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ABSTRACT

Objective: To evaluate the diagnostic performance of multiple digestive enzyme biomarkers in detecting and characterizing
laryngopharyngeal reflux disease (LPRD).

Methods: Patients with LPRD at the 24-h hypopharyngeal-esophageal multichannel intraluminal impedance-pH testing
(HEMII-pH) were consecutively recruited from January 2020 to May 2024 from two European hospitals. The control group
consisted of adults without symptoms. Prospective clinical data collection included demographics, gastrointestinal endoscopy,
HEMII-pH, reflux symptom score (RSS), and reflux sign assessment (RSA) findings. At baseline, pepsin, elastase, cholesterol,
bile acids, trypsin, pancreatic, and gastric lipase were measured in saliva samples of LPRD patients and asymptomatic individ-
uals. Sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy (receiver operating characteristic
(ROC) curve and area under the curve (AUC)) were evaluated.

Results: One hundred and twenty-three patients and forty-eight asymptomatic individuals were prospectively recruited.
Patients exhibited significantly elevated salivary pH and elastase levels, but decreased cholesterol compared to controls. Salivary
cholesterol demonstrated superior diagnostic performance (AUC =0.989), with a 2.05mg/dL threshold yielding excellent sensi-
tivity (100%), specificity (94.3%), and predictive values. Elastase showed moderate-to-high diagnostic performance (AUC=0.811,
threshold >49.2ug/mL). Combined RSS > 13 and salivary pH demonstrated robust diagnostic accuracy (SE=288.8%, SP=97.1%).
Cholesterol positively correlated with 3-month RSS (r=0.538).

Conclusion: Salivary cholesterol, elastase, and the salivary pH emerge as promising diagnostic biomarkers for LPRD, demon-
strating superior accuracy to other digestive enzymes and potential value in predicting treatment outcomes.

Level of Evidence: III.
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1 | Introduction

Laryngopharyngeal reflux disease (LPRD) is a disease of the upper
aerodigestive tract resulting from the direct and/or indirect effects
of gastroduodenal content reflux, inducing morphological and/or
neurological changes in the upper aerodigestive tract [1]. LPRD is
associated with non-specific symptoms and findings that can be
found in many otolaryngological conditions, including allergies,
chronic rhinosinusitis, medication-induced laryngopharyngitis,
or infectious laryngitis [1-4]. To date, the gold standard for the
LPRD diagnosis is the 24-h hypopharyngeal-esophageal multi-
channel intraluminal impedance-pH monitoring (HEMII-pH)
[1]. Despite its diagnostic accuracy in detecting pharyngeal re-
flux events, HEMII-pH presents substantial practical limitations,
including high operational costs, restricted availability, and po-
tential patient intolerance [5]. Recent years have witnessed the
development of alternative diagnostic methodologies for detect-
ing upper aerodigestive tract reflux events, with salivary pepsin
measurement emerging as the predominant non-invasive bio-
marker [5, 6]. The diagnostic utility of salivary pepsin detection is
characterized by moderate performance metrics (sensitivity: 50%-
87%; specificity: 68%-96%). These parameters highlight inter-
study methodological variations and the fundamental limitation
of intermittent pepsin detectability in LPRD patients’ saliva sam-
ples [7, 8]. Preliminary research has identified additional diges-
tive enzymes in the saliva of LPRD patients, suggesting potential
complementary biomarkers that warrant further investigation for
diagnostic applications [9]. The rationale for investigating other
digestive biomarkers and enzymes—including elastase, trypsin,
bile salts, and lipases—relates to their enzyme-proteolytic prop-
erties and potential to damage upper aerodigestive tract mucosa,
and to the occurrence of duodeno-gastric reflux in LPRD patients
[9]. Furthermore, many pancreaticoduodenal enzymes can be
found in the stomach, similar to pepsin, and may therefore reflux
into the upper aerodigestive tract during esophagopharyngeal re-
flux events. To date, no methodological studies have established
thresholds for salivary multiple digestive enzymes and biomark-
ers in large cohorts of LPRD patients.

This prospective controlled study aimed to evaluate the diagnos-
tic performance of multiple digestive enzymes and biomarkers
in detecting and characterizing LPRD.

2 | Methods
2.1 | Patients and Setting

Patients with laryngopharyngeal symptoms [10] and findings
[11], and a positive LPRD diagnosis at the 24-h HEMII-pH were
consecutively recruited between January 2020 and May 2024
from two European hospitals. The LPRD diagnosis was based on
the documentation of > 1 pharyngeal reflux event using the 24-h
HEMII-pH [1]. Gastrointestinal (GI) endoscopic evaluation was
conducted in patients with alarm features [1], elderly subjects
and those presenting gastroesophageal reflux disease (GERD)
symptomatology to detect complications. The control group in-
cluded age- and gender-matched asymptomatic adults from the
University of Mons, with no current or historical evidence of
LPRD (RSS<13 and RSA<14) or GERD. Asymptomatic indi-
viduals did not undergo HEMII-pH regarding cost and tolerance

findings and the current definition of LPRD based on the pres-
ence of laryngopharyngeal symptoms and findings [1]. Because
the confirmation of the LPRD diagnosis requires the presence
of LPRD symptoms, the asymptomatic individuals were consid-
ered controls.

The exclusion criteria of both patients and controls included the fol-
lowing conditions: tobacco (more than 5 cigarettes/day) or alcohol
(>2 glasses of alcohol/day) consumption, upper respiratory tract
infection within the last month, previous history of fundoplication,
neck surgery or trauma associated with chronic neck symptoms,
head and neck malignancy, history of ear, nose, and throat radio-
therapy, use of anti-reflux treatment, laryngitis related to inhaled
corticosteroids, and active untreated seasonal allergies or asthma.

The institutional review board approved the study protocol
(CHU Saint-Pierre Ethics, n°BE076201837630). Patients con-
sented to participate. The content of the present paper is pro-
tected by an International Patent (number: EP23188695.3;
owner: Pr. Lechien, Pr. Saussez; Miss De Vos). This study ad-
hered to the STROBE guidelines to ensure transparency and
replicability of our findings [12].

2.2 | Hypopharyngeal-Esophageal Multichannel
Intraluminal Impedance-pH Monitoring

The catheter length was based on the esophageal length of the
patient (Versaflex Z, LPR ZNID22+ 8R FGS 9000-19; Hauts-de-
France, France) and introduced transnasally in the morning
before breakfast. The esophageal portion comprised six imped-
ance segments (Z1-Z6) positioned sequentially at 5, 7, 9, 11, 17,
and 19cm above the lower esophageal sphincter (LES), with an
esophageal pH electrode situated 2cm above the LES. The hy-
popharyngeal component consisted of two impedance segments
positioned at 1 and 2cm above the cricopharyngeal sphincter,
complemented by a pH electrode placed 1-2cm below the crico-
pharyngeal sphincter. Note that the Medtronic catheter has only
one impedance ring above the upper pH sensor, with the upper
pH sensor located in the pharynx. Moreover, the proximal two im-
pedance rings of this catheter are 3cm apart. A hypopharyngeal
reflux event was defined as an event reaching the two pharyn-
geal impedance sensors after a full esophageal column. Accurate
catheter placement and sensor positioning were confirmed
through either nasofibroscopic visualization or chest radiogra-
phy. According to Dubai Consensus criteria [1], LPRD diagnosis
was established by documenting more than one hypopharyngeal
reflux event, defined as retrograde flow detected by esophageal
and hypopharyngeal impedance sensors. Events were classified
according to pH values as acid (pH <4.0) or non-acid (pH >4.0)
[1]. GERD diagnosis was based on the Lyon consensus, which
consists of Los Angeles grade B, C & D esophagitis; long segment
Barrett's mucosa; peptic esophageal stricture; distal acid expo-
sure time > 6% [13]. Patients were instructed to maintain usual
daily diet and activities during the 24-h recording.

2.3 | Saliva Enzyme Measurements

Two consecutive morning saliva samples (up to 2mL each) were
collected under standardized conditions (fasting, post-awakening,
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pre-dental hygiene) at the completion of 24-h HEMII-pH with
the Salivette device (Sarstedt, Germany). Two salivettes were re-
quired per individual to have sufficient saliva volume for the bio-
markers analyses. Saliva samples were frozen at —20°C during
storage. Test DRI pH-Detect (Thermo Scientific, Germany), total
bile acids Assay Kit (Diazyme Lab, Gregg CT Poway, CA, USA),
total protein (TP2, Roche, Germany), albumin (ALBT2, Roche,
Germany), triglycerides (TRIGL, Roche, Germany), cholesterol
(CHOL2, Roche, Germany), and pancreatic lipase (LIPC, Roche,
Germany) were analyzed on Cobas 8000 (Roche, Germany).
Elastase (BS-86-01 SK15 from BioServ Diagnostics, Germany),
trypsin (DuoSet Human Trypsin (pan), R&D Systems, Canada),
pepsin (BioMatik, Canada), and gastric lipase (SED226Hu from
CloudClone Corp., USA) were measured with Enzyme-Linked
Immunosorbent Assay (ELISA). Compared to the preliminary
study [9], the elastase and cholesterol analyses were redone to
improve the performance of measurement. The salivary enzyme
levels were not investigated after treatment.

2.4 | Clinical Data

Demographics (age, gender, body mass index), clinical symp-
toms, and findings were prospectively collected. Symptoms
and findings were evaluated with the RSS [10] and RSA [11]
from pre- to 3-month posttreatment. The RSA was rated by
two blinded board-certified otolaryngologists (J.R.L. and a
retired laryngologist) ensuring adequate interrater reliability
[11]. LPRD severity was categorized according to the IFOS
classification, using the quality of life Reflux Symptom Score
(QoL-RSS) [14]. The severity stratification defined mild dis-
ease as QoL-RSS ranging from 6 to 25, moderate disease as
QoL-RSS ranging from 26 to 38, and severe disease as QoL-
RSS exceeding 38 [14]. Psychological assessment was based
on the validated 10-item Perceived Stress Scale (PSS), which
quantifies stress and anxiety levels on a scale from 10 to 50,
with higher scores indicating greater psychological distress
[15]. Control group clinical scores (RSS, RSA, PSS) were
drawn from previously published data [9], while enzymatic
analyses were conducted specifically for this study.

2.5 | Treatment

Patients were instructed to adhere to a standardized 3-month
low-fat, low-quick-release-sugar, high-protein, alkaline, and
plant-based diet [16]. According to the European clinical con-
sensus for treating LPRD [17], pharmacological intervention
was tailored to reflux characteristics: patients with documented
acid LPRD on HEMII-pH or confirmed GERD received morn-
ing fasting pantoprazole (20mg) combined with post-prandial
alginate (Gaviscon, Reckitt Benckiser, Slough, UK) thrice daily.
For patients exhibiting weakly acid or alkaline LPRD patterns,
treatment consisted of either alginate or magaldrate antacids
(Takeda, Brussels, Belgium) for 3months, respectively.

2.6 | Statistical Methods

Statistical analyses were performed using the Statistical Package
for the Social Sciences for Windows (SPSS version 30.0; IBM Corp,

Armonk, NY, USA). Demographics, clinical features, biomarkers,
and enzyme measurements were compared between patients and
controls with Mann Whitney U test and Chi-square. The thresh-
olds for saliva biomarkers and their related diagnostic accuracies
were calculated through the receiver operating characteristic
(ROC) curve, area under the curve (AUC), and the Youden index.
Sensitivity (SE), specificity (SP), positive predictive value (PPV)
and negative predictive value (NPV) were assessed. Pre- to post-
treatment changes in RSS, RSA, and PSS were investigated with
Wilcoxon Rank test. The association between demographics,
HEMII-pH, clinical, and biomarker measures was investigated
with bivariate analysis. A p value < 0.05 was considered significant.

3 | Results

One hundred and twenty-three patients and forty-eight asymp-
tomatic individuals completed the evaluations, including saliva
measurements, HEMII-pH (LPRD patients), and clinical eval-
uations. Demographics and diagnosis findings are reported in
Table 1. The gender distribution showed a female predominance
in both groups: 73 (59.3%) in patients and 30 (62.5%) in controls.
The age of patients and controls ranged from 19 to 81years old
(mean = 51.73). Reflux severity was mild in 48 (39.0%), moderate
in 27(22.0%), and severe in 48 patients (39.0%). Normal endoscopic
findings were observed in 17/71 examined patients (23.9%). Thirty-
one patients (25.2%) had both LPRD and GERD according to the
Lyon consensus. The HEMII-pH features are reported in Table 1.
Alkaline pharyngeal reflux events were most common, with a
mean of 42.7 episodes/24h. The mean PSS, RSS, and RSA scores
of patients and controls are reported in Table 2. LPRD patients
experienced significantly higher RSS, RSA, and PSS compared to
controls. RSS significantly reduced from baseline (123.00 +93.43)
to 3-month post-treatment (76.35+77.34; p=0.001). Similarly,
baseline RSA significantly reduced after 3-months of treatment
(26.33+7.30 versus 21.15+8.71; p=0.001). PSS did not change
over time (27.52 +8.34 versus 27.59 + 7.44; p=0.396).

3.1 | Diagnostic Performance of Digestive
Biomarkers and Outcome Combinations

The mean values of biomarkers in LPRD and controls are re-
ported in Table 3. Compared to controls, LPRD patients demon-
strated significantly higher alkaline salivary pH and lower
cholesterol levels. Among measured enzymes, only salivary elas-
tase levels were significantly elevated in LPRD patients compared
to controls; while trypsin and pepsin (ELISA) levels showed no
significant between-group differences. Pancreatic lipase was un-
detectable in both groups. Gastric lipase was detected in 9.8%
(n=11/112) of LPRD patients versus 2.1% (n=1/48) of controls
without reporting significant differences. Similar observations
were found for triglycerides, proteins, and albumin.

Table 4 summarizes the diagnostic performance of digestive
biomarkers. Cholesterol, elastase, and saliva pH demonstrated
the highest AUC and Youden index (Figure 1). The consider-
ation of a salivary cholesterol <2.05mg/dL for the diagnosis of
LPRD is associated with high SE (100%), SP (94.3%), and predic-
tive values. Elastase showed moderate diagnostic performance
(AUC=0.811, threshold >49.2 ug/mL).
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TABLE1 | Characteristics of patients.

TABLE 2 | Clinical findings of patients and controls.

Characteristics Patients (N=123)
Mean age (range, years) 19-81
Body mass index (mean, SD) 24.71+4.70
Gender (N, %)
Female 73 (59.3)
Male 50 (40.7)
Severity of reflux
Mild reflux (< 26) 48 (39.0)
Moderate reflux (26-38) 27(22.0)
Severe reflux (> 38) 48 (39.0)
Gastrointestinal endoscopy N=71
Normal 17 (23.9)
Esophagitis 25(35.2)
Hiatal hernia 22 (31.0)
LES insufficiency 26 (36.6)
Gastritis 20 (28.2)
Helicobacter pylori infection 2(2.8)
Number of patients with GERD (%) 31(25.2)
HEMII-pH feature (mean, 95% CI)
Pharyngeal events
Pharyngeal acid reflux events 9.77£16.00
Pharyngeal nonacid reflux 32.90%6.50
events
Total number of pharyngeal 42.70%59.59
events
Position events
Uprigth pharyngeal event 42.57+61.77
Supine pharyngeal events 5.85+7.49

Abbreviations: GERD, gastroesophageal reflux disease; HEMII-pH,
hypopharyngeal-esophageal multichannel intraluminal impedance-pH
monitoring; LES, lower esophageal sphincter; N, number; SD, standard
deviation.

Digestive biomarker and clinical finding combinations are
described in Table 5. Combined RSS>13 and salivary pH
(>5.93) demonstrated robust diagnostic accuracy (SE=_88.8%,
SP=97.1%). SP and PPV were improved considering the addition
of RSA > 14 to RSS and salivary pH measurement.

3.2 | Association Study

The association between HEMII-pH findings and salivary bio-
markers demonstrated a significant positive correlation between
biliary acids and the number of alkaline pharyngeal reflux events
(r,=0.515; p=0.012), while the total number of pharyngeal re-
flux events was strongly and negatively associated with the sali-
vary gastric lipase level (r,=—0.959; p=0.041).

Clinical LPR Controls
outcomes (N=123) (N=48) P
Perceived stress 27.52+8.34 21.81+5.78 0.001
scale
Reflux symptom score
Otolaryngological ~ 58.91+46.74 2.15+3.33  0.001
RSS
Digestive RSS 43.89+38.03 2.77+£4.31 0.001
Respiratory RSS 20.24 £23.54 0.68+2.41 0.001
RSS total score 123.00+£93.43 5.62+5.62 0.001
RSS QoL total 34.24+21.90 3.73+3.63  0.001
score
Reflux sign assessment
Oral 5.30+£1.97 2.57+£2.01 0.001
Pharyngeal 8.83+4.36 524%+296 0.001
Laryngeal 12.10£5.03 3.90+2.23 0.001
RSA total score 26.33+7.30 11.71+£5.18 0.001

Abbreviations: RSA, reflux sign assessment; RSS, reflux symptom score.

TABLE 3 | Digestive enzyme and biomarker features of patients and

controls.
Saliva LPRD Controls
outcomes Units (N=123) (N=48) 4]
Saliva pH 7.06 (0.73) 6.11(0.78)  0.001
Elastase pug/mL  67.42(45.21) 4.36(2.22) 0.001
Cholesterol mg/dL 1.14 (0.47) 3.54(0.79)  0.001
Bile acids umol/L  0.46 (0.40) 0.46 (0.35) NS
Trypsin pg/mL 908.71 735.16 NS

(808.93) (854.93)

Triglycerides mg/dL 9.06 (47.9) 3.93(3.84) NS
Proteins g/L 1.89(0.53)  2.02(0.85) NS
Pepsin ng/mL  47.45(58.11) 22.11(13.39) NS
(ELISA)
Pancreatic u/L Undetected  Undetected —
lipase”
Gastric ng/mL  0.25(0.09) 0.10 (0.01) NS
lipase”
Albumin mg/L  49.85(98.68) 65.42(92.13) NS

Abbreviations: LPRD, laryngopharyngeal reflux disease; N, number; NS,
non-significant.
*Detected in a few number of individuals.

The association between salivary biomarkers and clinical out-
comes revealed a significant correlation between salivary cho-
lesterol and the 3-month RSS (r,=0.538; p=0.021).

4
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TABLE 4 | Diagnostic performance of biomarkers.

Saliva outcomes Units AUC SD 95% CI Threshold Youden SE SP PPV NPV
Saliva pH — 0.808 0.042 0.725-0.891 5.93 0.483 93.3 55.0 82.2 78.6
Elastase pug/mL 0.811 0.038 0.736-0.885 49.2 0.584 67.0 91.4 95.8 48.5
Cholesterol (controls) mg/dL 0.989  0.009 0.972-1.000 2.05 0.943 100 94.3 100 95.1
Bile acids umol/L 0.500 0.067 0.369-0.630 0.39 0.086 47.9 60.7 67.7 40.5
Trypsin pg/mL 0.554 0.063 0.378-0.430 250.03 0.123 60.7 51.6 77.3 32.7
Pepsin (ELISA) ng/mL 0.571 0.136 0.305-0.838 30.28 0.250 50.0 750 85.7 30.0

Abbreviations: AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; SD, standard deviations; SE,

sensitivity; SP, specificity.
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FIGURE1 | Receiver operating characteristic curves of salivary pH, Elastase, and cholesterol. RSS > 13 + cholesterol reported high area under the

curve value (0.906).

Analysis revealed significant associations among various sal-
ivary biomarker pairs. Significant correlations were observed
among salivary biomarkers: pH showed a moderate negative
correlation with cholesterol (r;=-0.457; p=0.001) and a
low positive correlation with elastase (r,=0.192; p=0.033).
Salivary elastase demonstrated a moderate negative correla-
tion with cholesterol (r,=—0.476; p=0.001) and a weak nega-
tive correlation with bile acids (r,=—0.319; p=0.008).

4 | Discussion

The limited availability and costs of HEMII-pH devices support
the development of non-invasive LPRD diagnostic methods.

This study identified three promising salivary biomarkers (pH
>5.93, cholesterol <2.05, and elastase >49.2), established their
diagnostic thresholds, and evaluated their performance in LPRD
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TABLE 5 | Diagnostic performance of biomarker and clinical
finding associations.

Saliva outcomes SE SP PPV NPV

Saliva outcome association
Saliva pH + Elastase 59.6 943 96.4 47.8
Elastase + cholesterol 60.0 91.4 87.5 69.6
Saliva and clinical outcome association
RSS>13 +saliva pH 88.8 97.1 98.8 77.3

RSS>13+salivapH+  56.2 943 96.2 45.8
Elastase

RSS>13 + Elastase + 51.4 100 100 67.3
cholesterol

RSS>13+RSA>14+ 84.3 100 100 71.4
saliva pH

RSS>13+RSA> 14+ 52.8 100 100 45.5
saliva pH + Elastase

RSS>13+RSA>14+ 57.1 100 100 70.0
elastase + cholesterol

Abbreviations: NPV, negative predictive value; PPV, positive predictive value;
RSA, reflux sign assessment; RSS, reflux symptom score; SE, sensitivity; SP,
specificity.

diagnosis. Among them, salivary cholesterol measurement con-
sists of an easy and rapid clinical test, providing a cost-effective,
non-invasive approach to support LPRD diagnosis. However, the
use of salivary cholesterol as a single biomarker cannot be cur-
rently supported due to results in the lower measurement range,
close to the level of detection. The diagnostic accuracy of salivary
cholesterol as one of several biomarkers in the LPRD supports
our preliminary findings, which demonstrated significantly re-
duced cholesterol levels in LPRD patients versus controls [9].

During digestion, bile salts bind cholesterol. In the present
study, the reduced salivary cholesterol levels observed in LPRD
patients may be attributed to bile acid sequestration in the sa-
liva, leading to undetectable cholesterol in patients. However,
contrary to previous literature reporting significantly elevated
bile acid concentrations in LPRD patients, our study found
no significant difference in salivary bile acid levels between
LPRD patients and controls [18-20]. In the study of De Corso
et al. [18] the salivary bile salt concentration was explored
through a colorimetric analyzer with diagnostic reagents to
quantitatively evaluate total serum human bile acids, leading
to SE of 86% and a PPV of 80.7%. Sereg-Bahar et al. used the
enzyme method on a biochemical analyzer using some spe-
cific reagents. The methodological variability and operator
dependence between all techniques can potentially explain
discrepancies observed between studies measuring salivary
bile acids. In both approaches, some bile acid species present
in humans cannot be detected, which potentially underesti-
mates total bile acid content, supporting the lack of significant
differences between LPRD and controls.

The detection of elastase in the respiratory tract of LPRD pa-
tients can support the observation of Sacco et al. [20] in 2006,

who detected elastase in bronchoalveolar fluid of children with
GERD at the GI endoscopy. However, until now, no study has
investigated its diagnostic value for LPRD. Because elastase is
activated within a pH range of 6.5-8.5, its detection in saliva of
LPRD patients is promising for investigating its potential role in
mucosal injury and associated clinical manifestations.

In clinical biology, the development of salivary devices mea-
suring digestive biomarkers requires rigorous analyses for
determining analytical performance characteristics and diag-
nostic accuracy. In the present study, LPRD patients and con-
trols reported comparable salivary pepsin levels, which should
appear conflicting with the current literature (7, 8]. However,
in most studies of the literature, salivary pepsin was assessed
with PepTest, which is a lateral flow device using specific
monoclonal antibodies to detect human pepsin A in saliva
samples. Despite its commercial availability, the PepTest lab-
oratory validation studies were never conducted to establish
its analytical performance characteristics and diagnostic ac-
curacy. In the present study, ELISA pepsin measurement was
selected to optimize analytical efficiency, allowing the analy-
sis of multiple digestive enzymes from a single saliva sample,
which eliminated the need for additional sample collection re-
quired by PepTest. When examining studies that used analyt-
ical methods other than PepTest, our results appear consistent
with some previous findings. This is exemplified by De Corso
et al. [18] who detected Pepsinogen I in merely 13.4% of sam-
ples (25 out of 186) from LPRD patients through an alternative
detection method revealed.

Despite using validated lipase antibodies, both gastric and
pancreatic lipases were largely undetectable in saliva samples
from LPRD patients. Although gastric lipase was detected in
a small subset of samples, our bivariate analysis revealed an
inverse relationship between the number of pharyngeal re-
flux events and the likelihood of detecting gastric lipase in
saliva. This observation should reflect a potential irreversible
inactivation of lipases throughout the reflux process and the
alkalinization of gastro-esophago-pharyngeal reflux events.
Interestingly, Ville et al. [21] showed that lipase may be irre-
versibly inactivated through pH changes (alkaline pH) and,
consequently, few were detected in fluid such as saliva. The
limited detection of lipase can be attributed to several phys-
iological mechanisms. The gastric lipase optimal pH range
(3.0-6.0) is incompatible with the elevated salivary pH of
LPRD patients. Furthermore, lipase activity could be com-
promised through multiple pathways: enzymatic inactivation
by trypsin, bile acid-induced pH alterations, and bile acid in-
teractions, which was supported in the present study by the
negative correlation between salivary gastric lipase and bile
acid levels. These issues preclude the use of gastric lipase as a
reliable biomarker for LPRD.

Despite varying levels of statistical significance in digestive
enzyme comparisons between LPRD patients and controls,
the presence of elastase, trypsin, and bile acids in LPRD pa-
tients' saliva warrants further investigation into their role in
LPRD-related mucosal injury of the upper aerodigestive tract.
Furthermore, the detection of pancreaticoduodenal enzymes
in saliva suggests a complex pathophysiology involving both
duodenogastric and gastro-esophago-pharyngeal reflux,
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indicating upper digestive tract dysmotility. This finding
strengthens previous research highlighting autonomic nerve
dysfunction as a primary factor in LPRD development [22-24].
More recently, Nouraei et al. [22] found that patients with la-
ryngopharyngeal symptoms due to LPRD had reduced barore-
flex sensitivity, indicating diminished vagal control compared
with patients with esophagogastric symptoms. The elevated
PSS in LPRD patients compared to controls may support in-
creased sympathetic nervous system activation due to stress.
This heightened sympathetic response can inhibit vagal tone,
thereby compromising some protective esophageal mecha-
nisms against reflux, including normal esophageal motility,
LES and UES tonicities. Finally, the heterogeneous detection
patterns of digestive enzymes among LPRD patients sug-
gest distinct disease profiles: some patients exhibit elevated
levels of alkaline pH-activated enzymes, while others report
a predominance of weakly acidic- or acidic pH-activated en-
zymes. These potential distinct profiles could be investigated
in future studies to facilitate the development of personalized
therapeutic approaches based on the activated enzymes [25].
From a pathophysiological standpoint, the alkaline pH of
saliva in LPRD patients may facilitate the activation of bile
acids and elastase in the laryngopharyngeal and oral areas,
potentially leading to mucosal lesions. It should be noted that,
to date, no studies have investigated the pathophysiological
mechanisms underlying the alkaline salivary pH observed
in LPRD patients. Eckley et al. [26] similarly observed that
LPRD patients reported a higher pH compared to the normal
salivary pH, with their pH values (pH=7.15) being close to
ours (pH=7.2). A potential explanation could be attributed
to enhanced mucosal defense mechanisms, particularly in-
creased bicarbonate secretion by carbonic anhydrases [27],
which would elevate the pH through augmented bicarbonate
production. While the mucosal toxicity of elastase was not in-
vestigated in LPRD patients and experimental studies of upper
aerodigestive tract tissue, the literature on bile acids supports
a toxicity of conjugated and unconjugated bile acids in the la-
ryngeal mucosa with DNA damage and chronic inflammatory
reaction [28, 29].

Moreover, future studies should investigate the impact of anti-
reflux diet and lifestyle changes (reduction of stress, anxiety,
and related autonomic nerve dysfunction) on the occurrence of
pharyngeal reflux events (post-treatment HEMII-pH) and the
salivary biomarker concentrations.

Future studies should investigate how sampling timing, frequency,
and collection methods affect enzyme measurements. In the pres-
ent study, we collected saliva upon waking based on previous re-
search showing that average pepsin levels are higher upon waking
than at other times, making this the most appropriate collection
time [30]. Regarding sample storage, Kang et al. [31] reported no
significant difference in pepsin concentration when measured
immediately versus 3 months after collection. However, additional
studies are needed for other enzymes/biomarkers that may have
different preservation properties than pepsin.

The low number of controls and the lack of HEMII-pH in this
group are the primary limitations of the present study, which
can have prevented the detection of additional significant bio-
marker differences between LPRD patients and the control

population. Regarding the cost of HEMII-pH and inconve-
nience, controls were selected based on RSS <13 and RSA <14,
which have reported high sensitivity (RSS=95.4, RSA =94.0)
and negative predictive value (RSS=288.8, RSA=78.7) in the
detection of LPRD [32]. However, it would have been better
to perform HEMII-pH in controls to strengthen the method
of the study. An additional limitation was the absence of val-
idated ELISA kits specifically designed for salivary pepsin,
trypsin, and bile acid analysis, necessitating our development
and analytical validation of novel salivary analytical meth-
ods. The established thresholds need to be evaluated in vivo
through future prospective controlled studies. Moreover, con-
cerning treatment, future studies are needed to evaluate the
predictive value of the salivary biomarkers measured at sev-
eral times of the day on the treatment outcomes in a placebo-
controlled study.

5 | Conclusion

The low level of salivary cholesterol emerges as a promising
diagnostic biomarker for LPRD, demonstrating superior accu-
racy to digestive enzymes and a predictive value on therapeutic
response. The identification of salivary elastase, trypsin, and
bile acids in upper aerodigestive mucosa strengthens the need
to conduct future studies considering their potential toxicity on
upper aerodigestive tract mucosa.

Acknowledgments

Vesale Foundation and Roi Baudouin Foundation Grants. Anne Trelcat,
Mathieu Antoine, Hafid Dachma for the lab analysis.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1.J. R. Lechien, M. F. Vaezi, W. W. Chan, et al., “The Dubai Definition
and Diagnostic Criteria of Laryngopharyngeal Reflux: The IFOS Con-
sensus,” Laryngoscope 134, no. 4 (2024): 1614-1624, https://doi.org/10.
1002/lary.31134.

2.J. R. Lechien, S. Saussez, and C. Hopkins, “Association Between La-
ryngopharyngeal Reflux, Gastroesophageal Reflux and Recalcitrant
Chronic Rhinosinusitis: A Systematic Review,” Clinical Otolaryngology
48, no. 4 (2023): 501-514, https://doi.org/10.1111/coa.14047.

3.E. Eren, S. Arslanoglu, A. Aktas, et al., “Factors Confusing the Di-
agnosis of Laryngopharyngeal Reflux: The Role of Allergic Rhinitis
and Inter-Rater Variability of Laryngeal Findings,” European Archives
of Oto-Rhino-Laryngology 271, no. 4 (2014): 743-747, https://doi.org/10.
1007/500405-013-2682-y.

4. A. S. Kayali Dinc, M. Cayonu, T. Sengezer, and M. M. Sahin, “Smok-
ing Cessation Improves the Symptoms and the Findings of Laryngeal
Irritation,” Ear, Nose, and Throat Journal 99, no. 2 (2020): 124-127,
https://doi.org/10.1177/0145561319881559.

95U8017 SUOWIWOD SA 1D 8 [deat[dde 8y Ag peusencb a.1e sjolLe YO 9SN Jo Sojni Joj AkeuqiT8UIIUQ A8]IM UO (SUONIPU0D-PUe-SWBl /Lo A3 1M Alelq 1 jeuljuo//SAny) SUORIPUOD pue S 1 81 88S *[20z/0T/20] uo Akeidiauljuo A|Im ‘(Suown) suo ad a1seAIuN Ad 2900, A |/Z00T OT/I0p/W00" A3 1M AeIq Ul juD//:Sdny Wouy pepeojumod ‘0 ‘Se65TEST


https://doi.org/10.1002/lary.31134
https://doi.org/10.1002/lary.31134
https://doi.org/10.1111/coa.14047
https://doi.org/10.1007/s00405-013-2682-y
https://doi.org/10.1007/s00405-013-2682-y
https://doi.org/10.1177/0145561319881559

5.J. R. Lechien, L. M. Akst, A. L. Hamdan, et al., “Evaluation and
Management of Laryngopharyngeal Reflux Disease: State of the Art
Review,” Otolaryngology and Head and Neck Surgery 160, no. 5 (2019):
762-782, https://doi.org/10.1177/0194599819827488.

6.J. Knight, M. O. Lively, N. Johnston, P. W. Dettmar, and J. A. Koufman,
“Sensitive Pepsin Immunoassay for Detection of Laryngopharyngeal
Reflux,” Laryngoscope 115, no. 8 (2005): 1473-1478, https://doi.org/10.
1097/01.mlg.0000172043.51871.d9.

7. C. Calvo-Henriquez, A. Ruano-Ravina, P. Vaamonde, G. Martinez-
Capoccioni, and C. Martin-Martin, “Is Pepsin a Reliable Marker of La-
ryngopharyngeal Reflux? A Systematic Review,” Otolaryngology and
Head and Neck Surgery 157, no. 3 (2017): 385-391, https://doi.org/10.
1177/0194599817709430.

8.Z. Guo, J. Jiang, H. Wu, J. Zhu, S. Zhang, and C. Zhang, “Salivary
Peptest for Laryngopharyngeal Reflux and Gastroesophageal Reflux-
disease: A Systemic Review and Meta-Analysis,” Medicine 100, no. 32
(2021): €26756, https://doi.org/10.1097/MD.0000000000026756.

9.J. R. Lechien, L. G. De Marrez, S. Hans, et al., “Digestive Biomarkers
of Laryngopharyngeal Reflux: A Preliminary Prospective Controlled
Study,” Otolaryngology and Head and Neck Surgery 170, no. 5 (2024):
1364-1371, https://doi.org/10.1002/ohn.674.

10.J. R. Lechien, F. Bobin, V. Muls, et al., “Validity and Reliability of
the Reflux Symptom Score,” Laryngoscope 130, no. 3 (2020): E98-E107,
https://doi.org/10.1002/lary.28017.

11.J. R. Lechien, A. Rodriguez Ruiz, D. Dequanter, et al., “Validity and
Reliability of the Reflux Sign Assessment,” Annals of Otology, Rhinol-
ogy and Laryngology 129, no. 4 (2020): 313-325, https://doi.org/10.1177/
0003489419888947.

12. E. von Elm, D. G. Altman, M. Egger, et al., “Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE) Statement:
Guidelines for Reporting Observational Studies,” BMJ 335 (2007): 806—
808, https://doi.org/10.1136/bm;j.39335.541782.AD.

13. C. P. Gyawali, R. Yadlapati, R. Fass, et al., “Updates to the Modern
Diagnosis of GERD: Lyon Consensus 2.0,” Gut 73, no. 2 (2024): 361-371,
https://doi.org/10.1136/gutjnl-2023-330616.

14.J. R. Lechien, Q. Lisan, C. A. Eckley, et al., “Acute, Recurrent, and
Chronic Laryngopharyngeal Reflux: The IFOS Classification,” Laryn-
goscope 133, no. 5(2023): 1073-1080, https://doi.org/10.1002/lary.30322.

15. F. X. Lesage, S. Berjot, and F. Deschamps, “Psychometric Proper-
ties of the French Versions of the Perceived Stress Scale,” International
Journal of Occupational Medicine and Environmental Health 25, no. 2
(2012): 178-184.

16.J. R. Lechien, F. Bobin, F. Mouawad, et al., “Development of Scores
Assessing the Refluxogenic Potential of Diet of Patients With Laryngo-
pharyngeal Reflux,” European Archives of Oto-Rhino-Laryngology 276,
no. 12 (2019): 3389-3404, https://doi.org/10.1007/s00405-019-05631-1.

17.J. R. Lechien, C. M. Chiesa-Estomba, S. Hans, et al., “European Clin-
ical Practice Guideline: Managing and Treating Laryngopharyngeal
Reflux Disease,” European Archives of Oto-Rhino-Laryngology (2024),
https://doi.org/10.1007/s00405-024-09181-z.

18. E. De Corso, S. Baroni, G. Salonna, et al., “Impact of Bile Acids on
the Severity of Laryngo-Pharyngeal Reflux,” Clinical Otolaryngology
46, no. 1 (2021): 189-195, https://doi.org/10.1111/coa.13643.

19. M. Sereg-Bahar, A.Jerin, R. Jansa, B. Stabuc, and I. Hocevar-Boltezar,
“Pepsin and Bile Acids in Saliva in Patients With Laryngopharyngeal
Reflux-A Prospective Comparative Study,” Clinical Otolaryngology 40,
no. 3 (2015): 234-239.

20. O. Sacco, M. Silvestri, F. Sabatini, et al., “IL-8 and Airway Neutro-
philia in Children With Gastroesophageal Reflux and Asthma-Like
Symptoms,” Respiratory Medicine 100, no. 2 (2006): 307-315, https://doi.
org/10.1016/j.rmed.2005.05.011.

21. E. Ville, F. Carriére, C. Renou, and R. Laugier, “Physiological Study
of pH Stability and Sensitivity to Pepsin of Human Gastric Lipase,” Di-
gestion 65, no. 2 (2002): 73-81, https://doi.org/10.1159/000057708.

22.S. A. R. Nouraei, L. Ayres, and S. J. Perring, “Baroreflex Sensitivity
in Patients With Laryngopharyngeal Dysfunction-The Overwhelmed
Vagus Hypothesis,” JAMA Otolaryngology. Head & Neck Surgery 150,
no. 10 (2024): 908-917, https://doi.org/10.1001/jamaoto.2024.2270.

23.W. J. Huang, C. H. Shu, K. T. Chou, et al., “Evaluating the Auto-
nomic Nervous System in Patients With Laryngopharyngealreflux,”
Otolaryngology-Head and Neck Surgery 148, no. 6 (2013): 997-1002,
https://doi.org/10.1177/0194599813482103.

24. A. M. Wang, G. Wang, N. Huang, et al., “Association Between La-
ryngopharyngeal Reflux Disease and Autonomic Nerve Dysfunction,”
European Archives of Oto-Rhino-Laryngology 276, no. 8 (2019): 2283-
2287, https://doi.org/10.1007/s00405-019-05482-w.

25. A. Lesnick, T. L. Samuels, D. Seabloom, et al., “Inhaled Fosampre-
navir for Laryngopharyngeal Reflux: Toxicology and Fluid Dynamics
Modeling,” Laryngoscope Investigative Otolaryngology 9, no. 1 (2024):
e1219, https://doi.org/10.1002/1i02.1219.

26.C. A. Eckley and H. O. Costa, “Comparative Study of Salivary pH
and Volume in Adults With Chronic Laryngopharyngitis by Gastro-
esophageal Reflux Disease Before and After Treatment,” Brazilian Jour-
nal of Otorhinolaryngology 72, no. 1 (2006): 55-60, https://doi.org/10.
1016/s1808-8694(15)30035-5.

27. G. Chen and J. R. Lechien, “Human Vocal Fold Tissue Modifications
Related to Laryngopharyngeal RefluxDisease: A Systematic Review,”
Journal of Voice (2025): S0892-1997(25)00170-5, https://doi.org/10.
1016/jjvoice.2025.04.019.

28. P. G. Doukas, D. P. Vageli, and B. L. Judson, “The Role of PARP-1
and NF-kappaB in Bile-Induced DNA Damage and Oncogenic Profile
in Hypopharyngeal Cells,” Laryngoscope 133, no. 5 (2023): 1146-1155,
https://doi.org/10.1002/lary.30284.

29.D. P. Vageli, S. G. Doukas, P. G. Doukas, and B. L. Judson, “Bile Re-
flux and Hypopharyngeal Cancer,” Oncology Reports 46, no. 5 (2021):
244, https://doi.org/10.3892/0r.2021.8195.

30.S.Y. Na, O. E. Kwon, Y. C. Lee, and Y. G. Eun, “Optimal Timing of
Saliva Collection to Detect Pepsin in Patients With Laryngopharyngeal
Reflux,” Laryngoscope 126, no. 12 (2016): 2770-2773, https://doi.org/10.
1002/lary.26018.

31. H. J. Kang, J. K. Noh, M. K. Lee, et al., “Changes of Pepsin Concen-
tration in Saliva Sample According to Storage Period,” Journal of Voice
(2022), https://doi.org/10.1016/j.jvoice.2022.12.010.

32.C. Muscato and J. R. Lechien, “Diagnostic Accuracy of Patient-
Reported Outcome Measures and Finding Instruments in Laryngopha-
ryngeal Reflux Disease,” Otolaryngology and Head and Neck Surgery
173 (2025): 171-177, https://doi.org/10.1002/ohn.1237.

The Laryngoscope, 2025

95U8017 SUOWIWOD SA 1D 8 [deat[dde 8y Ag peusencb a.1e sjolLe YO 9SN Jo Sojni Joj AkeuqiT8UIIUQ A8]IM UO (SUONIPU0D-PUe-SWBl /Lo A3 1M Alelq 1 jeuljuo//SAny) SUORIPUOD pue S 1 81 88S *[20z/0T/20] uo Akeidiauljuo A|Im ‘(Suown) suo ad a1seAIuN Ad 2900, A |/Z00T OT/I0p/W00" A3 1M AeIq Ul juD//:Sdny Wouy pepeojumod ‘0 ‘Se65TEST


https://doi.org/10.1177/0194599819827488
https://doi.org/10.1097/01.mlg.0000172043.51871.d9
https://doi.org/10.1097/01.mlg.0000172043.51871.d9
https://doi.org/10.1177/0194599817709430
https://doi.org/10.1177/0194599817709430
https://doi.org/10.1097/MD.0000000000026756
https://doi.org/10.1002/ohn.674
https://doi.org/10.1002/lary.28017
https://doi.org/10.1177/0003489419888947
https://doi.org/10.1177/0003489419888947
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1136/gutjnl-2023-330616
https://doi.org/10.1002/lary.30322
https://doi.org/10.1007/s00405-019-05631-1
https://doi.org/10.1007/s00405-024-09181-z
https://doi.org/10.1111/coa.13643
https://doi.org/10.1016/j.rmed.2005.05.011
https://doi.org/10.1016/j.rmed.2005.05.011
https://doi.org/10.1159/000057708
https://doi.org/10.1001/jamaoto.2024.2270
https://doi.org/10.1177/0194599813482103
https://doi.org/10.1007/s00405-019-05482-w
https://doi.org/10.1002/lio2.1219
https://doi.org/10.1016/s1808-8694(15)30035-5
https://doi.org/10.1016/s1808-8694(15)30035-5
https://doi.org/10.1016/j.jvoice.2025.04.019
https://doi.org/10.1016/j.jvoice.2025.04.019
https://doi.org/10.1002/lary.30284
https://doi.org/10.3892/or.2021.8195
https://doi.org/10.1002/lary.26018
https://doi.org/10.1002/lary.26018
https://doi.org/10.1016/j.jvoice.2022.12.010
https://doi.org/10.1002/ohn.1237

	Accuracy and Clinical Findings of Saliva Digestive Biomarkers in Laryngopharyngeal Reflux Disease
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Patients and Setting
	2.2   |   Hypopharyngeal-Esophageal Multichannel Intraluminal Impedance-pH Monitoring
	2.3   |   Saliva Enzyme Measurements
	2.4   |   Clinical Data
	2.5   |   Treatment
	2.6   |   Statistical Methods

	3   |   Results
	3.1   |   Diagnostic Performance of Digestive Biomarkers and Outcome Combinations
	3.2   |   Association Study

	4   |   Discussion
	5   |   Conclusion
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


