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Objective: To investigate the safety and clinical efficacy of sodium-glucose
cotransporter protein-2 (SGLT-2) inhibitors, glucagon-like peptide-1 (GLP-1)
receptor agonists and Finerenone in treating patients with type 2 diabetes
mellitus (T2DM) combined with non-dialysis chronic kidney disease (CKD).

Methods: Cochrane Library, PubMed, EMBASE, Web of Science, CNKI, CQVIP
database, and WanFang from their inception up to November 2023 were
searched to compare the efficacy and safety of SGLT-2 inhibitors, GLP-1 RA
receptor agonists and Finerenone in the treatment of T2DM patients with non-
dialysis CKD. To assess the methodological quality and risk of bias in the included
studies, we utilized the Cochrane Risk of Bias Assessment tool (RoB 2.0). The
confidence of evidence was examined using Confidence in Network Meta-
Analysis (CINeMA). Traditional meta-analysis of variables was conducted using
Stata 17.0 software with a random-effects model. We assessed publication bias
using funnel plots and explored potential sources of heterogeneity through
subgroup analysis.

Results: A total of 39 studies (99,599 patients) were included. Compared to
Placebo (PBO), SGLT-2 inhibitors demonstrated superior efficacy in reducing
glycosylated hemoglobin (HbA1c) (MD = −0.33; 95%CI: from −0.52 to −0.15),
systolic blood pressure (SBP) (MD from −5.52 to −1.50; 95%CI
from −8.80 to −0.23), body weight (MD from −3.81 to −1.29; 95%CI
from −6.34 to −0.84) and diastolic blood pressure (DBP) (MD = −1.86; 95%CI:
−3.18, −40.54). The efficacy of Liraglutide in reducing Low-Density Lipoprotein
Cholesterol (LDL-C) surpassed that of other agents (MD from −1.58 to −1.41; 95%
CI from −2.05 to −0.81). Finerenone significantly reduced SBP (MD = −1.65; 95%
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CI: −2.48, −0.81) compared to PBO. According to the SUCRA based relative ranking
of treatments, Empagliflozin was the most effective in reducing HbA1c and DBP.
Semaglutide was the least harmful to estimated glomerular filtration rate. Liraglutide
was themost effective in reducing LDL-C. Bexagliflozin, Canagliflozin were themost
effective in reducing SBP and body weight. Finerenone had the lowest incidence of
urinary tract infection, Hypoglycemia was the lowest in the Luseogliflozin
group. Ertugliflozin was the least likely to cause acute kidney injury. Canagliflozin
had the lowest probability of any adverse event.

Conclusion: The safety of these drugs has been confirmed, except for some special
drugs. SGLT-2 inhibitors had a preferential glucose-lowering and weight-loss
function, GLP-1 receptor agonists had a preferential lowering of LDL-C and
blood glucose, and Finereone significantly reduced SBP compared with PBO.
Systematic Review Registration: PROSPERO, CRD42024571544.

KEYWORDS

SGLT-2 inhibitors, GLP-1 receptor agonists, Finerenone, type 2 diabetes mellitus, chronic
kidney disease, network meta-analysis

1 Introduction

Diabetes is a global public health concern, and with the recent
surge in diabetes patients, it is projected to impact 784 million
individuals by 2045, posing a significant threat to human
wellbeing. Diabetic kidney disease is a prominent
microvascular complication of diabetes mellitus, with an
estimated 40% of individuals with diabetes projected to
develop chronic kidney disease (CKD) during their lifetime,
potentially necessitating the need for renal replacement
therapy (Afkarian et al., 2016; Scilletta et al., 2023; Zoja et al.,
2020). Hence, it is imperative to prevent further progression of
kidney disease in the management of type 2 diabetes mellitus
(T2DM) patients with CKD.

The SGLT-2 inhibitors represent a novel class of oral
hypoglycemic medications. GLP-1 receptor agonists reduce
Glycosylated hemoglobin (HbA1c) by stimulating insulin
secretion and reducing glucagon secretion, while also decreasing
appetite through delayed gastric emptying (Filippatos et al., 2013).
Several randomized controlled trials (RCTs) have demonstrated the
effectiveness and safety of these two drugs (Perkovic et al., 2019;
Mann et al., 2020). Finerenone, a nonsteroidal selective
mineralocorticoid receptor antagonist, has shown in large RCTs
to slow down CKD progression and improve cardiovascular
outcomes (Pitt et al., 2021; Filippatos et al., 2021; Bakris G. L.
et al., 2020). It was approved by the Food and Drug Administration
(FDA) in July 2021 for treating T2DM in CKD patients. Although
GLP-1 receptor agonists have been found to lower blood pressure
and body weight while improving cardiovascular outcomes, there is
still no clear conclusion when compared to SGLT-2 inhibitors and
Finerenone for treating T2DM in non-dialysis CKD (Sun et al., 2015;
Shah et al., 2014).

There is currently a lack of comprehensive evaluation of the
efficacy and safety of several drugs for treating T2DM combined
with CKD. Network meta-analysis (NMA) combines direct and
indirect evidence to compare multiple treatments and assess their
interrelationship. Our study focused on non-dialysis CKD patients
(eGFR >15 mL/min/1.73 m2) as these drugs are not recommended
for patients with low eGFR (Chinese Diabetes Society, 2025;

American Diabetes Association Professional Practice Committee,
2023). Therefore, we conducted an NMA of RCTs to assess the
clinical efficacy and safety of SGLT-2 inhibitors, GLP-1 receptor
agonists, and Finereone in non-dialysis CKD patients with T2DM.

2 Methods

The reporting of this NMA follows the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline, and the PRISMA extension statement for
Reporting of Systematic Reviews Incorporating Network Meta-
analysis of healthcare interventions (PRISMA-NMA) (Moher
et al., 2009; Hutton et al., 2015). The study is registered with
PROSPERO, number CRD42024571544.

2.1 Literature review

Two investigators (J. Guo and Y. Jiang) independently searched
and identified relevant studies from various databases, including
Cochrane Library, PubMed, EMBASE, Web of Science, CNKI,
CQVIP database, and WanFang data, from inception to
November 2023. To ensure comprehensive retrieval, a
combination of subject words and free words was used. Key
search terms included “SGLT-2 inhibitor”, “GLP-1 receptor
agonist”, “Finerenone”, “Type 2 diabetes mellitus”, “chronic
kidney disease”, etc. The detailed search strategies for each
database are described in Supplementary Appendix 2.

2.2 Study selection

This trial included double-blind RCTs comparing SGLT-2
inhibitor, GLP-1 receptor agonist, and Finerenone or directly
with placebo in adults with T2DM and non-dialysis CKD.
Studies using other control drugs, studies with repeated
publications and incomplete data, studies with eGFR<15 mL/
min/1.73 m2, studies published in languages other than Chinese
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or English, and studies using the drug within 3 months before
screening were excluded.

2.3 Outcomes

The clinical outcomes assessed changes in Glycosylated
hemoglobin (HbA1c), estimate glomerular filtration rate (eGFR),
low-density lipoprotein cholesterol (LDL-C), systolic blood pressure
(SBP), diastolic blood pressure (DBP), and body weight from
baseline. Safety endpoints included any adverse events (any AE),
urinary tract infections (UTI), Hypoglycemia and Acute Kidney
Injury (AKI).

2.4 Data extraction

The search results were screened by two blinded independent
researchers (J. Guo and Y. Jiang) according to the inclusion and
exclusion criteria, and the abstracts of the remaining literatures were
reviewed using EndNote20. Two researchers used standard data
extraction tables for information extraction, judgment, and
literature extraction information including: study author,
publication year, intervention measures, outcomes, etc. In case of
disagreement, a third researcher (W. Zhang) assisted in making
a judgment.

2.5 Risk of bias assessment

The risk of bias assessment was conducted by 2 researchers
(J. Guo and Y. Jiang) using the Cochrane Risk of Bias Assessment
tool (RoB 2.0) (Sterne et al., 2019). Each study was classified as
having low risk, some concerns or high risk of bias.

2.6 Statistical analysis

For outcome indicators, odds ratio (OR) was used for
bicategorical variables, mean difference (MD) was used for
continuous variables, and 95% confidence interval (95% CI)
was used to represent statistical results. The findings were
considered statistically significant if the 95%CI did not include
the null value (0 for MD and 1 for OR). For each result were
calculated using a random effects model. Bilateral P-values
<0.05 were considered statistically significant. We evaluated
the between-study heterogeneity using the I2 statistic and its
associated p-values. Specifically, I2 values of 25%, 50%, and 75%
were indicative of low, moderate, and high levels of statistical
heterogeneity, respectively. Subsequently, subgroup analyses
were conducted to investigate potential sources of this
heterogeneity. STATA 17.0 was used for statistical analysis,
evidence network and surface under the cumulative raking
curve (SUCRA). We evaluated publication bias of articles
using funnel plots and Egger’s test. We examined the
confidence of evidence using the CINeMA (Salanti et al.,
2014) web application, which grades the confidence of the
results as high, moderate, low, and very low.

3 Result

3.1 Characteristics of the included studies

A total of 4,929 articles were retrieved. After removing
duplicates, 3,182 remained. Following the title and abstract
review, 1719 were selected for full text reading. Ultimately,
39 studies involving 99,599 patients were included: 23 used
SGLT-2 inhibitor, 4 used GLP-1 receptor agonist and 12 used
Finerenone (Figure 1). Baseline characteristics were comparable
between groups. The characteristics of the included studies are
shown in Table 1. Figure 2, and Supplementary Appendix 3
shows the network. (Barnett et al., 2014; Haneda et al., 2016;
Curovic et al., 2022; Yale et al., 2013; Chen, 2016; Yamout et al.,
2014; Pollock et al., 2019; Cherney et al., 2016; Kohan et al., 2014;
Wada et al., 2022a; Wada et al., 2022b; Takashima et al., 2018;
Dagogo-Jack et al., 2021; Fioretto et al., 2018; Cherney et al., 2021;
Allegretti et al., 2019; Cherney et al., 2023; Sivalingam et al., 2024;
George et al., 2018; Gao, 2022; Wanner et al., 2018; Sarafidis et al.,
2023; Cristian et al., 2020; Bakris et al., 2020; Bakris et al., 2015; Koya
et al., 2023; Agarwal et al., 2022a; Agarwal et al., 2023; Mahaffey
et al., 2019; Bhatt et al., 2021; Agarwal, et al., 2022b; Zhang et al.,
2023; Rosas et al., 2023; Perakakis et al., 2024; Tuttle et al., 2022; Pitt
et al., 2021; Bakris et al., 2020; Filippatos et al., 2021; Perkovic
et al., 2019).

3.2 Risk of bias

The RoB 2.0 was employed to evaluate the risk of bias in the
39 included studies, among which one study was classified as “high
risk”, eight studies were categorized as having “some concerns”, and
the remaining thirty studies were deemed to have a “low risk”. The
distribution of each category is presented in Figure 3, while the
quality assessment for each individual study can be found in
Supplementary Appendix 4.

3.3 Evaluation of statistical inconsistency

The consistency test results show that the network has good
consistency (P > 0.05), and the loop-specific method did not suggest
any inconsistency between closed loops. In addition, the node-
segmentation approach did not suggest statistical inconsistency
for any outcome (Supplementary Appendix 5).

3.4 Outcomes

3.4.1 Glycosylated hemoglobin (HbA1c)
A total of 24 trials (37,252 patients) evaluated HbA1c (Yale et al.,

2013; Chen, 2016; Gao, 2022; Barnett et al., 2014; Yamout et al.,
2014; Cherney et al., 2016; Cherney et al., 2023; Curovic et al., 2022;
Takashima et al., 2018; Sivalingam et al., 2024; Pollock et al., 2019;
Fioretto et al., 2018; Kohan et al., 2014; Allegretti et al., 2019; Haneda
et al., 2016; Wada et al., 2022a; George et al., 2018; Dagogo-Jack
et al., 2021; Cherney et al., 2021; Pitt et al., 2021; Bakris George et al.,
2020; Wanner et al., 2018; Perkovic et al., 2019; Wada et al., 2022b).
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Our NMA showed that Empagliflozin (MD = −0.33; 95%CI:
−0.45, −0.22) and Canagliflozin (MD = −0.33; 95%CI:
−0.52, −0.15) significantly reduced HbA1c compared to PBO
group. The results of pairwise comparison showed that
Empagliflozin (MD = −0.38; 95%CI: −0.62, −0.14) and
Canagliflozin (MD = −0.38; 95%CI: −0.65, −0.10) were better
than Finerenone (Supplementary Appendix 6a). Results from
SUCRA showed that Empagliflozin was the most effective
medicine for lowering HbA1c (SUCRA 73%), followed by
Semaglutide (SUCRA 72%) and Canagliflozin (SUCRA 71.8%).
Ertuglilozin was ranked 8th (SUCRA 43.4%) and placebo 10th
(SUCRA 14.0%) (Figure 4; Supplementary Appendix 7b).

3.4.2 Estimate glomerular filtration rate (eGFR)
27 articles involving 32,360 participants assessed eGFR changes

(Yale et al., 2013; Chen, 2016; Gao, 2022; Barnett et al., 2014; Yamout
et al., 2014; Cherney et al., 2016; Cherney et al., 2023; Curovic et al.,
2022; Takashima et al., 2018; Sivalingam et al., 2024; Pollock et al., 2019;
Cristian et al., 2020; Fioretto et al., 2018; Kohan et al., 2014; Allegretti

et al., 2019; Haneda et al., 2016; Sarafidis et al., 2023; Wada et al., 2022a;
Bakris G. L. et al., 2020; George et al., 2018; Dagogo-Jack et al., 2021;
Cherney et al., 2021; Bakris et al., 2020; Filippatos et al., 2021; Bakris
et al., 2015; Perkovic et al., 2019; Wada et al., 2022a). There was no
significant difference in pairwise comparison between drugs compared
with PBO group (Supplementary Appendix 6b in the Supplement).
Ranked according to the efficacy of SUCRA against all medicines,
Semaglutide had the least damage to kidney function (SUCRA 79.5%),
followed by Empagliflozin (SUCRA 79.3%). Dapagliflozin,
Luseogliflozin, Bexagliflozin and Ertugliflozin (SUCRA from 24.4%
to 27.2%) had the greatest impact on renal function (Figure 4;
Supplementary Appendix 8b).

3.4.3 Low-density lipoprotein cholesterol (LDL-C)
Eight studies involving 4,876 participants assessed LDL-C

changes (Yale et al., 2013; Chen, 2016; Barnett et al., 2014;
Yamout et al., 2014; Curovic et al., 2022; Pollock et al., 2019;
Haneda et al., 2016; Wanner et al., 2018). Liraglutide was
superior to Canagliflozin (MD = −1.45; 95%CI: −1.87, −1.04),

FIGURE 1
Process for identifying studies eligible for the meta-analysis.
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TABLE 1 Basic characteristics of the included literature.

Study
ID

Stage of
CKD

Sample
size

Age, mean,
y (SD)

Treatment Outcomes

PBO
group

Treatment
group 1

Treatment
group 2

PBO
group

Treatment
group 1

Treatment
group 2

PBO
group

Treatment
group 1

Treatment
group 2

Yale et al. (2013) CKD III 90 90 89 68.2 (8.4) 69.5 (8.2) 67.9 (8.2) PBO Cana Cana ①②③④⑤⑥⑦⑩

Chen (2016) CKD II
CKD III

32 32 PBO Lira ①②③④⑤⑧

Gao (2022) Mild/
moderate CKD

26 26 60.25 (1.52) 60.32 (1.66) PBO Lira ①②⑧⑩

Barnett et al. (2014) CKD II 95 98 97 62.6 (8.1) 63.2 (8.5) 62.0 (8.4) PBO Empa Empa ①②③④⑤⑥⑦⑧⑩

CKD III 187 187 65.1 (8.2) 64.6 (8.9) 64.6 (8.9) PBO Empa ①②③④⑤⑥⑦⑧⑩

CKD IV 37 37 62.9 (11.9) 65.4 (10.2) 65.4 (10.2) PBO Empa ①②③④⑤⑥⑦⑧⑩

Rosas et al. (2023) CKD 1,034 1,065 64.2 (9.7) PBO Fine ⑩

Yamout et al. (2014) CKD IIIA 266 216 239 66.3 (7.5) 66.2 (8.0) 66.3 (6.9) PBO Cana Cana ①②③④⑥⑦⑩

CKD IIIB 116 122 126 68.4 (7.6) 69.5 (7.9) 68.1 (8.1) PBO Cana Cana ①②③④⑥⑦⑩

Cherney et al. (2016) CKD 248 388 60.4 (10.2) 58.4 (10.5) PBO Empa ①②④⑤⑥⑦⑧⑩

CKD 87 128 60.5 (10.3) 59.3 (9.9) PBO Empa ①②④⑤⑥⑦⑧⑩

Cherney et al. (2023) CKD III 260 263 264 69.3 (8.1) 69.6 (7.5) 69.5 (8.2) PBO Sota Sota ①②④⑥⑦⑧⑩

Curovic et al. (2022) CKD II
CKD IIIA

15 17 62.3 (7.8) 63.7 (9.0) PBO Dapa ①②③④⑤⑥

Takashima et al. (2018) CKD II
CKD IIIA

20 20 65.4 (10.4) 64.7 (9.8) PBO Dapa ①②④⑤

Sivalingam et al. (2024) CKD 30 30 69.4 (9.1) 70.5 (6.8) PBO Sema ①②⑥⑦⑧

Pollock et al. (2019) CKD II
CKD III

148 145 64.7 (8.5) 64.7 (8.6) PBO Dapa ①②③④⑦⑧⑩

Koya et al. (2023) CKD 2,831 2,827 63 (10) PBO Fine ④⑥⑧⑨⑩

Cristian et al. (2020) CKD II 1,043 772 56.9 (9.5) 56.9 (9.3) PBO Exen ②⑦⑨⑩

CKD III 207 182 62.2 (9.0) 62.5 (9.0) PBO Exen ②⑧⑨⑩

Fioretto et al. (2018) CKD IIIA 161 160 66.2 65.3 PBO Dapa ①②④⑥⑦⑧⑩

Kohan et al. (2014) CKD III 84 83 85 67 (8.6) 66 (8.9) 68 (7.7) PBO Dapa Dapa ①②④⑤⑥⑦⑧⑩

Allegretti et al. (2019) CKD III 155 157 69.9 (8.29) 69.3 (8.36) PBO Bexa ①②④⑥⑦⑧⑨

(Continued on following page)
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TABLE 1 (Continued) Basic characteristics of the included literature.

Study
ID

Stage of
CKD

Sample
size

Age, mean,
y (SD)

Treatment Outcomes

PBO
group

Treatment
group 1

Treatment
group 2

PBO
group

Treatment
group 1

Treatment
group 2

PBO
group

Treatment
group 1

Treatment
group 2

Haneda et al. (2016) CKD 50 95 68.4 (8.9) 67.9 (8.9) PBO Luse ①②③④⑤⑥⑦⑧⑩

Tuttle et al. (2022) CKD IIIA 519 1,003 67.1 (8.1) 67.1 (7.5) PBO Empa ⑦⑧

CKD IIIB 277 445 67.9 (8.2) 67.7 (8.7) PBO Empa ⑦⑧

CKD IV 52 71 63.7 (10.7) 68.8 (9.1) PBO Empa ⑦⑧

Sarafidis et al. (2023) CKD IV 450 440 67 (9) 67 (9) PBO Fine ②④⑨⑩

Mahaffey et al. (2019) CKD 1,092 1,089 61.7 (9.4) 61.1 (9.7) PBO Cana ⑦⑧⑨⑩

CKD 1,107 1,113 64.6 (8.9) 64.6 (8.2) PBO Cana ⑦⑧⑨⑩

Wada et al. (2022a) CKD 154 154 62.4 (11.1) 62.5 (10.5) PBO Cana ①②④⑤⑦⑧⑩

Bakris et al. (2020a) CKD IV 90 84 66 (9) 64 (10) PBO Cana ②⑨⑩

George et al. (2018) CKD III 154 158 155 67.5 (8.9) 66.7 (8.3) 67.5 (8.5) PBO Ertu Ertu ①②⑦⑩

Dagogo-Jack et al.
(2021)

CKD III 598 618 560 68.0 (7.5) 68.3 (7.7) 68.2 (7.5) PBO Ertu Ertu ①②④⑥⑦⑧⑨⑩

Cherney et al. (2021) CKD IV 93 92 92 68.0 (8.3) 66.8 (10) 67.3 (9.6) PBO Sota Sota ①②④⑥⑦⑧⑩

Bhatt et al. (2021) CKD 5,292 5,292 PBO Sota ⑦⑧⑩

Pitt et al. (2021) CKD 3,666 3,686 64.1 (10) 64.1 (9.7) PBO Fine ①④⑥⑦⑧⑨⑩

Bakris et al. (2020b) CKD 2,841 2,833 65.7 (9.2) 65.4 (8.9) PBO Fine ①②④⑥⑦⑧⑨⑩

Filippatos et al. (2021) CKD 1,302 1,303 67.1 (8.4) 66 (8.2) PBO Fine ②④⑦⑧⑨⑩

CKD 1,539 1,530 64.5 (9.6) 64.4 (9.4) PBO Fine ②④⑦⑧⑨⑩

Agarwal et al. (2023) CKD II
CKD III

27 92 60.8 (8.4) PBO Fine ④⑩

Bakris et al., (2015) CKD II
CKD III

94 727 63.26 (8.68) PBO Fine ②⑩

Wanner et al. (2018) CKD I ~ IV 752 1,498 66 (8.5) 66.2 (8) PBO Empa ①③④⑥

Perkovic et al. (2019) CKD II
CKD III

2,199 2,202 63.2 (9.2) 62.9 (9.2) PBO Cana ①②④⑤⑦⑧⑨⑩

Agarwal et al. (2022a) CKD 2,328 2,291 65.4 (9.3) 65.2 (9.0) PBO Fine ⑨⑩
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Luseoglifozin (MD = −1.41; 95%CI: −2.01, −0.81), PBO
(MD = −1.50; 95%CI: −1.89, −1.11), Dapagliflozin (MD = −1.58;
95%CI: −2.05, −1.10), and Empagliflozin (MD = −1.56; 95%CI:
−1.96, −1.15) (Supplementary Appendix 6c) and was also the best
LDL-C-lowering agent (SUCRA 100%) (Figure 4; Supplementary
Appendix 9b).

3.4.4 Blood pressure (BP)
26 articles (56,627 participants) reported the changes in SBP

(Yale et al., 2013; Chen, 2016; Barnett et al., 2014; Yamout et al.,
2014; Cherney et al., 2016; Cherney et al., 2023; Curovic et al., 2022;
Takashima et al., 2018; Filippatos et al., 2021; Agarwal et al., 2023;
Wanner et al., 2018; Perkovic et al., 2019; Wada et al., 2022b;
Agarwal et al., 2022a; Pollock et al., 2019; Koya et al., 2023;
Fioretto et al., 2018; Kohan et al., 2014; Allegretti et al., 2019;
Haneda et al., 2016; Sarafidis et al., 2023; Wada et al., 2022b;
Dagogo-Jack et al., 2021; Cherney et al., 2021; Pitt et al., 2021;
Bakris et al., 2020). Compared to the PBO group, Bexagliflozin
(MD = −5.52; 95%CI: −8.80, −2.24), Empagliflozin (MD = −4.33;
95%CI: −5.13, −3.53), Dapagliflozin (MD = −3.79; 95%CI:
−5.91, −1.66), Canagliflozin (MD = −3.16; 95%CI: −4.56, −1.75),
Finerenone (MD = −1.65; 95%CI: −2.48, −0.81) and Ertugliflozin
(MD = −1.50; 95%CI: −2.78, −0.23) significantly reduced SBP.
Bexagliflozin and Empagliflozin were significantly superior to
Finerenone (MD = −3.87; 95%CI: −7.26, −0.49) (MD = −2.69;
95%CI: −3.78, −1.59), Ertugliflozin (MD = −4.01, 95%CI:
−7.53, −0.50) (MD = −2.83; 95%CI: −4.33, −1.32) and
Sotagliflozin (MD = −4.98; 95%CI: −9.10, −0.87) (MD = −3.80;
95%CI: −6.41, −1.19) (Supplementary Appendix 6d). We analysed
11 articles with 11,497 participants about DBP (Yale et al., 2013;
Chen, 2016; Barnett et al., 2014; Cherney et al., 2016; Curovic et al.,
2022; Takashima et al., 2018; Kohan et al., 2014; Haneda et al., 2016;
Wada et al., 2022a; Perkovic et al., 2019; Wada et al., 2022b).
Compared to PBO group, Empagliflozin (MD = −1.86; 95%CI:
−3.18, −40.54) significantly reduced DBP (Supplementary
Appendix 6e). The SUCRA results showed that Bexagliflozin
(SUCRA 89.6%) and Empagliflozin (SUCRA 82.2%) ranked first
and second in reducing SBP. Empagliflozin had the best effect on
DBP reduction (SUCRA 72.6%). PBO was last in reducing both SBP
and DBP (SUCRA 12.1% and 21.4%) (Figure 4; Supplementary
Appendix 10b, 11b).

3.4.5 Body weight
A total of 17 trials (27,839 participants) evaluated body weight

(Wada et al., 2022a; Barnett et al., 2014; Yamout et al., 2014; Cherney
et al., 2016; Cherney et al., 2023; Curovic et al., 2022; Sivalingam et al.,
2024; Koya et al., 2023; Fioretto et al., 2018; Kohan et al., 2014; Allegretti
et al., 2019; Haneda et al., 2016; Dagogo-Jack et al., 2021; Cherney et al.,
2021; Pitt et al., 2021; Bakris et al., 2020;Wanner et al., 2018). Compared
to PBO group, Canagliflozin (MD = −3.81, 95%CI: −6.34, −1.27),
Ertugliflozin (MD = −2.36, 95%CI: −3.87, −0.84) and Empagliflozin
(MD = −1.29, 95%CI: −1.42, −1.16) significantly reduced body weight.
The therapeutic effect of Canagliflozin was significantly better than that
of Sotagliflozin (MD = −3.55, 95%CI: −6.75, −0.34), Finerenone
(MD = −3.94, 95%CI: −6.73, −1.16), and Dapagliflozin
(MD = −6.44, 95%CI: −10.52, −2.37). The therapeutic efficacy of
Ertugliflozin (MD = −2.50; 95%CI: −4.40, −0.59) (MD = −4.99; 95%
CI: −8.53, −1.46) and Empagliflozin (MD= −1.43; 95%CI: −2.58, −0.28)T

A
B
LE

1
(C

o
n
ti
n
u
e
d
)
B
as
ic

ch
ar
ac

te
ri
st
ic
s
o
f
th
e
in
cl
u
d
e
d
lit
e
ra
tu
re
.

St
u
d
y

ID
St
ag

e
o
f

C
K
D

Sa
m
p
le

si
ze

A
g
e
,
m
e
an

,
y
(S
D
)

T
re
at
m
e
n
t

O
u
tc
o
m
e
s

P
B
O

g
ro
u
p

T
re
at
m
e
n
t

g
ro
u
p
1

T
re
at
m
e
n
t

g
ro
u
p
2

P
B
O

g
ro
u
p

T
re
at
m
e
n
t

g
ro
u
p
1

T
re
at
m
e
n
t

g
ro
u
p
2

P
B
O

g
ro
u
p

T
re
at
m
e
n
t

g
ro
u
p
1

T
re
at
m
e
n
t

g
ro
u
p
2

W
ad
a
et

al
.
(2
02
2b
)

C
K
D

II
C
K
D

II
I

30
3

30
1

60
.9

(9
.1
)

60
.6

(9
.1
)

P
B
O

C
an
a

①
②

④
⑤

⑦
⑨

⑩

1,
89
4

1,
89
9

63
.5

(9
.2
)

63
.2

(9
.1
)

P
B
O

C
an
a

①
②

④
⑤

⑦
⑨

⑩

Z
ha
ng

et
al
.
(2
02
3)

C
K
D

18
4

18
8

60
.6
8
(1
0.
13
)

59
.8
5
(1
0.
16
)

P
B
O

Fi
ne

⑨
⑩

A
ga
rw

al
et

al
.
(2
02
2b
)

C
K
D

6,
50
7

6,
51
9

64
.8

(9
.7
)

64
.7

(9
.4
)

P
B
O

Fi
ne

④
⑦

⑧
⑨

⑩

P
er
ak
ak
is
et

al
.(
20
24
)

C
K
D

5,
29
7

5,
34
0

64
.3
1
(9
.5
6)

64
.2
9
(9
.2
7)

P
B
O

Fi
ne

⑩

1,
02
5

1,
06
7

61
.7
1
(1
0.
08
)

61
.9
4
(9
.7
6)

P
B
O

Fi
ne

⑩

13
9

15
2

72
.4
0
(8
.0
2)

70
.8
9
(7
.0
6)

P
B
O

Fi
ne

⑩

A
bb

re
vi
at
io
ns
:①

C
ha
ng
e
in

H
bA

1c
fr
om

ba
se
lin

e;
②
C
ha
ng
e
in

eG
FR

fr
om

ba
se
lin

e;
③
C
ha
ng
e
in

LD
L-
C
fr
om

ba
se
lin

e;
④
C
ha
ng
e
in

SB
P
fr
om

ba
se
lin

e;
⑤
C
ha
ng
e
in

D
B
P
fr
om

ba
se
lin

e;
⑥
C
ha
ng
e
in

bo
dy

w
ei
gh
tf
ro
m

ba
se
lin

e;
⑦
U
T
I;
⑧
H
yp
og
ly
ce
m
ia
;⑨

A
K
I;

⑩
an
y
A
E
.N

I,
N
o
In
fo
rm

at
io
n.
P
B
O
:P
B
O
gr
ou

p.
C
K
D
:c
hr
on

ic
ki
dn

ey
di
se
as
e.
C
an
a:
C
an
ag
lifl

oz
in
.L
ir
a:
Li
ra
gl
ut
id
e.
E
m
pa
:E
m
pa
gl
ifl
oz
in
.F
in
e:
Fi
ne
re
no

ne
.S
ot
a:
So
ta
gl
ifl
oz
in
.D

ap
a:
D
ap
ag
lifl

oz
in
.S
em

a:
Se
m
ag
lu
ti
de
.E

xe
n:
E
xe
na
ti
de

B
ex
a:
B
ex
ag
lifl

oz
in
.L
us
e:

Lu
se
og
lifl

oz
in
.E

rt
u:

E
rt
ug
lifl

oz
in
.

Frontiers in Pharmacology frontiersin.org07

Guo et al. 10.3389/fphar.2025.1517272

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1517272


(MD = −3.93; 95%CI: −7.12, −0.74) was significantly superior to that of
Finerenone and Dapagliflozin (Supplementary Appendix 6f). When
analyzed in combination with SUCRA, Canagliflozin (SUCRA 90.2%)
had the best treatment effect. The least effective for weight loss was
Dapagliflozin (SUCRA 4.8%) (Figure 4; Supplementary Appendix 12b).

3.4.6 Adverse events
We analyzed any AE, UTI, Hypoglycemia and AKI.
A total of 31 articles involving 92,867 subjects were included to

evaluate the occurrence of any AE (Yale et al., 2013; Gao, 2022;
Barnett et al., 2014; Rosas et al., 2023; Yamout et al., 2014; Cherney

et al., 2016; Pollock et al., 2019; Koya et al., 2023; Cristian et al., 2020;
Fioretto et al., 2018; Kohan et al., 2014; Haneda et al., 2016; Sarafidis
et al., 2023; Mahaffey et al., 2019; Wada et al., 2022a; Bakris et al.,
2020; George et al., 2018; Dagogo-Jack et al., 2021; Cherney et al.,
2021; Bhatt et al., 2021; Pitt et al., 2021; Bakris et al., 2020; Filippatos
et al., 2021; Agarwal et al., 2023; Bakris et al., 2015; Perkovic et al.,
2019; Agarwal, et al., 2022b; Wada et al., 2022a; Zhang et al., 2023;
Agarwal et al., 2022a; Perakakis et al., 2024). Compared to PBO
group, Exenatide (OR = 0.79; 95%CI: 0.66, 0.95) showed greater risk.
Canagliflozin was safer than PBO group, Sotagliflozin, Finerenone
and Exenatide (OR from 1.16 to 1.51; 95%CI from 1.04 to 1.83).
Compared with Exenatide, Sotagliflozin, Finerenone and
Empagliflozin showed better safety (OR from 0.77 to 1.54; 95%CI
from 0.63 to 2.09) (Supplementary Appendix 6g). The SUCRA
analysis indicated that Canagliflozin was probably the drug with
the best safety profile (SUCRA 84.2%), followed by Empagliflozin
(SUCRA 83.3%). Exenatide had the worst safety profile (SUCRA
11.6%) (Figure 4; Supplementary Appendix 13b).

A total of 25 trials (67,632 participants) evaluated UTI (Yale
et al., 2013; Barnett et al., 2014; Yamout et al., 2014; Cherney et al.,
2016; Cherney et al., 2023; Sivalingam et al., 2024; Pollock et al.,
2019; Cristian et al., 2020; Fioretto et al., 2018; Kohan et al., 2014;
Allegretti et al., 2019; Haneda et al., 2016; Tuttle et al., 2022;
Mahaffey et al., 2019; Wada et al., 2022b; George et al., 2018;
Dagogo-Jack et al., 2021; Bhatt et al., 2021; Pitt et al., 2021;
Bakris et al., 2020; Filippatos et al., 2021; Perkovic et al., 2019;
Wada et al., 2022a; Agarwal et al., 2022b; Cherney et al., 2021)
(Supplementary Appendix 6h in the Supplement). In terms of the
occurrence of UTI, we found that Canagliflozin seemed to exhibit a
worse safety profile compared with PBO group (OR = 0.89; 95%CI:
0.80, 0.99). There were no significant differences between other
drugs in pairwise comparisons. Finerenone was the safest in the
occurrence of UTI (SUCRA 74.8%), followed by Dapagliflozin and
Empagliflozin (SUCRA 70.3% and 69.0%). We also found that
Semaglutide (SUCRA 19.7%) was probably the most likely
treatment to cause UTI to occur (Figure 4; Supplementary
Appendix 14b).

The occurrence of Hypoglycemia was assessed in 24 studies
involving 65,498 participants (Chen, 2016; Gao, 2022; Barnett et al.,
2014; Cherney et al., 2016; Cherney et al., 2023; Sivalingam et al.,
2024; Pollock et al., 2019; Koya et al., 2023; Cristian et al., 2020;
Fioretto et al., 2018; Kohan et al., 2014; Allegretti et al., 2019; Haneda
et al., 2016; Tuttle et al., 2022; Mahaffey et al., 2019; Wada et al.,
2022b; Dagogo-Jack et al., 2021; Cherney et al., 2021; Bhatt et al.,
2021; Pitt et al., 2021; Bakris et al., 2020; Filippatos et al., 2021;
Perkovic et al., 2019; Agarwal et al., 2022a). (Supplementary
Appendix 6i). Finerenone (OR = 1.18; 95%CI: 1.07, 1.31),
Empagliflozin (OR = 1.13; 95%CI: 1.01, 1.27) were better than
PBO group in reducing the incidence of Hypoglycemia. There
were no significant difference between other drugs. In our
analysis, Finerenone (SUCRA 65.5%) had a better safety than
Empagliflozin (SUCRA 55.8%). Liraglutide (SUCRA 17.2%) may
be a risk factor for Hypoglycemia. The safety of Luseogliflozin
(SUCRA 73.7%) was probably optimal (Figure 4; Supplementary
Appendix 15b).

60,930 participants involved in 15 articles were assessed for the
occurrence of AKI (Koya et al., 2023; Cristian et al., 2020; Allegretti
et al., 2019; Sarafidis et al., 2023; Mahaffey et al., 2019; Bakris et al.,

FIGURE 2
Network of eligible treatment comparisons for (a) HbA1c, (b)
eGFR (c) LDL-C, (d) SBP, (e)DBP, (f) BodyWeight, (g) any AE, (h)UTI, (i)
Hypoglycemia, (j) AKI.
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2020; Dagogo-Jack et al., 2021; Pitt et al., 2021; Bakris et al., 2020;
Filippatos et al., 2021; Perkovic et al., 2019; Agarwal et al., 2022b;
Wada et al., 2022a; Zhang et al., 2023; Agarwal et al., 2022a). There
were no significant difference in pairwise comparison between drugs
compared with PBO group (Supplementary Appendix 6j in the
Supplement). Combined with SUCRA analysis, Ertugliflozin was the
medicines with the fewest AKI (SUCRA 72.5%), significantly better
than Canagliflozin (SUCRA 69.7%), which ranked second.
Bexagliflozin had the highest likelihood of AKI (SUCRA 29.4%)
(Figure 4; Supplementary Appendix 16b).

3.5 Additional analyses

Assessment of outcome measures showed that 100% of the
evidence was rated as low or very low (Supplementary Appendix
20). The funnel plot and Egger’s test indicated publication bias for
eGFR (P = 0.007) (Supplementary Appendix 17). Heterogeneity was
observed in HbA1c, body weight, and eGFR. Subgroup analyses
suggested that study country, medication timing, numbers of
participants and drug category may contribute to this
heterogeneity (Supplementary Appendix 21).

4 Discussion

4.1 Principal findings

SGLT-2 inhibitors, GLP-1 receptor agonists, and Finereone are
recommended as preferred pharmacotherapies for T2DM patients
with CKD; however, the guidelines do not specify a clear hierarchy
of preference among these options (Chinese Diabetes Society, 2025;
American Diabetes Association Professional Practice Committee,
2023). Given the widespread clinical application of these drugs, we
assert that comparing their clinical efficacy holds significant
importance. Therefore, in the absence of direct comparative
evidence, we conducted an indirect comparison to determine the
clinical efficacy and safety of SGLT-2 inhibitors, GLP-1 receptor

agonists and Finerenone in patients with T2DM and non-dialysis
CKD. The study has identified several significant findings. The drug
Semaglutide (a GLP-1 receptor agonist) appears to be the optimal
choice among all drug classes for patients with high HbA1c and poor
eGFR, when compared to the other two drugs. The efficacy of SGLT-
2 inhibitors and GLP-1 receptor agonists in reducing body weight
and HbA1c surpasses that of Finerenone. Canagliflozin,
Empagliflozin (SGLT-2 inhibitors), and Semaglutide are
considered the most suitable medications for patients with high
body weight and elevated HbA1c levels, specially Canagliflozin.
Specifically, Empagliflozin, Dapagliflozin and Canagliflozin
(SGLT-2 inhibitors) demonstrate remarkable effectiveness in
managing high SBP. The use of Empagliflozin and Canagliflozin
may be considered for patients presenting with high DBP as the
primary accompanying symptom. Liraglutide (a GLP-1 receptor
agonist) may be prioritized for patients with elevated LDL-C levels.
Although there is no obvious advantage in reducing the indicators
and related risk factors in patients with T2DM with non-dialysis
CKD, Finerenone has less damage to eGFR, and has a convincing
reduction in the occurrence of Hypoglycemia events, and the
incidence of adverse events is low, so it can still be used as the
first choice for some patients.

The efficacy and safety of these drugs have been extensively
deliberated. In an NMA comprising 816 randomized controlled
trials with 471,038 participants, SGLT-2 inhibitors, GLP-1 receptor
agonists, and Finerenone exhibited favorable outcomes in terms of
reducing all-cause mortality and enhancing cardiorenal results
among patients diagnosed with T2DM (Shi et al., 2023).
3 studies confirmed that SGLT-2 inhibitors have a positive effect
on cardio-renal outcomes in T2DM patients with CKD compared
with GLP-1 receptor agonists or Finerenone (Yamada et al., 2021;
Nguyen et al., 2023; Apperloo et al., 2024). However, these studies
either focused solely on T2DM patients or had a limited number of
RCTs and study indicators, leaving the impact of SGLT-2 inhibitors,
GLP-1 receptor agonists, and Finerenone on non-dialysis CKD
patients with T2DM unclear. Therefore, we designed an NMA to
evaluate the effects of several drugs on various clinically accessible
indicators.

FIGURE 3
Risks of bias.
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Benefits of most SGLT-2 inhibitors include renal safety,
reduction in HbA1c, blood pressure, and body weight.
Hyperglycemia is linked to an increase in eGFR as compensation
(Thomas, 2014). Hypertension and overweight increase the risk of
T2DM. Therefore, the optimal antidiabetic drug should not only
have good glucose-lowering ability, but also be beneficial for body
weight, blood pressure, and renal function (Leehey et al., 2015;
Garvey, 2022; American Diabetes Association, 2020). The renal
protective mechanism of SGLT-2 inhibitors may be dominated
by direct effects on renal vessels. Empagliflozin decreases
proximal tubular sodium reabsorption, increases distal sodium
delivery to the macula densa, and activates glomerular feedback.
This process reduces hyperfiltration and regulates vascularization
(Wanner, 2017). In addition, SGLT-2 inhibitors can directly act on
the kidney, reduce renal fibrosis by inhibiting oxidative stress in the
kidney, (Woods et al., 2019), attenuate the increase of
angiotensinogen, and reduce NLRP3 inflammasome activity
(Yaribeygi et al., 2019), these mechanisms may explain how

SGLT-2 inhibitors reduce blood pressure. The short-term use of
SGLT-2 inhibitors may temporarily decrease eGFR, but it will
gradually recover, indicating a long-term protective effect on
eGFR (Barnett et al., 2014). This may be due to reduced uric
acid, inhibited inflammatory response, and decreased vascular
stiffness (Heerspink et al., 2016; Chilton et al., 2015). Although
previous studies have suggested that angiotensin converting enzyme
inhibitors (ACEI) or angiotensin II receptor blocker (ARB) are the
preferred antihypertensive drugs for T2DM patients with CKD, they
do not significantly reduce blood glucose levels and their effects
remain limited (Bakris et al., 2000). The potential of using SGLT-2
inhibitors as the first choice after ACEI and ARB drugs, considering
its high cardio-renal safety and hypoglycemic function, needs
further discussion.

Unexpectedly, we found Canagliflozin, an SGLT-2 inhibitor
agent, to be the most effective for weight reduction (SUCRA =
90.2%), superior to GLP-1 receptor agonists. The reason for this may
be due to different principles of action. The hormone GLP-1,

FIGURE 4
Pie charts of SUCRA value. Filling proportion and color: SUCRA value. Gray pie: not measured.
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produced in cells lining the intestines, slows down digestion and
reduces food intake by inhibiting neural activity in the brain
(Drucker, 2016). SGLT-2 inhibitors can also lead to weight loss
depending on the dosage, as excess glucose is eliminated from the
body (Brown et al., 2019). At the same time, it can also accelerate fat
burning by lipolysis and fatty acid oxidation (Vallon et al., 2017).
Therefore, it can be hypothesized that the progressive increase in
blood glucose levels and concurrent decrease in body weight may
account for the superior weight reduction observed with SGLT-2
inhibitors compared to GLP-1 receptor agonists.

GLP-1 receptor agonists, especially Semaglutide and Liraglutide,
showed the greatest advantage in reducing LDL-C (SUCRA = 100%)
and HbA1c (SUCRA = 72.0% and 56.4%), and had a higher safety
profile against eGFR (SUCRA = 79.5% and 53.4%). The
management of LDL-C is crucial in preventing cardiovascular
events caused by atherosclerotic plaque formation (Giglio et al.,
2021). The existing NMA highlights the remarkable cardiovascular
benefits of GLP-1 receptor agonists (Zhang Y. et al., 2022). However,
our study suggests that these advantages may be attributed to
specific pathways that lower LDL-C and reduce lipid deposition
in the cardiovascular system. Nevertheless, further testing is
required to confirm these pathways.

Finerenone is a novel non-steroidal mineralocorticoid receptor
antagonist (MRA), and its safety in cardiorenal prognosis has been
proved (Agarwal et al., 2022b; Zhang M-Z. et al., 2022), this may be
due to the reduction of proteinuria and tissue inflammation and
fibrosis (Wish and Pablo, 2022). Our study confirmed Finerenone’s
safety and highlighted its significant advantage in reducing SBP,
while showing no notable effect on blood glucose reduction. The
combination of Finerenone with SGLT-2 inhibitors or GLP-1
receptor agonists have been suggested to enhance anti-
inflammatory, anti-oxidative stress, and endothelial protection
effects (Lv et al., 2023). At the same time, SGLT-2 inhibitors
inhibit sodium reabsorption, while Finerenone promotes sodium
retention (Lv et al., 2023; Kidokoro et al., 2019). Whether the
pathways of SGLT-2 inhibitors and Finerenone partially coincide,
lead to water and salt metabolism disorders, and increase additional
adverse reactions still needs more clinical trials to prove its safety.

Certain limitations should be noted when interpreting our study.
The results of our study indicate a higher risk of urinary tract
infections in patients treated with GLP-1 receptor agonists
compared to those receiving SGLT-2 inhibitors therapy,
contradicting previous research findings (Tanrıverdi et al., 2023;
Drucker, 2016). The effect of GLP-1 receptor agonists on UTI
occurrence was only reported in one literature, which included a
small number of patients and specified clear inclusion criteria as
“T2DM and albuminuria” (Sivalingam et al., 2024). The presence of
proteinuria may influence UTI incidence. The eGFR safety profile of
most GLP-1 receptor agonists are good, except for Exenatide. From
April 2005 to August 2008, 78 cases of renal disease caused by
Exenatide were reported to the FDA. Gastrointestinal adverse
reactions are the most common side effects of GLP-1 receptor
agonists, which can cause significant fluid loss and pre-renal
acute failure (Bzowyckyj, 2020). At the same time, GLP-1
receptor agonists can simultaneously enhance renal sodium
efficacy, leading to renal hypoperfusion and AKI development
(Skov et al., 2013). Interestingly, our study does not support a
higher likelihood of Exenatide causing eGFR damage (SUCRA =

56.4%), possibly due to its ability to reduce renal pathological
material deposition. Animal experiments have demonstrated that
Exenatide reduces inflammatory and apoptotic cell infiltration in the
glomerulus of mice, as well as lipid content (Park et al., 2007).
Activation of the GLP-1 receptor stimulates adenylyl cyclase, leading
to increased cAMP (a key mediator of GLP-1-induced insulin
secretion) production (Fujita et al., 2014). In conclusion,
Exenatide remains a controversial drug and should be minimized
in patients with severe renal insufficiency.

4.2 Strengths and limitations

The advantages of this network meta-analysis are as follows:
first, we included a large number of literatures with a large sample
size and reliable data; secondly, on top of the existing analysis, we
provided additional evidence to specifically analyze the advantages
and disadvantages of different SGLT-2 inhibitors and GLP-1
receptor agonists and Finerenone in the treatment of T2DM
patients with non-dialysis CKD to facilitate clinical decision
making by physicians. Last but not least, the ADA recommends
that individuals with T2DM and CKD should use SGLT-2 inhibitors
or GLP-1 receptor agonists as their first choice, but it does not
specify which medicine to use for patients with different clinical
priorities (Committee, 2024). Our study identified the efficacy of
both drugs in improving HbA1c and eGFR, while also providing
more favorable evidence regarding the benefits and limitations of
various drugs in other indicators such as LDL-C, SBP, DBP, as well
as the safety profile of Finerenone.

Limitations of our NMA are largely driven by the available
evidence. Firstly, it is acknowledged that the heterogeneity and
inherent bias within the literature are objective realities, which
may potentially compromise the accuracy of research outcomes.
For instance, several included trials lacked baseline data, and
variations existed in population characteristics, duration of
pharmacological treatment, and follow-up periods. This may
have led to some bias. Third, the dose of the study drug and the
level of detail in our study were not considered. Finally, the
literatures included in this paper provide only indirect
comparisons between drugs, lacking direct comparison evidence,
which affects the credibility of the results. More detailed studies are
needed to supplement this aspect in the future.

5 Conclusion

In conclusion, this network meta-analysis provides compelling
evidence regarding the effects of SGLT-2 inhibitors, GLP-1 receptor
agonists, and Finerenone on patients with T2DM complicated by
non-dialysis CKD. Based on robust evidence from indirect
comparisons, the safety profile of Finerenone in patients with
T2DM and non-dialysis. CKD outweighs its limited efficacy in
improving HbA1c levels, while demonstrating an added
advantage of reducing SBP. The GLP-1 receptor agonists are
beneficial for T2DM patients with non-dialysis CKD, effectively
reducing HbA1c, LDL-C, and body weight without significantly
impacting renal function, expect Exenatide. Themost recommended
treatment for patients with T2DM and non-dialysis CKD, along
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with high levels of HbA1c, SBP, and DBP, may be Empagliflozin and
Canagliflozin, as they have a lesser impact on eGFR. Dapagliflozin
demonstrated lower efficacy in reducing HbA1c compared to the
aforementioned medications; however, its effect on body weight
reduction was less significant, and it had a lower likelihood of
causing Hypoglycemia. Except for Ertugliflozin, Luseogliflozin,
and Sotagliflozin, other SGLT-2 inhibitors medications
demonstrated a superior impact on reducing SBP compared to
Finerenone; however, they also entailed an elevated risk of UTI.
Our NMA enriches the existing body of research by providing
substantial evidence to assess the benefits and risks associated
with various drugs. In summary, it is imperative to consider the
potential adverse effects of these treatments when formulating
personalized treatment plans for individual patients.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Author contributions

JG: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Software,
Supervision, Validation, Writing–original draft, Writing–review and
editing. MW: Conceptualization, Methodology, Validation,
Writing–review and editing. WZ: Methodology, Writing–review and
editing. YJ: Data curation, Investigation, Writing–review and editing.
AL: Writing–review and editing, Software. CW: Writing–review and
editing, Software. DY: Writing–review and editing, Data curation. AS:
Writing–review and editing, Data curation. YG: Conceptualization,
Funding acquisition, Supervision, Writing–original draft,
Writing–review and editing, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The authors acknowledge
support from the National Administration of Traditional Chinese
Medicine Young Qi Huang Scholars support project (National

Traditional Chinese Medicine Human Education Development
(2020) No. 7), the Leading Talent Training Program Project of
Dongzhimen Hospital of Beijing University of Chinese
Medicine(No. DZMG-LJRC0004), the Fundamental Research
Funds for the Central Universities (2023-JYB-JBZD-010),
Postdoctoral Fellowship Program of China Postdoctoral Science
Foundation (GZC20230324) and China Postdoctoral Science
Foundation (2024M750263).

Acknowledgments

The authors thank Dongzhimen Hospital and Beijing University
of Chinese Medicine for its support of this work and the reviewers
for allowing the authors to improve the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1517272/
full#supplementary-material

References

Afkarian, M., Zelnick, L. R., Hall, Y. N., Heagerty, P. J., Tuttle, K., Weiss, N. S., et al.
(2016). Clinical manifestations of kidney disease among US adults with diabetes, 1988-
2014. JAMA - J. Am. Med. Assoc. 316 (6), 602–610. doi:10.1001/jama.2016.10924

Agarwal, R., Anker, S. D., Filippatos, G., Pitt, B., Rossing, P., Ruilope, L. M., et al. (2022a).
Effects of Canagliflozin versus Finerenone on cardiorenal outcomes: exploratory post hoc
analyses from FIDELIO-DKD compared to reported CREDENCE results. Nephrol. Dial.
Transplant. 37 (7), 1261–1269. doi:10.1093/ndt/gfab336

Agarwal, R., Filippatos, G., Pitt, B., Anker, S. D., Rossing, P., Joseph, A., et al. (2022b).
Cardiovascular and kidney outcomes with Finerenone in patients with type 2 diabetes
and chronic kidney disease: the FIDELITY pooled analysis. Eur. Heart J. 43 (6),
474–484A. doi:10.1093/eurheartj/ehab777

Agarwal, R., Ruilope, L. M., Ruiz-Hurtado, G., Haller, H., Schmieder, R. E., Anker, S.
D., et al. (2023). Effect of Finerenone on ambulatory blood pressure in chronic kidney
disease in type 2 diabetes. J. Hypertens. 41 (2), 295–302. doi:10.1097/HJH.
0000000000003330

Allegretti, A. S., Zhang, W., Zhou, W., Thurber, T. K., Rigby, S. P., Bowman-Stroud,
C., et al. (2019). Safety and effectiveness of Bexagliflozin in patients with type 2 diabetes
mellitus and stage 3a/3b CKD. Am. J. Kidney Dis. 74 (3), 328–337. doi:10.1053/j.ajkd.
2019.03.417

American Diabetes Association Professional Practice Committee (2023). 11. Chronic
kidney disease and risk management: standards of care in diabetes—2024.Diabetes Care
47 (Suppl. 1), S219–S230. doi:10.2337/dc24-S011

Frontiers in Pharmacology frontiersin.org12

Guo et al. 10.3389/fphar.2025.1517272

https://www.frontiersin.org/articles/10.3389/fphar.2025.1517272/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1517272/full#supplementary-material
https://doi.org/10.1001/jama.2016.10924
https://doi.org/10.1093/ndt/gfab336
https://doi.org/10.1093/eurheartj/ehab777
https://doi.org/10.1097/HJH.0000000000003330
https://doi.org/10.1097/HJH.0000000000003330
https://doi.org/10.1053/j.ajkd.2019.03.417
https://doi.org/10.1053/j.ajkd.2019.03.417
https://doi.org/10.2337/dc24-S011
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1517272


Apperloo, E. M., Neuen, B. L., Fletcher, R. A., Jongs, N., Anker, S. D., Bhatt, D. L., et al.
(2024). Efficacy and safety of SGLT2 inhibitors with and without glucagon-like peptide
1 receptor agonists: a smart-C collaborative meta-analysis of randomised controlled
trials. Lancet Diabetes and Endocrinol. 12 (8), 545–557. doi:10.1016/S2213-8587(24)
00155-4

American Diabetes Association (2020). 2. Classification and diagnosis of diabetes:
standards of medical care in diabetes—2021. Diabetes Care 44 (Suppl. 1), S15–S33.
doi:10.2337/dc21-S002

Bakris, G., Oshima, M., Mahaffey, K. W., Agarwal, R., Cannon, C. P., Capuano, G.,
et al. (2020b). 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. 15 (12), 1705–1714. doi:10.2215/CJN.10140620

Bakris, G. L., Agarwal, R., Anker, S. D., Pitt, B., Ruilope, L. M., Rossing, P., et al.
(2020a). Effect of Finerenone on chronic kidney disease outcomes in type 2 diabetes. N.
Engl. J. Med. 383 (23), 2219–2229. doi:10.1056/nejmoa2025845

Bakris, G. L., Agarwal, R., Chan, J. C., Cooper, M. E., Gansevoort, R. T., Haller, H.,
et al. (2015). Effect of Finerenone on albuminuria in patients with diabetic nephropathy
a randomized clinical trial. JAMA - J. Am. Med. Assoc. 314 (9), 884–894. doi:10.1001/
jama.2015.10081

Bakris, G. L., Williams, M., Dworkin, L., Elliott, W. J., Epstein, M., Toto, R., et al.
(2000). Preserving renal function in adults with hypertension and diabetes: a consensus
approach. National kidney foundation hypertension and diabetes executive committees
working group. Am. J. Kidney Dis. 36 (3), 646–661. doi:10.1053/ajkd.2000.16225

Barnett, A. H., Mithal, A., Manassie, J., Jones, R., Rattunde, H., Woerle, H. J., et al.
(2014). 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. 2 (5), 369–384. doi:10.1016/S2213-
8587(13)70208-0

Bhatt, D. L., Szarek, M., Pitt, B., Cannon, C. P., Leiter, L. A., McGuire, D. K., et al.
(2021). Sotagliflozin in patients with diabetes and chronic kidney disease. N. Engl.
J. Med. 384 (2), 129–139. doi:10.1056/nejmoa2030186

Brown, E., Rajeev, S. P., Cuthbertson, D. J., and Wilding, J. P. H. (2019). A review of
the mechanism of action, metabolic profile and haemodynamic effects of sodium-
glucose Co-transporter-2 inhibitors. Diabetes, Obes. Metabolism 21 (S2), 9–18. doi:10.
1111/dom.13650

Bzowyckyj, A. (2020). Managing the multifaceted nature of type 2 diabetes using
once-weekly injectable GLP-1 receptor agonist therapy. J. Clin. Pharm. Ther. 45 (S1),
7–16. doi:10.1111/jcpt.13229

Chen, Z. (2016). To analyze the efficacy and safety of liraglutide in the treatment of type
2 diabetes mellitus with mild to moderate chronic kidney disease.

Cherney, D., Lund, S. S., Perkins, B. A., Henrik Groop, P., Cooper, M. E., Kaspers, S.,
et al. (2016). The effect of sodium glucose cotransporter 2 inhibition with Empagliflozin
on microalbuminuria and macroalbuminuria in patients with type 2 diabetes.
Diabetologia 59 (9), 1860–1870. doi:10.1007/s00125-016-4008-2

Cherney, D. Z. I., Ferrannini, E., Umpierrez, G. E., Peters, A. L., Rosenstock, J.,
Carroll, A. K., et al. (2021). Efficacy and safety of Sotagliflozin in patients with type
2 diabetes and severe renal impairment.Diabetes, Obes. Metabolism 23 (12), 2632–2642.
doi:10.1111/dom.14513

Cherney, D. Z. I., Ferrannini, E., Umpierrez, G. E., Peters, A. L., Rosenstock, J., Powell,
D. R., et al. (2023). Efficacy and safety of Sotagliflozin in patients with type 2 diabetes
and stage 3 chronic kidney disease. Diabetes, Obes. Metabolism 25 (6), 1646–1657.
doi:10.1111/dom.15019

Chilton, R., Tikkanen, I., Cannon, C. P., Crowe, S., Woerle, H. J., Broedl, U. C., et al.
(2015). Effects of Empagliflozin on blood pressure and markers of arterial stiffness and
vascular resistance in patients with type 2 diabetes. Diabetes, Obes. Metabolism 17 (12),
1180–1193. doi:10.1111/dom.12572

Chinese Diabetes Society (2025). Guideline for the prevention and treatment of
diabetes mellitus in China (2024 edition). Chin. J. Diabetes Mellitus 17 (1), 16–139.
doi:10.3760/cma.j.cn115791-20241203-00705

Cristian, G., Juan, P. F., Lisa, S., Elise, H., Galina, M., and Sjöström, C. D. (2020).
Safety and efficacy of exenatide once weekly in participants with type 2 diabetes and
stage 2/3 chronic kidney disease. Diabetes Ther. 11 (12), 3011–3013. doi:10.6084/m9.
figshare.12059103

Curovic, V. R., Eickhoff, M. K., Rönkkä, T., Frimodt-Møller, M., Hansen, T. W.,
Mischak, H., et al. (2022). Dapagliflozin improves the urinary proteomic kidney-risk
classifier CKD273 in type 2 diabetes with albuminuria: a randomized clinical trial.
Diabetes Care 45 (11), 2662–2668. doi:10.2337/dc22-1157

Dagogo-Jack, S., Pratley, R. E., Cherney, D. Z. I., McGuire, D. K., Cosentino, F., Shih,
W. J., et al. (2021). 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 9 (1), e002484. doi:10.1136/
bmjdrc-2021-002484

Drucker, D. J. (2016). The cardiovascular biology of glucagon-like peptide-1. Cell
Metab. 24 (1), 15–30. doi:10.1016/j.cmet.2016.06.009

Filippatos, G., Anker, S. D., Agarwal, R., Pitt, B., Ruilope, L. M., Rossing, P., et al.
(2021). Finerenone and cardiovascular outcomes in patients with chronic kidney disease

and type 2 diabetes. Circulation 143 (6), 540–552. doi:10.1161/CIRCULATIONAHA.
120.051898

Filippatos, T. D., and Elisaf, M. S. (2013). Effects of glucagon-like peptide-1 receptor
agonists on renal function. World J. Diabetes 4 (5), 190–201. doi:10.4239/wjd.v4.i5.190

Fioretto, P., Del Prato, S., Buse, J. B., Goldenberg, R., Giorgino, F., Reyner, D., et al.
(2018). 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. Metabolism 20 (11), 2532–2540. doi:10.1111/dom.13413

Fujita, H., Morii, T., Fujishima, H., Sato, T., Shimizu, T., Hosoba, M., et al. (2014). The
protective roles of GLP-1R signaling in diabetic nephropathy: possible mechanism and
therapeutic potential. Kidney Int. 85 (3), 579–589. doi:10.1038/ki.2013.427

Gao, W. (2022). To observe the clinical effect of liraglutide in the treatment of type
2 diabetes mellitus with mild to moderate chronic kidney disease, 162–164.

Garvey, W. T. (2022). New horizons. A new paradigm for treating to target with
second-generation obesity medications. J. Clin. Endocrinol. Metabolism 107 (4),
e1339–e1347. doi:10.1210/clinem/dgab848

George, G., Sarah, C., Jeremy, J., Susan, H., Steven, G. T., James, P. M., et al. (2018).
Ertugliflozin in patients with stage 3 chronic kidney disease and type 2 diabetes mellitus:
the VERTIS RENAL randomized study. Diabetes Ther. 9 (1), 49–66. doi:10.1007/
s13300-017-0337-5

Giglio, R. V., Stoian, A. P., Al-Rasadi, K., Banach, M., Patti, A. M., Ciaccio, M., et al.
(2021). Novel therapeutical approaches to managing atherosclerotic risk. Int. J. Mol. Sci.
22 (9), 4633. doi:10.3390/ijms22094633

Haneda, M., Seino, Y., Inagaki, N., Kaku, K., Sasaki, T., Fukatsu, A., et al. (2016).
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. 38 (1), 66–88.e20. doi:10.1016/j.clinthera.2015.10.025

Heerspink, H. J. L., Perkins, B. A., Fitchett, D. H., Husain, M., and Cherney, D. Z. I.
(2016). Sodium glucose cotransporter 2 inhibitors in the treatment of diabetes mellitus:
cardiovascular and kidney effects, potential mechanisms, and clinical applications.
Circulation 134 (10), 752–772. doi:10.1161/CIRCULATIONAHA.116.021887

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C. H., Cameron, C.,
et al. (2015). The PRISMA extension statement for reporting of systematic reviews
incorporating network meta-analyses of health care interventions: checklist and
explanations. Ann. Intern. Med. 162 (11), 777–784. doi:10.7326/M14-2385

Kidokoro, K., Cherney, D. Z. I., Bozovic, A., Nagasu, H., Satoh, M., Kanda, E., et al.
(2019). Evaluation of glomerular hemodynamic function by Empagliflozin in diabetic
mice using in vivo imaging. Circulation 140 (4), 303–315. doi:10.1161/
CIRCULATIONAHA.118.037418

Kohan, D. E., Fioretto, P., Tang, W., and List, J. F. (2014). 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. 85 (4),
962–971. doi:10.1038/ki.2013.356

Koya, D., Anker, S. D., Ruilope, L. M., Rossing, P., Liu, Z. H., Lee, B. W., et al. (2023).
Cardiorenal outcomes with Finerenone in asian patients with chronic kidney disease
and type 2 diabetes: a FIDELIO-DKD post hoc analysis. Am. J. Nephrol. 54 (9–10),
370–378. doi:10.1159/000532102

Leehey, D. J., Zhang, J. H., Emanuele, N. V., Whaley-Connell, A., Palevsky, P. M.,
Reilly, R. F., et al. (2015). BP and renal outcomes in diabetic kidney disease: the veterans
affairs nephropathy in diabetes trial. Clin. J. Am. Soc. Nephrol. 10 (12), 2159–2169.
doi:10.2215/CJN.02850315

Liu, C., Xu, H., Yuan, F., Chen, H., Sheng, L., Chen, W., et al. (2023). Evaluating the
bioequivalence and safety of Liraglutide injection versus Victoza® in healthy Chinese
subjects: a randomized, open, two-cycle, self-crossover phase I clinical trial. Front.
Pharmacol. 14 (December), 1326865. doi:10.3389/fphar.2023.1326865

Lv, R., Xu, L., Lin, C., Liu, S., Wang, Y., and Dong, B. (2023). Cardiovascular-renal
protective effect and molecular mechanism of Finerenone in type 2 diabetic mellitus.
Front. Endocrinol. 14 (February), 1125693. doi:10.3389/fendo.2023.1125693

Mahaffey, K. W., Jardine, M. J., Bompoint, S., Cannon, C. P., Neal, B., Heerspink, H.
J. L., et al. (2019). Canagliflozin and cardiovascular and renal outcomes in type
2 diabetes mellitus and chronic kidney disease in primary and secondary
cardiovascular prevention groups: results from the randomized CREDENCE trial.
Circulation 140 (9), 739–750. doi:10.1161/CIRCULATIONAHA.119.042007

Mann, J. F. E., Fonseca, V. A., Poulter, N. R., Raz, I., Idorn, T., Rasmussen, S., et al.
(2020). Safety of Liraglutide in type 2 diabetes and chronic kidney disease. Clin. J. Am.
Soc. Nephrol. 15 (4), 465–473. doi:10.2215/CJN.11881019

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and PRISMA Group (2009).
Preferred reporting Items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 6 (7), e1000097. doi:10.1371/journal.pmed.1000097

Nguyen, B.-N., Nguyen, L., Mital, S., Bugden, S., and Nguyen, H. V. (2023).
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. Metabolism 25 (6), 1614–1623. doi:10.1111/dom.15009

Park, C. W., Kim, H. W., Ko, S. H., Lim, Ji H., Ryu, G. R., Chung, H. W., et al. (2007).
Long-term treatment of glucagon-like peptide-1 analog exendin-4 ameliorates diabetic

Frontiers in Pharmacology frontiersin.org13

Guo et al. 10.3389/fphar.2025.1517272

https://doi.org/10.1016/S2213-8587(24)00155-4
https://doi.org/10.1016/S2213-8587(24)00155-4
https://doi.org/10.2337/dc21-S002
https://doi.org/10.2215/CJN.10140620
https://doi.org/10.1056/nejmoa2025845
https://doi.org/10.1001/jama.2015.10081
https://doi.org/10.1001/jama.2015.10081
https://doi.org/10.1053/ajkd.2000.16225
https://doi.org/10.1016/S2213-8587(13)70208-0
https://doi.org/10.1016/S2213-8587(13)70208-0
https://doi.org/10.1056/nejmoa2030186
https://doi.org/10.1111/dom.13650
https://doi.org/10.1111/dom.13650
https://doi.org/10.1111/jcpt.13229
https://doi.org/10.1007/s00125-016-4008-2
https://doi.org/10.1111/dom.14513
https://doi.org/10.1111/dom.15019
https://doi.org/10.1111/dom.12572
https://doi.org/10.3760/cma.j.cn115791-20241203-00705
https://doi.org/10.6084/m9.figshare.12059103
https://doi.org/10.6084/m9.figshare.12059103
https://doi.org/10.2337/dc22-1157
https://doi.org/10.1136/bmjdrc-2021-002484
https://doi.org/10.1136/bmjdrc-2021-002484
https://doi.org/10.1016/j.cmet.2016.06.009
https://doi.org/10.1161/CIRCULATIONAHA.120.051898
https://doi.org/10.1161/CIRCULATIONAHA.120.051898
https://doi.org/10.4239/wjd.v4.i5.190
https://doi.org/10.1111/dom.13413
https://doi.org/10.1038/ki.2013.427
https://doi.org/10.1210/clinem/dgab848
https://doi.org/10.1007/s13300-017-0337-5
https://doi.org/10.1007/s13300-017-0337-5
https://doi.org/10.3390/ijms22094633
https://doi.org/10.1016/j.clinthera.2015.10.025
https://doi.org/10.1161/CIRCULATIONAHA.116.021887
https://doi.org/10.7326/M14-2385
https://doi.org/10.1161/CIRCULATIONAHA.118.037418
https://doi.org/10.1161/CIRCULATIONAHA.118.037418
https://doi.org/10.1038/ki.2013.356
https://doi.org/10.1159/000532102
https://doi.org/10.2215/CJN.02850315
https://doi.org/10.3389/fphar.2023.1326865
https://doi.org/10.3389/fendo.2023.1125693
https://doi.org/10.1161/CIRCULATIONAHA.119.042007
https://doi.org/10.2215/CJN.11881019
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1111/dom.15009
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1517272


nephropathy through improving metabolic anomalies in Db/Db mice. J. Am. Soc.
Nephrol. 18 (4), 1227–1238. doi:10.1681/ASN.2006070778

Perakakis, N., Bornstein, S. R., Birkenfeld, A. L., Linkermann, A., Demir, M., Anker, S.
D., et al. (2024). Efficacy of Finerenone in patients with type 2 diabetes, chronic kidney
disease and altered markers of liver steatosis and fibrosis: a fidelity subgroup analysis.
Diabetes, Obes. Metabolism 26 (1), 191–200. doi:10.1111/dom.15305

Perkovic, V., Jardine, M. J., Neal, B., Bompoint, S., Heerspink, H. J. L., Charytan, D.
M., et al. (2019). Canagliflozin and renal outcomes in type 2 diabetes and nephropathy.
N. Engl. J. Med. 380 (24), 2295–2306. doi:10.1056/nejmoa1811744

Pitt, B., Filippatos, G., Agarwal, R., Anker, S. D., Bakris, G. L., Rossing, P., et al. (2021).
Cardiovascular events with Finerenone in kidney disease and type 2 diabetes. N. Engl.
J. Med. 385 (24), 2252–2263. doi:10.1056/nejmoa2110956

Pollock, C., Stefánsson, B., Reyner, D., Rossing, P., David Sjöström, C., Wheeler, D. C.,
et al. (2019). Albuminuria-lowering effect of Dapagliflozin alone and in combination
with saxagliptin and effect of Dapagliflozin and saxagliptin on glycaemic control in
patients with type 2 diabetes and chronic kidney disease (delight): a randomised,
double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol. 7 (6), 429–441.
doi:10.1016/S2213-8587(19)30086-5

Rosas, S. E., Ruilope, L. M., Anker, S. D., Pitt, B., Rossing, P., Bonfanti, A. A. C., et al.
(2023). Finerenone in hispanic patients with CKD and type 2 diabetes: a post hoc fidelity
analysis. Kidney Med. 5 (10), 100704. doi:10.1016/j.xkme.2023.100704

Salanti, G., Del Giovane, C., Chaimani, A., Caldwell, D. M., and Higgins, J. P. T.
(2014). Evaluating the quality of evidence from a network meta-analysis. PLoS ONE 9
(7), e99682. doi:10.1371/journal.pone.0099682

Sarafidis, P., Agarwal, R., Pitt, B., Wanner, C., Filippatos, G., Boletis, J., et al. (2023).
Outcomes with Finerenone in participants with stage 4 CKD and type 2 diabetes A
fidelity subgroup analysis. Clin. J. Am. Soc. Nephrol. 18 (5), 602–612. doi:10.2215/CJN.
0000000000000149

Scilletta, S., Marco, M. D., Miano, N., Filippello, A., Di Mauro, S., Scamporrino, A.,
et al. (2023). Update on diabetic kidney disease (DKD): focus on non-albuminuric DKD
and cardiovascular risk. Biomolecules 13 (5), 752. doi:10.3390/biom13050752

Shah, M., and Vella, A. (2014). Effects of GLP-1 on appetite and weight. Rev. Endocr.
Metabolic Disord. 15 (3), 181–187. doi:10.1007/s11154-014-9289-5

Shi, Q., Nong, K., Olav Vandvik, P., Guyatt, G. H., Schnell, O., Rydén, L., et al. (2023).
Benefits and harms of drug treatment for type 2 diabetes: systematic review and network
meta-analysis of randomised controlled trials. BMJ 381, e074068. doi:10.1136/bmj-2022-
074068

Sivalingam, S., Wasehuus, V. S., Curovic, V. R., Blond, M. B., Hansen, T. W., Persson,
F., et al. (2024). Albuminuria-lowering effect of adding Semaglutide on top of
Empagliflozin in individuals with type 2 diabetes: a randomized and placebo-
controlled study. Diabetes, Obes. Metabolism 26 (1), 54–64. doi:10.1111/dom.15287

Skov, J., Dejgaard, A., Frøkiær, J., Holst, J. J., Jonassen, T., Rittig, S., et al. (2013).
Glucagon-like peptide-1 (GLP-1): effect on kidney hemodynamics and renin-
angiotensin-aldosterone system in healthy men. J. Clin. Endocrinol. and Metabolism
98 (4), E664–E671. doi:10.1210/jc.2012-3855

Sterne, J. A. C., Savović, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I., et al.
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 366,
l4898. doi:10.1136/bmj.l4898

Sun, F., Wu, S., Guo, S., Yu, K., Yang, Z., Li, L., et al. (2015). Impact of GLP-1 receptor
agonists on blood pressure, heart rate and hypertension among patients with type
2 diabetes: a systematic review and network meta-analysis. Diabetes Res. Clin. Pract. 110
(1), 26–37. doi:10.1016/j.diabres.2015.07.015

Takashima, H., Yoshida, Y., Nagura, C., Furukawa, T., Tei, R., Maruyama, T., et al.
(2018). Renoprotective effects of Canagliflozin, a sodium glucose cotransporter
2 inhibitor, in type 2 diabetes patients with chronic kidney disease: a randomized
open-label prospective trial. Diabetes Vasc. Dis. Res. 15 (5), 469–472. doi:10.1177/
1479164118782872

Tanrıverdi, M., Baştemir, M., Demirbakan, H., Ünalan, A., Türkmen, M., and Tanrıverdi,
G. Ö. (2023). Association of SGLT-2 inhibitors with bacterial urinary tract infection in type
2 diabetes. BMC Endocr. Disord. 23 (1), 211. doi:10.1186/s12902-023-01464-6

Thomas, M. C. (2014). Renal effects of Dapagliflozin in patients with type 2 diabetes.
Ther. Adv. Endocrinol. Metabolism 5 (3), 53–61. doi:10.1177/2042018814544153

Tuttle, K. R., Levin, A., Nangaku, M., Kadowaki, T., Agarwal, R., Hauske, S. J., et al.
(2022). Safety of Empagliflozin in patients with type 2 diabetes and chronic kidney
disease: pooled analysis of placebo-controlled clinical trials. Diabetes Care 45 (6),
1445–1452. doi:10.2337/dc21-2034

Vallon, V., and Thomson, S. C. (2017). Targeting renal glucose reabsorption to treat
hyperglycaemia: the pleiotropic effects of SGLT2 inhibition. Diabetologia 60 (2),
215–225. doi:10.1007/s00125-016-4157-3

Wada, T., Mori-Anai, K., Kawaguchi, Y., Katsumata, H., Tsuda, H., Iida, M., et al.
(2022a). Renal, cardiovascular and safety outcomes of Canagliflozin in patients
with type 2 diabetes and nephropathy in east and south-east asian countries: results
from the Canagliflozin and renal events in diabetes with established nephropathy
clinical evaluation trial. J. Diabetes Investigation 13 (1), 54–64. doi:10.1111/jdi.
13624

Wada, T., Mori-Anai, K., Takahashi, A., Matsui, T., Inagaki, M., Iida, M., et al.
(2022b). Effect of Canagliflozin on the decline of estimated glomerular filtration
rate in chronic kidney disease patients with type 2 diabetes mellitus: a
multicenter, randomized, double-blind, placebo-controlled, parallel-group,
phase III study in Japan. J. Diabetes Investigation 13 (12), 1981–1989. doi:10.
1111/jdi.13888

Wanner, C. (2017). EMPA-REG OUTCOME: the nephrologist’s point of view. Am.
J. Cardiol. 120 (1), S59–S67. doi:10.1016/j.amjcard.2017.05.012

Wanner, C., Lachin, J. M., Inzucchi, S. E., Fitchett, D., Mattheus, M., George, J., et al.
(2018). Empagliflozin and clinical outcomes in patients with type 2 diabetes mellitus,
established cardiovascular disease, and chronic kidney disease. Circulation 137 (2),
119–129. doi:10.1161/CIRCULATIONAHA.117.028268

Wish, J. B., and Pablo, P. (2022). Evolution of mineralocorticoid receptor antagonists
in the treatment of chronic kidney disease associated with type 2 diabetes mellitus.Mayo
Clin. Proc. Innovations, Qual. and Outcomes 6 (6), 536–551. doi:10.1016/j.mayocpiqo.
2022.09.002

Woods, T. C., Satou, R., Miyata, K., Katsurada, A., Dugas, C. M., Klingenberg, N. C.,
et al. (2019). Canagliflozin prevents intrarenal angiotensinogen augmentation and
mitigates kidney Injury and hypertension in mouse model of type 2 diabetes
mellitus. Am. J. Nephrol. 49 (4), 331–342. doi:10.1159/000499597

Yale, J. F., Bakris, G., Cariou, B., Yue, D., David-Neto, E., Xi, L., et al. (2013). Efficacy
and safety of Canagliflozin in subjects with type 2 diabetes and chronic kidney disease.
Diabetes, Obes. Metabolism 15 (5), 463–473. doi:10.1111/dom.12090

Yamada, T., Wakabayashi, M., Bhalla, A., Chopra, N., Miyashita, H., Mikami, T., et al.
(2021). 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. 20 (1),
14. doi:10.1186/s12933-020-01197-z

Yamout, H., Perkovic, V., Davies, M., Woo, V., De Zeeuw, D., Mayer, C., et al. (2014).
Efficacy and safety of Canagliflozin in patients with type 2 diabetes and stage
3 nephropathy. Am. J. Nephrol. 40 (1), 64–74. doi:10.1159/000364909

Yaribeygi, H., Butler, A. E., Atkin, S. L., Katsiki, N., and Sahebkar, A. (2019).
Sodium–glucose cotransporter 2 inhibitors and inflammation in chronic kidney
disease: possible molecular pathways. J. Cell. Physiology 234 (1), 223–230. doi:10.
1002/jcp.26851

Zhang, H., Xie, J., Chuanming, H., Li, X., Zhu, D., Zheng, H., et al. (2023). Finerenone
in patients with chronic kidney disease and type 2 diabetes: the FIDELIO-DKD
subgroup from China. Kidney Dis. 9 (6), 498–506. doi:10.1159/000531997

Zhang, M.-Z., Bao,W., Zheng, Q.-Y., Wang, Y.-H., and Sun, L.-Y. (2022). Efficacy and
safety of Finerenone in chronic kidney disease: a systematic review and meta-analysis of
randomized clinical trials. Front. Pharmacol. 13 (February), 819327. doi:10.3389/fphar.
2022.819327

Zhang, Y., Jiang, L., Wang, J., Wang, T., Chien, C., Huang, W., et al. (2022). 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. 21 (1), 232. doi:10.1186/s12933-022-
01676-5

Zoja, C., Xinaris, C., and Macconi, D. (2020). Diabetic nephropathy: novel molecular
mechanisms and therapeutic targets. Front. Pharmacol. 11 (December), 586892. doi:10.
3389/fphar.2020.586892

Frontiers in Pharmacology frontiersin.org14

Guo et al. 10.3389/fphar.2025.1517272

https://doi.org/10.1681/ASN.2006070778
https://doi.org/10.1111/dom.15305
https://doi.org/10.1056/nejmoa1811744
https://doi.org/10.1056/nejmoa2110956
https://doi.org/10.1016/S2213-8587(19)30086-5
https://doi.org/10.1016/j.xkme.2023.100704
https://doi.org/10.1371/journal.pone.0099682
https://doi.org/10.2215/CJN.0000000000000149
https://doi.org/10.2215/CJN.0000000000000149
https://doi.org/10.3390/biom13050752
https://doi.org/10.1007/s11154-014-9289-5
https://doi.org/10.1136/bmj-2022-074068
https://doi.org/10.1136/bmj-2022-074068
https://doi.org/10.1111/dom.15287
https://doi.org/10.1210/jc.2012-3855
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.diabres.2015.07.015
https://doi.org/10.1177/1479164118782872
https://doi.org/10.1177/1479164118782872
https://doi.org/10.1186/s12902-023-01464-6
https://doi.org/10.1177/2042018814544153
https://doi.org/10.2337/dc21-2034
https://doi.org/10.1007/s00125-016-4157-3
https://doi.org/10.1111/jdi.13624
https://doi.org/10.1111/jdi.13624
https://doi.org/10.1111/jdi.13888
https://doi.org/10.1111/jdi.13888
https://doi.org/10.1016/j.amjcard.2017.05.012
https://doi.org/10.1161/CIRCULATIONAHA.117.028268
https://doi.org/10.1016/j.mayocpiqo.2022.09.002
https://doi.org/10.1016/j.mayocpiqo.2022.09.002
https://doi.org/10.1159/000499597
https://doi.org/10.1111/dom.12090
https://doi.org/10.1186/s12933-020-01197-z
https://doi.org/10.1159/000364909
https://doi.org/10.1002/jcp.26851
https://doi.org/10.1002/jcp.26851
https://doi.org/10.1159/000531997
https://doi.org/10.3389/fphar.2022.819327
https://doi.org/10.3389/fphar.2022.819327
https://doi.org/10.1186/s12933-022-01676-5
https://doi.org/10.1186/s12933-022-01676-5
https://doi.org/10.3389/fphar.2020.586892
https://doi.org/10.3389/fphar.2020.586892
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1517272

	Clinical efficacy and safety of sodium-glucose cotransporter protein-2 (SGLT-2) inhibitor, glucagon-like peptide-1 (GLP-1)  ...
	1 Introduction
	2 Methods
	2.1 Literature review
	2.2 Study selection
	2.3 Outcomes
	2.4 Data extraction
	2.5 Risk of bias assessment
	2.6 Statistical analysis

	3 Result
	3.1 Characteristics of the included studies
	3.2 Risk of bias
	3.3 Evaluation of statistical inconsistency
	3.4 Outcomes
	3.4.1 Glycosylated hemoglobin (HbA1c)
	3.4.2 Estimate glomerular filtration rate (eGFR)
	3.4.3 Low-density lipoprotein cholesterol (LDL-C)
	3.4.4 Blood pressure (BP)
	3.4.5 Body weight
	3.4.6 Adverse events

	3.5 Additional analyses

	4 Discussion
	4.1 Principal findings
	4.2 Strengths and limitations

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


