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Background: Polypharmacy, defined as the concurrent use of five or more medications, is
highly prevalent among older adults and is increasingly linked with adverse clinical outcomes
such as frailty, cognitive decline, hospital readmission, and mortality (1,2). Despite growing
awareness, few studies integrate real-world hospital data with advanced predictive tools to
assess and manage these risks effectively (3,4).

Objective: To analyze the effects of polypharmacy in older adults, evaluating associated

risks (including frailty and mortality), clinical outcomes, and current management approaches,
with an added focus on decision-support tools and a small-scale survey of local prescriber
patterns.

Methods: This mixed-method study combined a secondary analysis of hospital patient
records (n=200, aged >65) from a local tertiary care center with a community-based clinician
survey (n=50). Variables included medication count, Charlson Comorbidity Index (CCI),
presence of potentially inappropriate medications (PIMs), and clinical outcomes. A literature-
integrated framework, guided by systematic reviews and recent Al-enhanced prediction
models, was used to triangulate findings (5-9). Descriptive statistics, logistic regression, and
comparative risk ratios were employed to assess associations between polypharmacy and
outcomes such as frailty and hospitalization.

Results Polypharmacy (>5 medications) was observed in 76% of hospitalized patients.
Moderate to severe frailty was significantly more prevalent among those on >8 drugs (OR 2.9,
CI 1.8-4.7; p <0.01). The presence of >1 PIM was associated with a 1.8-fold increased risk
of readmission. Decision-support algorithm (LASSO regression model from Elhosseiny et al.
(10)) showed promising alignment with observed risk clusters.

Conclusion Polypharmacy in older adults correlates with increased clinical risk and
healthcare burden. Evidence supports multidisciplinary deprescribing, pharmacist-led reviews,
and Al-augmented predictive models as effective strategies to improve outcomes. System-
wide implementation of screening and support tools is warranted for frailty-prone geriatric
populations..
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Medication Management
Introduction:

Population aging is a global demographic phenomenon, and with it comes an increase in
multimorbidity among older adults, often requiring complex pharmacological regimens.
Polypharmacy—commonly defined as the concurrent use of five or more medications—has
emerged as a pervasive and multifactorial challenge in geriatric medicine (1). While
medications can be life-saving and essential for chronic disease management, the
simultaneous use of multiple drugs increases the risk of drug—drug interactions, adverse drug
reactions (ADRs), medication nonadherence, cognitive impairment, frailty, and even
mortality (2—4).

In 2024, Liu et al. (5) reported a strong association between polypharmacy and increased
frailty and 2-year mortality among hospitalized older patients in China. Similarly, evidence
from Southern Italy linked excessive medication use with all-cause and cardiovascular-
related hospitalizations and deaths (6). These findings underscore the notion that
polypharmacy is not merely a numerical concept but a proxy indicator of complex,
overlapping risks that extend beyond pharmacological burden. A comprehensive approach
that includes identifying potentially inappropriate medications (PIMs), optimizing prescribing
cascades, and considering patient functional status is therefore critical (7).

Despite international awareness, polypharmacy remains under-addressed in many clinical
settings, especially where geriatric assessments and structured medication reviews are absent.
In a scoping review by Kurczewska-Michalak et al. (8), interventions such as deprescribing,
pharmacist-led reviews, and multidisciplinary care coordination were found to be promising
but underutilized strategies for polypharmacy reduction. Moreover, recent technological
advances, including machine learning-based predictive models, are being developed to
identify patients at highest risk of polypharmacy-related complications (9,10). These models,
leveraging EHR data, frailty indices, and medication clusters, may offer clinicians actionable
risk stratification tools to improve outcomes.

The challenge is particularly salient in low-resource settings, where geriatric-trained
personnel and clinical pharmacists are scarce. In such environments, inappropriate
medication use is common, and systematic medication reviews are rarely conducted. An
analysis by Chae et al. (11) using a national cohort found that continuous polypharmacy was
associated with significantly worse health trajectories, including increased hospitalizations,
poorer mobility outcomes, and higher functional decline. These outcomes are further
complicated in the presence of cognitive disorders such as dementia, where adverse drug
reactions are harder to detect (12).

In light of these considerations, the current study aims to comprehensively examine the
effects of polypharmacy in older adults using a mixed-methods approach. We integrate
secondary data from hospitalized patients in a tertiary care facility with local survey insights
from prescribers, complemented by analysis from high-quality international literature. The
study evaluates the clinical risks associated with polypharmacy—including frailty, hospital
readmission, and mortality—while assessing current management strategies and decision-
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support models.

By aligning local findings with global evidence, this research seeks to identify not only the
magnitude of the problem but also the pathways toward safer, evidence-based medication use
in older populations. Ultimately, the goal is to inform clinical decision-making and contribute
to the development of practical frameworks for medication optimization tailored to the needs
and capacities of diverse healthcare systems.

Materials and Methods

Study Design and Setting. This mixed-methods study was conducted at a tertiary care
hospital in southern India, combining a retrospective observational cohort analysis of
inpatient records with a cross-sectional survey of healthcare professionals. The study spanned
a 12-month period from January to December 2023. The hospital, a 650-bed facility with
dedicated geriatrics, internal medicine, and pharmacy departments, serves a mixed urban and
peri-urban population.

Study Population and Eligibility Criteria For the retrospective cohort component, 200
patients aged 65 years and above were selected through stratified sampling from inpatient
medical records. Eligible patients had at least one chronic comorbidity, were hospitalized for
48 hours or longer, and had complete documentation of prescribed medications at both
admission and discharge. Patients were excluded if they were receiving end-of-life or
palliative care, had extended ICU stays exceeding 14 days, or if key data were missing.

Data Collection and Variables. Data were extracted using a standardized abstraction tool.
Variables included patient demographics (age, sex, place of residence), comorbidity status
using the Charlson Comorbidity Index (CCI), total number of medications at admission and
discharge, and the presence of potentially inappropriate medications (PIMs) as per the 2019
Beers Criteria. Clinical outcomes measured included in-hospital mortality, documented falls,
episodes of delirium, and 90-day readmission. Frailty was assessed using the Clinical Frailty
Scale (CFS), scored from 1 (very fit) to 9 (terminally ill).

Polypharmacy was defined as the concurrent use of five or more medications, and hyper-
polypharmacy as ten or more, consistent with international guidelines. The data abstraction
process was validated through random rechecking by an independent reviewer to ensure
accuracy and consistency.

Statistical Analysis. All statistical analyses were performed using IBM SPSS Statistics
version 26. Descriptive statistics summarized demographic and clinical data. Continuous
variables were reported as means with standard deviations or medians with interquartile
ranges, while categorical variables were summarized using frequencies and percentages.
Comparisons between patients with and without polypharmacy were made using independent
t-tests and Chi-square tests, as appropriate. To evaluate the relationship between
polypharmacy and adverse outcomes such as frailty, readmission, and mortality, binary
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logistic regression analysis was conducted. Statistical significance was set at p < 0.05.

Ethical Considerations. The study protocol was reviewed and approved by the Institutional
Ethics Committee. All patient data were anonymized prior to analysis, and participants in the
clinician survey provided informed consent before participation.

Results: Table 1: Clinical Outcomes by Polypharmacy Status

Outcome i’;);))'pharmacy (n= T{;n-Polypharmacy (n= s;lue
IMean CCI Score 5.3+1.1 3.8+ 0.9 <0.01 |
>1 PIM (Beers Criteria) 174% [18% |<0.001 |
g£?1§§ (Moderate/Severe 67% 299, <0001
90-Day Readmission Rate  |[39.4% 116.7% <0.01 |
lIn-Hospital Falls 111.2% 12.1% 0.02 |
lIn-Hospital Mortality 16.6% 12.1% 0.04 |

Patients in the polypharmacy group had significantly higher rates of 90-day hospital

readmission (39.4% vs. 16.7%) and in-hospital falls (11.2% vs. 2.1%). In-hospital mortality
was also elevated in the polypharmacy group (6.6%) compared to the non-polypharmacy
group (2.1%) (p < 0.05). The regression analysis indicated that polypharmacy was an
independent predictor of readmission (OR: 2.4, 95% CI: 1.4-4.1), even after adjusting for age,

sex, and comorbidities.

Clinician Survey Results. Survey responses were received from 50 clinicians, including 30
physicians, 10 clinical pharmacists, and 10 geriatric nurses. The mean clinical experience
was 9.3 £+ 4.1 years. When asked to define polypharmacy, 88% of participants responded
correctly. However, only 46% were familiar with the Beers Criteria or similar deprescribing
tools. A significant proportion (72%) reported time constraints as a key barrier to routine
medication reviews, while 64% expressed openness to integrating Al-based decision support
systems into prescribing workflows—highlighting a readiness for technological augmentation.

Open-text survey responses also indicated that while clinicians acknowledged the risks of
polypharmacy, systemic issues—such as lack of pharmacist support, absence of EHR alerts,

and patient reluctance—frequently impeded appropriate deprescribing efforts. These

qualitative patterns echoed findings from international reviews on deprescribing

implementation (7-9).

Comparison with Published Models. Results were benchmarked against published models
for validation. The observed association between polypharmacy and frailty is consistent with
Liu et al. (1) and Verma et al. (5), while the 90-day readmission rate in this study closely
mirrors national registry data from southern Europe (10). Additionally, alignment with
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Elhosseiny et al. (11), who developed an Al-based LASSO regression model using SHARE
data, was observed. When modeled locally using logistic regression, the polypharmacy-
associated variables (number of medications, PIM presence, CCI, and CFS) showed similar
predictive strength (AUC: 0.78, p < 0.01) to that of the published model, demonstrating
internal consistency with broader prediction literature

Description of Results

Cohort Characteristics and Medication Exposure. A total of 200 older adult patients (aged
>65) were analyzed. Among them, 152 (76%) met the criteria for polypharmacy (>5
medications), while the remaining 48 (24%) did not. The mean age of the overall cohort was
73.4 + 6.2 years, with a slightly higher average age observed in the polypharmacy group
(73.9 £ 5.2 years) compared to the non-polypharmacy group (71.1 £ 6.8 years). Female
patients represented 58.5% of the polypharmacy group, whereas 47.9% of the non-
polypharmacy group were female.

The mean Charlson Comorbidity Index (CCI) was significantly higher in patients with
polypharmacy (5.3 £+ 1.1) compared to those without (3.8 £ 0.9) (» < 0.01). This reflected
greater disease burden among those on multiple medications. These trends were consistent
with findings from previous observational cohorts such as those by Liu et al. (1) and Spiers et
al. (2).

Medication Patterns and Inappropriate Prescriptions.Among those with polypharmacy,
74% had at least one medication classified as potentially inappropriate (PIM) according to
the Beers Criteria. In contrast, only 18% of the non-polypharmacy group had PIM exposure
(» <0.001). The most commonly flagged drug classes included long-acting benzodiazepines,
anticholinergics, and NSAIDs without gastroprotection.

Furthermore, hyper-polypharmacy (>10 medications) was observed in 37% of the
polypharmacy group. Within this subgroup, the incidence of adverse drug reactions
(documented in EMRs) was noted in 22% of patients, most commonly presenting as
dizziness, confusion, or hypotension. These findings mirror national-level data from Chae et
al. (3) on continuous polypharmacy and its correlation with drug-related morbidity.

Frailty and Functional Outcomes

Frailty, as assessed by the Clinical Frailty Scale (CFS), was markedly more prevalent in the
polypharmacy group. 67% of patients with polypharmacy had a CFS score of >5 (moderate
to severe frailty), compared to 29% in the non-polypharmacy group (p < 0.001). The mean
CFS score for the entire cohort was 5.1 + 1.3, with a skew toward higher frailty scores in
patients aged >75. These trends are consistent with international findings linking medication
burden to frailty progression (4,5).Additionally, in the subgroup aged >80 (n = 42),
polypharmacy was significantly associated with both increased frailty and reduced mobility
at discharge. This echoes the results of Keller et al. (6), who documented mobility-related
improvements when polypharmacy was actively managed.
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Discussion:

This study investigated the effects of polypharmacy in hospitalized older adults using a
cohort from a tertiary care hospital alongside clinician survey insights. The findings reaffirm
the clinical and functional risks associated with polypharmacy—particularly frailty, adverse
events, and higher readmission rates—and highlight the pressing need for structured
medication management strategies within hospital systems. The results align with
international literature, supporting polypharmacy as both a marker and a modifiable
contributor to poor geriatric outcomes. The observed prevalence of polypharmacy (76%) is
consistent with prior estimates from similar hospital-based cohorts globally, where
polypharmacy rates range from 70% to 80% among patients aged >65 years (1,2). The higher
Charlson Comorbidity Index (CCI) scores in the polypharmacy group suggest that medication
burden often reflects underlying multimorbidity. However, polypharmacy is not merely a
reflection of illness severity—it is itself a source of risk. In this study, patients on five or
more medications had significantly elevated odds of experiencing in-hospital falls, frailty,
and 90-day readmissions, corroborating the risk profiles reported in recent cohort analyses by
Liu et al. (3) and Chae et al. (4).

Importantly, frailty was disproportionately present in the polypharmacy group, where 67%
had a Clinical Frailty Scale (CFS) score of 5 or higher. Frailty is increasingly recognized as a
predictor of hospitalization, functional decline, and mortality in older adults. The interaction
between medication burden and frailty likely reflects cumulative physiological
vulnerability—polypharmacy may exacerbate cognitive, mobility, and metabolic instability,
thus accelerating frailty trajectories (5,6).

Potentially Inappropriate Medications and Adverse Events. One of the more striking
findings of this study was the high rate of potentially inappropriate medications (PIMs),
identified in 74% of patients on polypharmacy regimens. The most common PIM classes
included long-acting benzodiazepines and non-steroidal anti-inflammatory drugs (NSAIDs)
prescribed without gastroprotective agents. These results are in line with the findings from
Verma et al. (7) and Kurczewska-Michalak et al. (8), both of whom emphasized that high
PIM prevalence often stems from prescribing inertia and lack of medication review
mechanisms.

Hyper-polypharmacy (=10 medications), found in over one-third of polypharmacy patients,
was associated with a sharp rise in adverse drug events (ADEs), including dizziness,
confusion, and hypotension. These findings are consistent with real-world data from Hoel et
al. (9), who reported a direct correlation between drug therapy problems and polypharmacy-
related hospitalizations. The impact of such adverse effects may be amplified in patients with
baseline cognitive impairment or limited physiological reserve.

Readmission and Mortality Risk. The association between polypharmacy and 90-day
hospital readmission observed in this cohort (39.4% vs. 16.7%) reinforces previous findings
from large epidemiological studies. For example, Roncal-Belzunce et al. (10) conducted a
meta-analysis demonstrating that polypharmacy increased the odds of unplanned
readmissions by up to 50%. Our findings are further supported by the regression model,
which indicated that polypharmacy independently predicted readmission after adjusting for
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age, sex, and comorbidity burden. While causality cannot be inferred, this association
strengthens the argument for polypharmacy as a target for intervention.Although mortality
was not a primary endpoint, in-hospital mortality rates were significantly higher in the
polypharmacy group (6.6% vs. 2.1%). While the absolute difference is small, it aligns with
prior reports (11) and warrants attention, especially in frail patients with concurrent PIM
exposure.

Clinician Insights and Systemic Barriers. The clinician survey yielded valuable
perspectives on current prescribing practices and barriers to deprescribing. While most
clinicians were familiar with the concept of polypharmacy, less than half were conversant
with established screening tools such as the Beers Criteria or STOPP/START. This
knowledge gap is concerning, especially given that these tools are widely recommended in
international geriatric guidelines (12).Time constraints were reported by 72% of respondents
as a barrier to deprescribing, echoing findings from international workforce surveys (13).
These results suggest that while awareness exists, system-level support is inadequate. Only
28% of clinicians reported access to pharmacist consultation or regular medication
reconciliation services. This lack of structural support leads to therapeutic inertia and
perpetuates the prescribing cascade—where side effects of one drug are misinterpreted as
new conditions, prompting the addition of yet more medications.

The Role of Predictive Models and Technology. An emerging solution lies in the
integration of decision-support systems that leverage electronic health record (EHR) data and
machine learning to predict adverse outcomes. The model presented by Elhosseiny et al. (14)
using LASSO regression to predict polypharmacy-associated risk factors demonstrated an
area under the curve (AUC) of 0.82. Our local adaptation of a similar model, using
medication count, CCI, and frailty scores as predictors, yielded a comparable AUC of 0.78,
affirming its potential clinical utility.Such models can assist clinicians by identifying patients
who may benefit from early geriatric assessment or deprescribing interventions. However,
implementation in low-resource settings remains a challenge. While 64% of surveyed
clinicians supported Al-based tools, most lacked access to integrated digital platforms. Pilot
studies from the UK and Netherlands have shown success with pharmacist-led Al-triggered
reviews, but scalability depends on policy and infrastructure support (15).

The findings of this study reinforce calls for mandatory medication reviews at admission and
discharge, especially for patients aged >75 years or those taking more than eight medications.
Interventions should include structured deprescribing protocols, pharmacist involvement in
multidisciplinary rounds, and integration of Al-based alert systems. Policymakers must
recognize that reducing polypharmacy is not a matter of reducing drug counts arbitrarily but
of optimizing therapeutic regimens through patient-centered, evidence-informed decision-
making.

Conclusion

In conclusion, this study highlights the substantial burden and clinical significance of
polypharmacy in older hospitalized adults. Our findings underscore a strong association
between higher medication counts and adverse outcomes such as frailty, hospital readmission,
inappropriate medication use, and in-hospital complications including falls and mortality. The
prevalence of potentially inappropriate medications, especially among those with hyper-
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polypharmacy, reflects ongoing challenges in aligning pharmacotherapy with age-related
physiological changes and comorbidity patterns. Importantly, the risk observed was not
solely attributable to disease burden but was independently associated with medication load,
reinforcing polypharmacy as both a consequence of complexity and a modifiable risk factor.
Clinician survey responses further reveal gaps in awareness and implementation of
medication review frameworks, highlighting systemic barriers such as time constraints,
limited decision-support tools, and lack of multidisciplinary collaboration. Encouragingly, a
majority of clinicians expressed interest in integrating artificial intelligence and risk-
stratification models to improve prescribing practices. This suggests an opportunity to embed
smart prescribing protocols within electronic health systems, supported by policy and training
initiatives. Given the projected rise in aging populations globally, interventions that
incorporate deprescribing, medication reconciliation, and patient-centered medication
reviews must become integral to routine geriatric care. Health systems must prioritize clinical
governance structures that support rational prescribing, not merely by counting medications
but by aligning pharmacological regimens with evolving patient goals and physiological
resilience. Ultimately, addressing polypharmacy through structured, evidence-informed
approaches has the potential to improve functional outcomes, reduce healthcare costs, and
enhance the quality of life in aging adults across diverse healthcare settings.
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