Diagnostic Value of Pepsin Measurements in Dysphonia
Attributed to Laryngopharyngeal Reflux Disease
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Summary: Objective. To investigate the diagnostic value of pepsin test in detecting laryngopharyngeal reflux
(LPR) in patients with suspected LPR-induced dysphonia.

Methods. Dysphonic and non-dysphonic patients with LPR at the 24-hour hypopharyngeal-esophageal im-
pedance-pH monitoring (HEMII-pH) were recruited from January 2019 to November 2022. Patients collected
saliva/sputum samples to measure pepsin concentrations. Symptoms and findings were studied through reflux
symptom score (RSS) and reflux sign assessment (RSA). Voice quality was assessed with maximum phonation
time, GRBAS, voice handicap index (VHI), and acoustic parameters at baseline and 3-month post-treatment.
Sensitivity, specificity, positive (PPV) and negative (NPV) predictive values of pepsin tests for dysphonia-related
to LPR were calculated at >16 ng/mL cutoff. The relationship between HEMII-pH, clinical features, voice
quality outcomes, and pepsin measurement was investigated.

Results. Sixty-seven patients with LPR at the HEMII-pH completed the evaluations accounting for 30 patients
consulting for dysphonia. Dysphonic patients reported higher RSS than non-dysphonic patients. RSS, RSA,
laryngeal findings, VHI, and grade of dysphonia significantly improved from baseline to 3-month posttreat-
ment. Pepsin test detected LPR in 73% of dysphonic cases. The pepsin test was 73.3 sensitive and 18.9 specific
when considering the highest pepsin level of morning, postlunch, and postdinner sputum collections. Sensitivity,
specificity, PPV, and NPV varied regarding the time of sputum collections. There was a strong significant
association between the concentration of the morning pepsin test and the severity of laryngeal RSA score
(P =0.018). The morning pepsin saliva test concentration was predictive of the 3-month otolaryngological RSS
(P =0.014).

Conclusion. Pepsin test is a sensitive but poorly specific diagnostic approach for patients with dysphonia
attributed to LPR. Multiple pepsin measurements may increase the sensitivity and predictive value of pepsin

test. Future large-cohort studies are needed to investigate the accuracy of pepsin test in this population.
Key Words: Laryngopharyngeal reflux—Voice—Otolaryngology—Laryngeal-Dysphonia—Pepsin.

INTRODUCTION
Laryngopharyngeal reflux (LPR) may be defined as an in-
flammatory condition of the upper acrodigestive tract tissues
related to the direct and indirect effect of retrograde move-
ment of the gastroduodenal content into the laryngophar-
yngeal complex.! The deposit of pepsin on the upper
aerodigestive tract mucosa leads to the development of an
inflammatory reaction and morphological changes resulting
in an array of symptoms and signs.”” Pepsin has been as-
sociated with macroscopic and microscopic histopathologic
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changes in the mucosa of the vibratory margin of the vocal
folds. These include epithelial cell dehiscence, micro-
traumas, inflammatory infiltrates, mucosal drying, Reinke
space dryness, and epithelial thickening. Pepsin-related
mucosal changes have been incriminated in the pathophy-
siology of dysphonia related to LPR and are suspected to be
responsible for the impairment of subjective and objective
voice outcome measures in dysphonic patients.”” To date,
there is no study investigating the usefulness of pepsin
measurements as a diagnostic test of LPR in patients with
LPR-induced dysphonia.

The primary aim of this study was to investigate the
diagnostic value of pepsin test in detecting LPR in patients
with suspected LPR-induced dysphonia. Moreover, we in-
vestigated the relationship between pepsin sputum con-
centration, the clinical presentation, the severity of reflux at
the hypopharyngeal-esophageal impedance-pH monitoring
(HEMII-pH), the voice quality outcomes, and the ther-
apeutic response.

MATERIAL AND METHODS
Patients with dysphonia and a positive LPR diagnostic at
the 24-hour HEMII-pH were recruited from two European
hospitals (University Hospital of Saint-Pierre, Brussels,
Belgium; Polyclinique Elsan de Poitiers, Poitiers, France)
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from January 2020 to November 2022. Dysphonia was
defined by patients as change(s) in pitch, loudness, or
timber. The diagnosis of LPR was based on the occurrence
of more than one pharyngeal reflux events at the 24-hour
HEMII-pH. Gastrointestinal (GI) endoscopy was pro-
posed to elderly patients and patients with gastro-
esophageal reflux disease (GERD) findings. To be
included, patients did not have lesions of the vocal folds
(eg, cyst, polyps, nodules, leukoplakia, scar, presbyphonia)
at the videolaryngostroboscopy (Xion, Xion Gmbh, Berlin,
Germany). The exclusion criteria included alcohol depen-
dence (> 3 IU daily), pregnancy, neurological or psychiatric
illness, upper respiratory tract infection within the last
month, current use of anti-reflux treatment (eg, proton
pump inhibitors, antihistamine, alginate, and magaldrate)
or inhaled corticosteroids, previous history of neck surgery
or trauma, malignancy, ear, nose, and throat radiotherapy,
smoking, active seasonal allergies, or asthma.

Patients with LPR at the HEMII-pH and no dysphonia
were also recruited in the present study to compare clinical
and pepsin test findings with patients with LPR-related
dysphonia. These patients met the same exclusion criteria.

The local ethics committee approved the study protocol
(CHU Saint-Pierre, n°BE076201837630). Patients con-
sented to participate.

Hypopharyngeal-esophageal multichannel
intraluminal impedance-pH monitoring
The HEMII-pH was composed of eight impedance seg-
ments and 2 pH electrodes (Versaflex Z, Digitrapper pH-Z
testing System, Medtronic, Europe). Six esophageal im-
pedance segments were placed in the esophagus at 19, 17,
11, 9, 7, and 5 cm above the lower esophageal sphincter
(LES) and two pharyngeal impedance segments were
placed 1 and 2 cm above the upper esophageal sphincter
(UES), respectively. The pH electrodes were placed 2 cm
above LES and 1-2 cm below UES, respectively. The ca-
theter was placed in the morning before breakfast (8:00
AM) at the hospital by an experienced practitioner.
According to the Dubai Consensus Statements, the LPR
diagnosis was based on the occurrence of greater than one
acid, weakly acid, or nonacid hypopharyngeal reflux event,
which was defined as an episode reaching the two im-
pedance sensors in the hypopharynx.® Acid reflux episode
was an episode with pH < 4.0. Weakly acid reflux event
consisted of an episode with pH between 4.0 and 6.0.
Nonacid (alkaline) reflux episode consisted of an episode
with pH > 6.0.” Patients were instructed to be off of
proton pump inhibitors 14 days before the HEMII-pH
testing. Patients were instructed to maintain usual daily
diet, activities, and non-reflux medications during the 24-
hour recording. GERD diagnostic was based on the Lyon
consensus.”

Saliva pepsin measurement
Patients collected sputum/saliva samples (1-5 mL) in the
morning (fasting, after waking), 1 hour after the lunch, and

2 hours after the dinner (bedtime) during the 24-hour
HEMII-pH period. The saliva was collected into a 30-mL
universal sample collection tube containing a pre-estab-
lished concentration of citric acid to preserve the action of
any pepsin present. The pepsin sample collections were
stored in the refrigerator. The measure of pepsin con-
centration in the samples was carried out by an experienced
practitioner with the Cube Reader (RD Biomed Ltd., Hull,
United Kingdom) according to a standardized procedure.’
The pepsin concentration ranged from 1 to 500 ng/mL. A
sample with > 16 ng/mL was considered as positive.'’

Clinical findings

Symptoms and signs were evaluated with Reflux Symptom
Score (RSS)'' and Reflux Sign Assessment (RSA),'” re-
spectively. RSS is a validated 22-item patient-reported out-
come questionnaire documenting frequency, severity, and
related quality of life of otolaryngological, digestive, and
respiratory symptoms. RSA is a validated 61-point finding
score rating laryngeal, pharyngeal, and oral findings. RSA
was evaluated by two laryngologists in a blind manner (F.B.,
JR.L.) with videolaryngostroboscopy. RSS > 13 and
RSA > 14 were suggestive of LPR diagnostic.'"""”

Treatment

Patients were instructed to adhere to a low-acid, low-fat,
and high-protein diet for 3 months.'* Patients with GERD
or acid LPR were treated with 3-month pantoprazole (20
MG, fasting) in combination with postmeal alginate (3/d,
Gaviscon, Reckitt Benckiser, Slough, UK) or magaldrate
(Riopan, Takeda, Zaventem, Belgium). Patients without
GERD or with weakly acid or alkaline LPR were treated
with postmeal alginate or magaldrate only.

Voice quality evaluations

Patients completed the validated French version of Voice
Handicap Index (VHI)'* at baseline and 3-month post-
treatment. Perceptual voice quality was assessed with
Grade, Roughness, Breathiness, Asthenia, Strain and In-
stability scale by two practitioners in a blind manner."”
Maximum phonation time (MPT) and acoustic measure-
ments were measured on the production of the vowel /a/
two times at a distance of 30 cm from the microphone in a
sound-treated room. The best value of MPT was con-
sidered for the study. The following acoustic parameters
were measured with MDVP software (KayPentax, NJ,
USA): standard deviation of FO (STD), jitter percent (Jitt),
shimmer percent (Shim), and noise harmonic ratio. The
acoustic parameters were measured on the entire signal of
the two sustained vowel productions considering the ex-
clusion of the first and the last second of the vowel because
of their instability.

Statistical methods
Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (SPSS version
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27.0; IBM Corp, Armonk, NY, USA). Authors carried out
a power analysis. The ideal sample size for our study was
calculated focusing on the diagnostic accuracy of pepsin
tests in the previous studies. Precisely, the anticipated
sensitivity (SE) of the tests was set at 85.0, indicating an
expectation of high true positive rate. The anticipated
specificity (SP) was set at 40.0, acknowledging a relatively
high rate of false positives. The imbalance in the distribu-
tion of healthy to diseased individuals was assessed to a
ratio (R) of 1/5, reflecting the suspected prevalence of LPR
in the population (10%). The statistical power, a measure of
the study’s ability to detect a true effect, was set at a
standard value of 0.80. A simplified R function was used to
calculate the required sample size based on these assump-
tions, which was 60.

The outcome comparison between patients with dys-
phonia and those without dysphonia was performed with
Mann-Whitney U test. The pre to posttreatment changes in
clinical and voice quality outcomes were evaluated with
Wilcoxon’s test. The SE, SP, positive predictive value

TABLE 1.
Characteristics of Patients

(PPV), and negative predictive value (NPV) of pepsin test
for the detection of dysphonia related to LPR were calcu-
lated considering the mean concentrations of pepsin sam-
ples. A pepsin concentration > 16 ng/mL was considered as
positive. Pearson’s coefficient was used to study the re-
lationships between pepsin test, HEMII-pH findings, and
clinical features. The associations were considered as low,
moderate, and strong for ry < 0.30, 0.30-0.60, and r;
> 0.60, respectively.

RESULTS
Sixty-seven patients with LPR at the HEMII-pH com-
pleted the evaluations. Thirty patients consulted for dys-
phonia, while 37 did not report dysphonia. The mean age
of patients was 53.5 = 15.0 years. There were 45 females
(67%). GI endoscopy was performed in 57 (85%) patients
and was normal in 16 (28%) patients (Table 1). At least one
pepsin test was positive in 52 patients (78%). Dysphonic
and non-dysphonic patients were comparable regarding

All patients Dysphonic Non-dysphonic

Outcomes N = 67 N =30 N = 37 P-value
Age (mean, SD) 53.5 + 15.0 52.3 + 14.2 54.5 + 15.8 NS
BMI (mean, SD) 271 = 6.3 27.7 = 7.1 26.6 + 5.7 NS
Male (N, %) 22 (33) 9 (30) 13 (35) NS
Female (N, %) 45 (67) 21 (70) 24 (65) NS
Gastrointestinal endoscopy N =57 N =25 N =32
Normal (N, %) 16 (28) 5 (20) 11 (34) NS
Esophagitis (N, %) 9 (16) 4 (16) 5 (16) NS
Hiatal hernia (N, %) 18 (32) 12 (48) 6 (19) 0.041
LES insufficiency (N, %) 29 (51) 16 (64) 13 (41) NS
Gastritis (N, %) 11 (19) 7 (28) 4 (13) NS
Helicobacter pilory (N, %) 2 (3) 1 (4) 1(3) NS
HEMII-pH (mean, SD)
Pharyngeal acid events 14.9 = 17.7 16.1 = 16.3 14.0 = 18.9 NS
Pharyngeal nonacid events 15.4 + 18.1 12.7 = 1.1 17.5 + 22.1 NS
Pharyngeal events (total number) 30.2 + 244 28.7 + 18.3 31.4 + 28.7 NS
Pepsin tests
Positive test (N, %) 52 (78) 22 (73) 30 (81) NS
Morning pepsin test 100.1 = 127.6 93.6 + 126.1 106.1 = 130.5 NS
Postlunch pepsin test 103.7 = 132.9 116.9 = 149.0 94.1 = 121.2 NS
Postdinner pepsin test 118.7 = 1441 115.3 = 137.0 121.7 = 153.4 NS
Highest level (mean, SD) 165.1 + 152.7 167.0 + 163.5 163.6 + 145.5 NS
Clinical data
Reflux Symptom Score (mean, SD) 107.8 + 81.2 138.8 + 79.9 82.6 + 74.2 0.001

Otolaryngological 50.0 + 42.1 65.7 + 41.7 37.3 £ 38.5 0.001

Digestive 38.8 + 33.0 46.1 + 32.6 329 + 32.6 0.042

Respiratory 241 + 28.3 27.4 + 21.9 215 + 32.6 NS
Reflux Sign Assessment (mean, SD)

Oral score 5.8 + 3.0 6.7 £ 2.5 4.7 + 3.3 NS

Pharyngeal score 104 + 4.4 11.0 £ 3.1 9.8 + 5.6 NS

Laryngeal score 11.4 + 6.3 10.3 + 4.1 13.1 + 8.6 NS
Reflux Sign Assessment 235 = 9.2 22.6 + 6.8 25.0 £ 12.2 NS

Abbreviations: BMI, body mass index; HEMII-pH, hypopharyngeal-esophageal multichannel intraluminal impedance-pH monitoring; LES, lower esophageal

sphincter; N, number; SD, standard deviation.
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TABLE 2.
Pre to Posttreatment Clinical and Voice Quality Changes
Outcomes Baseline Posttreatment P-value
Reflux Symptom Score 138.8 + 79.9 100.3 + 129.0 0.009
Otolaryngological 65.7 + 41.7 47.4 = 53.9 0.041
Digestive 46.1 + 32.6 34.4 + 59.1 0.007
Respiratory 27.4 + 21.9 18.4 = 24.5 0.009
Reflux Sign Assessment
Oral findings 6.7 + 2.5 5.2 + 2.1 0.045
Pharyngeal findings 11.0 = 3.1 6.4 + 35 0.001
Laryngeal findings 10.3 = 4.1 6.8 + 4.3 0.015
RSA total score 22.6 + 6.8 18.1 + 7.2 0.041
Perceptual voice evaluation
Grade of dysphonia 1.4 = 0.5 1.1 =+ 04 0.025
Roughness 1.1 = 0.7 0.8 + 0.8 NS
Breathiness 0.6 = 0.7 0.3 + 0.4 NS
Asthenia 0.3 + 0.6 0.3 + 04 NS
Strain 0.6 + 1.1 0.3 + 0.7 NS
Voice Handicap Index 22.0 + 184 145 + 17.9 0.004
Aerodynamic
Maximum phonation time 16.3 + 9.7 19.7 + 11.7 NS
Acoustic measurements
Mean FO 153.1 + 38.5 150.7 + 414 NS
Standard deviation (F0) 11.4 + 13.8 16.3 + 16.0 NS
Percent Jitter 22 + 1.4 1.9 + 1. NS
Percent Shimmer 6.9 + 25 6.0 + 1.8 NS
Noise-to-harmonic ratio 0.2 + 0.1 0.2 + 0.1 NS
Abbreviations: HEMII-pH, hypopharyngeal-esophageal multichannel intraluminal impedance-pH monitoring.
most demographics, clinical, and HEMII-pH findings
. . .. TABLE 3.
(Table 1). The prevalence of hiatal hernia was significantly A . . . .
. . . : . ccuracy of Pepsin Test in Dysphonic Patients
higher in dysphonic compared to non-dysphonic patients
(48% versus 19%; Table 1). The baseline RSS was sig- Pepsin Tests SE SP PPV NPV Accuracy
nificantly higher in dysphonic group compared to non- Morning 50.0 33.3 33.3 50.0 52.4
dysphonic group. Postlunch 53.8 38.9 38.9 53.8 56.0
Postdinner 62.5 31.6 43.5 50.0 58.8
Highest sample 73.3 18.9 42.3 46.7 73.3

Clinical and voice quality

The mean RSS and RSA scores of dysphonic patients
significantly improved from pre to posttreatment (Table 2).
Laryngeal finding score, ie, epiglottitis erythema, arytenoid
erythema, ventricular band erythema or edema, posterior
commissure and retrocricoid edema or erythema items,
significantly improved after 3 months of the treatment.
Grade of dysphonia and VHI score significantly decreased
from pre to posttreatment (Table 2). Maximum phonation
time and acoustic measurements did not significantly
change from baseline to 3-month posttreatment.

Accuracy, sensitivity, specificity, and predictive
values

The accuracy of the highest concentration of pepsin test for
dysphonia attributed to LPR was 73.3%. The accuracies of
morning, postlunch, and postdinner pepsin tests are avail-
able in Table 3. Among them, postdinner pepsin test re-
ported highest accuracy, sensitivity, and positive predictive
values (Table 3). The consideration of the highest con-
centration of pepsin tests between the three tests of the

concentration

Abbreviations: SE, sensitivity; SP, specificity; PPV, positive predictive
value; NPV, negative predictive value.

testing day reported higher accuracy, sensitivity, specificity,
and predictive values than the consideration of one
of them.

Associations

There were strong significant associations between the
morning pepsin test concentration, the severity of laryngeal
RSA score (ry =0.694, P = 0.018) and the RSA (r, =0.623;
P = 0.026). The morning pepsin test concentration was
predictive of the 3-month otolaryngological RSS (1,
=0.539, P = 0.014) and percent shimmer (r; =0.665;
P = 0.049), respectively. There was an additional strong
association between the morning pepsin test concentration
and the baseline STD (r; =0.775; P = 0.005).
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DISCUSSION

The clinical diagnosis of LPR is challenging regarding the non-
specificity of symptoms and signs, and the low therapeutic
success rate of empirical treatment.'”'’ One of the most
common LPR symptoms is dysphonia,'’ which may be at-
tributed to macro- and microscopic changes of the vocal fold
mucosa.”” In patients with dysphonia attributed to LPR, the
diagnosis of LPR is challenging in view of the cost, lack of
availability of HEMII-pH in some hospitals,“ and the poor
proton pump inhibitor-empirical therapeutic response.'® In this
study, the authors investigated the accuracy of pepsin test in
the detection of LPR in dysphonic patients. The results in-
dicate that pepsin test is 73.3% accurate in diagnosing LPR in
dysphonic-LPR patients when considering the highest pepsin
test value of several sputum collections. Our sensitivity, speci-
ficity, and predictive values of pepsin test are comparable to
those reported in previous studies.'”'” *' At cutoff 16 ng/mL,
Zelenik et al observed that fasting pepsin test was associated
with sensitivity, specificity, and positive predictive value of
48.0%, 27.0%, and 63.0%, respectively.'” In the study of Zhang
et al, sensitivity, specificity, and predictive values were eval-
uated on the highest pepsin test concentration of fasting, 1-
hour postlunch, and 1-hour postdinner sputum collections at
16 ng/mL threshold. According to this approach, authors
found 76.9% sensitivity and 25.0% specificity, which corrobo-
rates our observations. However, they reported higher PPV
(87.0% versus 42.3%) and lower NPV (14.3% versus 46.7%)
than the ones reported in this investigation.” The need to
consider the highest pepsin test concentration of at least three
pepsin tests was supported in other studies.””' The variability
of pepsin tests throughout the testing day highlights the phy-
siologic variability of pepsin stomach secretions and the po-
tential internalization of pepsin into the laryngopharyngeal
cells.”” Indeed, Johnston et al. demonstrated that pepsin may
be internalized into the Golgi apparatus of laryngopharyngeal
cells, leading to cell destructions through intracellular me-
chanisms.” The internalization process of the extracellular
pepsin is an important factor to consider in the interpretation
of pepsin test and the evaluation of its accuracy. Indeed, the
measurement of sputum or saliva pepsin with the pepsin test
probably misevaluates the true concentration of refluxed
pepsin, which supports the lack of significant association be-
tween the pepsin test concentration and the severity of LPR at
the 24-hour HEMII-pH. Similar observations were reported in
previous publications, where authors did not find association
between measured pepsin concentration, clinical, and im-
pedance-pH monitoring findings.””

Interestingly, we observed that the morning pepsin test
concentration was predictive of the severities of both baseline
laryngeal findings and posttreatment otolaryngological
symptom score. There was no significant association between
the HEMII-pH, clinical outcomes, and postlunch and post-
dinner pepsin test concentrations. The best predictive value of
morning pepsin test on laryngeal findings and symptom relief
supports that the fasting pepsin concentration is most re-
presentative of the total refluxed pepsin in the laryngophar-
yngeal region. Pepsin saliva concentration is known to be

influenced by foods and beverages consumed before the sam-
ples.” In that way, depending on the content of meals, the
postlunch and postdinner pepsin test concentrations could
vary. At fasting, the pepsin concentrations of both intra- and
extracellular compartments should theoretically balance. The
significant positive association between fasting pepsin test
concentration and acoustic measurements (ie, percent shimmer
and STD) may indirectly support the association between
pepsin concentration and morphologic changes in vocal fold
cover. The increase in percent shimmer can be ascribed to
vocal fold inflammatory changes as evidenced by the high
laryngeal score in the study group. However, future histo-
pathologic studies may substantiate the strong link between
abnormal pepsin levels and vocal fold dysfunction.

In sum, pepsin test may be useful in the suspicion of LPR
diagnosis in patients with dysphonia. Patients with dys-
phonia and negative pepsin test may require primarily
additional work-up to investigate potential other causes of
dysphonia, while keeping in mind that the LPR diagnosis is
not clearly excluded. The LPR diagnosis may be suspected
in patients with positive pepsin test and they may conse-
quently benefit from an empirical therapeutic trial. In po-
sitive and negative cases, practitioner should keep in mind
that pepsin test cannot replace 24-hour HEMII-pH. In
other words, its positivity or negativity cannot confirm or
totally exclude the LPR diagnosis according to its mod-
erate SE and low SP values.

To the best of our knowledge, this investigation is the
first study exploring the sensitivity, specificity, PPV, NPV,
and accuracy of pepsin test in patients with dysphonia at-
tributed to LPR, which is its main strength. The use of
HEMII-pH to confirm the LPR diagnostic is another
strength of the study because HEMII-pH is considered as
the best diagnostic tool.” The low number of patients is the
primary limitation of the present study. Another limitation
of this study is the inability to control for confounding
factors such as bile acids and other enzymes, that also may
adversely impact phonation. Indeed, to date, most basic
science studies investigating the mechanisms of dysphonia
related to LPR focused on pepsin toxicity on laryngeal
tissues.*”>*° However, bile acids were identified to be as-
sociated with vocal fold inflammatory reaction and related
microscopic changes.”’ The potential role of bile acids in
the development of LPR-symptoms and findings was sup-
ported in few controlled studies,”*”” which suggested the
need to consider other enzymes than pepsin in future LPR
studies. The potential presence of patients with non-re-
ported mild dysphonia in the non-dysphonic group is an
additional limitation. Indeed, it has been suggested that
some patients may present voice quality impairments re-
lated to LPR disease without complaining.”

CONCLUSION
Pepsin test is a moderately sensitive but poorly specific
diagnostic approach for patients with dysphonia suspected
to be attributed to LPR. The morning pepsin test was
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predictive of the severity of laryngeal findings at the vi-
deolaryngostroboscopy. Multiple pepsin measurements
may increase the sensitivity and predictive values of pepsin
test but cannot replace 24-hour HEMII-pH. Future large-
cohort studies are needed to investigate the accuracy of
pepsin test in this population and to measure other en-
zymes such as bile acids.
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