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Abstract A wealth of information has appeared on non-scientific publications, some suggesting a positive effect of carbonated beverages on gastrointestinal diseases or health, and others
a negative one. The evaluation of the properties of carbonated beverages mainly involves the
carbon dioxide with which they are charged. Scientific evidence suggests that the main interactions between carbon dioxide and the gastrointestinal system occur in the oral cavity, the
esophagus and the stomach. The impact of carbonation determines modification in terms of
the mouthfeel of beverages and has a minor role in tooth erosion. Some surveys showed a weak
association between carbonated beverages and gastroesophageal reflux disease; however, the
methodology employed was often inadequate and, on the overall, the evidence available on
this topic is contradictory. Influence on stomach function appears related to both mechanical
and chemical effects. Symptoms related to a gastric mechanical distress appear only when
drinking more than 300 ml of a carbonated fluid. In conclusion there is now sufficient scientific
evidence to understand the physiological impact of carbonated beverages on the gastrointestinal system, while providing a basis for further investigation on the related pathophysiological
aspects. However, more studies are needed, particularly intervention trials, to support any
claim on the possible beneficial effects of carbonated beverages on the gastrointestinal
system, and clarify how they affect digestion. More epidemiological and mechanistic studies
are also needed to evaluate the possible drawbacks of their consumption in terms of risk of
tooth erosion and gastric distress.
ª 2009 Elsevier B.V. All rights reserved.
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Natural bubbling or sparkling mineral waters have been
popular for thousands of years. The ancient Greeks and
Romans bathed in natural mineral springs and were familiar
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with the beneficial effects of bubbling waters from natural
springs. A popular legend tells that, after crossing the
Pyrenees, Hannibal, the famous general of the Carthaginian
army, rested his troops and elephants at Les Bouillens in
France, the location of the Perrier drinking water spring.
Later, Europeans drank these naturally carbonated waters
for their health. The story of carbonated beverages is
a chapter of man’s centuries-long attempts to imitate the
products of nature, improve them, and adapt them as much
as possible to his liking. Imitation of natural mineral waters
and their mysterious effervescence was the objective [1].
Nowadays carbonated beverages are largely consumed all
over the world. The global market in 2006 was close to 200
billion litres, the equivalent of 30.2 L per capita. This is 1.3 L
more than in 2001, showing that the consumption in the last
few years has markedly increased [2]. The consequence of
this phenomenon is that people are increasingly interested in
the effects of carbonated beverages on health, particularly
on the gastrointestinal system. Different opinions are
reported about the interaction of carbonated beverages and
the gastrointestinal system, some suggesting a negative
influence and other describing its benefits when consumed in
a variety of conditions [3e12]. This trend appears to be
paralleled by the increase in their commercial diffusion. The
interest in carbonated beverages can be exemplified by two
different articles attributing contrasting effect to their
consumption. In one, the authors describe the cases of two
children who experienced a pneumatic rupture of the
esophagus e a condition occurring when gas under pressure is
accidentally delivered into the oral cavity [13]. In the
another, instead, the authors described the therapeutic
property of carbonated drinks in the management of bolus
obstruction in benign esophageal stricture [14]. These
reports describe very borderline and unusual conditions, but
there are studies that have verified the effect of their
consumption on the gastrointestinal system and related
diseases [7,15e18]. On the other hand, while the number of
scientific reports on the effects of carbonated beverages is
limited, a wealth of information has appeared on nonscientific publications, internet, popular articles, some
suggesting a positive and others a negative effect on
gastrointestinal diseases or health, often generating confusion in the public opinion on the true impact of carbonation
on health. However there is now sufficient scientific
evidence providing a basis for further investigation and
answers as to what happens when a person drinks carbonated
beverages and how they affect digestion. In examining the
properties of carbonated beverages, it is necessary to
consider three major points: a) the carbon dioxide with
which these beverages are charged; b) the sugar or sweetener contained; c) the effect of other substances used by
industries for their preparation. Of these, the most interesting and probably the most valuable one is carbon dioxide.
The aim of this article is to explore the interaction of nonalcoholic carbonated beverages with the gastrointestinal
system in humans.
This article reviews information available from articles
retrieved using PubMed and other documents from other
sources. The search on PubMed was performed utilizing as
key word carbonated beverages, together with other terms
describing the gastrointestinal system (i.e. esophagus,
stomach etc).
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Carbon dioxide and the gastrointestinal system
Carbon dioxide plays a key role in the body, almost like
a hormone; it is produced by every tissue and probably acts
on every organ.
Even if carbon dioxide is considered a waste product of
cell respiration, it regulates body functions in at least 3
well defined ways: a) it is one of the prime factors in the
blood’s acidebase balance; b) it is the main factor
controlling respiration; c) it exerts an essential tonic
influence on the heart and the peripheral circulation. The
level of carbon dioxide in the body is regulated by the
release of excess molecules through the lungs [19].
At standard temperature and pressures, about 1 ml
(2 mg) of carbon dioxide dissolves in 1 ml of neutral solution
(pH Z 7). In alkaline solutions, the gas is converted into
carbonates and bicarbonates, and it is in this form that any
ingested carbon dioxide is likely to be present in the
intestinal tract. In general, one can assume that the daily
average intake of carbon dioxide in food is equivalent to
approximately 1 g daily of sodium bicarbonate or carbonate
and therefore represents only a very small fraction of the
amounts of these compounds in normal diets [20]
Most of the CO2 in a carbonated beverage does not
actually reach the stomach. Much is lost in the fizz when
the can or bottle is opened, and some combines with
swallowed air to cause belching. Therefore, most of the
CO2 present in a beverage does not reach the digestive
tract and the small amount that does is readily and rapidly
absorbed through the wall of the gastrointestinal system.
As the amount dissolved is a function of the pressure and
temperature of the beverage, it is difficult to determine
the amount ingested. With pressures used in commercial
beverages, the volume of the gas will be 3e5 times the
volume of the liquid (3e5 L of CO2 in 1 L of liquid). Most of
the gas escapes when the bottle is opened because of the
sudden drop of pressure and it is estimated that ingestion
ranges between 0.5 and 1.5 L of carbon dioxide at a time.
The gas ingested influences the alimentary tract through
the nervous system and by direct mechanical and chemical
means (see Fig. 1). Even the visual image of the bubbles in
the beverage seemingly associated with pleasant reactions
previously experienced with that same drink, can modify
gastrointestinal perception [21,22].

Oral cavity and taste
In the oral cavity the ingested fluid is held for only a few
seconds as swallowing moves the fluid into the esophagus
and the stomach. If the beverage is ingested slowly, it
induces a stimulating sensation and a slightly sour taste.
These sensations can be modified by the different ingredients and physical properties of carbonated beverages [23].
The temperature of the beverage influences taste, with
cooler drinks providing the most pleasant reaction e
although this is susceptible to individual variations [24,25].
Mouthfeel differences between regular and diet cola
beverages, rated by quantitative descriptive analysis, were
indistinguishable because carbonation played such a large
role in the sensory profiles of the two beverages [26]. When
carbonation is too low or too high, the result is an overall
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Central nervous system:
• visual stimulation due to bubbles
• gustative stimulation?
• nociceptive stimulation

Oral cavity:
• mouthfeel modifications
• nocireceptorsor taste receptors
stimulation?
• cofactor in tooth erosion

Esophagus:
• decreased LES pressure in HS
• no evidence of gastroesophageal
reflux in HS
• no clear correlation with GERD
• no correlation with esophageal
neoplasm

Stomach:
• <300 ml -no effect on satiety
• >300 ml –increased satiety
• no effect on gastricemptying
• slight induction of acid secretion

Pancreas, liver and gallbladder:
• no data on pancreas and liver
• doubtful influence on gallbladder
contractility

Lower GI tract:
• no data

Figure 1 Effects of carbon dioxide in the beverages on gastrointestinal system. LES: lower esophageal sphincter; HS: healthy
subjects; GERD: gastroesophageal reflux disease; GI: gastrointestinal.

unbalanced flavor [27]. The specific effects of carbonated
beverages seem to be exerted only minimally in the oral
cavity although nervous stimuli could influence the
gastrointestinal tract [28,29]. The fizzy stimulation is
caused by the diluted carbonic acid which induces a slight
burning sensation by a mechanism defined as chemesthesis,
rather than by the presence of bubbles [30,31]. Carbonated
water excites lingual nociceptors via a carbonic anhydrasedependent process, which in turn excites the neurons in the
trigeminal subnucleus caudalis presumably involved in
signaling oral irritant or chemesthetic sensations [31]. This
perception is attributable to the conversion of CO2 into
carbonic acid, which is then capable of exciting lingual
chemosensitive nociceptors [31]. However, a recent
research has shown a specific taste modality for carbonated
water in Drosophila [32], opening up the possibility that
other organisms perceive the taste of oral carbonation.
Against this background, an interesting field of research
could be the exploration of the central nervous system and
gastrointestinal system reactivity after carbon dioxide
stimulation of the oral cavity.
The potential effect of carbonated beverages in determining dental caries in children has been hypothesized and
evaluated in several studies, using different beverages
[16,33e36]. In a study on eighty subjects conducted in
Iceland, the authors found a significant relationship between
carbonated cola and dental erosions independently of
gastroesophageal reflux disease [16]. However in a research
comparing patients affected by tooth erosion with healthy
controls, the salivary pH in the patients with tooth erosions
appeared lower in all of the following situations: basal, after
drinking Coca-Cola, Sprite and carbonated water [36]. This
means that saliva is basally altered in subjects with tooth
erosion and carbonated beverages can only worsen the oral
environment. Moreover both carbonated and non-carbonated beverages displayed a significant erosive effect on

dental enamel showing that presence of carbonation in the
beverages is not a major risk factor for tooth erosion [36].
In our opinion, the impact of carbonated beverages on the
oral cavity has two important consequences. Firstly, the
activation of the central nervous by carbon dioxide oral
stimulation via a chemesthetic mechanism or by a putative
gustative mechanism modifies the mouthfeel of beverages
and could modulate the perception of digestive symptoms.
Secondly, carbonation of beverages is one of the factors
causing tooth erosion, although other synergic factors work to
determine tooth damage such as the additional ingredients
contained in the beverage and the basal alteration of saliva.

Esophagus
Most of the information on the relationship between the
esophagus and carbonated beverages consumption is related
to the problem of gastroesophageal reflux disease (GERD).
The main symptom of this disease is heartburn, which
frequently occurs when the esophagus is exposed to gastric
acid. Recommendations generally made by physicians are to
lose weight e if necessary, modify lifestyle behaviors, body
posture and dietary habits, and often to limit the consumption of carbonated beverages. Very few studies have postulated that carbonated beverages cause GERD [37e39]. Fass
and coworkers found that carbonated soft drink consumption
was a predictor of GERD symptoms in a multivariate analysis
[38]. Another small study on healthy individuals, performed
by manometric evaluation, found decreased lower esophageal sphincter pressure immediately after, and also later on,
following the ingestion of carbonated water compared to
non-effervescent water [39]. The decrease in lower
sphincter pressure after a carbonated beverage can be
determined by increased fundus pressure due to carbon
dioxide; on the other hand, the same authors failed to find
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any increase in gastric reflux in the esophagus, confirming
that gastroesophageal reflux is a multifactorial process.
Moreover, a recent research performed on healthy subjects
to verify the effect on the gastroesophageal reflux, of
sweetened (sucrose 10%) water added with increasing
concentrations of carbon dioxide showed no difference
between carbonated and still water [40].
Other data derive from some surveys or epidemiologic
studies. In a population-based telephone survey conducted
in the USA, as part of the prevention strategies adopted to
reduce heartburn, avoiding carbonated beverages
appeared to decrease symptom; however in the same
study, the authors failed to find any correlation between
carbonated drink intake and heartburn [41]. In addition,
epidemiologic studies exploring the consumption of
carbonated drinks in patients with esophageal carcinoma
ruled out a relationship between gastroesophageal reflux
disease and carbonated beverages. In another populationbased study no association was found between carbonated
soft drinks and risk of esophageal adenocarcinoma [42]. A
further epidemiologic study in the USA explored the relationship between amount of carbonated drinks consumed
and the risk of four types of esophageal neoplasms
(esophageal carcinoma, gastric cardia adenocarcinoma,
esophageal squamous cell carcinoma and non-cardia gastric
adenocarcinoma). Only esophageal carcinoma presented an
inverse correlation with the drinks consumed, with greater
consumption of drinks associated with lower risk of
neoplasm. This data must be confirmed but suggests no role
for carbonated beverage in determining esophageal
neoplasm and, indirectly, gastroesophageal reflux [43].
The interaction between carbonated beverages and
GERD is an important issue and needs a critical analysis of
the quality of the studies reported. Overall, the experimental studies were performed with debatable methods
and on small samples of mainly healthy subjects, whereas
more regulated and objective research would be needed.
Furthermore, telephone surveys and epidemiologic studies
are useful to identify or rule out potential hazards but do
not support any definitive conclusions.

Stomach
The hypothetical fate of carbon dioxide in a carbonated
drink depends on the state of the gastric activity at the
time of ingestion. When the stomach is empty, fluids pass
rapidly into the duodenum where carbon dioxide is transformed into bicarbonate. The carbon dioxide dissolved is
rapidly released in gaseous form as the fluid is warmed. The
free carbon dioxide may be belched if the expanding gas
increases the pressure and stimulates the gastric fundus,
triggering the belching mechanism. Indeed, distension of
the gastric fundus can increase transient lower esophageal
sphincter relaxation [44]. If the carbonated fluid is taken
while or after eating it tends to localize in the upper part of
stomach and may produce a feeling of fullness. To this
regard, there is need to underline some data in the literature. Very early observations showed that a rapid distension
of the stomach induced by pumping air or carbon dioxide
was able to inhibit any movement for 2e5 min after
belching [45,46]. The same authors noted that ingestion
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of 150e200 cc of soda water inhibited all peristalsis for
2e3 min. These observations indicated that stomach stretching was related to motility.
Another study showed that, compared to still water, an
alkaline solution with or without carbon dioxide was able to
decrease gastric emptying, measured by fluoroscopy [47].
These observations suggest that alkali solutions decrease
gastric emptying time and that carbon dioxide may not be
the important link. Older studies mainly reported that
carbonated water apparently decreased gastric emptying
time, suggesting a possible effect on gastric motility [48,49]
A more recent article showed that adding carbonation to
a drink does not significantly alter gastric function or the
perception of gastrointestinal discomfort [50]. Pouderoux
et al. also found no difference in gastric emptying or in
feeling of fullness between 300 ml of carbonated and still
water drunk with a meal of 700 calories, but showed an
increased need to belch after carbonated water [51].
Similar results emerged from a study on healthy volunteers
where 300 ml of sweetened beverages added or not with
carbon dioxide did not influence the gastric emptying of
a standard meal of 480 kcals [40].
Two studies performed during physical exercise showed
that carbonated and non-carbonated beverages, administered alone, determined low gastrointestinal distress
without clear evidence of influence on fluid intake [52,53].
In most of these studies the intake of beverages was ad
libitum, with an average quantity of 1000 ml. Contrasting
results come from two other studies. In the first one, performed with magnetic resonance imaging, the authors
compared an intake of 800 ml of either water, a sweetened
non-carbonated drink, a lightly carbonated drink, or regular
cola, without a meal, and found an increased gastric
distress and delayed gastric emptying only after drinking
regular cola [54]. The second study aimed to verify the
energy intake after a 590 ml preload beverage using regular
cola and sparkling water; regular cola determined an initial
increase in satiety without reduction of energy intake
175 min after drinking the beverage [55]. Both studies
explored the effect of unusual volumes of beverages;
moreover in the first study, the authors explored the effect
of a large amount of beverage consumed without a meal.
The effects of carbonated water have also been assessed
in patients affected by functional dyspepsia and constipation in a randomized double-blind study [7]. In these
patients carbonated water decreased satiety and improved
dyspeptic symptoms compared to still water, but did not
influence gastric emptying. Also, in a recent study it was
shown that drinking sweetened water with increasing
concentrations of carbon dioxide does not affect gastric
emptying in healthy volunteers [40].
In the past, several studies demonstrated that carbon
dioxide plays a major role in the process of hydrochloric
acid formation and secretion in the parietal cells of the
gastric mucosa. Usually, carbon dioxide is supplied to the
cells from the blood and interstitial fluids but, under some
conditions, also from the lumen of the stomach. The
diffusion of carbon dioxide into the cell is due to the
weakness of carbonic acid and its liposolubility [56,60].
Using stomach pouches, some researchers found an
inverse relationship between the amount of hydrochloric
acid secreted by the stomach and the quantity of carbon
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dioxide diffused in the lumen when secretion was stimulated by histamine [57]. In summary, after drinking
carbonated beverages some of the carbon dioxide may be
absorbed through the gastric wall, partly contributing,
together with the carbon dioxide from the interstitial fluid
and plasma, to the formation of hydrochloric acid.
Absorption of carbon dioxide is very high in the stomach.
Equilibrium for carbon dioxide is reached within 80e90 min
through the wall of the stomach while it takes longer for
other gases, such as nitrogen, oxygen, or methane [58].
Water, alcohol, soluble gases and particularly carbon
dioxide can be adsorbed efficiently from the stomach,
contrarily to most foodstuffs are very little [59].
Compared to still water, an effervescent mixture also
increased the absorption of acetylsalicylic acid. Sodium
carbonate, sodium citrate and carbonated water also
speeded up its absorption but to a lesser extent than the
effervescent mixture [60].
Hence carbonated beverages seem to influence stomach
function by both mechanical and chemical effects. Data
from various studies underline that the mechanical effect
depends on the pressure exerted by gas and fluid volume on
the gastric wall. These studies showed that symptoms
related to gastric distress appear only with intakes of
carbonated fluid greater than 300 ml. On the other hand,
a chemical effect related to carbon dioxide determines
a slight increase in hydrochloric acid, which could influence
positively the digestive process or worsen an acid related
disease. Additional studies are needed to clarify these
aspects.

Lower digestive tract
There is no clear evidence that the carbon dioxide ingested
plays any pathophysiological role in the intestinal tract
since it is almost totally absorbed before it reaches the
lower digestive tract.
Accumulation of gas in the intestinal tract determines
symptoms in many diseases, and intestinal flatus usually
contains about 9.6% of carbon dioxide [61]. It needs to be
further underlined that carbon dioxide diffuses rapidly
across the gastrointestinal wall. If carbon dioxide is present
in the intestine it will equilibrate with the amount already
present in body fluids: therefore, if it is low it will diffuse
from body fluids into the intestine and vice versa. In addition, it has been described that an intestinal trauma can
decrease carbon dioxide absorption by 20% [62]. This is the
only condition in which an increased carbon dioxide intake
through a beverage might determine a greater presence of
carbon dioxide in the intestinal lumen.

Pancreas, liver and gallbladder
There are scanty reports in the literature in this specific
field. A rather dated article describes an increased activation of amylase in the saliva and pancreatic juice after
contact with mineral spring water [63]. However, these
authors did not consider that the effect did not depend on
carbon dioxide but on the ionization of carbonic acid to
hydrogen and bicarbonate ions. In a epidemiologic study on
four hundred and ninety pancreas cancer patients, there
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was no link between pancreas cancer and past consumption
of tea, carbonated beverages, beer, or spirits [17].
Some observations have been made on gallbladder
activity. The first assessments of the effect of carbonated
water on gallbladder contraction were performed by
sonographic measurements in subject with dyspepsia and
constipation [7]. One such study measured the contraction
efficiency of the gallbladder before and after a treatment
period of 15 days with 1.5 L of carbonated water compared
to still water. At the end of treatment, gallbladder
contraction improved only in patients treated with
carbonated water. In a more recent experience, the acute
administration of sweetened water with or without
increasing concentrations of carbon dioxide in healthy
subjects did not determine significant effects on gallbladder contraction compared to still water [40].
There are no references in the literature showing any
relationship between carbonation of beverages and hepatic
diseases.

Conclusions
The effects of beverages with carbon dioxide on the
gastrointestinal system mainly involve the upper digestive
tract, with a possible influence on taste, a causal role on
tooth erosion, gastroesophageal reflux and on the modifications of gastric physiology. The data in the literature,
while suggesting a minor role of carbonated beverages on
tooth erosion, do not show a direct role of carbonated
beverages as determining factor of gastroesophageal
reflux; rather the epidemiological studies available do not
sustain a causal relationship between regular drinking of
carbonated beverages and gastroesophageal reflux disease.
Further research in this field may elucidate the possible
role of carbon dioxide.
The analysis of further observations, particularly on
stomach physiology, shows that small volumes (300 ml) of
carbonated beverages do not seem to influence the physiologic mechanisms, while greater volumes can modify the
disposition of food in the stomach, producing satiety.
Within this context, the ability of carbonated beverages to
affect the feeling of satiation needs to be further explored;
indeed, it could be a useful method to limit food intake; on
the other hand, a chemical effect related to carbon dioxide
determines a slight increase in hydrochloric acid, which
could influence positively the digestive process or worsen
an acid related disease.
Finally, an intriguing aspect is the role of carbon dioxide
in sending gustatory signals to the central nervous system.
The exploration of this matter could provide further insight
into our understanding of the relationship between gustatory stimulation by carbon dioxide, modifications of
stomach physiology, and gastrointestinal perception.
In conclusion there is now sufficient scientific evidence to
understand the physiological impact of carbonated beverages on the gastrointestinal system, while providing a basis
for further investigation on the related pathophysiological
aspects. However, more studies are needed, particularly
intervention trials, to support any claim on the possible
beneficial effects of carbonated beverages on the gastrointestinal system, and clarify how they affect digestion. More
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epidemiological and mechanistic studies are also needed to
evaluate the possible drawbacks of their consumption in
terms of risk of tooth erosion and gastric distress.
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