
Article

Assessment of the Acute Effects of Carbonated
Beverage Consumption on Symptoms and Objective
Markers of Gastric Reflux

Shi Xiang Brandon Lim 1 and Iain A. Brownlee 1,2,*
1 Newcastle Research and Innovation Institute, Human Nutrition Research Centre, Devan Nair Building,

Singapore 600201, Singapore; Brandon.Lim_2015@SIT.SingaporeTech.edu.sg
2 CSIRO Nutrition & Health Program, SAHMRI Building, North Terrace, Adelaide, SA 5000, Australia
* Correspondence: iain.brownlee@csiro.au; Tel.: +61-8830-50672

Received: 6 August 2018; Accepted: 11 September 2018; Published: 12 September 2018
����������
�������

Abstract: Previous studies have suggested that carbonated beverages may cause gastro-oesophageal
reflux. Pepsin (the major enzyme secreted by the stomach) has been suggested to be an objective,
acute marker of a reflux event. This pilot study aimed to investigate whether intake of carbonated
beverages could affect pepsin concentration in saliva or reflux symptoms. This was assessed by
a randomised, crossover trial where participants consumed 330 mL of beverage (carbonated cola,
degassed cola or water) at separate visits. Saliva samples and symptom questionnaires were collected
at baseline and over the 30 min postprandial period. Pepsin was detected in all saliva samples. No
difference was found in the salivary pepsin concentrations between treatments at all time points.
There were significantly higher scores (p > 0.05) for feelings of fullness, heartburn, urge to belch and
frequency of belches after ingestion of carbonated cola than degassed cola and water. The ingestion
of carbonated beverages did not appear to increase postprandial pepsin concentration in saliva
compared to other beverages but did evoke higher levels of reflux-related symptoms such as fullness,
heartburn and belching. This suggests carbonated beverages may cause symptoms associated with
reflux but do not drive detectable levels of gastric juice to reach the oral cavity.

Keywords: gastro-oesophageal reflux; pepsin; carbonated beverages; non-invasive monitoring; diet
and reflux

1. Introduction

Gastro-oesophageal reflux occurs in the majority of the population at varying frequencies and
is commonly linked to symptoms such as heartburn, regurgitation, belching and difficulties with
swallowing (dysphagia) [1]. Gastro-oesophageal reflux is the retrograde movement of stomach contents
(gastric juice, food contents or gas) up the oesophagus and potentially beyond. Reflux may cause
damage to the mucosal lining of the oesophagus and result in negative symptoms like heartburn [2].
Reflux has also been suggested to be associated with a number of other disorders of the respiratory
tract [3,4]. In part, this may be mediated by the inappropriate opening or relaxation of the lower
oesophageal sphincter, resulting in gastric contents passing up the oesophagus [5,6]. Risk factors for
gastro-oesophageal reflux include smoking, obesity, alcohol consumption [7], physical inactivity and
dietary factors [8]. Previous studies also suggested that gastric distention by gas or liquid boluses could
cause transient relaxation of the lower oesophageal sphincter which is likely to increase frequency of
reflux episodes [9,10]. Although, reflux of liquid stomach contents is most likely to result in measurable
reflux, previous hypothesis has also suggested that the retrograde movement of gas boluses could also
coat the mucosal lining of the aerodigestive tract with small volumes of aerosolized gastric juice [10].
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Previous cross-sectional studies have suggested that gastro-oesophageal reflux disease patients
were twice as likely to consume carbonated beverages as compared to healthy individuals, suggesting
that the ingestion of carbonated beverage was associated with progression to gastro-oesophageal
reflux disease [11] and that the intake of carbonated beverages was associated with aggravation of
reflux-related symptoms [12]. Some previous studies suggested that the consumption of carbonated
beverages significantly reduced lower oesophageal sphincter pressure (associated with an increased
number of reflux episodes) compared to non-carbonated drinks [13,14], while others reported that
the number of postprandial reflux events was not influenced by varying degrees of carbonation in
beverages [15]. A systematic review by Johnson et al. (2010) reported that the ingestion of carbonated
beverages could possibly elicit acute reduction in intra-oesophageal pH and increased rate of transient,
lower oesophageal sphincter relaxations but noted limited evidence of an association with reflux
symptoms [16].

The commonly used diagnostic tests to diagnose gastro-oesophageal reflux (e.g., manometry,
impedance and pH monitoring) tend to be highly invasive [17,18]. The concentration of pepsin in
saliva ([pepsin]saliva) had previously suggested as a biomarker for gastro-oesophageal reflux [19,20].
Pepsins are major proteolytic enzymes present in the gastric juices produced by the gastric chief cells
and hence can only occur in saliva as a result of gastric contents reaching the oral cavity [21]. It appears
that gastro-oesophageal reflux disease patients have higher [pepsin]saliva than healthy individuals,
possibly due to more frequent or larger volumes of refluxate reaching the oral cavity in the disease
condition [22,23]. Pepsin therefore seems an ideal, acute biomarker of reflux events and the authors
hypothesise that higher concentrations of pepsin will be found in saliva if the intake of carbonated
beverages or other “refluxogenic” food items has caused the gastric contents to reach the oral cavity.
A preliminary study in non-symptomatic individuals seems a first rational step to test this hypothesis.

This study therefore aims to investigate the potential for carbonated beverages to affect
[pepsin]saliva and the symptoms associated with gastro-oesophageal reflux within healthy individuals.

2. Results

Ten healthy participants were recruited in this study (seven females and three males), between
21 and 38 years old. A total of 150 samples were collected (each participant provided five samples
during each visit; total of three visits), and pepsin was detected in all the saliva samples; above the
minimum detection limit of 1 ng/mL [24]. Data are presented below as the change in salivary pepsin
concentrations from baseline (median ± interquartile range ng/mL) between pre- and post-ingestion
(at time points; 0, 5, 15 and 30 min) of the three beverages (Figure 1). No statistically significant
difference (p > 0.05) was found between the changes in salivary pepsin concentrations at all time points
after ingestion of the three beverages. In addition, there were no significant differences in [pepsin]saliva
concentration after ingestion of beverage over the 30 min monitoring period (see Figure 1).

The responses of participants’ perception of reflux-associated symptoms (feeling of fullness,
feeling of heartburn, urge to belch and frequency of belching) are presented in Figure 2A–D. There were
no significant changes to all other symptoms (i.e., urge to cough, churning of stomach/borborygmi
and breathing difficulties/choking episodes) measured within the questionnaire (data not presented).
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Figure 1. Changes in salivary pepsin concentration (median ± interquartile range) between beverages 
(  Carbonated cola;  Degassed cola;  Water) over after ingestion compared to baseline 
(pre-ingestion). No statistically significant difference was observed at a p-value of 0.05. 

The responses of participants’ perception of reflux-associated symptoms (feeling of fullness, 
feeling of heartburn, urge to belch and frequency of belching) are presented in Figure 2A–D. There 
were no significant changes to all other symptoms (i.e., urge to cough, churning of 
stomach/borborygmi and breathing difficulties/choking episodes) measured within the 
questionnaire (data not presented). 

 
Figure 2. Changes (versus baseline) in scores of fullness (A), heartburn (B), urge to belch (C) and 
number of belches (D) over time after ingestion of beverages. Data presented are medians ± 
interquartile range.  Carbonated cola;  Degassed cola;  Water). * Carbonated cola 
value statistically different from water (p < 0.05) at this time-point. Comparisons to degassed cola are 
presented in-text. 
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The perceived feeling of fullness after ingestion of carbonated cola was the highest at all measured
time-points but statistical differences were only observed between carbonated cola and water 0
(p = 0.005) and 5 (p = 0.03) min after ingestion (Figure 2A). No statistically significant differences were
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noted between median values for carbonated vs. degassed cola and degassed cola vs. water. The
scores for changes in perceived feeling of heartburn after ingestion of beverage is shown in Figure 2B.
Degassed cola and water did not elicit median changes in symptoms of heartburn at all post-ingestion
time-points. Perceived heartburn symptoms of carbonated cola were significantly higher than water 0
(p = 0.032), 15 (p = 0.0007) and 30 min (p < 0.0001) after consumption and were also higher than degassed
cola at two time-points (15 min: p = 0.0001 and 30 min: p = 0.027). Urge to belch (see Figure 2C) was
only significantly higher than both water and degassed cola immediately after ingestion at 0 min
compared to both water and degassed cola (p < 0.01).

The frequency of belches experienced between the various time intervals after ingestion of
beverage was presented in Figure 2C,D. A large proportion (69%) of the total number of belches
occurred within the first 5 min after consumption of carbonated cola (median of 5.5 with an interquartile
range of 1.6–9.4 belches). The number of belches was significantly higher after ingestion of carbonated
cola than water (but not degassed cola) at the time intervals between 0–5 min (p = 0.042) and 15–30 min
(p = 0.045).

3. Discussion

The presence of pepsin noted in all samples collected within the current study was high compared
to the low proportion of pepsin-positive saliva samples (12–21%) reported in previous studies [18,25].
While the antibody-based method for estimation of [pepsin]saliva used in this study has lower detection
limits (1 ng/mL) compared to other available methods (36 ng/mL) [18,25], pepsin concentrations
were considerably higher than either of these limits in the study samples [24,26]. It is possible that
appreciable amounts of reflux may occur during the cephalic phase of digestion [27]. While the aim of
asking participants to come in fasted for this study was to ensure standardisation of the protocol, it is
possible that prolonged fasting could have exacerbated secretion rates of gastric juice and possibly
increased the amount of pepsin being refluxed before and during the meal. Previous studies that used
[pepsin]saliva as a marker of reflux collected saliva samples at least 1–2 h after meals [18,28]. While
this approach is sensible to assess background reflux levels, the authors feel that the approach utilised
here is most relevant to consider acute responses to a single meal, as this aligned with the aim of the
current study. Nonetheless, collecting a baseline sample well in advance (>1 h) of the meal would
be prudent and further consideration of the frequency of and time period across which postprandial
saliva samples are collected may be needed in future studies on the refluxogenic potential of foods.

There was a non-significant increase in [pepsin]saliva between 5 and 15 min after ingestion of the
carbonated cola (Figure 1). Previous work reported significant increased episodes of refluxes detected
1 h after ingestion of 300 mL of the administered beverages (with/without carbonation), as assessed
by pH impedance [15]. It is important to note that the approach of Cuomo et al. (2008) [15] is more
invasive but is able to measure mass reflux of liquid and gas. While the authors still believe that pepsin
is a rational biomarker to test for reflux in the upper aerodigestive tract, further work to characterise
when or how gastric reflux may occur around individual meals and for how long it takes for pepsin
and other refluxate to be cleared from the oral cavity is still required [29]. One approach to better
understand periprandial reflux could include saliva sampling over a longer time period and more
frequently around a meal, with additional sampling at other times during the day. Direct instillation of
purified pepsin or gastric juice into the oral cavity of individuals does not seem feasible or particularly
acceptable but safer, quantifiable protein markers with similar molecular weights to pepsin could at
least be used as adjuncts to test the time taken for clearance to occur. In relation to the current findings,
as pepsin was detected in all baseline samples, it may be that high “background” levels of pepsin from
previous reflux events, might be expected to mask more recent reflux events.

A high degree of intra-individual variability of the pepsin content of saliva appears likely from the
current preliminary findings. The amount of pepsin reaching the oral cavity, governed by the volume of
gastric refluxate and the pepsin concentration therein, alongside the subsequent clearance rates (driven
by factors like frequency of swallowing and salivary flow rates) are likely to impact on the measured
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[pepsin]saliva. The average concentration of pepsin in gastric juice has previously been suggested to
be approximately 0.5 mg/mL [30]. Reflux volumes could be virtually zero (e.g., aerosolised fluid
brought up with a belch) or up to around 5.0 mL outside of mass regurgitation events [31]. There is
approximately 0.8 mL of saliva/moisture in the oral cavity at any one time [32], which might dilute
very low volume reflux events and therefore reduce [pepsin]saliva below a detectable limit.

The previous work of Johnston et al. (2009) has highlighted that pepsin may remain adhered to
mucosal surfaces long after a reflux event [33]. This would at least highlight the potential for pepsin to
be present in the oral cavity after a reflux event but may not be detectable in saliva as it is still bound to
the oral mucosa. Recent studies in healthy individuals have suggested unstimulated saliva production
rates of approximately 700–800 µL/min which may increase by 2–3-fold during stimulation [34–36].
Similarly, previous estimates of swallowing frequency vary dramatically, with average numbers of
swallows equating to 600 over a 24-h period [32]. While these factors may affect baseline levels of
pepsin in saliva, the consumption of the 330 mL beverage would also likely act to increase aboral
pepsin clearance due to the rapid transit of a high volume of fluid. There was no obvious reduction in
[pepsin]saliva from baseline to time-point zero with any of the test beverages, although it is possible
that reflux could have occurred during intake, as the act of consuming the drink increased the amount
of pepsin being returned to the stomach. It is also possible that a single intake of 330 mL of a beverage
is not large enough to result in increases in intragastric pressure or other changes that could increase
the number or volume of reflux events. One approach that could be considered in future studies would
be to evaluate how different volumes of foods or beverages (from a single mouthful to a large serving)
impact on parameters of reflux.

Heartburn is defined as a symptom commonly associated with gastro-oesophageal reflux,
especially during postprandial period, whereby individual experiences discomfort or pain (burning
sensation) around the chest and lower oesophagus area [37]. The mechanism of how ingestion of foods
and beverages induces heartburn during postprandial stage is not clearly understood [38]. It has been
postulated that heartburn occurs during increased frequency of acid reflux as a result from ingestion
of foods [39], which agreed with our findings comparing carbonated cola to water and degassed cola
(see Figure 2B). A previous study reported that the consumption of carbonated drinks with lower
pH resulted in increased reported heartburn scores, but the pH of carbonated beverages was not
affected by the degree of carbonation [40]. Bredenoord et al. (2005) reported that pure gas reflux events
(belches) was associated with decreases in pH in the oesophagus which was classified as heartburn [41].
Another study also noted that almost three quarters of acid reflux in healthy participants was caused by
belching, suggesting that gas reflux may result in feelings of heartburn [42], with a previous consensus
report noting that reflux symptoms could also be caused by gas reflux [43]. Further studies on the
impact of gas reflux, particularly in patient groups in whom this is a major symptom, appear to be
warranted. This might include the sampling and chemical analysis of the composition of belches
(e.g., for acid and pepsin content).

Finally, and perhaps most importantly, it must be acknowledged that the current study was
carried out in non-symptomatic individuals. While this approach appears rational before potentially
triggering painful symptoms in patient groups, it is possible that the same food stimulus might elicit
different effects in these two groups. While clinical guidelines make note of some common dietary
factors that might exacerbate reflux-associated disease [44], further work is also required to assess
whether trigger foods and beverages are common or specific to individuals within this patient group.
Further information like body weight, physical activity levels, habitual alcohol intake and other
lifestyle factors that could have affected the outcomes of the current study were not collected. Future
approaches in this area could consider additional demographic information from participants.

A great deal of further work is required in this area, but it is hoped that the methods used in this
work could be applied to develop broad and personalised recommendations to benefit the management
of reflux-associated symptoms through modification of diet, physical activity and posture. Due to
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the small sample size involved, the findings from this study are preliminary in nature but could help
inform future study design to help ensure statistical power.

4. Materials and Methods

Following ethical approval by Newcastle University Faculty of Science, Agriculture and
Engineering Ethics committee (16-BRO-049, approval date 6 September 2016). Following informed
consent, a total of 10 healthy participants (21–38 years old) were recruited by convenience sampling
for this randomised, crossover pilot study. The low number of participants used here is not expected
to ensure statistical power of the findings but was aimed at developing the methodological approach.
Individuals were excluded from taking part if they had history of gastro-oesophageal reflux disease,
persistent associated symptoms such as heartburn and regurgitation, or were currently experiencing
an upper airways infection.

Participants were requested to attend three separate visits during the study after an overnight
fast prior to each session (consumption of plain water was allowed on the morning of the study visits).
Participants were randomly allocated to consume the beverage in three different orders (see Figure 3)
while seated. Three hundred and thirty mL (a common volume for canned beverages) of each beverage
was served at approximately 4 ◦C in a plastic cup based on their randomly allocated group. The
beverages were chilled overnight in the fridge at approximately. Participants were asked to drink the
given beverages within 5 min, although the exact time taken to consume the drink was not recorded.
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visits). Participants were randomly allocated to consume the beverage in three different orders (see 
Figure 3) while seated. Three hundred and thirty mL (a common volume for canned beverages) of 
each beverage was served at approximately 4 °C in a plastic cup based on their randomly allocated 
group. The beverages were chilled overnight in the fridge at approximately. Participants were asked 
to drink the given beverages within 5 min, although the exact time taken to consume the drink was 
not recorded. 

 
Figure 3. Overview of the design of this randomised, crossover preliminary trial. All 10 participants 
completed the study. 

Questionnaires (see Supplementary Material) were provided to participants to collect 
information on their perception of various symptoms associated with gastro-oesophageal reflux 
(fullness in stomach, feeling of heartburn, urge to belch, urge to cough, churning of stomach/making 
noises, and breathing difficulties/choking episodes). These questions were adapted based on the 
questionnaires utilised in previous studies [45,46]. Belching and other symptoms were not monitored 
or assessed during the consumption of the test beverages. Participants were asked to rate their 
perception of each symptoms on a 5-point Likert scale (0–5) before ingestion and after ingestion (0, 5, 
15 and 30 min) of the beverage. The scale indicates the degree of severity of the described symptom; 
with a higher score indicating that the symptom is more acutely problematic. 

Figure 3. Overview of the design of this randomised, crossover preliminary trial. All 10 participants
completed the study.

Questionnaires (see Supplementary Materials) were provided to participants to collect information
on their perception of various symptoms associated with gastro-oesophageal reflux (fullness in stomach,
feeling of heartburn, urge to belch, urge to cough, churning of stomach/making noises, and breathing
difficulties/choking episodes). These questions were adapted based on the questionnaires utilised in
previous studies [45,46]. Belching and other symptoms were not monitored or assessed during the
consumption of the test beverages. Participants were asked to rate their perception of each symptoms
on a 5-point Likert scale (0–5) before ingestion and after ingestion (0, 5, 15 and 30 min) of the beverage.
The scale indicates the degree of severity of the described symptom; with a higher score indicating
that the symptom is more acutely problematic.
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Saliva samples were collected prior to and at time points 0, 5, 15 and 30 min after ingestion
of the beverage. Samples were collected in 50 mL test tubes containing 0.1 g of citric acid
(preservative function) and subsequently transferred to microtubes before centrifuging at 10,000 rpm
for 10 min to separate the supernatant from other components found in the saliva prior to storage
at −80 ◦C before subsequent analysis. The saliva supernatant was diluted 1 in 5 (to reduce
sample viscosity) using phosphate buffered saline pepsin analysis and was carried out using a
previously described, indirect enzyme-linked, immunosorbent assay method [47]. Briefly, this
96-well plate method uses primary anti-pepsin/pepsinogen antibodies (Biodesign International,
Saco, ME, USA), and secondary antibodies (anti-goat/sheep, Sigma Aldrich, Singapore), conjugated
with horseradish peroxidase to quantitate the concentration of pepsin in samples. Addition of a
colorimetric agent (2,2′-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid, Sigma Aldrich, Singapore)
allows spectrophotometric estimation (at a wavelength of 405 nm) of pepsin concentration as a result
of a green colour production.

All data were analysed using Prism 7 statistical software (GraphPad, La Jolla, CA, USA). Statistical
analysis of the pepsin concentration and gastric symptoms between the three beverages were compared
using Chi-square test (to assess whether relationships between variables exist) and non-parametric
Kruskal Wallis test with post-hoc Dunn’s multiple test (to compare groups of data to each other).
A p-value less than 0.05 was considered statistically significant.

5. Conclusions

The findings from this study are that carbonated cola does not cause detectable gastric reflux but
may elicit symptoms of heartburn during this period. The approach used here is likely to be useful
in evaluating the potential of a wider range of foods, beverages, nutrients and ingredients to trigger
reflux, albeit with an altered baseline measurement and frequency of postprandial sampling.

Supplementary Materials: The following are available online at http://www.mdpi.com/2624-5647/1/1/4/s1.
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