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Abstract

Functional dyspepsia is a clinical syndrome in which there is an absence of underlying organic disease to explain
the symptoms. Empiric acid suppression is one among the many options available in the therapeutic armamentarium
to treat this common condition. However the response to acid suppression is not always a consistent one. It is
because of the heterogeneous nature of the pathophysiologic mechanisms involving gastric acid in this scenario.
This variation in the role of the gastric acids is determined possibly by the genetic constitution and it is influenced by
the factors like H. pylori infection, irritants, allergens and diet. All these events primarily lead to visceral
hypersensitivity. Finally, it is the degree of affection, whether gastric or duodenal, decides its clinical presentation. If
it is a predominant gastric visceral hypersensitivity, presentation would be of Rome III-EPS type, whereas duodenal
sensitisation would present as Rome III-PDS.
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Introduction and Back Ground
“Dyspepsia” is a Greek word, which means bad digestion.

Functional dyspepsia is a clinical syndrome characterized by chronic
or recurrent upper abdominal pain or discomfort, in the absence of
underlying organic disease to explain the symptoms [1]. The symptom
complex includes epigastric pain, bloating, early satiety, fullness,
epigastric burning, belching, nausea and vomiting. The Rome II
definition excludes patients with predominant reflux symptoms [2].
The annual prevalence of recurrent abdominal pain or discomfort is
approximately 25% [3]. Functional dyspepsia tends to be a rather
common, chronic condition, which, with the ever-increasing cost of
drugs, poses a constant challenge to the treating physician [4,5]. The
management of dyspepsia represents a major component of clinical
practice; 2-5% of family practice consultations are for dyspepsia [6].
Empirical acid suppression is one of the main approaches for the
treatment of functional dyspepsia [7].

Gastric Acid in Health
Gastric acid remains an important pathogenic factor for a variety of

common upper gastrointestinal disorders. Further, gastric acid has
played a significant role in shaping Gastroenterology as a specialty. It
was in the acid era that our specialty became defined and flourished.
More recently, the identification of hydrogen potassium stimulated
adenosine triphosphatase (H+K+-ATPase) as the proton pump of the
parietal cells and Helicobacter pylori (HP) infection as the main cause
of peptic ulcer, heralded a new revolution in our understanding and
treatment of acid peptic disorder. Warren and Marshall were awarded
the Nobel Prize for their discovery of HP [8-12].

Parietal cells secrete hydrochloric acid at a concentration of
approximately 160 mmol/L or pH 0.8. Acid is thought to gain access to

the lumen via channels in the mucus layer created by the relatively
high intraglandular hydrostatic pressures generated during secretion,
approximately 17 mm Hg [13]. Most studies indicate that the rate of
acid secretion by the human stomach changes little with aging, unless
there is coexisting disease of the oxyntic mucosa such as infection with
HP or atrophic gastritis [14,15]. Acid facilitates the digestion of
protein, absorption of iron, calcium, and Vit B12 as well as prevents
bacterial overgrowth and enteric infection [16]. Gastric acid secretion
is controlled by a highly coordinated interaction of neural, hormonal
and paracrine pathways. These pathways can be activated directly by
stimuli originating in the brain or reflexively by stimuli originating in
the stomach such as distension, protein and acid.

The principal stimulants of acid secretion are histamine, released
from ECL (enterochromaffin like) cells (paracrine); Gastrin, released
from G cells (hormonal); and Ach (acetyl choline), released from
postganglionic enteric neurons (neurocrine). These agents interact
with receptors coupled to 2 major signal transductions pathways: The
adenylate cyclase in the case of histamine and intracellular calcium in
the case of gastrin and acetyl choline [17]. The main inhibitor of acid
secretion is somatostatin, released from oxyntic and pyloric D cells
(paracrine). Each of these agents acts directly on the parietal cell as
well as indirectly by modulating the secretion of neuro endocrine cells
[18].

H. pylori and Gastric Acid
Most of the therapeutic trials in functional dyspepsia include acid

suppression and/ or anti H. pylori medication. Hence their inter-
relationship needs a brief review in this review. Acute infection with
H. pylori results in hypochlorhydria, whereas chronic infection results
in either hypo or hyperchlorohydria. This decrease in acid secretion is
thought to facilitate survival of the organism and colonization of the
stomach during acute infection [19].

Chronic infection with HP may be associated with either decreased
or increased acid secretion, depending on the severity and distribution
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of gastritis [20]. Approximately 10% to 15% of patients chronically
infected with HP have antral predominant inflammation. These
patients produce increased amounts of acid as a result of reduced
antral Somatostatin content and elevated basal and stimulated gastric
secretion [21-23]. Gastrin, in turn, stimulates histamine secretion from
ECL cells leading to enhanced acid secretion.

Functional Dyspepsia is a Heterogenous Entity
Systematic reviews of large trials show that suppressing acid

secretion, eradicating H. pylori, prokinetics and antidepressants have
inconsistent effects on the treatment of functional dyspepsia [24,25].
This inconsistent therapeutic efficacy has been attributed to the
heterogeneity of patients, and the contribution of multiple
mechanisms to the development of symptoms. To provide more
homogenous patients for inclusion in clinical trials, the Rome II
consensus criteria recommended distinguishing between patients with
epigastric pain and those with discomfort as a means of identifying
pathophysiologically distinct subgroups [1]. The Rome III consensus
criteria [26] proposed differentiating two subcategories of functional
dyspepsia- post prandial distress syndrome (PDS) (early satiation or
post-prandial fullness) and epigastric pain syndrome (EPS) (pain or
burning in the epigastrium). It has been showed that delayed gastric
emptying is associated with nausea, vomiting and fullness; [27,28]
impaired accommodation to a meal is associated with early satiety and
weight loss; [29] hypersensitivity to gastric distension is associated
with epigastric pain, belching and weight loss [30]. We do need to
examine whether gastric acid has anything to do with these
pathophysiologic mechanisms.

Gastric Acid and Visceral Hyperalgesia
Gastric acid secretion and the perceived sensation associated with it

are among the potentially important players in the genesis of dyspeptic
symptoms. In patients with functional dyspepsia (FD), especially those
with EPS, suppression of gastric acid secretion by anti-secretory agents
such as proton-pump inhibitors (PPIs) or histamine type 2-receptor
antagonists (H2 blocker) seems to ameliorate the epigastric pain or
burning. Furthermore, even in PDS, as the initial gastric acid emptying
may play a pathogenic role in symptom generation through the early
outset of duodenal brake, acid suppression might be effective, at least
in part, against the bothersome post-prandial fullness [31]. Basal and
peak acid outputs do not differ in patients with functional dyspepsia
compared with controls [32,33]. The threshold of acidity for damage
and pain is probably not the same. Greater acidity is probably needed
to damage epithelial cells compared to acidity required to stimulate
pain fibres. This is because the epithelial cells have acid recovery
mechanisms which are not present in pain fibres. Depending on the
location of the pain fibres and access thereto of H+, individuals will
have different sensitivity to luminal acidity [34].

Conceptually, the pain of dyspeptic patients may reflect
pathological alterations in gut function and/ or signify that events in
the gastrointestinal tract are represented in the brain in an exaggerated
fashion, because the sensory gain of afferent neurons or the central
gain of afferent input from the gut is set abnormally high [35,36]. Acid
can sensitize mechanosensitive afferents in the stomach [37]. These
observations and the ability of anti-secretory therapy to alleviate
symptoms in some dyspeptic patients suggest that acid
hypersensitivity, but not acid hyper secretion, is a factor in functional
dyspepsia [38,39].

The observation that the vagus nerve plays a major role in the
communication between the gut and the brain is beyond doubt. It is
the largest visceral sensory nerve in the body [40]. These vagal sensory
neurons are responsible for carrying chemonociception generated by
the presence of gastric acid [41]. This can happen under
pathophysiological circumstances where vagal afferents are stimulated
by back diffusion of luminal acid through a leaky gastric mucosal
barrier whose permeability may increase, e.g., following the intake of
irritating food or liquid, infection, inflammation, stress and
nonsteroidal anti-inflammatory drug use [42]. It is very likely that the
summation of vagal afferent input elicited by physiological and
noxious stimuli may have an important bearing on dyspeptic pain.
Unperceived electrical stimulation of mechano-insensitive jejunal
afferents can increase the perception of background distension to an
uncomfortable level [43]. The fact that under the circumstances vagal
afferent pathways are sensitized for a prolonged period of time makes
a strong case for chemo-sensitive vagal nerve fibre being involved in
the upper abdominal hyperalgesia associated with acid related
disorders including functional dyspepsia [42].

Gastric Acid and Duodenal Brake
Duodenal hypersensitivity to acid, increased duodenal acid

exposure and abnormal responses to duodenal acid have been
observed in patients with functional dyspepsia [44]. Isolated duodenal
acidity can be measured by using catheterless radio telemetry pH
monitoring system to examine the relationship between duodenal
acidity and upper gastro intestinal symptoms [45]. Lee et al. reported
that acid infusion into the duodenal bulb induced dyspepsia in healthy
volunteers, and symptoms of dyspepsia are more readily observed in
patients with [46,47] FD than in healthy subjects. A recent study has
indicated that acid infusion into the stomach predominantly induced
dysmotility- like dyspeptic symptoms in healthy Japanese control
subjects [48].

It has been documented that duodenal acidification suppresses
antral contractions in healthy volunteers [49]. It has also been
observed that the greater the concentration of acid in the duodenum,
the greater is the inhibition of gastric emptying [50]. The occurrence
of phase III migrating motor complex is also delayed by low duodenal
pH [51]. To further compound the problem, spontaneous duodenal
exposure to endogenous acid was increased in a subset of FD patients
who displayed reduced clearance of exogenous acid in the duodenum
[52].

Apart from the above mentioned effects, duodenal acidification
induced proximal gastric relaxation, increases sensitivity to gastric
distension, and inhibits gastric accommodation to a meal [53].

Chemical irritation with acid appears to increase sensory input into
inter neurons and/ or projection neurons in the dorsal horn of the
spinal cord, resulting in secondary hyperalgesia in adjacent,
undamaged visceral tissue and central hyper excitability [54]. Through
these mechanisms, duodenal acidification may increase gastric
mechanosensitivity. Thus, increased duodenal acid exposure present
in a subset of FD patients might potentiate perception of a different
concurrent stimulus, leading to dyspeptic symptoms.

Acid Suppression
Proton pump inhibitors (PPI) therapy is more effective than

placebo or histamine 2 receptor antagonists (H2RAs) in relieving
symptoms in patients with un-investigated dyspepsia [55-65]. Eleven
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trials compared H2RA therapy with placebo in 2164 patients with
functional dyspepsia.

The proportion of patients that continued to have dyspeptic
symptoms was statistically significantly reduced in patients allocated
to H2RA therapy (RR,0.78; 95% CI, 0.65-0.93). There was significant
heterogeneity between studies, and the methodological quality of the
trials influenced the results.

Eight trials [64,66-70] reported in 6 papers compared PPI therapy
with placebo in 3293 patients with functional dyspepsia. PPI therapy
was given for 2-8 weeks and was statistically significantly superior to
placebo (RR, 0.86; 95% CI, 0.78-0.95). There was significant
heterogeneity between the results, but publication bias or the quality of
the trials did not explain this.

Safety of Acid Suppression
Inhibition of gastric acid by different therapeutic agents like

antacids, H2RA and PPI continues to be the major medical strategy to
treat dyspepsia. PPIs are safe drugs but concerns have been voiced
regarding potential adverse effects related to hyper-gastrinemia
rebound acid hypersecretion, malabsorption, infection, and drug
interaction.

Humans respond to a decrease in luminal acid with a lesser increase
in serum gastrin than rats and do not develop gastric carcinoids unless
in the setting of severe atrophic gastritis or Zollinger-Ellison syndrome
(ZES) associated multiple endocrine neoplasia (MEN-I) [71,72].
Although there is no convincing evidence that hypergastrinemia per se
induces neoplasia, the possibility exists that it might accelerate the
growth and invasiveness of cancer harboring its receptors [73-77].

Rebound hyper secretion is an issue, which can occur after as little
as a 2-month course of therapy and lasts at least 2 months after the PPI
is stopped [78]. One way to prevent this from happening would be to,
taper the PPI and switch to tapering doses of H2RA over a period of 2
months instead of discontinuing the drug abruptly [79].

Chronic hypochlor- hydria induced by PPIs could interfere with
absorption of nutrient such as Vit B12, iron and calcium [80-82].

Conclusions
Gastric acid plays an important role in the pathophysiology of

functional dyspepsia. We hypothesize that initial contact of gastric
acid with the vagal nerve terminal occurs in the background of a leaky
mucosa.

This permeability is altered in a genetically susceptible individual in
response to H. pylori infection, irritants, allergens or diet. Either an
abnormal central nervous system processing of afferent information
or/and sensitization of vagal afferent nerve ending during gastric
stimuli is a mechanism of visceral hypersensitivity (Figure 1). 

If it is a predominant gastric visceral hypersensitivity, presentation
would be of Rome-III EPS. In case of duodenal sensitization, it
predominantly presents as PDS-Rome-III. At the level of duodenum,
abnormalities may exist in stimulus intensity, mucosal mRNA
expression, biosynthesis, release, or inactivation of mucosal mediators;
or receptor expression of afferent nerve endings. Elucidation of the
abnormalities involved will provide a basis for rational treatment of
functional dyspepsia.

Figure 1: Proposed role of Gastric Acid in patho-physiological
mechanisms involved in functional dyspepsia.
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