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ABSTRACT

Objectives Metabolic dysfunction-associated steatotic
liver disease (MASLD) is a prevalent chronic condition
often accompanied by multiple comorbidities requiring
complex pharmacological management. This review

aims to examine the prevalence of polypharmacy in
patients with MASLD, alongside an exploration of reported
associations with side effects and observed relationships
with patient-reported outcomes.

Methods We conducted a systematic review using
MEDLINE, CINAHL, Embase, Cochrane CENTRAL and Scopus
databases, supplemented by a grey literature search,

from inception to August 2024. Inclusion criteria were
randomised controlled trials, cohort studies or case-control
studies that evaluated the prevalence of polypharmacy and
its consequences in adults with MASLD. Three reviewers
independently performed study selection and data
extraction. The quality of included studies was assessed
using the Newcastle-Ottawa Scale. The primary outcome
was the prevalence of polypharmacy, with secondary
outcomes including side effects and quality of life (QoL). A
meta-analysis with a random-effect model was performed.
Results Six studies were included, of which three
(totalling 2194 participants) were used in a meta-analysis.
Polypharmacy prevalence ranged from 25% to 89%, with
a pooled prevalence of 81% (95% Cl 59 to 93), )=99.5%.
Adverse outcomes associated with polypharmacy
included increased risk of hepatic encephalopathy-related
hospitalisations, reduced QoL across physical and mental
health domains, and augmented liver disease progression,
particularly in individuals with advanced MASLD.
Commonly used medications, such as anticholinergics
and insulin, were linked to significant symptom burdens
and metabolic dysregulation. Risk of bias assessments
revealed that 50% of included studies had high risk due
to limitations in study design, such as cross-sectional
design and inconsistent definitions of polypharmacy, which
reduced the certainty of evidence.

Conclusions Polypharmacy is highly prevalent in MASLD
and associated with poorer clinical outcomes and reduced
QoL. Interventions such as deprescribing programmes and
enhanced medication management strategies are needed
to mitigate risks and optimise patient care.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) is a common chronic condition often
requiring multiple medications due to associated
comorbidities. Polypharmacy has been associated
with adverse clinical outcomes, including increased
risk of drug-related complications and reduced
quality of life (QoL).

WHAT THIS STUDY ADDS

= This systematic review and meta-analysis provides
a comprehensive assessment of polypharmacy
prevalence in MASLD, estimating a pooled prev-
alence of 65%. The study highlights associations
between polypharmacy and adverse outcomes, in-
cluding increased hepatic encephalopathy-related
hospitalisations, worsened QoL and accelerated
liver disease progression.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings highlight the need for deprescribing strat-
egies and personalised medication management to
reduce risks. Future research should refine poly-
pharmacy definitions and assess targeted interven-
tions to improve patient outcomes and healthcare
policies.

BACKGROUND

Metabolic dysfunction-associated steatotic
liver disease (MASLD), formerly known as
non-alcoholic fatty liver disease, is a chronic
liver condition characterised by the abnormal
accumulation of fat in the liver in individ-
uals who consume little or no alcohol." It
encompasses a spectrum of liver abnormal-
ities, ranging from simple steatosis to meta-
bolic dysfunction-associated steatohepatitis
(MASH), a more severe form involving
liver inflammation and cell injury.® Around
10-30% of individuals with simple steatosis
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progress to MASH, which can lead to fibrosis, cirrhosis
and hepatocellular carcinoma,” which is associated with
particularly poor survival outcomes.

MASLD is one of the most prevalent liver diseases
worldwide, with an estimated global prevalence of 30%
in the general population, increasing from 22% to 37%
from 1991 to 2019.* Traditionally considered a condition
associated with middle-aged or older adults, MASLD is
increasingly diagnosed in younger adults and children.”
This shift in demographics reflects the rising prevalence
of obesity, sedentary lifestyles and unhealthy dietary
patterns in these populations. MASLD is strongly asso-
ciated with metabolic comorbidities including obesity,
type 2 diabetes (T2D), insulin resistance, hyperlipi-
daemia and hypertension, collectively referred to as
metabolic syndrome,® which significantly increases the
risk of cardiovascular disease, stroke and other compli-
cations. Given that MASLD is closely linked to metabolic
syndrome, its management often requires a comprehen-
sive, multifaceted approach to manage the underlying
metabolic abnormalities, reduce liver fat accumulation
and prevent disease progression.” This typically includes
lifestyle modifications, pharmacological interventions
and, in some cases, investigational therapies.®

Pharmacological interventions for MASLD aim to
address underlying metabolic issues such as insulin resis-
tance, dyslipidaemia and inflammation. Common medi-
cations include insulin sensitisers like metformin and
pioglitazone,” lipid-lowering agents like statins,'” and
emerging treatments such as glucagon-like peptide-1
receptor agonists (eg, liraglutide, semaglutide, tirze-
patide)'" and sodium-glucose co-transporter 2 inhibi-
tors,'? which help improve insulin resistance, reduce liver
fat and manage comorbid conditions like diabetes and
dyslipidaemia. However, a significant concern in MASLD
management is polypharmacy, defined as the use of five or
more concurrent medications.'” Polypharmacy has been
associated with various negative outcomes, including
drug interactions, greater symptom burden, medication
non-adherence, inappropriate prescribing, adverse drug
events, hospitalisation, falls, functional decline, lower
quality of life (QoL) and increased mortality."* This risk
is further compounded by altered liver enzyme activity
in MASLD patients, including reduced expression and
activity of several cytochrome P450 enzymes, including
decreased activity of CYP3A4." The inhibition and induc-
tion of the CYP enzymes significantly affect drug pharma-
cokinetics by altering absorption, distribution, metabolism
and clearance,'® potentially leading to reduced drug effi-
cacy or heightened toxicity. The complexity of medica-
tion regimens in polypharmacy also contributes to poor
medication adherence, as patients may struggle with
multiple medications, managing complex dosing sched-
ules and dealing with the side effects of various drugs.'”
Non-adherence to medication regimens, in turn, can
negatively affect the overall management of both MASLD
and associated conditions, potentially leading to disease
progression and poor long-term outcomes.

This review aims to determine the prevalence of poly-
pharmacy in patients with MASLD. We also aim to synthe-
sise the current evidence regarding reported associations
between polypharmacy and side effects, and to explore
observed relationships with patientreported outcomes
and other clinical outcomes in this population.

METHODS

We registered our review protocol on PROSPERO
(CRD42024574460). This systematic review was
conducted in adherence to the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
statement.

Eligibility criteria

We included studies that met predefined eligibility criteria
structured according to the Population, Intervention,
Comparison, Outcome (PICO) or Population, Exposure,
Comparator, Outcome (PECO) framework (table 1).

Information Sources

The systematic search was conducted wusing the
following bibliographic databases: MEDLINE, CINAHL,
Embase, Cochrane Central Register of Controlled Trials
(CENTRAL) and Scopus, covering studies from database
inception to August 2024. Additionally, grey literature
searches were performed in ClinicalTrials.gov and Google
Scholar to identify potentially relevant unpublished
studies. The search was restricted to English language
publications, and references of included studies were also
screened for eligible articles.

Search strategy

A detailed search strategy combining controlled vocab-
ulary and keywords such as “polypharmacy”, “metabolic
dysfunction—associated steatotic liver disease (MASLD)”,
“non-alcoholic fatty liver disease (NAFLD)”, “side effects”
and “quality of life” was employed for each database. The
search strategy for MEDLINE can be found in the supple-
mentary material (online supplemental appendix A).
Searches were limited to human studies, and no restric-
tions were placed on publication year.

Selection process

Three independent reviewers (JT, SA, RR) screened
the titles and abstracts of all retrieved studies using
Covidence software (Veritas Health Innovation Ltd).
Full-text articles were retrieved for potentially eligible
studies, and the inclusion criteria were applied. Any
disagreements between reviewers were resolved by
consensus among the three reviewers.

Data collection process

Data were independently extracted by three reviewers
(JT, SA and RR) using a data extraction form adapted
from the ‘Data collection form’ of The Cochrane
Collaboration. Discrepancies in data extraction were
resolved through discussion or consultation with a
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Table 1
(PECO) framework for study inclusion and exclusion criteria

Summary of Population, Intervention, Comparison, Outcome (PICO) / Population, Exposure, Comparator, Outcome

Component Inclusion/exclusion criteria

Population >

Studies involving adult participants (aged >18 years) with a diagnosis of MASLD. MASLD

diagnosis could be established using imaging modalities, liver biopsy or biochemical markers.
»  Studies restricted to paediatric populations or those not reporting data specific to MASLD were

excluded.
Intervention/exposure >

For interventional studies: multiagent pharmacological therapies targeting MASLD or its

associated comorbidities (eg, diabetes, hypertension, dyslipidaemia). Single-agent intervention

studies were excluded.

»  For observational studies: polypharmacy was the primary exposure of interest, with studies
required to provide a clear definition and threshold (eg, >5 medications).

Comparator >

Participants with MASLD who did not meet the polypharmacy threshold (eg, <5 medications) or

those receiving alternative lifestyle-based interventions.

Outcomes >

Primary: prevalence of polypharmacy, typically defined as the use of >5 medications, reported

as a proportion of the study population.

»  Secondary: types of medications used, adverse effects and associations with quality of life,
hospitalisation, emergency visits, liver function, disease progression and mortality were extracted
if reported but were not the primary focus of the review. Effect estimates included risk ratios and

standardised mean differences.
Study design >

Eligible study designs included RCTs, quasi-RCTs, single-arm trials and observational studies

(cohort, cross-sectional and case-control), with no restrictions on sample size.
» Excluded were non-original articles (eg, reviews, protocols, abstracts, case reports, theses) and
studies terminated early due to recruitment issues.

MASLD, metabolic dysfunction-associated steatotic liver disease; RCTS, randomised controlled trials.

third reviewer (RG). Extracted data included study
characteristics (authors, vyear, design, location),
participant demographics (sample size, age, sex),
MASLD diagnostic criteria, polypharmacy interven-
tions and study outcomes (eg, prevalence of poly-
pharmacy, QoL, types and frequencies of side effects).
When data were not available, the study authors were
contacted via email to obtain the missing information.

Quality assessment

Quality assessment of the included full text arti-
cles, all of which were observational in design, was
independently assessed by three reviewers (JT, SA
and RR). Any disagreements were resolved through
consensus. We assessed the risk of bias and quality
of the included studies using the Newcastle-Ottawa
Scales (NOS) for case-control and cohort studies,
and modified NOS for cross-sectional studies.'? These
tools consist of seven to eight domains depending
on the type of study design. Studies were categorised
based on total scores as being of either high quality
(total score 27) or low quality (total score<7).

Analysis and data synthesis

Continuous variables were presented as means (+SD)
or medians (IQR), as appropriate, while categor-
ical variables were presented as numbers (percent-
ages). We conducted a meta-analysis to estimate the
pooled proportion of events across studies using the
meta and metafor packages in R V.4.3.3. Effect sizes
were pooled using an inverse variance random-effect

model with 95% CI. A logit transformation (PLOGIT)
was applied to stabilise variances, and an inverse vari-
ance weighting approach was used to assign greater
weight to studies with smaller variance. Between-
study variance (72) was estimated using the restricted
maximum likelihood (REML) method, with CI
computed using the Q-profile method. The Hartung-
Knapp-Sidik-Jonkman method was used to calcu-
late CI for the random-effect model. Heterogeneity
was assessed using Cochran’s Q statistic, and the I2
statistic quantified the proportion of total variation
due to heterogeneity. Egger’s test was not performed,
asitis recommended to have a minimum of 10 studies
for reliable results. Only three studies were included
in the meta-analysis, as they consistently defined
polypharmacy as the use of five or more medications
and were conducted in comparable clinical settings.
Studies that used different definitions or thresholds
for polypharmacy, or that focused only on specific
medication classes were excluded from the meta-
analysis and instead summarised narratively. To assess
the robustness of our pooled estimate, we performed
a sensitivity analysis by including one additional study
conducted in a community-based primary care setting.

RESULTS

Study selection

A flow diagram depicting the selection process is
presented in figure 1. Of the 12 614 records identified,
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9430 remained after duplicates were removed. Title
and abstract screening led to 183 articles being
selected for full-text review. Despite attempts to
contact authors, two full-text articles were unavail-
able. Of the 181 articles assessed, six met the eligi-
bility criteria and were included in the final review.

Study characteristics

A total of six articles were collected and included in
the review, from Alrasheed et al,20 Alrasheed et al,21
Patel et al,22 Patel et al,23 Miele et al?* and Montrose
et al.® The characteristics of the included studies
are presented in table 2 and online supplemental

Studies from databases/registers (n = 12539)
Embase (n = 5423)
Scopus (n = 5092)
MEDLINE (n = 1262)
CENTRAL (n = 486)
CINAHL (n = 276)

References from other sources (n = 75)
Google Scholar (n = 75)
Grey literature (n=)

£
(-]
2
3
=
E
@
=

References removed (n = 3184)
Duplicates identified manually (n = 95)

> Duplicates identified by Covidence (n = 3089)
Marked as ineligible by automation tools (n = 0)
Other reasons (n = 0)
Y
Studies screened (n = 9430) 2| Studies excluded (n = 9247)
Studies sought for retrieval (n = 183) >| Studies not retrieved (n = 2)

v

Studies assessed for eligibility (n = 181)

Screening

- | Studies excluded (n = 175)
- Abstract/ Conference paper (n=56)

Wrong patient population (n = 45)

Wrong outcomes (n = 26)
Review (n = 18)

Study Protocol (n = 18)
Monotherapy (n = 6)
Wrong study design (n = 3)
Book chapter (n = 1)

Case Report (n=1)

Wrong intervention (n = 1)

Studies included in review (n = 6)

Included

Figure 1 Preferred Reporting ltems for Systematic Reviews and Meta-analyses flowchart of the study selection of six studies

eligible for the systematic review.
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Table 2 Characteristics of the included studies

Mean age
First author, Number of (years) Prevalence of
year Country Study design Population subjects M (xSD) Aim Outcomes polypharmacy
Alrasheed USA Retrospective, MASLD N=1067 48.64+11.8 To examine QoL was measured using 834/1067
2022a% cross-sectional patients of the association the SF-36 instrument.
study age 18 or between
older who had polypharmacy and
a histologic health-related QoL
diagnosis of in MASLD adult
MASLD patients.
Alrasheed USA Retrospective, MASLD N=1032 48.6+11.8 To examine QoL was measured using 803/1032
2022b?" cross-sectional patients of the effect of the SF-36, patient-reported
study age 18 or polypharmacy on liver symptoms.
older who had patient-reported
a histologic liver symptoms
diagnosis of in MASLD adult
MASLD patients and
to examine the
patient-reported
symptoms that
affect QoL.
Patel 2017% Australia Cohort study Patients with  N=95 59.6+9.4 To describe the Number of medications, 85/95
MASLD and number and co-morbidities, patients (%)
diabetes type of chronic taking 1-4 medications,
conditions patients (%) taking 5-9
present in, and medications and patients
medications (%) taking >10 medications.
taken by, a
cohort of patients
with diabetes
and MASLD at
risk of clinically
significant liver
disease, attending
a hospital or
primary care
diabetes service.
Patel 2018% Australia Cross-sectional  Patients with ~ N=230 57+12  To examine the Metabolic control >3 diabetes
study MASLD from relationship (HbA1c >7%, medications
diabetes between steatosis hypertriglyceridaemia), 51/230
clinics and quantified by requirement for insulin,
primary care CAP values presence of metabolic
and glycaemic/ syndrome and CAP scores
metabolic control. for liver steatosis.
Miele 20222 Italy Retrospective Adults aged N=151431 57+16  To determine MASLD has been 66181/151431
cohort study 18 years or the prevalence associated with worsening
older attending of MASLD and kidney function and
Italian primary the probability polypharmacy use
care services of liver fibrosis
with data from in Italian primary
2008 to 2017. care services,
assess associated
comorbidities,
and identify
determinants of
MASLD using
non-invasive tests
(NITs).
Montrose USA Retrospective Patients aged N=1039 58.8+11.8  To examine HE-related hospitalisations, The average
2024%° cohort study 18-80 with (378 with  (no data for the association medication burden in number
cirrhosis, seen MASLD) those with  between MASLD patients, prevalence of chronic
at hepatology MASLD) medication of anticholinergic use medications
clinics during burden, in MASLD patients, for MASLD
2019, without anticholinergic use complications of liver patients was
prior liver and HE-related disease, and all-cause 9.6 (4.6).
transplant, hospitalisations mortality.
including those in patients with
with MASLD. cirrhosis.

CAP, controlled attenuation parameter; HE, hepatic encephalopathy; LSM, liver stiffness measurement; M, mean; N, number of patients; PP, polypharmacy; QoL,
quality of life; SF-36, 36-Item Short Form Survey.
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appendix B. Six studies investigated the prevalence of
polypharmacy in adults with MASLD or related condi-
tions. Study designs included cross-sectional (n=3)
and cohort (n=3) studies, conducted across the USA,
Australia, Italy and India. Due to the design of these
studies, no statements can be made about causality.
The sample sizes varied widely, ranging from 95
to 151431 participants. Female representation
ranged from 36% to 63%, with mean ages between
48.6+11.8 and 59.6+9.4 years.

Methodological quality

The remaining six articles were independently assessed
for methodological quality by three reviewers (JT, SA
and RR). The assessment of study quality according to
the NOS risk of bias assessments for cohort, case-control
and cross-sectional studies is provided in the additional
file (online supplemental appendix C). Overall, 3/3
cohort (100%) and 0/3 cross-sectional studies (0%) were
reported to be of good quality.

Definition of polypharmacy

A medication threshold of 25 medications was the most
commonly used threshold (four studies, 67%) to define
the use of polypharmacy. Notably, one study differenti-
ated between standard polypharmacy (5-9 medications)
and hyper-polypharmacy (more than 10 medications).?
In contrast, two studies did not provide a clear definition:
Patel et al used a threshold of >3 diabetes medications,23
while Montrose et al reported the average number of
chronic medications used.”

Prevalence of polypharmacy

Polypharmacy prevalence in MASLD adults varied across
studies depending on the population and polypharmacy
definitions. The results are graphically represented
in figure 2. Pooled analysis of three studies showed
a prevalence of 81% (95% CI 59 to 93). The analysis
revealed significant heterogeneity (1>=99.5%), suggesting
substantial variability among the studies. The studies by

Total (HKSJ*)

Footnotes

IV: inverse variance method

*Tau? calculated by Restricted Maximum-Likelihood method
***Cl calculated by Hartung-Knapp-Sidik-Jonkman method

Study Events Total Weight
Alrasheed 2022a 834 1067 39.2%
Alrasheed 2022b 803 1032 39.2%
Patel 2017 85 95 21.6%

2194 100.0%

BMJ Nutrition, Prevention & Health

Alrasheed et al assessed two cohorts of MASLD patients
in the USA, reporting polypharmacy (=5 medications) in
78.2% (834/1067)* and 77.8% (803,/1032)*' of partic-
ipants. Miele et al evaluated a large cohort of adults in
Italian primary care and found polypharmacy in 43.7%
(66181/151431) of the total population.** The studies by
Patel et alinvestigated polypharmacy among patients with
diabetes and MASLD in Australia, with a polypharmacy
prevalence of 89.5% (85/95)* and 22.2% (51/230).”
Montrose et al focused on MASLD patients within a
US-based cirrhosis cohort, reporting that the average
nun;ber of chronic medications for MASLD patients was
9.6.%

To evaluate the robustness of the pooled estimate, we
conducted a sensitivity analysis restricted to three studies
with similar settings and consistent definitions of poly-
pharmacy. When the broader-scope community-based
study by Miele et a* was included, the estimated preva-
lence decreased by 6%. Heterogeneity remained high: 12
(REML, 95% CI) = 0.97 (0.28 to 13.71); x* = 873.20, df=3,
p<0.001; I2 = 99.6% (99.5% to 99.7%). This decrease in
prevalence may reflect differences in prescribing prac-
tices, as primary care-only patients often have simpler
medication regimens and may not have access to or
require input from secondary or specialist care for the
management of more complex pharmacotherapies.

Associations between polypharmacy and patient outcomes
Due to the heterogeneity in study methodologies and
outcome measures, a narrative synthesis was conducted to
summarise the key findings of polypharmacy on patient
outcomes.

Quality of life (QoL)

Alrasheed et al demonstrated that the number of medica-
tions was significantly associated with the physical compo-
nent summary (PCS) and mental component summary
(MCS) scores.”” For each additional medication, the
PCS score decreased by 1.224 units (p<0.01), and MCS

IV, Random, 95% CI IV, Random, 95% CI

0.78 [0.76; 0.81]
0.78 [0.75; 0.80]

= 0.89[0.81; 0.95]

———m>  0.81 [0.59; 0.93]
| | | ] I |
0 02 04 06 08 1

Proportion

Heterogeneity: Tau? (REML*, 85% CI*) = 0.12 {0.0, 10.0]; Chi?=6.72, df = 2 (P = 0.035); 2 = 70.0% [0.0%, 91.2%)]

Figure 2 Forest plot showing polypharmacy prevalence among adults with MASLD. HKSJ, Hartung-Knapp-Sidik-Jonkman;

MASLD, metabolic dysfunction-associated steatotic liver disease.
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score decreased by 0.725 units (p<0.01). Additionally, the
number of medications was significantly associated with
lower QoL in physical functioning (=-1.158, Standard
Error (SE)=0.164, p<0.01), energy (B=—0.694, SE=0.164,
p<0.01), social functioning (B=-0.794, SE=0.176, p<0.01),
bodily pain (f=-1.240, SE=0.171, p<0.01) and general
health ($=-0.902, SE=0.154, p<0.01).

In a related study, Alrasheed et al reported that patients
with polypharmacy also had a higher frequency and
severity of patientreported liver symptoms compared
with non-polypharmacy patients (p<0.01).*" Fatigue
(38.7%), trouble sleeping (23.9%) and muscle aches/
cramps (20.8%) were the most commonly reported symp-
toms in the polypharmacy group. These patients also
reported higher symptom severity across most domains
except for jaundice (p=0.656). Notably, symptom burden
was more severe in polypharmacy patients with steatohep-
atitis, irrespective of its severity level.

Medication use and comorbidities

Patel et alidentified that older age, ischaemic heart disease
and osteoarthritis were more common in patients taking
>5 medications (p<0.05).%* The study also observed that
statin use was higher among patients with lower liver stiff-
ness measurements (LSM <8.2kPa) compared with those
with higher stiffness (92% vs 73%, p=0.03); however,
this association was no longer significant after adjusting
for confounders like age, gender, body mass index and
the number of comorbidities. A more recent study by
Patel et al found that increasing controlled attenuation
parameter was associated with poorer diabetes control,
defined by HbAlc 27%, increasing number of diabetes
medications prescribed, and requiring insulin, and
hypertriglyceridaemia.*

Hospitalisations and mortality

Montrose et al reported that cirrhotic patients, including
those with MASLD, experienced a substantial medication
burden, with 59% of the cohort taking >5 medications.”
Moreover, the average number of chronic medications
for MASLD patients was 9.6 (4.6). Anticholinergic medi-
cation use was observed in 21% of participants and was
significantly associated with hepatic encephalopathy
(HE)-related hospitalisations (Hazard Ratio: 1.71, 95% CI
1.11 to 2.63). Furthermore, both medication burden
and anticholinergic use were independent predictors
of HE-related hospitalisations, emphasising the adverse
effects of polypharmacy in this high-risk population.

DISCUSSION

This review highlights the high prevalence of polyphar-
macy among adults with MASLD, with a pooled rate of
81% across three studies totalling 2194 participants.
Similar trends are seen in other chronic conditions, with
a systematic review reporting a 50% prevalence in individ-
uals with diabetes,? and research on chronic liver disease
(CLD) showing a 31% prevalence.27 These findings

highlight the widespread occurrence of polypharmacy
across chronic conditions.

Our review identified that polypharmacy was associated
with poor clinical outcomes, including reduced QolL,
increased symptom burden and a higher prevalence
of comorbidities. Alrasheed et al reported significantly
lower QoL scores across multiple domains of the 36-Item
Short Form Survey, particularly in physical functioning,
vitality and general health, among patients with polyphar-
macy.”’ Similarly, a cross-sectional study in CLD patients
found that moderate polypharmacy was associated with a
decreased QoL (p<0.05), with a significant relationship
between the physical health category and disease severity
(p<0.05).* Patel et al identified a significant association
between polypharmacy and certain health conditions,
including ischaemic heart disease and osteoarthritis.*
Furthermore, a retrospective study found that individ-
uals with polypharmacy and hyper-polypharmacy (=10
medications per day), compared with those using fewer
than five medications, were at a significantly higher risk
of kidney failure, cardiovascular events and all-cause
mortality, indicating an elevated risk of adverse outcomes
associated with polypharmacy.*

The high medication burden observed by Montrose et
al underscores the potential risks of adverse drug inter-
actions and increased healthcare utilisation in MASLD
patients with polypharmacy.” Farooq et al highlighted
a significant number of drug interactions in patients
with CLD, with major drug interactions linked to poly-
pharmacy and more frequent in prescriptions with
more medications.”® Therefore, healthcare providers
must take additional precautions to avoid inappropriate
prescribing, minimise side effects and ensure drug safety.

Montrose et al emphasise the need for depre-
scribing strategies to reduce medication burden
and minimise risks of HE and infection-related
hospitalisations.”> Deprescribing offers a prom-
ising intervention for mitigating the adverse effects
of polypharmacy in MASLD,” helping reduce pill
burden, adverse drug events and financial strain.”'
However, barriers to deprescribing practices among
clinicians include a prescribing culture that prior-
itises adding medications, limited clinician time
and training on deprescribing frameworks, and
therapeutic inertia where long-term medications
are rarely re-evaluated.” Addressing these issues
requires a shift towards prudent prescribing, wider
adoption of non-pharmacological options, better
clinician education and patient-centred care with
shared decision-making.” This also underscores the
need for improved medical education, particularly in
nutrition, to prevent drug-nutrient interactions and
support deprescribing through dietary interventions
where appropriate.’

Polypharmacy carries substantial health and
economic costs, including adverse drug reactions,
increased healthcare use and frequent hospitalisa-
tions. These challenges are compounded by the global
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rise in MASLD, with Europe seeing a 1.1% annual
increase since 1991.* This trend highlights the need
for non-pharmacological strategies,”* as reliance on
pharmacological treatments may lead to unsustain-
able healthcare costs. Lifestyle changes—particularly
weight loss through diet and physical activity—are
key to reducing liver fat and improving liver function.
In a 52-week study of MASH patients, 58% of those
who lost at least 5% of body weight achieved disease
resolution, increasing to 90% among those who lost
10% or more.”> A meta-analysis further confirmed
that weight loss improves biomarkers, liver steatosis,
MASLD activity score and MASH presence.”®

While calorie reduction is central to MASLD care,
diets enhancing glycaemic control may offer addi-
tional benefits. A 2-week trial comparing calorie
restriction and a very low-carb diet found both
reduced weight, liver triglycerides and AST, with the
low-carb diet achieving greater triglyceride reduc-
tion, linked to macronutrient composition.”” A
recent systematic review and meta-analysis found that
anti-inflammatory diets, such as low-carbohydrate
or Mediterranean diets, may offer modest improve-
ments in the physical component of health-related
QoL among older adults with one or more chronic
conditions.’® The Mediterranean diet, characterised
by low refined carbohydrates and high levels of mono-
unsaturated fatty acids, omega-3 fatty acids and fibre,
has demonstrated positive effects on MASLD, with a
recent meta-analysis finding that the Mediterranean
diet significantly lowered alanine aminotransferase
(p=0.02), Fatty Liver Index (p<0.001) and liver stiff-
ness (p=0.05) in adults with metabolic dysfunction
and liver-related conditions.” Additionally, Unwin et
al demonstrated that adopting a lower-carbohydrate
diet resulted in 46% of T2D patients achieving drug-
free remission, with a relative reduction in diabetes
medication prescriptions, resulting in a £50885
annual decrease in the T2D prescribing budget
compared with the area average.*’ These findings
highlight the potential of dietary strategies to reduce
medication use and healthcare costs.

There are several limitations to this review. The
substantial heterogeneity (I2 = 70%) prevented a
meta-analysis on patient outcomes, limiting the
ability to draw definitive conclusions. Additionally,
the lack of standardised definitions of polypharmacy
and varying thresholds, ranging from >3 to 210 medi-
cations, complicates direct comparisons with existing
literature.'® All included studies were observational,
which prevents the establishment of causal relation-
ships. Furthermore, the majority of studies were
conducted in high-income countries, with the largest
study population from Italy,* limiting the generalis-
ability of the findings.

Another important limitation is that none of the
included studies reported detailed information on
the types or classes of medications counted toward

polypharmacy. This precludes analysis of potentially
relevant medication patterns, such as those related
to MASLD pathophysiology (eg, glucose-lowering,
lipid-modifying or hepatotoxic agents), as well as
the inclusion or exclusion of over-the-counter drugs,
supplements or short-term prescriptions. Addition-
ally, 50% of the included studies were of low quality,
which necessitates caution in interpreting the results.
Despite these limitations, this review lays the ground-
work for future research into polypharmacy in MASLD
and the development of targeted interventions.

Future research on polypharmacy in adults with
MASLD should focus on prospective, longitudinal
cohort studies to establish causal relationships
between polypharmacyand clinical outcomes. Another
important area for future research is the examination
of deprescribing frameworks, including the barriers
and facilitators to deprescribing in MASLD popu-
lations, which could provide valuable insights into
how to reduce polypharmacy-related risks. Given the
rising prevalence of MASLD, future research should
prioritise non-pharmacological interventions, such
as diet, exercise and behavioural changes, to reduce
polypharmacy and improve patient outcomes. More-
over, research that seeks to quantify the benefits of
improved deprescribing practices alongside nutrition
and lifestyle interventions could inform the devel-
opment of future MASLD practice pathways. Finally,
there is a lack of comprehensive cost-utility analyses
addressing the benefits of deprescription and preven-
tive care in MASLD.

CONCLUSION

In conclusion, polypharmacy is highly prevalent
among adults with MASLD, with associations with
reduced QoL and increased risk of comorbidities.
While deprescribing offers a promising solution
to mitigate the risks associated with polypharmacy,
challenges such as prescribing culture and thera-
peutic inertia must be addressed. Furthermore, as
the prevalence of MASLD continues to rise, the finan-
cial sustainability of pharmacological interventions
becomes increasingly questionable. In this context,
lifestyle interventions, particularly dietary modifica-
tions, present an effective approach to reducing the
need for medications, improving patient outcomes
and minimising polypharmacy-related risks. Future
research should focus on longitudinal cohort studies
to establish causal relationships, standardise defi-
nitions of polypharmacy, explore deprescribing
frameworks and prioritise non-pharmacological inter-
ventions, such as lifestyle modifications, to enhance
the management of MASLD and reduce the associ-
ated healthcare burden.
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