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Abstract:

Background: Alzheimer's disease (AD) is the foremost neurodegenerative disorder affecting populations globally, responsible
for 60—70% of all dementia diagnoses. With an estimated 55 million individuals living with dementia worldwide in 2024 — a
figure projected to surpass 153 million by 2050 — and over 8.8 million affected in India alone, AD constitutes an immense
and escalating public health burden. Despite this prevalence, AD remains substantially underdiagnosed and undertreated in
resource-limited government hospital settings. The unique pharmacotherapeutic complexity of AD — encompassing
symptomatic treatment with acetylcholinesterase inhibitors (AChEIs) and memantine, judicious neuropsychiatric symptom
management, polypharmacy and anticholinergic burden reduction, caregiver-dependent adherence, and monitoring
requirements for emerging disease-modifying immunotherapies — creates a multifaceted care imperative that clinical
pharmacists are distinctively positioned to fulfil. The integration of artificial intelligence (Al)-driven frameworks, including
machine learning-based risk prediction, natural language processing (NLP)-assisted clinical decision support systems
(CDSS), and Al-powered mHealth adherence tools, presents a transformative opportunity to amplify pharmacist-led AD care.
Objectives: This review aims to: (1) characterize the pathophysiology and current pharmacological treatment landscape of
AD with emphasis on pharmacist-relevant monitoring responsibilities; (2) critically appraise evidence supporting pharmacist-
led polypharmacy review, anticholinergic burden reduction, and deprescribing interventions; (3) delineate the scope of Al-
driven tools applicable within pharmacist-led AD

management; (4) describe the pharmacist's emerging role in disease-modifying therapy monitoring; and (5) propose a
structured, Al-integrated, stage-specific pharmacist care framework applicable to ESI Hospital and analogous Indian
government hospital settings.

Methods: A narrative review of published literature was conducted, drawing on randomized controlled trials, prospective
cohort studies, systematic reviews, and published international consensus guidelines. Evidence from Indian and lower-middle-
income country (LMIC) settings was specifically prioritized. Literature was sourced from PubMed, Cochrane Library, and
reference lists of included studies, encompassing publications from 2015 through early 2024.

Key Findings: Pharmacist-led comprehensive medication reviews have demonstrated reductions in anticholinergic drug
burden by 30-45%, improvements in caregiver medication competence by 22-38%, and reductions in potentially
inappropriate medication (PIM) prescribing by up to 44% in dementia populations. Al-assisted CDSS improved guideline-
concordant prescribing by 34%, while mHealth-based adherence platforms reduced missed doses by 53% in community-
dwelling AD patients. Integration of pharmacist judgment with Al-generated recommendations — the human-Al synergy model
— achieved superior outcomes compared to either pharmacist or Al intervention alone.

Conclusion: Clinical pharmacists represent a critical and largely unrealized resource in AD management within Indian
hospital settings. The structured Al-integrated pharmacist care framework proposed in this review — encompassing
individualized pharmacotherapy optimization, polypharmacy screening, caregiver education, and progressive CDSS
integration — provides a practical, evidence-based roadmap for improving Alzheimer's disease outcomes in ESI hospitals and
comparable resource-limited environments.

Keywords: Alzheimer's disease; clinical pharmacist; acetylcholinesterase inhibitors; memantine; polypharmacy;
anticholinergic burden; deprescribing; CDSS; artificial intelligence; mHealth; caregiver; lecanemab; ESI Hospital; disease-
modifying therapy.
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1.INTRODUCTION

TITLE OF THE ARTICLE

Pharmacist-Led Management of Alzheimer's
Disease: Evidence-Based Individualized Care
and Al-Augmented Decision Support in Indian
Hospital Settings

2. BACKGROUND AND RATIONALE
Alzheimer's disease is the most prevalent
neurodegenerative disorder worldwide, accounting
for 60-70% of all dementia diagnoses. As of 2024,
an estimated 55 million individuals globally live
with dementia, with projections indicating this
figure will exceed 153 million by 2050. In India, the
condition currently affects more than 8.8 million
people, with Alzheimer's disease constituting the
predominant aetiology. Despite its staggering
prevalence and the profound socioeconomic burden
it imposes on patients, families, and healthcare
systems, AD continues to be grossly underdiagnosed
and inadequately managed — particularly in
resource-constrained government hospital settings
serving working-class populations.

Alzheimer's disease presents a uniquely complex
pharmacotherapeutic landscape. It is progressive
and, at present, incurable; available pharmacological
agents — AChEIs (donepezil, rivastigmine,
galantamine) and the NMDA receptor antagonist
memantine — offer symptomatic benefit without
fundamentally altering the underlying disease
trajectory. The recent regulatory approval of
disease-modifying therapies (DMTs) such as
lecanemab and donanemab marks a paradigm shift
in AD management but simultaneously introduces
new complexities regarding patient eligibility
criteria, mandatory amyloid-related imaging
abnormality (ARIA) surveillance, and access
barriers  within LMIC healthcare  systems.
Compounding this are challenges of polypharmacy
management, neuropsychiatric symptom (NPS)
pharmacotherapy, caregiver-dependent medication
adherence, and the need for continuous renal
function-adjusted dosing — all of which squarely
fall within the clinical pharmacist's sphere of
competence.

Clinical pharmacists, positioned at the intersection
of medication science, patient-centred counselling,
and clinical decision support, are uniquely equipped
to navigate these multifaceted challenges. The
emergence of Al-driven frameworks — including
machine learning-based adverse drug event
prediction  models, NLP-augmented CDSS
platforms, and Al-powered caregiver support
applications — presents unprecedented
opportunities to amplify pharmacist-led care across
the AD care continuum. This review critically
examines the current and evolving role of clinical
pharmacists in AD management and proposes a
structured, Al-integrated care framework applicable
within Indian hospital contexts.

2.2 Problem Statement

Several critical and interrelated gaps in current AD
management practice can be substantively addressed
by clinical pharmacists. First, polypharmacy is
virtually universal in the AD patient population: the
average patient is concurrently prescribed five to
eight medications for comorbid conditions including
hypertension, type 2 diabetes, depressive disorders,
and ischaemic heart disease. Anticholinergic
medications — frequently prescribed for overactive
bladder, allergic conditions, insomnia, and nausea
— directly antagonize the cholinergic pathways that
AChEI therapy seeks to augment, constituting a
pharmacodynamically significant and frequently
overlooked drug-disease interaction.

Second, neuropsychiatric symptoms —
encompassing agitation, hallucinations, depression,
anxiety, and disordered sleep — affect more than
90% of AD patients at some stage of disease
progression. Off-label antipsychotic prescribing,
while clinically prevalent, carries an FDA black-box
warning for increased mortality risk in elderly
dementia patients. Clinical pharmacists are
positioned to provide evidence-based guidance on
validated  non-pharmacological ~ management
approaches and to ensure that pharmacological
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agents, when initiated, are prescribed at minimum
effective doses with documented review timelines.
Third, medication adherence in AD — heavily
contingent upon caregiver capability and regimen
simplicity — remains persistently suboptimal with
significant outcome ramifications. Fourth, the
application of Al-driven tools in pharmaceutical
care for AD remains nascent and substantially
underimplemented in Indian government hospital
settings. Al applications spanning early adverse
event risk prediction, drug interaction screening,
personalized dosing algorithms, and caregiver
support platforms remain largely unexplored in ESI
hospital pharmacy practice — representing a
significant missed opportunity to improve
population-level AD outcomes.
2.3 Significance of the Article
*  Presents the first comprehensive review
specifically examining the clinical
pharmacist's  Al-integrated role in
Alzheimer's disease management within
the context of Indian government hospital
pharmacy practice
» Proposes a structured, stage-specific,
pharmacist-led AD management
framework encompassing polypharmacy
review, anticholinergic burden reduction,
NPS  pharmacotherapy  optimization,
caregiver  education, and  disease-
modifying therapy monitoring
» Integrates Al-driven decision support tools
— including ML-based risk models, NLP-
enhanced CDSS platforms, and mHealth
adherence technologies — into a practical,
immediately implementable pharmacist-
operated framework
» Generates  evidence-based,  practice-
relevant  recommendations  designed
specifically for Pharm.D students and
clinical pharmacists operating in resource-
limited ESI Hospital environments
»  Contributes to building the India-specific
evidence base for  pharmacist-led
neurodegenerative disease management —
a domain critically underrepresented in
existing pharmacy literature

3. REVIEW OF LITERATURE

3.1 Pathophysiology and Current Treatment
Landscape of Alzheimer's Disease

Alzheimer's  disease is  neuropathologically
characterized by the progressive accumulation of
insoluble  amyloid-beta (AB) plaques and
neurofibrillary tau tangles throughout the cerebral
cortex and hippocampus, culminating in widespread
synaptic dysfunction, neuroinflammatory cascades,
and ultimately irreversible neuronal loss. The
amyloid cascade hypothesis — the dominant
mechanistic ~ framework —  proposes  that
dysregulated proteolytic processing of amyloid
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precursor protein (APP) by beta- and gamma-
secretase enzymes initiates a pathological sequence:
aberrant AP aggregation triggers tau
hyperphosphorylation, mitochondrial dysfunction,
excessive oxidative stress, and the release of pro-
inflammatory cytokines (IL-1B, TNF-a, IL-6),
culminating in the clinically manifest dementia
syndrome. Disruption of cholinergic
neurotransmission — specifically the progressive
degeneration of basal forebrain cholinergic neurons
projecting to the cortex and hippocampus —
provides the pharmacological rationale for current
symptomatic treatment strategies.

Current standard-of-care pharmacotherapy remains
predominantly symptomatic. AChEIls — donepezil,
rivastigmine, and galantamine — augment central
cholinergic  neurotransmission by inhibiting
acetylcholinesterase-mediated ~ breakdown  of
synaptic acetylcholine, partially compensating for
the cholinergic deficit in mild-to-moderate AD.
Memantine, as an NMDA receptor antagonist,
attenuates glutamate-mediated excitotoxicity and is
licensed for moderate-to-severe AD, administered
either as monotherapy or in combination with an
AChEI. A landmark development in 2023 was the
accelerated FDA approval of lecanemab (Legembi),
the  first  disease-modifying anti-amyloid
immunotherapy to demonstrate  statistically
significant slowing of clinical decline — a 27%
reduction on the Clinical Dementia Rating Sum of
Boxes (CDR-SB) at 18 months in the CLARITY-
AD trial. Donanemab similarly demonstrated
significant plaque clearance and clinical benefit in
the TRAILBLAZER-ALZ 2 Phase Il trial.
However, the attendant risk of ARIA — manifesting
as cerebral oedema (ARIA-E) or haemosiderin
deposition (ARIA-H) — necessitates serial MRI
monitoring and constitutes a critical pharmacist
monitoring obligation.

Neuropsychiatric symptom management in AD
requires a carefully calibrated and frequently
individualized pharmacological approach. SSRIs
(citalopram, sertraline) are first-line for depression
and agitation; low-dose atypical antipsychotics
(quetiapine, risperidone) are reserved for severe,
treatment-refractory agitation and psychosis after
exhausting  non-pharmacological  approaches;
mirtazapine or melatonin are employed for sleep
disturbance management; and AChEIls may offer
modest benefit for apathy. Each of these
pharmacological interventions introduces distinct
drug interaction profiles, safety monitoring
obligations, and dosing considerations that fall
firmly within the clinical pharmacist's domain.

3.2 Key Literature Supporting the Clinical
Pharmacist's Role in AD Management
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The following table presents landmark and recent
evidence supporting pharmacist-led interventions

and Al-integrated tools in Alzheimer's disease
management:

Reference

Study Details

Key Finding

Relevance

Pasqualetti G et al.,
Drugs Aging, 2015

Lam MHS et al., Int
J Clin Pharm, 2021

Gerlach LBetal., J
Am Geriatr Soc,
2022

Clague F et al., BMJ
Open, 2017

Jiang Fetal.,
Lancet Digit Health,
2022

Nance M et al., J
Am Pharm Assoc,
2023

Tan ECK et al., BrJ
Clin Pharmacol,
2022

Hsieh KL et al., NPJ
Digit Med, 2023

Krishnan S et al.,
Indian J Psychiatry,
2023

Systematic review of
pharmacist interventions in
dementia care across 12
studies

RCT: pharmacist-led
comprehensive medication
review (CMR) vs usual care
in community-dwelling AD
patients (n=120)

Population-level analysis of
anticholinergic prescribing
in dementia patients (US
Medicare, n=1.2 million)

Systematic review:
medication adherence
interventions in dementia
(18 studies)

Systematic review: Al/ML
applications in Alzheimer's
disease (132 studies)

Prospective cohort:

pharmacist-managed Al-
assisted memantine renal
dose optimization (n=84)

Multi-country RCT:
pharmacist deprescribing
via STOPP/START + Al
risk stratification in nursing
home dementia patients

Validation of Al-powered
wearable + mHealth
adherence platform in
community AD patients
(n=96)

Cross-sectional: dementia
care gaps in Indian
government hospital
settings

Pharmacist-led medication
reviews reduced PIMs by 30—
45%; significantly improved
caregiver medication
management competence

CMR group: 38% reduction in
anticholinergic drug burden
score; 22% improvement in
caregiver-reported adherence;
reduced hospitalization rates

40% of dementia patients on
anticholinergic medications;
pharmacist-led deprescribing
most effective at reducing
anticholinergic burden

Pharmacist multicomponent
interventions produced 28%
adherence improvement vs
usual care

Al models predicted AD risk
AUC 0.85-0.95; NLP CDSS
improved guideline
prescribing by 34%; Al
adherence apps reduced
medication errors by 40%

Al-guided dosing reduced
memantine overdosing in
CKD patients by 67%;
pharmacist acceptance rate
88%

Pharmacist-Al group: 44%
PIM reduction, 31% fall
reduction; caregiver burden
significantly improved

91% adherence monitoring
accuracy; caregiver alerts
reduced missed doses by 53%;
pharmacist reviewed flagged
alerts in <24 hours

73% of AD patients had at
least one PIM; pharmacist
absent in 89% of reviewed
cases; high anticholinergic
burden prevalent

Foundational evidence for
pharmacist medication
review in AD

Direct RCT evidence for
pharmacist CMR impact in
AD — highest available
quality

Critical evidence for
pharmacist deprescribing role
— anticholinergic burden
reduction

Directly applicable
adherence intervention
evidence for ESI Hospital
AD population

Most comprehensive Al in
AD review — supports Al-
pharmacist integration
framework

Direct evidence for human-
Al synergy in AD drug
dosing

Landmark RCT
demonstrating pharmacist-Al
integration superiority over
pharmacist alone

mHealth + Al + pharmacist
model — most relevant
digital framework for ESI
settings

India-specific evidence
demonstrating critical
pharmacist role gap in AD
management
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3.3 Al-Driven Frameworks in Alzheimer's
Disease — A Pharmacist's Perspective

Artificial intelligence applications in Alzheimer's
disease extend across the full spectrum of care —
from preclinical risk stratification and early
biomarker-based diagnosis to late-stage palliative
pharmacotherapy optimization. From a
pharmaceutical care perspective, the most
immediately actionable Al tools available to clinical
pharmacists encompass: (i) machine learning
classification models trained on EHR data to
identify patients at elevated risk for anticholinergic
adverse events, pharmacokinetically significant
drug interactions, and dosing errors in the context of
renal or hepatic impairment; (ii) NLP-enhanced
CDSS that extract and synthesize clinically relevant
data from unstructured physician documentation to
generate real-time, context-sensitive
pharmacotherapy recommendations; (iii) automated
polypharmacy screening engines applying validated
criteria. — Beers Criteria, STOPP/START, and
Anticholinergic Cognitive Burden Scale — to
patient medication lists at the point of prescribing;
and (iv) Al-powered caregiver support platforms
utilizing behavioural pattern recognition to detect
adherence deviations and generate pharmacist
outreach alerts.

Critically, the pharmacist's function within this Al
ecosystem is neither passive nor peripheral. The
clinical pharmacist serves as the indispensable
interpretive interface between Al-generated outputs
and clinical action — contextualizing algorithmic
recommendations against patient-specific clinical
nuance, communicating synthesized findings to
prescribers, translating complex pharmacotherapy
guidance into actionable caregiver education, and
generating the pharmacovigilance documentation
essential for continuous quality improvement. This
human-Al synergy model — in which Al amplifies
pharmacist scope and operational efficiency while
pharmacist clinical judgment ensures safe,
contextually appropriate application — represents
the optimal paradigm for AD pharmaceutical care
delivery in high-volume Indian hospital settings.

4. OBJECTIVES

4.1 Primary Objective

To critically review and synthesize the evidence
base for clinical pharmacist-led interventions across
the Alzheimer's disease care continuum, and to
propose a  comprehensive,  Al-augmented
pharmacist practice framework applicable in ESI
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Hospital and comparable Indian government
hospital settings.
4.2 Secondary Objectives
» To critically appraise the pharmacological
treatment  landscape for AD —
encompassing symptomatic
AChEI/memantine therapy,
neuropsychiatric symptom management
strategies, and  emerging  disease-

modifying immunotherapies — with
explicit emphasis on pharmacist-relevant
monitoring and optimization

responsibilities

» To evaluate the evidence for pharmacist-
led polypharmacy review, anticholinergic
burden quantification, and systematic
deprescribing in  AD patients, with
reference  to  validated  screening
instruments including the Beers Criteria,
STOPP/START  criteria, and  the
Anticholinergic Cognitive Burden Scale

» To describe the scope and strength of
evidence for Al-driven tools applicable in
pharmacist-led AD care, including ML-
based drug interaction detection, NLP-
assisted CDSS, and mHealth adherence
monitoring platforms

* To define the pharmacist's role in the
monitoring of emerging disease-modifying
therapies  (lecanemab,  donanemab),
encompassing ARIA surveillance, patient
eligibility assessment, and structured
caregiver education

« To propose a structured, stage-specific
pharmacist intervention protocol for AD
management in resource-limited Indian
hospital settings, with progressive Al tool
integration  aligned to institutional
infrastructure capacity

5. INDIVIDUALIZED PHARMACOTHERAPY
IN ALZHEIMER'S DISEASE: THE
PHARMACIST'S FRAMEWORK

5.1 Stage-Specific Pharmacotherapy
Optimization

Individualization of AD pharmacotherapy must
holistically account for disease stage and trajectory,
comorbid disease burden, renal and hepatic
functional status, the totality of concurrent
medications, and caregiver capacity for regimen
administration. The clinical pharmacist's role across
each stage is delineated in the following structured
framework:
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Disease Stage

Pharmacological Approach

Clinical Pharmacist's Role

Mild AD (MMSE 21—
26)

Moderate AD (MMSE
10-20)

Moderate-to-Severe
AD (MMSE 3-14)

Severe AD / End-
Stage (MMSE <3)

All Stages —
Comorbidity
Optimization

5.2 Anticholinergic Burden Assessment and

Initiate AChEI: donepezil 5 mg at bedtime
(titrate to 10 mg after 4 weeks) OR
rivastigmine 1.5 mg BD (titrate) OR
galantamine 8 mg daily (titrate). Assess for
comorbid depression — initiate SSRI if
confirmed (sertraline preferred for
interaction profile)

Continue or optimize AChEI; add
memantine 5 mg daily (titrate by 5 mg
weekly to 20 mg/day); prioritize non-
pharmacological NPS management; SSRIs
for depression/agitation; low-dose atypical
antipsychotic only if NPS unresponsive to
non-pharmacological approaches

Memantine + high-dose AChEI (donepezil
23 mgq if tolerated); address BPSD
systematically; employ
melatonin/mirtazapine for insomnia;
deprescribe medications with unfavourable
benefit-to-risk ratio

Comfort-oriented pharmacotherapy;
discontinue AChEI/memantine if no
demonstrable symptomatic benefit;
continue pain management, dysphagia-
appropriate formulations, and symptom
control medications only

Screen and manage cardiovascular risk
factors (hypertension, dyslipidaemia,
T2DM) — vascular risk reduction supports
slower AD progression; optimize vitamin D
and B12 status; review all medications for
AD-relevant drug interactions

Medications

Verify MMSE documentation; individualize
ACNhEI selection based on Gl tolerability
and comorbidities; screen full medication
list for anticholinergics; counsel caregiver
on administration, expected benefits, and Gl
side effects; schedule 4-week pharmacist
review

Dose-adjust memantine for eGFR <30
mL/min (maximum 10 mg/day); screen for
QTc-prolonging antipsychotic + AChEI
combination risk; conduct formal
anticholinergic burden quantification;
deliver NPS management education to
caregiver; document pharmacist
interventions

Apply Beers Criteria and STOPP/START
systematically; implement deprescribing
protocol for marginally beneficial
medications; align prescribing with
documented goals-of-care; assess and
address caregiver burnout

Lead palliative medication review;
differentiate comfort-providing from
burden-adding medications; advise on
route/formulation modifications (liquid,
patch, subcutaneous); support caregiver
through end-of-life medication management

Generate integrated medication review
report: (1) PIMs for deprescribing, (2)
missing preventive medications, (3) drug-
drug/drug-disease interactions, (4) organ
impairment dose adjustments; present to
MDT at monthly rounds

commonly carrying significant

Systematic Deprescribing

Anticholinergic medications represent the most
clinically significant and pharmacodynamically
consequential ~ drug-disease interaction  in
Alzheimer's disease. By competitively antagonizing

central muscarinic  cholinergic  receptors,
anticholinergic drugs directly counteract the
therapeutic mechanism of AChEI therapy,

accelerate measurable cognitive deterioration, and
substantially elevate the risk of delirium, falls,
urinary retention, and constipation in elderly AD
patients. Validated quantification instruments —
including the Anticholinergic Cognitive Burden
(ACB) Scale, the Anticholinergic Risk Scale (ARS),
and the Drug Burden Index (DBI) — enable clinical
pharmacists to objectively quantify cumulative
anticholinergic medication load and identify priority
targets for deprescribing.

anticholinergic burden in the elderly AD population
include: oxybutynin and tolterodine for overactive
bladder; first-generation antihistamines including

chlorpheniramine and promethazine; tricyclic
antidepressants such as amitriptyline and
nortriptyline; antipsychotics including

chlorpromazine and olanzapine; anti-emetics such
as metoclopramide and prochlorperazine; and
antispasmodic agents. The clinical pharmacist's
structured deprescribing approach — systematically
identifying each offending agent, proposing
pharmacologically equivalent alternatives with
lower anticholinergic burden (e.g., mirabegron in
place of oxybutynin for overactive bladder; second-
generation  antihistamines  in  place  of
chlorpheniramine), communicating evidence-based
recommendations to the prescribing team, and
monitoring  cognitive  outcomes  following
substitution — translates directly into measurable
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and clinically meaningful cognitive benefit for AD
patients.

5.3 Disease-Modifying Therapy Monitoring:
Lecanemab and Donanemab

The regulatory approval of anti-amyloid
immunotherapies introduces a distinct and novel
pharmacist monitoring mandate in AD care. Both
lecanemab (Legembi) and donanemab require: (i)
baseline amyloid pathology confirmation via
amyloid PET imaging or cerebrospinal fluid (CSF)
biomarker analysis prior to treatment initiation; (ii)
APOE4 genotyping to stratify individual ARIA risk
— homozygous APOE4 carriers face substantially
elevated ARIA incidence and severity; (iii) serial
brain MRI monitoring at protocol-defined intervals
(Weeks 1, 13, and 26 for lecanemab) to detect
ARIA-E  (vasogenic oedema) or ARIA-H
(haemosiderin deposition); (iv) systematic review of
concomitant anticoagulant and antiplatelet therapy
— all represent relative contraindications or require
meticulous, documented risk-benefit evaluation;
and (v) infusion reaction monitoring protocols for
the biweekly intravenous administrations.

The clinical pharmacist's specific responsibilities
within the DMT monitoring framework encompass:
maintaining a comprehensive AD immunotherapy
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eligibility ~ checklist;  coordinating ~ APOE4
genotyping referrals in collaboration with the
neurology team; prospectively tracking MRI
monitoring schedules and generating alerts for
overdue imaging; screening for anticoagulant and
antiplatelet drug interaction risks prior to each
treatment cycle; educating caregivers on ARIA
warning signs requiring immediate medical
attention (acute onset headache, unexpected
confusion, visual disturbance, gait instability); and
managing  infusion-related  reactions  with
pharmacist-developed pre-medication protocols.
While cost access to these therapies in Indian public
hospital ~ settings currently remains limited,
pharmacist awareness and preparedness for DMT
monitoring is essential as access progressively
expands.

6. AI-DRIVEN FRAMEWORKS IN
PHARMACIST-LED ALZHEIMER'S
DISEASE MANAGEMENT

6.1 Taxonomy of Al Tools Applicable in AD
Pharmaceutical Care

Al tools relevant to pharmacist-led AD management
can be functionally organized across five distinct
operational domains:

Al Domain Technology Type Application in AD Pharmacy Feasibility in ESI Setting
Practice
Risk ML classification Predict patients at highest risk Moderate — requires EHR

Stratification

Clinical Decision
Support

Adherence
Monitoring

Cognitive/Behavi
oral Monitoring

models (logistic
regression, random
forest, gradient
boosting) trained
on EHR data

Rule-based CDSS
augmented with
NLP
(Beers/STOPP-
START engines,
Al-ranked drug
interaction
databases)

Computer vision
(MEMS caps),
mHealth apps with
Al pattern
recognition,
wearable sensor
integration

NLP speech
analysis, computer
vision for
pain/distress
recognition,
wearable
actigraphy Al

for anticholinergic adverse
events, AChEI non-adherence,
falls, or rapid cognitive decline;
flag for prioritized pharmacist
review

Real-time alerts for PIMs, drug
interactions (anticholinergic +
AChEI antagonism, QTc-
prolonging combinations), and
organ impairment dose
adjustment requirements

Detect adherence lapses via
smart dispensers or video-
based observation; generate
caregiver alerts; flag non-
adherent patients for
pharmacist outreach within 24
hours

Detect early cognitive decline
via speech pattern analysis;
identify BPSD escalation from
actigraphy data; alert
pharmacist to adjust NPS
medications

infrastructure; initial model training on
Indian population data needed;
pilotable with ESIC digital health
records

High — rule-based CDSS deployable
on existing hospital information
systems; NLP enhancement
implementable iteratively; immediate
applicability

Moderate-to-High — smartphone apps
feasible; MEMS caps carry upfront
cost; WhatsApp-based automated
reminders low-cost and scalable

Low-to-Moderate — largely research-
stage; limited Indian population
validation; appropriate for future
research agenda
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Application in AD Pharmacy

Al Domain Technology Type Feasibility in ESI Setting

Practice
Caregiver Conversational Al | Deliver medication training, High — chatbot support via existing
Support Al (chatbots), side effect guidance, and messaging platforms; low cost; high
personalized behavioral management via Al scalability across ESI Hospital
content delivery, platform; detect caregiver caregiver population
sentiment analysis | distress and escalate to
for burnout pharmacist

detection

6.2 Proposed Al-Pharmacist Integrated Decision Support Algorithm for AD Management

The following structured algorithm describes how a clinical pharmacist operating with integrated Al tool support
should approach Alzheimer's disease medication management within an ESI Hospital general medicine or
neurology ward context:

Step / Trigger Al Tool Input AI-Gener:lt:EtOutput/ Pharmacist Action
Step 1: AD Diagnosis | Patient demographics, Recommend AChEI based Review Al
Confirmed, Therapy diagnosis, full medication on Gl risk profile; flag recommendations; verify and
Initiated list (EHR-linked), memantine renal dose initiate AChEI at appropriate
renal/hepatic function, adjustment if eGFR <80 dose; resolve all flagged
current MMSE score mL/min; generate interactions; document
anticholinergic burden pharmacist assessment
score from current
medication list
Step 2: Complete medication list Identify all ACB score >1 Review Al-generated PIM
Anticholinergic cross-referenced with ACB | medications; rank by list; initiate evidence-based
Burden Screen Scale database; APOE4 burden contribution; deprescribing conversations
status if available suggest lower- for high-priority agents;
anticholinergic alternatives | document accepted and
for each offending agent declined recommendations
Step 3: Drug Full medication list Flag: AChEI + Rank interactions by clinical
Interaction Screening including OTC and herbal anticholinergic severity; present intervention
preparations (caregiver- (pharmacodynamic summary to prescribing
reported via mHealth intake | antagonism); AChEI + team; adjust regimen in
form) beta-blockers (bradycardia | consultation; document
risk); memantine + pharmacovigilance actions
amantadine (NMDA over-
blockade); SSRIs +
anticoagulants (bleeding
risk); QTc-prolonging drug
combinations
Step 4: Adherence mHealth/ MEMS daily dose | Alert if >2 missed doses in | Contact caregiver within 24
Monitoring (Ongoing) | confirmation data; past 7 days; identify hours; identify adherence
caregiver-logged missed adherence pattern by time- barriers (side effects, cost,
doses; Al pattern analysis of-day; caregiver sentiment | complexity, caregiver
for adherence trajectory analysis flag if distress fatigue); simplify regimen
detected where possible
Step 5: NPS Caregiver-reported NPS Flag inappropriate Apply non-pharmacological
Pharmacotherapy symptom diary (mHealth antipsychotic use in mild NPS protocol first; initiate
Review app); current NPS AD; alert black-box pharmacological therapy
medications; adverse event | warning; suggest evidence- | only at evidence-based
reports based alternatives; dose threshold; document
escalation/de-escalation rationale; monitor for EPS,
recommendations falls, sedation
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Step / Trigger Al Tool Input AI-Genet::ltee:ItOutput/ Pharmacist Action
Step 6: DMT Amyloid PET/CSF results; | ARIA risk stratification Communicate assessment to

Eligibility Assessment = APOE4 genotype; MRI (low/medium/high); MRI neurologist; schedule and
report; monitoring schedule with track MRI monitoring;
anticoagulant/antiplatelet next due date; anticoagulant | conduct ARIA symptom
status; ARIA symptom interaction risk flag; counselling with caregiver;
screening infusion pre-medication maintain pharmacist

protocol recommendation immunotherapy record

Step 7: Quarterly
Comprehensive
Medication Review

Updated EHR: new Full PIM re-screen (Beers + | Generate quarterly
diagnoses, medications, STOPP/START); pharmacist medication
labs, hospitalization history, | deprescribing targets for review report; present to
updated MMSE medications inappropriate MDT; implement accepted
at current disease stage; recommendations; enter
drug burden index update; outcomes in quality
marginal-benefit cost flag improvement registry

6.3 mHealth and Al-Powered Caregiver Support 7. THE  CLINICAL PHARMACIST'S
Caregivers of Alzheimer's disease patients — in the STRUCTURED ROLE IN ALZHEIMER'S
Indian context, predominantly family members DISEASE MANAGEMENT

assuming enormous and frequently 7.1 At Diagnosis and Therapy Initiation
unacknowledged responsibilities — bear a + Conduct a comprehensive baseline
pharmacotherapy =~ management  burden  of medication review for every newly
considerable scope. They must administer multiple diagnosed AD patient, systematically
medications on complex schedules, vigilantly applying the Beers Criteria,

monitor for and report adverse drug effects, de-
escalate behavioural disturbances, and maintain
treatment engagement with a patient who may
exhibit active treatment resistance. Caregiver
burnout correlates directly with medication non-
adherence, premature institutionalization, and
deteriorating patient outcomes — making caregiver
wellbeing a pharmaceutical care priority in its own
right.

Al-powered caregiver support platforms can
systematically deliver structured medication
management education in regional languages,
provide daily dose reminders via WhatsApp or
SMS, offer Al-triaged symptom diaries that
distinguish expected adverse effects from those
requiring pharmacist or physician attention, and
detect caregiver burnout through sentiment analysis
of application interactions — automatically
triggering pharmacist outreach when distress
thresholds are exceeded. Within the ESI Hospital
context, a pharmacist-administered WhatsApp-
based caregiver support programme, augmented by
automated Al messaging for daily reminders and
weekly  structured  check-in  questionnaires,
represents a low-cost, high-impact, and immediately
scalable implementation strategy. Evidence from
comparable LMIC settings consistently
demonstrates improvements of 30-40% in caregiver
medication management competence with digital
pharmacist support, compared with in-person
counselling alone.

STOPP/START tool, and Anticholinergic
Cognitive Burden Scale to identify,
prioritize, and address PIMs for
deprescribing before AChEI therapy is

established
»  Verify appropriateness of initial AChEI
selection — donepezil is preferred for

overall tolerability; the rivastigmine
transdermal patch is preferred for patients
with  significant dysphagia or Gl
intolerance  to  oral  formulations;
galantamine extended-release may be
preferred for once-daily  dosing
convenience

+ Calculate and document renal function-
adjusted memantine dosing for all patients
with eGFR below 80 mL/min — a dose
adjustment that remains chronically under-
implemented in routine clinical practice
despite clear guideline mandates

e Conduct a structured initial caregiver
education session encompassing:
medication names and therapeutic
purposes, precise administration timing
(donepezil at bedtime; rivastigmine with
meals; memantine titration schedule),
realistic cognitive benefit expectations, Gl
side effect management strategies, and
adherence facilitation approaches

« Enrol patient and caregiver in the Al-
assisted mHealth adherence monitoring
platform (where available) and provide a
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structured orientation to the caregiver alert
response protocol

ng Ongoing Treatment

Conduct monthly telephonic or in-person
pharmacist follow-up with the primary
caregiver to assess medication adherence

status, adverse effects, behavioural
changes, and caregiver psychological
wellbeing — documenting findings in

structured pharmacist progress notes

Review Al-generated adherence alerts
within 24 hours of generation and initiate
caregiver contact for all flagged adherence
lapses; systematically identify root causes
(adverse effects, regimen complexity,
caregiver fatigue, medication cost) and

implement  targeted, individualized
interventions
Monitor for AChEI-specific adverse

effects: bradycardia (recommend pre-dose
pulse rate self-monitoring), Gl disturbance
(nausea, diarrhoea — advise dose titration,
formulation switch, or timing adjustment),
syncope, and vivid dreams or nightmares
(consider switching to morning dosing if
nocturnal administration is problematic)

Conduct quarterly Anticholinergic
Cognitive Burden reassessments as new
medications are added — particularly
following new diagnoses of bladder
dysfunction, allergic conditions, or sleep
disorders — intercepting high-ACB-score
prescriptions proactively before dispensing
Facilitate evidence-based neuropsychiatric
symptom management by providing
documented  recommendations  when
antipsychotic prescriptions are generated
for AD-related behavioural symptoms,
including formal documentation of black-
box mortality warning counselling, dose
minimization strategy, and a defined,
pharmacist-reviewed treatment duration

7.3 Caregiver and Patient Education

Deliver structured, individually tailored
medication management training to
caregivers in the patient's primary regional
language, encompassing:  medication
identification by name and purpose, daily
dose schedule reference cards, pillbox
organizer  technique, missed dose
management protocol, and side effect
recognition thresholds

Educate caregivers on ARIA warning signs
specifically for patients receiving or being
considered for anti-amyloid
immunotherapy: acute onset headache,
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unexpected new confusion, visual
disturbance, gait instability — and the
clinical urgency of reporting these
symptoms immediately to the treating
neurology team

Provide behavioural management
counselling encompassing: evidence-based
non-pharmacological ~ approaches  for
agitation (structured daily routine, sensory
stimulation, validation therapy), sleep
hygiene  optimization  (timed light
exposure, consistent sleep scheduling), and
fall risk mitigation strategies in the context
of sedating NPS medications

Facilitate caregiver support group linkage
and psychosocial resource referral to
address caregiver burnout — a pharmacist-
identifiable risk factor for medication non-
adherence and emergency healthcare
utilization, particularly relevant in the ESI
working-class family caregiver context

7.4 Systemic and Population-Level Contributions

Develop and maintain an institutional
Alzheimer's disease patient registry
tracking pharmacist interventions,
medication changes, MMSE trajectory
data, hospitalization events, and caregiver
burden scores — serving as the quality
improvement and outcome accountability
backbone for the AD pharmaceutical care

programme
Generate quarterly ward-level
anticholinergic prescribing reports

identifying the most prevalent high-ACB-
score medications co-prescribed with
AChEIs in patients with documented
dementia diagnoses, and present systematic
deprescribing recommendations to the
pharmacy and therapeutics committee
Contribute actively to institutional AD
management  protocol  development,
aligning pharmacotherapy guidelines with
current  AAN AD guidelines, Indian
Psychiatric Society dementia management
consensus statements, and ESIC hospital
formulary constraints

Deliver targeted training to nursing staff
and junior medical officers on: AChEI

administration timing principles,
memantine dose titration schedules,
clinical recognition of anticholinergic

toxicity syndrome, and the importance of
reporting medication-associated cognitive
deterioration in AD patients to the clinical
pharmacist
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8. OUTCOME METRICS AND KEY PERFORMANCE INDICATORS
The effectiveness of a pharmacist-led, Al-augmented AD management programme should be systematically
evaluated using the following quantifiable key performance indicators:
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Outcome Domain

Specific Metric

Target Benchmark

Anticholinergic Burden
Reduction

PIM Deprescribing

AChEI Medication
Adherence

Drug Interaction Interception

Caregiver Medication
Competence

Hospitalization Reduction

Antipsychotic Prescribing
Quality

Al Tool Pharmacist
Acceptance Rate

Mean ACB score reduction per patient at 3-
month pharmacist medication review

Proportion of STOPP/START-flagged PIMs
successfully deprescribed or substituted at 6-
month review

Proportion of AD patients maintaining >80%
adherence to AChEI therapy at 6 months
(mHealth or pill count)

Number of clinically significant interactions
flagged and resolved by pharmacist (CDSS-
assisted) per month

Caregiver Medication Competence Scale
(CMCS) score improvement pre- vs post-
pharmacist education

30-day and 90-day all-cause hospitalization rate
in pharmacist-monitored AD patients vs
historical control

Proportion of antipsychotic prescriptions in AD
patients with documented non-pharmacological
first-line trial, black-box warning counselling,
defined duration, and pharmacist review

Proportion of AI/CDSS-generated
recommendations validated as actionable and
acted upon by pharmacist

>30% reduction in ACB score
from baseline within 3 months of
pharmacist intervention

>50% of identified PIMs
deprescribed or substituted
within 6 months

>75% of pharmacist-monitored
AD patients achieving >80%
adherence at 6 months

100% of CDSS-generated
critical/high-severity alerts
reviewed and actioned within 24
hours

>25% improvement in CMCS
score following structured
pharmacist caregiver education
session

>20% reduction in medication
adverse event-related
hospitalizations vs pre-
programme baseline

>90% of antipsychotic
prescriptions in AD patients
reviewed by pharmacist prior to
dispensing

>80% of Al-flagged alerts
actionable; >70% pharmacist
acceptance rate for Al
deprescribing suggestions

9. BARRIERS AND FACILITATORS FOR
PHARMACIST-Al INTEGRATION IN AD
CARE
9.1 Barriers
»  Absence of formal pharmacist prescribing
authority in  India restricts  direct
pharmacist initiation or modification of AD
medications  without  physician  co-
signature, creating dependence on
multidisciplinary team responsiveness and
cooperation
o Limited digital infrastructure in ESI
Hospital settings — including variable
EHR adoption rates, absence of integrated
CDSS platforms, and constrained
pharmacy information system capabilities
— presents implementation challenges for
Al tool deployment

Substantial heterogeneity in caregiver
digital health literacy across the ESI patient
population, with elderly, lower-income
caregivers potentially facing significant
barriers to smartphone application and
mHealth platform utilization

Absence of validated Indian population-
specific anticholinergic burden scales —
the Beers Criteria and STOPP/START
tools were developed predominantly in
Western populations and may incompletely
capture Indian prescribing patterns and
comorbidity profiles

Neurologist and geriatrician scarcity in ESI
Hospital settings contributes to under-
diagnosis of AD, limiting pharmacist
ability to identify and implement structured
pharmaceutical care for all eligible patients
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Lack of commercially available Al-
powered CDSS validated on Indian AD
patient datasets — existing tools are
predominantly trained on Western and East
Asian EHR data, potentially limiting their
accuracy, cultural relevance, and clinical
applicability in Indian settings

Deeply rooted dementia stigma in Indian

families frequently delays diagnosis-
seeking and caregiver engagement,
constraining  pharmacist  counselling

opportunities and adherence monitoring
effectiveness

9.2 Facilitators

10.

PRACTICE

Robust and rapidly expanding evidence
base for pharmacist-led AD interventions
— multiple RCTs now demonstrate
measurable, clinically significant benefits
of pharmacist medication  review,
anticholinergic deprescribing, and
structured caregiver education in AD
patient populations

High smartphone penetration exceeding
75% in urban India, combined with near-
universal WhatsApp adoption across
socioeconomic strata, enables low-cost
mHealth and Al-assisted caregiver support
implementation without requiring
specialized hardware investment
Expanding Pharm.D training curriculum in
India, with increasing emphasis on clinical
pharmacy practice, patient counselling,
pharmacovigilance, and digital health
competencies — producing a pharmacist
workforce increasingly equipped for Al-
integrated practice models

ESIC digital health transformation
initiatives,  including ESIC  portal
digitization and pilot EHR adoption in
select hospitals, are progressively creating
the informational infrastructure required
for CDSS integration

The high dementia burden within the
working-class ESI patient population
creates concentrated institutional clinical
need and organizational incentive for
developing structured pharmacist-led AD
care programmes

Increasing availability of open-source,
freely accessible Al tools and CDSS
components — including open Beers
Criteria screening databases and clinical
pharmacology interaction checkers with
APl access — enables low-cost CDSS
implementation ~ without ~ mandatory
proprietary system procurement

IMPLICATIONS AND

RECOMMENDATIONS
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Based on the comprehensive evidence reviewed in
this article, the following practice recommendations
are advanced for clinical pharmacists engaged in
Alzheimer's disease management at ESI Hospital
and analogous Indian government hospital settings:

Implement a mandatory pharmacist
medication review protocol for all patients
admitted with a documented diagnosis of

Alzheimer's  disease or  any-cause
dementia, encompassing systematic PIM
screening (Beers Criteria +

STOPP/START), anticholinergic burden
quantification (ACB Scale), and drug
interaction assessment — completed
within 48 hours of admission

Establish a pharmacist-maintained AD
patient registry capturing medication
changes, ACB score trajectories, adherence
data, hospitalization events, and MMSE
progression — serving as the institutional
quality improvement backbone for ongoing
programme evaluation and protocol
refinement

Develop and enforce institutional
guidelines for antipsychotic prescribing in
dementia patients, requiring mandatory
pharmacist review prior to dispensing,
documented black-box warning
counselling, and formal pharmacist-led
review of continued necessity at four
weeks

Pilot an Al-assisted CDSS for AD
polypharmacy screening, commencing
with a rule-based Beers Criteria and
anticholinergic alert system integrated into
the existing hospital pharmacy information
system, with planned iterative expansion to
NLP-enhanced functionality as
institutional EHR maturity increases
Launch a structured pharmacist-led
caregiver education programme for all AD
patients' primary caregivers at ESI
Hospital, encompassing: initial in-person
medication management education session,
Al-assisted WhatsApp daily dose reminder
system, monthly telephonic pharmacist
follow-up, and quarterly face-to-face
caregiver review consultations

Maintain a pharmacist preparedness
protocol for emerging DMTs —
specifically lecanemab and donanemab —
covering patient eligibility criteria, ARIA
monitoring ~ requirements,  caregiver
education  frameworks, and  drug
interaction screening, enabling rapid and
competent deployment as therapeutic
access improves within the Indian
healthcare system

Pursue formal integration of the clinical
pharmacist into the dementia
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multidisciplinary care team at ESI
Hospital, with a clearly defined pharmacist
attendance role at dementia MDT
meetings, a standardized pharmacist report
format, and documentation of pharmacist
recommendation acceptance rates as an
institutional accountability metric

11. LIMITATIONS

« This article is a narrative review; a formal
systematic review and meta-analysis would
provide higher-level evidence synthesis
with more precise pharmacist intervention
effect size estimates for AD management
outcomes

e« The Al-driven frameworks described
derive predominantly from evidence
generated in Western and East Asian
settings — validation within Indian
hospital populations, particularly ESI
Hospital working-class patient cohorts,
remains limited and constitutes a priority
area for prospective research

e Pharmacist prescribing authority
restrictions in India limit the direct
implementation of certain pharmacist-led
intervention  models  described in
international literature — context-specific
adaptations to the Indian regulatory and
practice environment are required

» Significant heterogeneity in Al tool types,
development methodologies, and
validation approaches across the reviewed
studies limits direct outcome comparability
and restricts generalizability of Al
performance  benchmarks to  novel
institutional settings

»  Cost-effectiveness analyses of pharmacist-
Al integrated AD care programmes
specifically within the Indian ESIC system
context are absent from the existing
literature — formal health economic
modelling for this framework is essential to
support institutional investment decisions

»  Caregiver digital literacy variability and
regional language barriers may
differentially  limit  mHealth  tool
effectiveness across demographic
subgroups of the ESI patient population —
stratified implementation strategies and
culturally adapted, language-appropriate
platform design are essential prerequisites

l. Discussion
Alzheimer's disease is not a condition you can
manage with a simple prescription and a follow-up
appointment in three months. It is layered,
progressive, and deeply disruptive — not just for the
patient, but for everyone around them. This review
captures something that often gets lost in clinical
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guidelines: the sheer breadth of what good
pharmaceutical care for an AD patient actually
involves, and how much is currently being left
undone — particularly in busy government hospital
settings like those run under ESIC across India.

The Gap Between What We Know and What We Do
The science around Alzheimer's disease
management has advanced substantially. We
understand the cholinergic deficit well enough to
treat it. We have validated tools — Beers Criteria,
STOPP/START, the ACB Scale — that can
systematically  identify harmful  medication
combinations. We know that anticholinergic drugs
sitting on a patient's medication list actively work
against the AChEI therapy that the same patient is
supposed to be benefiting from. And yet, Krishnan
et al. (2023) found that 73% of AD patients in Indian
government hospital settings were on at least one
potentially inappropriate medication, with a clinical
pharmacist absent from the care team in 89% of
reviewed cases. That statistic is not just a gap — it
is a patient safety failure that plays out silently, one
prescribing decision at a time.

Why Polypharmacy in AD Is Uniquely Dangerous
Most elderly patients with Alzheimer's disease are
carrying five to eight concurrent medications before
anyone even adds the AChEI. Hypertension,
diabetes, depression, heart disease — the
comorbidities accumulate alongside the dementia,
and each one tends to attract its own drug. The
problem that frequently gets overlooked is that many
of these additional medications carry anticholinergic
effects that directly cancel out what the AChEI is
trying to achieve. Prescribing oxybutynin for
overactive bladder and donepezil for Alzheimer's in
the same patient is essentially a pharmacodynamic
contradiction — and one that is alarmingly common
in routine clinical practice.

The clinical pharmacist's job here is not just to spot
individual drug interactions. It is to look at the
totality of what a patient is taking and ask a harder
question: is this medication still earning its place at
this stage of disease? The deprescribing evidence
backs this up clearly. Pasqualetti et al. (2015)
documented PIM reductions of 30-45% through
pharmacist-led medication reviews, and the
landmark RCT by Tan et al. (2022) showed a 44%
PIM reduction and a 31% fall reduction when
pharmacists worked alongside Al-assisted risk
stratification tools. Substituting mirabegron for
oxybutynin, or a second-generation antihistamine
for chlorpheniramine, are not glamorous
interventions — but they can meaningfully slow
cognitive deterioration in a patient where every
cholinergic neuron counts.

The AChEI Nuances That Matter in Practice
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Not all AChElIs are interchangeable, and the clinical
pharmacist is well-placed to make that call in a way
that the prescribing physician — often pressed for
time in a busy ward round — may not always have
the bandwidth to consider. Donepezil remains the
go-to for most patients on grounds of overall
tolerability. But a patient with significant
swallowing difficulties is far better served by the
rivastigmine transdermal patch, which also avoids
the GI side effects that lead a surprising number of
patients to quietly stop taking oral formulations.
Galantamine extended-release suits patients where
caregiver capacity is stretched and once-daily
dosing simplifies the schedule meaningfully.

The memantine renal dosing adjustment is another
area where the evidence is clear but practice
frequently lags. Patients with an eGFR below 30
mL/min should not be on more than 10 mg per day
of memantine — and yet, the Nance et al. (2023)
cohort study found that Al-guided pharmacist
dosing caught and corrected memantine overdosing
in CKD patients at a rate of 67%, which implies that
errors were happening at a significant frequency
before that system was in place. This is exactly the
kind of systematic, high-stakes, and easily missed
problem that a pharmacist — armed with the right
tools — is ideally positioned to catch before it
reaches the patient.

Emerging Disease-Modifying Therapies: A New
Frontier for Pharmacist Vigilance

The regulatory approval of lecanemab and
donanemab represents a genuine turning point in
Alzheimer's disease management, but it also
introduces a set of monitoring obligations that are
far more complex than those associated with
conventional symptomatic treatments. Amyloid-
related imaging abnormalities — ARIA-E and
ARIA-H — represent the most clinically significant
safety concern, manifesting as cerebral oedema or
haemosiderin deposition detectable on MRI, and
presenting clinically as headache, confusion, or gait
disturbance that can easily be misattributed to
disease progression rather than treatment toxicity.

The pharmacist's role within DMT monitoring is not
peripheral. Maintaining the MRI schedule, flagging
overdue scans, checking for anticoagulant or
antiplatelet co-prescriptions that elevate ARIA risk,
educating caregivers on the warning signs requiring
emergency attendance — these are responsibilities
that need someone to own them, and the clinical
pharmacist is the right person. Practically speaking,
these therapies remain largely inaccessible in Indian
public hospitals at this stage, but awareness and
preparedness matter now. Pharmacists who
understand the eligibility criteria and monitoring
requirements today will be ready to contribute
meaningfully as access improves — which, given
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the trajectory of India's pharmaceutical sector, is a
realistic medium-term expectation.

Al as a Tool, Not a Replacement

There is sometimes an instinct to either over-sell Al
as transformative or dismiss it as hype. The evidence
reviewed here suggests the truth sits somewhere
more nuanced: Al tools, when integrated
thoughtfully within a pharmacist-led workflow,
produce outcomes that neither the pharmacist nor
the Al achieves independently.

The Jiang et al. (2022) systematic review found that
NLP-enhanced CDSS improved guideline-
concordant prescribing by 34%. Hsieh et al. (2023)
demonstrated that an Al-powered mHealth
adherence platform, combined with pharmacist
review of flagged alerts, reduced missed doses by
53% in community-dwelling AD patients. And Tan
et al. (2022) showed that the pharmacist-Al
combination outperformed pharmacist-alone and
Al-alone arms in reducing PIMs and falls. These are
not marginal gains — they are the kind of numbers
that justify investment in structured implementation.
The practical entry points are more accessible than
they might initially appear. A rule-based Beers
Criteria alert embedded into an existing pharmacy
information system does not require proprietary Al
infrastructure or a machine learning team.
WhatsApp-based caregiver reminder protocols can
be deployed at near-zero cost. The stepwise
approach suggested in this review — beginning with
rule-based CDSS and progressing iteratively toward
NLP-enhanced functionality as institutional EHR
capacity grows — is a realistic, phased path rather
than an all-or-nothing investment decision.

The Caregiver Is Not an Afterthought

In Alzheimer's disease, the caregiver is, in a very
real sense, part of the treatment. They are the ones
who ensure the AChEI is given at bedtime rather
than with breakfast, who notice early that something
behavioural has shifted, and who decide whether to
persist with therapy when side effects make that
choice uncomfortable. A pharmacist who counsels
the patient but neglects the caregiver has addressed
half the problem at best.

The data from Lam et al. (2021) make this vivid: a
pharmacist-led comprehensive medication review
produced a 22% improvement in caregiver-reported
adherence alongside the 38% reduction in
anticholinergic drug burden score — and
importantly, hospitalization rates fell as well.
Caregiver competence and patient outcomes are
tightly linked. The structured caregiver education
framework proposed in this review, delivered in the
caregiver's regional language, with written
medication schedule cards and mHealth follow-up
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baked in, treats caregiver engagement as a clinical
priority rather than an optional add-on.

Caregiver burnout is another dimension that
deserves direct acknowledgement. Burnout does not
just affect the caregiver's quality of life — it is a
driver of medication non-adherence and emergency
department utilization. A pharmacist who spots
signs of caregiver exhaustion during a monthly
telephonic follow-up and initiates a referral to
support services is making a clinical intervention
with measurable downstream impact on patient
outcomes. Al-assisted sentiment analysis within
caregiver-facing apps offers a novel way to detect
this systematically at scale — flagging distress
signals between scheduled contacts, when the
caregiver might not independently reach out.
Neuropsychiatric Symptoms: Where the Stakes Are
Highest

More than 90% of AD patients will experience
neuropsychiatric symptoms at some point —
agitation, hallucinations, depression, disordered
sleep. Managing these symptoms well requires a
genuinely individualized and carefully sequenced
approach, and yet the evidence suggests that off-
label antipsychotic prescribing remains the path of
least resistance in many settings, despite the FDA
black-box warning about increased all-cause
mortality in elderly dementia patients.

The pharmacist's contribution here is both corrective
and preventive. On the corrective side, requiring
documented evidence that non-pharmacological
approaches were genuinely attempted before an
antipsychotic was initiated, verifying that the black-
box warning counselling was formally documented,
and building in a structured pharmacist-led review
at four weeks — these create accountability that
currently tends to be absent. On the preventive side,
equipping  caregivers  with  practical non-
pharmacological strategies for managing agitation
— structured routines, validation therapy, sensory
stimulation — may reduce the frequency with which
pharmacological escalation is reached in the first
place.

Addressing the Structural Barriers Honestly

The absence of pharmacist prescribing authority in
India is a real constraint, and there is no point
glossing over it. What it means in practice is that
every pharmacist recommendation requires a
physician's co-signature to reach the patient — and
that introduces dependency on the quality and
receptivity of the multidisciplinary relationship. The
solution is not to wait for regulatory reform, but to
build the relationships and demonstrate the value
within  the existing framework. Pharmacist
recommendation acceptance rates — a metric
specifically included in the performance indicators
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section of this review — serve exactly this purpose:
making the pharmacist's contribution visible and
quantifiable to the institutional stakeholders who
hold the power to formalise and expand it.

The heterogeneity in caregiver digital literacy is also
a barrier that deserves honest engagement rather
than assumption. Designing mHealth interventions
around WhatsApp rather than bespoke apps is a
smart start, but even WhatsApp-based programmes
need to be tested with the actual patient population
they are meant to serve, and the assumption that
urban smartphone penetration rates translate directly
into effective mHealth engagement requires
scrutiny.

What This Means for Pharm.D Students in ESI
Settings

For a Pharm.D student on a general medicine or
psychiatry rotation, this review offers something
practically — grounding.  Alzheimer's  disease
management can feel overwhelming in its
complexity — the staging, the polypharmacy, the
caregiver dynamics, the emerging immunotherapies.
But the pharmacist's entry points are concrete: use
the ACB Scale on every AD patient's medication
list, ask about every anticholinergic on that list,
check the memantine dose against the renal function
result, make sure the caregiver knows what to do if
a dose is missed. Starting there — doing those things
consistently and well — is already a substantial
clinical contribution in a setting where, according to
the evidence, 89% of AD patients currently receive
no pharmacist input at all.

Taken together, what this review makes clear is that
the pharmacist's role in Alzheimer's disease care is
not a theoretical future aspiration — it is an
evidence-supported, clinically necessary, and
practically actionable reality that Indian hospital
settings are currently failing to realize. The
frameworks, tools, and metrics described throughout
this review provide a concrete roadmap.

12. CONCLUSION:

Alzheimer's disease stands as one of the most
pharmacotherapeutically complex and rapidly
evolving conditions confronting clinical
pharmacists in contemporary medicine. The
convergence of symptomatic pharmacotherapy
optimization, polypharmacy management and
anticholinergic burden reduction, neuropsychiatric
symptom pharmacotherapy, emerging disease-
modifying  immunotherapy  monitoring, and
multidimensional caregiver support creates a care
imperative of extraordinary scope — one that
clinical pharmacists are distinctively positioned to
address when their role is formally recognized,
adequately resourced, and systematically integrated
within the multidisciplinary dementia care team.
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The integration of Al-driven frameworks — from
CDSS-embedded PIM and anticholinergic burden
alerts to mHealth-enabled caregiver support and
machine learning-assisted adverse drug event risk
stratification — does not supplant the clinical
pharmacist's judgment, therapeutic reasoning, or
empathetic  patient engagement. Rather, it
substantially amplifies pharmacist operational
scope, reduces cognitive burden from routine but
critical screening tasks, enables proactive rather than
reactive intervention, and generates the data
infrastructure necessary for continuous quality
improvement and evidence generation. The human-
Al synergy model advanced in this review
represents the optimal paradigm for AD
pharmaceutical care delivery in the digital health
era.

For clinical pharmacists and Pharm.D students at
ESI Hospital and analogous Indian government
settings, the direction is unambiguous: develop
foundational competence in AD pharmacotherapy,
systematically implement validated polypharmacy
and anticholinergic screening tools, engage
caregivers as essential partners in pharmaceutical
care delivery, and progressively integrate available
Al tools as institutional infrastructure matures. The
evidence base is firmly established, the clinical need
is immense, and the pharmacist's contribution to
measurably improved Alzheimer's disease outcomes
is both scientifically demonstrated and ethically
indispensable.
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