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Abstract: Sodium-glucose co-transporter 2 inhibitors (SGLT2i), glucagon-like peptide-1
receptor agonists (GLP1a), and non-steroidal mineralocorticoid receptor antagonists (ns-MRA)
are promising treatments for chronic kidney disease. This umbrella review of network meta-
analyses evaluated their effects on cardiovascular outcomes, kidney disease progression,
and adverse events, using the TOPSIS method to identify the optimal intervention based on
P-scores. A total of 19 network meta-analyses and 44 randomized controlled trials involving
86,150 chronic kidney disease patients were included. Compared to placebo, SGLT2i were
associated with reduced risks of cardiovascular events [Hazard ratio (HR): 0.776, 95% confi-
dence intervals (CI): 0.727–0.998], kidney disease progression (HR: 0.679, 95% CI: 0.629–0.733),
acute kidney injury (HR: 0.873, 95% CI: 0.773–0.907), and serious adverse events (HR: 0.881,
95% CI: 0.847–0.916). GLP1a and ns-MRA were also associated with significant reductions
in cardiovascular and kidney-specific composite outcomes. Indirect evidence showed that
SGLT2i demonstrated a lower risk of kidney disease progression compared to GLP1a (HR:
0.826, 95% CI: 0.716–0.952) and ns-MRA (HR: 0.818, 95% CI: 0.673–0.995), representing the
best intervention across all endpoints. In conclusion, while SGLT2i, GLP1a, and ns-MRA all
reduce cardiovascular and kidney disease risks in chronic kidney disease, SGLT2i appears to
provide the most favorable balance of efficacy and safety.

Keywords: chronic kidney disease; sglt2; glp1; finerenone; network meta-analysis

1. Introduction
Chronic kidney disease represents a rising global concern, affecting more than 10%

of the population worldwide [1]. It is one of the main non-communicable causes of
premature mortality and is associated with reduced quality of life, disability, and high
psychological and economic costs [2]. Cardiovascular disease constitutes the leading cause
of death among chronic kidney disease patients, due to the interplay of traditional risk
factors, especially diabetes mellitus and hypertension, with non-traditional factors specific
to kidney dysfunction, such as inflammation, mineral bone disease, and proteinuria [3].
In this context, it has been estimated that in 2017, chronic kidney disease led to more
than 1.4 million cardiovascular deaths and the loss of 25 million cardiovascular disability-
adjusted life years (DALYs) [4]. As a result, effective interventions are needed to reduce the
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burden of chronic kidney disease, decrease the risk of cardiovascular disease, and prevent
the progression of kidney failure, necessitating renal replacement therapy.

In recent years, research has focused on developing or repurposing novel therapeu-
tic approaches, aiming to limit progressive loss of renal function and reduce the risk of
chronic kidney disease complications [5]. Novel antidiabetics, especially sodium-glucose
co-transporter 2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP1a)
have gained increasing interest due to their potential cardioprotective and renoprotective
effects among patients with and without diabetes mellitus. From a pathophysiological
point of view, SGLT2i are able to restore the tubuloglomerular feedback mechanism alle-
viating glomerular hyperfiltration, as well as to improve renal tissue energy supply, limit
oxidative stress and inhibit pro-inflammatory and pro-fibrotic pathways [6]. On the other
hand, apart from enhancing glycemic control and promoting bodyweight loss, GLP1a have
been proposed to increase natriuresis via their inhibitory action on the sodium-hydrogen
exchanger 3 of the proximal tubule, limit the generation of reactive oxygen species and the
production of pro-inflammatory cytokines [7]. In addition, finerenone, a highly selective
and potent non-steroidal mineralocorticoid receptor antagonist (ns-MRA) has been sug-
gested to reverse endothelial dysfunction and albuminuria, reduce oxidative stress, inhibit
cardiac fibrosis, and improve left ventricular function [8,9].

A growing number of network meta-analyses have been recently published, aiming
to summarize the effects of SGLT2i, GLP1a, and ns-MRA in chronic kidney disease and
provide indirect evidence about their relative efficacy and safety. However, heterogeneity
in design, eligibility criteria, and statistical methodology may generate conflicting results
and complicate the drawing of clinically useful conclusions [10]. The present umbrella
review evaluated the existing network meta-analyses in the field and provided pooled
estimates comparing the effects of SGLT2i, GLP1a, and ns-MRA in chronic kidney disease,
with and without diabetes mellitus. In addition, a multicriteria decision analysis has been
implemented as a novel approach to generate rankings of the above interventions evalu-
ating multiple potentially conflicting endpoints in parallel, aiming to provide guidance
about the choice of the optimal treatment based on clinical priorities.

2. Materials and Methods
2.1. Study Design

The study protocol has been prospectively registered and is publicly available (https:
//dx.doi.org/10.17504/protocols.io.81wgbrdx3lpk/v1 accessed on 29 December 2024).
The network meta-analysis has been reported following the PRISMA-NMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses extension for systematic reviews
incorporating network meta-analysis) guidelines [11]. No ethical approval was required
since the study was exclusively based on already published data.

2.2. Eligibility Criteria

The study population consisted of patients with chronic kidney disease as defined by
the KDIGO (Kidney Disease: Improving Global Outcomes) guidelines [12]. In particular,
the diagnosis of chronic kidney disease was based on the presence of an estimated glomeru-
lar filtration rate (eGFR) below 60 mL/min/1.73 m2 and/or a urinary albumin-to-creatinine
ratio (UACR) greater than 30 mg/g. Studies on patients with and without diabetes mellitus
could be eligible for inclusion. The evaluated interventions included SGLT2i, GLP1a, and
nsMRA, while the placebo served as a comparator. The efficacy outcomes of interest con-
sisted of the occurrence of major cardiovascular events and kidney disease progression, as
defined by the cardiovascular and kidney-specific composite endpoints of each randomized
controlled trial (RCT). The safety endpoints included the risk of acute kidney injury, any
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serious adverse event and any adverse event leading to permanent drug discontinuation.
The umbrella review was based on network meta-analyses of RCTs, including at least one
of the interventions under investigation. Pairwise meta-analyses or meta-analyses of ob-
servational studies were not evaluated. Nonrandomized interventions (e.g., interventions
administered at baseline prior to randomization) were also not taken into account.

2.3. Literature Search

The following databases were systematically searched from inception to 1 October 2024:
Medline, Scopus, Web of Science, and Cochrane Central Register of Controlled Trials (CEN-
TRAL). An additional search through Google Scholar was performed, aiming to identify possible
missing network meta-analyses. The main search algorithm was the following: “((“Glucagon-
Like Peptide-1 Receptor Agonists” [Mesh] OR “Glucagon-Like Peptide 1” [Mesh] OR GLP-1 OR
“Glucagon-Like Peptide-1 agonist*” OR exenatide OR exendin OR liraglutide OR albiglutide
OR dulaglutide OR lixisenatide OR semaglutide OR taspoglutide OR tirzepatide) OR (“Sodium-
Glucose Transporter 2 Inhibitors” [Mesh] OR “sodium-glucose cotransporter-2 inhibitor*” OR
“sglt2 inhibitor*” OR “sglt-2 inhibitor*” OR gliflozin OR canagliflozin OR bexagliflozin OR da-
pagliflozin OR empagliflozin OR ertugliflozin OR ipragliflozin OR licogliflozin OR luseogliflozin
OR remogliflozin OR sergliflozin OR sotagliflozin OR tofogliflozin OR henagliflozin) OR (“Min-
eralocorticoid Receptor Antagonists” [Mesh] OR spironolactone OR canrenone OR finerenone
OR mexrenone) OR (“Renal Insufficiency, Chronic” [Mesh] OR chronic kidney disease OR
nephropathy OR chronic renal insufficiency OR chronic renal impairment OR CKD)) AND
(“Network Meta-Analysis” [Mesh] OR “network meta-analysis” OR “network metaanalysis”)”.
No date or language restrictions were applied.

2.4. Study Selection

The selection of network meta-analyses was performed through a 3-step process. At first,
the titles and abstracts of all electronic records were screened for eligibility. Subsequently,
all articles presumed to meet the inclusion criteria were retrieved as full texts. Then, after
reviewing the full texts, the final included network meta-analyses were selected based on the
predefined inclusion and exclusion criteria. The original RCTs were identified by manually
searching the reference lists of the included network meta-analyses. In case of missing data
regarding study characteristics or outcomes of interest, additional reports of the examined
RCT were identified through Medline search. The study selection process was independently
conducted by two reviewers, resolving any discrepancies through the consensus of all authors.

2.5. Data Collection

The following parameters were extracted from the included network meta-analyses:
year of publication, country, type of population (presence of diabetes mellitus), network
nodes, statistical model (frequentist or Bayesian), evaluation of transitivity, assessment of
heterogeneity, treatment ranking, certainty of evidence evaluation, funding, and presence
of a pre-registered protocol. The network density expressed the connectedness of the
network graph and was estimated as the total number of connections divided by the
number of possible connections, ranging from 0 to 1 [13]. The information regarding
the methodology of the original RCTs included the following: trial name or registration
number, year of publication, type of population (presence of chronic kidney disease),
examined intervention, sample size, mean age, percentage of females, mean body mass
index, percentage of diabetes mellitus and cardiovascular disease history, mean eGFR,
and UACR. Regarding the outcomes of interest, hazard ratios (HR) along with their 95%
confidence intervals (CI) or the number of events in the total number of patients within
each study arm were extracted. Different reports of the same RCT were included to extract
estimates for distinct endpoints or specific patient subgroups. Consequently, no duplicate
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estimates were utilized in the analyses. Two authors independently collected data and any
potential differences were resolved through the consensus of all authors.

2.6. Quality Assessment

The risk of bias in the included network meta-analyses was evaluated by combining
the ROBIS [14] with the ROB-NMA tool [15]. In particular, the ROBIS tool was used to
assess the risk of bias in systematic reviews by covering the domains of study eligibility
criteria, identification and selection of studies, data collection, and study appraisal. The
ROB-NMA tool was applied as a more specific tool for the quality assessment of network
meta-analyses, as it takes into account the domains of interventions and network geometry,
effect modification, and synthesis. The overall risk of bias could be judged as low, moderate,
or high. On the other hand, the risk of bias in the original RCTs was assessed using the
RoB-2 tool [16], evaluating the following domains: randomization process, deviations
from intended interventions, missing outcome data, measurement of the outcome, and
selection of the reported result. The risk of bias evaluation was performed by two reviewers,
resolving any disagreements through the consensus of all authors.

2.7. Data Analysis

Network meta-analysis was performed by pooling the data derived from the original
RCTs. A frequentist methodology was followed and random-effects statistical models were
fitted by assuming a common heterogeneity parameter across comparisons. The plausibility
of the transitivity assumption was evaluated by examining the distribution of important
covariates (age, female sex, body mass index, eGFR, and UACR) across interventions.
The effect measure was HR for efficacy outcomes and risk ratio (RR) for safety outcomes.
Specifically, the HR or RR extracted from each included study were log-transformed, and
the corresponding standard errors were calculated based on the reported 95% CI. For safety
endpoints, when the RR was not directly reported, it was derived from the data provided
in the 2 × 2 contingency table. Statistical significance was defined at the level of 5%. The
construction of league tables enabled the visualization of the relative effects of interventions.
The ranking of interventions was performed through their estimated P-scores for each
endpoint, with higher P-score values indicating better treatments. Subgroup analyses were
also conducted by separately examining studies at low risk of bias, patients with diabetes
mellitus, patients with cardiovascular disease, those with an eGFR < 45 mL/min/1.73 m2

or an eGFR < 30 mL/min/1.73 m2, as well as patients with UACR > 300 mg/g.
A multicriteria decision analysis was performed to indicate the optimal compromise inter-

vention, taking into account the calculated P-scores for the efficacy and safety endpoints [17].
Specifically, the distance-based TOPSIS (Technique for Order of Preference by Similarity to
Ideal Solution) method [18] was implemented to select the best treatment as the one with
the maximum distance from the positive ideal point and the minimum distance from the
negative ideal one. Weights were assigned to endpoints both objectively and subjectively. In
particular, the entropy method was used as an objective approach that assigns higher weights
to outcomes with higher P-score dispersion [18]. On the other hand, the analytical hierarch
process was implemented as a subjective method for weight determination [19]. To this end,
pairwise comparison matrices were constructed by converting verbal evaluations to numerical
integer values (1 to 9), with higher values being indicative of the stronger importance of one
endpoint over another. Three different scenarios were examined, aiming to reflect different
clinical priorities by assigning more importance to the cardiovascular composite endpoint,
the renal endpoints (kidney-specific composite endpoint and acute kidney injury risk), and
the safety outcomes (risk of serious adverse events and drug discontinuation). In the first
scenario, the cardiovascular composite endpoint was considered three times more important
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than the kidney-specific composite endpoint and 5–9 times more important than the safety
outcomes. In the second scenario, the kidney-specific composite outcome and the incidence
of acute kidney injury were regarded as five times more significant than the cardiovascular
composite endpoint. In the third scenario, the greatest importance was attributed to the drug
discontinuation endpoint, which was judged to be nine times more critical than both the car-
diovascular and kidney-specific composite outcomes. Consistency ratios below 10% indicated
acceptable consistency of the constructed matrices [20]. All analyses were conducted using
R version 4.4.1. (main packages: “metafor” [21] and “topsis” [22]).

2.8. Certainty of Evidence

The certainty of the existing evidence was evaluated following the Confidence in Network
Meta-Analysis (CiNeMA) method [23], which follows the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach [24] and takes into account the
following domains: within-study bias, reporting bias, indirectness, imprecision, heterogeneity
and incoherence. Two reviewers independently evaluated the certainty of evidence using the
CiNeMA tool and any discrepancies were resolved through the consensus of all authors.

3. Results
3.1. Study Selection

The process of study selection is schematically depicted in Supplementary Figure S1
(Section S1). After deduplication, 1154 electronic records were screened and 20 of them were
retrieved as full texts. Consequently, one study [25] was excluded for implementing a different
methodology, and as a result, 19 network meta-analyses [26–44] were included in the present
review. At the next step, original studies were identified, including 64 reports [45–108] of
44 RCTs, with a total sample size of 86,150 chronic kidney disease patients.

3.2. Included Network Meta-Analyses

Table 1 presents the methodological characteristics of the included network meta-analyses.
The country of origin was China in 12 studies, Japan in 4 studies, USA in 2 studies, and Canada
in 1 study. Non-diabetic patients with chronic kidney disease were included in three meta-
analyses. The median number of nodes was 4 (range: 3 to 14) and the median density plot was
0.5 (range: 0.18 to 1). The nodes consisted of drug categories and individual drugs in 13 and
6 network meta-analyses, respectively. The median number of included RCTs per network
meta-analysis was 14 (range: 3 to 29). Regarding the statistical methodology, 12 network
meta-analyses used frequentist models, 6 used Bayesian models, and 1 implemented both
approaches. The plausibility of the transitivity assumption was tested in 3 studies, while
heterogeneity was evaluated in 12 studies through subgroup and/or sensitivity analyses.
A ranking of interventions was provided in 12 network meta-analyses reporting P-scores or
SUCRA (surface under the cumulative ranking curve) values, while the certainty of evidence
was appraised in four studies. Sixteen meta-analyses mentioned pre-registered protocols and
ten received any form of funding (industry in three and non-profit in seven studies). The
outcomes of the quality assessment are displayed in Table 2, indicating a high risk of bias in
18 and a moderate risk of bias in 2 studies. The ROBIS tool identified mainly concerns of bias
in the domain of study eligibility criteria (12 studies) and that of data collection and study
appraisal (14 studies) due to inadequacies in patient inclusion criteria description, outcome
definitions, and risk of bias evaluation. In addition, the ROB-NMA tool recognized concerns
of bias mainly in the domains of effect modification (all studies) and synthesis (17 studies),
coming from the lack of appropriate assessment of transitivity and heterogeneity via subgroup
or meta-regression analyses.
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Table 1. Methodological characteristics of the included network meta-analyses.

Study Country Diabetes
Mellitus Nodes Studies

No.
Network
Density

Statistical
Method

Transitivity
Evaluation

Heterogeneity
Assessment Ranking CoE

Evaluation Funding Registered
Protocol

2024, Kani [36] USA Mixed
Ertugliflozin, empagliflozin,

dapagliflozin,
sotagliflozin, placebo

8 0.4 Frequentist No Sensitivity
analysis No No Non-profit Yes

2023, Yang [35] China Exclusively
SGLT2i, GLP1a, DPP4i, MRA,

atrasentan, pirfenidone,
pentoxifylline, placebo

27 0.25 Bayesian Yes
Subgroup and

sensitivity
analysis

Yes Yes Non-profit Yes

2022, Cao [34] China Exclusively SGLT2i, GLP1a,
DPP4i, placebo 16 0.5 Both No Sensitivity

analysis Yes No Industry Yes

2022, Chen [33] China Mixed Dapagliflozin, canagliflozin,
sotagliflozin, placebo 3 0.5 Bayesian No Subgroup

analysis Yes No No No

2022, Kawai [32] Japan Exclusively SGLT2i, GLP1a, placebo 9 0.67 Frequentist Yes Sensitivity
analysis No No Non-profit Yes

2022, Li [31] China Exclusively SGLT2i, GLP1a,
DPP4i, placebo 17 0.5 Frequentist Yes Subgroup

analysis Yes No No Yes

2022, Lin [30] China Exclusively

Canaglifozin (100 and 300 mg),
empaglifozin (10 and 25 mg),
dapaglifozin (5 and 10 mg),

sotagliflozin (200 and 400 mg),
luseogliflozin, ipraglifozin,
bexaglifozin, ertuglifozin

(5 and 15 mg), placebo

14 0.19 Frequentist No No Yes No NR Yes

2020, Malik [29] USA Exclusively Dapagliflozin,
canagliflozin, placebo 7 0.5 Frequentist No Sensitivity

analysis Yes No No Yes

2023, Morita [28] Japan Exclusively SGLT2i, MRA, MRA +
SGLT2i, placebo 17 0.83 Frequentist No Sensitivity

analysis No No Industry Yes

2023, Nguyen [44] Canada Exclusively SGLT2i, GLP1a,
MRA, placebo 29 0.5 Frequentist No Sensitivity

analysis Yes No No Yes

2021, Qiu [43] China Exclusively

Dapagliflozin, empagliflozin,
canagliflozin, albiglutide,
semaglutide, lixisenatide,

liraglutide, exenatide, placebo

11 0.18 Bayesian No Sensitivity
analysis Yes No No Yes

2022, Qiu [42] China Mixed
Dapagliflozin, empagliflozin,

canagliflozin, ertugliflozin,
sotagliflozin, placebo

10 0.33 Bayesian No No Yes No Non-profit Yes
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Table 1. Cont.

Study Country Diabetes
Mellitus Nodes Studies

No.
Network
Density

Statistical
Method

Transitivity
Evaluation

Heterogeneity
Assessment Ranking CoE

Evaluation Funding Registered
Protocol

2022, Tsukamoto [41] Japan Exclusively SGLT2i, MRA,
MRA + SGLT2i, placebo 8 1 Frequentist No No No No Industry Yes

2021, Yamada [40] Japan Exclusively SGLT2i, GLP1a, placebo 13 0.67 Frequentist No
Subgroup and

sensitivity
analysis

No No Non-profit No

2022, Yang [39] China Exclusively SGLT2i, MRA, placebo 17 0.67 Bayesian No No Yes Yes No Yes
2024, Yang [38] China Exclusively SGLT2i, MRA, placebo 18 0.67 Bayesian No No Yes No No Yes

2022a, Zhang [27] China Exclusively SGLT2i, finerenone, placebo 10 0.67 Frequentist No No No Yes Non-profit Yes

2022b, Zahng [37] China Exclusively SGLT2i, GLP1a,
finerenone, placebo 18 0.5 Frequentist No Sensitivity

analysis Yes Yes Non-profit Yes

2022, Zhao [26] China Exclusively SGLT2i, finerenone, placebo 14 0.67 Frequentist No No No No No No
CoE, certainty of evidence; SGLT2i, sodium-glucose cotransporter 2 inhibitors; GLP1a, glucagon-like peptide-1 receptor agonist; DPP4i: dipeptidyl peptidase-4 inhibitors; MRA, mineralocorticoid receptor antagonist; NR, not reported.
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Table 2. Quality assessment of the included network meta-analyses, using the ROBIS and ROB-NMA
tools.

Risk of Bias

Study

ROBIS ROB-NMA

OverallStudy
Eligibility

Criteria

Identification
and Selection

of Studies

Data Collection
and Study
Appraisal

Interventions
and Network

Geometry

Effect
Modification Synthesis

2024, Kani [36] Some concerns Some concerns Some concerns Low Major concerns Some concerns High
2023, Yang [35] Some concerns Low Low Low Some concerns Low Moderate
2022, Cao [34] Low Some concerns Some concerns Low Some concerns Some concerns High

2022, Chen [33] Some concerns Low Low Low Some concerns Some concerns High
2022, Kawai [32] Low Low Some concerns Low Some concerns Low Moderate

2022, Li [31] Major concerns Low Some concerns Low Some concerns Major concerns High
2022, Lin [30] Low Low Some concerns Some concerns Major concerns Major concerns High

2020, Malik [29] Some concerns Low Some concerns Some concerns Some concerns Major concerns High
2023, Morita [28] Some concerns Some concerns Some concerns Major concerns Major concerns Major concerns High

2023, Nguyen [44] Major concerns Low Some concerns Some concerns Major concerns Some concerns High
2021, Qiu [43] Low Low Some concerns Some concerns Major concerns Some concerns High
2022, Qiu [42] Some concerns Low Some concerns Low Major concerns Major concerns High

2022, Tsukamoto [41] Major concerns Low Some concerns Major concerns Major concerns Some concerns High
2021, Yamada [40] Low Low Some concerns Low Some concerns Major concerns High

2022, Yang [39] Low Low Low Low Major concerns Some concerns High
2024, Yang [38] Low Low Some concerns Low Major concerns Major concerns High

2022a, Zhang [27] Some concerns Low Low Low Major concerns Some concerns High
2022b, Zhang [37] Some concerns Low Low Low Major concerns Some concerns High

2022, Zhao [26] Some concerns Some concerns Some concerns Low Major concerns Major concerns High

3.3. Included RCTs

The methodological characteristics of the included RCTs are summarized in Supple-
mentary Table S1 (Section S2). SGLT2i were evaluated in 28, GLP1a in 11 and ns-MRA in
5 RCTs. In all studies, the above interventions were compared to the placebo, resulting
in a star-shaped network (Supplementary Figure S2). Chronic kidney disease patients
were exclusively included in 23 trials, while 21 RCTs reported subgroup analyses of par-
ticipants with chronic kidney disease. Non-diabetic patients were included in five RCTs,
while a history of cardiovascular disease was a prerequisite for inclusion in ten trials.
The definitions of kidney-specific and cardiovascular composite endpoints are presented
in Supplementary Table S2 (Section S2). According to the RoB-2 tool, a moderate risk of
bias was recognized in 27 RCTs, with concerns of bias arising mainly from the domain
of randomization, especially in studies reporting subgroup analyses of chronic kidney
disease patients (Supplementary Table S3). Section S4 (Supplementary Figures S3–S6)
shows the comparisons of baseline patient characteristics across interventions, suggesting
that GLP1a-treated patients presented higher body mass index, while those treated with
ns-MRA had a higher percentage of females and lower body mass index.

3.4. Cardiovascular Composite Endpoint

The cardiovascular composite outcome was assessed in 24 RCTs. Compared to patients
receiving placebo, the risk of reaching the cardiovascular composite endpoint was significantly
lower in patients treated with SGLT2i (HR: 0.776, 95% CI: 0.727 to 0.998, low certainty), GLP1a
(HR: 0.853, 95% CI: 0.700 to 0.944, moderate certainty), and ns-MRA (HR: 0.865, 95% CI:
0.750 to 0.998, moderate certainty). No significant differences were observed in the indirect
comparisons among the above interventions (very low to low certainty) (Figure 1). The
ranking of treatments indicated SGLT2i as the best (P-score: 0.949), followed by GLP1a
(P-score: 0.543), ns-MRA (P-score: 0.500), and placebo (P-score: 0.008). The outcomes of the
CiNeMA evaluation are shown in Supplementary Table S4 (Section S5).
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indicated by asterisks.

3.5. Kidney-Specific Composite Endpoint

The kidney-specific composite outcome was evaluated in 19 RCTs. Compared to placebo,
the risk of reaching the kidney-specific composite endpoint was significantly lower with
SGLT2i (HR: 0.679, 95% CI: 0.629 to 0.733, low certainty), GLP1a (HR: 0.823, 95% CI: 0.730
to 0.927, high certainty), and ns-MRA (HR: 0.841, 95% CI: 0.767 to 0.922, low certainty). In
addition, SGTL2i therapy was associated with a significantly lower risk of the kidney-specific
composite outcome indirectly compared to GLP1a (HR: 0.826, 95% CI: 0.716 to 0.952, low
certainty) and ns-MRA (HR: 0.818, 95% CI: 0.673 to 0.995, low certainty) (Figure 1). The
ranking of interventions indicated SGLT2i as the best (P-score: 0.983), followed by GLP1a
(P-score: 0.529), ns-MRA (P-score: 0.479), and placebo (P-score: 0.010). The outcomes of the
CiNeMA assessment are presented in Supplementary Table S5 (Section S6).

3.6. Safety Endpoints
3.6.1. Serious Adverse Events

The outcome of serious adverse events was evaluated in 27 RCTs. Compared to
the placebo, the risk of serious adverse events was significantly lower with SGLT2i (HR:
0.881, 95% CI: 0.847 to 0.916, low certainty), GLP1a (HR: 0.882, 95% CI: 0.816 to 0.953, low
certainty), and ns-MRA (HR: 0.908, 95% CI: 0.845 to 0.976, low certainty). No significant
differences were detected in the indirect comparisons among SGLT2i, GLP1a and ns-MRA
(very low to low certainty) (Figure 2). The ranking of interventions suggested that the
best treatment was SLGT2i (P-score: 0.760), followed by GLP1a (P-score: 0.732), ns-MRA
(P-score: 0.506), and placebo (P-score: 0.002). The results of the CiNeMA evaluation are
presented in Supplementary Table S6 (Section S7).

3.6.2. Adverse Events Leading to Drug Discontinuation

The endpoint of drug discontinuations due to adverse events was examined in 32 RCTs.
No significant differences were observed both in direct and indirect comparisons (very
low to low certainty) (Figure 2). In treatment ranking, SGLT2i emerged as the best in-
tervention (P-score: 0.845), followed by placebo (P-score: 0.715), GLP1a (P-score: 0.250)
and ns-MRA (P-score: 0.190). The outcomes of the CiNeMA evaluation are shown in
Supplementary Table S7 (Section S7).
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3.6.3. Acute Kidney Injury

The endpoint of acute kidney injury was assessed in 29 RCTs. Compared to placebo,
SGLT2i therapy was associated with a significantly lower risk of acute kidney injury (HR:
0.873, 95% CI: 0.773 to 0.907, high certainty). No significant differences were noted in the
other direct (low certainty) and indirect (very low to low certainty) comparisons (Figure 2).
SGTL2i presented the highest ranking (P-score: 0.941), followed by GLP1a (P-score: 0.452),
ns-MRA (P-score: 0.384) and placebo (P-score: 0.224). The results of the CiNeMA evaluation
are presented in Supplementary Table S8 (Section S7).

3.7. Subgroup Analyses
3.7.1. Diabetes Mellitus

In patients with diabetes mellitus, the risk of the cardiovascular composite outcome
was significantly lower with SGLT2i (HR: 0.768, 95% CI:0.698 to 0.846) and GLP1a (HR:
0.850, 95% CI: 0.760 to 0.951) treatment, compared to placebo (Supplementary Figure S8,
Section S8). SGLT2i emerged as the best treatment (P-score: 0.932). Regarding the kidney-
specific composite outcome, all interventions were superior to placebo; however, SGLT2i
therapy (P-score: 0.999) was associated with a significantly lower risk of reaching the endpoint
compared to treatment with GLP1a (HR: 0.762, 95% CI: 0.655 to 0.886) and ns-MRA (HR: 0.745,
95% CI: 0.654 to 0.850).

3.7.2. Cardiovascular Disease History

Pooling the studies that included patients with cardiovascular disease at baseline sug-
gested that SGLT2i therapy was associated with a significantly lower risk of the cardiovascular
composite outcome (HR: 0.793, 95% CI: 0.717 to 0.877) (Supplementary Figure S9) and was
ranked as the best intervention (P-score: 0.975). No significant difference was noted between
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SGLT2i and placebo in regard to the kidney-specific composite outcome (HR: 0.818, 95% CI:
0.624 to 1.072).

3.7.3. Chronic Kidney Disease Stage ≥ 3b

In patients with eGFR < 45 mL/min/1.73 m2, SLGT2i administration was associated
with a significantly lower risk of the cardiovascular composite outcome, compared to
GLP1a therapy (HR: 0.745, 95% CI: 0.560 to 0.989) and placebo (HR: 0.801, 95% CI: 0.732
to 0.878) (Supplementary Figure S10); hence, SGLT2i emerged as the best intervention
(P-score: 0.972). Compared to the placebo, a lower risk of the kidney-specific compos-
ite outcome was observed for SGLT2i (HR: 0.717, 95% CI: 0.631 to 0.815) and ns-MRA
(HR: 0.820, 95% CI:0.712 to 0.945). The ranking of interventions indicated SGLT2i as the
best treatment (P-score: 0.914). In patients with eGFR < 30 mL/min/1.73 m2, compared
to the placebo, a lower risk of the cardiovascular composite outcome was estimated for
SGLT2i (HR: 0.776, 95% CI: 0.619 to 0.972) and ns-MRA (HR: 0.430, 95% CI: 0.204 to
0.906) (Supplementary Figure S11). The intervention with the highest ranking was ns-MRA
(P-score: 0.905, followed by SGLT2i (P-score: 0.503). In this population, SGLT2i administra-
tion was linked to a significantly lower risk of the kidney-specific composite outcome (HR:
0.701, 95% CI: 0.607 to 0.810), while no evidence exists regarding the other interventions.

3.7.4. Macroalbuminuria

In patients with UACR > 300 mg/g, compared to placebo, a lower risk of the car-
diovascular composite outcome was observed with SGLT2i (HR; 0.665, 95% CI: 0.589 to
0.750) and ns-MRA (HR: 0.874, 95% CI: 0.778 to 0.982) therapy. SGLT2i was superior
to GLP1a (HR: 0.730, 95% CI: 0.550 to 0.970) and ns-MRA (HR: 0.761, 95% CI: 0.643 to
0.899) (Supplementary Figure S12) and as a result, SGLT2 emerged as the best intervention
(P-score: 0.995). Regarding the kidney-specific composite outcome, a lower risk of reaching
the endpoint was noted for patients treated with SGLT2i (HR: 0.629, 95% CI: 0.562 to 0.918)
and ns-MRA (HR: 0.802, 95% CI: 0.701 to 0.905). SGLT2i were estimated to be superior
to ns-MRA (HR: 0.784, 95% CI: 0.658 to 0.933) and thus, emerged as the best intervention
(P-score: 0.998).

3.7.5. Low Risk of Bias

The results of the network meta-analysis of RCTs at low risk of bias are presented
in Supplementary Figure S13. Compared to placebo, a lower risk of the cardiovascular
composite outcome was estimated for therapy with SGLT2i (HR: 0.738, 95% CI: 0.667 to
0.816), GLP1a (HR: 0.853, 95% CI: 0.743 to 0.979), and ns-MRA (HR: 0.865, 95% CI: 0.788
to 0.951). SGLT2i administration was superior to ns-MRA therapy (HR: 0.853, 95% CI:
0.743 to 0.979) and emerged as the best intervention (P-score: 0.943). On the other hand,
compared to the placebo, a lower risk of the kidney-specific cardiovascular outcome was
calculated for SGLT2i (HR: 0.655, 95% CI: 0.596 to 0.721), GLP1a (HR: 0.790, 95% CI: 0.660 to
0.946), and ns-MRA (HR: 0.841, 95% CI: 0.764 to 0.925). Indirect comparisons suggested that
SGLT2i therapy was linked to a significantly lower risk of the kidney-specific composite
outcome, compared to ns-MRA administration (HR: 0.779, 95% CI: 0.681 to 0.892). The
ranking of treatments indicated SGLT2i as the best intervention (P-score: 0.988).

3.8. Multicriteria Decision Analysis

The outcomes of the multicriteria decision analysis are presented in Table 3. The
analysis assigning equal weights to the examined outcomes (cardiovascular composite
outcome, kidney-specific composite outcome, acute kidney injury, any serious adverse
event, and drug discontinuation due to adverse event) indicated that treatment with SGLT2i
had the highest TOPSIS score (1) and ranked first, followed by GLP1a (TOPSIS score: 0.517),
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ns-MRA (TOPSIS score: 0.429), and placebo (TOPSIS score: 0.240). Similar outcomes were
obtained when weights were assigned using the objective entropy method. The comparison
matrices used for subjective weight determination with the analytical hierarchical process
are shown in Supplementary Table S9. For the three scenarios, the consistency ratios were
2.8%, 7.0%, and 2.7%, respectively, corresponding to consistent matrices. In all scenarios,
SGTL2i emerged as the optimal treatment (TOPSIS score: 1). When more importance
was placed on the cardiovascular composite outcome (scenario 1) or the kidney outcomes
(scenario 2), GLP1a ranked second, followed by ns-MRA and placebo. In the third scenario
placing more importance on safety outcomes, the placebo ranked second (TOPSIS score:
0.484), followed by GLP1a (TOSPIS score: 0.437) and ns-MRA (TOPSIS score: 0.321).

Table 3. Results of the multicriteria decision analysis based on P-scores across five endpoints. Weights
for each outcome were assigned both objectively (using the entropy method) and subjectively (using
the analytic hierarchy process), considering three distinct clinical scenarios.

Intervention

Equal Weights Entropy Weights Scenario 1 Scenario 2 Scenario 3

TOPSIS
Score Rank TOPSIS

Score Rank TOPSIS
Score Rank TOPSIS

Score Rank TOPSIS
Score Rank

SGLT2i 1 1 1 1 1 1 1 1 1 1
GLP1a 0.517 2 0.433 2 0.551 2 0.485 2 0.437 3

ns-MRA 0.429 3 0.354 3 0.503 3 0.427 3 0.321 4
Placebo 0.240 4 0.314 4 0.061 4 0.067 4 0.484 2

In scenario 1, more importance is placed on the cardiovascular composite outcome. In scenario 2, more importance
is placed on kidney outcomes (kidney-specific composite outcome and acute kidney injury). In scenario 3, more
importance is placed on safety outcomes (serious adverse events and drug discontinuation). Higher TOPSIS
scores indicate better interventions. SGLT2i emerged as the best treatment in all scenarios.

4. Discussion
The present umbrella review gathered the existing network meta-analyses, aiming

to shed more light on the efficacy and safety of SGLT2i, GLP1a, and ns-MRA in chronic
kidney disease. Through the evaluation of 19 network meta-analyses, 44 RCTs were
identified, providing a total sample size of 86,150 patients with chronic kidney disease.
The pooling of evidence indicated that the three examined interventions were associated
with a significantly lower risk of cardiovascular and kidney-specific composite outcomes.
All interventions presented a favorable safety profile, as their administration was associated
with a lower risk of any serious adverse event, compared to placebo. SGLT2i therapy was
suggested to offer the greatest renoprotection, as it was associated with a reduced risk of
the kidney-specific composite outcome, compared to both GLP1a and ns-MRA. In addition,
despite the theoretical concerns of kidney function deterioration following SGLT2i initiation,
their administration was linked to a significantly lower acute kidney risk. This finding has
been confirmed by large-scale observational studies [109,110], corroborating the kidney-
protective properties of SGTL2i, which may be potentially mediated by the amelioration of
renal cortical oxygenation, the attenuation of ischemia–reperfusion injury, the decrease in
inflammation and the suppression of fibrosis [111–113].

The overview of overlapping network meta-analyses in the field revealed significant
differences in the definition of nodes and the selection of RCTs, despite the target pop-
ulation being the same and the research questions being similar. Although 44 RCTs are
currently available, most network meta-analyses have included less than one-third of them.
The erratic selection of RCTs and the varying definitions of nodes (as drug categories or
individual drugs) may increase the degrees of freedom, potentially leading to vibration
of effects across different meta-analyses [114]. It should be noted that the majority of
the examined network meta-analyses come from China, although most RCTs have been
conducted in non-Asian populations. Overall, the risk of bias in the evaluated network
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meta-analyses was high, reflecting among others, the lack of appropriate assessment of
transitivity and heterogeneity. Three network meta-analyses [28,34,41] reported any kind
of industry funding. Interestingly, two [28,41] evaluated the combination of SGLT2i and
finerenone by including a FIDELITY analysis [115] of patients receiving SGLT2i at baseline
(FIDELIO-DKD and FIGARO-DKD trials). Both studies concluded that the combination
therapy was superior to monotherapy with finerenone, a finding that contradicts the results
of the original study. The incoherent networks of selected RCTs could lead to distorted
effect estimates responsible for the observed contradiction.

This study implemented a multicriteria decision analysis as an additional clinically use-
ful tool to guide optimal treatment selection, balancing efficacy and safety. SGLT2i therapy
emerged as the intervention of choice in all scenarios since SGLT2i administration ranked
first in all efficacy and safety endpoints. Importantly, this finding remained stable in the vast
majority of subgroups, as SGLT2i was suggested to represent the best interventions among pa-
tients with diabetes mellitus, history of cardiovascular disease, eGFR < 45 mL/min/1.73 m2,
and UACR > 300 mg/g. A similar effect was observed in studies at low risk of bias, designed
to randomize exclusively chronic kidney disease patients.

Data regarding the combination of the examined interventions remain limited, as
no direct randomized evidence exists. A recent meta-analysis of RCTs has suggested
that SGLT2i may exert beneficial cardiovascular and kidney effects irrespective of baseline
GLP1a therapy [116]. A similar outcome has been proposed for GLP1a, as its administration
is linked to favorable outcomes regardless of baseline SGLT2i intake [117]. On the other
hand, observational studies have pointed towards a potential synergistic effect of SGLT2i
and GLP1a since their combination has shown superiority over monotherapy with either
agent [118,119]. In addition, finerenone has been proposed to exert additive beneficial
effects on top of SGLT2i administration [120], representing a potentially cost-effective
intervention among diabetic patients [121]. However, clinical trials randomizing patients
to combined treatment regimens are needed before safe conclusions can be drawn.

The current KDIGO guidelines recommend SGLT2i treatment for patients with chronic
kidney disease, regardless of diabetes mellitus status [12]. Subgroup analyses from large
RCTs suggest that the therapeutic benefits of SGLT2i are consistent across various etiologies,
including diabetic nephropathy, ischemic, hypertensive, glomerular, and other forms of
kidney disease [101,122]. Notably, SGLT2i have shown promise in IgA nephropathy, where
their use has been associated with delayed disease progression and a favorable safety
profile [123]. Furthermore, in patients with focal segmental glomerulosclerosis, SGLT2i
therapy has been linked to a slower decline in eGFR, significant reductions in proteinuria,
and decreased cardiovascular mortality risk [124]. However, the efficacy of SGLT2i in
autosomal dominant polycystic kidney disease remains unclear due to a lack of RCT
evidence. Additionally, concerns regarding potential increases in kidney volume may limit
their use in this population [125].

The present study has several strengths. An overview of the existing, partially overlap-
ping network meta-analyses was conducted, highlighting methodological limitations and
identifying areas for improvement. An updated network meta-analysis was subsequently
conducted, incorporating a large sample size and leveraging the full scope of available
randomized evidence. The evidence certainty was rigorously assessed with the CiNeMA
tool, enabling a realistic evaluation of the outcomes. The TOPSIS method has also been em-
ployed as a novel approach for the determination of the best intervention, simultaneously
accounting for multiple outcomes of interest. On the other hand, it is important to note
that comparisons among SGLT2i, GLP1a, and finerenone relied solely on indirect evidence,
as no head-to-head studies are currently available. As a result, star-shaped networks were
generated, precluding the statistical testing of consistency. Drug doses were not considered
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in this analysis, as the network meta-analysis nodes represented drug categories to enhance
statistical power and improve the precision of estimates. No patients were excluded based
on the administered dose, as such exclusions could be arbitrary and risk introducing se-
lection bias. Nevertheless, since the analysis focused on phase 3 RCTs, the proportion of
patients receiving ineffective doses is expected to be minimal, with a negligible impact on
the overall outcomes. Clinical decision-making regarding optimal interventions may be
complicated by the heterogeneity of patient characteristics across RCTs. To address this,
multiple subgroup analyses were performed, yielding stable results. It is also important
to note that the multicriteria decision analysis relied on estimated P-scores, which do not
fully capture statistical uncertainty or evidence certainty. Therefore, the treatment selection
outcomes should be interpreted within the context of the primary analyses.

5. Conclusions
SGLT2i, GLP1a, and ns-MRA are associated with significant reductions in the risk

of major cardiovascular events and the progression of kidney disease compared to the
placebo, in patients with chronic kidney disease. While indirect evidence suggests that
SGLT2i may offer the most favorable balance of efficacy and safety, the certainty of evidence
is low, necessitating confirmation through direct comparative trials. Future studies should
prioritize head-to-head comparisons of these therapies and investigate the potential for
synergistic effects in combination regimens.
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16. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge, S.M.; et al.
RoB 2: A Revised Tool for Assessing Risk of Bias in Randomised Trials. BMJ 2019, 366, l4898. [CrossRef] [PubMed]

17. Bellos, I. Multicriteria Decision-Making Methods for Optimal Treatment Selection in Network Meta-Analysis. Med. Decis. Making
2023, 43, 78–90. [CrossRef] [PubMed]

18. Hwang, C.-L.; Yoon, K. Multiple Attribute Decision Making Methods and Applications A State-of-the-Art Survey.
Lect. Notes Econ. Math. Syst. 1981, 186, 58–191.

19. Saaty, R.W. The Analytic Hierarchy Process—What It Is and How It Is Used. Math. Model. 1987, 9, 161–176. [CrossRef]
20. Alonso, J.A.; Lamata, T. Consistency Iin the Analytic Hierarchy Process: A New Approach. Int. J. Uncertain. Fuzziness Knowl.-Based Syst.

2006, 14, 445–459. [CrossRef]
21. Viechtbauer, W. Conducting Meta-Analyses in R with the Metafor Package. J. Stat. Softw. 2010, 36, 1–48. [CrossRef]
22. Mosalman Yazdi, M. Topsis: TOPSIS Method for Multiple-Criteria Decision Making (MCDM). R Package Version 1.0. 2013.

Available online: https://cran.r-project.org/web/packages/topsis/topsis.pdf (accessed on 29 December 2024).

https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1038/s41581-024-00820-6
https://www.ncbi.nlm.nih.gov/pubmed/38570631
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
https://www.ncbi.nlm.nih.gov/pubmed/33720773
https://doi.org/10.1016/S0140-6736(20)30045-3
https://www.ncbi.nlm.nih.gov/pubmed/32061315
https://doi.org/10.3390/biomedicines11102746
https://doi.org/10.3390/biomedicines10102458
https://www.ncbi.nlm.nih.gov/pubmed/36289720
https://doi.org/10.1016/j.ajpc.2023.100502
https://doi.org/10.3390/ph17040418
https://www.ncbi.nlm.nih.gov/pubmed/38675379
https://doi.org/10.3389/fphar.2018.01131
https://doi.org/10.1093/ije/dyx138
https://www.ncbi.nlm.nih.gov/pubmed/29040566
https://doi.org/10.7326/M14-2385
https://doi.org/10.1016/J.KINT.2023.10.018
https://doi.org/10.1371/journal.pone.0212650
https://www.ncbi.nlm.nih.gov/pubmed/30785955
https://doi.org/10.1016/j.jclinepi.2015.06.005
https://www.ncbi.nlm.nih.gov/pubmed/26092286
https://doi.org/10.1186/s13643-023-02388-x
https://www.ncbi.nlm.nih.gov/pubmed/38217041
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1177/0272989X221126678
https://www.ncbi.nlm.nih.gov/pubmed/36121017
https://doi.org/10.1016/0270-0255(87)90473-8
https://doi.org/10.1142/S0218488506004114
https://doi.org/10.18637/jss.v036.i03
https://cran.r-project.org/web/packages/topsis/topsis.pdf


Biomolecules 2025, 15, 39 16 of 21

23. Nikolakopoulou, A.; Higgins, J.P.T.; Papakonstantinou, T.; Chaimani, A.; Del Giovane, C.; Egger, M.; Salanti, G. CINeMA:
An Approach for Assessing Confidence in the Results of a Network Meta-Analysis. PLoS Med. 2020, 17, e1003082. [CrossRef]

24. Guyatt, G.; Oxman, A.D.; Akl, E.A.; Kunz, R.; Vist, G.; Brozek, J.; Norris, S.; Falck-Ytter, Y.; Glasziou, P.; deBeer, H.; et al. GRADE
Guidelines: 1. Introduction—GRADE Evidence Profiles and Summary of Findings Tables. J. Clin. Epidemiol. 2011, 64, 383–394.
[CrossRef] [PubMed]

25. Cherney, D.; Folkerts, K.; Mernagh, P.; Nikodem, M.; Pawlitschko, J.; Rossing, P.; Hawkins, N. Comparative Efficacy of Finerenone
versus Canagliflozin in Patients with Chronic Kidney Disease and Type 2 Diabetes: A Matching-Adjusted Indirect Comparison.
J. Mark. Access Health Policy 2024, 12, 169–180. [CrossRef]

26. Zhao, L.M.; Zhan, Z.L.; Ning, J.; Qiu, M. Network Meta-Analysis on the Effects of SGLT2 Inhibitors Versus Finerenone on
Cardiorenal Outcomes in Patients with Type 2 Diabetes and Chronic Kidney Disease. Front. Pharmacol. 2022, 12, 751496.
[CrossRef] [PubMed]

27. Zhang, Y.; Wang, J.; Jiang, L.; Wang, T.; Li, Z.; Fu, X.; Huang, W.; Xiao, Y.; Wang, S.; Zhao, J. Network Meta-Analysis on the
Efficacy and Safety of Finerenone versus SGLT2 Inhibitors on Reducing New-Onset of Atrial Fibrillation in Patients with Type 2
Diabetes Mellitus and Chronic Kidney Disease. Diabetol. Metab. Syndr. 2022, 14, 156. [CrossRef]

28. Morita, R.; Tsukamoto, S.; Obata, S.; Yamada, T.; Uneda, K.; Uehara, T.; Rehman, M.E.; Azushima, K.; Wakui, H.; Tamura,
K. Effects of Sodium-Glucose Cotransporter 2 Inhibitors, Mineralocorticoid Receptor Antagonists, and Their Combination on
Albuminuria in Diabetic Patients. Diabetes Obes. Metab. 2023, 25, 1271–1279. [CrossRef]

29. Malik, A.H.; Yandrapalli, S.; Goldberg, M.; Jain, D.; Frishman, W.H.; Aronow, W.S. Cardiovascular Outcomes with the Use
of Sodium-Glucose Cotransporter-2 Inhibitors in Patients with Type 2 Diabetes and Chronic Kidney Disease: An Updated
Meta-Analysis of Randomized Controlled Trials. Cardiol. Rev. 2020, 28, 116–124. [CrossRef]

30. Lin, J.; Wang, S.; Wen, T.; Zhang, X. Renal Protective Effect and Safety of Sodium-Glucose Cotransporter-2 Inhibitors in Patients
with Chronic Kidney Disease and Type 2 Diabetes Mellitus: A Network Meta-Analysis and Systematic Review. Int. Urol. Nephrol.
2022, 54, 2305–2316. [CrossRef]

31. Li, Y.; Hu, Y.; Huyan, X.; Chen, K.; Li, B.; Gu, W.; Mu, Y. Comparison of Efficacy and Safety of Three Novel Hypoglycemic Agents
in Patients with Severe Diabetic Kidney Disease: A Systematic Review and Network Meta-Analysis of Randomized Controlled
Trials. Front. Endocrinol. 2022, 13, 1003263. [CrossRef]

32. Kawai, Y.; Uneda, K.; Yamada, T.; Kinguchi, S.; Kobayashi, K.; Azushima, K.; Kanaoka, T.; Toya, Y.; Wakui, H.; Tamura, K. Comparison
of Effects of SGLT-2 Inhibitors and GLP-1 Receptor Agonists on Cardiovascular and Renal Outcomes in Type 2 Diabetes Mellitus
Patients with/without Albuminuria: A Systematic Review and Network Meta-Analysis. Diabetes Res. Clin. Pract. 2022, 183, 109146.
[CrossRef]

33. Chen, H.B.; Yang, Y.L.; Yu, T.H.; Li, Y.H. SGLT2 Inhibitors for the Composite of Cardiorenal Outcome in Patients with Chronic
Kidney Disease: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Eur. J. Pharmacol. 2022, 936, 175354.
[CrossRef] [PubMed]

34. Cao, H.; Liu, T.; Wang, L.; Ji, Q. Comparative Efficacy of Novel Antidiabetic Drugs on Cardiovascular and Renal Outcomes
in Patients with Diabetic Kidney Disease: A Systematic Review and Network Meta-Analysis. Diabetes Obes. Metab. 2022, 24,
1448–1457. [CrossRef]

35. Yang, Q.; Lang, Y.; Yang, W.; Yang, F.; Yang, J.; Wu, Y.; Xiao, X.; Qin, C.; Zou, Y.; Zhao, Y.; et al. Efficacy and Safety of Drugs
for People with Type 2 Diabetes Mellitus and Chronic Kidney Disease on Kidney and Cardiovascular Outcomes: A Systematic
Review and Network Meta-Analysis of Randomized Controlled Trials. Diabetes Res. Clin. Pract. 2023, 198, 110592. [CrossRef]

36. Kani, R.; Watanabe, A.; Miyamoto, Y.; Ejiri, K.; Iwagami, M.; Takagi, H.; Slipczuk, L.; Tsugawa, Y.; Aikawa, T.; Kuno, T.
Comparison of Effectiveness Among Different Sodium-Glucose Cotransoporter-2 Inhibitors According to Underlying Conditions:
A Network Meta-Analysis of Randomized Controlled Trials. J. Am. Heart Assoc. 2024, 13, 031805. [CrossRef]

37. Zhang, Y.; Jiang, L.; Wang, J.; Wang, T.; Chien, C.; Huang, W.; Fu, X.; Xiao, Y.; Fu, Q.; Wang, S.; et al. Network Meta-Analysis
on the Effects of Finerenone versus SGLT2 Inhibitors and GLP-1 Receptor Agonists on Cardiovascular and Renal Outcomes in
Patients with Type 2 Diabetes Mellitus and Chronic Kidney Disease. Cardiovasc. Diabetol. 2022, 21, 232. [CrossRef] [PubMed]

38. Yang, S.Q.; Zhao, X.; Zhang, J.; Liu, H.; Wang, Y.H.; Wang, Y.G. Comparative Efficacy and Safety of SGLT2is and Ns-MRAs in
Patients with Diabetic Kidney Disease: A Systematic Review and Network Meta-Analysis. Front. Endocrinol. 2024, 15, 1429261.
[CrossRef]

39. Yang, S.; Zhao, L.; Mi, Y.; He, W. Effects of Sodium-Glucose Cotransporter-2 Inhibitors and Aldosterone Antagonists, in Addition
to Renin-Angiotensin System Antagonists, on Major Adverse Kidney Outcomes in Patients with Type 2 Diabetes and Chronic
Kidney Disease: A Systematic Review and Network Meta-Analysis. Diabetes Obes. Metab. 2022, 24, 2159–2168. [CrossRef]

40. Yamada, T.; Wakabayashi, M.; Bhalla, A.; Chopra, N.; Miyashita, H.; Mikami, T.; Ueyama, H.; Fujisaki, T.; Saigusa, Y.; Yamaji,
T.; et al. Cardiovascular and Renal Outcomes with SGLT-2 Inhibitors versus GLP-1 Receptor Agonists in Patients with Type 2
Diabetes Mellitus and Chronic Kidney Disease: A Systematic Review and Network Meta-Analysis. Cardiovasc. Diabetol. 2021, 20,
14. [CrossRef] [PubMed]

https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://www.ncbi.nlm.nih.gov/pubmed/21195583
https://doi.org/10.3390/jmahp12030014
https://doi.org/10.3389/fphar.2021.751496
https://www.ncbi.nlm.nih.gov/pubmed/35140602
https://doi.org/10.1186/s13098-022-00929-3
https://doi.org/10.1111/dom.14976
https://doi.org/10.1097/CRD.0000000000000265
https://doi.org/10.1007/s11255-022-03117-4
https://doi.org/10.3389/fendo.2022.1003263
https://doi.org/10.1016/j.diabres.2021.109146
https://doi.org/10.1016/j.ejphar.2022.175354
https://www.ncbi.nlm.nih.gov/pubmed/36306924
https://doi.org/10.1111/dom.14702
https://doi.org/10.1016/j.diabres.2023.110592
https://doi.org/10.1161/JAHA.123.031805
https://doi.org/10.1186/s12933-022-01676-5
https://www.ncbi.nlm.nih.gov/pubmed/36335326
https://doi.org/10.3389/fendo.2024.1429261
https://doi.org/10.1111/DOM.14801
https://doi.org/10.1186/s12933-020-01197-z
https://www.ncbi.nlm.nih.gov/pubmed/33413348


Biomolecules 2025, 15, 39 17 of 21

41. Tsukamoto, S.; Morita, R.; Yamada, T.; Urate, S.; Azushima, K.; Uneda, K.; Kobayashi, R.; Kanaoka, T.; Wakui, H.; Tamura, K.
Cardiovascular and Kidney Outcomes of Combination Therapy with Sodium-Glucose Cotransporter-2 Inhibitors and Mineralo-
corticoid Receptor Antagonists in Patients with Type 2 Diabetes and Chronic Kidney Disease: A Systematic Review and Network
Meta-Analysis. Diabetes Res. Clin. Pract. 2022, 194, 110161. [CrossRef]

42. Qiu, M.; Ding, L.L.; Zhou, H.R. Comparative Efficacy of Five SGLT2i on Cardiorenal Events: A Network Meta-Analysis Based on
Ten CVOTs. Am. J. Cardiovasc. Drugs 2022, 22, 69–81. [CrossRef] [PubMed]

43. Qiu, M.; Ding, L.L.; Wei, X.B.; Liu, S.Y.; Zhou, H.R. Comparative Efficacy of Glucagon-like Peptide 1 Receptor Agonists and
Sodium Glucose Cotransporter 2 Inhibitors for Prevention of Major Adverse Cardiovascular Events in Type 2 Diabetes: A Network
Meta-Analysis. J. Cardiovasc. Pharmacol. 2021, 77, 34–37. [CrossRef]

44. Nguyen, B.N.; Nguyen, L.; Mital, S.; Bugden, S.; Nguyen, H.V. Comparative Efficacy of Sodium-Glucose Co-Transporter-2
Inhibitors, Glucagon-like Peptide-1 Receptor Agonists and Non-Steroidal Mineralocorticoid Receptor Antagonists in Chronic
Kidney Disease and Type 2 Diabetes: A Systematic Review and Network Meta-Analysis. Diabetes Obes. Metab. 2023, 25, 1614–1623.
[CrossRef]

45. The EMPA-KIDNEY Collaborative Group. Empagliflozin in Patients with Chronic Kidney Disease. N. Engl. J. Med. 2023, 388,
117–127. [CrossRef]

46. Cannon, C.P.; Pratley, R.; Dagogo-Jack, S.; Mancuso, J.; Huyck, S.; Masiukiewicz, U.; Charbonnel, B.; Frederich, R.; Gallo, S.;
Cosentino, F.; et al. Cardiovascular Outcomes with Ertugliflozin in Type 2 Diabetes. N. Engl. J. Med. 2020, 383, 1425–1435.
[CrossRef] [PubMed]

47. Wanner, C.; Lachin, J.M.; Inzucchi, S.E.; Fitchett, D.; Mattheus, M.; George, J.; Woerle, H.J.; Broedl, U.C.; Von Eynatten, M.;
Zinman, B. Empagliflozin and Clinical Outcomes in Patients With Type 2 Diabetes Mellitus, Established Cardiovascular Disease,
and Chronic Kidney Disease. Circulation 2018, 137, 119–129. [CrossRef] [PubMed]

48. Neal, B.; Perkovic, V.; Mahaffey, K.W.; de Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.; Matthews, D.R.
Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N. Engl. J. Med. 2017, 377, 644–657. [CrossRef] [PubMed]

49. Perkovic, V.; de Zeeuw, D.; Mahaffey, K.W.; Fulcher, G.; Erondu, N.; Shaw, W.; Barrett, T.D.; Weidner-Wells, M.; Deng, H.;
Matthews, D.R.; et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes: Results from the CANVAS Program Randomised
Clinical Trials. Lancet Diabetes Endocrinol. 2018, 6, 691–704. [CrossRef] [PubMed]

50. Neuen, B.L.; Ohkuma, T.; Neal, B.; Matthews, D.R.; De Zeeuw, D.; Mahaffey, K.W.; Fulcher, G.; Desai, M.; Li, Q.; Deng, H.; et al.
Cardiovascular and Renal Outcomes With Canagliflozin According to Baseline Kidney Function. Circulation 2018, 138, 1537–1550.
[CrossRef]

51. Mann, J.F.E.; Fonseca, V.; Mosenzon, O.; Raz, I.; Goldman, B.; Idorn, T.; Von Scholten, B.J.; Poulter, N.R. Effects of Liraglutide
Versus Placebo on Cardiovascular Events in Patients with Type 2 Diabetes Mellitus and Chronic Kidney Disease. Circulation 2018,
138, 2908–2918. [CrossRef]

52. Allegretti, A.S.; Zhang, W.; Zhou, W.; Thurber, T.K.; Rigby, S.P.; Bowman-Stroud, C.; Trescoli, C.; Serusclat, P.; Freeman, M.W.;
Halvorsen, Y.D.C. Safety and Effectiveness of Bexagliflozin in Patients with Type 2 Diabetes Mellitus and Stage 3a/3b CKD.
Am. J. Kidney Dis. 2019, 74, 328–337. [CrossRef]

53. Anker, S.D.; Butler, J.; Filippatos, G.; Ferreira, J.P.; Bocchi, E.; Böhm, M.; Brunner–La Rocca, H.-P.; Choi, D.-J.; Chopra, V.;
Chuquiure-Valenzuela, E.; et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N. Engl. J. Med. 2021, 385,
1451–1461. [CrossRef] [PubMed]

54. Sharma, A.; Ferreira, J.P.; Zannad, F.; Pocock, S.J.; Filippatos, G.; Pfarr, E.; Petrini, M.; Kraus, B.J.; Wanner, C.; Packer, M.; et al.
Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from the
EMPEROR-Preserved Trial. Eur. J. Heart Fail. 2023, 25, 1337–1348. [CrossRef] [PubMed]

55. Barnett, A.H.; Mithal, A.; Manassie, J.; Jones, R.; Rattunde, H.; Woerle, H.J.; Broedl, U.C. Efficacy and Safety of Empagliflozin
Added to Existing Antidiabetes Treatment in Patients with Type 2 Diabetes and Chronic Kidney Disease: A Randomised,
Double-Blind, Placebo-Controlled Trial. Lancet Diabetes Endocrinol. 2014, 2, 369–384. [CrossRef]

56. Bhatt, D.L.; Szarek, M.; Pitt, B.; Cannon, C.P.; Leiter, L.A.; McGuire, D.K.; Lewis, J.B.; Riddle, M.C.; Inzucchi, S.E.; Kosiborod,
M.N.; et al. Sotagliflozin in Patients with Diabetes and Chronic Kidney Disease. N. Engl. J. Med. 2021, 384, 129–139. [CrossRef]

57. Cherney, D.Z.I.; Charbonnel, B.; Cosentino, F.; Dagogo-Jack, S.; McGuire, D.K.; Pratley, R.; Shih, W.J.; Frederich, R.; Maldonado,
M.; Pong, A.; et al. Effects of Ertugliflozin on Kidney Composite Outcomes, Renal Function and Albuminuria in Patients with
Type 2 Diabetes Mellitus: An Analysis from the Randomised VERTIS CV Trial. Diabetologia 2021, 64, 1256–1267. [CrossRef]

58. Sridhar, V.S.; Bhatt, D.L.; Odutayo, A.; Szarek, M.; Davies, M.J.; Banks, P.; Pitt, B.; Steg, P.G.; Cherney, D.Z.I. Sotagliflozin and
Kidney Outcomes, Kidney Function, and Albuminuria in Type 2 Diabetes and CKD: A Secondary Analysis of the SCORED Trial.
Clin. J. Am. Soc. Nephrol. 2024, 19, 557–564. [CrossRef]

59. Bhatt, D.L.; Szarek, M.; Steg, P.G.; Cannon, C.P.; Leiter, L.A.; McGuire, D.K.; Lewis, J.B.; Riddle, M.C.; Voors, A.A.; Metra, M.;
et al. Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N. Engl. J. Med. 2021, 384, 117–128. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.diabres.2022.110161
https://doi.org/10.1007/s40256-021-00484-8
https://www.ncbi.nlm.nih.gov/pubmed/34231123
https://doi.org/10.1097/FJC.0000000000000916
https://doi.org/10.1111/DOM.15009
https://doi.org/10.1056/NEJMoa2204233
https://doi.org/10.1056/NEJMoa2004967
https://www.ncbi.nlm.nih.gov/pubmed/32966714
https://doi.org/10.1161/CIRCULATIONAHA.117.028268
https://www.ncbi.nlm.nih.gov/pubmed/28904068
https://doi.org/10.1056/NEJMoa1611925
https://www.ncbi.nlm.nih.gov/pubmed/28605608
https://doi.org/10.1016/S2213-8587(18)30141-4
https://www.ncbi.nlm.nih.gov/pubmed/29937267
https://doi.org/10.1161/CIRCULATIONAHA.118.035901
https://doi.org/10.1161/CIRCULATIONAHA.118.036418
https://doi.org/10.1053/j.ajkd.2019.03.417
https://doi.org/10.1056/NEJMoa2107038
https://www.ncbi.nlm.nih.gov/pubmed/34449189
https://doi.org/10.1002/ejhf.2857
https://www.ncbi.nlm.nih.gov/pubmed/37062851
https://doi.org/10.1016/S2213-8587(13)70208-0
https://doi.org/10.1056/NEJMoa2030186
https://doi.org/10.1007/s00125-021-05407-5
https://doi.org/10.2215/CJN.0000000000000414
https://doi.org/10.1056/NEJMoa2030183
https://www.ncbi.nlm.nih.gov/pubmed/33200892


Biomolecules 2025, 15, 39 18 of 21

60. Cherney, D.; Lund, S.S.; Perkins, B.A.; Groop, P.H.; Cooper, M.E.; Kaspers, S.; Pfarr, E.; Woerle, H.J.; von Eynatten, M. The Effect
of Sodium Glucose Cotransporter 2 Inhibition with Empagliflozin on Microalbuminuria and Macroalbuminuria in Patients with
Type 2 Diabetes. Diabetologia 2016, 59, 1860–1870. [CrossRef]

61. Mann, J.F.E.; Fonseca, V.A.; Poulter, N.R.; Raz, I.; Idorn, T.; Rasmussen, S.; von Scholten, B.J.; Mosenzon, O. Safety of Liraglutide
in Type 2 Diabetes and Chronic Kidney Disease. Clin. J. Am. Soc. Nephrol. 2020, 15, 465–473. [CrossRef]

62. Fioretto, P.; Del Prato, S.; Buse, J.B.; Goldenberg, R.; Giorgino, F.; Reyner, D.; Langkilde, A.M.; Sjöström, C.D.; Sartipy, P. Efficacy
and Safety of Dapagliflozin in Patients with Type 2 Diabetes and Moderate Renal Impairment (Chronic Kidney Disease Stage 3A):
The DERIVE Study. Diabetes Obes. Metab. 2018, 20, 2532–2540. [CrossRef] [PubMed]

63. Grunberger, G.; Camp, S.; Johnson, J.; Huyck, S.; Terra, S.G.; Mancuso, J.P.; Jiang, Z.W.; Golm, G.; Engel, S.S.; Lauring, B.
Ertugliflozin in Patients with Stage 3 Chronic Kidney Disease and Type 2 Diabetes Mellitus: The VERTIS RENAL Randomized
Study. Diabetes Ther. 2018, 9, 49–66. [CrossRef] [PubMed]

64. Haneda, M.; Seino, Y.; Inagaki, N.; Kaku, K.; Sasaki, T.; Fukatsu, A.; Kakiuchi, H.; Sato, Y.; Sakai, S.; Samukawa, Y. Influence of
Renal Function on the 52-Week Efficacy and Safety of the Sodium Glucose Cotransporter 2 Inhibitor Luseogliflozin in Japanese
Patients with Type 2 Diabetes Mellitus. Clin. Ther. 2016, 38, 66–88.e20. [CrossRef]

65. Kashiwagi, A.; Takahashi, H.; Ishikawa, H.; Yoshida, S.; Kazuta, K.; Utsuno, A.; Ueyama, E. A Randomized, Double-Blind,
Placebo-Controlled Study on Long-Term Efficacy and Safety of Ipragliflozin Treatment in Patients with Type 2 Diabetes Mellitus
and Renal Impairment: Results of the Long-Term ASP1941 Safety Evaluation in Patients with Type 2 Diabetes with Renal
Impairment (LANTERN) Study. Diabetes Obes. Metab. 2015, 17, 152–160. [CrossRef] [PubMed]

66. Kohan, D.E.; Fioretto, P.; Tang, W.; List, J.F. Long-Term Study of Patients with Type 2 Diabetes and Moderate Renal Impairment
Shows That Dapagliflozin Reduces Weight and Blood Pressure but Does Not Improve Glycemic Control. Kidney Int. 2014, 85,
962–971. [CrossRef]

67. Jardine, M.J.; Mahaffey, K.W.; Neal, B.; Agarwal, R.; Bakris, G.L.; Brenner, B.M.; Bull, S.; Cannon, C.P.; Charytan, D.M.; De Zeeuw,
D.; et al. The Canagliflozin and Renal Endpoints in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE)
Study Rationale, Design, and Baseline Characteristics. Am. J. Nephrol. 2017, 46, 462–472. [CrossRef]

68. Dagogo-Jack, S.; Pratley, R.E.; Cherney, D.Z.I.; McGuire, D.K.; Cosentino, F.; Shih, W.J.; Liu, J.; Frederich, R.; Mancuso, J.P.; Raji, A.;
et al. Glycemic Efficacy and Safety of the SGLT2 Inhibitor Ertugliflozin in Patients with Type 2 Diabetes and Stage 3 Chronic
Kidney Disease: An Analysis from the VERTIS CV Randomized Trial. BMJ Open Diabetes Res. Care 2021, 9, e002484. [CrossRef]

69. Jardine, M.J.; Zhou, Z.; Mahaffey, K.W.; Oshima, M.; Agarwal, R.; Bakris, G.; Bajaj, H.S.; Bull, S.; Cannon, C.P.; Charytan, D.M.;
et al. Renal, Cardiovascular, and Safety Outcomes of Canagliflozin by Baseline Kidney Function: A Secondary Analysis of the
CREDENCE Randomized Trial. J. Am. Soc. Nephrol. 2020, 31, 1128–1139. [CrossRef] [PubMed]

70. Perkovic, V.; Jardine, M.J.; Neal, B.; Bompoint, S.; Heerspink, H.J.L.; Charytan, D.M.; Edwards, R.; Agarwal, R.; Bakris, G.; Bull, S.;
et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N. Engl. J. Med. 2019, 380, 2295–2306. [CrossRef]

71. Bakris, G.; Oshima, M.; Mahaffey, K.W.; Agarwal, R.; Cannon, C.P.; Capuano, G.; Charytan, D.M.; de Zeeuw, D.; Edwards, R.;
Greene, T.; et al. Effects of Canagliflozin in Patients with Baseline EGFR <30 mL/min per 1.73 m2: Subgroup Analysis of the
Randomized CREDENCE Trial. Clin. J. Am. Soc. Nephrol. 2020, 15, 1705–1714. [CrossRef]

72. McMurray, J.J.V.; Solomon, S.D.; Inzucchi, S.E.; Køber, L.; Kosiborod, M.N.; Martinez, F.A.; Ponikowski, P.; Sabatine, M.S.; Anand,
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