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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 2.05 mg/dL threshold yielding excellent sensi-
tivity (100%), specificity (94.3%), and predictive values. Elastase showed moderate-to-high diagnostic performance (AUC = 0.811, 
threshold > 49.2 μg/mL). Combined RSS > 13 and salivary pH demonstrated robust diagnostic accuracy (SE = 88.8%, 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 19 cm above the lower esophageal sphincter (LES), with an 
esophageal pH electrode situated 2 cm above the LES. The hy-
popharyngeal component consisted of two impedance segments 
positioned at 1 and 2 cm above the cricopharyngeal sphincter, 
complemented by a pH electrode placed 1–2 cm 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 3 cm 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 2 mL 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 (20 mg) 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 3 months, 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 81 years 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/24 h. 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 < 2.05 mg/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 μg/mL).
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4 The Laryngoscope, 2025

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 
(rs = 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 (rs = −0.959; p = 0.041).

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

TABLE 1    |    Characteristics of patients.

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 
events

32.90 ± 6.50

Total number of pharyngeal 
events

42.70 ± 59.59

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.

TABLE 2    |    Clinical findings of patients and controls.

Clinical 
outcomes

LPR 
(N = 123)

Controls 
(N = 48) p

Perceived stress 
scale

27.52 ± 8.34 21.81 ± 5.78 0.001

Reflux symptom score

Otolaryngological 
RSS

58.91 ± 46.74 2.15 ± 3.33 0.001

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 
score

34.24 ± 21.90 3.73 ± 3.63 0.001

Reflux sign assessment

Oral 5.30 ± 1.97 2.57 ± 2.01 0.001

Pharyngeal 8.83 ± 4.36 5.24 ± 2.96 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 
outcomes Units

LPRD 
(N = 123)

Controls 
(N = 48) p

Saliva pH 7.06 (0.73) 6.11 (0.78) 0.001

Elastase μg/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 μmol/L 0.46 (0.40) 0.46 (0.35) NS

Trypsin pg/mL 908.71 
(808.93)

735.16 
(854.93)

NS

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 
(ELISA)

ng/mL 47.45 (58.11) 22.11 (13.39) NS

Pancreatic 
lipase*

u/L Undetected Undetected —

Gastric 
lipase*

ng/mL 0.25 (0.09) 0.10 (0.01) NS

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.
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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 (rs = −0.457; p = 0.001) and a 
low positive correlation with elastase (rs = 0.192; p = 0.033). 
Salivary elastase demonstrated a moderate negative correla-
tion with cholesterol (rs = −0.476; p = 0.001) and a weak nega-
tive correlation with bile acids (rs = −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 

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 μg/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 μmol/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 75.0 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.

FIGURE 1    |    Receiver operating characteristic curves of salivary pH, Elastase, and cholesterol. RSS > 13 + cholesterol reported high area under the 
curve value (0.906).
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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, 

TABLE 5    |    Diagnostic performance of biomarker and clinical 
finding associations.

Saliva outcomes SE SP PPV NPV

Saliva outcome association

Saliva pH + Elastase 59.6 94.3 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 + saliva pH + ​
Elastase

56.2 94.3 96.2 45.8

RSS > 13 + Elastase + ​
cholesterol

51.4 100 100 67.3

RSS > 13 + RSA > 14 + ​
saliva pH

84.3 100 100 71.4

RSS > 13 + RSA > 14 + ​
saliva pH + Elastase

52.8 100 100 45.5

RSS > 13 + RSA > 14 + ​
elastase + cholesterol

57.1 100 100 70.0

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; 
RSA, reflux sign assessment; RSS, reflux symptom score; SE, sensitivity; SP, 
specificity.
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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 = 88.8, 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.
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