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Abstract

Population ageing has pushed multimorbidity-the co-

occurrence of two or more chronic conditions-from clinical

exception to structural norm, yet clinical practice

guidelines remain built almost entirely around single

diseases. We conducted a structured narrative synthesis

of epidemiological cohorts, interventional trials, and

pharmacological mechanism studies addressing

multimorbidity, polypharmacy, and guideline-driven

iatrogenic harm in older adults, organized around four

analyt ic dimensions: epidemiological patterning,

intervention efficacy, drug-class mechanisms, and

disease-specific guideline conflicts. Multimorbidity

prevalence ranged from roughly 35% to over 80% across

cohorts, socially patterned by education, income, and

geography, while polypharmacy independently predicted

hosp i ta l i za t ion ,  rena l  dec l ine ,  and  mor ta l i t y .

Interdisciplinary, pharmacist-involved medication reviews

reliably improved prescribing appropriateness, yet this

improvement did not consistently translate into reduced

hospitalization or mortality-a persistent "process-outcome

gap" evident even in large cluster trials. Molecular and

clinical mechanism data further revealed how single-

disease guidelines collide at the bedside, producing

prescribing cascades and drug-drug interactions across

cardiovascular, renal, and neuropsychiatric domains.

Significance | Frailty-based, mechanism-anchored prescribing frameworks could

replace single-disease guidelines that quietly harm complex older patients.
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Genuine progress appears to require replacing

chronological age thresholds with frai l ty-based,

mechanism-anchored prescribing frameworks embedded

directly into clinical workflows and electronic health

records.
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1. Introduction

There is something almost paradoxical about how

medicine has responded to its own success. As

populations live longer-globally, the number of people

aged 60 and older is projected to reach 2.1 billion by 2050,

with those 80 and over nearly tripling to 426 million (Amato

et al., 2026; Canzan et al., 2026; Skou et al., 2022)-the

diseases that once killed people quickly have given way to

diseases that accumulate slowly, in the same body, over

decades. Chronic non-communicable diseases now

account for nearly 74% of global deaths (Amato et al.,

2026; Lauretani et al., 2026), and the clinical consequence

of this shift has a name: multimorbidity, defined as the co-

occurrence of at least two chronic conditions in a single
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individual (Skou et al., 2022; Uhlig et al., 2014). It is worth

pausing on how this differs from the older, more familiar

concept of comorbidity, which frames additional conditions

in relation to a single "index" disease (Skou et al., 2022)-

multimorbidity, by contrast, refuses to privilege any one

diagnosis over another, which is a small conceptual shift

with fairly large practical consequences.

Epidemiologically, multimorbidity is no longer the

exception clinicians occasionally encounter; it is, for

anyone over 65, close to the rule. Community-based

surveys estimate prevalence between 15% and 43%

overall (Skou et al., 2022), climbing sharply to over 65%

among those aged 65-84 and exceeding 80% in people 85

and older (Skou et al., 2022; Yarnall et al., 2017). What

makes this more than a simple biological inevitability is

how unevenly it is distributed: multimorbidity is strongly

patterned by socioeconomic disadvantage-lower

education, lower income, regional healthcare disparities-

such that people in deprived communities develop it, on

average, a full decade earlier than their more affluent

counterparts (Jia et al., 2026; Skou et al., 2022; Subashi

et al., 2026; Vasudevan et al., 2026; Yarnall et al., 2017).

Biological ageing and social adversity, in other words, do

not operate on separate tracks; they interact directly to

erode physiological reserve.

And yet, despite this reality, contemporary medical

education, clinical training, and health service delivery

remain organized largely around single organs and single

diseases (Skou et al., 2022). Clinical Practice Guidelines

(CPGs) are written, almost without exception, for one

condition at a time (Uhlig et al., 2014), and the trials

underpinning them routinely exclude the very patients who

will eventually receive the treatment-older adults with

complex comorbidity, cognitive decline, or significant

frailty-leaving a genuine evidence gap about whether

guideline-recommended therapy is even safe in this

population (Lauretani et al., 2026; Skou et al., 2022; Uhlig

et al., 2014).

The practical consequence of stacking several single-

disease guidelines onto one patient is, predictably,

polypharmacy-conventionally defined as the concurrent

use of five or more medications (Mamand et al., 2026;

Subashi et al., 2026). As each additional drug is layered

on, the probability of drug-drug and drug-disease

interaction does not rise gently; it rises close to

exponentially (Lauretani et al., 2026; Mamand et al.,

2026). Ageing bodies compound this risk further: reduced

glomerular filtration, altered volumes of distribution for

lipophilic drugs, and depleted central cholinergic reserve

all heighten susceptibility to medication-related harm

(Lauretani et al., 2026; Mamand et al., 2026). What

follows, often enough, is a "prescribing cascade"-an

unrecognized adverse drug reaction mistaken for a new

disease and treated with yet another drug-culminating in

delirium, cognitive deterioration, falls, and preventable

hospitalization (Lauretani et al., 2026; Mamand et al.,

2026; Uhlig et al., 2014).

One of the more persistently underappreciated distinctions

in geriatric medicine is the gap between counting diseases

and actually measuring clinical complexity (Subashi et al.,

2026). Some older adults carry several chronic diagnoses

with barely any functional consequence; others, with an

ostensibly similar disease count, experience profound,

disabling complexity. This is best understood as a

continuum, shaped by the dynamic interplay of chronic

condit ions, funct ional dependency in basic and

instrumental activities of daily living, cognitive status, and

physical or social frailty (Jia et al., 2026; Subashi et al.,

2026).

Longitudinal evidence adds another layer worth taking

seriously: multimorbidity is increasingly cross-domain

rather than confined to a single physiological system (Jia

et al., 2026). Physical, psychological, and cognitive

conditions interact synergistically, and depressive

symptoms in particular seem to occupy a central, bridging

posit ion-l inking physical disease progression to

accelerated cognitive and functional decline (Jia et al.,

2026). Limited health literacy compounds all of this,

making it genuinely difficult for older adults to understand

complex regimens or navigate healthcare systems that

were, frankly, never designed with them in mind

(Vasudevan et al., 2026).

Addressing these limitations, we think, requires health

systems to move deliberately toward integrated, patient-

centered models of care (Skou et al., 2022). Redefining

guidelines for combined disease management is not

simply a matter of writing better single-disease guidelines-

it requires a systematic framework that helps developers

make CPGs genuinely relevant to people with real clinical

complexity (Uhlig et al., 2014). Rather than chasing

isolated clinical targets, guidelines need to help clinicians

prioritize recommendations, weigh benefits against harms

explicitly, and align treatment with individual patient goals,

functional capacity, and remaining life expectancy (Skou
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et al., 2022; Uhlig et al., 2014).

This shift, in our reading of the evidence, depends on

several coordinated strategies working together rather

than in isolation. Interdisciplinary co-management models-

bringing together physicians, geriatricians, advanced

practice nurses, and clinical pharmacists-have been

shown to meaningfully optimize prescribing quality and

reduce potentially inappropriate medications (Canzan et

al., 2026; Mamand et al., 2026; Skou et al., 2022). Patient

and caregiver empowerment, through health-literacy-

sensitive counseling and shared decision-making, appears

necessary to sustain prescribing improvements once

patients leave the clinic, particularly during high-risk

transitions such as hospital discharge (Feichtinger et al.,

2026; Mamand et al., 2026). And digital health integration-

mobile health applications and clinical decision support

systems-offers a genuinely scalable way to improve

adherence, monitor symptoms, and support safe

deprescribing at the point of care (Amato et al., 2026;

Mamand et al., 2026).

Guided by these observations, this manuscript pursues

three research questions. First, how do cross-domain

interactions among physical, psychological, and cognitive

conditions modify the risk-benefit profile of guideline-

recommended therapies in frail older adults? Second, to

what extent does systematically integrating explicit and

implicit prescribing tools-such as the STOPP/START

criteria and the Medication Appropriateness Index-into a

pharmacist-physician collaborative model reduce drug-

related hospital izat ions in pat ients with hyper-

polypharmacy? And third, how do functional health literacy

and caregiver-centered digital health interventions

modulate treatment adherence and self-care capacity in

older adults managing complex multimorbidity? The

corresponding objectives are to characterize the clinical,

functional, and social determinants driving cross-domain

multimorbidity; to evaluate the efficacy and implementation

barriers of interdisciplinary co-management models; and

to formulate a structured, patient-centered clinical

workflow that allows clinicians to systematically assess

condition burden, evaluate treatment burden, and safely

execute deprescribing.

 

2. The Landscape of Multimorbidity and Polypharmacy

in Ageing Populations

Multimorbidity is easy to describe in the abstract-two or

more chronic conditions, co-occurring-but the evidence

underneath that definition is considerably richer, spanning

demography, cellular biology, pharmacology, and health

services research. This section works through that

evidence layer by layer: first the demographic and

epidemiological scale of the problem, then its biological

roots in cellular ageing, then the clinical paradox of

polypharmacy it produces, and finally the structured

interventions-medication reviews, interdisciplinary teams,

digital tools-that the field has proposed in response.

2.1  The Demography and Epidemiology of

Multimorbidity

Demographic projections suggest that by the late 2070s,

the global population aged 65 and older will reach

approximately 2.2 billion, actually outnumbering people

under 18 (Amato et al., 2026). This shift coincides with a

broader epidemiological transition: acute and infectious

illness has declined markedly, while chronic, long-term

disease now accounts for roughly 74-75% of global deaths

(Amato et al., 2026; Canzan et al., 2026). Multimorbidity,

against this backdrop, has moved from clinical exception

to the dominant reality of modern primary and tertiary care

(Barnett et al., 2012; Skou et al., 2022).

Prevalence estimates place multimorbidity at somewhere

between 15% and 43% of the community-dwelling adult

population, rising steeply with age-approximately 30%

among those 45-64, 65% among those 65-84, and over

80% in the oldest-old (85+) (Skou et al., 2022; Yarnall et

al., 2017). This accumulation is heavily patterned by

socioeconomic and demographic factors. Multi-country

analyses show multimorbidity emerging a full decade

earlier in deprived communities than in affluent ones, with

a 64% higher risk associated with low educational

attainment and up to a fourfold increase in the lowest

income brackets (Skou et al., 2022). It is also consistently

more common in women than men-a weighted prevalence

difference of roughly 6.5%-driven by longer female life

expectancy, biological differences in disease pathways,

and a greater tendency to report non-fatal chronic

symptoms (Skou et al., 2022; Subashi et al., 2026).

Historically, clinical research operated under a comorbidity

framework, analyzing co-occurring conditions relative to

one index disease (Skou et al., 2022; Uhlig et al., 2014).

Contemporary general is t  pract ice,  by contrast ,

increasingly treats multimorbidity as a patient-centered
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construct in which no single disease is automatically

prioritized (Skou et al., 2022)-a shift that matters because

patients do not, in practice, experience chronic illness as

isolated biological pathways; their conditions interact

synergistically across domains (Jia et al., 2026; Skou et

al., 2022). Recent longitudinal work highlights the rise of

"cross-domain multimorbidity," spanning physical,

psychological, and cognitive disorders (Jia et al., 2026),

within which psychological condit ions-especial ly

depression and anxiety-occupy a bridging position,

connecting physical disorders l ike diabetes and

cardiovascular disease to cognitive decline (Jia et al.,

2026; Zhao et al., 2020) as illustrated in Figure 1 .

Individuals with these cross-domain combinations

experience a distinctly accelerated trajectory toward

disability, with substantially higher risk of ADL/IADL

limitation than those with within-domain physical

conditions alone (Jia et al., 2026).

2.2 Biological Underpinnings: Ageing, Inflammaging,

and Sarcopenia

The rapid rise in multimorbidity with age is, at bottom,

rooted in the biology of cellular and tissue senescence.

The now-familiar "hallmarks of ageing"-genomic instability,

telomere attr i t ion, epigenetic alterat ion, loss of

proteostasis,  mitochondrial  dysfunct ion, al tered

intercellular communication, cellular senescence, stem cell

exhaustion-do not operate independently; they converge

to drive systemic, low-grade chronic inflammation, a

process termed "inflammaging" (Scarlata et al., 2026;

Skou et al., 2022). In patients with COPD, cardiovascular

disease, or diabetes, senescent structural and immune

cells adopt a senescence-associated secretory phenotype

(SASP), releasing pro-inflammatory cytokines-IL-6, IL-8,

TNF--and matrix metalloproteinases that perpetuate tissue

damage and hasten the onset of secondary chronic

disease (Scarlata et al., 2026; Skou et al., 2022; Figure 2).

This physiological decline manifests, among other things,

as a st rong bid i rect ional  re lat ionship between

multimorbidity, dynapenia, and possible sarcopenia (Hee

et al., 2026; Skou et al., 2022).

Biological senescence, though, is only one dimension of

the story. Societal and environmental "social hallmarks of

ageing" interact with these biological pathways to shape

individual risk (Crimmins, 2020; Skou et al., 2022).

Adverse childhood experiences, prolonged psychosocial

stress, and material deprivation can chronically activate

the HPA axis, producing cortisol dysregulation, chronic

inflammation, and elevated "allostatic load" (Skou et al.,

2022)-a cumulative biological toll that helps explain why

patients from deprived backgrounds experience earlier

chronic disease accumulation and physical frailty (Skou et

al., 2022; Subashi et al., 2026). Clinical intervention itself

can also, somewhat ironically, initiate or accelerate

multimorbidity: "medication-induced multimorbidity" occurs

when drugs correctly prescribed for one condition directly

cause another (Skou et al., 2022). Prolonged oral

corticosteroid use for polymyalgia rheumatica, for

instance, can cause iatrogenic diabetes, cataracts, and

osteoporosis, directly compounding disease burden and

clinical complexity (Skou et al., 2022).

2.3 The Clinical Challenge of Polypharmacy and

Iatrogenic Harm

Managing the multi-system burden of multimorbidity

typically means prescribing multiple therapeutic agents,

and this is where a genuine clinical paradox emerges:

applying single-disease guidelines cumulatively to one

patient almost invariably drives polypharmacy (five or

more medications) and hyper-polypharmacy (ten or more)

(Mamand et al., 2026; Subashi et al., 2026). In nationwide

cohorts, polypharmacy affects close to half of older adults,

with hyper-polypharmacy present in roughly 11.9% (Cho

et al., 2023; Mamand et al., 2026).

The clinical consequences are serious and well-

documented. Age-related pharmacokinetic changes-

reduced glomerular filtration, declining hepatic first-pass

metabolism, decreased serum albumin, increased volume

of distr ibut ion for l ipophi l ic drugs-combine with

pharmacodynamic shifts such as heightened CNS

sensitivity, baroreflex impairment, and increased blood-

brain barr ier permeabil i ty to profoundly ampli fy

susceptibility to drug-related harm (Fabbri et al., 2026;

Mamand et al., 2026). As prescribed drug counts rise, the

risk of clinically significant drug-drug interactions and

adverse drug reactions escalates in a distinctly non-linear,

exponential fashion (Fabbri et al., 2026; Mamand et al.,

2026)-in oncological cohorts, for example, severe drug-

drug interactions reach a striking 56.16% prevalence

among older patients receiving chemotherapy (Mamand et

al., 2026; Oliveira et al., 2024).

A particularly preventable mechanism of harm is the

"prescribing cascade," in which an unrecognized adverse

drug reaction is misread as a new clinical condition,

prompting yet another prescription and escalating
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Figure 1: Global Healthcare Paradigm: The Rise and Impact of Multimorbidity. This figure summarizes five interrelated dimensions driving the global rise and impact of multimorbidity. It 

highlights the demographic shift toward an aging population, where older adults now outnumber children (2.2 billion), alongside the sharp age-related rise in chronic disease prevalence, 

climbing from roughly 30% at ages 45–64 to over 80% at age 85 and above. It further illustrates how socioeconomic inequality and gender shape multimorbidity risk, with deprived 

populations developing multiple conditions up to a decade earlier than affluent ones and women experiencing 6.5%higher rates than men. The figure contrasts the traditional disease-

centered model, which prioritizes a single index condition, with an emerging patient-centered approach emphasizing physiology and quality of life across co-occurring conditions. Finally, it 

depicts the interconnecting physical, psychological, and cognitive domains of multimorbidity, whose synergistic interactions accelerate disability as conditions combine across multiple 

domains.

Figure 2. A Multi-Level Model Linking Biological and Social Ageing to Multimorbidity, Polypharmacy, and Iatrogenic Harm. This diagram illustrates how biological hallmarks 

of ageing (genomic instability, mitochondrial dysfunction) and social hallmarks of ageing (deprivation, adverse childhood experiences, allostatic load) converge on 

inflammaging, driving cross-domain multimorbidity. Multimorbidity in turn produces both polypharmacy/prescribing cascades and functional decline, culminating in adverse 

drug reactions and reduced quality of life, with a feedback loop by which iatrogenic harm further accelerates biological ageing (Skou et al., 2022; Scarlata et al., 2026; 

Crimmins, 2020).
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Figure 3. Prevalence of Multimorbidity and Polypharmacy Across Representative International Cohort Studies. This bar chart

compares reported multimorbidity and polypharmacy/potentially-inappropriate-medication (PIM) prevalence across seven cohorts

summarized in Table 1, spanning South Korea, Serbia, Albania, Saudi Arabia, Italy, Hong Kong, and Lebanon. Because inclusion

criteria differ across studies-some enrolling only patients already known to have multiple chronic conditions-the comparison should be

read as illustrative of the overall scale of burden rather than a fully standardized cross-national estimate (Cho et al., 2023; Djordjevic

et al., 2026; Vasudevan et al., 2026).



iatrogenic risk (Fabbri et al., 2026; Mamand et al., 2026).

Classic examples include prescribing a loop diuretic for

peripheral edema caused by a calcium channel blocker, or

a bladder anticholinergic for urinary incontinence

precipitated by a cholinesterase inhibitor (Fabbri et al.,

2026). The accumulation of anticholinergic and sedative

medications is especially dangerous: cumulative

"anticholinergic burden" is independently associated with

falls, fractures, urinary retention, acute delirium, and

accelerated cognitive decline (Mamand et al., 2026; Villani

et al., 2026). These drug-related problems collectively

account for an estimated 10-30% of acute geriatric

hospital admissions (La et al., 2019; Mamand et al., 2026).

2.4 Structured Medication Reviews, Explicit Criteria,

and Interdisciplinary Models

Mitigating polypharmacy's iatrogenic risks requires

structured medication optimization and planned

deprescribing (Fabbri et al., 2026; Mamand et al., 2026).

The STOPP and START criteria offer validated, criterion-

based tools for identifying potentially inappropriate

medications and prescribing omissions (Mamand et al.,

2026; Thevelin et al., 2019), with newer versions (2 and 3)

improving detection rates from roughly 23% to over 40%

relative to earlier iterations (Mamand et al., 2026; Thevelin

et al., 2019).

Trials evaluating these reviews, however, reveal a

persistent "process-outcome gap" (Fabbri et al., 2026;

Mamand et al., 2026). In the multinational OPERAM

cluster randomized trial (n = 2,008), STOPP/START-

guided interdisciplinary review significantly improved

prescribing appropriateness, yet produced no statistically

significant reduction in 12-month rehospitalization or

mortality (Blum et al., 2021; Mamand et al., 2026; Table

2). This is a genuinely important finding, we think, because

it suggests a narrow, cross-sectional reduction in

inappropriate prescribing is not, by itself, sufficient to bend

long-term clinical trajectories unless paired with ongoing,

dynamic monitoring and functional support (Fabbri et al.,

2026).

Interdisciplinary models-pharmacists, primary care

physicians, advanced practice registered nurses, and

clinical nurses contributing complementary expertise-offer

what looks like the most robust path forward (Canzan et

al., 2026; Mamand et al., 2026). Coordinated pharmacist-

physician medication therapy management has been

shown to resolve 45% of active drug-related problems

while significantly lowering healthcare costs (Lin et al.,

2018; Mamand et al., 2026), and nurse-led care built on

the Chronic Care Model further supports patient activation

and self-care, using structured communication frameworks

such as the Teach-back method to establish patient-

centered goals collaboratively (Canzan et al., 2026).

2.5 Digital Health Innovations and Future Directions

Digital health technologies and computerized clinical

decision support systems (CDSS) offer a scalable route to

safer deprescribing (Mamand et al., 2026). In the

MedSafer study, electronic decision support generating

personalized deprescribing opportunity reports at hospital

discharge significantly increased PIM discontinuation

rates, though without reducing 30-day post-discharge

adverse events (Mamand et al., 2026; McDonald et al.,

2022)-another instance, worth noting, of the process-

outcome gap described above.

Real-world CDSS implementation is often constrained by

usability barriers and alert fatigue (Mamand et al., 2026),

but the maturation of machine learning holds real promise

for shifting medication optimization toward personalized,

predictive risk modeling (Mamand et al., 2026). AI-driven

CDSS can, at least in principle, process high-dimensional

longitudinal patient data-laboratory trends, comorbidities,

functional status-to estimate individual adverse-event risk,

prioritize candidate drugs for withdrawal, and simulate the

physiological consequences of stopping a given

medication (Mamand et al., 2026).

2.6 From Age-Based to Frailty-Based Prescribing

Taken together, this literature points toward a fairly clear, if

not yet fully realized, paradigm shift. Structured medication

optimization-combining explicit criteria, interdisciplinary

workflows, and patient-centered shared decision-making-

produces reproducible improvements in prescribing

appropriateness and reduces drug-related hospitalization.

But achieving durable, long-term gains in clinical

outcomes appears to require moving away from

chronological age thresholds and toward dynamic

biological age and frailty metrics instead. Frailty status-

reduced physiological reserve and heightened vulnerability

to stressors-seems to be a considerably more accurate

predictor of pharmacological vulnerability than simple

disease counts or age alone. Integrating validated frailty

screening directly into electronic health records and

clinical workflows would allow decision-making to be

tailored to a patient's actual functional reserve, remaining
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life expectancy, and personal goals of care-with digital

tools and artificial intelligence functioning as collaborative

prompts that support, rather than substitute for, clinical

judgment and the therapeutic relationship at the center of

good geriatric care.

3. Methods

Th is  manuscr ip t  syn thes izes  ep idemio log ica l ,

interventional, and pharmacological-mechanism literature

on multimorbidity and polypharmacy in ageing populations

into a single, structured narrative. Because the underlying

evidence spans such different study types-population

cohorts, cluster randomized trials, and drug-mechanism

reviews-we describe our approach in enough procedural

detail, we hope, that it could be reproduced by another

team working from the same source literature, in keeping

with the reporting expectations of PubMed-indexed

methodological and scoping reviews in this field.

3.1 Study Design

We adopted a structured narrative, scoping-review

methodology broadly consistent with PRISMA-ScR

reporting conventions (Skou et al., 2022; Uhlig et al.,

2014). A meta-analytic, pooled-effect approach was

judged inappropriate here, since the underlying evidence

base combines prevalence estimates, hazard ratios, trial-

based adherence outcomes, and pharmacological

mechanism data that are not meaningfully reducible to a

single summary statistic.

3.2 Information Sources and Search Strategy

Evidence was drawn from peer-reviewed journal articles

and internationally recognized clinical practice guidelines

addressing three pillars: (a) the demographic and

biological determinants of multimorbidity, including

inflammaging, sarcopenia, and social patterning (Skou et

al., 2022; Scarlata et al., 2026; Crimmins, 2020); (b)

epidemiological cohort and cross-sectional studies

quantifying multimorbidity and polypharmacy prevalence

and their clinical consequences (Cho et al., 2023;

Djordjevic et al., 2026; Subashi et al., 2026; Vasudevan et

al., 2026; Salvi et al., 2017; Chau et al., 2025; Min et al.,

2021; Doumat et al., 2023); and (c) interventional trials

and pharmacological mechanism reviews addressing

structured medication review, interdisciplinary care, and

digital health tools (Blum et al., 2021; Jungo et al., 2023;

Mamand et al., 2026; Lauretani et al., 2026). Sources

were organized around four analytic dimensions-

epidemiological patterning, cl inical/technological

intervention efficacy, drug-class pharmacological

mechanisms, and disease-specific guideline conflicts-to

ensure balanced coverage across the translational

pipeline from population risk to bedside prescribing

decisions.

3.3 Eligibility Criteria

Sources were re ta ined i f  they  (a)  addressed

multimorbidity, polypharmacy, or deprescribing in adults

aged 45 years or older, or provided mechanistic

pharmacological evidence directly applicable to this

population; (b) reported quantitative prevalence, effect-

s i z e ,  o r  t r i a l - o u t c o m e  d a t a ,  o r  d e t a i l e d

molecular/pharmacokinetic mechanisms; and (c) were

publ ished in  indexed journa ls  or  represented

internationally recognized clinical practice guidelines (e.g.,

STOPP/START, Beers Criteria, KDIGO, ESC guidelines).

Single-disease guideline documents were included

specifically where they illustrated a documented conflict

with guidance for a co-occurring condition (Table 4), since

these conflicts are themselves a primary object of this

synthesis rather than incidental context.

3.4 Data Extraction

For epidemiological cohort studies, we extracted country,

study design, sample size, age criteria, multimorbidity and

polypharmacy prevalence, and key risk correlates, forming

the basis of Table 1 and the comparative visualization in

Figure 3. For interventional studies, we extracted sample

size, target condition, intervention delivery model, follow-

up duration, primary adherence or prescribing-quality

outcome, and statistical significance, forming Table 2. For

pharmacological mechanism sources, we extracted the

molecular  or  phys io log ica l  target ,  age-re la ted

pharmacokinetic/pharmacodynamic alterations, frailty-

related risk amplifiers, and sentinel adverse drug

reactions, forming Table 3. Finally, for disease-specific

guideline conflicts, we cross-referenced single-disease

guideline recommendations (e.g., McDonagh et al., 2021,

for heart failure; Whelton et al., 2018, for hypertension)

against documented interaction or exacerbation

mechanisms to construct Table 4.

3.5 Quality Considerations

Given the heterogeneity of evidence types represented-

population cohorts, cluster randomized trials, and

mechanistic pharmacology-we did not apply a single
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formal risk-of-bias instrument uniformly, since no single

tool adequately spans these designs. Instead, we

prioritized three recurring quality markers consistent with

PubMed-indexed methodological reviews of geriatric

prescribing research: (a) whether cohort studies reported

adjusted (rather than unadjusted) risk estimates for key

correlates such as education, income, or frailty; (b)

whether interventional trials reported both process

outcomes (prescribing appropriateness) and clinical

outcomes (hospitalization, mortality), which we required to

properly characterize the "process-outcome gap"

discussed in Section 2.4; and (c) whether pharmacological

mechanism claims were corroborated by more than one

independent source before being included in Table 3.

3.6 Data Synthesis and Figure Construction

Biological and social mechanist ic f indings were

synthesized into the multi-level pathway depicted in Figure

2, mapping the sequence from biological and social

hal lmarks of  ageing,  through inf lammaging,  to

multimorbidity, polypharmacy, functional decline, and

iatrogenic harm, including the feedback loop by which

adverse drug events themselves accelerate biological

ageing (Section 2.2). Epidemiological prevalence data

extracted for Table 1 were synthesized into the

comparative bar chart in Figure 3, allowing direct visual

comparison of multimorbidity and polypharmacy burden

across the seven included international cohorts.

3.7 Reporting

This synthesis is reported so that each extracted

prevalence estimate, hazard ratio, or trial outcome in

Tables 1 through 4 is traceable to a single named primary

source, and both figures are described with sufficient

specificity in their captions (data source, comparison being

drawn, and interpretive caveats) to allow independent

reconstruction from the same underlying literature.

4. Clinical and Epidemiological Evidence Synthesis

This section presents a systematic synthesis of the

empirical f indings compiled across the included

epidemiological cohorts, clinical trials, interventional

evaluations, and mechanistic reviews. The results are

organized around four analytical dimensions: the

epidemiological profile and social patterning of multimorbid

populations (Table 1; Figure 3); the comparative efficacy

and usability of clinical and technological interventions

(Table 2); the molecular and pharmacokinetic mechanisms

underlying class-specific drug toxicities (Table 3); and the

clinical conflicts arising from single-disease guideline

mismatch (Table 4).

4.1 Epidemiological Landscape: Trajectories, Social

Patterning, and Clinical Complexity

Large-scale cohorts confirm that multimorbidity and

polypharmacy constitute a substantial, and distinctly

socially patterned, global burden (Table 1; Figure 2). In

South Korea, Cho et al. (2023) reported multimorbidity in

47.8% of 7.3 million older adults, with 11.9% receiving

hyper-polypharmacy (10 drugs). In Serbia, Djordjevic et al.

(2026) detected multimorbidity in 35.2% of 12,439 adults,

rising to 68.63% among those aged 80 and older (Table 1;

Figure 3). Socioeconomic deprivation emerged, fairly

consistently, as a primary non-biological driver of chronic

d isease accumula t ion :  in  the  Serb ian cohor t ,

multimorbidity was independently associated with lower

educational attainment, economic inactivity, widowed

status, and poorer material circumstances (Djordjevic et

al., 2026). This socioeconomic gradient reappears in the

longitudinal China-United States comparison by Jia et al.

(2026), where lower educational attainment and

household wealth were consistently associated with higher

odds of cross-domain (physical-psychological-cognitive)

multimorbidity (OR = 0.22 in China; OR = 0.26 in the US)-

a pattern that seems to reflect differences in accumulated

material resources and functional health literacy more than

any purely biological difference between populations.

These same cohorts confirm polypharmacy as a primary

driver of clinical deterioration and health service utilization.

Polypharmacy independently predicted hospitalization

among community-dwelling older adults in Lebanon (aOR

= 1.66; Doumat et al., 2023) and predicted 6-month

mortality and readmission among older emergency

department attendees in Italy once exceeding a threshold

of six or more drugs (Salvi et al., 2017). It was also

associated with renal disease progression in chronic

kidney disease cohorts (HR = 1.056; Min et al., 2021) and,

in Hong Kong care homes, potentially inappropriate

medicat ion use (34.5% prevalence)  escalated

hospitalization risk substantially (OR = 2.17 for more than

one PIM; Chau et al., 2025). Figure 3 places these

prevalence figures side by side, and the resulting pattern-

multimorbidity and polypharmacy tracking each other fairly

closely across very different health systems and income

settings-is, we think, one of the more striking findings in

this synthesis.
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Table 1: Methodological Characteristics and Epidemiological Trajectories of Multimorbidity Cohort Studies. This table summarizes

major international cohort and cross-sectional studies on multimorbidity and polypharmacy, detailing study design, clinical setting,

sample size, age criteria, and reported prevalence rates. Reported risk correlates illustrate the consistent socioeconomic and

demographic patterning of multimorbidity across very different healthcare systems. Prevalence figures are visualized comparatively in

Figure 2.

Study Country / Setting N Multimorbidity
Prevalence

Polypharmacy
Prevalence Key Risk Correlates

Cho et al. (2023) South Korea, national
insurance database 7,358,953 47.8% (2 conditions)

11.9% hyper-
polypharmacy (10
drugs)

Male sex, advanced
age, multiple
comorbidities

Djordjevic et al.
(2026)

Serbia, national
health survey 12,439 35.2% (68.6% in age

80)
18.9% single disease
only

Female sex, low
education, economic
inactivity, widowed
status

Subashi et al. (2026) Southern Albania,
primary care 727 3.7% highly complex

MM

100% 2 conditions;
polypharmacy strong
marker

Advanced age, non-
adherence
(OR=4.86), low
education

Jia et al. (2026)
[CHARLS/HRS]

China & USA,
longitudinal cohort 7,064 (matched) Cross-domain MM

rising across waves N/A

Low education
(OR=0.22-0.26),
ADL/IADL limitation
(HR up to 7.72)

Vasudevan et al.
(2026)

Saudi Arabia, tertiary
outpatient clinics 200 57.0% (3

comorbidities)
59.0% (5
medications)

Older age, lower
education/income,
female sex, health-
literacy impairment

Salvi et al. (2017) Italy, Emergency
Department cohort 2,057 100% (ED attendees

65y)

30.3% (6-9 drugs);
17.8% hyper-
polypharmacy (10)

6 drugs
independently
predicted 6-month
mortality/readmission

Chau et al. (2025)
Hong Kong,
residential care
homes

6,346
100%
institutionalized older
adults

34.5% PIM
prevalence

PIM use
independently
associated with
hospitalization
(OR=1.73-2.17)

Min et al. (2021) South Korea, KNOW-
CKD registry 1,913 100% CKD

comorbidity

27.1% baseline
polypharmacy (5
drugs)

Renal hazard
(HR=1.056) mediated
by comorbidity
burden

Doumat et al. (2023) Lebanon, primary
care center 496 100% chronic

comorbidities
High medication
count

Polypharmacy
independently
associated with
hospitalization
(aOR=1.66)
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Hale et al. (2016) 25; 71.7y Remote monitoring
device (heart failure) 3 months Medication

adherence
No significant
difference, p = 0.61

Raj & Mathews
(2020) 50; 69.1y Voice-call reminders

+ education 6 months Adherence (pill
count)

Significant, p = 0.007
(3mo), p = 0.003
(6mo)

Zhai et al. (2020) 384; 68.5y Automated SMS +
consultation 3 months Adherence (MMAS-

8) Significant, p = 0.04

Yan et al. (2021) 1,299; 65.7y Primary care
mHealth (stroke) 12 months Statin/antihypertensiv

e adherence

Significant for statins
(p=0.003),
antihypertensives
(p=0.039)

Poorcheraghi et al.
(2023) 184; 68.9y Smartphone drug

management app 2 months Adherence (MMAS-8
+ pill count)

Highly significant, p <
0.001

Hwang et al. (2025) 42; 72.9y Smartphone app +
wearable band 2 months Medication

adherence
No significant
difference, p = 0.138

Messerli et al. (2016) 450; 18y Pharmacist-led
medication review 28 weeks DRP resolution /

adherence

Resolved 1/3 of
DRPs; p = 0.028
subjective adherence

Lin et al. (2018) 132; 65y Pharmacist-physician
MTM 6 months DRP resolution 45.0% vs. 12.8%

control, p < 0.05

Blum et al. (2021)
[OPERAM] 2,008; 70y

STOPP/START +
eCDSS, multinational
cRCT

12 months
Prescribing
appropriateness;
rehospitalization

Appropriateness
improved (p<0.05);
no significant
reduction in
rehospitalization

Jungo et al. (2023)
[OPTICA] 323; 65y GP-led eCDSS

review, cluster RCT 12 months Prescribing
appropriateness

Significant
improvement, p <
0.05; overall MAI
score inconclusive
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Table 2: Characteristics and Outcomes of mHealth and Clinical Interventions for Multimorbidity. This table compares randomized and

cluster-randomized trials evaluating mobile health applications, pharmacist-led medication reviews, and interdisciplinary care models

for polypharmacy and adherence. Results illustrate that relational, human-supported digital tools consistently improve adherence,

whereas device-only interventions often show null effects, and that structured medication reviews improve prescribing appropriateness

more reliably than downstream clinical outcomes.

Intervention (Study) N; Mean Age Delivery Model Follow-Up Primary Outcome Result

Mira et al. (2014) 99; 70.9y
Tablet app
(reminders +
education)

3 months Self-reported
adherence

Significant increase,
p < 0.001

Mertens et al. (2016) 24; 73.8y Tablet app vs. paper
diary 56 days Self-reported

adherence
Both groups
improved, p = 0.02



4.2 Clinical and Technological Interventions: Efficacy

and Usability

Clinical and technological trials summarized in Table 2

show that mHealth solutions are most effective when they

combine visual or vocal reminders with relational and

educational components, and considerably less effective

when they do not. Tablet-based applications achieved

significant self-reported adherence improvements among

community-dwelling multimorbid adults (Mira et al., 2014;

p < 0.001) and cardiac rehabilitation patients (Mertens et

al., 2016; p = 0.02). Relational, voice-based reminders

(Raj & Mathews, 2020) and automated text systems

paired with personal consultation (Zhai et al., 2020)

significantly resolved low-adherence barriers (p < 0.05),

and in a cluster randomized trial of 1,299 stroke survivors,

Yan et al. (2021) found that automated reminders

combined with primary care tracking significantly improved

adherence to statins (p = 0.003) and antihypertensives (p

= 0.039).

Yet mHealth efficacy appears genuinely constrained by

device complexity and cognitive friction (Table 2). Remote

medication monitoring failed to produce a significant

adherence benefit in chronic heart failure (Hale et al.,

2016; p = 0.61), and combining a smartphone application

with a wearable smart band (Hwang et al., 2025) produced

a non-significant result (p = 0.138), plausibly reflecting the

added cognitive load of managing multiple devices for

older adults living alone.

Interdisciplinary and pharmacist-led interventions, by

contrast, offer the most consistent improvements in

prescribing quality and cost-effectiveness (Table 2).

Coordinated pharmacist-physician medication therapy

management resolved 45.0% of active drug-related

problems, compared with 12.8% under usual care (Lin et

al., 2018; p < 0.05), while community pharmacy

medication checks resolved roughly a third of active

problems (Messerli et al., 2016). At a systems level,

electronic clinical decision support paired with structured

interdisciplinary discussion significantly improved

prescribing appropriateness in both the multinational

OPERAM cluster trial (Blum et al., 2021; p < 0.05) and the

OPTICA cluster trial (Jungo et al., 2023; p < 0.05)-though,

notably, without a matching reduction in hospitalization or

mortality in either trial, reinforcing the process-outcome

gap introduced in Section 2.4.

4.3 Pharmacological and Molecular Mechanisms of

Adverse Drug Reactions

At a molecular level, the primary targets and pathways of

high-risk medication classes interact synergistically with

age-related physiological change to accelerate iatrogenic

harm (Table 3; Figure 2). Anticholinergics (e.g.,

amitriptyline) competitively antagonize muscarinic

receptors, which, against a backdrop of depleted central

cholinergic reserve and increased blood-brain barrier

permeability, precipitates acute delirium and cognitive

decline (Lauretani et al.,  2026). Lipophil ic drug

accumulation in age-expanded adipose tissue impairs

postural reflexes for benzodiazepines and sedatives,

driving falls, hip fractures, and delirium (Lauretani et al.,

2026). Age-related decline in glomerular filtration and

cytochrome P450 activity reduces hepatic and renal

clearance of opioid analgesics and atypical antipsychotics,

producing respiratory depression, extrapyramidal

symptoms, stroke, and excess mortality (Lauretani et al.,

2026; Mamand et al., 2026).

Cardiorenal and volume-depleting drug classes show

particularly striking synergistic toxicity (Table 3). Loop and

thiazide diuretics inhibit renal cotransporters, producing

dehydration, orthostatic hypotension, acute kidney injury,

hyponatremia, and hypokalemia (Fabbri et al., 2026;

Lauretani et al., 2026)-effects compounded further when

co-prescribed with SGLT2 inhibitors or RAAS inhibitors,

which blunt compensatory vasoconstr ict ion and

aldosterone secretion, worsening GFR decline and

hyperkalemia (Lauretani et al., 2026; Stevens et al., 2013).

NSAIDs aggravate this cardiorenal vulnerability by

inhibiting COX-1/COX-2, constricting renal afferent

arterioles and doubling gastrointestinal bleeding risk

(Kolasinski et al., 2020; Lauretani et al., 2026), while oral

anticoagulants accumulate due to high GFR dependence,

escalating hemorrhagic risk when combined with age-

related microvascular fragility (Hindricks et al., 2021;

Lauretani et al., 2026). Cholinesterase inhibitors,

somewhat counterintuitively, cause harm through the

opposite mechanism-increased synaptic acetylcholine

driving exaggerated vagal tone, symptomatic bradycardia,

and hyperperistalsis leading to chronic diarrhea and

malnutrition (Knopman et al., 2001; Lauretani et al., 2026).

4.4 Disease-Specific Adverse Drug Reactions and

Guideline Mismatch

Applying multiple single-disease clinical practice

guidelines to older patients with complex multimorbidity
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invariably produces dangerous guideline mismatches

(Table 4). In heart failure and hypertension, loop diuretics

recommended for the former (McDonagh et al., 2021) can

worsen urinary urge incontinence, while calcium channel

blockers for the latter (Whelton et al., 2018) cause

peripheral edema often misdiagnosed as heart failure-

triggering an unnecessary prescribing cascade in which a

loop diuretic is added, promoting dehydration and

electrolyte loss. In type 2 diabetes, tight glycemic control

(ElSayed et al., 2023) can be genuinely hazardous in older

adu l ts ,  s ince su l fony lurea-  or  insu l in - induced

hypoglycemia accelerates cognitive decline and mimics

delirium. In COPD and depression, long-acting muscarinic

antagonists (Agusti et al., 2023) meaningfully raise

cumulative anticholinergic burden when co-prescribed with

tricyclic antidepressants or atypical antipsychotics

(Gelenberg et al., 2010), while SSRIs independently risk

severe hyponatremia via drug-induced SIADH.

Similar conflicts recur across other common disease

pairings (Table 4). In dementia and ischemic heart

disease, cholinesterase inhibitors increase vagal tone,

precipitating bradycardia and conduction block that directly

conflicts with beta-blocker therapy for heart failure or

coronary disease (Knopman et al., 2001). In osteoarthritis

alongside CKD or atrial fibrillation, oral NSAIDs constrict

renal vasculature and worsen heart failure while doubling

gastrointest inal hemorrhage r isk in pat ients on

anticoagulants (Hindricks et al., 2021; Kolasinski et al.,

2020; Stevens et al., 2013). And in ischemic heart disease

combined with frailty, dual antiplatelet therapy raises

hemorrhagic stroke risk in patients with frequent falls,

while high-intensity statins increase myopathy and

rhabdomyolysis risk in severely frail patients (Knuuti et al.,

2020). Collectively, these conflicts (Table 4) underscore

the case, made throughout this synthesis, for a shift from

rigid single-disease guideline adherence toward frailty-

informed, multidimensional prescribing review that

explicitly weighs treatment burden and remaining life

expectancy (Uhlig et al., 2014).

5. Discussion

5.1 Multimorbidity as a Predictable, Not Incidental,

Outcome

Taken together, the evidence assembled here argues

fairly strongly against treating multimorbidity as an

unfortunate but essentially random consequence of

longevity. The pathway traced in Figure 2-biological and

social hallmarks of ageing converging on inflammaging,

which drives cross-domain multimorbidity, which in turn

produces both polypharmacy and functional decline-

suggests something closer to a predictable, structured

cascade. This matters clinically because it implies

intervention points exist well upstream of the prescribing

pad: addressing allostatic load and social deprivation

(Crimmins, 2020; Skou et al., 2022) is, in principle, as

legitimate a target for multimorbidity prevention as any

pharmacological strategy discussed in Table 3.

5.2 The Persistent Process-Outcome Gap

Perhaps the most clinically uncomfortable finding running

through this synthesis is the repeated failure of

prescribing-appropriateness gains to translate into

hospitalization or mortality benefit. The OPERAM and

OPTICA cluster trials (Blum et al., 2021; Jungo et al.,

2023; Table 2) both achieved significant, measurable

improvements in medication appropriateness using

validated tools, and both failed to show a corresponding

reduction in the clinical outcomes that actually matter to

patients. We do not think this means structured medication

review is not worth doing-the mechanistic evidence in

Table 3 makes a strong case that inappropriate

prescribing genuinely causes harm-but it does suggest

that a one-time appropriateness review, however well

executed, is not sufficient on its own. Sustained benefit

probably requires the kind of ongoing, dynamic monitoring

and functional support that a single cluster-tr ial

intervention window cannot capture.

5.3 Why Digital Tools Succeed or Fail Depending on

Cognitive LoadTable 2 also tells a more nuanced story

about digital health than "technology helps" or "technology

doesn't help." mHealth interventions that layered relational

contact onto reminders-voice calls, provider follow-up,

educational content-consistently improved adherence (Raj

& Mathews, 2020; Yan et al., 2021; Zhai et al., 2020),

while interventions adding technical complexity without

human contact tended to underperform, most clearly in the

null result for a combined smartphone-and-wearable

intervention among older adults living alone (Hwang et al.,

2025). This is, we suspect, a genuinely important design

principle rather than a footnote: digital tools for this

population seem to succeed to the extent that they reduce

cognitive burden and fail to the extent that they add it,

regardless of how sophisticated the underlying technology
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Table 3: Pharmacological and Molecular Mechanisms of Adverse Drug Reactions and High-Risk Medication Classes in Geriatric Multimorbidity. This table details the 

molecular targets, age-related pharmacokinetic/pharmacodynamic alterations, and sentinel adverse drug reactions associated with major medication classes 

prescribed in older adults. It highlights how physiological ageing amplifies drug-specific toxicity and identifies high-risk pharmacological synergies relevant to 

deprescribing decisions.

Table 4: Disease-Specific Guideline Conflicts and Prescribing Cascades in Older Adults with Multimorbidity. This table illustrates how single-disease clinical practice guidelines, each 

individually evidence-based, can generate dangerous prescribing cascades and drug interactions when applied cumulatively to patients with co-occurring conditions. Each row pairs two 

guideline-recommended treatments and describes the resulting clinical conflict, underscoring the case for frailty-informed, multidimensional prescribing review.

Medication Class Molecular Target Age-Related PK/PD Shift Sentinel ADRs High-Risk Synergies

Anticholinergics
(amitriptyline, oxybutynin)

Muscarinic receptor
antagonism

Increased Vd, heightened
CNS sensitivity

Delirium, cognitive
impairment, urinary
retention

Co-prescription with other
anticholinergics or
cholinesterase inhibitors

Benzodiazepines &
sedatives (diazepam,
zolpidem)

GABA-A receptor
modulation

Prolonged half-life via
lipophilic accumulation

Falls, hip fractures,
delirium, respiratory
depression

Synergistic CNS
depression with opioids,
alcohol, antipsychotics

Opioid analgesics
(morphine, tramadol)

Mu/kappa/delta opioid
receptor agonism

Reduced renal clearance
of active metabolites

Respiratory depression,
sedation, constipation

Synergistic respiratory
depression with
benzodiazepines,
gabapentinoids

Atypical antipsychotics
(risperidone, quetiapine)

D2/5-HT2A receptor
antagonism

Reduced hepatic
CYP2D6/3A4 metabolism

Extrapyramidal symptoms,
QTc prolongation, stroke

Synergistic QTc
prolongation with
macrolides,
antiarrhythmics

Loop & thiazide diuretics
(furosemide)

Na-K-2Cl / Na-Cl
cotransporter inhibition

Age-related GFR decline
reduces clearance

Dehydration, orthostatic
hypotension, AKI,
hyponatremia

Increased AKI risk with
SGLT2/RAAS inhibitors
and NSAIDs

NSAIDs (ibuprofen) COX-1/COX-2 inhibition
Reduced renal
prostaglandin
compensation

GI hemorrhage, AKI, heart
failure exacerbation

Doubles bleeding risk with
oral anticoagulants
(DOACs)

Oral anticoagulants
(rivaroxaban, warfarin)

Factor Xa / vitamin K
epoxide reductase
inhibition

High GFR-dependence,
microvascular fragility

GI and intracranial
hemorrhage

Bleeding risk amplified by
NSAIDs, antiplatelets

Cholinesterase inhibitors
(donepezil)

Acetylcholinesterase
inhibition

Increased synaptic
acetylcholine, vagal tone

Bradycardia, syncope,
diarrhea, malnutrition

Conflicts with beta-
blockers, worsens
bradyarrhythmia

Disease Pairing Guideline-Recommended
Drug(s) Clinical Conflict / Cascade Guideline Source

Heart failure & Hypertension Loop diuretics (HF); calcium
channel blockers (HTN)

CCB-induced peripheral edema
misdiagnosed as HF, triggering
unnecessary loop diuretic
addition, dehydration, electrolyte
loss

McDonagh et al. (2021); Whelton
et al. (2018)

Type 2 Diabetes (tight control) Sulfonylureas, insulin
Hypoglycemia accelerates
cognitive decline, triggers falls,
mimics delirium

ElSayed et al. (2023)

COPD & Depression LAMAs (COPD); TCAs/atypical
antipsychotics (depression)

Cumulative anticholinergic burden
causes urinary retention, delirium;
SSRIs cause SIADH-induced
hyponatremia

Agusti et al. (2023); Gelenberg et
al. (2010)

Dementia & Ischemic Heart
Disease

Cholinesterase inhibitors
(dementia); beta-blockers (IHD)

Increased vagal tone triggers
symptomatic bradycardia,
conduction block conflicting with
beta-blockade

Knopman et al. (2001)
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Osteoarthritis & CKD/Atrial
Fibrillation Oral NSAIDs (OA); DOACs (AF)

NSAIDs worsen CKD/heart failure
and double GI hemorrhage risk on
anticoagulants

Kolasinski et al. (2020); Hindricks
et al. (2021); Stevens et al. (2013)

Ischemic Heart Disease & Frailty Dual antiplatelet therapy; high-
intensity statins

DAPT raises hemorrhagic stroke
risk with falls; high-intensity
statins raise
myopathy/rhabdomyolysis risk in
frailty

Knuuti et al. (2020)



is.

5.4 The Pharmacological Logic Behind Guideline

Conflict

Table 3 and Table 4 together make a case that is, we

think, easy to state but harder to act on: many of the drug

interactions responsible for iatrogenic harm are not

idiosyncratic accidents but predictable consequences of

applying two internally coherent, single-disease guidelines

to the same patient. The heart failure-hypertension

prescribing cascade described in Section 4.4-loop diuretic

added in response to CCB-induced edema misread as

heart failure-is not a prescribing error in the traditional

sense; each individual step follows correctly from its

respective guideline (McDonagh et al., 2021; Whelton et

al., 2018). The problem is structural, not individual, which

is exactly the argument Uhlig et al. (2014) make for

redesigning guideline development itself rather than

simply asking clinicians to be more careful.

5.5 Socioeconomic Patterning as a Clinical, Not Just

Public Health, Variable

The socioeconomic gradients documented in Table 1 and

Figure 3-multimorbidity emerging a decade earlier in

deprived populations, cross-domain multimorbidity

tracking educational attainment and household wealth

(Djordjevic et al., 2026; Jia et al., 2026)-are usually

discussed as public health epidemiology rather than

bedside clinical information. We would push back on that

separation a little. If a patient's socioeconomic background

predicts both earlier disease onset and, plausibly, lower

health literacy and reduced capacity to navigate complex

regimens (Vasudevan et al., 2026), then this information

seems directly relevant to how aggressively a clinician

should pursue guideline-concordant polypharmacy versus

a more conservative, simplified regimen in that specific

patient.

5.6 Toward Frailty-Based, Mechanism-Anchored

Prescribing

The translational argument that emerges from this

synthesis is fairly direct: chronological age is a poor

organizing variable for prescribing decisions, and frailty

status is a considerably better one. The molecular

mechanisms in Table 3 are, almost without exception,

frailty-amplified rather than simply age-amplified-reduced

physiological reserve, not birth year, determines

vulnerability to anticholinergic burden, cardiorenal toxicity,

or hemorrhagic risk. Embedding validated frailty screening

directly into electronic health records, alongside the

interdisciplinary and digital tools reviewed in Table 2,

would allow the STOPP/START-type criteria already

shown to improve appropriateness to be applied with

genuine clinical judgment about who stands to benefit

from aggressive guideline adherence and who does not.

5.7 Limitations

This synthesis has real limitations. The epidemiological

comparisons in Figure 3 draw on cohorts with differing

multimorbidity definitions and inclusion criteria-some

studies enrolled only patients already known to have

multiple chronic conditions, which mechanically inflates

apparent prevalence relative to general-population

surveys-and we have flagged this directly in the figure

notes rather than treating the comparison as fully like-for-

like. The interventional evidence in Table 2 is dominated

by relatively small trials (many under 500 participants),

and larger, more diverse replication would strengthen

confidence in which specific mHealth design features

actually drive adherence gains. Finally, this review draws

on a curated rather than fully systematic, dual-reviewer

literature search; a formal systematic review would be a

valuable next step, particularly to quantify how consistently

the process-outcome gap described in Section 5.2 holds

across a broader set of deprescribing trials.

6. Conclusion

Pulling this synthesis together, multimorbidity looks less

like an unfortunate byproduct of longevity and more like

the predictable output of biological and social ageing

colliding with a healthcare system still organized around

single diseases. Structured medication reviews and

interdisciplinary care models can measurably improve

prescribing quality, yet, as the OPERAM and OPTICA

trials both suggest, appropriateness gains do not

automatically translate into fewer hospitalizations or

deaths. Closing that gap will likely require moving past

chronological age as the organizing variable and toward

frailty, functional reserve, and patient priorities instead-

paired with digital decision-support tools that assist rather

than replace clinical judgment. If the field can commit to

this shift, the considerable iatrogenic harm documented

across Tables 3 and 4 need not be treated as an

unavoidable cost of managing complex older patients.
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