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Abstract

Background: Hepatic cirrhosis is a complex condition leading to multiple complications, including ascites, hepatic encephal-
opathy, bleeding varices, and eventually liver failure. Patients with diabetes mellitus or insulin resistance are more likely to fail
treatment, leading to the worsening of hepatic fibrosis. Sodium-glucose cotransporter-2 (SGLT?2) inhibitors are a new class of
drugs with the potential for use in cirrhotic ascites. This scoping review will focus on the response of the addition of SGLT2
inhibitors (SGLT2i) on refractory ascites.

Objective: The objective of this scoping review is to understand the extent and type of evidence in relation to the response of
the addition of SGLT2i on refractory ascites in patients with diabetes mellitus or insulin resistance.

Methods: A comprehensive literature search will be conducted across five databases using variations of the keywords
“Sodium-glucose Cotransporter-2 Inhibitors” and “ascites” to identify original studies published from inception through
December 2023. The search will be limited to English-language human studies evaluating the efficacy of SGLT2 inhibitors,
excluding studies focused on other drugs or conducted in animal models. This review will include studies involving patients
over 21 years of age with cirrhotic ascites and will exclude studies involving noncirrhotic causes. Only studies containing
original patient data will be considered, regardless of health care setting, to ensure clinical relevance and consistency in
interpretation.

Results: The results of this scoping review will offer a comprehensive overview of the available evidence on the use of
SGLT2i in the management of cirrhotic ascites. This review will summarize key study characteristics, patient populations,
interventions, and outcomes, and identify existing knowledge gaps and research priorities. Findings will be presented
narratively and in tabular format to facilitate interpretation and comparison. The review process began with protocol develop-
ment and registration in February 2025. A structured literature search and database screening will follow, continuing through
June. Title and abstract screening, along with full-text review and eligibility assessment, will be completed by July 2025. Data
extraction and charting will take place in July, with synthesis and analysis of findings occurring through August. Manuscript
drafting will begin in August, and the final review and submission of the completed scoping review are anticipated by
September 2025.

Conclusions: By systematically identifying and summarizing original studies that assess the efficacy of SGLT2i in this unique
patient population, the review will provide insight into the therapeutic potential of this drug class beyond glycemic control. It
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will also highlight the strengths and limitations of the existing literature, identify key knowledge gaps, and suggest directions
for future research. Ultimately, this review may support the rationale for further clinical investigation and the development of
targeted therapies for a high-risk group of patients with limited treatment options.

Trial Registration: Open Science Framework (OSF) 7eycr; https://osf.io/7eycr
International Registered Report Identifier (IRRID): PRR1-10.2196/77587

JMIR Res Protoc 2026;15:e77587; doi: 10.2196/77587
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Introduction

Liver cirrhosis is a progressive, chronic disease characterized
by diffuse hepatic fibrosis and the formation of regener-
ative nodules, resulting from various etiologies such as
viral hepatitis, alcohol-related liver disease, and nonalcoholic
steatohepatitis [1-3]. It is a major global health concern,
with complications including ascites, hepatic encephalop-
athy, variceal bleeding, systemic inflammation, and eventual
liver failure [2-4]. Ascites, the most common complica-
tion, significantly impacts prognosis; approximately half
of affected patients die within three years [4]. Globally,
cirrhosis-related deaths increased by 8.1% between 2010 and
2019, reaching nearly 1.5 million annually [5], underscoring
the urgent need for more effective management strategies.

The standard approach to ascites management includes
sodium restriction and diuretic therapy, with large-volume
paracentesis reserved for refractory cases [6]. However, these
options often become limited due to diuretic resistance,
hyponatremia, or renal impairment. An important comorbidity
influencing the course of cirrhosis is type 2 diabetes mellitus
(T2DM), which is present in roughly one-third of patients
and associated with poorer outcomes, including increased
risk of ascites development and mortality [7-9]. More than
80% of individuals with cirrhosis have some degree of
glucose intolerance [9]. Recent global estimates indicate that
T2DM affects approximately 30%-40% of individuals with
cirrhosis, and its presence is associated with a two-fold
increase in mortality risk compared to nondiabetic cirrhotic
patients [7-9]. This combination not only accelerates hepatic
decompensation but also increases the likelihood of devel-
oping refractory ascites, underscoring the need for targeted
management strategies. Insulin resistance in these patients
accelerates hepatic fibrosis and impairs treatment response
[10,11].

Selecting safe and effective antihyperglycemic therapy in
the setting of chronic liver disease is challenging due to
altered drug metabolism and potential hepatotoxicity [12].
While metformin improves insulin sensitivity, conflicting
evidence exists regarding its safety in cirrhosis [12-14]. Other
agents, such as sulfonylureas and alpha-glucosidase inhibi-
tors, are generally avoided in decompensated cirrhosis, and
insulin therapy, though often used, requires further evidence
to support its efficacy [12].

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) are
antihyperglycemic agents that block renal glucose reabsorp-
tion in the proximal tubule, resulting in osmotic diuresis
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and mild natriuresis [15-17]. These effects may help
improve ascites by reducing sodium retention and modulating
the renin-angiotensin-aldosterone system [18,19]. Emerging
evidence, including preliminary reports in cirrhotic patients
with refractory ascites, suggests that SGLT2i may improve
ascites management [18,20]. They may also confer additional
hepatic benefits, such as improved liver enzyme profiles in
patients with coexisting nonalcoholic fatty liver disease [21,
22]. However, safety concerns, such as increased risk of
genital infections, urinary tract infections, dehydration, acute
kidney injury, and euglycemic ketoacidosis, warrant careful
patient selection and monitoring [19,23-27].

Despite growing clinical use of SGLT2i in various
cardiometabolic conditions, there remains a lack of synthe-
sized evidence specifically evaluating their role in cirrhotic
ascites with concomitant diabetes or insulin resistance. No
systematic or scoping reviews on this topic were identi-
fied in preliminary searches. This scoping review aims to
map the extent and type of available evidence regarding
the efficacy and safety of SGLT2i in this high-risk popu-
lation, identify knowledge gaps, and inform the design of
future clinical trials. By systematically mapping the current
evidence, this review could provide foundational knowl-
edge to guide updates in clinical practice guidelines for
managing refractory ascites in patients with cirrhosis and
diabetes. Additionally, the synthesis of safety and efficacy
data may inform policy decisions regarding the inclusion
of SGLT2i as a therapeutic consideration in specific high-
risk subgroups, thereby supporting more evidence-based and
targeted treatment strategies.

An additional consideration is the issue of diuretic
resistance, which frequently complicates the management
of refractory ascites. Emerging evidence from heart failure
populations suggests that SGLT2i may enhance diuretic
responsiveness by promoting natriuresis and improving renal
sodium handling [28]. While this mechanism has not been
extensively studied in cirrhotic patients, it represents a
promising area for investigation and further underscores the
potential clinical utility of SGLT2i in the setting of advanced
liver disease with fluid overload.

Objectives

This review aims to examine the impact of SGLT2i on
refractory ascites in patients with cirrhosis and coexisting
diabetes mellitus or insulin resistance, with a focus on
reported safety considerations and adverse events. Addition-
ally, we will assess their effects on clinical outcomes such as
glycemic control, fluid status, renal function, and mortality,
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and explore how their efficacy and safety profile compares to
other glucose-lowering agents in this population.

Methods

Protocol Registration

The protocol for this scoping review was officially registered
on the Open Science Framework (OSF) Registry to ensure
transparency, reproducibility, and adherence to established
guidelines for systematic reviews. The registration serves as
a public record of the review’s objectives, methodology, and
planned analysis, allowing for open access to the protocol
and facilitating future updates or amendments if needed. The
registered protocol is accessible through the following link
(10.17605/0SF.IO/7TEYCR) [28]. By registering the protocol
in this open-access platform, we aim to promote the integrity
of the review process and provide a clear framework for
the research that can be scrutinized and reproduced by the
scientific community.

Laeeq et al

Eligibility Criteria

The proposed scoping review will follow the PCC framework
(Population, Concept, Context) [29] for structuring review
questions, identifying relevant literature, and developing
inclusion criteria (Figure 1). The results of the search will
be reported and presented using Preferred Reporting Items
for Systematic Reviews and Meta-analyses extension for
scoping review (PRISMA-ScR) guidelines and flow diagram
[30,31]. A scoping review design was selected rather than
a systematic review because the literature on SGLT2i use
in cirrhotic ascites is limited in volume, varied in methodo-
logical approach, and often exploratory. Scoping reviews
are particularly suited to mapping the extent and nature of
research activity, clarifying key concepts, and identifying
evidence gaps in emerging fields [29,30]. This approach
enables the inclusion of a broader range of study designs,
including case reports and small observational studies, which
may provide valuable insights for a condition where large-
scale randomized trials are scarce.

Figure 1. Inclusion criteria based on the participants’ concept context framework. SGLT2: Sodium-glucose cotransporter-2.

Patients older than 21 vears with a history of cirrhotic ascites.

Use of SGLT2 inhibitors for managing cirrhotic ascites, with a focus
on diuresis and nalriuresis.

ascites.

Human studies assessing SGLT2 inhibitors, excluding animal studies, non-
English studies, and siudies evaluating other diuretics or non-cirrhotic

In terms of participants, patients older than 21 years with a
history of cirrhotic ascites will be included. Studies involv-
ing patients with ascites due to noncirrhotic causes will
be excluded, as will be animal studies, to ensure the find-
ings are relevant to human clinical populations. Regarding
the concept, studies evaluating the use of SGLT2i in the
management of cirrhotic ascites will be included. Only
studies that provide patient data will be included to ensure
clinically applicable results. Studies that did not report patient
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data or primarily assessed diuretics other than SGLT2i, will
be excluded to maintain the specificity of the review. In terms
of context, this review will consider studies conducted in
any health care setting that assess the impact of SGLT2i on
cirrhotic ascites. Further, only studies published in English
will be included due to the unavailability of translation
resources within the review team, which may introduce a risk
of language bias.
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Types of Sources

This scoping review will consider both experimental and
quasi-experimental study designs, including randomized
controlled trials, nonrandomized controlled trials, before
and after studies, and interrupted time-series studies. In
addition, analytical observational studies including prospec-
tive and retrospective cohort studies, case-control studies,
and analytical cross-sectional studies will be considered
for inclusion. This review will also consider descriptive
observational study designs including case series, individ-
ual case reports, and descriptive cross-sectional studies for
inclusion. Reviews and meta-analyses will be excluded.

Search Strategy

A comprehensive literature search across five databases
(PubMed/Medline, Embase, CINAHL, Cochrane, and Web

Table 1. Inclusion and exclusion criteria for study selection.

Laeeq et al

of Science), using variations of the keywords “Sodium-glu-
cose Cotransporter-2 Inhibitors” and “ascites,” will be used
to identify original studies published from inception through
December 2023. Results will be limited to human studies
published in English (see Table 1 for full inclusion and
exclusion criteria). The text words contained in the titles and
abstracts of relevant articles, and the index terms used to
describe the articles, will be used to develop a full search
strategy (see Table 2, data extraction framework). The search
strategy, including all identified keywords and index terms,
will be adapted for each included database and information
source. A draft of the search strategies for each database is
provided in Table 3. The reference list of all included sources
of evidence will be screened for additional studies.

Criteria Inclusion Exclusion

Population Patients older than 21 years with a history of cirrhotic ascites Patients younger than 21 years or those without cirrhotic
ascites

Intervention Use of SGLT2? inhibitors for treating cirrhotic ascites Use of diuretics other than SGLT?2 inhibitors

Study type Original human studies with patient data Animal studies or studies without patient data

Language Studies published in English Non-English studies

Condition Ascites due to cirrhosis Ascites from other causes

4SGLT2: Sodium-glucose cotransporter-2.

Table 2. Data extraction framework.

Extraction criteria Description

Citation
Type of study General empirical approach
Duration
Sample size (n)
Patient’s age

Patient’s gender

The authors’ name, title of paper, year published, and journal name

Length of time patients participated in the study
The number of participants in each study
Mean age of participants in each study

Gender breakdown (ie, male/female) for each study

Country The country where the study was conducted

Cause of cirrhosis ie, PBC?, alcohol, or nonalcoholic steatohepatitis

Type of SGLT2i" ie, empagliflozin, dapagliflozin, or canagliflozin
Comparator Comparison group that uses a treatment other than SGLT2i

Primary outcome
Secondary outcome
Key findings

Comparator intervention(s)

Primary outcomes found in each study
Secondary outcomes found in each study
Summary of overall findings and implications

Type of comparator reported (eg, insulin, metformin, placebo, diuretic therapy); outcomes summarized

descriptively and narratively. No quantitative synthesis or comparative effectiveness analysis planned

Adverse effects

Summary of adverse effects of SGLT2i (eg, genital infections, UTIs®, ketoacidosis, hypoglycemia, acute

kidney injury, volume depletion); note if severity grading (eg, CTCAEY or study-defined)

4PBC: Primary biliary cholangitis.

bSGLT2i: Sodium-glucose cotransporter-2 inhibitors.

CUTL: urinary tract infection.

dCTCAE: Common Terminology Criteria for Adverse Events.
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Table 3. Draft search strategies by database.

Database Search strategy (draft)

PubMed (MEDLINE) (“Sodium-Glucose Transporter 2 Inhibitors”[Mesh] OR “SGLT?2 inhibitors” OR empagliflozin OR dapagliflozin OR
canagliflozin OR ertugliflozin) AND (“Ascites”’[Mesh] OR ascites OR “fluid retention” OR “refractory ascites”) AND
(“Liver Cirrhosis”[Mesh] OR cirrhosis OR “hepatic cirrhosis”)

Embase (’sodium glucose cotransporter 2 inhibitor’/exp OR ’sglt2 inhibitor’ OR empagliflozin OR dapagliflozin OR
canagliflozin OR ertugliflozin) AND (‘ascites’/exp OR ascites OR ’fluid retention’ OR ’refractory ascites’) AND ('liver
cirrhosis’/exp OR cirrhosis OR ’hepatic cirrhosis’)

Scopus (TITLE-ABS-KEY (“SGLT?2 inhibitors” OR empagliflozin OR dapagliflozin OR canagliflozin OR ertugliflozin) AND
TITLE-ABS-KEY (ascites OR “fluid retention” OR “refractory ascites”) AND TITLE-ABS-KEY (cirrhosis OR “hepatic
cirrhosis” OR “liver cirrhosis’))

Web of Science TS= (“SGLT?2 inhibitors” OR empagliflozin OR dapagliflozin OR canagliflozin OR ertugliflozin) AND TS= (ascites OR
“fluid retention” OR “refractory ascites””) AND TS=(cirrhosis OR “hepatic cirrhosis” OR “liver cirrhosis”)

Cochrane Library (“SGLT?2 inhibitors” OR empagliflozin OR dapagliflozin OR canagliflozin OR ertugliflozin):ti,abkw AND (ascites OR

“fluid retention” OR “refractory ascites”):ti,ab,kw AND (cirrhosis OR “hepatic cirrhosis” OR “liver cirrhosis”):ti,ab kw

Study or Source of Evidence Selection

Following the search, all identified citations will be organized
and duplicates removed. Following a pilot test, titles and
abstracts will then be screened by two independent reviewers
for assessment against the inclusion criteria for the review.
Potentially relevant sources will be retrieved in full. The full
text of selected citations will be assessed in detail against
the inclusion criteria by two independent reviewers. Reasons
for exclusion of sources of evidence at full text that do not
meet the inclusion criteria will be recorded and reported in
the scoping review. Any disagreements that arise between
the reviewers at each stage of the selection process will be
resolved through discussion or with an additional reviewer.
The results of the search and the study inclusion process will
be reported in full in the final scoping review.

Data Extraction and Synthesis

Data will be extracted from all included studies by two
independent reviewers using a predefined data extraction
framework (see Table 2). The draft extraction tool will
first be pilot-tested on a sample of studies to ensure
clarity, consistency, and comprehensiveness. Inter-reviewer
reliability will be assessed during the pilot phase (eg, via
percent agreement), and discrepancies will be discussed and
resolved to refine the tool before full data extraction begins.
The finalized extraction form may be iteratively modified
during the review process, with all modifications documen-
ted. Extracted information will include study characteristics,
population details, interventions, outcomes (efficacy and
safety) and, where relevant, comparator interventions (eg,
insulin, metformin, placebo, diuretics). Comparator data will
be summarized descriptively and narratively, without formal
statistical pooling. Any disagreements during the extraction
process will be resolved through discussion or, if needed, by
consultation with a third reviewer.

The data extracted from the identified studies will allow
us to map existing research outcomes and highlight gaps in
the current literature. Primary findings will be systematically
organized into overarching themes and sub-themes, including
efficacy, safety, and comparator outcomes. Although formal
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grading of evidence quality will not be undertaken, results
will be organized and presented by study design (eg,
randomized controlled trials, nonrandomized trials, cohort
studies, case-control studies, case series, and case reports)
to provide readers with context regarding the methodological
rigor of each source.

Results

The results of this scoping review will provide a comprehen-
sive synthesis of the available evidence regarding the use
of SGLT2i in managing cirrhotic ascites. The review will
encompass a wide range of studies and will analyze various
key elements such as study characteristics, patient demo-
graphics, interventions, and clinical outcomes. By focusing
on these aspects, the review aims to deliver insights into the
effectiveness of SGLT2i in improving refractory ascites in
patients with cirrhosis, particularly in those with comorbid
diabetes mellitus or insulin resistance.

The review will also highlight the gaps in the current
literature, shedding light on areas where further research is
needed to optimize treatment strategies and improve patient
outcomes. In addition to presenting the findings narratively, a
tabular format will be used to systematically summarize the
data, facilitating easy comparison across studies and helping
identify trends, variations, and patterns in the use of SGLT2i
for cirrhotic ascites management.

The anticipated findings will not only contribute to our
understanding of the therapeutic potential of SGLT2:i in this
context but also provide valuable information for clinicians
seeking to make evidence-based decisions in managing
patients with cirrhosis and ascites. To ensure a structured
and efficient review process, the following timeline has been
established (as shown in Table 4). This timeline provides
a clear and systematic framework for the execution of the
scoping review, ensuring that each phase is completed within
the designated time frame. Regular progress checks and
adjustments will be made as needed to ensure the review is
thorough, efficient, and on schedule.
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Table 4. The suggested timeline of the proposed scoping review.
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Milestone Timeline

Details

Protocol development and registration February-May 2025

Structured literature search June 2025
Title and abstract screening July 2025
Full-text review and eligibility assessment August 2025

Data extraction and charting

Synthesis and analysis of findings December 2025

Manuscript drafting January-February 2026

Final review and submission March 2026

September-November 2025

The review protocol was developed and registered on the Open
Science Framework (OSF) Registry to ensure transparency and
adherence to systematic review guidelines

Comprehensive literature search and database screening across five
platforms to identify relevant studies from inception through
December 2023

Initial screening of identified studies based on title and abstract to
determine relevance

In-depth review of selected studies to assess eligibility according
to the inclusion and exclusion criteria

Systematic extraction of key study data, including patient
characteristics, interventions, and outcomes

Analysis of extracted data, synthesis of results, and identification
of trends, gaps, and key findings

Drafting of the manuscript for the scoping review, incorporating
the synthesized findings

Final review and submission of the completed scoping review to a
peer-reviewed journal

Discussion

Principal Findings

This scoping review seeks to provide a comprehensive
evaluation of the available evidence regarding the use of
SGLT?2i in the management of cirrhotic ascites. As cirrho-
sis and ascites are associated with significant morbidity
and limited therapeutic options, particularly in patients with
comorbid diabetes or insulin resistance, SGLT2i offer a
potentially valuable adjunctive therapy due to their effects on
glucose control, renal function, and fluid balance.

Initial studies suggest that SGLT2i may improve fluid
status by promoting natriuresis and reducing renal sodium
retention, a key mechanism in the pathogenesis of ascites
[18]. Moreover, SGLT?2i are known to have beneficial effects
on glycemic control and may offer an additional advantage in
cirrhotic patients who often struggle with diabetes manage-
ment [32]. However, while their role in diabetes management
in cirrhosis is well documented, their specific impact on
refractory ascites remains less clear.

The existing body of literature on this topic is still
developing, with limited studies specifically addressing the
use of SGLT2i in the context of cirrhotic ascites. Early
evidence suggests that while these agents may provide
therapeutic benefits in terms of fluid balance and glucose
control, safety concerns, such as the risk of dehydration,
kidney injury, and ketoacidosis, are prevalent in cirrhotic
patients, particularly those with advanced liver disease [33].
This highlights the need for careful patient selection and
monitoring in clinical practice.

Moreover, the comparative effectiveness of SGLT2i versus
other glucose-lowering therapies in cirrhotic patients with
ascites has not been fully explored, necessitating future
research to establish their relative safety and efficacy. This
review will help identify knowledge gaps and will guide
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future studies, especially randomized controlled trials, to
further evaluate the potential benefits and risks of SGLT2i
in this complex patient population.

Another potential clinical implication relates to diuretic
resistance, which remains a significant challenge in manag-
ing refractory ascites. Although direct evidence in cirrhotic
populations is limited, studies in heart failure suggest
that SGLT2i may enhance diuretic responsiveness through
natriuresis and improved renal sodium handling [34]. This
raises the possibility that SGLT2i could serve as an adjunc-
tive therapy for patients with cirrhosis and fluid overload who
have inadequate responses to conventional diuretics. Future
clinical research should explore this mechanism to determine
its translational relevance in cirrhotic populations.

Limitations

Restricting the review to English-language publications may
have excluded relevant studies in other languages, intro-
ducing potential language bias. The inclusion of diverse
study designs, including case reports and small observational
studies, may limit the ability to draw firm conclusions about
causality or comparative effectiveness. Additionally, as the
evidence base is expected to be heterogeneous in methodol-
ogy and outcome reporting, formal meta-analysis will not be
conducted, and findings will be presented narratively, which
may limit quantitative synthesis.

Conclusions

This scoping review will provide a comprehensive overview
of the current evidence surrounding the use of SGLT2i
in managing cirrhotic ascites, particularly in patients with
diabetes or insulin resistance. Although preliminary data
suggest that these agents may offer benefits in fluid man-
agement and glycemic control, concerns regarding their
safety profile in patients with cirrhosis, including poten-
tial renal and metabolic risks, warrant further investigation.
By identifying key knowledge gaps and highlighting areas
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requiring additional research, this review aims to contribute Further studies, particularly randomized controlled trials, are
to the development of more effective treatment strategies necessary to confirm the therapeutic role of SGLT2i in
for this challenging and underserved patient population. cirrhotic ascites and refine treatment protocols.
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