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Abstract
Peptic ulcer disease (PUD) refers to the occurrence of an open erosion in the inner lining of the stomach,
duodenum, or sometimes lower esophagus. Treatments like proton pump inhibitors (PPIs) or histamine 2
receptor antagonists (H2RAs) are available on the market to efficiently treat the break in the mucosal lining.
However, there is little evidence about the effects of the medication on the type and location of the ulcer
and the epigastric pain caused by disintegration and increased acidity in the stomach.

Given the above, we conducted a systematic review comparing the safety and efficacy of PPIs and H2RAs in
various ulcer locations (gastric, duodenal, and pre-pyloric) and the effect of prolonging the treatment with
the same medication or changing into a drug from another class in treatment-resistant ulcers. We employed
major research literature databases and search engines such as PubMed, Medical Literature Analysis and
Retrieval System Online (MEDLINE), Science Direct, and Google Scholar to find relevant articles. After a
thorough screening, a quality check using various tools, and applying filters that suited our eligibility
criteria, we identified eight articles, of which five were random clinical trials (RCTs), two review articles, and
one meta-analysis. This study compares the different side effects of PPIs and H2RAs. Most studies concluded
that omeprazole is superior in healing ulcers and bringing pain relief and that patients resistant to H2RAs
can be treated better when switched to a PPI. This study also discusses the adverse effects of chronic use,
such as diarrhea, constipation, headaches, and gastrointestinal infections. Patients on long-term PPI
therapy are required to take calcium supplements to prevent the risk of fractures in older adults. Regarding
long-term outcomes, PPIs remain the mainstay of treatment for peptic ulcer disease, based on the papers we
reviewed.

Categories: Internal Medicine, Pain Management, Gastroenterology
Keywords: h2 receptor antagonist, drug dosage, safety and efficacy, peptic ulcer disease, proton pump inhibitors

Introduction And Background
Peptic ulcers are open sores in the stomach and duodenum due to decreased mucosal protection against
gastric acid. Peptic ulcer disease (PUD) symptoms may include abdominal pain, bloating, heartburn, nausea,
vomiting, weight loss, bleeding, or perforation [1]. In the United States, self-reported, physician-diagnosed
peptic ulcer disease was 10% in 1990, and the approximate incidence has now increased to 500,000 new
cases per year, affecting both sexes equally; however, a lower risk is found among Blacks and Hispanics. [2].
Gastroprotection drugs, such as proton-pump inhibitors (PPIs) and histamine-2 receptor antagonists
(H2RAs), have been developed to protect and heal damaged mucosa and alleviate its associated symptoms
[3].

Since the introduction of omeprazole in 1989, PPIs have progressively become the mainstay in treating acid-
related disorders [4]. They work by undergoing acidic activation within the parietal cells to allow the PPI to
be ionized and form covalent disulfide bonds with cysteines of the H(+)-K(+)-adenosine triphosphatase
(H(+)-K(+)-ATPase). Once the PPI binds to the proton pump, the pump is inactivated, preventing the release
of H(+) ions. The effectiveness of PPIs comes from its structure [5]. The H2RAs decrease the secretion of H(+)
ions by parietal cells.

Peptic ulcer disease usually occurs in the stomach and proximal portion of the duodenum. Gastric ulcers
occur primarily due to the widespread use of low-dose aspirin and nonsteroidal anti-inflammatory drugs
(NSAIDs) in treating chronic diseases such as rheumatoid arthritis and the prevention of cardiovascular
disease and stroke [6], which prevent the release of prostaglandins that offer protective layering to the
stomach wall. Therefore, the decrease in mucosal protection against gastric acid predisposes the stomach
lumen to the harsh effects of the acid. Duodenal ulcers are often caused by Zollinger-Ellison syndrome (ZES),
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a clinical syndrome characterized by excessive gastric acid production. This occurs due to the ectopic
secretion of gastrin by a neuroendocrine tumor called a gastrinoma. These tumors are commonly found in
the duodenum and pancreas. [7] Currently, Helicobacter pylori (H. pylori) is one of the major risk factors for
duodenal ulcers, favoring mostly those who are socioeconomically disadvantaged [2]. Other causes of PUD
include the use of antiplatelet drugs, stress, cytomegalovirus infections, Behçet's disease, Crohn's disease,
and end-stage liver disease [6]. The primary complications of PUD are bleeding, perforation, penetration,
and obstruction. Among these complications, bleeding is most likely to occur, and its incidence continues to
rise, requiring urgent surgical attention [8].

Clinical guidelines recommend PPIs as first-choice gastroprotection drugs, supported by systematic reviews
and meta-analyses in clinical settings [9] [3]. Still, to date, no comprehensive effort has been made to
compare the effectiveness of PPIs and H2RAs in the management of treatment-resistant or refractory peptic
ulcers.

Review
Methods
We conducted our systematic review and reported the results according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines [10].

Search Strategy

We used electronic databases PubMed, Medical Literature Analysis and Retrieval System Online (MEDLINE),
ScienceDirect, and Google Scholar to identify the relevant articles using Medical Subject Headings (MeSH)
and keywords. The keywords included "peptic ulcer disease," "proton pump inhibitors," and "H2 receptor
blocker". We used the Boolean method to assemble the keywords for an algorithm to use in PubMed. The
articles were filtered to highlight those most relevant to our research topic.

The MeSH strategy for PubMed, PMC, and Medline is as follows:

("Peptic Ulcer/drug therapy"(Majr) OR "Peptic Ulcer/prevention and control"(Majr) OR "Peptic Ulcer/therapy"
(Majr)) AND ("Proton Pump Inhibitors/adverse effects"(Majr) OR "Proton Pump Inhibitors/therapeutic use"
(Majr) OR "Proton Pump Inhibitors/toxicity"(Majr)) AND ("Histamine H2 Antagonists/adverse effects"(Majr)
OR "Histamine H2 Antagonists/therapeutic use"(Majr) OR "Histamine H2 Antagonists/toxicity"(Majr))

Inclusion and Exclusion Criteria

We included clinical trials, meta-analyses, randomized controlled trials (RCTs), review literature, and a
systematic review of full-text articles published in the English language based on humans. There was no
limit on the year of publication or age group. We excluded articles such as case reports, expert opinions,
animal studies, unpublished gray literature, and articles irrelevant to our research question.

We critically evaluated 35 selected studies for quality using standardized quality assessment tools, and eight
studies that were qualified as high or medium quality were included in this group. The following tools were
used: (1) for RCTs, the Cochrane risk-of-bias assessment tool; (2) for observational studies, the Newcastle-
Ottawa scale; and (3) for traditional reviews, the Scale for the Assessment of Narrative Review Articles
(SANRA). Meta-analysis by Scally et al. was reviewed using the Assessment of Multiple Systemic Review
(AMSTAR) tool [3].

The detailed overall scores and quality for each study are shown in Tables 1-3 below.
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Name of
the study

Random
sequence
generation

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome
data

Selective
outcome
reporting

Other
sources
of bias

Remarks

Bardhan et
al., 1991
[11] 

Low risk Low risk Low risk Low risk High risk Low risk Low risk
6/7, High-
quality
article

Bate et al.,
1989 [12]

Low risk Low risk Low risk Low risk Low risk Low risk Low risk
7/7, High-
quality
article

Delchier et
al., 1989
[13]

Low risk Low risk Low risk Low risk Risk unclear Low risk High risk
5/7, High-
quality
article

Jones  et
al., 1997
[14]

Low risk Low risk Low risk High risk Low risk High risk High risk

4/7,
Medium-
quality
article

TABLE 1: The Cochrane risk of bias assessment tool shows a low, high, and unclear risk of bias.

Study
Selection (max four
stars)

Comparability (max two
stars)

Outcome (max three
stars)

Quality of
paper

Lauritsen et al
(1988) [15]

    ***           *     ***     High

TABLE 2: The Newcastle-Ottawa Tool shows the quality of the papers.

Name
of the
study

Justification of the
article's importance for
the readership (out of
two)

Statement of concrete
aims or formulation of
questions (out of two)

Description of
the literature
search (out of
two)

Referencing
(out of two)

Scientific
reasoning
(out of
two)

Appropriate
presentation
of data (out
of two)

Quality
of
paper
(out of
12)

Tack
et al.,
2013
[16]

        2        2          1         2          2          2
11/12,
High
quality 

Strand
et al.,
2017
[4]

        2         2          2          2            1            2
11/12,
High
quality

TABLE 3: The SANRA checklist showing the quality of the papers
SANRA: Scale for the Assessment of Narrative Review Articles

Results
A total of 19,892 articles were generated from keywords, eligibility criteria, and databases. Of the total, 375
articles were from PubMed, 18,600 from Google Scholar, and 917 from ScienceDirect. After applying our
inclusion criteria, 19,701 articles were removed, leaving 191 to be screened. Duplicates were removed, and
186 articles were screened for their titles and abstracts. A further 140 articles were discarded due to topic
irrelevance. Of the remaining 28 articles, eight passed the critical appraisal, as the remaining 20 articles
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were denied full access to the paper. Figure 1 below shows the selection process in the form of a PRISMA
flow chart.

FIGURE 1: A PRISMA flowchart showcasing the selection of studies
PRISMA:  Preferred Reporting Items for Systematic Reviews and Meta-Analyses

All the reviewed articles differed in design, population, and primary endpoints. However, the effectiveness
of PPIs in treating ulcers and their effects on symptoms caused by the ulcer was a standard part of each
article. This is shown in a summarized table below in Table 4.

Name of

the

author

and year

of study

Type of

study

Dosage of PPIs

and H2 receptor

blockers

Type of

ulcer/

symptom

Distribution

of PPIs and

H2 receptor

blockers

among

patients

Effectiveness of PPIs and H2

receptor blockers in healing the

ulcer

Effectiveness of

PPIs and H2

receptor

blockers in

alleviating

epigastric pain

Adverse effects of PPIs and H2

receptor blockers
Conclusion

Lauristen

et al..

1988 [15]

Randomized

double-blind

comparative

trial

Omeprazole 30 mg

daily; cimetidine 1g

daily

Pre-pyloric

gastric ulcer

Omeprazole:

89 patients,

cimetidine: 85

patients

Omeprazole: 89% effective after six

weeks, cimetidine: 86% effective after

six weeks

Omeprazole: 33%

of patients cured

at four weeks,

cimetidine: 32%

cured with

cimetidine at four

weeks

No. of patient complaints with

omeprazole: one (headache, fatigue,

diarrhea, gastroenteritis, etc.) No. of

patient complaints with cimetidine:

six (impotence, dizziness,

headache, dry mouth)

Omeprazole is

superior in healing

ulcers and bringing

pain relief.

Bate et

Randomized

double-blind Omeprazole 20 Symptomatic

Omeprazole:

102 patients, Omeprazole: 84% effective after

Omeprazole: 81%

of patients were

pain-free at four

Omeprazole

results in faster
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al.,

1989 [12]

comparative

trial

mg, OM, cimetidine

400 mg, BD

gastric ulcer cimetidine: 87

patients

eight weeks, cimetidine: 75%

effective after eight weeks

weeks, cimetidine:

60% of patients

were  pain-free at

four weeks

Omeprazole: 19%, cimetidine: 15% healing of ulcers

and rapid relief of

symptoms.

Delchier

et al.,

1989 [13]

Randomized

double-blind

comparative

trial

Omeprazole 20mg

once daily,

ranitidine 150 mg

twice daily

cimetidine or

ranitidine-

resistant

duodenal

ulcer

Omeprazole:

75 patients,

ranitidine: 76

patients

Omeprazole: 79.6% effective at four

weeks; ranitidine: 75.4% effective at

four weeks

Most patients with

both drugs were

asymptomatic at

day 15

Omeprazole: 25%; ranitidine: 29%

¼ patients

resistant to

empirical treatment

of cimetidine or

ranitidine

recovered with

omeprazole 40 mg

Bardhan

et al.,

1991 [11]

Randomized

controlled

trial

Omeprazole 40 mg

daily, cimetidine

0.8g or 1g daily

with ranitidine 0.3g

daily

Refractory

peptic ulcer

Omeprazole:

54 patients;

cimetidine: 35

patients;

ranitidine: 18

patients

Omeprazole: 96% of ulcers healed at

eight weeks. H2RA blockers: 57% of

ulcers healed at eight weeks

Omeprazole: 91%

of patients

reported relief

from epigastric

pain. H2RA

blockers: 70%

reported relief in

epigastric pain

Omeprazole: 20%; cimetidine: 34%;

ranitidine: 0%

Omeprazole is

better than

continued

treatment with a

refractory dose of

cimetidine or

ranitidine.

Jones et

al.,

1997 [14]

Randomized

double-blind

parallel-

group study

Lansoprazole 30

mg daily, ranitidine

150 mg BD

Reflux-

like/acid-like

dyspnea

Lansoprazole:

213 patients;

ranitidine:

219 patients

N/A

Omeprazole: 72%

of patients

reported relief at

four weeks.

Ranitidine: 60% of

patients reported

relief at four

weeks.

N/A

Lansoprazole

works better for

heartburn and

epigastric pain.

Tack et

al.,

2013 [16]

Review

article

Omeprazole: 20

mg for a gastric

ulcer at four to

eight weeks;

omeprazole for

duodenal ulcer: 20

mg for four weeks

Gastric and

duodenal

ulcers

 
PPIs are superior to H2RA blockers

for healing gastroduodenal ulcers.
 

Increase the risk of respiratory, GI

infection, osteoporosis, and fracture.

Patients with

typical reflux

symptoms can be

started on

empirical therapy

with PPIs at a

standard dose for

eight weeks.

Scally et

al., 2018

[3]

Meta-

analysis of

randomized

controlled

trials

 

Gastric and

duodenal

ulcers

 

PPI was 84% effective in treating

gastric and 87% effective in duodenal

ulcers. H2RA blockers were 78%

effective in gastric and 76% in

duodenal ulcers.

 

PPI is shown to be associated with

an increased risk of myocardial

infarction [17], bone fracture [18],

hypomagnesemia [19], food

poisoning and bacterial gut infection

[20], dementia [21], and chronic

kidney disease [22].

PPIs appeared to

be the most

effective class of

gastroprotection

for the

management of

peptic ulcer

disease.

Strand et

al., 2017

[4]

Review

article

Omeprazole 20 mg

daily

Gastric and

duodenal

ulcers

 

15.2% therapeutic gain of healing for

duodenal ulcers and 9.9% for gastric

ulcers for two weeks [23]; P = 0.001

for omeprazole than H2RAs in

achieving ulcer healing with an

overall rate of 80.8% and 74.7%,

respectively [24].

A greater

percentage of

people were

symptom-free with

PPIs in the first

follow-up.

40% increased dosage of PPIs due

to increased nocturnal symptoms

[25], low Mg levels [26], community-

acquired pneumonia [27], and

enteric infection [28].

PPI is very

effective in the

treatment of acid-

related disorders.  

TABLE 4: Medicines, their dosage, and their effect on the various types of ulcers, along with
adverse effects
PPIs: proton pump inhibitors; H2RAs: histamine-2 receptor antagonists; BD: twice daily; OM: early morning; Mg: magnesium

Five of the eight chosen articles were randomized, double-blind comparative trials, one meta-analysis, and
two review articles. The primary outcome was the effectiveness of PPIs and H2RAs in treating ulcers at
various time intervals of four, six, and eight weeks caused by various gastrointestinal (GI) conditions and
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their effect on epigastric pain. The majority of the articles also compared the adverse effects of both drugs.
The population being studied included adult males and females with epigastric pain caused by erosion of the
gastric mucosa. Types of ulcers varied from refractory gastric ulcers [11], symptomatic gastric ulcers [12],
cimetidine- or ranitidine-resistant duodenal ulcers [13], pre-pyloric gastric ulcers [15], and gastric and
duodenal ulcers [3,4,16].

Most studies mentioned the dose and duration required for healing ulcers and symptomatic relief. Before
the start of each study, patients were assessed for malignancy associated with an ulcer confirmed by
endoscopy [12]. Patients with serious complications such as bleeding and perforation were excluded. Each
patient who participated in the trial was asked about the duration, severity, previous drug therapy, and social
habits. Patients were given a diary to record the symptoms they experienced in a day. 

In terms of the study outcomes, it is evident in Table 4 that PPIs are better at healing ulcers and causing
symptomatic relief; additionally, they are the most effective class of gastroprotection for managing PUD [3].
Some studies showed that H2RA causes more adverse effects than PPIs [11,13,15]. Side effects associated
with H2RAs include impotence, dizziness, dry mouth, and headaches [15]. Furthermore, Scally et al.
demonstrated [3] the adverse effects of myocardial infarction, bone fracture, hypomagnesemia, bone
fracture, community-acquired pneumonia, bacterial gut infection, dementia, and chronic kidney disease in
patients using PPIs.

The types of PPIs included in the studies were omeprazole and lansoprazole. Histamine-2 receptor
antagonists, such as ranitidine and cimetidine, were used. Drugs, along with their dosage, are mentioned in
Table 5.

Location/Type of
ulcer

Dosage of medication
Duration
of
treatment

Effectiveness in healing the ulcer
Effectiveness in alleviating
epigastric pain

Gastric and
duodenal
ulcer [4,27]

Omeprazole 20 mg daily
 

  Two
weeks  

Therapeutic gain of 15.2% in healing for
duodenal ulcer (p<0.001) and 9.9% for
gastric ulcer (p<0.005)

A greater percentage of
patients were symptom-free at
the first follow-up

H2 receptor-
resistant duodenal
ulcer [13]

Omeprazole 20 mg once
daily, ranitidine 150 mg
twice daily

  Four
weeks

79.6%, 75.4%
No significant difference
between the two

Pre-pyloric gastric
ulcers [15]

Omeprazole 30 mg daily,
cimetidine 1 g daily

  Six
weeks

89%, 86%
33% at four weeks, 32% at
four weeks

Gastric ulcer [12],
refractory peptic
ulcer [11]

Omeprazole 20 mg once
daily, cimetidine 400 mg
BD

 Eight
weeks  

84%, 96%  
81% at four weeks, 60% at
four weeks,

TABLE 5: Effectiveness of PPI and H2RA at different treatment durations
PPI: proton pump inhibitors; H2RA: histamine-2 receptor antagonist; BD: twice daily

Table 5 compares the effectiveness of PPIs and H2RAs at different treatment durations. Irrespective of the
nature of the ulcer, the evidence suggests that PPI results in significantly superior outcomes across all
stages. The effectiveness of both drugs in eradicating epigastric pain is also considered. Two studies show a
more significant effect of H2RAs on dyspeptic symptoms [11,12]. However, some studies show no significant
difference between the two drugs [4, 13].

Discussion
We analyzed the efficacy of PPIs and H2 receptor blockers by comparing both drugs in patients with peptic
ulcer disease. Patients had to undergo endoscopy to confirm that the lesion was not associated with any
carcinoma. The size of the ulcer was noted before commencing the study, and no other anti-ulcer
medication was allowed during the treatment. Patients with severe epigastric pain were not included in the
study. Pregnant lactating mothers and patients who had undergone gastric surgery were omitted. Patients
taking NSAIDs and anticoagulants were not part of these studies.

Comparing the Effectiveness of Ulcer Healing

According to the study conducted by Bardhan et al. on 107 patients, omeprazole was significantly better than
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continued H2RA in treating healing refractory peptic ulcers at four and eight weeks [11]. The patients who
remained unresponsive to H2RA treatment were treated with an additional four weeks of omeprazole, which
increased the cure rate to 86%. The same results were observed in the study conducted by Delchier et al., in
which 20 patients with unhealed ulcers were given omeprazole for four weeks, out of which 16 patients were
healed [13]. Five out of eight had previously been given omeprazole and 11 of 12 were given ranitidine.

In a randomized double-blinded comparative trial conducted by Bate et al., 74 out of 102 patients (73%) on
omeprazole had healed ulcers compared to 50 out of 87 patients (58%) on cimetidine [12]. The therapeutic
difference between the percentages is 15%, which moved up to 84% for omeprazole and 75% for cimetidine
after eight weeks, moving the therapeutic difference to 9% [12].

A study conducted by Delchier et al. on duodenal ulcers that were resistant to H2RAs (cimetidine ≥ 0.8g,
ranitidine ≥300mg daily) despite treatment for six weeks showed a better cure rate with omeprazole (48.3 vs.
46.3%) at two weeks and (79.6% vs. 75.4%) at the end of four weeks [13]. A study carried out by Lauristan et
al. on 176 patients with pre-pyloric ulcers consisted of administering 30 mg omeprazole once daily and
cimetidine 1 g four times a day; the accumulative healing rate was consistently higher in the omeprazole
group compared to the cimetidine group [15]. The difference was more pronounced at two weeks, followed by
four or six weeks, and was significantly significant in the intention to treat the cohort.

According to a study by Strand et al., acid suppression therapy remains the mainstay of treatment for gastric
and duodenal ulcers [4]. The most important factor for healing an ulcer is the maintenance of stomach pH
for 18 to 20 hours [29]. A PPI is the most effective inhibitor of gastric acid secretion as it directly blocks the
pump, consistently maintaining the gastric pH > four between 15 and 22 hours daily, compared to only four
hours by H2RA [30]. It also discusses a meta-analysis that included 30 double-blind prospective trials of
omeprazole (20mg) compared to H2RA, which concluded an overall therapeutic gain of 15.2% in the healing
of duodenal ulcers (p<0.001) and 9.9% for gastric ulcers (p<0.05) after two weeks of treatment [27]. In an
RCT conducted on 195 patients, omeprazole 20 mg given a week significantly reduced the incidence of
recurrent duodenal ulcers when compared to placebo from 67% to 23% (p<0.001) [31]. However, it is worth
mentioning that continuous use of H2RA is similarly efficient at preventing ulcer recurrence compared to
placebo (20%-25% vs. 60%-90%) [32]. Still, PPI is preferred over H2RA in NSAID or H. pylori-associated
gastric and duodenal ulcers or when dealing with perforation and fibrosis. This is contrary to the study
discussed by Tack et al. [16], which states the most productive approach to preventing ulcers related to
NSAIDs is to administer misoprostol, an analog of prostaglandin E1. This contradicts the earlier-mentioned
information. [33]. A meta-analysis conducted by Scally et al. showed PPIs as the most effective
gastroprotective drug for gastroduodenal ulcers, followed by H2RAs and prostaglandin analogs [3].

Effect of Factors on Healing

According to Bardhan et al., neither ulcer size nor alcohol consumption affected healing [11]. However, this
was contradicted by Bate et al., who stated that despite the fact that the size of the ulcer, the healing rate
was still better with omeprazole [12]. Bardhan et al. drew another conclusion stating that smoker patients on
H2RAs healed better than nonsmokers (48% vs. 20%) [11], which was again contradictory to a study
conducted by Bate et al. stating that smoker patients on omeprazole healed at a better rate [12]. Lauristal et
al., in their study, highlighted no clear demarcation of the healing rate between smokers and nonsmokers
[15]. Delchier et al., in their study, highlighted ulcer size to have the most significant impact on healing;
larger ulcers had a significantly lower rate than smaller ones (p = 0.04 and p = 0.02) on days 15 and 29,
respectively [13]. This finding is consistent with the conclusion drawn by Lauristeal et al., which stated that
ulcer size affects healing [15].

Adverse Effects

In a study by Bardhan et al., 20% of patients on omeprazole and 34% on cimetidine reported adverse effects
[11]. Disorders reported with omeprazole use were diarrhea (n=3), loose stools (n=3), and constipation (n=1).
Patients on cimetidine reported varied adverse effects such as cramps, headaches, orchitis, and loose stools
[11]. These results are analogous to the study conducted by Delchier et al., where 25% of patients on
omeprazole and 29% of patients on ranitidine complained of symptoms primarily related to the GI tract,
such as vomiting, flatulence, belching, and diarrhea [13]. This is supported by a meta-analysis conducted in
2012 consisting of 42 observational studies with over 313,000 patients, suggesting an association between
Clostridioides difficile (C. difficile) and the use of PPIs [34]. The risk of developing a C. difficile infection
correlates with the extent of gastric acid suppression. This is due to the increased bacterial growth in the
stomach, with the degree of risk proportional to the suppression dosage. [35]. In contrast, a study by Bate et
al. on gastric ulcers shows central nervous system (CNS) side effects in 19% of patients taking omeprazole
and 15% in the cimetidine group [12]. However, lab values such as hemoglobin (Hb), hematocrit (HCT),
platelets (Plt), and creatinine (Cr) remained normal throughout the treatment. This contradicts the study of
Lauritsen, where the cimetidine group p<0.05 caused an increase in serum creatinine levels [15].

Proton pump inhibitors have been shown to cause an increased risk of fracture, and this effect is studied in
the long-term use of PPIs due to reduced calcium absorption leading to bone fracture, as reported by Strand
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et al. [36]. However, it was later debunked by Kaye et al., as their study showed no association between
fracture and chronic use of PPIs [37]. Nevertheless, the United States Food and Drug Administration (FDA)
has added a warning of possible fracture risk (hip, waist, and hip) for patients who take a daily dose of PPI for
more than one year. If necessary, patients are advised to take calcium as a preventive measure. Initial use of
PPI has also been associated with a likelihood of developing community-acquired pneumonia in 27% of
patients, as shown by a meta-analysis of eight observational studies [19], as mentioned by a study conducted
by Strand et al. [4]. However, this was questioned later by Filion et al., suggesting that symptoms of
gastroesophageal reflux syndrome (GERD) may have been misrepresented as symptoms of community-
acquired pneumonia [38]. In 2011, the FDA issued a warning based on 61 individual cases stating that
chronic PPIs can cause low magnesium (Mg) levels and should be monitored periodically in patients taking
prolonged PPIs, as discussed by Strand et al. [26, 4]. However, this is contradicted by Tack et al. [16], who
stated that the risk of developing hypomagnesemia is so low that it does not require follow-up [39].

Correct Dose of PPIs

Varied options exist for treating refractory peptic ulcers, such as continuing treatment with an H2RA for a
longer duration at a higher dose or combining it with a mucosal protectant. Still, it has been concluded by
Bardhan et al. that omeprazole 40 mg daily heals up to 80% of refractory ulcers within four weeks and almost
100% in eight weeks. It efficiently relieves pain and has high drug safety [11]. A study by Delchier et al.
shows that omeprazole 40 mg can treat resistant duodenal ulcers and that omeprazole and ranitidine do not
heal at standard dosage [13]. Gastric ulcer treatment, as recommended by Bate et al., involves four weeks of
treatment with 20 mg of omeprazole once daily and has a cure rate of 70%-80% [12]; however, cimetidine
requires at least eight weeks of treatment with continuation to 16 weeks if symptoms persist.

Dyspeptic symptoms can be treated with lansoprazole 30 mg daily, a valuable substitute for H2RA, as an
initial treatment for symptomatic relief, providing additional coverage in patients with the known acid-
related disorder, as concluded by Jone et al. [14]. According to Tack et al. [16], the correct dosage of PPIs has
a very pressing role in suppressing gastric acid secretion. Daily intake should be consumed 30-60 minutes
before breakfast and, in a twice-daily regimen, 30-60 minutes before breakfast and before the last meal of
the day [16]. Timing is of utmost importance since PPIs have a shorter half-life of 0.5 to two hours,
respectively [33]. We could not find the recurrence of symptoms after patients were weaned off PPIs, along
with the effect of carefully following the suggested protocol versus not following the advised regimen. We
failed to find a correlation between the location of the ulcer and its effect on epigastric pain. We further
need to evaluate the effect of chronic use of PPIs on bone marrow density, vitamin B12 levels, and
magnesium since the information available is somewhat ambiguous. A further comparison needs to be made
between PPIs and newer interventions such as potassium-competitive acid blockers (P-CABS).

Limitations
Our study has a few limitations; hence, the results should be considered. Most importantly, only one meta-
analysis was included in the study out of the eight articles we analyzed. This might affect the quality of our
results. Second, we only included articles written in English, which might have led to language bias. Third,
our research did not have a standard scale for indicating epigastric pain, which may have led to an
overestimation or interpretation of pain reported by patients. Fourth, we did not classify epigastric pain as
daytime or nighttime, pre- or postprandial. Fifth, the type and location of ulcers varied greatly among
patients in the same study. Lastly, we missed critical studies due to the non-availability of free data from
various databases.

Conclusions
In our study, we tried to determine the safety and efficacy of PPI and H2RA in treating ulcers of various
types. Based on the papers we reviewed, PPI is the safest and most effective medication for treating PUD; the
improved control of acid secretion with omeprazole results in faster healing and rapid symptom relief.
Resistant ulcers can be treated by prolonging the standard dosage. It is evident that omeprazole provides an
advantage over H2RA or other available therapies and is more effective in varied clinical settings. Some
studies presented symptoms such as diarrhea, loose stools, constipation, headache, and GI upset with a C.
difficile infection. Hence, prescribers should be careful while advising the drug, considering the
comorbidities, expected dose, duration, and method of intake (30-60 minutes before breakfast). Patients
should be instructed about the alarming symptoms, such as weight loss, anemia, and dysphagia, and
immediately referred to a gastroenterologist for further evaluation. They should be advised to supplement
their diet with calcium to eliminate any potential risk of osteoporosis. Although PPI remains the mainstay
of treatment for PUD, its safety and efficacy should now be compared with newer acid-suppressing drugs
such as potassium-competitive acid blockers (P-CABs) and cholecystokinin (CCK2) receptor antagonists.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from

2023 Begg et al. Cureus 15(8): e44341. DOI 10.7759/cureus.44341 8 of 10

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
MB made a major contribution to the article, such as the conception of the work, searching databases,
making tables, editing figures, full-text screening, extracting data, and writing the manuscript from the
introduction to the conclusion. MT contributed to collecting data, double-checked for possible errors, wrote
the discussion, checked for the quality of the articles, and made the PRISMA Flow Chart. MNF participated in
selecting data, checked for duplicated data, and wrote the discussion. NAG participated in data collection
and references and wrote the method section. RRS participated in drafting discussions, collecting data,
checking for possible errors, providing suggestions, and writing the method section. UO and ALK contributed
to abstract writing, discussion editing, data collection, checking for possible errors, writing references and
abbreviations, and double-checking data. AS participated in writing the introduction, inclusion-exclusion
criteria, providing suggestions, figure editing, and title modification. AM collected data, checked for possible
errors (grammar, punctuation), and wrote conclusions and limitations. SK participated in the entire
manuscript editing, ensured all guidelines were met, checked for plagiarism, and did a quality assessment
check for the article. All authors read and approved the final manuscript.

References
1. Narayanan M, Reddy KM, Marsicano E: Peptic ulcer disease and Helicobacter pylori infection . Mo Med. 2018,

115:219-24.
2. Sonnenberg A, Everhart JE: The prevalence of self-reported peptic ulcer in the United States . Am J Public

Health. 1996, 86:200-5. 10.2105/ajph.86.2.200
3. Scally B, Emberson JR, Spata E, et al.: Effects of gastroprotectant drugs for the prevention and treatment of

peptic ulcer disease and its complications: a meta-analysis of randomised trials. Lancet Gastroenterol
Hepatol. 2018, 3:231-41. 10.1016/S2468-1253(18)30037-2

4. Strand DS, Kim D, Peura DA: 25 years of proton pump inhibitors: a comprehensive review . Gut Liver. 2017,
11:27-37. 10.5009/gnl15502

5. Ward RM, Kearns GL: Proton pump inhibitors in pediatrics : mechanism of action, pharmacokinetics,
pharmacogenetics, and pharmacodynamics. Paediatr Drugs. 2013, 15:119-31. 10.1007/s40272-013-0012-x

6. Najm WI: Peptic ulcer disease. Prim Care. 2011, 38:383-94, vii. 10.1016/j.pop.2011.05.001
7. De Angelis C, Cortegoso Valdivia P, Venezia L, Bruno M, Pellicano R: Diagnosis and management of

Zollinger-Ellison syndrome in 2018. Minerva Endocrinol. 2018, 43:212-20. 10.23736/S0391-1977.17.02745-6
8. Milosavljevic T, Kostić-Milosavljević M, Jovanović I, Krstić M: Complications of peptic ulcer disease. Dig

Dis. 2011, 29:491-3. 10.1159/000331517
9. Rostom A, Dube C, Wells GA, et al.: Prevention of NSAID‐induced gastroduodenal ulcers . Cochrane

Database Syst Rev. 2002, 2002:CD002296. 10.1002/14651858.CD002296
10. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting

systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71
11. Bardhan KD, Naesdal J, Bianchi Porro G, et al.: Treatment of refractory peptic ulcer with omeprazole or

continued H2 receptor antagonists: a controlled clinical trial. Gut. 1991, 32:435-8. 10.1136/gut.32.4.435
12. Bate CM, Wilkinson SP, Bradby GV, et al.: Randomised, double blind comparison of omeprazole and

cimetidine in the treatment of symptomatic gastric ulcer. Gut. 1989, 30:1323-8. 10.1136/gut.30.10.1323
13. Delchier JC, Isal JP, Eriksson S, Soule JC: Double blind multicentre comparison of omeprazole 20 mg once

daily versus ranitidine 150 mg twice daily in the treatment of cimetidine or ranitidine resistant duodenal
ulcers. Gut. 1989, 30:1173-8. 10.1136/gut.30.9.1173

14. Jones RH, Baxter G: Lansoprazole 30 mg daily versus ranitidine 150 mg b.d. in the treatment of acid-related
dyspepsia in general practice. Aliment Pharmacol Ther. 1997, 11:541-6. 10.1046/j.1365-2036.1997.00179.x

15. Lauritsen K, Rune SJ, Wulff HR, et al.: Effect of omeprazole and cimetidine on prepyloric gastric ulcer:
double blind comparative trial. Gut. 1988, 29:249-53. 10.1136/gut.29.2.249

16. Tack J, Louis E, Persy V, Urbain D: Optimal use of proton pump inhibitors for treating acid peptic diseases in
primary care. Acta Gastroenterol Belg. 2013, 76:393-402.

17. Shih CJ, Chen YT, Ou SM, Li SY, Chen TJ, Wang SJ: Proton pump inhibitor use represents an independent
risk factor for myocardial infarction. Int J Cardiol. 2014, 177:292-7. 10.1016/j.ijcard.2014.09.036

18. Fraser LA, Leslie WD, Targownik LE, Papaioannou A, Adachi JD: The effect of proton pump inhibitors on
fracture risk: report from the Canadian Multicenter Osteoporosis Study. Osteoporos Int. 2013, 24:1161-8.
10.1007/s00198-012-2112-9

19. Markovits N, Loebstein R, Halkin H, Bialik M, Landes-Westerman J, Lomnicky J, Kurnik D: The association
of proton pump inhibitors and hypomagnesemia in the community setting. J Clin Pharmacol. 2014, 54:889-
95. 10.1002/jcph.316

20. Janarthanan S, Ditah I, Adler DG, Ehrinpreis MN: Clostridium difficile-associated diarrhea and proton pump
inhibitor therapy: a meta-analysis. Am J Gastroenterol. 2012, 107:1001-10. 10.1038/ajg.2012.179

21. Gomm W, von Holt K, Thomé F, et al.: Association of proton pump inhibitors with risk of dementia: a
pharmacoepidemiological claims data analysis. JAMA Neurol. 2016, 73:410-6.
10.1001/jamaneurol.2015.4791

22. Wijarnpreecha K, Thongprayoon C, Chesdachai S, Panjawatanana P, Ungprasert P, Cheungpasitporn W:
Associations of proton-pump inhibitors and H2 receptor antagonists with chronic kidney disease: a meta-
analysis. Dig Dis Sci. 2017, 62:2821-7. 10.1007/s10620-017-4725-5

23. Eriksson S, Långström G, Rikner L, Carlsson R, Naesdal J: Omeprazole and H2-receptor antagonists in the

2023 Begg et al. Cureus 15(8): e44341. DOI 10.7759/cureus.44341 9 of 10

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6140150/
https://dx.doi.org/10.2105/ajph.86.2.200
https://dx.doi.org/10.2105/ajph.86.2.200
https://dx.doi.org/10.1016/S2468-1253(18)30037-2
https://dx.doi.org/10.1016/S2468-1253(18)30037-2
https://dx.doi.org/10.5009/gnl15502
https://dx.doi.org/10.5009/gnl15502
https://dx.doi.org/10.1007/s40272-013-0012-x
https://dx.doi.org/10.1007/s40272-013-0012-x
https://dx.doi.org/10.1016/j.pop.2011.05.001
https://dx.doi.org/10.1016/j.pop.2011.05.001
https://dx.doi.org/10.23736/S0391-1977.17.02745-6
https://dx.doi.org/10.23736/S0391-1977.17.02745-6
https://dx.doi.org/10.1159/000331517
https://dx.doi.org/10.1159/000331517
https://dx.doi.org/10.1002/14651858.CD002296
https://dx.doi.org/10.1002/14651858.CD002296
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/gut.32.4.435
https://dx.doi.org/10.1136/gut.32.4.435
https://dx.doi.org/10.1136/gut.30.10.1323
https://dx.doi.org/10.1136/gut.30.10.1323
https://dx.doi.org/10.1136/gut.30.9.1173
https://dx.doi.org/10.1136/gut.30.9.1173
https://dx.doi.org/10.1046/j.1365-2036.1997.00179.x
https://dx.doi.org/10.1046/j.1365-2036.1997.00179.x
https://dx.doi.org/10.1136/gut.29.2.249
https://dx.doi.org/10.1136/gut.29.2.249
https://pubmed.ncbi.nlm.nih.gov/24592542/
https://dx.doi.org/10.1016/j.ijcard.2014.09.036
https://dx.doi.org/10.1016/j.ijcard.2014.09.036
https://dx.doi.org/10.1007/s00198-012-2112-9
https://dx.doi.org/10.1007/s00198-012-2112-9
https://dx.doi.org/10.1002/jcph.316
https://dx.doi.org/10.1002/jcph.316
https://dx.doi.org/10.1038/ajg.2012.179
https://dx.doi.org/10.1038/ajg.2012.179
https://dx.doi.org/10.1001/jamaneurol.2015.4791
https://dx.doi.org/10.1001/jamaneurol.2015.4791
https://dx.doi.org/10.1007/s10620-017-4725-5
https://dx.doi.org/10.1007/s10620-017-4725-5
https://pubmed.ncbi.nlm.nih.gov/7614110/


acute treatment of duodenal ulcer, gastric ulcer and reflux oesophagitis: a meta-analysis. Eur J Gastroenterol
Hepatol. 1995, 7:467-75.

24. Morgan DG, Burget DW, Howden CW, et al.: Rates of duodenal ulcer (DU) healing by drug classes: a meta-
analysis. Gastroenterology. 1993, 104:150.

25. Chey WD, Mody RR, Izat E: Patient and physician satisfaction with proton pump inhibitors (PPIs): are there
opportunities for improvement?. Dig Dis Sci. 2010, 55:3415-22. 10.1007/s10620-010-1209-2

26. FDA drug safety communication: low magnesium levels can be associated with long-term use of proton
pump inhibitor drugs (PPIs). (2011). Accessed: 2023: https://www.fda.gov/drugs/drug-safety-and-
availability/fda-drug-safety-communication-low-magnesium-levels-can-be-asso....

27. Eom CS, Jeon CY, Lim JW, Cho EG, Park SM, Lee KS: Use of acid-suppressive drugs and risk of pneumonia: a
systematic review and meta-analysis. CMAJ. 2011, 183:310-9. 10.1503/cmaj.092129

28. Lo WK, Chan WW: Proton pump inhibitor use and the risk of small intestinal bacterial overgrowth: a meta-
analysis. Clin Gastroenterol Hepatol. 2013, 11:483-90. 10.1016/j.cgh.2012.12.011

29. Huang JQ, Hunt RH: pH, healing rate and symptom relief in acid-related diseases . Yale J Biol Med. 1996,
69:159-74.

30. Gill JM, Player MS, Metz DC: Balancing the risks and benefits of proton pump inhibitors . Ann Fam Med.
2011, 9:200-2. 10.1370/afm.1269

31. Lauritsen K, Andersen BN, Laursen LS, et al.: Omeprazole 20 mg three days a week and 10 mg daily in
prevention of duodenal ulcer relapse. Double-blind comparative trial. Gastroenterology. 1991, 100:663-9.
10.1016/0016-5085(91)80009-x

32. Dammann HG, Walter TA: Efficacy of continuous therapy for peptic ulcer in controlled clinical trials .
Aliment Pharmacol Ther. 1993, 7 Suppl 2:17-25. 10.1111/j.1365-2036.1993.tb00595.x

33. Boparai V, Rajagopalan J, Triadafilopoulos G: Guide to the use of proton pump inhibitors in adult patients .
Drugs. 2008, 68:925-47. 10.2165/00003495-200868070-00004

34. Bavishi C, Dupont HL: Systematic review: the use of proton pump inhibitors and increased susceptibility to
enteric infection. Aliment Pharmacol Ther. 2011, 34:1269-81. 10.1111/j.1365-2036.2011.04874.x

35. Sultan N, Nazareno J, Gregor J: Association between proton pump inhibitors and respiratory infections: a
systematic review and meta-analysis of clinical trials. Can J Gastroenterol. 2008, 22:761-6.
10.1155/2008/821385

36. Yang YX, Lewis JD, Epstein S, Metz DC: Long-term proton pump inhibitor therapy and risk of hip fracture .
JAMA. 2006, 296:2947-53. 10.1001/jama.296.24.2947

37. Kaye JA, Jick H: Proton pump inhibitor use and risk of hip fractures in patients without major risk factors .
Pharmacotherapy. 2008, 28:951-9. 10.1592/phco.28.8.951

38. Filion KB, Chateau D, Targownik LE, et al.: Proton pump inhibitors and the risk of hospitalisation for
community-acquired pneumonia: replicated cohort studies with meta-analysis. Gut. 2014, 63:552-8.
10.1136/gutjnl-2013-304738

39. Yang YX, Metz DC: Safety of proton pump inhibitor exposure. Gastroenterology. 2010, 139:1115-27.
10.1053/j.gastro.2010.08.023

2023 Begg et al. Cureus 15(8): e44341. DOI 10.7759/cureus.44341 10 of 10

https://experts.mcmaster.ca/display/publication1287955
https://dx.doi.org/10.1007/s10620-010-1209-2
https://dx.doi.org/10.1007/s10620-010-1209-2
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-low-magnesium-levels-can-be-associated-long-term-use-proton-pump
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-low-magnesium-levels-can-be-associated-long-term-use-proton-pump
https://dx.doi.org/10.1503/cmaj.092129
https://dx.doi.org/10.1503/cmaj.092129
https://dx.doi.org/10.1016/j.cgh.2012.12.011
https://dx.doi.org/10.1016/j.cgh.2012.12.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2588990/
https://dx.doi.org/10.1370/afm.1269
https://dx.doi.org/10.1370/afm.1269
https://dx.doi.org/10.1016/0016-5085(91)80009-x
https://dx.doi.org/10.1016/0016-5085(91)80009-x
https://dx.doi.org/10.1111/j.1365-2036.1993.tb00595.x
https://dx.doi.org/10.1111/j.1365-2036.1993.tb00595.x
https://dx.doi.org/10.2165/00003495-200868070-00004
https://dx.doi.org/10.2165/00003495-200868070-00004
https://dx.doi.org/10.1111/j.1365-2036.2011.04874.x
https://dx.doi.org/10.1111/j.1365-2036.2011.04874.x
https://dx.doi.org/10.1155/2008/821385
https://dx.doi.org/10.1155/2008/821385
https://dx.doi.org/10.1001/jama.296.24.2947
https://dx.doi.org/10.1001/jama.296.24.2947
https://dx.doi.org/10.1592/phco.28.8.951
https://dx.doi.org/10.1592/phco.28.8.951
https://dx.doi.org/10.1136/gutjnl-2013-304738
https://dx.doi.org/10.1136/gutjnl-2013-304738
https://dx.doi.org/10.1053/j.gastro.2010.08.023
https://dx.doi.org/10.1053/j.gastro.2010.08.023

	Comparing the Safety and Efficacy of Proton Pump Inhibitors and Histamine-2 Receptor Antagonists in the Management of Patients With Peptic Ulcer Disease: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: The Cochrane risk of bias assessment tool shows a low, high, and unclear risk of bias.
	TABLE 2: The Newcastle-Ottawa Tool shows the quality of the papers.
	TABLE 3: The SANRA checklist showing the quality of the papers

	Results
	FIGURE 1: A PRISMA flowchart showcasing the selection of studies
	TABLE 4: Medicines, their dosage, and their effect on the various types of ulcers, along with adverse effects
	TABLE 5: Effectiveness of PPI and H2RA at different treatment durations

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


