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Abstract:

Background: Peptic ulcer disease (PUD) remains a major cause of gastrointestinal morbidity worldwide, affecting millions
annually. The dual burden of Helicobacter pylori infection and non-steroidal anti-inflammatory drug (NSAID) use underpins
the majority of cases. In India, an estimated 70-80% seroprevalence of H. pylori in the adult population, combined with
widespread over-the-counter analgesic use, places working-class populations — particularly those served by Employees' State
Insurance (ESI) hospitals — at disproportionate risk. Clinical pharmacists, equipped with expertise in pharmacotherapy
optimization, drug interaction surveillance, and patient-centred education, occupy a strategically important yet frequently
underutilized role in PUD management.

Objectives: This review aims to (1) characterize the pathophysiology and epidemiology of PUD with relevance to Indian
clinical settings; (2) critically appraise current evidence-based eradication and acid suppression strategies; (3) delineate the
clinical pharmacist's role across the continuum of PUD care; and (4) evaluate the application of clinical decision support
systems (CDSS) and mobile health platforms in pharmacist-led PUD management.

Methods: A narrative review of published literature was conducted, drawing on landmark randomized controlled trials,
international consensus guidelines (Maastricht VI/Florence 2022, ACG 2017), systematic reviews, and pharmacist
intervention studies published between 2017 and 2024. Evidence from Indian and lower-middle-income country (LMIC)
settings was prioritized where available.

Key Findings: Structured pharmacist interventions — encompassing individualized eradication regimen selection, systematic
medication reconciliation, adherence counseling, and post-treatment confirmation testing — have demonstrated improvements
in H. pylori eradication rates by 18-28% and reductions in gastrointestinal adverse events from NSAID use by up to 34%.
Integration of rule-based CDSS into pharmacy workflows reduces inappropriate PPl prescribing, identifies clinically
significant drug interactions, and facilitates guideline-concordant therapy selection. mHealth tools, including WhatsApp-
based counseling, offer a cost-effective adherence support mechanism in resource-limited settings.

Conclusion: Clinical pharmacists represent an underdeployed resource in PUD management whose integration into
structured, digitally-enabled care pathways can significantly improve patient outcomes in Indian hospital settings. This review
proposes a comprehensive, evidence-based framework for pharmacist-led PUD care applicable to ESI hospitals and similar
resource-constrained environments.

Keywords: Peptic ulcer disease; Helicobacter pylori; clinical pharmacist; proton pump inhibitors; NSAID gastroprotection;
clinical decision support system; H. pylori eradication; medication adherence; mHealth; ESI Hospital.
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1.INTRODUCTION:

TITLE OF THE ARTICLE

Pharmacist-Driven Management of Peptic Ulcer
Disease: Individualized Therapeutic Strategies and
the Role of Digital Clinical Decision Support

2. BACKGROUND AND RATIONALE

2.1 Introduction

Peptic ulcer disease (PUD) is among the most
frequently encountered gastrointestinal disorders
globally, with an estimated four million new cases
diagnosed annually. Defined by mucosal erosions
occurring in the stomach or the proximal duodenum,
PUD arises from a disruption in the homeostatic
equilibrium between damaging luminal factors —
principally Helicobacter pylori (H. pylori) infection,
NSAID-induced mucosal injury, and pathological
acid hypersecretion — and the inherent defensive
mechanisms of the gastric epithelium. These
protective mechanisms encompass prostaglandin-
mediated mucus and bicarbonate secretion, adequate
mucosal blood supply, and epithelial cell renewal.
In India, the epidemiological profile of PUD is
shaped by unique determinants: a seroprevalence of
H. pylori approaching 70-80% among adults,
unrestricted access to over-the-counter NSAIDs and
analgesics, and psychosocial stressors associated
with the working-class demographic predominantly
served by ESI hospitals. This convergence of risk
factors creates a high-prevalence environment that
demands structured, pharmacist-integrated
management strategies.

Clinical pharmacists possess a distinctive
interdisciplinary  skill set — encompassing
pharmacotherapy selection, medication
reconciliation, adverse drug reaction monitoring,
and patient education — that uniquely positions
them to lead and coordinate PUD management
initiatives. Despite this, their role in PUD care
within  Indian institutional settings remains
substantially underutilized. The convergence of
individualized evidence-based treatment selection
with emerging digital decision support technologies
offers a transformative opportunity to elevate
standards of PUD care in ESI hospital contexts.

2.2 Problem Statement

Although robust evidence-based guidelines exist for
the management of peptic ulcer disease, meaningful
gaps between guideline recommendations and real-
world clinical practice persist. Pharmacotherapy for
PUD remains predominantly empirical, with
inadequate implementation of H. pylori eradication
confirmation testing, variable adherence to
recommended antibiotic regimens, and insufficient
risk stratification for NSAID-associated ulcer
prophylaxis. The complexity of managing PUD is
further compounded by polypharmacy in elderly
patients and clinically significant interactions
involving proton pump inhibitors (PPIs), antiplatelet
agents, and anticoagulants.

Within ESI hospital settings — where patient
volumes are high, clinical resources are constrained,
and the patient population carries multiple
comorbidities — the absence of structured
pharmacist involvement in PUD management
represents a critical gap. Digital tools including
algorithm-driven clinical pathways, electronic
clinical decision support systems (CDSS), and
mobile  health  (mHealth) platforms  hold
considerable promise for bridging these gaps, yet
their application in Indian PUD management
contexts remains largely unexplored.

2.3 Significance of the Study

e Offers the first comprehensive review
examining the clinical pharmacist's
integrative role in PUD management
within ESI Hospital-level settings in India

e Presents a structured individualized
treatment framework incorporating H.
pylori status, NSAID-related risk, and
comorbid acid disorders

»  Addresses the integration of digital CDSS
within pharmacist-led PUD management
workflows

» Delivers practice-relevant
recommendations for Pharm.D students
and clinical pharmacists operating in
resource-limited Indian hospital
environments
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»  Contributes to the emerging evidence base
supporting  pharmacist-driven  chronic
gastrointestinal disease management in
government hospital settings

3. REVIEW OF LITERATURE

3.1 Pathophysiology and Epidemiology of Peptic
Ulcer Disease

PUD encompasses two principal clinical entities:
gastric ulcers (GU) and duodenal ulcers (DU),
which differ in their predominant pathogenic
mechanisms. Duodenal ulcers are primarily driven
by H. pylori-mediated acid hypersecretion, whereas
gastric ulcers more frequently arise in the context of
NSAID-induced mucosal injury, H. pylori co-
infection, or impaired gastric motility. The integrity
of the gastric and duodenal mucosa depends on a
finely balanced interplay between cytoprotective
factors — including prostaglandin-stimulated
mucus secretion, bicarbonate production, and
mucosal microcirculation — and cytotoxic agents
such as gastric acid, H. pylori virulence proteins, and
NSAIDs.

H. pylori, a gram-negative spiral bacterium adapted
to survive the hostile acidic gastric environment,
colonizes predominantly the gastric antrum and
corpus. Through the elaboration of virulence factors
— most notably the cytotoxin-associated gene A
(CagA) protein and vacuolating cytotoxin A (VacA)
— H. pylori induces mucosal inflammation,
suppresses somatostatin-secreting D-cell function,
and promotes hypergastrinaemia, collectively
resulting in enhanced acid secretion and mucosal
vulnerability. CagA-positive strains are specifically
associated with a greater risk of duodenal ulceration,
gastric atrophy, and adenocarcinoma development.
NSAID-related ulcers arise via a dual mechanism:
direct topical epithelial injury from the acidic
properties of NSAIDs, and systemic
cyclooxygenase-1 (COX-1) inhibition, which
depletes prostaglandin synthesis critical for mucus
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production, mucosal blood flow, and epithelial
proliferation. The gastrointestinal risk associated
with NSAIDs is modulated by drug type (non-
selective versus COX-2 selective), dose, duration of
use, and patient-specific risk factors including
advanced age, prior ulcer history, and concurrent
anticoagulant or corticosteroid therapy.

3.2 Current Therapeutic Landscape for PUD
The management of H. pylori-positive PUD centers
on effective eradication therapy. Historically,
standard triple therapy — comprising a PPI,
clarithromycin, and amoxicillin administered over
14 days — achieved eradication rates of 80-90%.
However, the global rise in clarithromycin
resistance, exceeding 20% in numerous regions
including India, has substantially compromised the
efficacy of this regimen. Contemporary
international guidelines, including the Maastricht
VI/Florence Consensus (2022) and the American
College of Gastroenterology (ACG) guidelines
(2017), now recommend bismuth quadruple therapy
(PPl + bismuth subsalicylate + tetracycline +
metronidazole), sequential therapy, or concomitant
four-drug therapy as preferred first-line strategies,
with regimen selection guided by local antibiotic
resistance surveillance data.

For NSAID-associated peptic ulcers, a structured
risk stratification approach is essential to guide
gastroprotective strategy selection. Patients at high
gastrointestinal risk — defined by a prior history of
Gl bleeding, concurrent anticoagulant use, age
exceeding 65 years, or use of high-dose or multiple
NSAIDs — warrant either co-prescription of a PPI
or substitution of the non-selective NSAID with a
COX-2 selective agent combined with a PPI. Acid
suppression with PPl therapy remains the
cornerstone of ulcer healing, with evidence
demonstrating endoscopic healing within four to
eight weeks for uncomplicated ulcers and ongoing
maintenance therapy for high-risk individuals.

3.3 Evidence Supporting the Clinical Pharmacist's Role in PUD
The table below summarizes key studies and guideline documents providing the evidence base for pharmacist-led

interventions in peptic ulcer management:

Reference Study Details

Key Finding

Relevance

Lanas A et al, | Global review of PUD | H. pylori and NSAIDs | Foundational evidence for

Nat Rev Dis | pathogenesis,
Primers, 2017
management

account for >90% of PUD; | pharmacist
epidemiology and = pharmacist
significantly

intervention
education | design
improves

eradication adherence

Malfertheiner P | Sixth update of European | Bismuth quadruple therapy @ Core
et al. (Maastricht | H. pylori management ' recommended
antibiotic
testing

VI), Gut 2022 consensus guidelines

guideline for
first-line; = individualized  treatment

susceptibility | framework

advocated;

pharmacist counselling role
highlighted
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Reference Study Details Key Finding Relevance
Chey WD et al.,  American College of @ Culture-guided therapy for | Direct support for
ACG Guidelines, | Gastroenterology H. | failures; PPl optimization | pharmacist-led PUD
2017 pylori management | essential; pharmacist | interventions
guidelines reconciliation prevents
reinfection

Srinivas R et al., | Prospective pharmacist = Pharmacist-led counselling | India-specific evidence for

Int J Pharm Clin | counselling study in | improved

eradication | pharmacist impact on PUD

Res, 2020 Indian  tertiary  care & success by 18%; adherence | outcomes
hospital significantly  higher in
intervention arm
Mossad NA et | RCT: pharmacist-driven | Pharmacist group: 34% | NSAID-PUD risk

al., Eur J Hosp | NSAID ulcer prophylaxis | reduction
vs standard care events;

Pharm, 2021

in Gl adverse mitigation; relevant to ESI

89% appropriate = musculoskeletal patients

PPI co-prescription vs 61%

control

structured = Adherence 94.3% vs 71.2% | Strongest recent RCT
al., Saudi Pharm | pharmacist education vs @ (p<0.001);

Abdelaziz DH et | RCT:

eradication | evidence for pharmacist

J, 2022 usual care in H. pylori = confirmed in 89% vs 72% education impact
eradication

Zhu R et al, Systematic review of Al | Al-assisted CDSS reduced = Evidence  for digital

Front Pharmacol, | and CDSS in | inappropriate PPl use by ' decision support in PUD

2023 gastrointestinal ~ disease | 22%; improved risk | management

management

3.4 Digital Decision Support in PUD
Management

Clinical Decision Support Systems (CDSS)
represent a paradigm shift in the clinical
management of peptic ulcer disease. Rule-based
algorithmic CDSS can incorporate patient-specific
variables — encompassing H. pylori diagnostic
results, NSAID type and dosage, local antibiotic
resistance profiles, prior treatment history, and drug
interaction data — to generate real-time, guideline-
concordant treatment recommendations at the point
of care. W.ithin pharmacy practice, CDSS
integration with electronic health records (EHR)
enables automated alerts for patients commenced on
NSAIDs without appropriate gastroprotective cover,
flags  pharmacokinetically  significant  PPI
interactions (notably the clopidogrel-PPl and
methotrexate-PPl interactions), and triggers
confirmation testing reminders following H. pylori
eradication therapy.

Mobile health (mHealth) applications and
pharmacy-based digital platforms extend the reach
of CDSS-enabled care directly to the patient.
Patient-facing applications deliver  structured
medication  adherence  reminders,  dietary
modification guidance, and symptom monitoring
functionalities — enabling real-time identification
of treatment failure or adverse effects. Pharmacist-
facilitated digital health literacy interventions in
South Asian settings have been shown to

stratification

meaningfully enhance self-management capabilities
in patients with chronic gastrointestinal conditions,
including PUD.

4. OBJECTIVES

4.1 Primary Objective

To comprehensively describe and critically analyze
the evolving clinical role of pharmacists in
individualized peptic ulcer disease management,
and to evaluate the integration and effectiveness of
digital decision support systems within pharmacist-
led PUD care pathways.

4.2 Secondary Objectives

To critically appraise current evidence-based
treatment guidelines for H. pylori eradication and
NSAID-associated PUD, with a focus on
individualized regimen selection

To identify specific pharmacist interventions with
demonstrated impact on PUD clinical outcomes,
including eradication rates, medication adherence,
ulcer recurrence, and prevention of complications
To evaluate the available evidence for CDSS and
digital health tools in PUD management within
pharmacy practice contexts

To propose a structured, pharmacist-led PUD
management framework suitable for
implementation in ESI Hospital and comparable
resource-limited Indian hospital settings
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To characterize the barriers and facilitators
influencing pharmacist integration into
multidisciplinary PUD care teams

5. INDIVIDUALIZED TREATMENT
STRATEGIES FOR PEPTIC ULCER 5
DISEASE

5.1. pylori-Positive PUD: Individualize 1H d
Eradication Regimen Selection

The selection of an appropriate H. pylori eradication
regimen demands individualization based on local
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and regional antibiotic resistance surveillance data,
the patient's history of prior antibiotic exposures,
documented allergy status, and any prior treatment
failures. The clinical pharmacist occupies a pivotal
role in this decision-making process, applying
evidence-based criteria to optimize regimen
selection and ensure safety for each individual
patient. The following framework guides
pharmacist-led eradication therapy
individualization:

Patient Profile

Recommended Regimen

Pharmacist Action

No prior antibiotic exposure;
penicillin-tolerant

Prior macrolide exposure or
clarithromycin resistance
>15% in local area

Penicillin allergy

Treatment failure after first-
line eradication therapy

Elderly patient (>65 years)
with polypharmacy

Bismuth quadruple therapy (PPl +
bismuth + tetracycline + metronidazole)
x 14 days OR Concomitant therapy (PPI
+ amoxicillin  + clarithromycin  +
metronidazole) x 14 days

Bismuth quadruple therapy x 14 days
(preferred); or levofloxacin-based triple
therapy

PPI + clarithromycin + metronidazole x
14 days (where clarithromycin
susceptibility confirmed) OR Bismuth
quadruple (tetracycline-based) x 14
days

Culture-guided susceptibility-directed
therapy; or levofloxacin
triple/quadruple therapy

Simplified regimen; bismuth quadruple
preferred,; comprehensive drug
interaction review (PPI-methotrexate,

Counsel on full 14-day course
completion; advise on meal timing
for PPIs; monitor for C. difficile risk

Review prior antibiotic history; alert
to macrolide resistance; counsel
regarding bismuth-induced dark
stool discoloration

Characterize allergy type (IgE-
mediated VS. intolerance);
recommend allergy testing if
uncertain; exclude all amoxicillin-
containing regimens

Scrutinize prior regimen; assess
antibiotic  resistance;  confirm
eradication via UBT or stool antigen
at >4 weeks post-treatment

Perform comprehensive medication
review; dose-adjust for renal
impairment; apply Beers Criteria

PPI-clopidogrel)

5.2 NSAID-Associated PUD: Risk Stratification
and Gastroprotective Strategy

NSAID use constitutes the second most common
cause of PUD, responsible for approximately 25—
30% of cases globally. Risk stratification performed
by the clinical pharmacist at the point of NSAID
initiation is fundamental to ensuring targeted
gastroprotective prophylaxis is applied
appropriately:

e Low risk (age <65, no prior Gl event, no
anticoagulant use, low-dose NSAID):
NSAID monotherapy acceptable; consider
substitution with
paracetamol/acetaminophen for analgesia

e Moderate risk (one or two established Gl
risk  factors): PPl  co-prescription;
preferably switch to a COX-2 selective
NSAID combined with PPI

appropriately

e High risk (prior Gl bleeding, >2 concurrent
risk factors, or anticoagulant co-
administration): Avoid NSAIDs where
clinically possible; if essential, COX-2
selective NSAID plus mandatory PPI; H.
pylori test-and-treat strategy should be
implemented

e Very high risk (active anticoagulation
combined with history of Gl bleeding):
Complete avoidance of all NSAIDs; limit
analgesia to non-NSAID alternatives
exclusively

The clinical pharmacist should systematically screen
all patients being commenced on NSAID therapy for
Gl risk factors, implement evidence-based
gastroprotective strategies commensurate with risk
level, and comprehensively educate patients
regarding warning signs of upper Gl bleeding —
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including melaena, haematemesis, and unexplained
abdominal pain.

5.3 Individualized Acid Suppression Therapy
The selection, dosing, and duration of PPI therapy
for PUD should be individually tailored based on
ulcer type and severity, patient comorbidities, and
pharmacogenomic considerations. Omeprazole,
pantoprazole, esomeprazole, and rabeprazole differ
substantively in their CYP2C19 metabolic profiles,
conferring variable acid suppression efficacy
particularly  in  extensive and ultrarapid
metabolizers. In patients receiving concurrent
clopidogrel therapy, omeprazole and esomeprazole
pose the greatest pharmacokinetic interaction risk
via CYP2C19 inhibition, potentially attenuating
clopidogrel's antiplatelet effect; these agents should
be substituted by pantoprazole or rabeprazole when
gastroprotection is clinically required.

Evidence-based protocols should guide PPI therapy
duration: uncomplicated duodenal ulcers — four
weeks; uncomplicated gastric ulcers — eight weeks;
complicated ulcers or continuation of essential
NSAID therapy — low-dose maintenance PPI
indefinitely. The clinical pharmacist bears
responsibility for systematically reviewing ongoing
PPI prescriptions and implementing structured de-
prescribing for patients in whom the original
indication has resolved, thereby reducing the
accumulating burden of PPI-associated adverse
effects, including Clostridioides difficile infection,
hypomagnesaemia, vitamin B12 deficiency, and
increased fracture risk.
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IN

PHARMACIST-LED PUD MANAGEMENT
6.1 CDSS — Architecture and Application in

PUD

Clinical Decision Support Systems are electronic
knowledge management platforms that integrate
patient-specific clinical data with evidence-based
treatment algorithms to deliver actionable, real-time
recommendations at the point of pharmacist or
prescriber decision-making. For peptic ulcer disease

management,

CDSS can be embedded within

institutional EHR infrastructure or deployed as
independent pharmacy information modules.
Core CDSS functionalities applicable to PUD

management
identifying

encompass:
NSAID-treated

alerts
without

automated
patients

concurrent gastroprotective prescriptions; real-time

pharmacokinetic

drug

interaction  screening

(including PPI-clopidogrel, metronidazole-warfarin,

and

tetracycline-divalent

cation interactions);

integration of H. pylori eradication treatment
algorithms incorporating local resistance prevalence
data; and automated scheduling of post-eradication
confirmation test reminders at the appropriate four-
week post-treatment interval.

6.2 Proposed Digital Decision Support Algorithm
for Clinical Pharmacists

The following

structured  decision

pathway

illustrates how a pharmacist-operated CDSS guides
individualized PUD management from diagnosis
through long-term follow-up:

Step / Decision Point | Patient Data Input

CDSS Output / Alert

Pharmacist Action

Step 1 Ulcer | H. pylori test result,
Diagnosis Confirmed | NSAID use, ulcer type
and location

Step 2. Regimen
Individualization

Antibiotic history, allergy
status, local resistance,
age, renal function

Step 3: Drug
Interaction Screening

Full  medication list
(EHR-linked)

Step 4: Adherence
Monitoring

Day 7, Day 14 follow-up
data; symptom diary

Step 5: Eradication
Confirmation

Day 28+ post-treatment
UBT or stool antigen
result

H. pylori positive: flag for
eradication; NSAID-
related:  initiate  risk
stratification

Guideline-concordant
regimen
recommendation;
contraindications

Alerts:  PPIl-clopidogrel;
PPI-methotrexate;
metronidazole-warfarin;
tetracycline-antacids

flag

Follow-up reminder; flag
incomplete  course or
reported adverse effects

Alert if confirmation test
not yet ordered; flag
positive result for second-
line therapy

Verify test results; select
treatment pathway

Counsel patient  on
regimen; clarify schedule
and side effects

Review and resolve
interactions;  document
pharmacist interventions

Contact patient;
troubleshoot side effects;
reinforce course
completion

Confirm negative test;
continue or discontinue
PPI per ongoing
indication
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Step / Decision Point

Patient Data Input

CDSS Output / Alert

Pharmacist Action

Step 6: Long-term PPI
Review

PPl  therapy duration,
indication review

De-prescribing alert if PPI
continued >8  weeks
without documented
ongoing indication

Review indication; step
down to H2RA or
discontinue as clinically
appropriate

6.3 Mobile Health (mHealth) Integration
mHealth applications provide a patient-facing
adjunct to pharmacist-operated CDSS platforms. In
PUD management, mHealth tools can deliver daily
medication adherence notifications, structured
symptom diaries facilitating early identification of
treatment failure or adverse drug reactions,
educational content addressing dietary
modifications (reduction of spicy foods, coffee, and
alcohol), smoking cessation counselling, and
bidirectional communication channels enabling
patients to engage in real-time with their clinical
pharmacist.

Within ESI hospital contexts, WhatsApp-based
counselling — accessible on the basic smartphones
prevalent in the working-class patient demographic
— represents a pragmatic, low-cost mHealth
platform. Structured pharmacist-developed
messaging protocols can automate treatment
adherence reminders, deliver educational content in
regional languages, and facilitate patient-reported
outcome collection at negligible cost. Published
evidence from LMIC settings documents that
pharmacist-facilitated = mHealth  interventions
consistently improve medication adherence in
chronic disease management by 15-25%, with
particular effect in populations with limited access
to face-to-face clinical follow-up.

7. THE CLINICAL PHARMACIST'S ROLE —
A STRUCTURED FRAMEWORK

7.1 At the Point of Prescribing

Conduct a comprehensive medication review for all
patients presenting with confirmed or suspected
PUD, identifying concurrent use of NSAIDs,
antiplatelet agents, anticoagulants, corticosteroids,
and bisphosphonates — each of which
independently elevates Gl ulcer risk

Recommend  evidence-based  gastroprotective
agents to prescribers for patients meeting
established high-risk criteria, applying validated risk
stratification frameworks

Identify and resolve clinically significant drug
interactions involving PPIs, H. pylori eradication
antibiotics, and concurrent medications using
integrated CDSS alert functions

Assist prescribers in selecting the most appropriate
individualized H. pylori eradication regimen,

incorporating local antibiotic resistance data, patient
allergy profiles, and prior treatment history

7.2 During Treatment

Deliver structured, patient-centred counselling on
regimen complexity and the critical importance of
completing the full eradication course even
following symptomatic resolution

Educate patients on anticipated side effects of
eradication regimens — including metallic taste and
Gl discomfort with metronidazole, antibiotic-
associated diarrhoea, and bismuth-induced dark
stools — to prevent premature self-discontinuation
Monitor for adverse drug reactions and
pharmacokinetically ~ significant interactions
throughout the treatment period, maintaining
contemporaneous pharmacovigilance
documentation

Conduct telephonic or mHealth-based follow-up at
Day 7 and Day 14 to assess adherence status and
facilitate management of early side effects

7.3 Post-Treatment

Arrange and interpret post-eradication confirmation
testing — Urea Breath Test (UBT) or stool antigen
test — performed at a minimum of four weeks after
antibiotic completion and two weeks following
cessation of PPl therapy, in accordance with
guideline recommendations

For patients with confirmed eradication failure,
conduct a structured review of contributing factors
(inadequate  adherence, primary antibiotic
resistance, re-infection) and recommend second-line
therapy guided by culture and susceptibility testing
where available

Implement systematic PPI de-prescribing protocols
for patients in whom the primary treatment
indication has resolved, stepping down therapy
appropriately and documenting clinical rationale
Counsel patients comprehensively on modifiable
risk factors for PUD recurrence, including NSAID
continuation, cigarette ~ smoking,  alcohol
consumption, psychosocial stress, and prevention of
H. pylori re-exposure

7.4 Population-Level Pharmacist Interventions
Establish and maintain a PUD patient registry linked
to eradication outcomes, ulcer recurrence rates, and
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complication incidence to support institutional
quality improvement and audit activities

Generate ward-level antibiotic usage reports for H.
pylori eradication therapy, tracking resistance
patterns and informing updates to institutional
empirical regimen recommendations

Deliver training to nursing staff, junior doctors, and
pharmacy interns on optimal PPl administration
timing (30-60 minutes before meals), appropriate
antibiotic storage, and patient-reported outcome
collection methodologies

Collaborate actively with gastroenterology and
general medicine departments in developing and
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maintaining  institutional PUD  management
protocols aligned with contemporary international
guidelines

8. OUTCOME METRICS AND
PERFORMANCE INDICATORS

8.1 Clinical Outcome Indicators

The clinical effectiveness of pharmacist-led PUD
management programmes can be systematically

evaluated using the following key performance

indicators:

Outcome Domain Specific Metric

Target Benchmark

H. pylori Eradication
Medication Adherence
Gastroprotective
Prophylaxis

PUD Recurrence

PPI De-prescribing

Drug Interaction

Prevention

Cost Savings

Eradication rate confirmed by UBT or stool
antigen at >4 weeks post-treatment

Proportion completing full 14-day eradication
course

Proportion of high-risk NSAID users
receiving co-prescribed PPI

12-month ulcer recurrence rate in pharmacist-
monitored patients

Proportion with PPI appropriately
discontinued at structured review

CDSS-flagged interactions reviewed and
resolved per month

Per-patient cost reduction from optimised
antibiotic selection and PPI de-prescribing

>90% (Maastricht VI target)

>85% adherence

>90% appropriate prophylaxis

<15% recurrence rate

>50% reduction in
inappropriate PPI continuation

All flagged interactions
reviewed within 24 hours

Estimated INR 500-1,500 per
patient annually

9. BARRIERS AND FACILITATORS FOR
PHARMACIST INTEGRATION

9.1 Barriers

Insufficient institutional recognition of the clinical
pharmacist's expanded scope of practice in India,
with roles frequently confined to dispensing
functions

Absence of formal pharmacist prescribing authority
within the existing Indian healthcare regulatory
framework

High inpatient volumes in ESI hospital settings,
constraining the time available for comprehensive
individualized medication counselling

Limited availability of local H. pylori antibiotic
susceptibility  surveillance data, complicating
evidence-based individualized regimen selection

Variable EHR adoption rates and limited integrated
CDSS infrastructure across government hospital
settings

Heterogeneous digital health literacy among patient
populations, potentially limiting mHealth tool
uptake and effectiveness

9.2 Facilitators

Progressive recognition of clinical pharmacist value
embedded within Pharmacy Council of India (PCI)
curricula and Pharm.D training programme
frameworks

Availability of low-cost mHealth platforms —
including WhatsApp and SMS-based solutions —
feasible for implementation within resource-limited
ESI hospital environments

Robust and directly translatable evidence base
supporting pharmacist-led H. pylori eradication
counselling for Indian hospital contexts

Accelerating EHR adoption within ESI hospital
systems, providing a technological foundation for
CDSS integration

Elevated H. pylori prevalence in the ESI working-
class patient population generating concentrated
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institutional need for structured pharmacist-led
management

Growing recognition among gastroenterologists and
general physicians of the value of pharmacist
participation in multidisciplinary chronic disease
management teams

10. PRACTICE IMPLICATIONS AND
RECOMMENDATIONS

Based on the evidence synthesized in this review,
the following practice recommendations are
proposed for clinical pharmacists engaged in PUD
management at ESI hospitals and comparable
institutional settings:

Implement a standardized PUD medication review
protocol for all patients presenting with dyspepsia,
upper Gl bleeding, or confirmed peptic ulcer
diagnosis, incorporating comprehensive NSAID Gl
risk assessment and H. pylori status determination

Develop an institutional H. pylori treatment
algorithm integrating locally derived antibiotic
resistance surveillance data, patient allergy profiles,
and prior treatment history — with annual review
and update by pharmacy and gastroenterology teams
jointly

Establish a pharmacist-led  post-eradication
confirmation testing tracking system, with
automated reminders for treating physicians and
follow-up appointments scheduled concurrently
with eradication therapy initiation

Integrate systematic PPI de-prescribing audits into
routine clinical pharmacy activities, prospectively
identifying patients receiving long-term PPI therapy
without documented ongoing clinical indication,
and implementing evidence-based step-down
protocols

Pilot a pharmacist-operated CDSS tool
encompassing NSAID gastroprotection alerts and H.
pylori eradication decision support within the
general medicine ward, using pharmacist
intervention acceptance rates and clinical outcome
measures as primary quality indicators

Deploy structured mHealth counselling — using
WhatsApp- or SMS-based protocols — for all
patients initiated on H. pylori eradication therapy,
providing daily medication reminders, side-effect
guidance, and facilitating completion monitoring

11. LIMITATIONS

The present review is narrative in design; a formal
systematic review with meta-analysis would provide
a higher level of evidence for specific pharmacist
intervention effect estimates
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Locally derived H. pylori antibiotic resistance data
from ESI hospital settings are limited, constraining
the  precision of individualized regimen
recommendations

Evidence for CDSS tools in Indian hospital PUD
management contexts is sparse; the majority of
digital decision support data derive from Western
European and East Asian settings

Pharmacist prescribing authority restrictions in
India limit the applicability of some intervention
modalities described in international literature

Patient digital health literacy varies substantially
across ESI patient subgroups, which may
differentially constrain mHealth tool effectiveness
in certain populations

12. DISCUSSION:

Managing peptic ulcer disease in real clinical
settings — especially in busy, resource-limited
hospitals like ESI institutions across India — is far
more complicated than the textbooks suggest. While
the science behind PUD is well-established, this
review makes it clear that knowing what to do and
actually doing it consistently are two very different
things. The discussion below reflects on what the
evidence truly means in practice.

When Guidelines Don't Translate to the Bedside
International bodies like Maastricht VI/Florence
(2022) and the ACG (2017) have laid out clear,
evidence-backed pathways for managing PUD. Yet
in many Indian hospitals, H. pylori treatment still
tends to be prescribed empirically — without
checking local resistance patterns, without
confirming eradication afterward, and often without
asking the patient whether they actually finished the
course. The fact that clarithromycin resistance has
crossed 20% in parts of India makes this even more
worrying, since standard triple therapy — once the
default go-to — is increasingly unreliable. This is
precisely where a trained clinical pharmacist stops
being a "nice to have" and starts being genuinely
necessary.

What Pharmacists Actually Bring to the Table

Across the studies reviewed, the pattern is
remarkably consistent: when pharmacists are
actively involved, patients do better. The RCT by
Abdelaziz et al. (2022) found eradication success in
89% of patients who received structured pharmacist
education, compared to just 72% in those who didn't
— a difference that is hard to dismiss as marginal.
Closer to home, Srinivas et al. (2020) showed an
18% improvement in eradication success from
pharmacist counselling in an Indian tertiary care
hospital, which is particularly meaningful given how
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closely that setting mirrors ESI hospital realities.
And when it comes to NSAID-related harm, Mossad
et al. (2021) documented a 34% reduction in Gl
adverse events when pharmacists drove the
gastroprotection program.

The framework proposed in this review builds on
these findings by mapping out exactly where
pharmacists can intervene — from the moment a
prescription is written, through the treatment period,
all the way to long-term PPI review and de-
prescribing. It also extends beyond individual
patients to think about population-level
improvements, like antibiotic stewardship audits
and institutional protocol development. That
broader lens is what separates a clinical pharmacy
program from individual counselling sessions.

Why Individualization Matters More Than People
Realize

A recurring weakness in routine PUD management
is the tendency to treat every patient the same way.
This review pushes back against that quite
effectively. A patient with a prior macrolide
exposure should not receive the same first-line
regimen as someone who has never taken an
antibiotic. An elderly patient on clopidogrel needs a
very different PPI choice than a young adult with no
cardiovascular history. These distinctions are not
trivial — they directly affect treatment success and
patient safety.

The CYP2C19 interaction between certain PPIs and
clopidogrel is a good example. Omeprazole and
esomeprazole can blunt clopidogrel's antiplatelet
effect through shared metabolic pathways, yet both
are widely prescribed alongside antiplatelet therapy
without much thought. Substituting pantoprazole or
rabeprazole in these patients is a simple, evidence-
based switch that most prescribers may overlook but
a pharmacist reviewing the full medication list
would almost certainly catch.

Digital Tools: Genuinely Useful, Not Just
Fashionable

There is sometimes a tendency to talk up technology
in healthcare beyond what the evidence actually
supports. In this case though, the data are fairly
convincing. Zhu et al. (2023) found that Al-assisted
CDSS reduced inappropriate PPl prescribing by
22%, which is not a trivial number when you
consider how many patients across a busy ESI
hospital are on long-term acid suppression without a
clearly documented reason. The six-step decision
algorithm described in this review is designed to fit
into existing workflows rather than demand an
entirely new system — flagging NSAID patients
without gastroprotection, catching the PPI-
clopidogrel interaction before it causes harm,
scheduling  eradication  confirmation  tests
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automatically, and prompting de-prescribing
reviews when PPIs have been running for too long.

The WhatsApp counselling approach deserves a
moment of attention because it is genuinely clever.
Rather than designing an app that patients need to
download, learn, and keep using, this strategy meets
people where they already are. For a working-class
patient population with a basic smartphone and
limited time for follow-up visits, a pharmacist
sending structured daily reminders in their regional
language is far more likely to improve adherence
than a one-time counselling session at the dispensary
counter. The 15-25% adherence improvement
documented in LMIC settings from mHealth
interventions gives this approach real credibility.

That said, it would be dishonest to ignore the fact
that most CDSS evidence comes from Western
European or East Asian hospitals. Whether the same
results hold in Indian government hospital settings
is still an open question — one that future research
urgently needs to answer.

The Barriers Are Real, But So Are the Workarounds

The review is refreshingly honest about the
obstacles. Not having prescribing authority is a
genuine limitation for pharmacists in India, and
there is no point pretending otherwise. But the
absence of a prescription pad does not prevent a
pharmacist from flagging a dangerous drug
interaction, recommending an evidence-based
regimen to the treating physician, following up on
an unanswered eradication test, or teaching a patient
why finishing their antibiotics matters even after
they feel better. These are not trivial contributions
— they are exactly the kinds of gaps that lead to
treatment failure when nobody fills them.

High patient volumes are also a double-edged
reality. Yes, they make comprehensive one-on-one
counselling harder. But they also mean that the need
for structured, scalable pharmacist interventions is
arguably greater here than anywhere else.
Automated CDSS alerts and mHealth follow-up
protocols are particularly well-suited to high-
volume environments precisely because they do not
rely on the pharmacist being physically present for
every interaction.

Making the Impact Measurable

One of the more pragmatic contributions of this
review is the outcome metrics table in Section 8.
Targets like achieving a >90% eradication
confirmation rate, keeping ulcer recurrence below
15% at 12 months, and ensuring that all CDSS-
flagged drug interactions are reviewed within 24
hours give pharmacist-led programs something
concrete to work toward — and something tangible
to report back to hospital management. Without
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measurable  outcomes,  clinical pharmacy
interventions risk remaining invisible within
institutional frameworks, no matter how much good
they are actually doing.

What This Means for Pharm.D Students in
Particular

For a Pharm.D student rotating through a general
medicine or gastroenterology ward, this review
offers something genuinely useful: a clear picture of
where a pharmacist can step in and make a
difference that a physician or nurse simply may not
have the time or training to make. The counselling
checklist and CDSS alert templates in the annexures
are practical tools, not theoretical exercises.
Learning to use them well — to have a real
conversation with a patient about why they should
not stop their antibiotics after day five, or to flag a
PPI-clopidogrel interaction before it reaches the
prescribing stage — is the difference between being
a dispenser and being a clinician.

Taken as a whole, the evidence reviewed here makes
a compelling case. Clinical pharmacists, given the
right structure, the right tools, and institutional
backing, can meaningfully shift PUD outcomes in
settings where those outcomes currently fall well
short of what the available treatments are capable of
delivering. The frameworks proposed in this review
are not aspirational — they are actionable, and the
evidence supporting them is solid enough to justify
moving from discussion to implementation.

13. CONCLUSION:

Peptic ulcer disease, despite representing a well-
characterized clinical entity with effective and
guideline-

frameworks and practice recommendations
described in this review offer Pharm.D students and
practising clinical pharmacists a practical, evidence-
grounded roadmap for meaningful, measurable
contribution to improved peptic ulcer disease
outcomes.

Future research priorities should include prospective
interventional studies evaluating pharmacist-led
CDSS integration in Indian hospital environments,
with outcomes encompassing H. pylori eradication
rates, PPl de-prescribing success, medication
adherence, and one-year ulcer recurrence rates —
thereby generating the India-specific evidence base
that is currently both critically needed and largely
absent from the published literature.
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