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IMPORTANCE To the authors’ knowledge, no prior studies have examined the association
between inferior turbinate hypertrophy (ITH) and extraesophageal reflux (EER). If EER
were a cause or cofactor of ITH, antireflux treatment can be considered prior to surgical
intervention.

OBJECTIVE To evaluate EER presence and severity in patients with different degrees of ITH.

DESIGN, SETTING, AND PARTICIPANTS Prospective multicentric cohort study conducted
at 3 referral centers treating patients with EER and certified for 24-hour monitoring of
oropharyngeal pH. The monitoring was performed between October 2020 and October
2021. A total of 94 adult patients with EER symptoms were recruited, 90 of whom were
analyzed.

INTERVENTIONS Nasal endoscopy was performed to determine the degree of ITH, according
to the Camacho classification. Presence and severity of EER were examined using 24-hour
monitoring of oropharyngeal pH.

MAIN OUTCOMES AND MEASURES Primary outcomes were presence of EER according to RYAN
Score, total percentage of time below pH 5.5, and total numbers of EER events below pH 5.5.

RESULTS Of the 90 analyzed patients (median [IQR] age, 46 [33-58] years; 36 [40%] male
patients), 41 had a maximum of second-degree ITH (group 1), and 49 patients had at least
third-degree ITH (group 2), according to the Camacho classification. On the basis of the RYAN
Score, EER was diagnosed more often in group 2 (69.4%) than in group 1 (34.1%; difference,
35.3% [95% CI, 13.5%-56.9%]). Moreover, compared with group 1, group 2 exhibited higher
median total percentage of time below pH 5.5 (median [IQR], group 1: 2.1% [0.0%-9.4%],
group 2: 11.2% [1.5%-15.8%]; difference, 9.1% [95% CI, 4.1%-11.8%]) and higher median total
number of EER events (median [IQR], group 1: 6 [1-14] events, group 2: 14 [4-26] events;
difference, 8 [95% CI, 2-15] events). Patients with proven EER demonstrated no difference
in the degree of ITH between the right and left nasal cavity (Cohen g, −0.17 [95% CI, −0.50
to 0.30]), or between the anterior and posterior parts of the nasal cavity (Cohen g, −0.21
[95% CI, −0.50 to 0.17]).

CONCLUSIONS AND RELEVANCE In this cohort study, patients with a higher degree of ITH had
more severe EER. A possible association between severe ITH and EER was demonstrated.
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I nferior turbinate hypertrophy (ITH), a frequent problem en-
countered in ear, nose, and throat practice, is associated
with obstruction of nasal breathing and several health risks

leading to mouth breathing, which is nonphysiological. Air in-
haled through the mouth is not filtered, warmed, or humidi-
fied. This leads to more frequent respiratory infections, dry-
ing of the airways, and burning in the throat and can contribute
to snoring and sleep apnea. Nasal obstruction results in a sig-
nificantly reduced quality of life.1-5 Conservative treatment
with topically applied corticosteroids is often ineffective, thus
necessitating surgical reduction of the lower turbinates un-
der local or general anesthesia. This operation is another cause
of discomfort for the patient, carries risks, and should thus only
be performed after the failure of conservative treatment.2

Extraesophageal reflux (EER) is considered a possible fac-
tor contributing to multifactorial pathogenesis of nasal disor-
ders. Previous investigations of the role of EER in chronic rhino-
sinusitis, especially in difficult-to-treat conditions, indicate that
EER is a likely cofactor.6-10 Moreover, EER seems to play a role
in the pathogenesis of chronic otitis media with effusion and
other chronic ear problems.11-13 However, to our knowledge,
the association between ITH and EER has not yet been stud-
ied. If EER contributes to ITH formation, then EER treatment
could be another nonsurgical therapeutic approach for pa-
tients with ITH. In the present study, we aimed to elucidate
a possible association by examining EER severity using 24-
hour monitoring of oropharyngeal pH in patients with vary-
ing degrees of ITH.

Methods
This prospective cohort study was performed in accordance
with the Declaration of Helsinki, the requirements of good clini-
cal practice, and all applicable regulatory requirements. The
study was approved by the institutional review board of Uni-
versity Hospital Ostrava and registered at ClinicalTrials.gov
(NCT04581174). Written informed consent was obtained from
all participants before any procedure was initiated. The study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Patient Selection, Inclusion and Exclusion Criteria,
and Questionnaires
For this study, we prospectively recruited adult patients with
typical symptoms and signs of EER (most often chronic cough,
chronic throat cleaning, globus pharyngeus, sore throat, dys-
phonia, reflux laryngitis, and difficulty in swallowing), who
were scheduled for 24-hour monitoring of oropharyngeal pH
between October 2020 and October 2021, at 3 referral centers
treating patients with EER and certified for 24-hour monitor-
ing of oropharyngeal pH. Enrollment of patients was consecu-
tive. Exclusion criteria were as follows: chronic rhinosinusi-
tis with polyps, having had an acute upper respiratory tract
infection in the past 8 weeks, previous surgery in the nasal cav-
ity and nasopharynx, history of head and neck cancer, and re-
fusal to stop antireflux medication for the study. Enrolled pa-
tients were asked to complete a questionnaire about their

personal and demographic characteristics, smoking, and medi-
cal history; the Reflux Symptom Index, in which patients rate
the severity of EER symptoms from 0 to 5; and the Sino-Nasal
Outcome Test (SNOT-22) questionnaire, in which patients rate
symptoms and social and emotional consequences of their
nasal disorders from of 0 to 5.14,15

Endoscopy of the Nasal Cavity
To determine the degree of ITH, endoscopy of the nasal cav-
ity was performed. Degree of ITH was assessed in 4 nasal
cavity areas: right front, right back, left front, and left back.
All 4 areas were scored for degree of ITH according to the
Camacho classification: grade 1, 0% to 25%; grade 2, 26% to
50%; grade 3, 51% to 75%; and grade 4, 76% to 100% obstruc-
tion of total airway space.16,17

24-Hour Monitoring of Oropharyngeal pH
We conducted 24-hour monitoring of oropharyngeal pH using
the Restech system (Respiratory Technology Corporation).18

Patients who were receiving long-term treatment with anti-
reflux medication were asked to stop taking this medication
before the study, as follows: proton pump inhibitor therapy was
stopped for 1 week, H2 blockers were stopped for 48 hours, and
drugs containing calcium carbonate were stopped for 1 day
before the study. Omission of antireflux medication before pH
monitoring at given time intervals was standardized and nec-
essary to prevent bias in the test result. Otherwise, all pa-
tients were asked to maintain their normal daily activities. The
catheter was calibrated right before examination and in-
serted through the more spacious nasal cavity until the flash-
ing light-emitting diode was seen in the back of the patient’s
throat. The catheter was then pulled back and positioned such
that the flashing light was behind the soft palate. The cath-
eter was secured to the patient’s face, passed over the ear, and
secured to the neck. The transmitter at the end of the cath-
eter was either taped to the skin or attached to the patient’s
clothing using a clip-on case. A data recorder was attached to
the patient’s belt. Patients were asked not to shower during
the recording period and were instructed to record, directly to
the device and manually to a diary, the time they spent eating
and drinking and their position (upright or supine) during the
24-hour period. In the event of any discrepancy, periods logged
in the device were modified according to the diary. Time spent
eating and drinking was excluded from the analyses of pha-
ryngeal pH recordings. The RYAN Score is an automatically cal-

Key Points
Question What is the association between inferior turbinate
hypertrophy (ITH) and extraesophageal reflux (EER)?

Findings In this cohort study of 90 patients, 41 with Camacho
second-degree ITH or lower and 49 with more severe third-degree
ITH or higher, 24-hour monitoring of oropharyngeal pH revealed
more patients with EER and EER of longer duration in the more
severe ITH group.

Meaning A possible association between severe ITH and EER
was reported.
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culated value from 3 components, namely the number of re-
flux episodes, the duration of the longest reflux episode, and
the percentage of time spent below the defined pH threshold
of 5.5 in the upright or 5.0 in the supine position. Patients with
pathological composite RYAN Scores in the vertical position
(higher than 9.4) or horizontal position (higher than 6.8) were
classified as having pathological EER. We also assessed the total
number of EER episodes below 5.5 and total percentage of time
below pH 5.5.

Statistical Analysis
Patients were divided into 2 study groups on the basis of ITH
severity, according to the Camacho classification. Group 1 com-
prised patients who had a maximum of second-degree ITH in
all 4 examined nasal areas, and group 2 included patients with
at least third-degree ITH in at least 1 of the 4 examined nasal
areas. We compared these 2 groups in terms of demographic
parameters, medical history, and EER presence and severity.
Demographic parameters were expressed as the median and
IQR, absolute frequency, or relative frequency (%). The
between-group differences in analyzed numerical param-
eters are presented as the differences in group medians with
2-sided 95% CIs, obtained using the bootstrap procedure. In
2 × 2 contingency tables, the between-group differences were
presented with the differences in group proportions (%) with
2-sided 95% CIs, obtained using Pearson’s χ2 test. The Cra-
mer V with its CI was used to evaluate the association in larger
contingency tables, and Cohen g and its CI was used as a mea-

sure of aneffect size for paired contingency tables. The signifi-
cance level was set to .05. Statistical analyses were per-
formed using R statistical software, version 4.1.2 (R Project for
Statistical Computing).

Results
A total of 94 patients were recruited for the study, and 4 (4%)
were excluded from statistical analysis because of intoler-
ance of catheter (1 patient) or technical problems during 24-
hour monitoring of oropharyngeal pH (3 patients). Among the
remaining 90 patients, 36 (40%) were male patients, and
54 (60%) were female patients. The median (IQR) age was 46
(33-58) years. A total of 41 patients (46%) were in group 1, and
49 patients (54%) were in group 2. These groups did not dif-
fer in demographic data or smoking history (Table 1). We also
found no between-group difference in the presence of heart-
burn or allergic rhinitis and in the values of the Reflux Symp-
tom Index and SNOT-22 (Table 2).

Based on the RYAN Score, EER was diagnosed more often
in group 2 (69.4%) than in group 1 (34.1%; difference, 35.3%
[95% CI, 13.5%-56.9%]). Compared with group 1, group 2 also
demonstrated higher median total percentage of time below
pH 5.5 (median [IQR], group 1: 2.1% [0.0%-9.4%], group 2:
11.2% [1.5%-15.8%]; difference, 9.1% [95% CI, 4.1%-11.8%]) and
higher median total number of EER events (median [IQR],
group 1: 6 [1-14] events, group 2: 14 [4-26] events; difference,

Table 1. Participants’ Sex, Age, BMI, and Smoking History

Characteristic

Median (IQR) or No. (%)

Effect size (95% CI)
Total
(n = 90)

Group 1
(n = 41)a

Group 2
(n = 49)a

Sex

Female 54 (60) 25 (61) 29 (59) −1.8 (−23.9 to 20.3)b

Male 36 (40) 16 (39) 20 (41) 1.8 (−20.3 to 23.9)b

Age, y 46 (33 to 58) 44 (29 to 58) 49 (36 to 58) 5 (−3 to 12)c

BMI 25.6 (23.0 to 28.7) 24.5 (22.4 to 28.7) 25.8 (23.1 to 28.7) 1.3 (−1.2 to 2.5)c

Smoking, yes 19 (21) 7 (17) 12 (25) 7.4 (−11.5 to 26.3)b

Abbreviation: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared.
a Group 1 had a maximum of Camacho second-degree inferior turbinate

hypertrophy; group 2, at least third-degree inferior turbinate hypertrophy.

b The difference between group proportions (in %, group 2 − group 1).
c The difference between group medians (group 2 − group 1).

Table 2. Participants’ Medical History, Reflux Symptom Index (RSI),
and Sino-Nasal Outcome Test (SNOT-22) Questionnaire

Characteristic

Median (IQR) or No. (%)

Effect size (95% CI)
Total
(n = 90)

Group 1
(n = 41)a

Group 2
(n = 49)a

Heartburn

0.06 (0.02 to 0.32)b
More often than once a week 19 (21) 8 (20) 11 (22)

Once a week or less 22 (24) 11 (27) 11 (22)

Never 49 (55) 22 (54) 27 (55)

Presence of allergic rhinitis 35 (39) 13 (32) 22 (45) 13.2 (−9.0 to 35.4)c

RSI (absolute value comparison) 13 (9 to 20) 15 (9 to 21) 12 (9 to 19) −3 (−4 to 2)d

RSI (RSI ≤ 12) 41 (46) 16 (39) 25 (51) 12.0 (−10.7 to 34.7)c

SNOT-22 22 (11 to 33) 20 (11 to 34) 22 (12 to 32) 2 (−6 to 6)d

a Group 1 had a maximum of Camacho
second-degree inferior turbinate
hypertrophy; group 2, at least
third-degree inferior turbinate
hypertrophy.

b Cramer V.
c The difference between

group proportions (in %, group
2 − group 1).

d The difference between group
medians (group 2 − group 1).
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8 [95% CI, 2-15] events) (Table 3). Among the 48 patients with
proven EER, we found no difference in the degree of ITH be-
tween the right and left nasal cavity (Cohen g, −0.17 [95% CI,
−0.50 to 0.30]) or in the degree of ITH between the anterior
and posterior parts of the nasal cavity (Cohen g, −0.21 [95%
CI, −0.50 to 0.17]) (Table 4).

Discussion
In this cohort study, the results demonstrated that there is
a possible association between ITH and EER. Using 24-hour
monitoring of oropharyngeal pH in our study population,
EER was detected more often in patients with more severe ITH.
Notably, we did not find differences in other factors that may
contribute to ITH, namely smoking and allergies. The results
of our study are in concordance with a few recent studies
focused on EER, rhinitis, and nasal patency. Dagli et al19 re-
ported findings that support the role of EER in nasal patency
deterioration and reported that EER was associated with in-
creased nasal resistance and nasal congestion. Moreover,
they found that EER treatment was associated with im-
proved subjective (Nasal Obstruction Symptom Evaluation
score) and objective nasal findings (nasal patency deter-
mined by rhinomanometry).19 Additionally, Finocchio et al20

demonstrated that gastritis and gastroesophageal reflux dis-
ease were associated with nasal disturbances and that pa-
tients with nonallergic rhinitis and sinusitis had a greater rela-
tive risk ratio than those with allergic rhinitis.

Surprisingly, prior studies have included only limited in-
vestigations of EER as a potential contributing factor of ITH.
Yet it is possible that EER likely plays some role in the patho-
genesis of nasal and ear chronic inflammatory conditions, such
as chronic rhinosinusitis, recurrent otitis media, chronic oti-
tis media with effusion, and others.6-13 Notably, the Euro-
pean Position Paper on Rhinosinusitis and Nasal Polyps sup-

ports further studies to elucidate the association between EER
and chronic nasal inflammatory conditions.4

Extraesophageal reflux (also called laryngopharyngeal
reflux) is currently defined as an inflammatory condition of
the upper aerodigestive tract tissues associated with the di-
rect and indirect effects of gastric or duodenal content reflux,
inducing morphological changes in the upper aerodigestive
tract.13 Studies over the past decade have examined the asso-
ciation between EER and chronic rhinosinusitis but not simple
turbinate hypertrophy. A potential association among gastro-
esophageal reflux disease, EER (laryngopharyngeal reflux), and
chronic rhinosinusitis has long been suspected in both adults
and children. Indeed, Jecker et al8 demonstrated that pa-
tients with recurrent chronic rhinosinusitis have more laryn-
gopharyngeal reflux complaints, increased esophageal reflux
events, and impaired pH-metry findings compared with
healthy volunteers. Additional studies have found more hy-
popharyngeal or nasopharyngeal reflux episodes in patients
with refractory chronic rhinosinusitis and/or early recur-
rence of nasal polyps after functional endoscopic sinus sur-
gery compared with patients without recurrence.6,7 More-
over, Lechien et al10 conducted a 10-year follow-up of patients
with chronic rhinosinusitis and demonstrated positive asso-
ciations among the severity of gastroesophageal reflux dis-
ease complaints, SNOT-20 scores, and late recurrence of chronic
rhinosinusitis requiring functional endoscopic sinus surgery.
Overall, the available data suggest an association between
EER and severe chronic rhinosinusitis.6-10

There is presently no reference standard for EER examin-
ation.13 Analysis of 24-hour esophageal pH impedance seems
to provide the most accurate data for determining EER pres-
ence, type, and severity. Data from 24-hour esophageal
pH–impedance analysis provide important information about
reflux episodes in the esophagus, hypopharynx, and near the
larynx. However, it cannot determine how many reflux epi-
sodes reach the nasopharynx and nasal cavity. Therefore, de-

Table 3. Extraesophageal Reflux (EER) Diagnostic Parameters in Both Study Groups

Outcome

Median (IQR) or No. (%)

Effect size (95% CI)
Total
(n = 90)

Group 1
(n = 41)a

Group 2
(n = 49)a

EER according to RYAN Score 48 (53) 14 (34) 34 (69) 35.3 (13.5-56.9)b

Total % time below pH 5.5 5.2 (0.3-14.5) 2.1 (0.0-9.4) 11.2 (1.5-15.8) 9.1 (4.1-11.8)c

Total No. of events 11 (2-22) 6 (1-14) 14 (4-26) 8 (2-15)c

a Group 1 had a maximum of Camacho second-degree inferior turbinate
hypertrophy; group 2, at least third-degree inferior turbinate hypertrophy.

b The difference between group proportions (in %, group 2 − group 1).

c The difference between group medians (group 2 − group 1).

Table 4. Participants’ Turbinate Grades at 4 Examined Sites (Right Anterior, Right Posterior,
Left Anterior, Left Posterior)a

Characteristic Right Camacho ≤ 2 Right Camacho ≥ 3 Cohen g (95% CI)
Left Camacho ≤ 2 14 2

−0.17 (−0.50 to 0.30)
Left Camacho ≥ 3 4 28

Posterior Camacho ≤ 2 Posterior Camacho ≥ 3

Anterior Camacho ≤ 2 14 2
−0.21 (−0.50 to 0.17)

Anterior Camacho ≥ 3 5 27
a The values represent the absolute

frequencies.
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termination of reflux in the nasopharynx and nasal cavity is
more complicated and less standardized than in the hypo-
pharynx. To date, the most suitable tool for that purpose seems
to be 24-hour monitoring of oropharyngeal pH (Restech sys-
tem) with a probe positioned at the level of the nasopharynx.18

In our study, we used this method for detecting and quanti-
fying reflux episodes that reached the nasopharynx and na-
sal cavity. The detailed results of our study demonstrate that
the degree of ITH did not differ between the right and left na-
sal cavity or between the anterior and posterior parts of the
nasal cavity among patients with proven EER. Probable inter-
pretation is that EER reaches both posterior sides of the nasal
cavity and causes secondary inflammation of the entire tur-
binate and nasal tissue.

Another method for determining the amount of reflux that
reaches the nasal cavity is the detection of pepsin in nasal
lavage fluid. A few studies have examined this topic,21-23 con-
cluding that pepsin is commonly detected in patients with
chronic rhinosinusitis, particularly in those with medically and
surgically refractory chronic rhinosinusitis. There remains a
need for larger multicentric studies to validate pepsin detec-
tion in nasal lavage fluid as a tool for the diagnosis of EER in
the nasal cavity.

In summary, EER seems to be a currently underestimated
factor associated with ITH. It is not clear how EER causes
chronic inflammatory changes in the nasal mucosa, but low
pH and pepsin seem to play a role. Low pH leads to increased
junctional permeability through the disruption of protein
bridge formation with cell-to-cell adhesion molecules, such as

E-cadherin.24 Moreover, even under neutral pH, pepsin can in-
crease the expression of the heat shock protein HSP70 in hu-
man nasal epithelial cells by activating the JNK/MAPK signal-
ing pathway.25 This appears to be 1 mechanism through which
EER can contribute to ITH and chronic rhinosinusitis.26

Limitations
Our study had several limitations. First, because of the lim-
ited number of included patients, the results should be
interpreted cautiously. Second, the Camacho staging of the
degree of ITH is subjective. However, this limitation also
applies for all questionnaires and all visual examinations of
the nasal cavity. The Camacho classification is a validated
grading scale with high intrarater and interrater reliability,
so we considered it useful for our research. Moreover, objec-
tive examination using rhinomanometry, acoustic rhinom-
etry, and computed tomography is also influenced by the
nasal cycle. Third, to confirm the role of EER in the patho-
genesis of ITH, there remains a need for a robust study on
the effects of an antireflux diet and medical therapy on ITH
reduction.

Conclusions
In this cohort study, patients with a higher degree of ITH were
more commonly diagnosed with more severe EER using 24-
hour monitoring of oropharyngeal pH. A possible association
between severe ITH and EER was reported.

ARTICLE INFORMATION

Accepted for Publication: May 9, 2022.

Published Online: June 30, 2022.
doi:10.1001/jamaoto.2022.1638

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2022 Zeleník K et al. JAMA Otolaryngology–Head
& Neck Surgery.

Author Affiliations: Department of
Otorhinolaryngology and Head and Neck Surgery,
University Hospital Ostrava, Ostrava, Czech
Republic (Zeleník, Hránková, Lubojacký, Formánek,
Komínek); Department of Craniofacial Surgery,
Faculty of Medicine, University of Ostrava, Ostrava,
Czech Republic (Zeleník, Hránková, Lubojacký,
Formánek, Komínek); Department of
Otolaryngology, Head and Neck Surgery, Comenius
University, University Hospital, Bratislava, Slovakia
(Javorská, Tedla, Lukáčová); Fortmedica, Prague,
Czech Republic (Taimrová); Department of Applied
Mathematics, Faculty of Electrical Engineering
and Computer Science, VSB-Technical University
of Ostrava (Vrtková).

Author Contributions: Dr Zeleník had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Concept and design: Zeleník, Javorská, Tedla,
Lukáčová, Formánek, Komínek.
Acquisition, analysis, or interpretation of data:
Zeleník, Javorská, Taimrová, Vrtková, Hránková,
Tedla, Lukáčová, Lubojacký, Formánek.

Drafting of the manuscript: Zeleník, Taimrová,
Formánek.
Critical revision of the manuscript for important
intellectual content: Zeleník, Javorská, Vrtková,
Hránková, Tedla, Lukáčová, Lubojacký, Formánek,
Komínek.
Statistical analysis: Zeleník, Vrtková, Lubojacký.
Obtained funding: Zeleník.
Administrative, technical, or material support:
Zeleník, Taimrová, Lubojacký.
Supervision: Zeleník, Tedla, Komínek.

Conflict of Interest Disclosures: None reported.

Funding/Support: Drs Zeleník and Formánek
reported grants from the Ministry of Health of the
Czech Republic during the conduct of the study
(RVO-FNOs/2021).

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review,
or approval of the manuscript; and decision to
submit the manuscript for publication.

REFERENCES

1. Mohan S, Fuller JC, Ford SF, Lindsay RW.
Diagnostic and therapeutic management of nasal
airway obstruction: advances in diagnosis and
treatment. JAMA Facial Plast Surg. 2018;20(5):
409-418. doi:10.1001/jamafacial.2018.0279

2. Bergmark RW, Gray ST. Surgical management
of turbinate hypertrophy. Otolaryngol Clin North Am.
2018;51(5):919-928. doi:10.1016/j.otc.2018.05.008

3. Ricciardiello F, Pisani D, Viola P, et al. The role
of quantic molecular resonance (QMR) in the
treatment of inferior turbinate hypertrophy (ITH):
our experience with long-term follow-up in allergic
and nonallergic rhinitis refractory to medical
therapy. preliminary results. Ear Nose Throat J.
Published online June 3, 2021. doi:10.1177/
01455613211001599

4. Fokkens WJ, Lund VJ, Hopkins C, et al.
European Position Paper on Rhinosinusitis and
Nasal Polyps 2020. Rhinology. 2020;58(suppl
S29):1-464. doi:10.4193/Rhin20.401

5. Cai Y, Goldberg AN, Chang JL. The nose and
nasal breathing in sleep apnea. Otolaryngol Clin
North Am. 2020;53(3):385-395. doi:10.1016/j.otc.
2020.02.002

6. Zeleník K, Matoušek P, Formánek M, Urban O,
Komínek P. Patients with chronic rhinosinusitis
and simultaneous bronchial asthma suffer from
significant extraesophageal reflux. Int Forum
Allergy Rhinol. 2015;5(10):944-949. doi:10.1002/
alr.21560

7. DelGaudio JM. Direct nasopharyngeal reflux
of gastric acid is a contributing factor in refractory
chronic rhinosinusitis. Laryngoscope. 2005;115(6):
946-957. doi:10.1097/01.MLG.0000163751.
00885.63

8. Jecker P, Orloff LA, Wohlfeil M, Mann WJ.
Gastroesophageal reflux disease (GERD),
extraesophageal reflux (EER) and recurrent
chronic rhinosinusitis. Eur Arch Otorhinolaryngol.
2006;263(7):664-667. doi:10.1007/s00405-006-
0022-1

Association Between Inferior Turbinate Hypertrophy and Extraesophageal Reflux Original Investigation Research

jamaotolaryngology.com (Reprinted) JAMA Otolaryngology–Head & Neck Surgery August 2022 Volume 148, Number 8 777

Downloaded From: https://jamanetwork.com/ on 09/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2022.1638?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamafacial.2018.0279?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://dx.doi.org/10.1016/j.otc.2018.05.008
https://dx.doi.org/10.1177/01455613211001599
https://dx.doi.org/10.1177/01455613211001599
https://dx.doi.org/10.4193/Rhin20.401
https://dx.doi.org/10.1016/j.otc.2020.02.002
https://dx.doi.org/10.1016/j.otc.2020.02.002
https://dx.doi.org/10.1002/alr.21560
https://dx.doi.org/10.1002/alr.21560
https://dx.doi.org/10.1097/01.MLG.0000163751.00885.63
https://dx.doi.org/10.1097/01.MLG.0000163751.00885.63
https://dx.doi.org/10.1007/s00405-006-0022-1
https://dx.doi.org/10.1007/s00405-006-0022-1
http://www.jamaotolaryngology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638


9. Leason SR, Barham HP, Oakley G, et al.
Association of gastro-oesophageal reflux and
chronic rhinosinusitis: systematic review and
meta-analysis. Rhinology. 2017;55(1):3-16.
doi:10.4193/Rhin16.177

10. Lechien JR, Debie G, Mahillon V, et al.
A 10-year follow-up of a randomized prospective
study of 2 treatments for chronic rhinosinusitis
without nasal polyps and investigation of the
impact of gastroeosophageal reflux disease in
the resistance to treatment. Ear Nose Throat J.
2021;100(5)(suppl):569S-577S. doi:10.1177/
0145561319892460

11. Formánek M, Zeleník K, Komínek P, Matoušek P.
Diagnosis of extraesophageal reflux in children with
chronic otitis media with effusion using Peptest.
Int J Pediatr Otorhinolaryngol. 2015;79(5):677-679.
doi:10.1016/j.ijporl.2015.02.013

12. O’Reilly RC, Soundar S, Ton D, et al. The role
of gastric pepsin in the inflammatory cascade of
pediatric otitis media. JAMA Otolaryngol Head Neck
Surg. 2015;141(4):350-357. doi:10.1001/jamaoto.
2014.3581

13. Lechien JR, Akst LM, Hamdan AL, et al.
Evaluation and management of laryngopharyngeal
reflux disease: state of the art review. Otolaryngol
Head Neck Surg. 2019;160(5):762-782. doi:10.1177/
0194599819827488

14. Belafsky PC, Postma GN, Koufman JA. Validity
and reliability of the Reflux Symptom Index (RSI).

J Voice. 2002;16(2):274-277. doi:10.1016/S0892-
1997(02)00097-8

15. Hopkins C, Gillett S, Slack R, Lund VJ,
Browne JP. Psychometric validity of the 22-item
Sinonasal Outcome Test. Clin Otolaryngol. 2009;
34(5):447-454. doi:10.1111/j.1749-4486.2009.
01995.x

16. Camacho M, Zaghi S, Certal V, et al.
Inferior turbinate classification system, grades 1
to 4: development and validation study.
Laryngoscope. 2015;125(2):296-302.
doi:10.1002/lary.24923

17. Camacho M, Zaghi S, Certal V, et al.
Predictors of nasal obstruction: quantification
and assessment using multiple grading scales.
Plast Surg Int. 2016;2016:6945297. doi:10.1155/
2016/6945297

18. Sun G, Muddana S, Slaughter JC, et al. A new
pH catheter for laryngopharyngeal reflux: normal
values. Laryngoscope. 2009;119(8):1639-1643.
doi:10.1002/lary.20282

19. Dagli E, Yüksel A, Kaya M, Ugur KS,
Turkay FC. Association of oral antireflux
medication with laryngopharyngeal reflux
and nasal resistance. JAMA Otolaryngol Head Neck
Surg. 2017;143(5):478-483. doi:10.1001/jamaoto.
2016.4127

20. Finocchio E, Locatelli F, Sanna F, et al.
Gastritis and gastroesophageal reflux disease
are strongly associated with non-allergic nasal

disorders. BMC Pulm Med. 2021;21(1):53.
doi:10.1186/s12890-020-01364-8

21. Klimara MJ, Johnston N, Samuels TL, et al.
Correlation of salivary and nasal lavage pepsin with
MII-pH testing. Laryngoscope. 2020;130(4):961-966.
doi:10.1002/lary.28182

22. Loehrl TA, Samuels TL, Poetker DM, Toohill RJ,
Blumin JH, Johnston N. The role of extraesophageal
reflux in medically and surgically refractory
rhinosinusitis. Laryngoscope. 2012;122(7):1425-1430.
doi:10.1002/lary.23283

23. Ozmen S, Yücel OT, Sinici I, et al. Nasal pepsin
assay and pH monitoring in chronic rhinosinusitis.
Laryngoscope. 2008;118(5):890-894. doi:10.1097/
MLG.0b013e318165e324

24. Kim B, Lee HJ, Im NR, et al. Effect of matrix
metalloproteinase inhibitor on disrupted
E-cadherin after acid exposure in the human nasal
epithelium. Laryngoscope. 2018;128(1):E1-E7.
doi:10.1002/lary.26932

25. Wang J, Zhao Y, Ren J, et al. Heat shock protein
70 is induced by pepsin via MAPK signaling in
human nasal epithelial cells. Eur Arch Otorhinolaryngol.
2019;276(3):767-774. doi:10.1007/s00405-018-
5254-3

26. Wang J, Yu Z, Ren J, et al. Effects of
pepsin A on heat shock protein 70 response in
laryngopharyngeal reflux patients with chronic
rhinosinusitis. Acta Otolaryngol. 2017;137(12):1253-
1259. doi:10.1080/00016489.2017.1360515

Research Original Investigation Association Between Inferior Turbinate Hypertrophy and Extraesophageal Reflux

778 JAMA Otolaryngology–Head & Neck Surgery August 2022 Volume 148, Number 8 (Reprinted) jamaotolaryngology.com

Downloaded From: https://jamanetwork.com/ on 09/27/2022

https://dx.doi.org/10.4193/Rhin16.177
https://dx.doi.org/10.1177/0145561319892460
https://dx.doi.org/10.1177/0145561319892460
https://dx.doi.org/10.1016/j.ijporl.2015.02.013
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2014.3581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2014.3581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://dx.doi.org/10.1177/0194599819827488
https://dx.doi.org/10.1177/0194599819827488
https://dx.doi.org/10.1016/S0892-1997(02)00097-8
https://dx.doi.org/10.1016/S0892-1997(02)00097-8
https://dx.doi.org/10.1111/j.1749-4486.2009.01995.x
https://dx.doi.org/10.1111/j.1749-4486.2009.01995.x
https://dx.doi.org/10.1002/lary.24923
https://dx.doi.org/10.1155/2016/6945297
https://dx.doi.org/10.1155/2016/6945297
https://dx.doi.org/10.1002/lary.20282
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2016.4127?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2016.4127?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638
https://dx.doi.org/10.1186/s12890-020-01364-8
https://dx.doi.org/10.1002/lary.28182
https://dx.doi.org/10.1002/lary.23283
https://dx.doi.org/10.1097/MLG.0b013e318165e324
https://dx.doi.org/10.1097/MLG.0b013e318165e324
https://dx.doi.org/10.1002/lary.26932
https://dx.doi.org/10.1007/s00405-018-5254-3
https://dx.doi.org/10.1007/s00405-018-5254-3
https://dx.doi.org/10.1080/00016489.2017.1360515
http://www.jamaotolaryngology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2022.1638

