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Abstract
Objective: The purpose of the study was to evaluate if there is a link between salivary
pepsin levels and tooth erosion. Also, to determine if gastroesophageal reﬂux disease (GERD) is
responsible for much of the tooth erosion seen by dentists.
Background: Pepsin is only produced within the stomach. If found within other parts of the
body [for example within saliva or sputum samples], the only mechanism by which that would be
possible is via the reﬂux of gastric contents. One of the causes of dental erosion is thought to
be due to direct contact between tooth surfaces and acidic substances and digestive enzymes
present in gastric reﬂuxate. GERD is a common condition, with its prevalence seemingly trending
higher in recent decades. It is reportedly a known cause of tooth erosions. From the hypothesis,
there was an expectation to see patients with dental erosions to have pepsin detected [and
perhaps at high levels] and to see patients without dental erosions to have no or low levels of
pepsin.
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Method: Three saliva samples were collected [on waking and 2 post-prandial] from 50
anonymous participating patients (26 females, 24 males) from a single dental practice. Extra
information was collected related to lifestyle, Reﬂux Symptom Index (RSI – reﬂux questionnaire)
and tooth erosions. These samples were analyzed for the stomach enzyme pepsin using the
validated medical device Peptest.
Results: There was no correlation between positive pepsin levels and the presence of tooth
erosion during this study. There was a statistical diﬀerence between the on waking pH vs. positive
pepsin levels and post prandial pH vs. positive pepsin levels. The average pH was lower for on
waking and post-prandial samples with positive pepsin, suggesting that the saliva was acidic
and gastric reﬂux had occurred. Conversely, the average pH was higher for on waking and postprandial samples with negative pepsin. There was no statistical diﬀerence between pH vs. tooth
erosion in the on waking and post- prandial.
Conclusion: Patients identiﬁed as having tooth erosion did not have higher levels of pepsin
detected, suggesting that pepsin was not associated with dental erosion in these patients.

Introduction
Dental erosion is caused by sustained direct contact
between tooth surfaces and acidic substances, this is a common
condition, with its prevalence seemingly trending higher in
recent decades [1]. Dental erosion is de ined as the irreversible
loss of tooth structure due to the chemical dissolution via the
acidic substances.

Dental erosion is a multifactorial condition. The consideration of chemical, biological and behavioral factors is fundamental for its prevention and therapy. Among the biological
factors, saliva is one of the most important parameters in the
protection against erosive damage [2].
https://doi.org/10.29328/journal.jcad.1001016

Pepsin is an enzyme, discovered in the eighteenth century,
and the irst discovered enzyme as well as the second
enzyme to be crystallized [3]. Speci ically, the proteolytic
enzyme pepsin is found predominately within the stomach,
expressed initially as its precursor substance pepsinogen,
known as a zymogen, found within the lining of stomach cells.
Chief cells within the stomach secrete pepsinogen which is
then activated via hydrochloric acid (HCI) (secreted via the
parietal cells within the stomach lining), the HCI within the
gastric juice converting the inactive form pepsinogen into
the active form that is the enzyme pepsin (Figure 1). Pepsin
has the capability to degrade food and proteins into peptides,
ultimately producing digestion. Being a digestive protease,
https://www.heighpubs.org/hjd
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Peptest in the event that patients had any questions which
had not been addressed within the patient information sheet.
RD Biomed Limited provided the dental practice with an
excel spreadsheet containing a list of codes, with each code
representing a study patient. The dental practice assigned
a code to each patient, noting the patients name next to the
allocated code and whether they had tooth erosions or not.
The spreadsheet was password protected with no access
given to RD Biomed Limited.
Study patients received a consent form to sign. Patients
were provided with the saliva collection tubes and instructions
at the dental practice and asked to produce saliva samples at
home and return the samples [using the provided free-post
envelope] to the laboratory for analysis. All patients completed
a re lux questionnaire (Re lux Symptom Index, RSI) [6] to
establish if they have re lux symptoms. Saliva samples were
analysed for pepsin using Peptest.
Figure 1: Pepsin – aspartic proteinase and major component of gastric reﬂuxate.
Family of pepsin isoenzymes active up to pH 6.5 and not denatured until pH 7.8.

pepsin is among three substances that aid in the digestion
process however pepsin is the main component amongst all
stomach juices with the digestion process unable to complete
without it being present.
If pepsin is detected in saliva it suggests it has been
re luxed into the throat/mouth indicating re lux disease
which consequently causes dental erosion. Gastric acid has
been demonstrated to displace saliva from tooth surfaces
[2,4]. Increasing incidence and high prevalence of dental
erosions are associated with tooth sensitivity observed in
many countries worldwide, within both children and adults
[5]. Within the present pilot study, we predicted to see patients
with dental erosions to have pepsin detected and patients
without dental erosions to have no or low levels of pepsin.

Methods and Material
Recruitment
Fifty consecutive patients attending Graham Porter
Dentistry (Cottingham, UK) were invited to participate in the
current study. East Midlands – Nottingham 1 Research Ethics
Committee approved the study (REC reference 16/EM/0409).
All study patients were asked to provide three unstimulated
saliva samples by spitting into a collection tube providing a
1ml saliva sample, one upon waking before eating and cleaning
teeth and two post-prandial samples provided 60 minutes
after eating lunch and dinner. All samples were anonymised
prior to pepsin analysis conducted in the RD Biomed Limited
central laboratory at Castle Hill Hospital, Cottingham. RD
Biomed Limited received no identi iable information linking
samples to study patients. This was achieved via the patient
recruitment taking place within the dental practice. The staff
at the dental practice were given training regarding pepsin/
https://doi.org/10.29328/journal.jcad.1001016

At each visit patients attending the dental practice were
routinely examined for the presence of dental erosions and
re-examined at each subsequent visit. In the current study for
each patient recruited into the study the dentist was requested
to record if dental erosion was present or not present.
Pepsin analysis
The three collection tubes containing the saliva samples
were centrifuged for 5 minutes at 4000 rpm until a clear
supernatant layer was visible. From the surface layer 80 μL
was drawn up using an automatic pipette. The 80 μL sample
was transferred to a microtube containing 240 μL of Migration
Buffer. The 320 μL mixture was vortexed for 10 seconds. Using
a pipette 80 μL of the mixture was transferred to the circular
well of a Lateral Flow Device (LFD) containing two unique
human monoclonal antibodies; one to detect and one to
capture any pepsin present in the clinical sample (Peptest, RD
Biomed Limited, UK) (Figure 2). A ‘control’ line was produced
within the window of the LFD if the test was successful and a
test line was generated if the sample contained pepsin. The
LFD was transferred to a Peptest Cube reader which measured
the intensity of the test line and gave a concentration of pepsin
within the saliva sample in ng/mL.
Statistical analysis
Unpaired t tests were performed where possible using the
statistical package GraphPad Prism 8.4.0 (GraphPad Software,
San Diego, CA 92018, USA). p values < 0.05 were considered
statistically signi icant.

Results
A total of 50 patients attending a single dental practice
were recruited and their demographic information
anonymised prior to entry into the study. The gender split
was 26 females and 24 males with an average age of 60 and an
age range between 25 and 85. This was a wide age range but
https://www.heighpubs.org/hjd
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Figure 2: Schematic process for the collection and analysis of saliva samples for the use of Peptest.

The concentration of pepsin in the patients with dental
erosions (n = 9) was 200.9 ng/ml and in the patients, who had
no detected dental erosions (n = 4) the pepsin concentration
was 311.8 ng/ml, this difference was not signi icant. The
surprising observation was the fact there were more patients
with no salivary pepsin presenting with dental erosion
compared to patients with dental erosions and positive pepsin.
Figure 5 illustrates the number of patients with dental
erosions and positive pepsin and negative pepsin in postprandial samples compared to patients presenting with no
dental erosions.
The pepsin mean concentration in the group with dental
erosions was 145.3 ng/ml and the group with no dental
erosions the pepsin concentration was 251.6 ng/ml (p < 0.05).
https://doi.org/10.29328/journal.jcad.1001016
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Figure 3: Comparison of pepsin levels in female and male patients.

On Waking Pepsin vs Tooth Erosion
40
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Figure 4 illustrates the number of patients who provided a
saliva sample on waking which were found to be either pepsin
positive or pepsin negative in patients with dental erosions
compared to patients with no dental erosions.

In contrast to the on waking salivary pepsin samples shown
in igure 4 in the post-prandial saliva samples the number of
patients with dental erosions who had either positive pepsin
(n = 21) or negative pepsin (n = 18) was similar.
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Figure 4: The number of erosive and non-erosive dental patients providing pepsin
positive or pepsin negative saliva samples on waking.

Post-Prandial Pepsin vs Tooth Erosion
25

+ve Pepsin & Erosion

21
No. of Patients

even patients at the top end of the age range had no dif iculty
in providing a one ml saliva sample. Each of the 50 patients
recruited were invited to produce three saliva samples, one in
the morning upon waking before breakfast and cleaning teeth
and two post-prandial samples 60 minutes after two separate
meals usually lunch and dinner. From the 50 recruited
patients a total of 150 samples were analyzed for salivary
pepsin using Peptest. Figure 3 shows the mean pepsin levels
in the female and male patients entered into the study which
was signi icantly higher (p < 0.0367) in the female patients.
pH plays a key role in dental erosions and it was important to
test the pH of all the saliva samples provided during the study.
pH was compared in the on waking and post-prandial saliva
samples with the presence of positive and negative pepsin in
non-erosive and erosive tooth decay.
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Figure 5: The number of erosive and non-erosive dental patients providing pepsin
positive or pepsin negative post-prandial saliva samples.
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Salivary pH plays a key role in being a causal factor in
dental erosions. pH was compared in the on waking and in
post-prandial saliva samples with the presence of positive and
negative pepsin and in patients with erosive and non-erosive
tooth decay.
Figure 6 illustrates the difference in the on waking saliva
samples between patients with positive pepsin (n = 13) and
those with no pepsin (n = 36). The mean pH of the saliva in the
pepsin positive patients was pH 5.2 and in the patients with
negative pepsin the mean salivary pH was 6.6. The pepsin
positive patients having a lower pH than the pepsin negative
patients with a statistical difference of p < 0.001.

On Waking pH vs Pepsin
8

pH

6
4
2
0
+ve Pepsin

-ve Pepsin

Figure 6: On waking - pH values vs. patients with positive or negative salivary pepsin.
On Waking pH vs Erosion
8

pH

6

There was no signi icant difference in salivary pH in the on
waking saliva samples from patients presenting with dental
erosions (n = 38) to those with no dental erosions (n = 11),
(Figure 7). The mean pH of the saliva in the group with dental
erosions was pH 6.2 and the mean pH of the saliva in the
patients with no dental erosions was pH 6.1.

2
0
Erosion

The mean waking salivary pepsin concentrations was
235.0 ng/ml (n = 13 samples] compared to the mean postprandial salivary pepsin concentration which was 175.3 ng/
ml (n = 46 samples]. The difference in pepsin concentration
was not signi icant. The data is illustrated in igure 10.
The mean pepsin concentration in patients presenting
with no dental erosions was 265.7 ng/ml (n = 17 samples] and
in patients with dental erosion the mean pepsin concentration
was lower at 157.2 ng/ml (n = 42 samples]. There was a
signi icant difference at p < 0.05. The data is illustrated in
igure 11.
https://doi.org/10.29328/journal.jcad.1001016
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Figure 8: Post prandial - pH values vs. patients with positive or negative salivary pepsin.
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Figure 9: Post prandial - pH values vs. patients with erosive or non-erosive tooth decay.
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There was no signi icant difference observed between
the salivary pH samples of patients presenting with dental
erosions (n = 77), pH 6.2 and patients with no dental erosions
(n = 22), pH 6.2.
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Figure 10: Mean pepsin levels in saliva samples provided on waking and post-prandial.
Mean Pepsin Levels Erosion vs No Erosion
400
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On the combined patient on waking and post-prandial
pepsin positive (n = 43) and pepsin negative (n = 56] salivary
pH samples there was a signi icant difference (p < 0.0001)
between the mean pH of the group samples. The pepsin
positive saliva samples had a mean pH of 5.7 and the pepsin
negative samples had a mean pH of 6.6.

No Erosion

Figure 7: On waking - pH values vs. patients with erosive or non-erosive tooth decay.

In the patients with positive salivary pepsin (n = 30) in
their post-prandial saliva sample there was a signi icantly (p
< 0.05) lower mean, pH 5.9, compared to those patients with
negative salivary pepsin (n =-20) who had a mean pH of 6.7.
The pepsin positive patients having a lower salivary pH than
those patients with negative pepsin, a result similar to that
observed in the saliva samples provided on waking (Figure 8).
In the post-prandial saliva samples, there was no signi icant
difference in the pH between patients presenting with dental
erosions (n = 39), pH 6.2, and in patients presenting with no
dental erosions (n = 11), pH 6.2 (Figure 9).
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Figure 11: Mean pepsin levels in patients with dental erosions compared to patients
with no dental erosions.
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Discussion
The classi ication of dental erosions has been well
documented, and nomenclatures and classi ications described
in early reports published, for example, in 1892 by Darby [7],
in 1907 by Miller [8] and in 1923 by Pickerill [9]. Classi ication
of tooth erosion [10] is termed either extrinsic, intrinsic or
idiopathic. Extrinsic erosions are the result of exogenous
acids for example by airborne acidic contaminates. Intrinsic
erosions which are the result of endogenous acid, which is
highly relevant to the current study, resulting in gastric acid
contacting the teeth during, for example, regurgitation of
re lux and vomiting. Finally, idiopathic erosions are the result
of acids of unknown origin.
Saliva has been described as the most important biological
factor related to the development of dental erosions [2].
Dental erosions in the general population are estimated to be
around 42% [11], this percentage is similar to that reported
for GERD in Western countries such as in Europe and the USA
[12]. Although not every person with GERD will necessarily
present with dental erosions. A recent review found a median
prevalence of 24% for tooth erosion in patients with GERD and
a median prevalence of 32.5% for GERD in adult patients who
had dental erosions [13]. The common factor in re lux disease
and dental erosion is gastric re luxate which contains erosive
agents such as acid and pepsin which have been identi ied as
causal in GERD and acid has been associated strongly with
dental erosions. Various case studies have concluded that
patients diagnosed with GERD are at a higher risk of developing
dental erosions [11,14,15]. Both endogenous [intrinsic] and
exogenous [extrinsic] sources of acids are responsible for the
increasing incidence and high prevalence of tooth erosion and
associated tooth sensitivity [5].
However, unlike acid which is known to play a major role
in causing dental erosion there are very few studies which
reference pepsin being associated with dental erosions.
Pepsin is a highly aggressive digestive enzyme and present in
gastric re luxate causing damage to the upper gastrointestinal
epithelium, the airways and lungs [16]. A previous dental
study showed that pepsin was capable of completely
degrading the demineralised organic matrix of dentine when
immersed in pepsin for more than 3 days which is a rather
arti icial situation [17,18]. There has been one previous study
investigating the effect of a pepsin-hydrochloric acid solution
on erosive dental substance losses and whether pepsin has
any in luence on the ef icacy of luorides. The outcome was
that pepsin had no in luence on dental tissue loss but did alter
the ef icacy of luoridation measures [19].
GERD is an important cause of dental erosions and de ined
as the passage of gastric re luxate containing acid and pepsin
into the esophagus. In healthy people the gastric re luxate
is returned to the stomach by peristalsis stimulated by
swallowing. In contrast patients with GERD have delayed acid
clearance and patients with dental erosions are less able to
clear the acid and pepsin from the esophagus [20]. It is well
https://doi.org/10.29328/journal.jcad.1001016

documented that acid at low pH is strongly associated with
demineralisation of the tooth enamel which in turn leads to
loss of tooth structure and tooth erosion. The present study
set out to establish the role of salivary pepsin in tooth erosion
with pepsin determined by a non-invasive diagnostic device
(Peptest, RD Biomed Limited, UK) that enabled the rapid
determination of pepsin in the collected saliva samples [2125]. The pepsin diagnostic test demonstrated sensitivity and
speci icity in clinical validation studies [26,27]. This study
provided evidence that pepsin was not readily associated
with dental erosions with higher pepsin levels found in the
salivary pepsin from patients without dental erosions. Pepsin
is a larger molecule [16] than acid/HCL [28] and too large to
penetrate the tooth enamel and cause a breakdown in dentine,
whereas acid being smaller easily penetrates resulting in
demineralisation and tooth erosion/decay. There is still the
intriguing question of why the patients who had no dental
erosions presented with higher levels of pepsin whereas the
patients with dental erosions had negative or low pepsin
levels present. On irst seeing this result we speculated that
pH was involved. However, our data did not support the
involvement of pH as shown in our data analysis. This remains
an unanswered question and will be the subject of further
investigation.
The main study limitations are the relatively low patient
numbers, the study would have bene ited from the recruitment
of more dental practices. The age range used in this study was
wide between 25 and 85 years of age but using older patients
did not affect the provision of small one ml samples of saliva.
However, future studies might bene it from recruiting and
evaluating patients in a narrower age range for example 30
to 70 years of age. The study would have also bene ited from
determining the level of tooth erosion in each patient not just
present or not present.

Conclusion
Saliva samples provided on waking generally had higher
pepsin concentrations than those saliva samples provided
post-prandial. Patients with dental erosions had signi icantly
lower salivary pepsin concentrations in both on waking and
post-prandial samples compared to those patients presenting
with no dental erosions.
We hypothesised that there would be a strong link
between salivary pepsin levels and tooth erosion and the aim
of this study was to demonstrate this. However, there was no
correlation between the presence of dental erosions and the
presence of pepsin.
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