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ABSTRACT

Background: Allergic rhinitis and vasomotor rhinitis are harassing numerous patients and their risk
factors have not been well investigated. Here, we try to identify their risk factors and distinguish these 2
diseases.

Methods: A two-sample Mendelian randomization (MR) study was implemented to discover the
risk factors of allergic and vasomotor rhinitis. Based on previous studies, we selected 15 potential
risk factors and the genome-wide summary statistics were extracted from the non-FinnGen con-
sortium. The genome-wide summary statistics of rhinitis were obtained from the FinnGen con-
sortium. Both univariable MR and multivariable MR analyses were performed to identify the causal
risk factors. The Cochrane’s Q value was calculated to appraise the heterogeneity. MR-Egger
intercept and MR-RPESSO were utilized to appraise the pleiotropy.

Results: In the univariable model, the number of cigarettes per day can decrease the risk of
allergic rhinitis (IVW OR = 0.29[0.18, 0.47], p-value = 2.70 x 10~7) while increasing the risk of
vasomotor rhinitis (IVW OR = 1.30[1.04, 1.62], p-value = 0.022). Besides, no other risk factors
could affect the risk of either allergic or vasomotor rhinitis. After adjusting for age of smoking
initiation and alcohol intake, the cigarettes per day could still decrease the risk of allergic rhinitis
(IVW OR = 4.66 x 107> [1.99 x 1074 0.11], p-value = 0.003) while not affecting the risk of
vasomotor rhinitis (IVW OR = 0.92[0.44, 1.96], p-value = 0.834).

Conclusion: Smoking can affect the risk of allergic and vasomotor rhinitis differently where it
decreases the risk of allergic rhinitis and increases the risk of vasomotor rhinitis.
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INTRODUCTION

The incidence of rhinitis has been reported to
harass 14% of adults and 13% of children in the
United States.” Furthermore, rhinitis can coexist

with asthma and usually is a strong risk factor for
new-onset asthma, exerting a heavy burden on
society.? Thus, it is necessary to identify the risk
factors for rhinitis and control them. It has been
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Fig. 1 The basic principles of two-sample Mendelian randomization and multivariable Mendelian randomization

reported that genetic factors might play an
important role in the pathogenesis of rhinitis,
together with those environmental factors.® For
example, single nucleotide polymorphism (SNP)
located in the interleukin, chemokine, and
receptor coding genes might affect the
pathogenesis of rhinitis and so do the epigenetic
factors.® A recent cohort study, consisting of 11
506 adults in Northern Europe, found that
smoking and living in new buildings could
increase the risk of rhinitis.* However, Skaaby
et al reported that smoking might lower the risk
of hay fever and allergic sensitization.® Besides,
obesity was reported to be associated with
allergic rhinitis where the impact of obesity on
allergic rhinitis is not clear.® Considering the
association between environmental risk factors
and rhinitis tends to be biased by the unknown
confounders such as socioeconomic status, it is
necessary to overcome the unknown confounders
and reverse causation when attempting to
identify causal risk factors for rhinitis.

Mendelian randomization (MR) is a method for
causal inference using genetic variants as the
instrumental variables and has achieved great
success in many fields.” Since the gametes are
randomly allocated at conception, the SNP’s
different effect on the exposure can simulate the

different levels of the exposure and they can
divide the population into different groups the
same as the randomized controlled trial (RCT).2
Nowadays, MR studies based on the two-sample
setting are developing rapidly thanks to the accu-
mulation of summary statistics derived from pub-
licly available genome-wide association studies
(GWAS). Meanwhile, a few MR studies focused on
allergic rhinitis and hay fever have been reported
and they added evidence to observational studies.
Feng et al supported that serum 25-
hydroxyvitamin D could not affect the risk of
allergic rhinitis, allergic sensitization, and non-
allergic rhinitis, and Skaaby et al also found the
null association between vitamin B12 and allergic
rhinitis, together with folate concentrations.”"°
Meanwhile, Tea et al and Frederikke et al ruled
out the causal relationship between alcohol
intake and allergic rhinitis."

However, recent MR studies are only focused on
a small number of risk factors and the main
outcome is allergic rhinitis and no study has
treated vasomotor rhinitis as the outcome yet. It is
known that vasomotor rhinitis is a kind of rhinitis
with high heterogeneity and many aspects of it are
still under investigation."® Thus, we hope to
perform a comprehensive MR study to identify
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modifiable risk factors for rhinitis, including both
allergic rhinitis and vasomotor rhinitis.

METHODS
Mendelian randomization design

This study consisted of 2 parts including uni-
variable and multivariable MR analyses. Initially,
the potential causal risk factors of rhinitis were
identified and we further judged whether these
factors independently affected the risk of rhinitis.
This study is reported mainly based on
“STrengthening the Reporting of OBservational
studies in Epidemiology” (STROBE)."®

Univariable MR analysis

The Mendelian randomization analysis is per-
formed based on the following 3 principles:' The
genetic variant is closely associated with the
exposure;? The genetic variant is not associated
with potential confounders;® The genetic variant
is not associated with the outcome except via the
way of the exposure’ (Fig. 1A). Usually, the first
assumption can be well satisfied using the GWAS
summary statistics and the last 2 assumptions
sometimes cannot be well tested. As the genetic
variants (SNP) are closely associated with the
exposure, they would affect the exposure firstly.
Also, the only pathway is “genetic variants —
exposure — outcome” if we observed the
significant results since the genetic variants are
not  directly  associated  with  potential
confounders and outcomes. Thus, the observed
associations from MR should be causal.

Initially, we extracted SNPs associated with the
exposure from the GWAS summary statistics if
reaching the genome-wide significance (p-value <
5 x 1078). Then, we removed the SNP with its mi-
nor allele frequency less than 0.01. The SNPs in
close linkage disequilibrium (LD) with the most
significant one in the given region would be
removed as well. The palindromic SNPs (A/T or C/
G) were also excluded. Before MR analysis, we also
appraise the weak instrument bias using the F
statistics (F = beta?/se?) for each SNP and calculate
a general F statistic for all SNPs." The SNP with
less statistical power would be excluded. To
avoid the bias caused by the violation of
assumption 2, we conducted a phenome-wide
association study to find the SNPs associated

with potential confounders and removed these
SNPs.'® A Bonferroni correction p-value was
adopted to define SNP not associated with the
outcome (outcome p-value > 0.05/number of
SNPs).

Multivariable Mandelian randomization analysis

The multivariable MR (MVMR) analysis would be
performed only if the exposure-outcome associa-
tion is significant in the univariable MR analysis
(Fig. 1B). We will include other exposures closely
associated with the significant one in the
multivariable regression model. Before MVMR
analysis, we would also calculate the MVMR F
statistics for each exposure, and the exposure
would be removed if its F statistic is less than 10.

DATA SOURCE DESCRIPTION

Genetic instrumental variables for modifiable risk
factors

We extracted the instrumental variables from
GWAS results and removed SNPs in high linkage
disequilibrium (r? < 0.01) to get independent
instrumental variables using 1000 genome Phase 3
European samples as the reference panel (https://
www.internationalgenome.org/). All instrumental
variables reached the genome-wide significance
(GWAS p-value < 5 x 1078) and each minor allele
frequency was more than 0.01. Genetic variants
associated with the number of cigarettes smoked
per day (CPD, a continuous variable) were all ob-
tained from the recent GWAS result derived from
GWAS & Sequencing Consortium of Alcohol and
Nicotine use (GSCAN).’"® Meanwhile, the IVs for
the age of smoking initiation and alcoholic drinks
per week were also obtained from the GSCAN.
We obtained genetic variants associated with
BMI, waist circumference, hip circumference, and
waist-to-hip ratio (WHR) from the Genetic Investi-
gation of ANthropometric Traits (GIANT) con-

sortium.””'®  The instrumental variables for
lipidemic traits, including HDL, LDL, total
cholesterol, and triglycerides, were extracted

from the Global Lipids Genetics Consortium
(GLGC)."” We obtained instrumental variables for
HbA1c*? and fasting glucose®’ from the Meta-
Analyses of Glucose and Insulin-related traits
Consortium (MAGIC). The genetic variants associ-
ated with systolic blood pressure (SBP) and
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diastolic blood pressure (DBP) were extracted
from a GWAS meta-analysis in over 1 million in-
dividuals from UK Biobank (UKB) and International
Consortium for Blood Pressure (ICBP).2?

Genetic instrumental variables for allergic and
vasomotor rhinitis

The GWAS results of allergic and vasomotor
rhinitis were obtained from the FinnGen Con-
sortium (https://r4.finngen.fi/). The definitions of
these 2 diseases are based on the international
code of diseases (ICD) where allergic rhinitis
included participants diagnosed by ICD-10 J301,
J302, J303, J304 in ICD-10 and 477 in ICD-9. As
for vasomotor rhinitis, it includes participants
diagnosed by J300 in ICD-10. The samples were
genotyped with lllumina (lllumina Inc., San Diego,
CA, USA) and Affymetrix arrays (Thermo Fisher
Scientific, Santa Clara, CA, USA). The individuals

with  ambiguous gender, high genotype
Exposure Consortium
Cigarettes per day GSCAN
Age of smoking initiation GSCAN
Alcoholic drinks per day GSCAN

BMI GIANT
Wiaist circumference GIANT

Hip circumference GIANT
WHR GIANT

HDL GLGC

LDL GLGC

TC GLGC

TG GLGC
HbA1c MAGIC
Fasting glucose MAGIC

SBP UKB + ICBP
DBP UKB + ICBP

missingness (>5%), excess heterozygosity (+4SD),
and non-Finnish ancestry were excluded. Mean-
while, variants with high missingness (>2%), low
HWE P-value (<1e-6), and low minor allele count
(<3) were excluded. The Sequencing Initiative
Suomi (SISu) was used as the reference panel for
genotype imputation (http://sisuproject.fi/). The
genotype imputation was conducted using the
software Beagle 4.1.2* The GWAS was performed
under the mixed model logistic regression
provided by the SAIGE software, adjusting for
sex, age, 10 PCs, genotyping batch, and genetic
relatedness. The allergic rhinitis samples
consisted of 4300 cases and 171,926 controls
and there were 744 cases and 174,935 controls
in the samples of vasomotor rhinitis.

Each GWAS study was performed under the li-
cense of its corresponding Independent Ethics
Committee and related information can be foun-
ded in the original GWAS publications. All GWAS

NSNP Sample size R2(%) F
25 842,717 4.32 1521.92
2 842,717 0.01 42.14
13 842,717 0.03 19.45
42 344,369 2.65 223.17
23 344,369 1.78 271.32
26 344,369 1.75 235.90
9 344,369 1.64 637.96
57 188,578 7.54 269.71
39 188,578 5.31 271.10
42 188,578 9.60 476.70
31 188,578 6.21 402.71
20 159,940 1.23 99.57
25 151,188 1.34 82.12
313 757,601 4.64 117.72
349 757,601 4.73 107.73

Table 1. A summary of GWAS summary statistics for different risk factors. Notes: (1) Exposure: the risk factors; BMI = body mass index; WHR = waist-
to-hip ratio; HDL = high-density lipoprotein; LDL = low-density lipoprotein; TC = total cholesterol; TG = triglycerides; HbA1c = glycated hemoglobin; SBP =
systolic blood pressure; DBP = diastolic blood pressure. (2) Consortium: The name of GWAS consortium. (3) NSNP: the number of SNPs in the MR analysis. (4)
Sample size: the sample size of each GWAS. (5) R2(%): the genetic explanation of each risk factor. (5) F: the general F statistic for each risk factor


https://r4.finngen.fi/
http://sisuproject.fi/
https://doi.org/10.1016/j.waojou.2022.100630

Volume 15, No. 2, Month 2022

summary statistics are freely downloadable and
can be used without restriction.

Statistical methods

The inverse-variance weighted (IVW) method
was adopted to combine each IV's effect size, and
MR-Egger and median-based methods were used
as the complement to the IVW. We calculated
Cochrane’s Q value to assess the heterogeneity. As
for horizontal pleiotropy, the MR-Egger intercept
and MR-PRESSO methods were utilized.?*2® If the
outliers were detected, they would be removed
and we would reassess the MR causal estimation.
If heterogeneity still exists, the median-based
estimation will be adopted as the main effect
size. If there is horizontal pleiotropy, the MR-Egger
estimation will be the main effect size.

In the univariable MR analysis, we tested the
causal relationship between 15 exposures and 2

Exposure P OR
Cigarettes per day 0.000 0.29
Waist circumference 0.037 0.28
Alcoholic drinks per day 0.130 0.11
BMI 0.139 0.45
LDL 0.307 0.78
Age of smoking initiation 0.309 0.07
HbA1c 0.344 3.51
SBP 0.372 1.01
Fasting glucose 0.416 0.63
Hip circumference 0.687 0.83
TC 0.869 1.04
HDL 0.916 0.97
DBP 0.925 1.00
WHR 0.965 0.95
TG 0.984 1.00

kinds of rhinitis (allergic rhinitis and vasomotor
rhinitis). The exposure-outcome association is
defined to be significant if its Bonferroni cor-
rected p-value is less than 0.05. The Bonferroni
corrected p-value is calculated using the
following formula: corrected p-value = p * (1/n)
where p is the original MR p-value and n is the
number of statistical tests (n = 14). The uni-
variable MR analysis was performed using the R
packages  “TwoSampleMR” and  “Mende-
lianRandomization”. The MR-PRESSO was con-
ducted using the R package “MRPRESSO".?® The
IVW model was the main method in MVMR
analysis and the MR-Egger method was the
complementary method. The MVMR was per-
formed using the R packages “Mende-
lianRandomization” and "MVMR".

The mRnd was used to calculate the statistical

power for Mendelian randomization (https://
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0.09 0.93 L
0.01 1.89
0.16 1.29 u
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0.00 11.95
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Fig. 2 The forest plot of different risk factors’ effect on allergic rhinitis. Notes: (1) Exposure: the risk factors; BMI = body mass index;
WHR = waist-to-hip ratio; HDL = high-density lipoprotein; LDL = low-density lipoprotein; TC = total cholesterol; TG = triglycerides;
HbATc = glycated hemoglobin; SBP = systolic blood pressure; DBP = diastolic blood pressure. (2) P: the p-value of each MR result. (3) OR:
the odds ratio. (4) 95%LCl: the lower limit of 95% confidence interval. (5) 95%UCI: the upper limit of 95% confidence interval
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cnsgenomics.shinyapps.io/mRnd/). All  statistical
analyses and data visualization were performed in
R software 3.4.0 (www.r-project.org).

RESULTS
Valid IVs

Generally, we included 15 risk factors as the
exposures. The number of genetic variants varies
between 2 and 349, explaining 0.01%-6.21% of
the exposure (Table 1). The genetic variants for
each exposure were valid IVs.

In the univariable MR analysis, the F statistics for
each IV are much greater than the empirical
threshold 10 and the general F statistics for each
exposure were greater than 10 as well
(Supplementary Table 1-15).

In the multivariable MR analysis, the F statistics
of CPD is 50.52 and the p-value of Q is 0.815,
suggesting sufficient statistical power and validity.

ALLERGIC RHINITIS
Smoking and drinking

Of these 15 risk factors, only CPD was causally
associated with allergic rhinitis after Bonferroni
correction and it might be a protective factor (IVW
OR = 0.29[ 0.18, 0.47], p-value = 2.70 x 1077,
Bonferroni p-value = 4.05 x 107%) (Fig. 2). Therein,
the risk of allergic rhinitis would reduce 71% if
increasing per SD of CPD. However, the alcohol-
intake seemed not to affect the allergic rhinitis
(IVW OR = 0.11[0.01, 1.89], p-value = 0.130). After
adjusting for the age of smoking initiation and
alcohol intake, the CPD could still decrease the risk
of allergic rhinitis (IVW OR = 4.66 x 1073
[1.99 x 1074, 0.11], p-value = 0.003). The p-value
of Cochrane’s Q and MR-Egger intercept is greater
than 0.05, suggesting no significant heterogeneity
or pleiotropy.

Anthropometric traits

Besides, a higher waist circumference could also
lower the risk of allergic rhinitis suggestively (IVW
OR = 0.28[0.09, 0.93], p-value = 0.037, Bonferroni
p-value = 0.560). However, the waist-to-hip ratio
(WHR) might not affect it (IVW OR = 0.95[0.11,

7.94], p-value = 0.965), and so did the hip
circumference (IVW OR = 0.83[0.33, 2.09], p-
value = 0.687). These results suggested that waist
circumference and hip circumference were 2
different indicators for the risk of allergic risk.
Meanwhile, the BMI was not associated with the
risk of allergic rhinitis (IVW OR = 0.45[0.16, 1.29],
p-value = 0.139).

Blood lipids

We failed to observe any causal association
between blood lipids and allergic rhinitis. Three
kinds of cholesterol could not affect the risk of
allergic rhinitis, including HDL (IVW OR = 0.97
[0.59, 1.62], p-value = 0.916), LDL (IVW OR = 0.78
[0.49, 1.25], p-value = 0.307) and total cholesterol
(VW OR = 1.04[0.65, 1.66], p-value = 0.869).
Meanwhile, the triglycerides cannot affect it as well
(IVW OR = 1.00[0.62, 1.62], p-value = 0.984).

Glycemic traits

Here, we included 2 glycemic traits, including
HbA1c and fasting glucose. The HbA1c level
cannot affect the risk of allergic rhinitis (IVW
OR = 3.51[0.26, 47.17], p-value = 0.344) and the
fasting glucose cannot affect it either (IVW
OR = 0.63[0.21, 1.92], p-value = 0.416).

Blood pressure

Both kinds of blood pressure were not associ-
ated with the risk of allergic rhinitis, including SBP
(IVW OR = 1.01[0.98, 1.05], p-value = 0.372) and
DBP (IVW OR = 1.00[0.95, 1.05], p-value = 0.924).

VASOMOTOR RHINITIS
Smoking and drinking

No risk factor was associated with vasomotor
rhinitis after Bonferroni correction. However, it was
suggestive that CPD could increase the risk of
vasomotor rhinitis (IVW OR = 1.30[1.04, 1.62], p-
value = 0.022, Bonferroni p-value = 0.325) (Fig. 3).
After adjusting for the age of smoking initiation
and alcohol intake, the CPD cannot affect the risk
of vasomotor rhinitis (IVW OR = 2.40[0.45,
12.76], p-value = 0.316). In this study, the
alcoholic drinks per day cannot affect the risk of
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Exposure P OR
Cigarettes per day 0.022 1.30
Fasting glucose 0.058 1.67
WHR 0.158 1.88
TC 0.161 0.86
Age of smoking initiation 0.305 3.44
Alcoholic drinks per day 0.356 1.74
HbA1c 0.388 1.50
DBP 0.445 0.99
HDL 0.521 0.93
SBP 0.574 1.00
BMI 0.677 0.91
LDL 0.700 0.96
TG 0.737 0.96
Hip circumference 0.769 1.07
Waist circumference 0.834 0.92
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Fig. 3 The forest plot of different risk factors’ effect on vasomotor rhinitis. Notes: (1) Exposure: the risk factors; BMI = body mass index;
WHR = waist-to-hip ratio; HDL = high-density lipoprotein; LDL = low-density lipoprotein; TC = total cholesterol; TG = triglycerides;
HbA1c = glycated hemoglobin; SBP = systolic blood pressure; DBP = diastolic blood pressure. (2) P: the p-value of each MR result. (3) OR:
the odds ratio. (4) 95%LCl: the lower limit of 95% confidence interval. (5) 95%UCI: the upper limit of 95% confidence interval

vasomotor rhinitis (IVW OR = 1.74[0.54, 5.61], p-
value = 0.356).

Anthropometric traits

Unlike allergic rhinitis, the vasomotor rhinitis
cannot be affected by the waist circumference
(VW OR = 0.92[0.44, 1.96], p-value = 0.834). Be-
sides, no other anthropometric traits are causally
associated with vasomotor rhinitis, including BMI
(IVW OR = 0.91[0.60, 1.39], p-value = 0.677), hip
circumference (IVW OR = 1.07[0.70, 1.63], p-
value = 0.769) and waist-to-hip ratio (IVW
OR = 1.88[0.78, 4.54], p-value = 0.158).

Blood lipids

No causal association was observed between
blood lipids and vasomotor rhinitis. Four blood
lipids cannot influence the risk of vasomotor rhinitis,

including HDL (IVW OR = 0.93[0.75, 1.16], p-
value = 0.521), LDL (IVW OR = 0.96[0.76, 1.20], p-
value = 0.700), total cholesterol (IVW OR = 0.86
[0.70, 1.06], p-value = 0.161), and triglycerides (IVW
OR = 0.96[0.73, 1.25], p-value = 0.737).

Glycemic traits

Here, we included 2 glycemic traits but either can
affectthe risk of vasomotor rhinitis, including HbA1c
(IVW OR = 1.50[0.60, 3.77], p-value = 0.388) and
fasting glucose (IVW OR = 1.57[0.99, 2.49], p-
value = 0.058).

Blood pressure

Two kinds of blood pressure were not associ-
ated with the risk of allergic rhinitis, including SBP
(IVW OR = 0.996[0.98, 1.01], p-value = 0.574) and
DBP (IVW OR = 0.99[0.97, 1.01], p-value = 0.445).
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Sensitivity analysis and power calculation

A leave-one-out sensitivity analysis was per-
formed for each exposure-outcome association.
The outliers were removed in the further analysis
and no IV could drive the results. The statistical
power for CPD is 100%.

DISCUSSION

To summarize, we identified smoking might be
the only common risk factor and it could affect the
risk of allergic rhinitis and vasomotor rhinitis in the
opposite direction. The CPD might decrease the
risk of allergic rhinitis while increasing the risk of
vasomotor rhinitis suggestively. Meanwhile, a
higher waist circumference could marginally
decrease the risk of allergic rhinitis. Besides, no
other risk factors were causally associated with the
risk of either allergic or vasomotor rhinitis. How-
ever, this study has its limitations': The study
population is limited to the Europeans and the
conclusion cannot expand to other ethnicities
easily;? Different risk factors might affect the risk
of allergic and vasomotor rhinitis differently
based on the age and sex, and immunity and
clinical/functional outcomes are also important
but we failed to consider them due to data
limitations;® The statistical power for cigarettes
per day is sufficient while relatively low for other
traits and we cannot avoid the false negative
results;* We failed to fully replicate our findings
due to data limitations.

The recent consensus pertaining to the impact of
smoking on allergic rhinitis is still controversial.*® On
one hand, smoking can increase the synthesis of
immunoglobulin  E  and  stimulate  airway
hyperresponsiveness and it can also hamper the
immune functions, suggesting 2 opposite effects of
smoking on the pathogenesis of allergic rhinitis. Our
results lent strong support to it that smoking could
lower the risk of allergic rhinitis.® Several reasons can
account for it:" Patients with allergic rhinitis tend to
quit smoking and thus it may introduce reversal
causality;>®>  Smoking might have a strong
immunosuppressive  effect smoking and thus
decrease the risk of allergic rhinitis.?” However, Holm
et al reported that respiratory diseases, including
asthma, wheeze, hay fever, and chronic bronchitis,

could not significantly predict smoking cessation.?®
Our MR indicated smoking can decrease the risk of
AR, suggesting its effect on suppressing immunity
might be a major one. Thus, we deemed that the
immunosuppressive effect of smoking might be the
main mechanism that could explain the significant MR
results.

Recently, Elisia et al reported that smoking can
induce inflammation and compromise our innate
immunity since higher CRP, fibrinogen, IL-6, IL-8,
and leukocytes were observed in smokers.??
Additionally, the smokers had lower NK cells and
higher Tregs than non-smokers, indicating that
smoking may disturb our immune function.??
Groneberg et al reported that chronic exposure
to smoking could elevate the levels of vasoactive
intestinal peptide and neuropeptide tyrosine.°
The vasoactive intestinal peptide is an inhibitory
noncholinergic neurotransmitter that can cause
bronchodilation and vasodilatation, and further
lead to hypersecretion.®" Thus, chronic exposure
to smoking might cause vasodilation and further
contribute to vasomotor rhinitis.

As per the abovementioned, we deemed that
smoking could affect the risk of allergic rhinitis and
vasomotor rhinitis via 2 different mechanisms
where the former might be explained by the
immunosuppressive effect of smoking and the
latter by the vasodilation effect of smoking.

In our MR analysis, we did not find that alcohol
intake could increase the risk of allergic/vasomotor
rhinitis and this was in concordance with previous
studies. For instance, A MR study did not observe
the causal relationship between prenatal alcohol
exposure and allergic rhinitis*? and Skaaby et al
further ruled out the causal relationship between
alcohol intake and allergic sensitization.""

There is a lack of evidence on whether waist
circumference could affect the risk of allergic
rhinitis and Liu et al reported there was no differ-
ence in waist circumference between allergic
rhinitis and controls.®® However, Choi et al found
that waist circumference and body mass index
were greater among women without chronic
rhinitis than among those with chronic rhinitis,**
partly consistent with our findings. Here, that
higher waist circumference could reduce the risk
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of allergic rhinitis might be explained by the
activated  inflammation and  compromised
immunity caused by obesity since obesity could
trigger the chronic mild systemic inflammation.®®
This was similar to the mechanism that smoking
can  suppress allergic  rhinitis  via its
immunosuppressive effect. As for vasomotor
rhinitis, no related studies have been reported.
An up-to-date meta-analysis suggested that
obesity/overweight might be associated with a
higher risk of allergic rhinitis in children.*® Obesity
is measured by BMI and we hypothesized that
different anthropometric traits might have
different impacts on rhinitis. Also, we deemed
that obesity’'s impact on rhinitis might be affected
by age and it should be further investigated.

Our study did not suggest that blood lipids
could serve as indicators for the risk of allergic/
vasomotor rhinitis. However, Sheha et al found that
TC (total cholesterol) was positively correlated with
the severity of allergic rhinitis and dyslipidemia
might play a potential role in the severity of allergic
rhinitis symptoms and impairment of patients’
quality of life via the interleukin-17A (IL-17A).37
Meanwhile, Vinding et al discovered that high
levels of HDL could lower the risk of allergic
rhinitis while the triglycerides could elevate the
risk of it.*® These previous studies all indicated
that blood lipids were associated with allergic
rhinitis while failing to point out whether such
association was causal. Although MR is an
effective method for causal inference, it might
suffer from some biases and the high false
negative rate is one of them. Since the IV
selection process was very strict and should meet
the basic 3 principles, sometimes the statistical
power could not be well satisfied. However,
considering that the statistical power in our study
was sufficient, we preferred to rule out the
possibility that blood lipids could affect the risk
of allergic/vasomotor rhinitis.

Similar to blood lipids, we did not find that
glycemic traits could affect the risk of allergic or
vasomotor rhinitis. However, Hashimoto et al re-
ported that the prevalence of allergic rhinitis is
lower in subjects with higher levels of fasting
plasma glucose,*? and this conclusion was further
confirmed by Hwang et al.*® Considering the

relatively low statistical power, we could not rule
out the possibility that HbAlc and fasting
glucose affect the risk of allergic or vasomotor
rhinitis. The observational results might be biased
by potential confounders or the reversal causation.

As for blood pressure, Sakallioglu et al demon-
strated that blood pressure was not associated
with rhinitis and should not be followed up*" while
Hwang et al found a lower prevalence of allergic
rhinitis in the high blood pressure group.*® Our
MR results supported the former conclusion. Li
et al did not observe the relationship between
allergic rhinitis and blood pressure in adults but
suggested an association in young women aged
20-39.4% Thus, we hypothesized that the blood
pressure’s effect on rhinitis might be affected by
ethnicity and age.

Overall, our MR analysis discovered that smok-
ing can lower the risk of allergic rhinitis while
increasing the risk of vasomotor rhinitis. Besides, a
higher waist circumference could marginally lower
the risk of allergic rhinitis. No other causal rela-
tionship was observed. Generally, we think our
study has several strengths®: The sample size for
each risk factor is large and guarantees the
statistical power;? We strictly followed the basic
principles of MR and the results can be
convincing;® The outcomes include the allergic
rhinitis and vasomotor rhinitis, and this is the first
MR analysis to investigate the risk factors of
vasomotor  rhinitis; Our results can be
informative in distinguishing 2 rhinitis. However,
the chances of both codes of AR and VMR
coexistence are hard to give due to the
unavailability of individual-level data. Intuitively,
the coexistence chances should be low so that we
obtained that the smoking should affect AR and
VMR differently, even in the opposite direction.
Besides, the generalizability of results should be
interpreted with caution as we only tested them in
European participants.

CONCLUSION

Smoking can lower the risk of allergic rhinitis
while elevating the risk of vasomotor rhinitis. This
result might help to distinguish 2 rhinitis in clinical
practice.



10 Wang et al. World Allergy Organization Journal (2022) 15:100630

http://doi.org/10.1016/j.waojou.2022.100630

Abbreviations

MR = Mendelian randomization; IVW = inverse-variance
weighted; SNP = single nucleotide polymorphism; RCT =
randomized controlled trials; GWAS = genome-wide as-
sociation study; IV = instrumental variable; LD = linkage
disequilibrium; MVMR = multivariable Mendelian
randomization; OR = odds ratio; SD = standard deviation;
BMI = body mass index; WHR = waist-to-hip ratio; HDL =
high-density lipoprotein; LDL = low-density lipoprotein;
TC = total cholesterol; TG = triglycerides; HbA1c = gly-
cated hemoglobin; SBP = systolic blood pressure; DBP =
diastolic blood pressure.

Funding
This work is supported by Science and Technology Plan
Project of Liaoning Province [Grant number 20170058].

Authors’ consent for publication
All authors have given consent for publication.

Author contributions

AY contributed to the study design, supervised the data
analysis process, and mainly revised the manuscript. SW
and L.Q were responsible for data acquisition, statistical
analysis, and data visualization; and S-W drafted the
original manuscript. HW and L.Q read and revised the
original manuscript and gave substantial suggestions on
statistics. All authors have approved the publication of
this study. A.Y takes responsibility for the integrity of the
data and the accuracy of the data analysis.

Ethics approval
All GWAS consortia have approved by corresponding
ethical committees.

Availability of data and materials

GWAS summary statistics of smoking and drinking can be
accessed via GSCAN (https://conservancy.umn.edu/
handle/11299/201564).

GWAS summary statistics of smoking and drinking can be
accessed via GIANT (http://portals.broadinstitute.org/
collaboration/giant/index.php/GIANT_consortium_data_
files).

GWAS summary statistics of blood lipids can be accessed
via GLGC (http://lipidgenetics.org/#data-downloads-title).
GWAS summary statistics of glycemic traits can be
accessed via MAGIC (https://magicinvestiga
tors.org/downloads/).

GWAS summary statistics of glycemic traits can be
accessed via the GWAS catalog (https://www.ebi.ac.uk/
gwas/).

GWAS summary statistics of rhinitis can be accessed via
FinnGen (https://r4.finngen.fi/).

Declaration of competing interest
No conflicts of interest to be disclosed.

Acknowledgments

We thank all GWAS consortia to make their GWAS
summary statistics publicly available, including GSCAN,
GIANT, GLGC, MAGIC, and FinnGen.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.waojou.2022.100630.

Author details
Department of Otorhinolaryngology, The First Hospital of
China Medical University, China.

REFERENCES

1. Dykewicz MS, Wallace DV, Amrol DJ, et al. Rhinitis 2020: a
practice parameter update. J Allergy Clin Immunol.
2020;146(4):721-767.

2. Bousquet J, Schiinemann HJ, Togias A, et al. Next-generation
allergic rhinitis and its impact on asthma (ARIA) guidelines for
allergic rhinitis based on grading of recommendations
assessment, development and evaluation (GRADE) and real-
world evidence. J Allergy Clin Immunol. 2020;145(1):70-80. e3.

3. Meng Y, Wang C, Zhang L. Recent developments and
highlights in allergic rhinitis. Allergy. 2019,;74(12):2320-2328.

4. Wang J, Janson C, Jogi R, et al. A prospective study on the role
of smoking, environmental tobacco smoke, indoor painting
and living in old or new buildings on asthma, rhinitis and
respiratory symptoms. Environ Res. 2021;192:110269.

5. Skaaby T, Taylor AE, Jacobsen RK, et al. Investigating the
causal effect of smoking on hay fever and asthma: a Mendelian
randomization meta-analysis in the CARTA consortium. Sci
Rep. 2017;7(1):2224.

6. Tajima H, Pawankar R. Obesity and adiposity indicators in
asthma and allergic rhinitis in children. Curr Opin Allergy Clin
Immunol. 2019;19(1):7-11.

7. Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization.
Jama. 2017;318(19):1925-1926.

8. Smith GD, Ebrahim S. 'Mendelian randomization’: can genetic
epidemiology contribute to understanding environmental
determinants of disease? Int J Epidemiol. 2003;32(1):1-22.

9. Skaaby T, Taylor AE, Jacobsen RK, et al. Associations of genetic
determinants of serum vitamin B12 and folate concentrations
with hay fever and asthma: a Mendelian randomization meta-
analysis. Eur J Clin Nutr. 2018;72(2):264-271.

10. Feng Q, Bennelykke K, Ek WE, et al. Null association between
serum 25-hydroxyvitamin D levels with allergic rhinitis, allergic
sensitization and non-allergic rhinitis: a Mendelian
randomization study. Clin Exp Allergy : journal of the British
Society for Allergy and Clinical Immunology. 2021,;51(1):78-86.

11. Skaaby T, Kilpeldinen TO, Taylor AE, et al. Association of
alcohol consumption with allergic disease and asthma: a multi-
centre Mendelian randomization analysis. Addiction.


https://conservancy.umn.edu/handle/11299/201564
https://conservancy.umn.edu/handle/11299/201564
http://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
http://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
http://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
http://lipidgenetics.org/#data-downloads-title
https://magicinvestigators.org/downloads/
https://magicinvestigators.org/downloads/
https://www.ebi.ac.uk/gwas/
https://www.ebi.ac.uk/gwas/
https://r4.finngen.fi/
https://doi.org/10.1016/j.waojou.2022.100630
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref1
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref1
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref1
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref2
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref2
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref2
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref2
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref2
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref3
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref3
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref4
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref4
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref4
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref4
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref5
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref5
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref5
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref5
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref6
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref6
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref6
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref7
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref7
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref8
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref8
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref8
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref9
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref9
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref9
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref9
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref10
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref10
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref10
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref10
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref10
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref11
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref11
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref11
https://doi.org/10.1016/j.waojou.2022.100630

Volume 15, No. 2, Month 2022

20.

21.

22.

23.

24.

25.

26.

27.

2019;114(2):216-225.

. Pattanaik D, Lieberman P. Vasomotor rhinitis. Curr Allergy

Asthma Rep. 2010;10(2):84-91.

. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,

Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet.
2007;370(9596):1453-1457.

. Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey

Smith G. Mendelian randomization: using genes as
instruments for making causal inferences in epidemiology. Stat
Med. 2008;27(8):1133-1163.

. Elsworth B, Lyon M, Alexander T, et al. The MRC IEU

OpenGWAS data infrastructure. bioRxiv. 2020, 2020.08.10.
244293.

. Xu K, Li B, McGinnis KA, et al. Genome-wide association study

of smoking trajectory and meta-analysis of smoking status in
842,000 individuals. Nat Commun. 2020;11(1):5302.

. Locke AE, Kahali B, Berndt SI, et al. Genetic studies of body

mass index yield new insights for obesity biology. Nature.
2015;518(7538):197-206.

. Shungin D, Winkler TW, Croteau-Chonka DC, et al. New

genetic loci link adipose and insulin biology to body fat
distribution. Nature. 2015;518(7538):187-196.

. Willer CJ, Schmidt EM, Sengupta S, et al. Discovery and

refinement of loci associated with lipid levels. Nat Genet.
2013;45(11):1274-1283.

Wheeler E, Leong A, Liu CT, et al. Impact of common genetic
determinants of Hemoglobin Alc on type 2 diabetes risk and
diagnosis in ancestrally diverse populations: a transethnic
genome-wide meta-analysis. PLoS Med. 2017;14(9),
e1002383.

Lagou V, Magi R, Hottenga JJ, et al. Sex-dimorphic genetic
effects and novel loci for fasting glucose and insulin variability.
Nat Commun. 2021;12(1):24.

Evangelou E, Warren HR, Mosen-Ansorena D, et al. Genetic
analysis of over 1 million people identifies 535 new loci
associated with blood pressure traits. Nat Genet. 2018;50(10):
1412-1425.

Browning Brian L, Browning Sharon R. Genotype imputation
with millions of reference samples. Am J Hum Genet.
2016;98(1):116-126.

Burgess S, Thompson SG. Interpreting findings from
Mendelian randomization using the MR-Egger method. Eur J
Epidemiol. 2017;32(5):377-389.

Verbanck M, Chen CY, Neale B, Do R. Detection of widespread
horizontal pleiotropy in causal relationships inferred from
Mendelian randomization between complex traits and
diseases. Nat Genet. 2018;50(5):693-698.

Wise SK, Lin SY, Toskala E, et al. International consensus
statement on allergy and rhinology: allergic rhinitis.
International forum of allergy & rhinology. 2018;8(2):108-
352.

Thomson NC, Chaudhuri R, Heaney LG, et al. Clinical
outcomes and inflammatory biomarkers in current smokers

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

11

and exsmokers with severe asthma. J Allergy Clin Immunol.
2013;131(4):1008-1016.

Holm M, Schidler L, Andersson E, et al. Predictors of smoking
cessation: a longitudinal study in a large cohort of smokers.
Respir Med. 2017;132:164-169.

Elisia I, Lam V, Cho B, et al. The effect of smoking on chronic
inflammation, immune function and blood cell composition.
Sci Rep. 2020;10(1):19480.

Groneberg DA, Heppt W, Cryer A, et al. Toxic rhinitis-induced
changes of human nasal mucosa innervation. Toxicol Pathol.
2003;31(3):326-331.

Lal D, Corey JP. Vasomotor rhinitis update. Curr Opin
Otolaryngol Head Neck Surg. 2004;12(3):243-247.

Shaheen SO, Rutterford C, Zuccolo L, et al. Prenatal alcohol
exposure and childhood atopic disease: a Mendelian
randomization approach. J Allergy Clin Immunol. 2014;133(1):
225-232. e1-232.

Liu W, Zeng Q, Zhou L, Luo R, Dong H. Association of leptin
with disease severity and inflammation indicators in Chinese
obese children with allergic rhinitis. Pediatr Allergy Immunol :
official publication of the European Society of Pediatric Allergy
and Immunology. 2018;29(2):186-193.

Choi JH, Hwang SH, Suh JD, et al. Menopausal hormone
therapy may increase non-allergic rhinitis among
postmenopausal women: results from the Korea National
Health and Nutrition Examination Survey (2010-2012).
Maturitas. 2017;102:46-49.

Saltiel AR, Olefsky JM. Inflammatory mechanisms linking
obesity and metabolic disease. J Clin Invest. 2017;127(1):1-4.

Zhou J, Luo F, Han Y, Lou H, Tang X, Zhang L. Obesity/
overweight and risk of allergic rhinitis: a meta-analysis of
observational studies. Allergy. 2020,75(5):1272-1275.

Sheha D, El-Korashi L, AbdAllah AM, El Begermy MM,
Elzoghby DM, Elmahdi A. Lipid profile and IL-17a in allergic
rhinitis: correlation with disease severity and quality of life.
J Asthma Allergy. 2021;14:109-117.

Vinding RK, Stokholm J, Chawes BLK, Bisgaard H. Blood lipid
levels associate with childhood asthma, airway obstruction,
bronchial hyperresponsiveness, and aeroallergen
sensitization. J Allergy Clin Immunol. 2016;137(1):68-74. e4.

Hashimoto Y, Futamura A. Prevalence of allergic rhinitis is
lower in subjects with higher levels of fasting plasma glucose.
Diabetes Care. 2010;33(11):e143.

Hwang IC, Lee YJ, Ahn HY, Lee SM. Association between
allergic rhinitis and metabolic conditions: a nationwide survey

in Korea. Allergy, asthma, and clinical immunology. Off J
Canadian Soc Allergy Clin Immunol. 2016;12:5.

Sakallioglu O, Polat C, Akyigit A, Cetiner H, Duzer S. Allergic
rhinitis and arterial blood pressure: a population-based study.
J Laryngol Otol. 2018;132(5):418-422.

Li C, Cheung CL, Cheung TT, Samaranayake NR,
Cheung BM. Hay fever and hypertension in the US adult
population. Clin Exp Hypertens. 2014;36(4):206-210. New
York, NY : 1993.


http://refhub.elsevier.com/S1939-4551(22)00006-0/sref11
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref12
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref12
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref13
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref13
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref13
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref13
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref13
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref14
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref14
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref14
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref14
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref15
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref15
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref15
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref16
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref16
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref16
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref17
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref17
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref17
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref18
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref18
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref18
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref19
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref19
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref19
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref20
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref20
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref20
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref20
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref20
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref21
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref21
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref21
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref22
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref22
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref22
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref22
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref23
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref23
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref23
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref24
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref24
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref24
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref25
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref25
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref25
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref25
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref26
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref26
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref26
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref26
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref27
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref27
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref27
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref27
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref28
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref28
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref28
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref29
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref29
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref29
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref30
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref30
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref30
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref31
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref31
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref32
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref32
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref32
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref32
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref33
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref33
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref33
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref33
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref33
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref34
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref34
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref34
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref34
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref34
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref35
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref35
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref36
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref36
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref36
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref37
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref37
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref37
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref37
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref38
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref38
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref38
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref38
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref39
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref39
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref39
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref40
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref40
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref40
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref40
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref41
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref41
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref41
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref42
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref42
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref42
http://refhub.elsevier.com/S1939-4551(22)00006-0/sref42

	Smoking behavior might affect allergic rhinitis and vasomotor rhinitis differently: A mendelian randomization appraisal
	Introduction
	Methods
	Mendelian randomization design
	Univariable MR analysis
	Multivariable Mandelian randomization analysis

	Data source description
	Genetic instrumental variables for modifiable risk factors
	Genetic instrumental variables for allergic and vasomotor rhinitis
	Statistical methods

	Results
	Valid IVs

	Allergic rhinitis
	Smoking and drinking
	Anthropometric traits
	Blood lipids
	Glycemic traits
	Blood pressure

	Vasomotor rhinitis
	Smoking and drinking
	Anthropometric traits
	Blood lipids
	Glycemic traits
	Blood pressure
	Sensitivity analysis and power calculation

	Discussion
	Conclusion
	AbbreviationsMR = Mendelian randomization; IVW = inverse-variance weighted; SNP = single nucleotide polymorphism; RCT = ran ...
	Abbreviations
	FundingThis work is supported by Science and Technology Plan Project of Liaoning Province [Grant number 20170058].
	Funding
	Authors’ consent for publicationAll authors have given consent for publication.
	Authors’ consent for publication
	Author contributionsA.Y contributed to the study design, supervised the data analysis process, and mainly revised the manus ...
	Author contributions
	Ethics approvalAll GWAS consortia have approved by corresponding ethical committees.
	Ethics approval
	Availability of data and materialsGWAS summary statistics of smoking and drinking can be accessed via GSCAN (https://conser ...
	Availability of data and materials
	Declaration of competing interest
	Acknowledgments
	Appendix A. Appendix ASupplementary dataSupplementary data to this article can be found online at https://doi.org/10.1016/j.waojou.2022 ...
	Appendix A. Supplementary data
	References


