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Abstract
Objectives The aim of this study is to analyse four alternatives for handling gastrooesophageal reflux (GER) from the pharmacoeconomic standpoint: proton pump inhibitors
(PPI), H2-histamine receptor antagonists (H2RA), antacids (AA) and alginates.
Methods A cost-effectiveness model based on a decision analysis that represents clinical
evolution in a 4-week time horizon has been used, by applying any of the four alternatives
for handling GER. Each alternative is evaluated according to its effectiveness: absolute
benefit increase is then expressed as a percentage (%). The incremental C-E ratio (ICER)
among the treatments has been calculated, as this allows finding out the cost necessary to
achieve an extra unit of effectiveness. Costs have been calculated from the patient’s perspective (‘pocket payments’).
Key findings Cost effectiveness for interventions with alginate and AA have been estimated at US$ 957 and US$ 2177 respectively. The ICER between both treatments implies
that each unit of difference among the interventions would cost US$ 426. Each extra unit of
effectiveness between both treatments in a 100-patient cohort would cost US$ 426. Treatments with AA and alginate prevailed over those with H2RA and PPI respectively. Deterministic and probabilistic sensitivity analyses were conducted to assess the robustness of the
results.
Conclusions According to the results of this study, the intervention with alginate proved to
be more cost effective than AA. Treatments with AA and alginate prevailed over those with
H2RA and PPI respectively. Sensitivity analyses evidenced the need for a moderate modification in the values assigned to the variables for offsetting the C-E difference between
alginates and AA.
Keywords alginate; antacid; cost effectiveness; gastro-oesophageal reflux
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Epigastric or retrosternal burning (pyrosis) is one of the most commonly reported discomforts and is the primary symptom of gastro-oesophageal reflux disease (GERD).
Occurrence of reflux is more frequent after meals, and the relationship between the consumption of certain food and pyrosis (food that causes reflux) is well known. In addition,
many people suffer from pyrosis when they are lying in a supine position, therefore it is
frequent that these discomforts are more noticeable during the hours of sleep. Thus,
raising the bed head to reduce gastro-oesophageal reflux (GER) has become a standard
medical recommendation for all those patients who complain about this condition together
with the use of medicines that neutralize or reduce gastric acidity. But, in fact, most
people who suffer from acid reflux and pyrosis self-medicate and they only look for
professional help when the situation becomes persistent or chronic. A great variety of
over-the-counter (OTC) drugs for the symptomatic treatment of acid reflux and dyspepsia
are currently available worldwide. They include various antacid agents (AA), alginate/
antacid formulations, H2-histamine receptor antagonists (H2RA) and proton pump inhibitors (PPI). Because they are significantly efficacious, the latter are frequently used as
first-line intervention; however, their use is not free from adverse effects such as rebound
hyperacidity and malabsorption, or significant interactions with magnesium;[1–4] therefore,
it is often preferable to reserve these types of agents for more defined clinical conditions
that require its reasonable use.
Although alginate-based formulations are frequently classified as antacids, these agents
are actually different. Unlike traditional antacids that chemically neutralize gastric acid, or
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H2RA/PPI, which reduce the secretion of acid, alginate-based
products seem to act locally and without evidencing systemic
effects.[5,6] Nevertheless, to optimize said local effect, these
formulations must be associated with an antacid, to allow the
formation of a viscous gel. Although the use of alginates is
well disseminated in the handling of GER, the data about their
efficacy and costs have not been incorporated in prior economic evaluations. Moreover, in most publications about
GER, the economic analysis has focused on the use of PPI and
H2RA.[7–12]
This study seeks to incorporate data of the most used
anti-reflux interventions in our environment (PPI, H2RA, AA
and alginate) through a decision analysis, to establish a costeffectiveness (C-E) comparison among them.

Methods
A pharmacoeconomic model based on a decision analysis has
been used to carry out this study. It represents the probable
clinical evolution in a 2–4 week time horizon with the application of four alternatives to handle GER: PPI, H2RA, AA and
alginate. The four interventions are identified according to
their effectiveness to relieve GER pyrosis. Each branch of the
decision tree which reproduces the model represents one of
the options evaluated in this study (PPI, H2RA, AA and alginate), and the final results of each branch combine the associated effectiveness and costs (Figure 1). This analysis has
been carried out taking into account the result of two prior
meta-analyses that evaluated the efficacy and safety of these
treatments to reduce the frequency and/or intensity of the
pyrosis associated to the GER.[12,13]
Two prior meta-analyses made a separate comparison of
the efficacy of PPI, H2RA, AA, alginate and prokinetic agents
versus placebo. We prefer to exclude the prokinetic agents
from this analysis as we consider that these agents are a
second-line alternative for handling GER, and their usefulness
is more evident when these drugs are used in combination
with basic therapies (anti-secretors and antacids). Nevertheless, we decided to incorporate the use of alginate as a primary
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alternative because of its anti-reflux mechanism and because
there is sufficient evidence to assess its efficacy and safety.
The C-E ratio of each studied option (the most effective
option is that with the lowest value) and the incremental C-E
ratio of the contrasted alternatives have been calculated to
evaluate the results. This allowed finding out the cost necessary to achieve an extra unit of effectiveness.
The time horizon of both interventions is 4 weeks, considering the handling of an acute event (pyrosis associated with
GER), and it is not relevant to apply any discount rate;
however, it is important to consider that recurrence characterizes this clinical condition, which is frequently associated
with gastro-oesophageal reflux disease (GERD). Deterministic and probabilistic sensitive analyses were finally conducted,
and acceptability curves were determined.
Effectiveness for both interventions was assessed as ‘absolute benefit increase’ (ABI) and it is expressed in percentages.
This unit of measurement would correspond well to shortterm clinical efficacy. The decision tree represents the model
on which our analysis has been based. The branches of the
tree represent the possible clinical evolution (relief and no
relief) with the four interventions in the short term (2–4
weeks), using the aforementioned meta-analyses[12,13] as
sources. These branches include the probabilities that the individual may easily perceive the total relief of pyrosis once the
treatment scheme has been completed.
Costs are calculated from the patient’s perspective
(‘pocket payments’) in accordance with the cost of four brand
drugs very much used in the private sector in Peru (Table 1).
All monetary units of the study have been expressed in US
dollars. A hypothetical cohort of 100 patients treated for a
diagnosis of GER-associated pyrosis without an endoscopic
evidence of oesophagitis was used for the calculations. Only
medication costs have been considered as the difference in the
expenses is mainly attributed to medication. Thus, the cost of
the agent used was allocated to the ‘relief’ arm of each intervention; and the cost of a PPI at a standard dose as rescue
agent was added for the ‘no relief arm’. The doses for the four
treatments were comparable.

Figure 1 Decision tree for gastro-oesophageal reflux short-term treatments. AA, antacid agents; ABI, absolute benefit increase; GER, gastrooesophageal reflux; H2RA, H2-histamine receptor antagonists; PPI, proton pump inhibitors.
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‘Pocket payment’ in short-term therapy for gastro-oesophageal reflux (30 days)

Drug (brand name)

H2RA (ZANTAC)
Alginate suspension (MILPAX)
Antacid (MAALOX)
Proton pump inhibitor (LOSEC)

One patient 30-day
therapy (US$)†

100 patients 30-day
therapy (US$)

One patient 30-day
combined therapy (US$)

100 patients 30-day
combined therapy (US$)

47.79
112.77
55.77
220.46

4 779
11 277
5 577
22 046

268.25
333.23
276.23
333.23

26 825
33 323
27 623
33 323

†

Source: local pharmacy prices list. H2RA, H2-histamine receptor antagonists.

Table 2

Cost-effectiveness analysis

Strategy

Cost (US$)

AA
Alginate
H2RA
PPI

12 191
17 670
19 109
29 263

Increased
cost (US$)

Effectiveness
(% ABI)

Increased
effectiveness (% ABI)

5 480
1 439
11 593

6
18
5
9

13
-14
-9

C/E (US$)

2 177
957
4 200
3 251

Increased
C/E (ICER)

US$ 426
(Dominant)
(Dominant)

AA, antacid agents; ABI, absolute benefit increase; C/E, cost effectiveness; H2RA, H2-histamine receptor antagonists; ICER, incremental costeffectiveness ratio; PPI, proton pump inhibitors.

Main search formulas to identify the studies
Search 1: (‘alginate’ OR ‘antiacid’ OR ‘histamine-2 receptor
antagonist’ OR ‘Proton Pump Inhibitors’ OR ‘PPI’) AND
(‘heartburn’ OR ‘acid reflux’ OR ‘gastro-esophageal reflux’
OR ‘gastro-oesophageal reflux’).
Search 2: (‘alginic acid’ OR ‘antiacid’ OR ‘H2RA’ OR
‘Proton Pump Inhibitors’ OR ‘PPI’) AND (‘heartburn’ OR
‘GERD’ OR ‘GORD’).
Search 3: (‘alginic acid’[ti] OR ‘alginate’[ti] OR ‘antiacid’
[ti] OR ‘Histamine Receptor Antagonist’[ti] OR ‘ranitidine’
[nm] OR ‘famotidine’[nm] OR ‘nizatidine’[nm] OR
‘cimetidine’[nm] AND ‘Proton Pump Inhibitors’[ti] OR
‘omeprazole’[nm] OR ‘lansoprazole’[nm] OR ‘esomeprazole’
[nm] OR ‘rabeprazole’[nm] OR ‘pantoprazole’[nm]) AND
(‘heartburn’ OR ‘gastro-esophageal reflux disease’[ti] OR
‘gastro-oesophageal reflux disease’[ti] OR ‘GERD’[ti] OR
‘GORD’[ti]) AND (‘endoscopy negative’[tw]).
Search was limited to clinical trials, systematic reviews
with/without meta-analyses or economic evaluations in adult
subjects. Language was restricted to Spanish and English. The
Cochrane controlled trials register was searched (until April
2011), in the MEDLINE, EMBASE, LILACS and SciELO
databases (until April 2011).
Lists of references of the publications found to complete
the tracking were meticulously reviewed. Unpublished studies
were not considered. Several national and international
experts were contacted to ask them for a bibliographic search
supplementary to ours and to consult them if they knew about
other studies in addition to those already found by our team.

Results
Open and comparative randomized and controlled clinical
trials, three meta-analyses with short-term (2–4 weeks)
assessments, one meta-analysis with a long-term (ⱖ12

weeks) assessment, and a systematic review of economic
studies for the handling of GER were located after the systematic review.
Upon the evaluation of all the references found, we
decided to base our analysis on published synthesis studies.
The results of van Pinxteren et al.[12] and Tran et al.,[13] which
established a dicothomic measurement for the efficacy in each
intervened group (relief/no relief) and had an ABI expressed
in percentages as a measurement for what could be considered
as effectiveness were mainly included.
The ABI was calculated as described by Tran et al.,[13] i.e.
through the difference of the event rates between the treatment
(T) groups and placebo (P), equivalent to the following
calculation:

ABI (%) = [ no. of people relieved total with GER ( T) −
no. of people relieved total with GER (P )]∗100
Summary of the C-E analysis is shown in Table 2 and
Figure 2. Once the corresponding costs and effectiveness
measurements were obtained, a C-E ratio of US$ 3251 was
calculated for the intervention with PPI; US$ 4200 with
H2RA; US$ 2177 with AA; and US$ 957 with alginate. These
results indicate that treatment with AA prevails over that with
H2RA (as AA is more effective and less costly than H2RA),
and both PPI and H2RA are less cost-effective alternatives
than the interventions with AA or alginate. Moreover, the
intervention with alginate prevails over the intervention with
PPI (as it is more effective and less costly).
Excluding the dominant interventions (H2RA and PPI), the
ICER between AA and alginate suggests that each percentage
point of additional effectiveness with alginate in a 100-patient
cohort would cost US$ 426.
The following criteria were adopted to conduct the sensitivity analysis: (1) the bivariate analysis as per CI95 of effec-
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Figure 2 Cost-effectiveness analysis for gastro-oesophageal reflux
with short-term treatment showing cost in US$ against percentage
absolute benefit increase (ABI). ( ) Proton pump inhibitors; ( )
H2-histamine receptor antagonists; ( ) antacid agents; ( ) alginate.

Figure 3 Bivariate analysis for effectiveness (absolute benefit increase
(ABI)) between alginate (ALG) and antacid (AA) showing net monetary
benefit (willingness to pay = 500) sensitivity analysis for each (ABI_ALG
and ABI_AA). ( ) Proton pump inhibitors; ( ) H2-histamine receptor
antagonists; ( ) antacid agents; ( ) alginate.

tiveness (ABI) and the adverse effect profile of both
interventions; (2) the probabilistic distribution of the involved
variables; and (3) the Tornado diagram.
Bivariate analysis (Figure 3) shows the effectiveness values
defined in the analysis for AA and alginate, 8% (CI95: 0% and
16%) and 26% (CI95: 12% and 41%) respectively. With a
willingness to pay of US$ 500 it was observed that the intersection of these values is in a discretely marginal area between
the field that favours alginate and the field that favoursAA. This
result suggests that discrete changes in the assumed effectiveness values may change the final direction of the result. This
decreases the statistical robustness of the results. Likewise, the
changes in effectiveness in accordance with moderate changes
in probability of relief of the GER would affect the C-E
direction; i.e. alginate would not be more cost-effective in
some probability scenarios near that estimated.
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Figure 4 Probabilistic sensitivity test (Monte Carlo simulation) for all
the alternatives showing cost-effectiveness scatterplot. ( ) Proton pump
inhibitors; ( ) H2-histamine receptor antagonists; ( ) antacid agents;
( ) alginate.

Figure 5 Acceptability curve. ( ) Proton pump inhibitors; ( )
H2-histamine receptor antagonists; ( ) antacid agents; ( ) alginate.

Probabilistic sensitivity analysis (Monte Carlo simulation)
was conducted taking into account the distribution that best
explains the behaviour of each variable. Figure 4 shows the
results of this test, and it may be noted that point clouds are
well differentiated. The alternative with H2RA is dominated
by the treatment with AA, and the therapy with alginate prevails over that of PPI. The intervention with alginate is more
effective yet more costly that the treatment with AA. It was
also observed that the higher the willingness to pay, the higher
the probability that alginate may be more cost-effective than
H2RA. Figure 5 shows the acceptability curves, which evidence that a willingness to pay higher than US$ 500 determines a higher C-E for alginate.
The Tornado diagram (Figure 6) shows the variables that
may have more influence on the final results of the model.
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Table 3

Sensitivity analysis according to treatment adherence level
AA

Adverse events
Giannini et al. (2006)[14]
no. patients with any AE associated with drug
Percentage AE associated with drug
Treatment adherence
Average
Maximum
Maximum adherence
Expected cost (US$)
Effectiveness (ABI)
Cost effectiveness
ICER (US$)
Average adherence
Expected cost (US$)
Effectiveness (ABI)
Cost effectiveness
ICER (US$)

Alginate

153
7
5%

87
5
6%

0.95
1.00

0.94
1.00

12 191
5.60
2 177

17 670
18.46
957
426

12 191
5.34
2 281

17 670
17.40
1 016
454

AA, antacid agents; ABI, absolute benefit increase; AE, adverse events;
ICER, incremental cost-effectiveness ratio.
Figure 6 Tornado diagram for gastro-oesophageal reflux with shortterm treatment. AA, antacid agents; ABI, absolute benefit increase; ALG,
alginate; c_no_relief, cost of no-relief state; c_relief, cost of relief state;
H2RA, H2-histamine receptor antagonists; PPI, proton pump inhibitors;
wtp, willingness to pay. ( ) ABI_ALG: 12–41; ( ) probability for
relief_ALG: 0.40–0.81; ( ) ABI_AA: 0–16; ( ) c_no_relief_
ALG: 30 000–36 000; ( ) probability for relief_AA: 0.40–0.80; ( )
probability for relief_H2RA: 0.30–0.70; ( ) c_relief_ALG: 10 000–
12 000; ( ) probability for relief_PPI: 0.30–0.70; ( ) c_relief_PPI:
20 000–24 000; ( ) c_relief_H2RA: 4000–5500; ( ) c_relief_AA:
5000–6000; ( ) c_no_relief_PPI: 30 000–36 000; ( ) c_no_relief_
H2RA: 24 000–28 000; ( ) c_no_relief_AA: 25 000–29 000.

Variation in effectiveness and probability of relief with alginate were the two variables that would result in more changes
to the net monetary benefit.
Data of Giannini et al.’s[14] comparative study were used to
determine the treatment adherence level, under the assumption
that the appearance of any adverse effect would determine the
non-adherence to the medication. Thus, in accordance with
Giannini et al.’s study, the adverse event rate related to the
use of alginate (4 g/day) was 5/87 (6%); and for the AA
(magaldrate), it was 7/153 (5%). A new global effectiveness
was calculated for both groups with these data (according to
the incidence of adverse events), which was: 5.34 for the
AA (5.6 ¥ 0.95) and 17.40 for the alginate (18.46 ¥ 0.94)
(Table 3). The ICER remained almost invariable when these
effectiveness changes were applied, providing robustness to
the result from the treatment-adherence perspective.

Discussion
The efficacy of three treatment alternatives for GER (H2RA,
AA and alginate) has been recently evaluated in Tran et al.’s
meta-analysis, which separately assesses each intervention
versus placebo. [13] Even though several treatment strategies
with PPI and H2RA have been previously contrasted from the
pharmacoeconomic perspective, we believe that PPI must be
considered as second-line treatment because it is important to

reserve the most efficacious anti-secretor agents for more
defined clinical conditions, such as ulcer disease associated
with Helicobacter pylori or when there is endoscopic evidence of a significant oesophagitis. However, the regimes
with low doses of PPI have been widely disseminated,
together with the appearance of OTC formulations; therefore,
it is important to include this treatment in the economic analysis. Although PPIs have proven their high efficacy in handling
GER symptoms, it is necessary to use them in a reasonable
manner owing to reports about adverse reactions such as
hypergastrinaemia, rebound acid hypersecretion, malabsorption, osteoporosis and infections.[1]
The Cochrane collaboration has recently reviewed the evidence on short-term regimes in GER treatment, and has
included in its analysis comparative and non-comparative
studies with PPI, H2RA and prokinetic agents, both in pyrosis
with negative endoscopy as well as in oesophagitis with positive endoscopy.[11,12] In addition to the endoscopic criterion,
the evidence was analysed in accordance with the doses used
and the duration of treatment. Thus, studies with the healing
dose were separately evaluated from those with the maintenance dose (half of the healing dose), and were categorized in
accordance with the duration of the treatment that took <12
weeks (short term) as opposed to ⱖ12 weeks (long term).
We preferred to use the Cochrane data for GER with negative endoscopy and in the short term,[12] as another metaanalysis (Tran et al.[13]) had reviewed the evidence with AA
and alginate using similar criteria (GER with negative endoscopy and short-term therapy); this information supplemented
very well that published by Cochrane.
Because alginates have enough evidence, it was important
to include this alternative in the economic evaluation, to
assess its benefits from a pharmacoeconomic standpoint. Our
study provides this form of analysis to make a comprehensive
assessment of the C-E of these four interventions on GER and
in the short term (<12 weeks).
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Our decision tree only included a measure of effectiveness
(% of the ABI). This measure is calculated through the difference in the event rate of both interventions and is equivalent to the absolute risk reduction (ARR). However, the
effectiveness may involve several scales of measurement,
such as time of relief (duration of the effect) or reduction of
reflux episodes with oesophageal pH <5, among others.
Several authors have considered the possibility of evaluating
more than one measure of effectiveness, by comparing health
interventions to reduce data heterogeneity.[15–18] In general,
those works include separate C-E analyses for each measure
of effectiveness; nevertheless, this type of analysis does not
consider the relationship between different measures of effectiveness. Moreover, if the C-E treatment differs in accordance
with the measure used, the decision-maker must establish
preferences among them to reach a decision.
Other authors have proposed a probabilistic simulation
model to estimate the joint density function of two measures
of effectiveness: risk and health benefits, thus conducting a
risk–benefit analysis as a decision-making measure but with
the disadvantage of not including the cost in the analysis.
More recently, several authors have proposed some methodologies for cost-effectiveness analysis for therapeutic comparisons with multiple measures of effectiveness, such as the
data envelopment analysis and the Bayesian analysis.[19]
Considering that the Cochrane review does not include the
use of AA or alginate in its analysis, the effectiveness for these
interventions has been mainly extrapolated from Tran et al.’s
study.[13] As described in this study, the probability of total
relief from the symptoms has also been considered. In accordance with this, treatment failure (no relief of GER) has been
assumed as the need for adding a second drug to the treatment
scheme. ‘Zero’ effectiveness (i.e. no ABI) was assumed for
the group that has not perceived ‘any relief for GER’.
Costs of the two interventions in our analysis have been
forecast for a hypothetical cohort of 100 patients, considering
the acute GER handling scheme in this type of clinical condition, apart from considering the costs from the patient’s
perspective (‘pocket payments’), and in accordance with the
price for four brand drugs very widely used in Peru, at comparable doses.
An inherent feature in pharmacoeconomic designs is that
they are submitted to various sensitivity analyses to test the
robustness of the results versus the uncertainty of each variable. Our study submitted the results to deterministic and
probabilistic sensitivity analyses taking into account the confidence intervals or the standard deviation (deterministic
analysis) and the probabilistic distribution of the variables
(probabilistic analysis).
A broad concept of the therapeutic usefulness or value of
the new interventions led us to include not only clinical but
also economic benefits, and the quality of life that results from
using a new treatment. An example may be the therapeutic
compliance (‘treatment adherence’) as an element to be considered in therapeutic usefulness. If this criterion is not taken
into account, it may happen that a more efficacious drug than
the reference drug (and which, therefore, would have a high
rating as a therapeutic novelty) would have a low adherence
level because this new drug requires a higher number of daily
doses, or because its administration is associated with a higher
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incidence of adverse events that may cause dropouts from the
treatment.[20]
From the deterministic point of view, treatment adherence is
considered a potential modifying factor of the results, and two
adherence levels were assumed for each intervention:
maximum and average (Table 3). The adherence level would
only vary the expected effectiveness, while the corresponding
costs would remain constant. In any event, the new effectiveness expected in accordance with the adherence level would be
determined by the product of both values (effectiveness ¥
adherence factor), also considering that the ideal would be the
maximum adherence and it would correspond to a maximum
value of one (100% of the patients adhere to the intervention
assuming that there are no adverse effects). Under this assumption, the intervention with alginate proved to be discretely more
cost effective than AA at the two adherence levels considered,
adding robustness to the results for this scenario.
Data about the incidence of adverse effects were obtained
from Giannini et al.’s [14] comparative trial (alginate versus
AA), which were very similar to other trials that have evaluated the safety of these drugs. Such similarity adds consistency to this sensitivity analysis.
Finally, it is important to recognize some limitations in this
study. First, it was used to analyse only one measure of effectiveness, namely ABI; nevertheless, the joint or separate
evaluation of several measures of effectiveness optimizes the
robustness of an economic analysis and it ultimately improves
decision-making capacity. Second, the decision to use results
from Tran et al.’s[13] study for AA and alginate, and the results
from the van Pinxteren et al.’s [12] study for PPI and H2RA,
added an important heterogeneity to the model. The use of
these data was preferred considering that both meta-analyses
evaluated the efficacy on GER with negative endoscopy and in
the short term (<12 weeks). Besides, the treatments not
included by van Pinxteren were evaluated by Tran et al. (AA
and alginate). However, because of such heterogeneity, it will
be relevant to conduct C-E analyses from the perspective of
other systematic reviews, as well, to consolidate the findings
of this analysis. Third, the results from Tran et al.’s study for
H2RA efficacy were not included in the model because this
intervention was analysed according to two different scales:
‘appropriate relief’ and ‘subjective improvement’, which
would have made it difficult to integrate them in only one
result. Nevertheless, when Tran et al.’s data for H2RA were
used, the intervention with AA was dominant to that of H2RA,
but the intervention with alginate continued to be more cost
effective and with a lower willingness to pay (data not shown).
Fourth, although the time horizon was defined for the short
term (<12 weeks), because both meta-analyses coincided in
this time interval, data from the Cochrane study for PPI in the
long term suggested a higher effectiveness and probability of
relief for PPI, and did not reinforce the findings of our evaluation. In accordance with this, it is possible that PPI may show
higher benefits in the long term but this conclusion needs to be
strengthened with new systematic reviews.

Conclusion
In accordance with the results of this study, the intervention
with alginate proved to be more cost effective than AA. Treat-
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ments with H2RA and PPI were dominant to treatments with
AA and alginate respectively. Sensitivity analysis evidenced
the need for a moderate modification in the values assigned to
the variables for offsetting the C-E difference between alginate and AA. Finally, the findings cannot be generalized based
on the design of the study as the results could be different if
other criteria were used for cost or effectiveness calculations.

7. Vakil N et al. Systematic review: patient-centred endpoints in
economic evaluations of gastro-oesophageal reflux disease.
Aliment Pharmacol Ther 2002; 16: 1469–1480.
8. Mason I, Marchant NJ. Management of acid-related dispepsia in
general practice. Clin Drug Invest 1999; 18: 117–124.
9. Briggs A et al. Probabilistic analysis of cost-effectiveness
models: choosing between treatment strategies for gastroesophageal reflux disease. Med Decis Making 2002; 22: 290–
308.
10. Donnellan C et al. Medical treatments for the maintenance
therapy of reflux oesophagitis and endoscopic negative reflux
disease. Cochrane Database Syst Rev 2010; (2): CD003245.
11. Moayyedi P et al. Medical treatments in the short term management of reflux oesophagitis. Cochrane Database Syst Rev 2011;
(2): CD003244.
12. van Pinxteren B et al. Short-term treatment with proton pump
inhibitors, H2-receptor antagonists and prokinetics for gastrooesophageal reflux disease-like symptoms and endoscopy negative reflux disease. Cochrane Database Syst Rev 2010; (11):
CD002095.
13. Tran T et al. Meta-analysis: the efficacy of over-the-counter
gastro-oesophageal reflux disease therapies. Aliment Pharmacol
Ther 2006; 25: 143–153.
14. Giannini E et al. A comparison between sodium alginate and
magaldrate anhydrous in the treatment of patients with gastroesophageal reflux symptoms. Dig Dis Sci 2006; 51: 1904–1909.
15. Sudre P et al. Treatment of chloroquine-resistant malaria in
African children: a cost-effectiveness analysis. Int J Epidemiol
1992; 21: 146–154.
16. Yates B et al. Measuring and Improving Cost, Cost-Effectiveness
and Cost-Benefit for Substance Abuse Treatment Programs.
Bethesda, MD: National Institutes of Health, 1999.
17. Bassi C et al. Antibiotic therapy for prophylaxis against infection of pancreatic necrosis in acute pancreatitis. Cochrane Database Syst Rev 2003; (5): CD002941.
18. Kamath C et al. The cost-effectiveness of acetaminophen,
NSAIDs and selective COX-2 inhibitors in the treatment of
symptomatic knee osteoarthritis. Value Health 2003; 6: 144–
157.
19. Negrín M. Herramientas para la toma de decisions económicas
en el análisis coste-efectividad: aportaciones bayesianas con
datos clínicos. Universidad de Las Palmas de gran Canaria, 2004
(doctoral thesis).
20. Del Llano Señarís J et al. Del concepto de la utilidad terapéutica
de los medicamentos a su aplicabilidad. Madrid: Fundación
Gaspar Casal, 2009. http://www.fgcasal.org/fgcasal/database/
documentos/aplicabilidad_medicamentos.pdf.

Declarations
Conflict of interest
Rafael Bolaños-Díaz is medical adviser for Farmakonsuma
Pharm Co., Lima, Perú. Roxana Regalado-Rafael has no conflict of interest to declare.
Funding
This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.
Acknowledgement
We thank Paola Laverde for her valuable and professional
support in this systematic review.

References
1. Oscanoa T. Seguridad de los Inhibidores de la Bomba de Protones. Rev Gastroenterol Peru 2011; 31: 49–55.
2. Gillen D et al. Rebound hypersecretion after omeprazole and its
relation to on-treatment acid suppression and Helicobacter
pylori status. Gastroenterology 1999; 116: 239–247.
3. Broeren M et al. Hypomagnesemia induced by several protonpump inhibitors. Ann Intern Med 2009; 151: 755–756.
4. Anon. Inhibidores de la bomba de protons. El uso prolongado y
regular de inhibidores de la bomba de protones (IBP) puede
reducir el nivel de magnesio. Boletín Farmacos [online] 2011;
14 (2): 20. http://www.saludyfarmacos.org/lang/es/boletinfarmacos/boletines/may2011/precauciones-inhibidores/ http://
www.saludyfarmacos.org/boletin-farmacos/ (accessed July
2011).
5. Kapadia C, Mane V. Raft-forming agents: anti-reflux formulations. Drug Dev Ind Pharm 2007; 33: 1350–1361.
6. Mandel KG et al. Review article: alginate-raft formulations in
the treatment of heartburn and acid reflux. Aliment Pharmacol
Ther 2000; 14: 669–690.

