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Abstract

Background: Observational studies have suggested a connection between air pollution/smoking and cardiac arrest
(CA); nevertheless, the causal role of air pollution/smoking in CA remains uncertain.

Objectives: This study aimed to elucidate the causal association between air pollution/smoking and CA using a two-
sample Mendelian randomization (MR) approach.

Methods: This study utilized summary data from genome-wide association studies (GWAS). The primary analysis
employed the inverse-variance weighted (IVW) method, supplemented by MR-Egger, weighted median, and weighted
mode methods. For sensitivity analysis, MR-Egger and MR-PRESSO were employed to address horizontal pleiotropy.
Cochran’s Q test was used to assess heterogeneity, and leave-one-out analysis was applied to identify the influence of
outliers. A two-sided p-value < 0.05 was considered statistically significant for the causal estimates.

Results: IVW method showed a significant association between smoking status and CA (OR = 2.182, 95% Cl: 1.137 -
4.188, p = 0.019). No significant causal associations were found for any of the air pollution metrics or other smoking-
related traits. Results of MR Egger and weighted median methods revealed an insignificant causal association between
air pollution/smoking and CA. Horizontal pleiotropy or outliers were not detected by sensitivity tests.

Conclusions: Findings of this MR study indicate that smoking has a causal effect on the incidence of developing CA.
However, the null findings for air pollution should be interpreted with caution, as the statistical power to detect modest
effects was limited. More studies are warranted to verify the outcomes of this study.
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Introduction concerns have led to the recognition of environmental
factors as playing a crucial role in the initiation of OHCAs;
consequently, the association between acute exposure to
air pollutants and OHCA incidence has risen to prominence
as a focal point of recent research.

Cardiac arrest (CA) signifies the failure of mechanical
cardiac activity, coupled with the lack of observable
clinical evidence of systemic circulation.” Globally, CA
is responsible for an estimated 15% of all fatalities and
comprises half, or 50%, of all cardiac-related deaths.? In a prospective study examining the association
Differences in underlying pathophysiology and systems of bgtween cigarette smoking and smoking cessation on the
care necessitate the examination of epidemiology through risk of SCD among 101, 018 women, compared to never
two distinct categories: in-hospital cardiac arrest and out- smokers, current smf)kers e>.<h|blted a 2.44-fold elevat.ed
of-hospital cardiac arrest (OHCA)." OHCA, defined as the r|sI'< of CA (95% confidence mte.rval Cl: 1.80 - 3'3,1)’ W',th
cessation of cardiac mechanical activity occurring outside a adjustments made for. coronary risk f?CtorS/ In multifactorial
hospital setting, is the most common and critical condition analyses, both the daily quantity ofagarettgs smoked (P for
marked by a low survival rate. Lifestyle factors, such as trend <0.0001) and the'durat(on of s.mokln'g (P for trend
smoking, levels of physical activity, and diet, have also <0.QOO1)dem0nstrated linear correlations with augm()entgd
been found to be associated with CA.? In addition, growing _CA risk among current.smokers corresponded to an 8% rise

in CA risk (hazard ratio (HR)=1.08; 95% Cl=1.05-1.12;
p < 0.0001).* A prior study has documented that smoking
cessation can lead to a substantial decrease in the risk of
CA.* In a multicenter case-control study at 17 hospitals in
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Central lllustration: A Two-sample Mendelian Randomization Study of Air "Pollution/Smoking and Cardiac Arrest
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Description of the study design. A flow chart depicts how the MR analysis was conducted in this study.

matter (PM) in ambient air pollution.”® Especially, previous
studies have investigated the correlation between air
pollution levels and the incidence of OHCA. The risk of
OHCA has been correlated with short-term elevations
in exposure to PM, specifically fine particles with an
aerodynamic diameter less than 2.5 micrometers (PM2.5) or
ultrafine PM, and at times, coarser particles with diameters
less than 10 micrometers (PM10), along with gaseous
pollutants such as ozone (O,), which can originate from
various sources including industrial activities and vehicular
emissions.’

Nonetheless, the findings from observational studies
are susceptible to being influenced by confounding
factors, notably from baseline characteristics and study
design. Mendelian Randomization (MR) is a sophisticated
instrumental variable (IV) strategy that employs single-
nucleotide polymorphisms (SNPs) as inherent natural 1Vs,
facilitating the dissection of causal relationships between
phenotypic traits.'® This methodology inherently mitigates
biases arising from confounding variables and sidesteps the
issue of reverse causality, thereby enhancing the credibility
of inferred causal links. This study aimed to investigate the
causal relationship between air pollution/smoking and the
risk of CA. Findings of this study may assist in illuminating
the genetic underpinnings and biological pathways
implicated in CA.

Methods

Study design

The present MR study was conducted under three
fundamental assumptions: (1) Relevance: The genetic
variant is significantly associated with the exposure under

investigation; (2) Independence: The genetic variant
is independent of any confounding factors that might
influence the relationship between the exposure and
outcome; and (3) Exclusion Restriction: The genetic variant
impacts the outcome solely through its connection with
the exposure, exerting no direct independent effect." This
study employed a two-sample MR analysis to evaluate the
causal association between air pollution/smoking and the
risk of CA (Central llustration).

Data source

In this study, CA was regarded as the outcome, and air
pollution and smoking were regarded as exposure. The
summary-level data on CA were obtained from the FinnGen
dataset. The sample size was 118055. Data on smoking were
obtained from the IEU Open GWAS project (https://gwas.
mrcieu.ac.uk/), and data on air pollution were obtained
from the Medical Research Council-Integrative Epidemiology
Unit (MRC-IEU)." Land use regression (LUR) model from
the ESCAPE project was utilized to estimate concentrations
of air pollutants in the vicinity of households, which were
then integrated with genomic data from blood sequencing
available in the UK Biobank (UKB) cohort dataset.'*"
Detailed information is provided in Table S1. All data are
publicly available, and ethical approval and informed consent
have been obtained in the original studies.

Instrumental variables (IVs) selection

To adhere to the aforementioned assumptions, the GWAS
database was queried for SNP selection. Subsequently, a
significance threshold of P < 5 X 10 was used to select
SNPs as potential instrumental variables (1Vs), this slightly
relaxed threshold, compared to the strict genome-wide
significance level (P < 5 x 107), is a commonly employed

Arq Bras Cardiol. 2026; 123(3): 20250127



Tian et al.
MR on Air Pollution/Smoking and Cardiac Arrest

Original Article

strategy in MR studies to increase the number of available
instruments, thereby enhancing the statistical power of the
analysis, especially for exposures with a limited number
of genome-wide significant hits.” The inclusion criterion
for the minor allele frequency (MAF) of the variants under
investigation was set at 0.01."° All identified SNPs were
subjected to clumping to preclude linkage disequilibrium
issues, employing a stringent clump window parameter
set at an R? threshold of 0.001 and a kb of 10,000.°
When instrumental variables were absent in the outcome
dataset, high-linkage disequilibrium (LD) proxies, with
an R? exceeding 0.8, were sought out and utilized as
replacements.’® For assessing instrument strength and to
address potential weak instrument bias, the F-statistic was
calculated for every SNP within the IV set. This computation
adhered to the formula: F =[R2 * (N - 2)] / (1 - R?), wherein
R?signifies the proportion of variance in exposure explained
by the SNP, and N represents the sample size."” To ensure
robust instrument potency and avoid weak instrument bias,
only SNPs yielding an F-statistic > 10 were retained.’

Mendelian Randomization

The two-sample MR analysis was conducted utilizing the
R software, version 4.3.3, employing the TwoSampleMR
package and the MR-PRESSO package. The primary MR
analysis was executed employing the Inverse-Variance
Weighted (IVW) method, premised on the assumption
that no average pleiotropic effects are present. The IVW
method is considered the most effective approach for
estimating the causal link between air pollution/smoking
and CA, utilizing ORs alongside their respective 95% Cls
to quantify the association. To assess the robustness of our
findings, additional analytical methods, including MR-
Egger regression, weighted median, and weighted mode
approaches, were employed as complementary analyses.
The MR-Egger approach incorporates an intercept term,
allowing for the provision of unbiased estimates of causal
effects even when horizontal pleiotropy is present.’ The
weighted median approach is predicated on the assumption
that at least half of the instrumental variables accurately
estimate the causal relationship between the exposure and
the outcome.’ The weighted mode strategy identifies the
causal effect by focusing on a subset of SNPs that exhibit
the highest density of effects, accomplished by clustering
SNPs into groups according to their similarity in inferred
causal impacts.?® Multiple testing adjustments were carried
out employing the Benjamini-Hochberg false discovery rate
(FDR) procedure, taking into account the effective number
of independent traits.?" A scatter plot was used to depict
the association between air pollution/smoking and CA. A
forest plot was employed to show the MR analysis and 95%
Cl for each SNP.

Sensitivity analysis

Sensitivity analyses were conducted to verify the
reliability of MR estimates. In the IVW analysis, the |2
statistic and Cochran’s Q test were employed to assess
heterogeneity among the effects of SNPs associated with
CA outcomes, with a p-value greater than 0.05 indicating
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no statistically significant heterogeneity.?? The MR-Egger
regression is employed to detect potential pleiotropy and
assess its impact on risk estimation, with the intercept
test being pivotal. A p-value > 0.05 suggests an absence
of significant pleiotropy.?® A funnel plot was utilized to
visually inspect and illustrate the presence of horizontal
pleiotropy. Moreover, the MR Pleiotropy Residual Sum
and Outlier (MR-PRESSO) method was employed to
systematically assess horizontal pleiotropy and to identify
and subsequently remove any outlier SNPs that could
distort the causal inference.? Furthermore, after excluding
outlier instrumental variables (IVs), we examined whether
there was a statistically significant difference in the results
compared to before their removal. A leave-one-out (LOO)
analysis was conducted to ascertain the influence of each
SNP on the overall causal relationship, thus ensuring the
robustness of our findings.

Statistical power

The statistical power of our MR analysis was assessed
using the online tool “mRnd” (https://shiny.cnsgenomics.
com/mRnd/), which is specifically designed for power
calculations in 1V analyses. These calculators estimate
the power to detect an effect of a given magnitude for a
continuous outcome, based on several key parameters: (1)
the proportion of variance in the exposure explained by the
IV (R2), (2) the true causal effect size, (3) the sample size of
the outcome GWAS, (4) the number of genetic instruments
used, and (5) the pre-specified significance level ().

Results

IVs selection

This study identified 1138 IVs associated with air
pollution and smoking. Upon calculating the F-statistics for
these IVs, the mean F-statistic was 29.26. Importantly, the
minimum F-statistic for any included SNP was 20.34, which
is substantially higher than the conventional threshold of
10, indicating that our analyses are unlikely to be affected
by weak instrument bias (Table S2). In the MR analysis
with CA as the endpoint, 56 SNPs were unmatched in
the summary data, and 19 SNPs lacked appropriate proxy
SNPs (Table S3).

Mendelian Randomization

Results of IVW showed a significant association between
smoking status and CA (OR = 2.182, 95% Cl: 1.137 —
4.188, p = 0.019). Figures 1 and 2 depict the scatter plots
and forest plots of the effect of smoking status on CA. In
addition, the IVW results showed no evidence of a causal
relationship between various air pollution metrics (including
PM2.5, PM2.5 absorbance, PM10, and nitrogen dioxide)
or other smoking-related traits (past tobacco smoking, age
of initiation, and never smoking status) and the risk of CA.
The detailed results for these analyses are presented in
Table 1. The scatter plot for the negative results is shown
in Figures S1-S2, and the forest plot for the negative results
is shown in Figures S3 -S4.
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Figure 1 - Scatter plots of the association between Smoking status and CA. The slopes depicted the causal associations, with each

line representing a different methodology.

Sensitivity analyses

The MR-Egger regression analysis indicated an absence of bias
due to horizontal pleiotropy (Table S4). Heterogeneity was detected
inthe analysis linking particulate matter air pollution (PM2.5) to CA,
whereas no heterogeneity was observed in the remaining analyses
(Table S4). Figures 3 and 4 depict the Funnel plots and Leave-one-
out plots of the effect of smoking status on CA. Figures S5-S6 depict
the Funnel plots of the negative results, and Figures S7-S8 depict
the Leave-one-out plots of the negative results. According to the
MR-PRESSO analysis, one outlier SNP (rs1537371) was identified
in the PM2.5-CA association; however, even upon exclusion of
this SNP, no statistically significant association persisted. No other
outliers were detected in the rest of the analyses (Table S5).

Statistical power

The statistical power calculations for our MR analyses
are presented in Table S6. The results indicate a generally
low statistical power (<80%) to detect causal effects for the
majority of the exposure-outcome associations investigated.

Discussion

To the best of our knowledge, this is the first MR analysis
examining whether air pollution/smoking has a causal role
in the development of CA. Findings of this study uncovered
a causal connection between a genetic predisposition to
smoking and CA. Additionally, our study has identified that
air pollution was not causally related to CA.

Numerous investigations have assessed the association
between SCA risk and adherence to healthy lifestyle

practices. Chief among these factors, smoking stands out as
the most recurrently examined lifestyle attribute in relation
to CA.>? In a prospective cohort study comprising women
who were free of coronary heart disease at baseline, a
robust dose-response relationship was uncovered between
cigarette smoking and the risk of CA. Moreover, it was
demonstrated that smoking cessation led to a substantial
reduction and ultimately eradicated the elevated risk of
CA.* Although the results were in line with the current
study, the enrolled population was limited to women. In a
case-control study by Park et al., non-smoking was proven
to be a protective factor for CA risk (OR = 0.36, 95% Cl:
0.27-0.47) when age, sex, residential area, cardiovascular
comorbidities, and healthy lifestyle habits were adjusted.?
Moreover, in a recent meta-analysis including 12 prospective
studies, the pooled relative risk (RR) was estimated at
3.06 (95% Cl: 2.46 — 3.82) for individuals who currently
smoke, in comparison to those who have never smoked.?
Approximately 80% of CA can be attributed to ventricular
tachyarrhythmias, and a heightened vulnerability to both
initial and recurrent incidents of these arrhythmias, as well
as ventricular fibrillation among smokers, may be attributed
to disturbances in ventricular repolarization time dispersion
indices.?>3" Nicotine, a key component of cigarettes,
has been demonstrated in animal studies to provoke a
spectrum of cardiac rhythm disorders, encompassing
transient sinus pauses, bradycardia, sinus tachycardia, atrial
fibrillation, sinoatrial block, atrioventricular block, and
ventricular tachyarrhythmias, further implicating its role in
the pathophysiology of smoking-related arrhythmogenic
risk.*? Findings of this study reinforced the importance of
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Table 1 - Results of the causal relationship between air pollution/smoking and CA

Smoking status Cardiac arrest 5*10 317 MR Egger 0.374 ( 0.031, 4.501 ) 0.439

Smoking status Cardiac arrest 317 Weighted median 1.793 ( 0.669, 4.804 ) 0.245

Smoking status  Cardiac arrest 317 Inverse variance 2182 (1.137,4.188)  0.019
weighted

Smoking status Cardiac arrest 317 Weighted mode 0.673 ( 0.039, 11.63 ) 0.786

IA?"? Of Smoking ¢ iac arrest 50 MR Egger 2.091(0.243,17.968)  0.505

nitiation

IAQ‘? Of Smoking . iag arrest 50 Weighted median 1424 (0.439,4622)  0.556

nitiation

Age Of Smoking . ¢ arrest 50 Inverse variance 1208 (0.517,2.823)  0.663

Initiation weighted

ﬁ}?ﬁa‘;’izﬁmk'”g Cardiac arrest 50 Weighted mode ~ 4.125 (0.355,47.936)  0.263

Particulate

matter air Cardiac arrest 55 MR Egger 0.383 (0.081, 1.81) 0.231

pollution (PM2.5)

Particulate

matter air Cardiac arrest 55 Weighted median 0.386 ( 0.078, 1.909 ) 0.243

pollution (PM2.5)

Particulate Inverse variance

matter air Cardiac arrest 55 weiahted 0.683 (1 0.269, 1.736 ) 0.424

pollution (PM2.5) g

Particulate

matter air Cardiac arrest 55 Weighted mode 0.435 ( 0.092, 2.051) 0.298

pollution (PM2.5)

Particulate

matter air .

pollution (PM2.5) Cardiac arrest 56 MR Egger 0.717 ( 0.193, 2.658 ) 0.621

absorbance

Particulate

matter air . . .

pollution (PM2.5) Cardiac arrest 56 Weighted median 0.819 (0.2, 3.358) 0.781

absorbance

Particulate

matter air . Inverse variance

pollution (PM2.5) Cardiac arrest 56 weighted 0.658 (1 0.275, 1.577) 0.348

absorbance

Particulate

matter air . .

pollution (PM2.5) Cardiac arrest 56 Weighted mode 0.547 ( 0.157, 1.906 ) 0.348

absorbance

Particulate

matter air Cardiac arrest 28 MR Egger 0.228 (0.004, 11.78) 0.469

pollution (PM10)

Arq Bras Cardiol. 2026; 123(3): 20250127
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Particulate
matter air Cardiac arrest 28 Weighted median 0.73 (0.071, 7.477 ) 0.791
pollution (PM10)
Particulate Inverse variance
matter air Cardiac arrest 28 weiahted 1.234 (0.187, 8.123) 0.827
pollution (PM10) g
Particulate
matter air Cardiac arrest 28 Weighted mode 0.53 (0.012, 24.257 ) 0.747
pollution (PM10)
Past tobacco Cardiac arrest 241 MR Egger 0.967 (0.214,4.373)  0.965
smoking
FCEL IEL0RIEe Cardiac arrest 241 Weighted median 0.747 (0.414,1.348)  0.333
smoking
Past tobacco Cardiac arrest 241 Inverse variance 1.007 (0.681,1.489)  0.972
smoking weighted
A (DR Cardiac arrest 241 Weighted mode 0.508 (0.116,2.221)  0.369
smoking
Nitrogen dioxide o0 arrest 98 MR Egger 0.877 (0.286,2.694)  0.819
air pollution
Nitrogen dioxide o arrest 98 Weighted median 0.996 (0.302,3.289)  0.995
air pollution
Nitrogen dioxide o, a6 arrest 98 Inverse variance 0.582 (0.281,1.202)  0.143
air pollution weighted
Nitrogen dioxide o, a6 arrest 98 Weighted mode 1473 (0.458,4741) 0518
air pollution
E’;‘V‘;kr'”g Stlus: oo diac arrest 226 MR Egger 6.496 (0.221, 191.07)  0.279
E:‘V‘;kr'”g Slus: oo diac arrest 226 Weighted median 1433(0.39,5.267)  0.588
Smoking status: ¢ iac arrest 226 Inverse variance 1.075 (0.435,2.654)  0.876
Never weighted
ﬁg‘vlkr'”g stalus: oo diac arrest 226 Weighted mode 1.996 (0.054,73.131) 0707
Particulate
matter air .
pollution 2.5- Cardiac arrest 6 MR Egger 0.798 ( 0.356, 1.79 ) 0.614
10um
Particulate
I Cardiac arrest 6 Weighted median 1.198 (0.698,2.057)  0.513
pollution 2.5-
10um
Particulate
matter air . Inverse variance
pollution 2.5- Cardiac arrest 6 weighted 1.162 ( 0.766, 1.764 ) 0.481
10um
Particulate
matter ar Cardiac arrest 6 Weighted mode 1.222 ( 0.647, 2.306 ) 0.564
pollution 2.5-
10um
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igure 3 - Funnel plots of the association between Smoking status
and CA. Each point represents a genetic variant, plotted according
to the estimated effect size and standard error. The plot helps
identify asymmetry, which could indicate potential biases such
as pleiotropy or publication bias.

population-wide policies and strategies for smoking cessation
in the reduction of the incidence of sudden cardiac deaths.

In previous observational studies, concentrations of air
pollutants including PM2.5, PM10, NO,, and O, have been
manifested as risk factors for CA.2° Kang et al. conducted an
analysis to assess the effects of elevated exposure to PM10 and
PM2.5 on the occurrence of OHCA in a population setting.
Their findings revealed a significant correlation between higher
levels of PM2.5 exposure and an augmented risk of OHCA.*?
A study conducted in Stockholm, Sweden, revealed a notable
exposure-response relationship, associating higher OHCA risk
with increased O, levels, whereas no such association was
observed for PM2.5 or NO,** Conversely, a separate OHCA
study undertaken in Lombardy, Italy, employing distinct
methodologies, demonstrated that concentrations of all studied
pollutants were significantly elevated on days with a high
incidence of OHCA, except for O, * A recent systematic review
and meta-analysis encompassing 15 studies that investigated
the relationship between OHCA and exposure to various
atmospheric pollutants, with a primary focus on the pollutant
concentrations of PM10, PM2.5, NO,, and O,, their analysis
revealed a significant linkage between heightened OHCA risk
and elevated levels of PM2.5, PM10, and O, in the ambient
air. Similarly, another study by Sielski et al. also reported
on the influence of PM2.5 and PM10 on the parameters of
out-of-hospital CA.>” Disparity in some of the results from the
aforementioned studies may be attributed to the different
study designs, characteristics of participants, methodology of
pollutant measurement, mixtures of exposures, and degrees
of individual susceptibility. Of note, results of our MR analyses
revealed an insignificant causal relation between air pollutants
including PM10, PM2.5, NO,, and Particulate matter air

pollution 2.5-10 um. A primary consideration when interpreting
these null associations is the statistical power of our analysis.
As our power calculations indicate (Table S6), the study was
generally underpowered to detect small to moderate causal
effects for air pollution metrics. Therefore, the absence of a
statistically significant association should not be interpreted as
definitive evidence of no causal effect, but rather may reflect
the limitations of the current study to detect such a relationship.
The underlying mechanisms for the insignificant findings with
regard to the causal relationship between air pollution and
CA could be that variations in the magnitude or character of
the inflammatory response may emerge due to differences in
particulate chemistry and the duration or intensity of exposures.
Some individuals are likely more vulnerable, with evidence
suggesting that those with underlying cardiovascular risks and
metabolic syndrome may demonstrate stronger associations.?”
Conversely, anti-inflammatory medications, like statins, might
counteract the effects of ambient particles.*® The magnitude and
consistency of these changes vary across a range of biomarkers
and patient populations studied.® It is important to note that
MR estimates the causal effect of lifelong, genetically predicted
exposure levels. In contrast, many observational studies have
linked CA to acute, short-term spikes in air pollution. It is
plausible that chronic, lower-level exposure (as proxied by
genetics) does not have a detectable causal effect, whereas
acute high-level exposure acts as a trigger for cardiac events
in susceptible individuals. Our study was not designed to
capture such short-term effects. Furthermore, the relationship
between air pollution and CA might be non-linear, with risk
increasing significantly only above a certain exposure threshold
not captured by the genetic instruments. While MR is robust
against many confounding factors, we cannot completely rule
out unmeasured mediators or pathways of horizontal pleiotropy.
For example, socioeconomic status is a complex confounder
linked to both residential air pollution levels and cardiovascular
health, and its effects may not be fully captured.

Our study boasts several strengths. It contributes valuable
insights to the understanding of the causal relationship between
air pollution/smoking and CA, offering empirical grounding for
further research in this domain. Additionally, by challenging the
notion that cigarette smoking could be a dependable risk factor
for CA, our findings carry important implications. However,
we acknowledge several limitations of this study. Primarily, our
analysis was confined to cohorts of European descent, which
limits the generalizability of our findings. Genetic architecture,
such as allele frequencies and linkage disequilibrium patterns,
can differ across populations. Moreover, gene-environment
interactions may vary; for instance, the impact of genetic
predisposition to smoking could be modified by different
social norms or exposure levels to other risk factors in non-
European populations. Therefore, future MR studies in diverse
ancestral groups, such as those of African or Asian descent, are
crucial to validate our findings and assess their global public
health implications. Secondly, though we cannot definitively
exclude participant overlap between datasets for exposure
and outcome, quantifying this overlap accurately poses a
methodological challenge. Despite this, the high robustness
of our IVs, as evidenced by F statistics > 10, significantly
mitigates potential bias arising from any such overlap, aligning

Arq Bras Cardiol. 2026; 123(3): 20250127
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with established criteria.”” Thirdly, a significant limitation is
the insufficient statistical power for several of our analyses,
particularly for air pollution exposures. This limits our ability
to draw firm conclusions from the null findings and highlights
that the absence of evidence is not evidence of absence. This
issue underscores the need for future studies using larger GWAS
summary datasets, which would provide greater power to
detect potential small to moderate causal effects. Given these
limitations, cautious interpretation of the outcomes of this study
is warranted, underscoring the need for future studies that
address these constraints and expand the scope of investigation
to broader populations and with a more comprehensive set of
SNPs to enhance the precision and generalizability of findings.

Conclusions

The results from this two-sample MR analysis provide
evidence for a genetically inferred causal link between
cigarette smoking and CA. Specific strategies for smoking
cessation are needed to reduce the occurrence of CA.
To solidify outcomes of the current study, future analyses
should employ larger GWAS summary datasets based on
multiple populations and an expanded repertoire of genetic
instruments.
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