Volume 9 ¢ Issue 5 | 380

|
fortune ol

Journals CARDIOVASCULAR MEDICINE

’ ISSN: 2572-9292

{

Research Article

Association Between Polypharmacy and Cardiovascular Outcomes in Frail
Elderly Patients: Systematic Review and Meta-Analysis

Ghazala S. Virk', Ahsan Munir?, Wala Alim?, Usman Zia*, Layla Hago Mustafa Ali5, Samah Mohammed®, FNU Deepak’,
Mahdi Ogeil®, Dhruv Indiresh®, Marium Abid'> Muhammad Sohail S. Mirza'"”

Abstract

Polypharmacy, which is the simultaneous use of five or more
pharmacological agents, is still prevalent in old people, particularly frail
ones withnumerous comorbidities. This current systematic review and meta-
analysis aimed to explain the effects of polypharmacy on the cardiovascular
outcomes of this vulnerable group. The search was conducted in PubMed,
Scopus, Cochrane Library, and Google Scholar, including all studies that
were published between 2020-2025. The focus of the inquiry was on the
consequences of polypharmacy to cardiovascular health, major adverse
cardiovascular events (MACE), cardiovascular mortality, heart failure
hospitalizations, and functional deterioration. Randomized controlled trials
(RCTs) and cohort studies were both included. The meta-analysis involved
the use of a random-effects model to determine the pooled effect size. The
above synthesis showed a significant relationship between polypharmacy
and adverse cardiovascular outcomes, and the effect size was 0.93 (95% CI:
0.48-139). These results suggest that polypharmacy significantly increases
the chances of developing cardiovascular complications in frail elderly
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patients. There was a very large heterogeneity, and 12 was 96.30%. It is
believed that the possible causes of this heterogeneity comprise variations
in study design, characteristics of participants, and outcomes. Risk-of-bias
evaluation highlighted significant disparity among studies, with certain
studies characterized as having low risk of bias and others rated as having
moderate-to-high risk. There was no publication bias, as testified by the
symmetrical funnel plot, and no statistical significance of the Egger test.
Nevertheless, in spite of these weaknesses, the results of the research point
to the high adverse outcome of polypharmacy on cardiovascular measures
in frail elderly adults. Thus, it underlines the necessity of medication

Pakistan
SJuba University, South Sudan
®University of Bahri, Khartoum, Sudan

’Ghulam Muhammad Mahar Medical College,
Sukkur, Pakistan

SUMST Khartoum, Sudan
*KMC Mangalore, India

9Jinnah Medical & Dental College, Karachi,
Pakistan

""Shandong University School of Medicine,

Jinan, China

review and deprescribing interventions in this patient group.
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Introduction

The use of polypharmacy (simultaneous administration of five or more
medical means) is still common in older people, especially the Frail and
many comorbidities [1]. This group, which is usually associated with many
chronic conditions and loss of function, has an even higher risk of negative
health results (eg, heart events) [2]. The increasing strain of polypharms in
elderly patients has raised concern about their harmful effects on heart health.
Polypharmacy can give rise to drug-drug interactions, which result in side
effects, poor farming, or drug errors [3]. To improve treatment plans and

Received: August 10, 2025
Accepted: August 14, 2025
Published: September 01, 2025




Volume 9 ¢ Issue 5 | 381

Ghazala S. Virk, et al., Cardiol Cardiovasc Med 2025

Journals DOI:10.26502/fccm.92920461

patient results, it is important to establish the nature between
polypharmacy and heart results in frail elderly patients [4].

A small therapy syndrome associated with low physical
function in fruity is described, vulnerability has increased
for stress, and the risk of dying increases [5]. This syndrome
may occur in coexistence with polypharmacy in the elderly
[6]. It has been shown that older patients have an increased
risk of unfavorable cardiovascular phenomena, such as
heart failure and other important cardiovascular diseases
[7]. Unfortunately, polypharmacy adds complexity to the
management of cardiovascular diseases in this vulnerable
population. The burden of multiple medications increases the
likelihood of harmful drug-drug interactions and side effects,
as well as medication non-compliance [8].

Indeed, the combination of polypharmacy and frailty
significantly increases the risks of cardiovascular illness [9].
Polypharmacy arises mostly through the treatment of several
comorbidities, as these are features commonly associated
with frailty. For example, elderly patients with numerous
chronic medical problems, such as hypertension, diabetes,
and hyperlipidemia, receive a considerable number of drugs
[10]. Unfortunately, those frail elderly patients are often very
poor tolerators of such therapy because of diminished organ
function and altered pharmacokinetics, causing adverse
outcomes. Polypharmacy has very visible negative effects on
frail patients, particularly in terms of managing those patients
with cardiovascular diseases, since management, especially
of heart failure, arrhythmias, and other cardiovascular
conditions. These may be further complicated by the patient's
state of frailty and the adverse consequences likely from
polypharmacy [11].

Moreover, research indicates that polypharmacy together
with frailty predicts a decline in disability-free survival,
which is defined as the time spent without dementia,
physical disability, or death [12]. This decline is of particular
concern to elderly patients who are itself frail and likely to
have poor functional outcomes. Evidence has suggested
that polypharmacy-exposed frailty worsens the decline in
quality of life and functional independence, hence being an
important target for intervention [13]. On the other hand,
managing polypharmacy in frail elderly patients may enhance
cardiovascular outcomes and may also prevent adverse events
such as falls, hospitalization, or cognitive deterioration [14].

While it is apparent that polypharmacy carries certain
risks for the frail elderly, there is an increasing emphasis
on the need for management strategies that weigh treatment
of comorbidities against the potential hazards of excessive
drug use [15]. Deprescribing, or the systematic reduction
of inappropriate or unnecessary medications, has therefore
been proposed as an intervention to lessen the impact of
polypharmacy for patients in the elderly age [16]. It is
presently believed that the systematic questioning of all the
medications prescribed to frail elderly patients should be
carried out by health practitioners. They should also develop

specific measures to reduce polypharmacy, especially among
older adults with cardiovascular pathologies [17]. In this
regard, a systematic, complex approach to the mitigation of
polypharmacy and the optimization of medication therapy,
combined with an extensive management program of
cardiovascular diseases, is a must to improve the health and

quality of life of vulnerable older adults.

Methods
Data Sources and Search Strategy

An overview of a systematic literature review was
conducted to examine the relationship between polypharmacy
and cardiovascular diseases in frail older persons (Table 1).
In order to make the search rigorous, the PubMed, Cochrane
Library, Scopus, and Google Scholar electronic databases
were systematically reviewed. It only used the publications
between 2020 and 2025 to ensure that the results were based on
modern knowledge. Findings were made as per the PRISMA
guidelines to enhance transparency and reproducibility. The
set of Medical Subject Headings (MeSH) terms and keywords,
i.e., polypharmacy, frailty, cardiovascular outcomes, elderly,
frail elderly, cardiovascular disease, mortality, ischemic
stroke, heart failure, and major cardiovascular events, was
used. Other filtering was done using Boolean operators like
AND and OR. They only used human studies written in the
English language to eliminate language bias. The references
in the picked full-text articles would also be searched to find
out other studies that were not picked during the first search.
Grey literature, such as conference abstracts and preprints,
was also considered to ensure that the search was exhaustive.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria for this systematic
review were based on the PICOS framework to ensure the
relevance and quality of the studies considered (Table 2).

Data extraction for this systematic review was carried out
using a pre-designed standardized extraction form by two
independent reviewers to ensure consistency and accuracy.
The information collected from the selected studies included
the author(s), publication year, study design, and geographical
location of the study. Participant characteristics such as
sample size, mean age, gender distribution, and underlying
comorbidities (such as hypertension, diabetes, etc.) were
also recorded. In addition, details regarding polypharmacy,
including the number and types of medications, and the
frailty assessment tools used in each study, were extracted.
The primary cardiovascular outcomes (e.g., heart failure,
ischemic stroke, mortality) were carefully noted, along with
any reported adverse events or side effects associated with
polypharmacy. Deliberative dialogue was used to solve
disagreements in the data extraction process. In circumstances
where consensus was not achieved, a third expert was
consulted in order to preserve the reliability and consistency
of the process.
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Table 1: Search strategy across databases.

Database |Search Terms Used Filters Applied
"polypharmacy" AND "frailty" AND

PubMed "cardiovascular outcomes" AND "elderly"

Cochrane | "polypharmacy in elderly" AND "frailty" AND

Library "cardiovascular events"

Scopus po‘Iyphzirmacy" ANI? frailty" AND ellde"rly
patients" AND "cardiovascular mortality

Google 1 eaiaroutcomes® AND "eider

Scholar y 2020-2025

patients"

Systematic reviews,
RCTs, Human studies

Human studies, English, | "polypharmacy" "frailty

Truncations/Syntax

Human studies, English | Use of MeSH terms: "Polypharmacy"[Mesh] AND
language, 2020-2025

"Frailty"[Mesh] AND "Cardiovascular Diseases"[Mesh]

(Polypharmacy) AND (Frailty) AND (Cardiovascular
disease OR heart failure OR stroke)

Peer-reviewed journals, | TITLE-ABS-KEY ("polypharmacy" AND "frailty" AND
English, 2020-2025

"cardiovascular disease") AND PUBYEAR > 2020

cardiovascular disease"
(quotes used for exact phrase matching)

Table 2: PICOS Framework for Recent Study Data Extraction.

Comparison ) .
P vs. non-frail patients

Outcomes

Study Design | RCTs, cohort studies, case-control studies

Quality Assessment

Tools related to the studies in order to assess risk of
bias and methodological quality were used to appraise the
included studies based on their design. The Cochrane Risk of
Bias 2 (RoB 2) tool was used to evaluate RCTs and evaluate
random-sequence  generation, allocation concealment,
blindness of participants and outcome assessors, and missing
data [18]. The Newcastle-Ottawa Scale (NOS) was used to
appraise observational studies, and this assesses the selection
of participants, group comparability, and outcome evaluation
[19].

Any disagreement regarding the quality of the studies
was discussed; in case such a discussion did not reach a
common ground, a third reviewer was consulted to be able
to ensure consistency and objectivity. They also generated
and analyzed funnel plots that may be used to identify the
presence of publication bias, and the Egger regression test
was used to identify the small-study effects. In cases where
publication bias was suspected, the trim-and-fill method
was used to check the results and give a more appropriate
description of the existing evidence [20].

Statistical Analysis

This meta-analysis was carried out in a systematic review
that used strict statistical analysis to assess the relationship
between polypharmacy and cardiovascular outcomes in frail
elderly patients. The studies that reported these associations
were calculated in terms of effect sizes. A random-effects
model was used to allow for expected heterogeneity across
the studies. It was caused by the various methods of designing
the studies, the characteristics of the participants, and the
strategies of the interventions. The I2 statistic was used to
measure heterogeneity. 12 < 25%, 25-50% and > 50% values

Major cardiovascular events (e.g., heart failure, ischemic stroke,
myocardial infarction), cardiovascular mortality, and all-cause mortality

Comparisons between polypharmacy and non-polypharmacy groups, frail | Studies without comparison groups, or studies

comparing polypharmacy with irrelevant factors

Studies not reporting cardiovascular outcomes, or
those focusing on non-cardiovascular outcomes

Reviews, meta-analyses, and cross-sectional
studies without relevant outcome data

were interpreted as low, moderate, and high heterogeneity,
respectively. In cases where significant heterogeneity (12 >
50%) was remaining, subgroup analysis was done to explore
possible causes of variability. All statistical analyses were
performed using Meta-essentials software, with statistical
significance set at p < 0.05. The results were reported with
95% confidence intervals (Cls) to provide a measure of
precision around the pooled estimates.

Results
Study Selection

At the start of this systematic review (meta-analysis), a
total of 1823 studies were identified through database searches
and other sources. After removing duplicates and irrelevant
articles, 1166 studies were screened for eligibility. Of these,
774 studies were excluded because they did not specifically
focus on polypharmacy, frailty, or cardiovascular outcomes
in elderly patients. Following a full-text review, 392 studies
were further examined in detail. A total of 382 studies were
excluded because they did not meet the inclusion criteria,
either due to a lack of polypharmacy and frailty assessment,
missing relevant data, or insufficient details for conducting
a meta-analysis. Ultimately, 10 studies were included in the
analysis, providing comprehensive data on the association
between polypharmacy, frailty, and cardiovascular outcomes
in elderly patients (Figure 1). These selected studies allowed
for the pooling of results to assess the impact of polypharmacy
on cardiovascular health in frail elderly individuals.

Characteristics of the included studies

The studies included in this systematic review and meta-
analysis explore the impact of polypharmacy and frailty on
cardiovascular outcomes in elderly and middle-aged patients
with various cardiovascular conditions (Table 3). These studies
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Records identified from:
Databases like PubMed.
Google Scholar, Web of
Science and Cochrane
Library (n = 1823)

Records removed before
screening:
Duplicate records
removed (n=657)

!

Records screened
(n=1166)

l

Reports sought for retrieval

Records excluded
(n=774)

Reports not retrieved

(n=392)
!

Reports assessed for
eligibility (n = 392)

Studies included in review
(n=10)

v

(n=0)

Reports excluded: those
that did not focus on
polypharmacy and frailty
assessment, MACE, lacked
relevant comparisons of
intervention effects, or
provided insufficient data
necessary for the meta-
analysis (n = 382).

Figure 1: PRISMA Flowchart.

utilize a range of methodologies, including prospective cohort
studies, RCTs, and cross-sectional studies, with follow-up
durations spanning from several months to over a year. The
populations studied primarily consist of elderly individuals
(aged 50+) and frail patients with conditions like heart failure,
cardiovascular disease, and chronic coronary syndrome,
many of whom experience polypharmacy (=5 medications).
Key outcomes include hospitalization rates, cardiovascular
mortality, functional decline, and quality of life, with several
studies also examining drug interactions and their influence
on health outcomes. Across these studies, polypharmacy has
consistently been linked to worsened cardiovascular health,
increased mortality, and functional decline, with frailty acting
as an important modifier. The diversity in study designs and
populations contributes valuable insights into the relationship
between polypharmacy, frailty, and cardiovascular health.
These highlights the need for targeted interventions to address
polypharmacy in frail elderly patients.

Quality Assessment

The RoB assessment (Figure 2) for the studies included in
this systematic review and meta-analysis reveals variability
in the methodological quality across the studies. The
assessment was performed using the Cochrane RoB 2 tool,
which evaluates studies on five key domains. The study by
Minamisawa et al. [23]and Akashi et al. [24] exhibits a high

risk of bias in D2 (randomization process), as indicated by
a red mark, signaling that the randomization process is not
sufficiently well-defined or properly executed. This raises
concerns regarding selection bias, which could potentially
affect the reliability of the study findings. On the other
hand, Herrero-Torrus et al. [27] and Samajdar et al. [28]
have low risk of bias in most domains, with no significant
concerns, as reflected by the green markers. These studies are
considered methodologically stronger and provide reliable
results for the meta-analysis [31]. Additionally, the study by
Lyu et al. [22] shows an unclear risk in the randomization
process, suggesting that there is insufficient information or
transparency regarding randomization. This may slightly
affect the quality of the evidence, but does not necessarily
invalidate the study's findings.

The NOS assessment (Figure 3) for the studies included
in this systematic review and meta-analysis evaluates the
risk of bias in terms of study selection, comparability, and
outcome assessment. The scale provides a rating of low,
moderate, or high risk of bias across nine domains [32].
In this analysis, the study by Chen et al. [30] exhibits the
highest risk of bias, with a high rating in domain D9 (for
the selection of study participants). It indicates potential
problems with participant selection or group matching. This
study also received an unclear rating in domains D1, D2, and
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Table 3: Summary of studies involved in the study.

Study Design Population Intervention

205 Elderly
individuals (=65
years) from an

outpatient clinic in
Kaohsiung, Taiwan

Cross-sectional
study with logistic
regression
analysis

medications)

Cross-sectional 218 No specific
study with Older adults (260 intervention,
multi\{ar.iate years) with chronic but frailty and

logistic coronary syndrome polypharmacy
regression (CCS) were examined
1758
) ) Polypharmacy
Patients with (5-9 medications)
RCT heart failure with and hyper-
preserved ejection polypharmacy
fraction (HFpEF), | (210 medications)
aged 250 years
955
Frail elderly Very-low-dose
RCT patients (280 edoxaban (15
years) with atrial | Mg) once dally.for
fibrillation at high | Stroke prevention
risk of bleeding
518
Prospective ) Polypharmacy
cohort study with |  Elderly patients | (5+ medications)
multivariable (270 years) and excessive
regression unQergomg polypharmacy
analysis elective cardiac | (10+ medications)
surgery
179
One-year Elderly (=65 years)

follow-up study
with baseline
and follow-up
assessments

and middle-aged
(40-65 years)
patients with
cardiovascular
diseases

medications)

Polypharmacy (28 | on 5-item FRAIL

Polypharmacy (=5

Comparison Outcomes Key Findings
Polypharmacy
was significantly
associated with
frailty status, with
frail individuals being
more likely to have
polypharmacy.

Frail vs. non-frail

individuals, based Frailty status

(measured by 3
different scales) and
its association with
polypharmacy

scale, CHS-PFC
index, and SOF
scale

30.3% of CCS
patients were
frail. Frailty was
associated with
aging, hearing

Prevalence of
frailty, determinants
of frailty in CCS

Frail vs. non-frail . . :
patients, including

CCS patients . dysfunction,
polypharmacy, aging, s
) malnutrition,
depression, and VTE .
) depression, and
risk
polypharmacy

(=5 medications).

Hyper-polypharmacy
was associated
with increased risk
of hospitalization
and cardiovascular

Hospitalization
for heart failure,
cardiovascular death,
all-cause death,

Nonpolypharmacy
(<5 medications)
vs. polypharmacy

vs. hyper- . death. Polypharmacy
and serious adverse
polypharmacy also showed a trend
events L
toward worse clinical
outcomes.
Edoxaban

Stroke, systemic
embolism, major
bleeding, mortality,

significantly reduced

Edoxaban vs. stroke and systemic

placebo L ; embolism events
net clinical composite . ; .
without increasing
outcome . .
major bleeding.
Polypharmacy
. . and excessive
Functional decline, olvpharmacy were
measured by health- P yp cy
; . associated with worse
Polypharmac related quality of life functional decline
yp Y| (HRQL), disability, Jeci
VS. non- L after surgery; patients
olypharmac and medication- with polypharmac
polyp Y related side effects polyph: y
one year after had significantly
surge poorer HRQL and
gery higher disability post-
surgery.
Frailty (measured Polypha'r.macy
. . was significantly
by Fried criteria), ; .
. associated with
. functional status .
Frail vs. non- frailty, decreased

(measured by
Barthel Index and
Duke Activity Status
Index), quality of life
(measured by EQ-
5D-5L)

frail individuals,
functional status,
and QoL

functional status, and
poorer quality of life
in both elderly and
middle-aged patients
with cardiovascular
diseases.
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The intervention

Intervention roup showed a
150 patients group: Follow- All-cause significZnt reduction
Herrero-Torrus aged 275, with a up by both a hospitalization All-cause in all-cause
etal. RCT recent heart failure | C2rdiologist and heart failure hospitalization, hospitalization
hospitalization, and | 2 geriatrician, hospitalizations mortality, and heart com pared to the
[27] P ’ control group: P " > | failure hospitalization P .
frailty assessed Follow-up b and mortality control group. Frailty
cardiologisF: oﬁly was present in 52%
of the sample.
Cardiovascular Polypharmacy
autonomic was associated
Cross-sectional 305 ) with impaired
i study using i function assessed cardiovascular
Samajdar Elderly patients Polypharmacy Polypharmacy through heart rate . ;

t al. record-based > i o autonomic function,
e data and logistic (260 years) with (5 or more vs. non- variability, Valsalva with sianificant
28] 9 chronic diseases, medications) polypharmacy ratio, orthostatic . gnit

regression living in Kolkata, hypotension, and differences in heart
analysis Indi . S rate variability
ndia diastolic blood and orthostatic
pressure changes .

hypotension.

Polypharmacy
Retrospective 331 Prevalence of was prevalent in
Alsultan etal. | cross-sectional Adult heart failure Polvoharmac Patients with polypharmacy, 39.88% of heart
study using ; yp y polypharmacy predictors of failure patients.

[29] ' patients (aged (8 or more ! Pt

electronic 60+) treated in medications) vs. those without polypharmacy Those with diabetes
medical records outpatient clinics in polypharmacy (diabetes, had a significantly
(EMRs) Saudi Arabia hypertension) higher risk (6-fold) of
polypharmacy.
Polypharmacy and
frailty were both
Prospective independently
. . associated with
cohort study . Polypharmacy Major cardiovascular . .
Chen et al. using Cox as(::“: ﬂqyi(j(:sts Polypharmacy vs. non- events (MACE), m:;::?:aasrzi(l\':::c%flar
proportional (58—69p ears‘; from (=5 medications), polypharmacy, cardiovascular I events and

[30] hazards the Uli/ Biobank | Tailty assessment | frailty vs. non- | disease mortality, all- mortality. with

regression frailty cause mortality Y, .
models polypharmacy having

a stronger effect
on cardiovascular
mortality.

DS, suggesting insufficient or ambiguous information about
participant selection, outcome measurement, and statistical
analyses. As a result, it was categorized as having a high risk
of bias overall. The studies by Lyu et al. [22], Samajdar et al.
[28], and Arends et al. [25] show low risk of bias, with green
marks across most domains, suggesting that they have well-
defined inclusion criteria, outcomes, and statistical methods.
These studies appear to provide the most reliable evidence
and are considered to have a low risk of bias overall. Other
studies, such as Akashi et al. [24] and Hiriscau et al. [26],
were rated with a mix of low and unclear judgments across
some domains, particularly in D2 (comparability) and D8
(outcome assessment). There is some uncertainty about their
internal validity, though they are generally considered of
acceptable quality [33].

Publication Bias

The funnel plot (Figure 4) shows a fairly symmetric

distribution of studies around the combined effect size, which
suggests that publication bias is not a major concern in this
analysis. Studies are distributed both above and below the
combined effect size, with smaller studies at the bottom and
larger studies towards the top. This distribution is typically
expected in a well-balanced funnel plot, supporting the idea
that the included studies are reasonably representative of the
available literature (Table 4). Egger regression analysis
agrees with this observation (Table 5). The intercept is 0.56,
and the p-value for the slope is 0.709, which is greater than
the significance threshold of 0.05. This indicates that there
is no statistically significant evidence of asymmetry, and
therefore, no strong evidence of publication bias. Finally,
the Trim and Fill analysis, which estimates the missing study
using imputed studies to adjust the asymmetry. It also shows
that no asymmetry requires imputed studies, supporting the
carlier finding of the absence of significant publication bias
in this meta-analysis.
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Akashi et al. [24
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Herrero-Torrus et al.
27 1 © ® ® © ® ®
D1: Bias due to randomization process Judgement
D2: Bias due to deviations from intended intervention ® High
D3: Bias due to missing outcome data *  Unclear
D4: Bias in measurement of the outcome ®  Low

D5: Bias in selection of the reported result

Figure 2: Risk of bias within the included studies using RoS 2.
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D8: Adequacy of statistical analysis

D9: Assessment of whether the study controls for any additional factors

Judgement
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Figure 3: Intra-review bias assessment using NOS.

Effect Size between polypharmacy and various health outcomes in
0.00 2',00 ’1',00 000 100 z','m 3',00 4',"" elderly patients. A random-effects model was used, providing
a pooled effect size of 0.93 (95% CI: 0.48-1.39). This
020 suggests a moderate association between polypharmacy and
the examined health outcomes, though the confidence interval
includes the possibility of no effect. It indicates that while
5 040 polypharmacy might be linked to worse outcomes, the data
z isn't fully conclusive. Individual studies contribute differently
E 060 to the pooled effect. On the one hand, the biggest effect size is
E represented in the study by Hung et al. [21], where the effect
B, i is large and highly variable (1.38 Cl: -0.45 3.21) (Table 6).
On the other hand, a smaller effect size obtained by Lyu et
Lo al. [22] is an indicator of the less significant but consistent
impact of polypharmacy, 1.05 (CI: 0.85, 1.25). Minamisawa
o et al. [23] documented an effect size of 1.22 (CI: 1.20, 1.24),

1.20 L . . . . . .
@ Studies @ Combined Effect Size ® Adjusted CES O Inputed Data Points which lmphes a stable and moderate relatlonshlp, while
Akashi et al. [24] showed a weak relationship with the effect
Figure 4: Funnel plot measuring publication bias in the studies. size of 0.57 (CI: 0.10, 1.04). It demonstrated little or no
influence of the presence of polypharmacy on the outcomes
Forest plot of a healthy state. The length of bars indicates the weight of
that particular study of this pool analysis, with bigger studies
The forest plot shown in Figure 5 represents the meta- giving more of the final effect. The greatest weights belong
analysis results from the studies examining the relationship to the Minamisawa et al. [23] and Lyu et al. [22] articles,
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which are more significant than others because of their larger
sample sizes and their contribution to the pooled outcome.
Altogether, polypharmacy has negative health consequences;
however, study-to-study effect sizes differ highly. Other
studies, like Hung et al. [21], report considerably large
effects, whereas still others, like Akashi et al. [24], indicate
a considerably weak relationship. This variability highlights
the need for further studies with larger, more homogenous
samples to provide a clearer understanding of the effects of
polypharmacy in elderly patients [34,35].

Table 4: Information related to funnel plot.

Standard error

Study name Effect Size (2) @)
Hung et al. [21] 1.38 0.93
Lyu et al. [22] 1.05 0.10
Minamisawa et al. [23] 1.22 0.01
Akashi et al. [24] 1.37 0.58
Arends et al. [25] 0.57 0.24
Hiriscau et al. [26] 2.14 0.16
Herrero-Torrus et al. [27] 0.19 0.08
Samajdar et al. [28] 1.10 0.68
Alsultan et al. [29] 0.25 0.41
chen et al. [30] 0.48 0.13
Combined effect size Observed
Effect size 0.93 Not analyzed
SE 0.20 Not applicable
ClI Lower limit 0.48 Not applicable
Cl Upper limit 1.39 Not applicable
PI Lower limit -0.41 Not applicable
PI Upper limit 2.28 Not applicable
Heterogeneity Not analyzed
Q 243.23 Not analyzed
Pq 0.000 Not analyzed
12 96.30% Not applicable
T? 0.31 Not applicable
T 0.56 Not applicable
Table 5: Egger Regression.
Parameter | Estimate SE CILL Cl UL
Intercept 0.66 1.71 -3.20 4.52
Slope 0.52 1.10 -1.98 3.01
ttest 0.39 appll\:::);ble apprl\:c?;ble appll\il(c:);ble
p-value 0.709 appll\:c?;ble app:\ilc?a;[ble app’I\ilg;ble

Heterogeneity Assessment

The heterogeneity assessment based on the forest plot
(Table 6) reveals notable variability across the studies
included in this meta-analysis. The I? statistic is 96.30%,
indicating that a large portion of the variation in effect sizes is
due to real differences between the studies, rather than random
sampling error. This high level of heterogeneity suggests
substantial diversity in the populations, interventions,
and study methodologies across the included studies. The
Q-statistic is 243.23, with a p-value of 0.000, confirming
that the heterogeneity is statistically significant. This implies
that the differences in effect sizes between the studies
are not attributable to random chance but reflect genuine
variability in the outcomes observed across different studies.
Additionally, the T? value of 0.56 reinforces this conclusion,
suggesting that the variability in the effect sizes is substantial
and that different factors, such as study design, sample
characteristics, and measurement tools, may be influencing
the results. Given the high heterogeneity, it is likely that
factors such as the types of populations studied (e.g., age,
underlying conditions, frailty levels), different polypharmacy
thresholds, or variations in how outcomes were measured
(e.g., functional decline, cardiovascular health) may account
for the differences in the reported effects [36,37].

Subgroup Analysis

Based on the subgroup analysis from the provided data,
Figure 6 evaluates the differences in effect sizes across two
subgroups, AA and BB, to determine whether polypharmacy

Table 6: Information correlated with the Forest plot.

Meta-analysis model

Effect Size 0.93
Standard Error 0.20
Confidence interval LL 0.48
Confidence interval UL 1.39
Prediction interval LL -0.41
Prediction interval UL 2.28
Z-value 4.62
One-tailed p-value 0.000
Two-tailed p-value 0.000
Number of incl. subjects 8928
Number of incl. studies 10
Heterogeneity

Q 243.23
Pq 0.000
12 96.30%
T?(2) 0.31
T (2) 0.56
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Effect CILower CIUpper

Study name ize Limit limic Weight
Hung et al. [21] 1.38 -045 321 3.55%
Lyu et al. [22] 1.05 085 125 12.98%
Minamisawa et al. [23] 1.22 1.20 1.24 13.39%
Akashi et al. [24] 1.37 023 251 6.45%
Arends et al. [25] 0.57 010 1.04 11.31%
Hiriscau ct al. |26] 2.14 1.82 246 12.38%
Herrero-Torrus etal. [27] 0.19 0.03 0.35 13.13%
Samajdar et al. [28] 1.10 -0.24 244 5.40%
Alsultan et al. [29] 0.25 -0.56 1.06 8.71%
chen et al. [30] 048 0.23 0.73 12.71%
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Figure 5: A forest plot showing the correlation estimates from each study, as well as the overall pooled
correlation estimate derived using a random-effects model.

Study name / Effect 2 2

S CILL CcIuL  weigh 2

Subgroup name Size ekt Q Pe K
Hung et al. [21] 1.38 -0.45 321 5.16%
Lyu et al. [22] 1.05 085 1.25 19.28%

Minamisawa et al. [23° 122 1.20 1.24 1991%
Akashi et al. [24] 137 023 251 943%
Herrero-Torrus etal. 0.19 0.03 0.35 1950%
Samajdar et al. [28] 1.10 -0.24 2.44 787%
chen et al. [30] 048 0.23 0.73 18.86%
AA 0.86 0.42 1.30 91.58% 196.44 0.000 96.95%
Arends et al. [25] 0.57 0.10 1.01 33.96%
Hiriscau et al. |26] 2.14 1.82 246 3487%
Alsultan et al. [29] 025 -0.56 1.06 31.17%
BB 1.02 -1.51 3.55 8.42%  40.28 0.000 95.03%
Combined effect size  0.87 0.77 0.97 243.23 0.000 96.30%
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Figure 6: Subgroup analysis of the included studies evaluating the impact of polypharmacy on cardiovascular outcomes
in frail elderly patients, stratified by frailty status, comorbidities, and study design factors.

impacts cardiovascular outcomes differently in these groups.
The overall pooled effect size across all studies is 0.87 (95%
CI: 0.77 to 0.97), suggesting a moderate positive association
between polypharmacy and the studied health outcomes. The
confidence interval is relatively narrow, indicating a precise
estimate, though the I? statistic of 96.30% suggests a high
level of heterogeneity across studies (Table 7). For subgroup
AA, which includes studies like Akashi et al. [24], Herrero-
Torrus et al. [27], and Samajdar et al. [28], the pooled effect
size is 0.86 (95% CI: 0.42 to 1.30), showing a moderate
positive effect. It is statistically significant because the
confidence interval does not pass through the value of zero.
Nonetheless, there was high variability among the population
of the subgroup, as the I? value is quite high, 96.95%. It
means that the observed mean difference can be altered by
other variables in the study that are not reflected in the results,
including sample demographics or treatment regimens.

In subgroup BB consisting of such studies as Arends
et al. [25], Hiriscau et al. [26] and Alsultan et al. [29], the
pooled effect size is 1.02 (95% CI: -1.51 to 3.55). It indicates
that the result is not statistically significant due to the large
confidence interval, which incorporates zero. Also, the I?

value 95.03% shows a high amount of variability among the
studies in this subgroup, and this means that it is possible
to completely conduct various factors such as the nature
of patients or the kind of intervention to warrant different
outcomes. The Q-statistic of subgroups comparison is 40.28;
the p-value = 0.000, so the difference between the effects sizes
of the subgroups AA and BB is significant. It implies that the
impact that polypharmacy has on cardiovascular outcomes
is unique among these two subgroups. In short, the great
heterogeneity, particularly, within each subgroup, implies
that variations in study designs, population characteristics,
and types of interventions play a role in the difference in the
effect of polypharmacy [38,39].

Narrative analysis

This systematic review and meta-analysis found a
consistent association between polypharmacy and poor
cardiovascular outcomes in frail elderly patients. Effect of
Polypharmacy on Cardiovascular Health: Polypharmacy,
typically defined as the use of five or more medications, was
linked to an increased risk of heart failure hospitalizations,
cardiovascular mortality, and functional decline. Elderly
individuals, especially those who are frail, face compounded
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Table 7: Information related to Sub-group analysis.

Meta-analysis model

Effect size 0.87
Standard Error 0.04
Confidence interval LL 0.77
Confidence interval UL 0.97
Prediction interval LL 0.77
Prediction interval UL 0.97
Number of incl. subjects 506167
Number of subgroups 2
Analysis of variance

Between / Model (Q*) 0.05
Between / Model (Df) 1
Between / Model (P) 0.820
Within / Residual (Q¥) 4.81
Within / Residual (Df) 8
Within / Residual (P) 0.778
Total (Q*) 4.86
Total (Df) 9
Total (P) 0.846
Pseudo R? 1.07%

risks from polypharmacy due to the multiple comorbidities
they often experience, which makes them more susceptible
to adverse effects. The current evidence suggests that
polypharmacy is often a necessity when it comes to chronic-
condition management. It is also the risk factor that can
increase the cardiovascular vulnerability due to the changes
in autonomic regulation, impairment of the blood pressure
control, and the risk of drug interaction.

Impact of Frailty on Polypharmacy Outcomes: Frailty
is revealed to be an important moderator of the relationship:
those people who are considered frail have significantly worse
adverse cardiovascular results with increased polypharmacy.
The conclusion confirms the results of earlier studies by
Minamisawa et al. [23] and Akashi et al. [24], according to
which higher polypharmacy is associated with a deterioration
of cardiovascular outcomes in frail patients. Considering
the fact that frailty is the state of high vulnerability to
exogenous stressors, the fact that there is a combination of
various medications increases the possibility of autonomic
dysregulation and cardiovascular instability even more. On
the other hand, the exclusion of frail cohorts in the studies,
e.g. by Lyu et al. [25] leads to the reduced/lack of associations
between polypharmacy and poor cardiovascular outcomes.
Therefore, it highlights the centrality of frailty in the process
of defining the degree of risk introduced by polypharmacy.

Study Variability and Its Impact on Results: A high

level of heterogeneity could be observed in the reviewed
studies, and the main reason behind this finding was a lack
of consistency in the population of patients, pharmacologic
regimens, and methods. Some studies showed that there was a
strong correlation between polypharmacy and cardiovascular
outcomes- especially among frail elderly populations,
but other studies found less significant correlations. Such
differences depended on such factors as the degree of frailty,
the age of subjects, and the burden of comorbidities, as well
as the cardiovascular outcome being studied (e.g., major
adverse cardiovascular events, mortality, hospitalization). In
addition, various medication management procedures, such
as deprescribing programs, also led to the conflicting findings
that were achieved.

Clinical Relevance and Implications: Results of this
review highlight the need to carefully manage the medications
in elderly patients, particularly frail patients. Review of
polypharmacy and deprescribing interventions can play an
irreplaceable role in reducing cardiovascular risks of high
medication usage. The frailty status and comorbidity profiles
must be incorporated into prescribing practice by clinicians
so that they can be guaranteed that the benefits are more than
the risks. Besides, individual patient needs can be addressed
using personalized therapeutic schemes, reducing the harmful
effects of polypharmacy on cardiovascular health.

Discussion

The current systematic review and meta-analysis
will assess the connection between polypharmacy and
cardiovascular outcomes in frail older people. The included
studies show a similar relationship between polypharmacy
and adverse cardiovascular outcomes. It includes major
adverse cardiovascular events (MACE), cardiovascular death,
and functional deterioration. The results are in line with the
existing body of research that has cited polypharmacy as a
major risk factor of health impairment, especially among
older adults [40]. The use of several medications among
elderly frail patients can be explained by the necessity to
control several chronic diseases. However, polypharmacy
may provoke serious drug interactions, worsen cognitive
impairment, and affect cardiovascular system performance
[41].

The present review revealed that the importance of the
connection between polypharmacy and cardiovascular
outcomes is especially high in frail people, and it is supported
by the findings of, who noted that frailty significantly
increases the adverse impact of polypharmacy [42]. Weak
elderly people by definition are more susceptible to the
negative effects of the use of several drugs because of
the already weakened physiological status. This makes
deprescribing interventions to curb polypharmacy in this
high-risk population so important. The findings support the
significance of individualized drugs and close medication
assessment in the population [43].
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The pooled analysis that was reviewed by Hung et al. [21]
indicated that there was a significant heterogeneity across
the studies included, and this was mainly influenced by the
study design, type of medications, and severity of frailty
that was experienced by the study participants. This finding
aligns with the report by Poudel et al. [44] That pointed out
challenges in making conclusive findings due to differences in
the definitions and measurement of polypharmacy and frailty.
In addition, the inequality as the difference in cardiovascular
performance measurement and in the population of patients
increased when it comes to degrees of comorbidities, age, and
frailty. Unlo et al. [45] also emphasized the need for a more
standardized definition and function.

Despite these deficiencies, analysis has created strong
arguments about the clinical significance of polypharmacy
among older people, thus ending the logic of the need for
intervention to solve the problem. Regular drug reviews
and effects of the deprived strategies are likely to reduce the
negative heart effects associated with using too much drug
among such patients.

Limitations

The systematic review and meta-analysis offer important
clues about the effects of polypharmacy on cardiovascular
outcomes of frail elderly patients, but the conclusions are to be
taken with caution, as there are a number of methodological
shortcomings. To begin with, the I? statistic revealed a high
level of heterogeneity across studies, suggesting that there
was large variability in the study design, the characteristics
of the target population, and the outcome indicators. This
variability was partly due to differences in the definition
of polypharmacy, frailty, and cardiovascular outcomes
between various studies; hence, it was hard to make any
definitive conclusion using the pooled data. Second, a large
proportion of the studies included were observational, which
constrains the possibility of determining causal relations.
Even though the links between polypharmacy and adverse
cardiovascular outcomes are obvious, no RCT studies
indicate that confounding factors might not have been
adequately. Moreover, there were study quality differences
that were evident, with some studies having a serious risk
of bias in randomization and blinding that could affect the
trustworthiness of the results. Also, the studies are primarily
centered on older adult populations from specific geographies
that could limit the generalizability of the findings to other
populations. The potential for publication bias could not
be adequately addressed, and studies with negative or null
findings may have been under-represented, which will impact
the overall effect size estimates.

Future Research

Future research on polypharmacy and cardiovascular
outcomes in frail older people should include ways to
address the heterogeneity found in the meta-analysis. Current

search terms and definitions of polypharmacy, frailty, and
cardiovascular outcomes had numerous discrepancies in
point estimates (outlier studies). It limits direct comparison
and is probably a main reason for the observed heterogeneity.
Depending on the study, topic of the study, and intended
audience, researchers should explore standardized definitions
of polypharmacy regardless of the number of medications
the study considers polypharmacy, how frailty is defined
or assessed, and how cardiovascular outcomes are defined.
Second, researchers should focus on longitudinal studies and
RCTs to determine if polypharmacy is a cause of adverse
cardiovascular outcomes. The current observational studies
can only demonstrate a correlation between studies, which
is limited by confounding factors. RCTs could provide
more convincing information connecting deprescribing age
and cardiovascular outcomes. Research should examine
the mechanisms through which polypharmacy affects the
cardiovascular system, such as medication interactions or
the anticholinergic burden, which may lead to autonomic
dysfunction and cardiovascular instability. Being able to better
use these mechanisms to study polypharmacy could lead to
more efficacious interventions/clinical practices. In addition,
larger and more heterogeneous cohort studies from multiple
locations are necessary to increase the generalisability of
findings, whilst understanding factors such as demographics
and variations in practice within the geographic region.

Conclusions

This systematic review and meta-analysis provide
insight into the potential link between polypharmacy and
adverse cardiovascular outcomes in frail elderly patients.
The findings show that polypharmacy is associated with
three potential significant MACE: cardiovascular mortality
and functional decline. These patients are often frail, and
the harm from polypharmacy is escalated by their multiple
comorbidities and the decline in physiology associated
with aging. In addition to clear evidence that polypharmacy
can result in harmful effects for patients, the meta-
analysis has demonstrated substantial heterogeneity across
studies. Because of variations in study design, population
characteristics, and the types of medications used, it may
be difficult to derive universally applicable guidelines that
consider the best way to manage polypharmacy in frail,
elderly patients. The review underscores the importance of
regular medication reviews and deprescribing to enhance
cardiovascular health outcomes. Healthcare providers
should take a patient-centered approach to medication
management and consider the frailty of the individual, along
with their comorbidities. In conclusion, while polypharmacy
will continue to be an important part of managing chronic
conditions in elderly patients, the risks must be managed
carefully. Further studies will be useful to establish clear
guidelines for polyprescribing in discriminating effects on
cardiovascular health and how polypharmacy relates to these
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effects. In addition to developing standardized definitions of
polypharmacy and well-designed studies be needed regarding
what investigations will provide the best evidence to clinical
practice
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