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Abstract \
In this study, we conducted a 2-sample Mendelian randomization (MR) analysis to explore the relationship between
gastroesophageal reflux disease (GERD) and 16 common otolaryngological diseases. Single-nucleotide polymorphisms that
are strongly associated with GERD were used as instrumental variables. The primary estimation of the causal effect utilized
the inverse variance weighting method, supplemented by MR Egger, weighted median, simple mode, and weighted mode as
alternative methods for estimating the causal effect. Then, sensitivity analyses, including heterogeneity, pleiotropy, and leave-one-
out analyses, were performed to verify the robustness of the results. The analysis of MR showed that genetically predicted GERD
was associated with an increased risk of acute upper respiratory infection (odds ratios [OR] = 1.1418, 95% confidence intervals
[Cl] = 1.0664-1.2225, P = 1.00 x 10-%), chronic pharyngitis (OR = 1.483, 95% Cl = 1.1495-1.9132, P = 2.40 x 10-%), vocal cord
dysfunction (OR =2.2963, 95% Cl =1.4174-3.7201, P =7.00 x 1074, sleep apnea (OR = 1.0022, 95% Cl = 1.0009-1.0035,
P =8.00 x 10), acute sinusitis (OR = 1.3247, 95% Cl = 1.1774-1.4905, P = 2.94 x 10-), chronic sinusitis (OR = 1.3649, 95%
Cl =1.1854-1.5715, P = 1.52 x 10-°), chronic suppurative otitis media (OR = 2.085, 95% Cl = 1.3292-3.2704, P = 1.40 x 1079).
Further sensitivity analyses showed no evidence of pleiotropy. The results of this study indicate that GERD may contribute to the
development of some otolaryngological diseases. Further research and mechanistic investigations are warranted to elucidate the
underlying connections and potential therapeutic implications.

Abbreviations: C| = confidence intervals, GERD = gastroesophageal reflux disease, GWAS = genome-wide associated studies,
IVs = instrumental variables, IVW = inverse-variance weighting, MR = Mendelian randomization, OR = odds ratios, SNPs = single
nucleotide polymorphisms.
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1. Introduction

Gastroesophageal reflux disease (GERD) is a prevalent diges-
tive system disorder, defined as a condition where symptoms or
complications result from the reflux of stomach contents.!"l It
is estimated that the prevalence of GERD in adults is between
20% to 30% in Western countries.?!

Prevention and treatment of diseases in otolaryngology prac-
tice constitute a complex and comprehensive task. Common
otolaryngological diseases, such as sinusitis,”! otitis media,*!
and hearing loss,”! not only impact patients’ health and qual-
ity of life but also contribute to an increased economic bur-
den. Thorough understanding of the pathophysiology of these
diseases is still needed. Recognizing potentially modifiable risk
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factors and causal relationships associated with these diseases
is crucial for a deeper comprehension of their etiology. The
association between gastroesophageal reflux disease (GERD)
and various diseases has been extensively investigated, includ-
ing the potential to induce various symptoms in the ear, nose,
and throat systems.l®’ Many observational studies have also
indicated correlations between GERD and otolaryngological
diseases such as chronic sinusitis,”! laryngeal cancer,®! otitis
media,”! and sleep apnea.l'”! However, these pieces of evidence
are primarily derived from observational studies, and due to
inherent limitations in such research, the results concerning the
relationship between GERD and related otolaryngology dis-
eases may be influenced by potential confounding factors and
reverse causation.
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Figure 1. The schematic representations of our study.
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Mendelian randomization (MR) is a statistical method
based on genetic variation that uses the random allocation
of genes to assess the causal relationship between exposure
factors and disease outcomes. In epidemiological studies, it is
commonly used to evaluate the causal association between cer-
tain risk factors (such as lipid levels and blood pressure) and
health outcomes (such as cardiovascular disease and diabe-
tes).['!l As the alleles associated with exposure factors are ran-
domly allocated during conception, they are less susceptible to
the influence of confounding factors and adhere to a normal
causal sequence.!'>13] Therefore, based on the high prevalence
in otolaryngological clinical practice, the significant impact on
patients’ quality of life,["*!5! the gaps in existing literature,!'®
and to overcome the limitations of traditional observational
studies and elucidate the role of GERD in the development
of common otolaryngological diseases, we used a 2-sample
MR method and estimated the relationship between single

nucleotide polymorphisms (SNPs) associated with GERD and
the risk of 16 common otolaryngological diseases.

2. Materials and methods

Publicly available genome-wide associated studies (GWAS) sum-
mary statistics from https://gwas.mrcieu.ac.uk/ were utilized,
and they did not contain identifiable information. Consequently,
a new ethical review was unnecessary, and obtaining informed
consent was not required. MR relies on 3 hypotheses.'¥ An
overview of the study design is presented in Figure 1.

2.1. Data resources

The summary statistics of genetic variants associated with GERD,
as previously published, were acquired from GWASs. This research
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applied the GWAS approach to scrutinize and assess the correla-
tion between 2,320,781 genetic variants and GERD in a cohort
consisting of 129,080 patients and 473,524 control individuals.!""]

For outcomes, we identified 16 common otolaryngological
diseases, namely acute upper respiratory tract infection, tonsil-
litis, chronic pharyngitis, vocal cord dysfunction, laryngeal can-
cer, sleep apnea, acute sinusitis, chronic sinusitis, nasal polyps,
vasomotor rhinitis, allergic rhinitis, sudden idiopathic hearing
loss, sensorineural hearing loss, acute suppurative otitis media,
chronic suppurative otitis media, nonsuppurative otitis media.
The tonsillitis GWAS summary statistics included 458,829
European individuals.!"® The summary-level data for laryngeal
cancer and sleep apnea were obtained respectively from the UK
Biobank and the MRC-IEU Consortium. The summary-level
data for acute upper respiratory tract infection, chronic phar-
yngitis, vocal cord dysfunction, acute rhinosinusitis, chronic
rhinosinusitis, nasal polyps, vasomotor rhinitis, allergic rhinitis,
sudden idiopathic hearing loss, sensorineural hearing loss, acute
suppurative otitis media, chronic suppurative otitis media, non-
suppurative otitis media were obtained from the FinnGen con-
sortium. Table S1, Supplemental Digital Content, http:/links.
lww.com/MD/O489 shows an overview of the demographics
included in this study.

2.2. Statistical analyses

We used the PhenoScanner tool (http://www.phenoscanner.
medschl.cam.ac.uk/) to exclude any selected SNPs associated
with other phenotypes that might influence CVD outcomes,
ensuring a stronger instrument effect. In the process of iden-
tifying robust genetic instruments for GERD, SNPs meeting
both statistical significance (P < 5.00 x 10-%) and independence
criteria (r* < 0.001 within a 10,000 KB window) with GERD
phenotypes were specifically obtained. For MR analysis, the pri-
mary method utilized was the inverse-variance weighting (IVW)
analysis. The supplementary MR methods, namely MR Egger,
weighted median, simple mode, and weighted mode were also
incorporated into our analysis. We further explored the likeli-
hood of weak instrument bias by calculating F statistics to esti-
mate the strength of correlation between genetic instruments
and GERD phenotypes.!"!

To enhance the dependability of our results, we executed
various sensitivity analyses, encompassing evaluations of het-
erogeneity, horizontal pleiotropy, and the leave-one-out test.
Heterogeneity detection involved the application of both IVW
and MR Egger regression methods. Heterogeneities were quan-
tified using the Cochran Q statistic, with significance established
at P values below .05. The intercept term in MR Egger regres-
sion assessed the horizontal pleiotropy of instrumental variables
(IVs).l"81 Absence of horizontal pleiotropy was indicated when
the intercept term approached 0 (<0.1) and the P value exceeded
.05. Moreover, leave-one-out analysis was conducted to scru-
tinize whether any individual SNP influenced the observed
correlation.

With an adjusted P value after Bonferroni correction (P
.05/16 = .0031, adjusting for 1 exposure and 16 outcomes),
associations were considered statistically significant. The assess-
ment of association utilized odds ratios (OR) along with their
corresponding 95% confidence intervals (CI). All MR analyses
were carried out in RStudio (version 4.1.0) with R packages
TwoSampleMR (version 0.5.6).

3. Results

A set of IVs strongly associated with GERD were extracted
from GWASs. The F statistics for each SNP exceeded 10, sug-
gesting a low probability of weak instrument bias.['”) Table S2,
Supplemental Digital Content, http:/links.lww.com/MD/O489
displays the summarized statistics for all correlated SNPs.
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According to the MR analysis results, genetic susceptibility
to GERD was found to be significantly associated with 7 com-
mon otolaryngological diseases. Specifically, GERD increases
the risk of acute upper respiratory infection (OR =1.1418,
95% CI=1.0664-1.2225, P = 1.00 x 10-*), chronic pharyngitis
(OR =1.483,95% CI=1.1495-1.9132, P = 2.40 x 1073), vocal
cord dysfunction (OR =2.2963, 95% CI=1.4174-3.7201,
P =7.00 x 10-%), sleep apnea (OR =1.0022, 95% CI = 1.0009-
1.0035, P =8.00 x 10%), acute sinusitis (OR =1.3247, 95%
Cl=1.1774-1.4905, P=2.94%x10°), chronic sinusitis
(OR =1.3649, 95% CI=1.1854-1.5715, P=1.52x10"°),
chronic  suppurative otitis media (OR=2.085, 95%
CI=1.3292-3.2704, P =1.40 x 10-%; Fig.2). Although these
findings do not support a causal relationship between GERD
and other otolaryngological diseases, an inverse trend was
observed between GERD and the risk of these diseases (Fig. 2).
The MR estimates of GERD’s causal effect on outcomes based
on each method are provided in Table S3, Supplemental Digital
Content, http://links.lww.com/MD/0O489.

For sensitivity analyses, most P values from both Cochran’s
QO tests for IVW and MR Egger exceeded .05, indicating an
absence of heterogeneity in the IVs. Simultaneously, upon con-
ducting MR Egger intercept testing, we observed that all MR
Egger regression intercepts were below 0.1, and all correspond-
ing P values were above .05, confirming the absence of hori-
zontal pleiotropy between SNPS and outcomes. The funnel plot
incorporated into the analysis revealed a symmetrical distribu-
tion of individual effect estimates around the point estimates,
further supporting the absence of potential pleiotropy. The
leave-one-out sensitivity analyses indicated that no single SNP
significantly influenced the causal effect of AR on any cancer
outcome. The results of the heterogeneity and pleiotropy anal-
yses are provided in Table S4, Supplemental Digital Content,
http://links.lww.com/MD/O489. Leave-one-out, forest plots,
scatter plots and funnel plots are presented in Supplementary
Material 1, Supplemental Digital Content, http:/links.lww.com/
MD/0O488.

4. Discussion

In this study, a significant association was identified between
GERD and 7 common otolaryngological diseases out of the 16
investigated. These include acute upper respiratory infections,
chronic laryngitis, vocal cord dysfunction, sleep apnea syn-
drome, acute sinusitis, chronic sinusitis, and chronic suppura-
tive otitis media. No significant correlation was observed with
the other 9 otolaryngological diseases.

GERD is characterized by abnormal structure and function
of the lower esophagus, resulting in reflux of gastric contents
to the esophagus, airway, throat, and mouth. Our findings are
in accordance with previous epidemiological evidence, which
suggested a higher prevalence of GERD in otolaryngological
diseases. In a US outpatient cross-sectional study, a significant
positive correlation was identified between GERD and obstruc-
tive sleep apnea, even after controlling for potential confound-
ers.["” GERD has also been associated with ear diseases,!
with evidence of gastric contents found in the middle ear.*!! In
a prospective observational study, most chronic otitis media
patients exhibited signs of pharyngolaryngeal reflux, suggest-
ing GERD’s possible role in the development of chronic otitis
media.?”! Similarly, a multicenter case-control study found that,
after adjusting for confounders, gastroesophageal reflux disease
increased the risk of non-allergic rhinitis and sinusitis, with a
smaller effect on allergic rhinitis risk.?’! This aligns with our
findings, indicating that GERD raises the risk of sinusitis, while
its impact on allergic rhinitis is less pronounced. Previous stud-
ies have also reported a link between GERD and vocal cord
dysfunction. Vocal cord dysfunction, characterized by intermit-
tent glottic closure due to adduction of the vocal cords, causes
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Figure 2. MR estimates of GERD’s causal effect on otolaryngological diseases. GERD = gastroesophageal reflux disease, IVW = inverse-variance weighting,

MR = Mendelian randomization.

respiratory difficulty and noisy breathing and is considered one
of the triggers of GERD.?*2¢! Symptomatic relief of vocal cord
dysfunction has been observed following acid-suppressive ther-
apy.**! Additionally, an estimated 60% of patients with chronic
laryngitis and persistent throat pain are associated with acid
reflux.”?”l Treatment with proton pump inhibitors (PPIs) appears
effective in reducing throat swelling and alleviating both sub-
jective and objective symptoms related to laryngopharyngeal
reflux,?®! supporting the physiological relevance of GERD in
otolaryngologic diseases.

Regarding the pathophysiological mechanisms of GERD in
the development of otolaryngological diseases, 1 possible mecha-
nism involves components in gastric contents, such as hydrochlo-
ric acid, gastric proteases, and bile acids, directly coming into
contact with the mucosa of the throat, triggering an inflamma-
tory response. In experiments conducted in vivo, exposure of the
throat to gastric contents resulted in observable mucosal inflam-
mation, including increased infiltration of inflammatory cells,
submucosal gland hyperplasia,*”! and expansion of intercellular
gaps,” as well as an acute reduction in transepithelial resistance
of throat epithelial cells.*'! Unlike the esophageal epithelium, the
laryngeal epithelium is more susceptible to the damaging effects
of gastric reflux. Carbonic anhydrase is one of the mucosal pro-
tective components'®?! and may act as an intrinsic defense mech-
anism by generating a barrier of bicarbonate ions to counteract
refluxed contents.*’l However, under the chronic acidic influence
of gastric proteases, the expression of carbonic anhydrase in the
laryngeal and hypopharyngeal mucosa decreases,’**! a phenom-
enon observed in most laryngopharyngeal reflux patients. 33353
Additionally, research has noted a reduction in activity among

mouse middle ear epithelial cells under acidic pH conditions,
coupled with an increase in MucS5b expression.’”! This observa-
tion might contribute to explaining the impact of laryngopha-
ryngeal reflux on the development of otitis media.

Another potential mechanism is the vagal nerve reflex
arc triggered by gastroesophageal reflux. Some studies have
pointed out that gastric acid stimulation of the esophagus may
lead to vagal neuritis changes and then cause airway mucositis
and swelling.3%*°I This theory is based on the shared embry-
onic origin and vagal nerve innervation of the esophagus and
respiratory tract, explaining why stimuli in the distal esopha-
gus can cause respiratory symptoms through vagally mediated
reflexes.”’ Hamamoto et al*’! found that stimulating the guinea
pig esophagus with hydrochloric acid resulted in the release of
tachykinin-like substances and caused plasma extravasation
in the airways. However, this response was significantly inhib-
ited in guinea pigs with bilateral vagotomy, further supporting
the connection of nerve pathways between the esophagus and
the airway. Overall, these research findings provide profound
insights into the relationship between GERD and otolaryngo-
logical diseases. Research has shown that GERD plays a sig-
nificant role in the development of various otolaryngological
diseases, such as chronic pharyngitis, vocal cord dysfunction,
sleep apnea, and chronic sinusitis. Clinically, for patients with
otolaryngological symptoms that do not respond to conven-
tional treatments, GERD should be considered a potential con-
tributing factor and incorporated into the management plan.
Acid-suppressive therapy and lifestyle modifications may help
alleviate both GERD symptoms and related otolaryngological
issues. This integrated approach may reduce the severity of
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conditions like vocal cord dysfunction and sleep apnea, thereby
improving overall patient outcomes. Future research should
further explore GERD-targeted interventions to mitigate its
impact on otolaryngological diseases and provide additional
guidance for the clinical management of these co-occurring
conditions.

Compared with traditional observational studies, MR is less
susceptible to confounding or reverse causality, as an individu-
al’s genetically predicted GERD exists before the occurrence of
outcomes. However, like all analytical methods, MR relies on
assumptions, and the reasonableness of these assumptions must
be assessed.l'?! First, we assessed the strength of the IVs and
calculated F statistic values, all of which exceeded 10. Second,
sensitivity analyses were conducted on genetic variation, and
the P value of the statistical test for pleiotropy exceeded .05,
suggesting an absence of residual pleiotropy. These assessments
enhance the credibility of our results.

Nevertheless, our study has several limitations. Firstly, the
absence of information regarding the severity of GERD and out-
comes in our dataset prevented us from exploring the correlation
between varying GERD severities and specific otolaryngologi-
cal diseases. Secondly, to reduce the issue of population strat-
ification, we restricted the analysis to individuals of European
ancestry to minimize genetic heterogeneity and reduce bias from
population stratification as much as possible. However, this also
limits the generalizability of our findings to other racial and eth-
nic groups. Consequently, future investigations should encom-
pass diverse populations, coupled with observational studies
and explorations into fundamental mechanisms, to comprehen-
sively examine these associations.

5. Conclusion

In conclusion, this MR study provides new evidence indicating
a significant increase in the risk of various otolaryngological
diseases with GERD, including chronic sinusitis, chronic rhi-
nitis and pharyngitis, disorders of the vocal cords and larynx,
head and neck cancers, thyroid cancer, and sleep apnea. Future
research should further explore the potential mechanisms under-
lying the development of these diseases in relation to GERD and
include more diverse populations to enhance the generalizabil-
ity of the findings. Longitudinal studies and interventional tri-
als evaluating GERD-targeted treatments will provide valuable
insights into preventing or mitigating these comorbid conditions
and improving patient outcomes.
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