Egger-intercept method was employed to test for horizontal
pleiotropy, and the ‘leave-one-out’ method was utilized for sensitivity analysis.
ResuLTs The MR results for the effect of smoking initiation on atrial fibrillation
(IVW, OR=1.11; 95% CI: 1.02-1.20, p=0.013) supported an association between
smoking initiation and an increased likelihood of atrial fibrillation. In total, 85
SNPs were extracted from the GWAS pooled data as instrumental variables. The
MR-Egger method indicated an intercept close to 0 (Egger intercept= -0.005,
p=0.371), suggesting no horizontal pleiotropy in the selected instrumental
variables. The ‘leave-one-out’ sensitivity analysis demonstrated that the results
were robust and that no instrumental variables significantly influenced the results.
Reverse MR analysis indicated no effect of atrial fibrillation on smoking initiation
(IVW, OR=1.00; 95% CI: 0.99-1.02, p=0.684).

CONCLUSIONS Smoking initiation has a significant impact on atrial fibrillation.
However, atrial fibrillation did not influence smoking initiation. This study
provides novel insights into the genetic relationships between smoking initiation
and atrial fibrillation.
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INTRODUCTION

Smoking is a well-known risk factor for cardiovascular disease and has been
extensively studied for its detrimental effects on blood vessels, cardiac structure,
and rhythm'. Research conducted by the American Heart Association has shown
that smoking causes structural damage to arterial walls, resulting in premature
aging of blood vessels by up to 10 years®. Additionally, smoking increases the risk
of heart attacks by promoting embolism and coronary artery disease. Smoking
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cessation has been included in routine treatment
plans in clinical practice due to proposed insights
from studies, such as increasing platelet sensitivity,
reducing oxygen supply, reducing the ability of the
myocardium to utilize oxygen, increasing cardiac
oxygen consumption, and other mechanisms®.

Atrial fibrillation is a re-entrant arrhythmia
characterized by irregular and rapid contractions of the
atrial muscle cells. It can manifest with various clinical
symptoms, including palpitations, dizziness, chest
tightness, fatigue, and a general sense of dullness,
though some individuals may be asymptomatic. Atrial
fibrillation can lead to serious complications, including
stroke and heart failure. It frequently occurs in
patients with underlying conditions, such as coronary
heart disease, hyperthyroidism, and hypertension®.
It is also associated with unhealthy lifestyle habits,
including smoking and drinking. Research into the
relationship between smoking initiation and cessation
and the incidence of atrial fibrillation is ongoing, with
studies yielding conflicting results™.

MR technique uses genetic variation as an
instrumental variable (IV) to assess whether exposure
factors affect outcomes. This technique avoids the
influence of confounders and reverse associations
on correlation effects, thus minimizing bias. Genetic
variation is a stable exposure factor over time and is
not influenced by external environmental or social
factors’. This study collected and analyzed published
data using bidirectional TSMR to investigate the
existence of the relationship between smoking
initiation and atrial fibrillation.

METHODS

Data sources

This is a secondary dataset analysis of the GWAS
datasets. GWAS datasets were obtained from the IEU
OpenGWAS project (https://gwas.mrcieu.ac.uk ). The

GWAS dataset for smoking initiation was derived
from GWAS analysis and included 311629 cases and
321173 controls of European ancestry®. Smoking
initiation phenotypes included age of initiation of
regular smoking, a binary phenotype indicating
whether an individual had ever smoked regularly,
and heaviness of smoking measured with cigarettes
per day. The GWAS dataset for atrial fibrillation was
derived from another analysis and included 60620
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cases and 970216 controls of European ancestry”.
Atrial fibrillation phenotypes included the duration
of long-lasting atrial fibrillation, the age of onset of
atrial fibrillation, and atrial fibrillation caused by
other diseases. These phenotypes are mainly displayed
through electrocardiogram-related data.

Screening of IVs

The genome-wide association study data identified
SNPs with exposure variables (p<5.0x107*). To
ensure the independence of SNPs and eliminate the
confounding effect of linkage disequilibrium (LD),
clumping was conducted using the TwoSampleMR
package in R software. The parameters were set to
r* <0.001 and a distance threshold of 10000 kb. In
order to ascertain that the selected IVs satisfy the
independence assumption, the remaining SNPs were
subjected to an association test with other phenotypes

using PhenoScanner (http://www.phenoscanner.
medschl.cam.ac.uk ). The association hypothesis was

further tested by calculating the F-statistic to assess
the presence of weak IV bias in the selected IVs.
The absence of weak IV bias was confirmed by an
F-statistic value >10, where:

F = R?(N-2)/ (1-R2)™.

Research design

MR studies must satisfy three core assumptions'':
association, independence, and exclusivity. These
assumptions are as follows: 1) the IVs must be
strongly associated with the exposure factor; 2) the
IVs should not be associated with any confounders
that are associated with the exposure or outcome; and
3) the IVs can only influence the outcome variable
through the exposure factor. Supplementary file
Figure 1 illustrates the principles of MR.

Statistical analysis

To ensure that the effect of SNPs on exposure and
outcome corresponded to the same alleles, the
summary statistics of the exposure and outcome
datasets were harmonized. Associations were inferred
using TSMR analyses involving the IVW method,
weighted median, MR Egger regression, and simple
and weighted mode methods. OR and 95% CI were
calculated for the association between smoking
initiation and atrial fibrillation. The IVW method
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was primarily used for Mendelian randomization. The
IVW method combined the Wald ratio estimates of the
effects of different SNPs when each genetic variation
met the IV hypothesis. This provided a consistent
estimate of the effect of exposure on the outcome.
The reliability of the IVW method’s results is highest
when there is no horizontal pleiotropy of the IVs. The
weighted median provided a consistent estimate of the
effect when at least half of the SNPs were effective
IVs. MR-Egger regression confirmed horizontal
pleiotropy for IVs, with its intercept representing the
effect estimate. MR-Egger regression is based on the
assumption of instrument strength independent of
direct effect (InSIDE). When horizontal pleiotropy
is present in the IVs, the MR-Egger regression can
still provide an unbiased estimate of the association.
To improve the accuracy of the results, compared to
the MR-Egger method, we performed complementary
analyses using the weighted median method and the
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simple mode and weighted mode. To detect and
correct horizontal pleiotropy by removing outliers, we
used the Mendelian randomization pleiotropy residual
sum and outlier (MR-PRESSO) test'?. Statistical
analysis was performed using R (version 4.3.1) and
R packages (TwoSampleMR and MR-PRESSO). The
test level a was 0.05 (p<0.05), for the difference to
be statistically significant. All tests were two-tailed.

RESULTS

Effects of smoking initiation on atrial
fibrillation

Smoking initiation was the exposure factor, and atrial
fibrillation was the outcome variable. The screening
criteria yielded a total of 85 SNPs included in the study
as IVs. Each F-statistic associated with instrumental
exposure was >10, effectively eliminating weak IVs
from biasing the results (Supplementary file Table 1).
The horizontal pleiotropy test results, obtained using

Table 1. Heterogeneity test and horizontal pleiotropy test, IEU OpenGWAS 2018-2019 (N=372249)

Atrial fibrillation 138.505

230.085

83
107

Smoking initiation
Atrial fibrillation Smoking initiation

IVW: inverse-variance weighted.

<0.001
<0.001

139.858
231.846

84
108

<0.001
<0.001

-0.005
-0.001

0.371
0.367

Figure 1. Scatter plot of the effect of smoking initiation on atrial fibrillation, IEU OpenGWAS 2018-2019

(N=372249)

MR Test

Inverse variance weighted/ Weighted median

=T

= / MR Egger ‘Weighted mode

[ ]

E Simple mode

w

O

=

$ 004- |

-s .

E 0.02- L " % .
Ll L]

E tear * ™ o . E——————

= 2P ha = . = = :

= 0.00- -, h..'-‘ - -

§ s F IS . b= B * —

® . .

£-0.02- 1 .

e

o

o ' ' ' '

o 0.0z 0.03 0.04 0.05

E= SNP effect on smoking initiation || id-ieu-b-4877

The slopes of lines represent each method's effect.

Tob. Induc. Dis. 2024;22(June):113
https://doi.org/10.18332/tid/189380

3


https://doi.org/10.18332/tid/189380

Research Paper

the Egger-intercept method, resulted in p=0.371
(Egger intercept= -0.005), indicating that the IVs did
not significantly affect the outcome through pathways
other than exposure (Table 1, Figure 1).

Without horizontal pleiotropy, the results of the
TSMR were analyzed using the IVW method of the
random-effects model. The IVW method suggested
that the presence of smoking initiation was associated
with a 1.11-fold increased likelihood of atrial
fibrillation (IVW result: OR=1.11; 95% CI: 1.02-
1.20, p=0.013). The following results were obtained:
MR Egger, OR=1.33; 95% CI: 0.89-1.99, p=0.175;

Tobacco Induced Diseases

weighted median, OR=1.09; 95% CI: 0.99-1.12,
p=0.094; simple mode, OR=1.17; 95% CI: 0.90-1.52,
p=0.248; and weighted mode, OR=1.16; 95% CI:
0.92-1.46, p=0.224 (Table 2, Figures 1 and 2).

The funnel plot indicates that all SNPs were largely
symmetrical, suggesting minor differences between
IVs. Although Cochran’s Q test indicated heterogeneity
(MR-Egger regression: Cochran’s Q=138.51, p<0.001;
IVW: Cochran’s Q=139.86, p<0.001), the results of
the random-effects IVW method indicated that there
was indeed an association between smoking initiation
and AF (Table 1, Figure 3). Furthermore, the MR-

Table 2. Mendelian randomization analysis of association between smoking initiation and the risk of atrial

fibrillation, IEU OpenGWAS 2018-2019 (N=372249)

MR Egger 85 0.283
Weighted median 85 0.082
Inverse variance weighted 85 0.100
Simple mode 85 0.156
Weighted mode 85 0.145

0.207 1.33 (0.89-1.99) 0.175
0.049 1.09 (0.99-1.20) 0.094
0.040 1.1 (1.02-1.20) 0.013
0.135 1.17 (0.90-1.52) 0.248
0.118 1.16 (0.92-1.46) 0.224

MR: mendelian randomization. SNPs: single nucleotide polymorphisms. SE: standard error. OR and 95% CI were calculated using R 4.3.1 software and TwoSampleMR R packages:

OR< generated odds ratios (MR results).

Figure 2. Forest plot of the effect of smoking initiation on atrial fibrillation, IEU OpenGWAS 2018-2019

(N=372249)
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PRESSO method consistently yielded estimates before
and after outlier correction.

The leave-one-out sensitivity analysis demonstrated
that excluding each SNP in turn produced IVW
analysis results comparable to those including all
SNPs. Furthermore, no SNPs were identified as having
a substantial impact on the association estimates.
No variants strongly associated with the potential
confounders were found in the instrumental variables
using PhenoScanner V2, indicating that the TSMR
analysis results were robust (Figure 4).

Reverse TSMR analysis

In reverse TSMR, atrial fibrillation was the exposure
factor, and smoking initiation was the outcome
variable. A total of 109 SNPs were included in
this study. All SNPs were found to be significantly
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associated with atrial fibrillation (p<5x107%), with
F-statistics exceeding 10 (Supplementary file
Table 2). The results of the horizontal pleiotropy
test, with p>0.05 (Egger intercept = -0.001, p=0.367)
(Table 1), indicates no horizontal pleiotropy for the
IVs. The following MR results were obtained: IVW,
OR=1.00; 95% CI: 0.99-1.02, p=0.684; MR Egger,
OR=1.02; 95% CI: 0.99-1.05, p=0.326; weighted
median, OR=1.02; 95% CI: 1.00-1.04, p=0.090;
simple mode, OR=1.01; 95% CI: 0.96-1.05, p=0.825;
and weighted mode, OR=1.01; 95% CI: 0.99-1.03,
p=0.392 (Table 3, Supplementary file Figures 2 and
3). The results of the heterogeneity test indicate
the presence of significant heterogeneity among
the selected IVs (MR Egger regression: Cochran’s
0=230.09, p<0.001; IVW: Cochran’s Q=231.85,
p<0.001) (Table 1, Supplementary file Figure 4).

Table 3. Mendelian randomization analysis of association between atrial fibrillation and smoking initiation,

IEU OpenGWAS 2018-2019 (N=372249)

MR Egger 109 0.015 0.015 1.02 (0.99-1.05) 0.326
Weighted median 109 0.016 0.009 1.02 (1.00-1.04) 0.090
Inverse variance weighted 109 0.003 0.008 1.00 (0.99-1.02) 0.684
Simple mode 109 0.005 0.021 1.01 (0.96-1.05) 0.825
Weighted mode 109 0.010 0.011 1.01 (0.99-1.03) 0.392

MR: mendelian randomization. SNPs: single nucleotide polymorphisms. SE: standard error. OR and 95% Cl were calculated using R 4.3.1 software and TwoSampleMR R packages:

OR< generated odds ratios (MR results).

Figure 3. Funnel plot of the effect of smoking initiation on atrial fibrillation, IEU OpenGWAS 2018-2019

(N=372249)
MR Method
Inverse variance weighted
MR Egger
L]
6-
> 5-
% - . . .
—_ -
- 4- L] - L] * -
L]
\ s s s *e p° ..
o -
- " - - "y -
3. [ ] . - ‘og. ...v.. ....:..‘.. - :;o .. L] . =
—1I. 0 —DI. 5 D.IU 0 .IS 1 .ID
B

MR: Mendelian randomization. SE: standard error.

Tob. Induc. Dis. 2024;22(June):113
https://doi.org/10.18332/tid/189380

5



https://doi.org/10.18332/tid/189380

Research Paper

Tobacco Induced Diseases

Figure 4. Sensitivity analysis of the effect of smoKing initiation on atrial fibrillation, IEU OpenGWAS 2018-

2019 (N=372249)
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Each black point represents an inverse variance weighted method for estimating the effect of smoking initiation on atrial fibrillation, excluding that particular instrumental
variable from the analysis. The red bar represents the estimate using all instrumental variables. Horizontal lines denote 95% confidence intervals.

Furthermore, no outliers or instances of directed
pleiotropy were identified in the IVs as analyzed by
MR-PRESSO. The leave-one-out sensitivity analysis
demonstrated that individual SNP did not influence
the genetic results (Supplementary file Figure 5).

DISCUSSION

This study used the bidirectional TSMR method to
analyze published GWAS datasets and determine
whether a bidirectional association exists between
smoking initiation and atrial fibrillation. Our results
supported an association between smoking initiation
and an increased likelihood of atrial fibrillation.
However, our results did not support an association
between atrial fibrillation and an increased frequency
of smoking initiation. In the sensitivity analysis, the
MR results were robust and reliable.

Smoking is a well-established risk factor for
cardiovascular disease, which can lead to serious
health issues such as heart attacks and strokes. It
is widely acknowledged that tobacco components
are associated with atrial fibrillation, an irregular

heartbeat that can be life-threatening if left untreated.
Nicotine, a primary component in tobacco, stimulates
sympathetic nervous system transmission, resulting
in increased heart rate and blood pressure'®'.
Smoking initiation can elevate plasma catecholamine
concentration, which may have detrimental effects
on the cardiovascular system'®. Additionally, tobacco
contains carbon monoxide, which is highly toxic to
the heart. Carbon monoxide diminishes hemoglobin’s
oxygen-carrying capacity, thereby reducing oxygen
release to body tissues'. This can lead to a decrease
in cardiac exercise tolerance and an increased risk of
heart disease.

Smoking initiation is linked to an elevated risk of
atherosclerosis, the buildup of plaque in arteries'’. This
process is caused by more than 7000 chemicals found in
cigarettes, such as tar, nicotine, and carbon monoxide.
These chemicals can cause cardiovascular disease by
increasing heart rate and myocardial contractility,
promoting inflammation, causing endothelial damage
and thrombosis, and lowering serum high-density
lipoprotein cholesterol levels'®*°. Inflammation plays an
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important role in the development of atrial fibrillation®'.
Endothelial damage is particularly concerning as it
can lead to the formation of blood clots, which can
result in heart attacks or strokes. Smoking initiation
causes inflammation, which promotes the development
of atherosclerosis by leading to the accumulation of
immune cells on the arterial wall*>. This accumulation
narrows the artery and reduces blood flow.

In summary, smoking initiation has a significant
impact on cardiovascular disease. It is important
to understand the risks associated with tobacco
use. Cigarettes contain various chemicals that can
have adverse effects on the cardiovascular system.
Smoking initiation can have negative effects on
health, including the development of atherosclerosis
and arrhythmia, as well as an increased risk of sudden
cardiac death'®*. Smoking cessation is the best way to
reduce these risks and improve overall cardiovascular
health.

Previous studies often had several common issues.
The first one is that their assessment of the severity

of smoking depended on self-report 2

, which may
be subject to inaccuracies and misclassification,
potentially leading to biased estimates. It is important
to note that self-reported data can be influenced by
social desirability bias, recall bias, and other factors
that may affect the accuracy of the results. Our
research precisely avoids potential biases. Secondly,
they frequently used plasma cotinine measurement

2628 However, this

to adjust their research findings
method is susceptible to various factors and may
not be entirely accurate. As a result, the conclusions
drawn from this correction method may not be
entirely convincing. A new and more effective
correction method may solve the existing problems.
Thirdly, they did not solely examine the relationship
between smoking initiation and atrial fibrillation
but conducted a comprehensive analysis of various
risk factors, including age, gender, smoking, alcohol
consumption, and medication***’. While appropriate
measures were taken to minimize correlation, it may
still exist. The research presented in this study avoids
the issue at the genetic level.

MR uses genetic variation to estimate the health
consequences of phenotypes affected by these genetic
variations. This epidemiological approach infers the
association between exposure factors and outcome
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variables using genetic variation®'. MR provides a
method to investigate associations without the typical
biases inherent in observational epidemiological
studies, such as reverse association and potential
confounders®. However, larger GWAS studies will
be necessary in the future.

Limitations

This study has some limitations. First, the MR results
were based on the GWAS dataset derived from
individuals with European ancestry, preventing
the extrapolation of our results to other ethnicities.
Further research is needed to determine whether
a relationship exists in other populations. Second,
genetic polymorphisms may lead to correlations
between the SNPs used for analysis and other traits,
resulting in confounding bias that can affect inference.
Third, the strength of the IV depends on the sample
size of the GWAS. Conducting a large-scale GWAS is
necessary to identify additional genetic variations for
MR. Fourth, we could not address potential pleiotropy
that may have remained undetected, which may impact
the perceived credibility of our results. Fifth, the
proportion of smokers among males is significantly
higher than that among females. However, the
data utilized in this study were derived from public
databases, making it unsuitable for subgroup analysis
of specific factors such as gender. Finally, studies
focusing on smoking initiation and atrial fibrillation
utilized in this TSMR analysis may have included
the same participants. However, we were unable to
determine the number of overlapping participants in
the datasets, limiting our ability to mitigate potential
bias due to sample overlap.

CONCLUSIONS

Bidirectional TSMR analysis supported the association
between smoking initiation and an increased
likelihood of atrial fibrillation. Still, it did not support
an association between atrial fibrillation and increased
smoking initiation frequency. However, due to the
study’s limitations, further research is necessary.
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