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Abstract
Aims To verify the influence of glucagon-like peptide-1 receptor agonists (GLP-1 RA) on renal function parameters in 
type 2 diabetes based on well-known randomized controlled trials (RCTs).

Methods PubMed, Cochrane, Web of Science, Embase, and grey literature were searched for RCTs published until 
December 24, 2024. The quality of the RCTs was assessed using the Cochrane risk-of-bias tool. Weighted mean 
differences (WMD) and 95% confidence intervals (CIs) were calculated for continuous variables using meta-analysis. 
The primary outcomes were composite renal function parameters, including serum creatinine (Cr) levels, estimated 
glomerular filtration rate (eGFR), urinary albumin excretion (UAE), and urinary albumin-to-creatinine ratio (UACR).

Results Pooled data from 24 studies revealed that GLP-1 RA positively influenced renal outcomes in the type 2 
diabetes group to some extent compared with that in the control group. GLP- 1 RA decreased serum creatinine levels 
(WMD=-0.10, 95%CI -0.19 to -0.01, I2 = 33%, P < 0.05), eGFR(WMD = 0.54, 95% CI 0.19 to 0.90, I2 = 27%, P < 0.05), UAE 
(WMD=-11.92, 95% CI − 23.50 to − 0.33, I2 = 0%, P < 0.05) and UACR (WMD: −1.01 mg/g, 95% CI:−1.68, -0.34, I2 = 15%, 
P < 0.05) in the type 2 diabetes group.

Conclusion GLP-1 RA treatment significantly elevated eGFR, decreased the UACR, and positively influenced renal 
function outcomes in the type 2 diabetes group.

Clinical trial number Not applicable.
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Introduction
Diabetes has become widespread, with approximately 
463  million people diagnosed with diabetes mellitus 
(DM) over recent years. By 2045, diabetes will affect at 
least 700  million people [1]. Approximately 25-30% of 
patients with type 2 DM (T2DM) will develop chronic 
kidney disease (CKD), and diabetes is currently the pri-
mary cause of end-stage kidney disease requiring kidney 
replacement therapy [2]. Patients with diabetic kidney 
disease (DKD) often have high rates of cardiovascular 
events, hospitalizations, infections, and mortality [3–5].

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) 
and sodium-glucose cotransporter-2 inhibitors (SGLT2i) 
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are the most commonly used drugs for treating diabe-
tes. Relevant randomized controlled trials (RCTs) have 
demonstrated that clinical chronic renal events can be 
decreased by intensive glucose control [6], blood pressure 
decline, and the renin-angioten-sin-aldosterone system 
(RAAS) antagonized by angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin II receptor blockers. 
Even with recommended RAAS blockers, patients with 
DKD are at a substantial risk of cardiovascular morbidity 
and mortality [7]. A previous study has reported that, the 
use of medications such as GLP-1RAs and SGLT2i delays 
or minimizes microvascular and macrovascular damage 
[8].

The American Diabetes Association 2023 guidelines 
recommend the use of metformin in combination with 
SGLT2i or GLP-1 RA in patients with established athero-
sclerotic cardiovascular diseases, heart failure, or CKD 
[9]. Recent advances have shown that SGLT2i [10, 11] 
could prevent the development of major kidney events. 
Although previous network meta-analyses have indicated 
the superiority of SGLT-2i over GLP-1RA in improv-
ing renal outcomes [12, 13], recent studies have demon-
strated the positive effects of GLP-1 RA on renal function 
outcomes. The AWARD-7 trial showed that duraglu-
tide delayed estimated glomerular filtration rate (eGFR) 
decline compared with insulin glargine in patients with 
T2DM at 52 weeks of follow-up [14]. In previous clinical 
studies, liraglutide improved heart and kidney outcomes 
and reduced cardiovascular events and all-cause mor-
tality in parents with T2DM [15]. Weekly subcutaneous 
injections reduce the risk of serious cardiovascular or 
renal events, even in combination with cardiovascular or 
renal disease [16]. Previous meta-analyses have shown 
that GLP-1 RAs reduced compound renal endpoints 
(renal outcomes, including the development of massive 
proteinuria, a doubling of serum creatinine, a reduction 
in eGFR of at least 40%, kidney replacement therapy, or 
death from kidney disease) by 21% (hazard ratio [HR]0.79 
[95% confidence interval [CI]0.73–0.87]; p < 0·0001) in 
patients with T2MD [17]. However, opinions regarding 
GLP-1 RA differ. A recent meta-analysis has shown that 
GLP-1 RA did not significantly reduce renal outcomes 
compared with placebo [18]. Exenatide-related research 
has not shown improved GFR in patients with T2DM 
with normal renal function [19].

As a new medicine intervenes with the outcome of 
T2DM, GLP-1RAs have demonstrated inconsistent 
effects on renal function., Therefore, this meta-analysis 
aimed to examine the influence of GLP-1 RA on renal 
function.

Methods
Search strategy
This study followed the analytical strategy of the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) [20]. We systematically searched 
PubMed, the Web of Science, and the Cochrane for arti-
cles published up to December 24, 2024. The search key-
words are provided in Appendix File S1.

Inclusion and exclusion criteria
The study inclusion criteria were as follows: selected in 
peer-reviewed journals; the population of the studies 
included were samples of adult individuals and no gen-
der differences were found; RCTs in groups with T2DM 
with any condition or disease and were published in the 
English language; compared GLP-1 agonists (liraglutide, 
exenatide, semaglutide, dulaglutide, albiglutide, and lix-
isenatide) with placebo or other hypoglycemic agents; 
they compared the main renal outcomes, including 
serum creatinine (Cr)levels, eGFR, albumin-to-creatinine 
ratio (UACR), and urinary albumin excretion (UAE).

The exclusion criteria were as follows: narrative or 
comprehensive reviews, theoretical papers, meta-analy-
ses, conferences, and guidelines; non T2DM studies, or 
non-RCTs; not peer-reviewed or formally open papers; 
and eGFR< 15 ml/min/1.73 m2.

Data extraction
The following information was collected from the 
included studies: first author; publication year; study 
design; treatment duration; number of patients in the 
treatment and control groups; treatment medication and 
dose; sex, and serum creatinine level, eGFR, uACR, UAE 
rate.

Quality assessment
The quality of the included trials was analyzed using the 
Cochrane criteria relying on the risk of bias table, consid-
ering random sequence generation, blinding of partici-
pants and personnel, allocation concealment, blinding of 
outcome assessment, incomplete outcome data, report-
ing biases, and other biases. Following the Cochrane 
Handbook recommendations, based on the original text, 
the risk of bias was classified as “low, high, or unclear”.

Quantitative data analysis
The meta-analysis outcomes were analyzed using the 
Review Manager statistical software version 5.3. The 
effect size was obtained as follows: A random-effects 
model and mean ± standard deviation (SD)for the meta-
analysis. SD values were calculated when the outcome 
data were reported with a 95% CI(or interquartile range) 
[21]. Supposing that the standard error of the mean 
(SEM) was provided in the primary document, SD was 
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acquired as follows: SD = SEM × √(n). To maintain the 
authenticity of the intervention and control groups, they 
were divided accordingly [22]. Effect sizes were assessed 
using weighted mean difference (WMD) and 95% CI. The 
I2 index was used to evaluate inter-study heterogeneity, 
and significance was set at p < 0.05. The symmetry of the 
funnel plot indicates a relatively low publication bias.

Results
Research inclusion process
The databases included 4836 articles, of which 2862 were 
removed. Next, 842 articles were excluded after screening 
titles and abstracts, and 590 studies were not retrieved. 
In total, 542 studies were further evaluated, and 503 were 
excluded because they were non-RCTs and had incom-
plete data on renal parameters. Three studies that had 
Type 1DM were excluded. Finally, 24 clinical studies were 
included in the meta-analysis (Fig. 1).

Characteristics of clinical research
Data were collected from 24 RCTs involving 37,848 
patients; of these,18,312 and 19,543 individuals were 
assigned to the experimental and control groups, respec-
tively. The included trials were published between 2011 
and 2024. The treatment duration in the two groups 
ranged from 5 weeks to 3.84 years. All the selected clini-
cal trials were randomized double-minded or open-label. 
Almost all the included studies recruited patients with 
T2DM. Descriptions of the clinical trials are presented in 
Table 1.

Evaluation of treatment in clinical trials
All studies exhibited random sequence generation [14, 
15, 23]- [44]. Meanwhile, one trial lacked information 
regarding allocation concealment [14]. Four studies were 
characterized by a risk of bias for blinding of personnel, 
participants, and outcome assessment [33, 34, 39, 43]. 
For the outcome data, three clinical trials showed incom-
plete outcome data [15, 29, 31]. Four clinical trials have 
a reported bias or other biases [25, 26, 34, 43]. The qual-
ity of bias estimation for the clinical trials is presented in 
supplementary Fig. S1.

Influence of GLP-1 RA on renal function parameters in 
T2DM
The data summarized that intervention with GLP-1 RA 
positively influenced serum creatinine levels (WMD=-
0.10, 95%CI -0.19 to -0.01, P < 0.05, I2 = 33%; Fig.  2; 
eGFR(WMD = 0.54, 95% CI 0.19 to 0.90, P < 0.05, I2 = 0%; 
Fig.  3; UAE(WMD=-11.92, 95% CI − 23.50 to -0.33, 
P < 0.05, I2 = 0%; Fig.  4; UACR(WMD: −1.01  mg/g, 95% 
CI: −1.68, -0.34, P < 0.05, I2 = 10%; Fig. 5).

In five RCTs, the GLP-1 group was administered exena-
tide, liraglutide, and dulaglutide, whereas the control 

group received a placebo, SGL-T2 inhibitors, and insu-
lin. The follow-up was 12–52 weeks. The experimen-
tal and control group comprised 461 and 468 patients, 
respectively.

In 15 RCTS, the GLP-1 group received exenatide, lira-
glutide, semaglutide, dulalutide, and albiglutide, whereas 
the control group received placebo, SGL-T2 inhibitors, 
and insulin. The follow-up period was 5 weeks to 3.84 
years. The experimental and the control groups com-
prised 9172 and 9259 patients, respectively.

In 4 RCTs, the GLP-1 group was administered exena-
tide and liraglutide, whereas the control group received 
a placebo, SGL-T2 inhibitors, and insulin. The follow-up 
period was 16–48 weeks. The experimental and the con-
trol groups comprised 134 and 131 patients, respectively.

In eight RCTs, the GLP-1 group received exenatide, 
semaglutide liraglutide, and lixisenatide, whereas the 
control group received placebo, SGL-T2 inhibitors, and 
insulin. The follow-up period ranged from 14 weeks to 24 
months. The experimental and control groups comprised 
9162 and 9264 patients, respectively.

Publication bias
In this paper, the publication bias of the data is analyzed 
in the form of a funnel plot. Considering that Cr and 
UAE included too few data, the symmetry of the funnel 
plot was difficult to assess.Only eGFR and UACR were 
evaluated for publication bias.

Funnel plots show an asymmetry in eGFR (Supplemen-
tary Fig. S2)and UACR(Supplementary Fig. S3).

Discussion
Clinical trials have shown that liraglutide improves heart 
and kidney outcomes and reduces cardiovascular events 
and all-cause mortality in patients with T2DM [45]. In 
diabetes treatment, SGLT2i and GLP-1RAs the lead-
ing drugs for improving cardiovascular and kidney out-
comes. The results of the EMPA-REG OUTCOME trial 
suggest the T2DM drug engaglipzin (SGLT2i) is benefi-
cial for heart failure and kidney disease [46]. In the CRE-
DENCE and AWARD-7 trials, the regression of UACR 
was approximately 35% and 23%, with the application of 
canagliflozin and daglipzin, respectively [14, 47]. Even 
in patients with T2DM with eGFR ≤ 30, the regression 
of UACR was approximately 65% with a combination of 
SGLT-2 inhibitor and GLP-1 receptor agonist, compared 
to baseline [48].

Glucose control in multiple stages of DKD is the basic 
clinical benefit of GLP-1RA binding without increasing 
the risk of hypoglycemia, including weight reduction, 
which eventually reduces cardiovascular and kidney out-
comes [49, 50].

Many cardiovascular outcomes studies on GLP-1RAs 
have regarded kidney disease outcomes as secondary 
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endpoints, and recent evidence indicates that GLP-1RAs 
have significant benefits for renal function. The SELECT 
study has indicated that among individuals with over-
weight or obese people without diabetes, weekly subcu-
taneous semaglutide at a dose of 2.4 mg was superior to 

placebo in reducing primary cardiovascular composite 
endpoint by 20% and nephropathy composite endpoint 
by 22% [51]. In particular, a reduced onset and progres-
sion of macroproteinuria and a slower rate of eGFR 
decline have been reported. Tuttle et al. [52]performed 

Fig. 1 Identification of studies via databases and registers
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Author Treatment 
duration

n Study groups Female 
(n, %)

Creati-
nine (mg/
dL)

Glomerular 
filtration (ml/
min/1.73 m2)

Urinary 
albumin 
excretion 
(mg/24 h)

Albumin-to-
creatinine 
ratio (mg/g)

Pfeffer et al. 2015 24mouths 3034 Lixisenatide 20 µg/day 923 (30.4) ND ND ND 10.0 [6.0, 28.0]
(ELIXA) 3034 Placebo 938 (30.9) ND ND ND 10.4 [5.9, 32.6]
Derosa et al. 2013 48weeks 86 Exenatide 10 µg twice daily 43 (50) ND ND 98.2 ± 52.9 ND

85 Placebo 44 (51) ND ND 93.6 ± 47.1 ND
von Scholten, MD et 
al.2017

28 weeks 27 Liraglutide 1.8 mg/day 5 (19) ND 75 ± 23 183 
(75–534)

ND

27 Placebo 5 (16) ND 73 ± 23 181 
(84–353)

ND

Zhang et al.2011 16 weeks 13 Exenatide 10 µg twice daily 3 (23) ND ND 107 ± 71 ND
18 Glimepiride 1–4 mg/day 5 (27) ND ND 111 ± 74 ND

Nakaguchi et, al.2020 24weeks 30 0.9 mg/day liraglutide 9(30) 0.92 ± 0.28 63.3 ± 18.9 ND 52.9 [15.7, 
505.5]

31 10 mg/day empagliflozin 10(33.3) 0.90 ± 0.32 67.1 ± 22.4 ND 66.6 [20.7, 
134.2]

Tuttle.et, al2018 192 Dulaglutide 1∙5 mg (n = 192 88 (46%) 1∙86 ± 0∙65 38∙1 ± 13∙2 ND ND
(AWARD-7) 52weeks 190 Dulaglutide 0∙75 mg (n = 190 86 (45%) 1∙85 ± 0∙63 38∙3 ± 12∙3 ND ND

194 Insulin glargine (n = 194) 101 (52% 1∙82 ± 0∙65 38.5 ± 13.0 ND ND
Thomas Idorn, et al. 2016 12weeks 10 Control + 

liraglutide
3(30%) 0.71 ± 0.14 ND ND ND

10 Control + placebo 2(20%) 0.69 ± 0.11 ND ND ND
Jiang et al. 2017 24weeks 77 liraglutide 1.8 mg 30(39%) ND 80.83 ± 20.61 ND ND

79 dapagliflozin 10 mg 26(33%) ND 81.51 ± 19.96 ND ND
Mashayekhi et al. 2022 14weeks 44 liraglutide 31(70.5%) ND ND ND 12.0 ± 23

22 sitagliptin 15(68.2%) ND ND ND 7.9 ± 7.6
22 diet 14(63.8%) ND ND ND 6.3 ± 3.8

Tuttolomondo et al. 2021 3months 56 conventional 
therapy + dulaglutide

32(57.2%) ND 77.4 ± 11.2 ND ND

56 conventional therapy 35(62.5%) 76.1 ± 16.9 ND ND
9months 56 conventional 

therapy + dulaglutide
32(57.2%) ND 77.4 ± 11.2 ND ND

56 conventional therapy 35(62.5%) 76.1 ± 16.9 ND ND
Vanita et al. 2017 30weeks 362 semaglutide 0.5 mg 165(46%) ND 97.9 ± 25.9 ND ND

360 semaglutide 1.0 mg 178(49%) ND 98.0 ± 27.5 ND ND
360 insulin glargine 165(46%) ND 99.7 ± 26.5 ND ND

Hernandez et 
al2018(Harmony 
Outcomes)

28months 4731 Albiglutide 1427(30%) ND 79.1 ± 25.6 ND ND

4732 Placebo 1467(31%) ND 78.9 ± 25.4 ND ND
ofi Mosenzon et al. 2019 26weeks 163 Oral semaglutide 80(49%) ND 47 ± 10 ND 19.2 ± 79.63

161 Placebo 88(55%) ND 48 ± 10 ND 14.1 ± 63.19
Suzuki, k, et al. 2014 6months 24 liraglutide 0.9 mg/day ND ND 73.2 ± 13.4 ND ND

16 sitagliptin, 50 mg/day ND ND 73.7 ± 12.6 ND ND
LEADER 2022 3.84years 4512 liraglutide ND ND ND ND ND

4498 placebo ND) ND ND ND ND
Diamant M, et al. 2014 30weeks 247 Exenatide 119(48%) ND ND ND 14.08 ± 28.68

263 Lispro 130(49%) ND ND ND 12.32 ± 15.65
Armstrong, M et al. 2016 12weeks 7 1.8 mg liraglutide ND 0.8 ± 0.05 ND ND ND

7 placebo ND 0.7 ± 0.06 ND ND ND
Kuchay M, et al. 2020 24weeks 32 Dulaglutide 9(28) 0.84 ± 0.25 ND ND ND

32 Control 10(31) 0.78 ± 0.15 ND ND ND
Art and Beek et al. 2020 26/28weeks 194 exenatide once weekly 76(39.2) ND ND ND 68.2 ± 727

274 comparators 90(32.8) ND ND ND 72.2 ± 1045

Table 1 The characteristics of included studies
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Fig. 3 Forest plot showing the effect of glucagon-like peptide-1 (GLP-1) receptor agonists on glomerular filtration in terms of the weighted mean differ-
ence and 95% fiducial intervals

 

Fig. 2 Forest plot showing the effect of glucagon-like peptide-1 (GLP-1) receptor agonists on creatinine levels in terms of the weighted mean difference 
and 95% fiducial intervals

 

Author Treatment 
duration

n Study groups Female 
(n, %)

Creati-
nine (mg/
dL)

Glomerular 
filtration (ml/
min/1.73 m2)

Urinary 
albumin 
excretion 
(mg/24 h)

Albumin-to-
creatinine 
ratio (mg/g)

Liakos et al2018 5 weeks 31 Liraglutide 1.2 mg/day 12 (38.7) ND 82.3 ± 30.3 ND ND
31 placebo 9 (29) ND 75.0 ± 21.2 ND ND

Chen et, al.2017 26weeks 11 Exenatide ND ND 90 ± 35 ND 6.16(3.52,11.44)
12 Insulin glargine ND ND 82 ± 22 ND 13.2(6.16,29.04)

Gullaksen, S et al. 2023 32weeks 20 Semaglutide 3(15) ND 87 ± 21 ND 24.90 ± 55.99
20 Placebo 6(30) ND 91 ± 22 ND 13.90 ± 66.26

Rodbard, H,W et al. 2019 52weeks 412 oral semaglutide 14 mg 205 ± 49.9 ND 96 ± 15 ND ND
410 empagliflozin 25 mg 201 ± 49.0 ND 95 ± 15 ND ND

SUSTAIN 6 2.1years 825 Semaglutide 0.5 mg ND ND ND ND ND
1648 Placebo ND ND ND ND ND
821 Semaglutide 1.0 mg ND ND ND ND ND
1648 Placebo ND ND ND ND ND

FLOW 3.4years 1767 Semaglutide 519(29.4) ND 46.9 ± 15.6 ND ND
1766 Placebo 550(31.1) ND 47.1 ± 14.7 ND ND

Table 1 (continued) 
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a post-hoc analysis of the SUSTAIN6 and PIONEER 6 
trials and analyzed the effects of semaglutide versus pla-
cebo on eGFR decline. Estimated treatment differences 
in the general population semaglutide vs. placebo had a 
significant annual eGFR slope of 0.59(95% CI 0.29–0.89). 
The HR(semaglutide vs. placebo) for the duration of sus-
tained eGFR decline across all eGFR thresholds in the 
general population was significantly < 1.0; Values for 
baseline eGFR (30–60 mL/ min/1.73 m2 were lower in 
the subgroup than the general population, although no 
significant connection between subgroups was observed 
for treatment effects. In exploratory analyses of the 
AWARD-7 [14] and REWIND trials [53], the dulaglu-
tide group showed a slower decline than the basal insulin 
group.

Considering that human blood pressure is an important 
factor influencing eGFR, blood pressure by GLP- 1RAs 
may greatly influences eGFR. Mediated analysis results 
from the SUSTAIN 6 and LEADER datasets [54] suggest 
that HBA1c and systolic blood pressure (SBP) may par-
tially account for the influence of semaglutide and lira-
glutide on the kidney, associated with established renal 
disease endpoints. GLP-1 RAs decrease SBP in individu-
als with T2DM and sharply reduce the circulating con-
centration of the vasoconstrictor angiotensin II (Ang II) 
[55]. Liraglutide significantly upregulated MAS1 in the 

glomeruli. The protein MAS1 encodes a signal receptor 
for angiotensin 1–7 (Ang1-7), which obeys a counter-
regulatory pathway within the RAS, opposite to the vaso-
constricting peptide, angiotensin II [56]. In a study on the 
effect of liraglutide on rat renal function [57], ACE2 was 
upregulated after the application of liraglutide, and ACE2 
degraded AngI 1–9 and Ang II into Ang1-7, which plays 
a vasodilatory role by interacting with MAS receptors. 
Simultaneously, this was accompanied by the upregula-
tion of glomerular MAS1, suggesting that liraglutide may 
affect renal hemodynamics by counteracting the effects 
of AngII. The regulation of urinary sodium and diuresis is 
also an important mechanism underlying the regulation 
of blood volume by GLP-1 RAs. GLP-1R-mediated natri-
uresis and diuresis may involve the inhibition of NHE3, 
which is located at the brush border of the renal proximal 
tubule [58]. Pharmacological doses of GLP-1 or GLP-1R 
agonists increase the phosphorylation of NHE3 at the 
PKA consensus sites Ser552 and Ser605 [59]. Decreas-
ing both NHE3 surface distribution and Na+/K + ATPase 
activity is known as pressure natriuresis [60].In addi-
tion to direct natriuretic effects, GLP-1 RAs regulate the 
GLP-1 RA-ANP axis to play an indirect natriuretic role 
[61]. The effect of GLP-1RAs on renal function is mul-
tifaceted, and hemodynamic changes are not the only 

Fig. 5 Forest plot showing the effect of glucagon-like peptide-1 (GLP-1) receptor agonists on urinary albumin-to-creatinine ratio in terms of the weight-
ed mean difference and 95% fiducial intervals

 

Fig. 4 Forest plot showing the effect of glucagon-like peptide-1 (GLP-1) receptor agonists on urinary albumin excretion in terms of the weighted mean 
difference and 95% fiducial intervals
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factors affecting eGFR, which still needs to be confirmed 
in large clinical trials and animal tests.

Mann et al. [62] performed SUSTAIN 1–7 clinical tri-
als and evaluated the renal function parameters of sub-
cutaneous once-weekly semaglutide. Reductions in 
UACR were observed across the SUSTAIN 1–6 studies 
with semaglutide treatment and relevant comparators, 
whereas UACR was enhanced in the placebo groups. 
The positive influence of semaglutide on renal protec-
tion has been associated with reduced urine protein lev-
els. In clinical trials related to the GLP-1 RAS, liraglutide 
(LEADER trial [63]) and duraglutide (REWIND trial [53])
were associated with a reduced risk of renal events, and a 
decrease in proteinuria played an important role in delay-
ing renal deterioration.

Zhang et al. [64] analyzed the effects of metformin and 
liraglutide on urea and creatinine levels in 88 patients 
with diabetic nephropathy. The results manifest that the 
metformin group has a more significant effect than the 
liraglutide group (UAE ([51.83  mg/dL ± 12.43]) and cre-
atinine [0.82 ± 0.19]versus UAE [73.63  mg/dL ± 17.59]
and creatinine [1.01  mg/dL ± 0.26](p < 0.0001). A recent 
meta-analysis including 12,064 GLP-1 RA users and 
10,712 nonusers elaborated on the effect of GLP-1 RAs 
on the doubling of serum creatinine levels. The users 
of GLP-1RAs did not affect their serum creatinine lev-
els compared with the control.(relative risk,0.97[95%CI 
0.78–1.21], P = 0.79) [65]. In the LEADERS trial’s descrip-
tion of renal outcome endpoints, persistent doubling 
of serum creatinine levels has no significant difference 
between liraglutide and placebo (HR 0.89 (95% CI, 0.67–
1.19, P = 0.04) [63].

In human kidneys, GLP-1 RA settles in proximal renal 
tubule cells and preglomerular vascular smooth muscle 
cells [66]. In previous animal models of atherosclerosis, 
semaglutide was proposed to control multiple inflam-
matory genes [67]. Stimulation of the GLP-1 receptor 
can directly reduces glomerular superoxide and renal 
NADPH oxidase levels by activating cAMP and PKA 
[68].GLP-1 RA also helps decrease the RAGE-mediated 
generation of reactive oxygen species, reducing oxida-
tive stress in the kidneys [69]. Recent studies have shown 
that GLP-1 RAs can inhibit the NF-κB mediated inflam-
matory signaling pathway in adipose tissue of diabetic 
mice, leading to the reduction of peripheral adipose tis-
sue inflammation [67]. Simulaneously, GLP-1 receptor 
agonists can modulate the MAPK pathway to inhibit 
inflammation [70], Instead of inhibiting autophagy and 
apoptosis [71]. The anti-albuminuric effects of GLP-1 
RAs may have contributed to the preservation of renal 
function.Published mediation analyses of cardiovascular 
or renal outcomes may be partially mediated by eGFR, 
blood pressure, low-density lipoprotein cholesterol levels, 
and UACR, which corresponds with our meta-analysis.

This study is limited by its short follow-up period. The 
literature search only covered databases such as PubMed 
and Web of Science, and did not include conference 
abstracts or dissertations. This might lead to selection 
bias. Due to the limitation of the search scope, only Eng-
lish-language literature was included, which might result 
in the omission of unpublished grey literature and lead 
to overestimation or underestimation of the true effect 
size. Considering the small number of available trials, 
we were unable to analyze multiple factors or perform 
subgroup analyses to explore the changes in treatment 
effectiveness. Large RCTs on GLP-1 that specifically tar-
get renal function outcomes are lacking. Meanwhile, the 
strengths of our trial include the high adherence and 
retention rates. We included enomerous RCTs, and the 
trial data included many well-known studies, such as the 
Leaders, Sustain-6, AWARD-7, PIONEER 2, PIONEER 
5, SUSTAIN 4, Harmony Outcomes, and Flow clinical 
trails. The benefits of GLP-1 agonists on complex renal 
outcomes are prominent, especially eGFR and UCAR.In 
clinical practice, for patients with diabetic nephropathy, 
GLP-1 receptor agonists can control blood sugar levels 
and at the same time, to some extent delay the deteriora-
tion of renal function. Therefore, they are highly recom-
mended as the first choice. However, the clinical use of 
GLP-1 receptor agonists in patients with kidney disease 
or T2DM require further investigation.

Conclusion
GLP-1 RA treatment has a precise effect on renal func-
tion. Specific aspects included Cr levels, eGFR, UAE, 
and UACR. Owing to the study’s limitations, additional 
research is essential to confirm the potential nephropro-
tective effects of GLP-1 RA.

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 9 0 2 - 0 2 5 - 0 1 9 4 8 - 7.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors have no acknowledgments to report.

Author contributions
Daqing Zhang designed the study and supervised the overall project. Wenjing 
Li drafted the article and critical revision. Na Sun collected data; Xiaoyan Liang 
participated in data analysis.

Funding
This job was supported by a grant from the Shandong Province Medical 
Workers Science and Technology Innovation Program (SDYWZGKCJH2023026), 
Scientific Research Foundation of Binzhou People’s Hospital (XJ2023006307), 
Shandong Province Medical and Health Development Program 
(202301030188).

https://doi.org/10.1186/s12902-025-01948-7
https://doi.org/10.1186/s12902-025-01948-7


Page 9 of 10Li et al. BMC Endocrine Disorders          (2025) 25:124 

Data availability
The data of this study can be obtained from the corresponding author 
according to reasonable requirements.

Declarations

Ethics approval and consent to participate
This is a systematic review and meta-analysis, ethics approval and consent to 
participate are not applicable.

Consent for publication
Not applicable. This study does not involve human participants.

Competing interests
The authors declare no competing interests.

Received: 17 May 2024 / Accepted: 28 April 2025

References
1. Liu Bk, Zong G, Zhu L et al. Chocolate intake and risk of type 2 diabetes: 

prospective cohort studies.BMJ.2024;387:e078386.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 6  / b  
m j - 2 0 2 3 - 0 7 8 3 8 6

2. New JP, Middleton RJ, Klebe B, et al. Assessing the prevalence, monitor-
ing and management of chronic kidney disease in patients with diabetes 
compared with those without diabetes in general practice. Diabet Med. 
2007;24:364–9.

3. Scirica BM, Mosenzon O, Bhatt D-L, et al. Cardiovascular outcomes according 
to urinary albumin and kidney Dsease in patients with type 2 diabetes at 
high cardiovascular risk: observations from the SAVOR-TIMI 53 trial. JAMA 
Cardiol. 2018;3(2):155–63.

4. Afkarian M, Kestenbaum SM-C. Kidney disease and increased mortality risk in 
type 2 diabetes. J Am Soc Nephrol. 2013;24(2):302–8.

5. Daratha KB, Short R-A, Corbett C-F, et al. Risks of subsequent hospitaliza-
tion and death in patients with kidney disease. Clin J Am Soc Nephrol. 
2012;7(3):409–16.

6. Zoungas SAH, Gerstein HC, et al. The effects of intensive glucose control on 
microvascular outcomes in patients with type 2 diabetes: a meta-analysis of 
individual participant data from randomised controlled trials. Lancet Diabe-
tes Endocrinol. 2017;5(6):431–7.

7. Bardenheier BH, Lin J, Zhuo X, et al. Compression of disability between two 
birth cohorts of US adults with diabetes, 1992–2012: a prospective longitudi-
nal analysis. Lancet Diabetes Endocrinol. 2016;4(8):686–94.

8. Giugliano D, Longo M, Signoriello S et al. The effect of DPP-4 inhibitors, GLP-1 
receptor agonists and SGLT-2 inhibitors on cardiorenal outcomes: a network 
meta-analysis of 23 CVOTs. Cardiovasc Diabetol  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 9 
3 3 - 0 2 2 - 0 1 4 7 4 - z

9. Elasaved NA, Aleppo G, Aroda VR, et al. Classification and diagnosis of 
Dabetes: standards of care in diabetes-2023. Diabetes Care. 2023;46(Suppl 
1):S19–40.

10. Wanner C, Inzucchi S-E, Lachin J-M, et al. Empagliflozin and progression of 
kidney disease in type 2 diabetes. New Engl. 2016;375(4):323–34.

11. Heerspink HJL, Stefansson BV, Correa-Rotter, et al. Dapagliflozin in patients 
with chronic kidney disease. New Engl J Med. 2020;383(15):1436–46.

12. Fei Y, Tsoi M-F, Cheung B-M-Y. Cardiovascular outcomes in trials of new 
antidiabetic drug classes: a network meta-analysis. Cardiovasc Diabetol. 
2019;18(1):112.

13. Lin D-S, Lee J-K, Hung C-S, et al. The efficacy and safety of novel classes of 
glucose- Lowering drugs for cardiovascular outcomes: a network meta-
analysis of randomised clinical trials. Diabetologia. 2021;64(12):2676–86.

14. Tuttle K-R, Lakshmanan M-C, Rayner B, et al. Dulaglutide versus insulin 
glargine in patients with type 2 diabetes and moderate-to-severe chronic 
kidney disease (AWARD- 7): a multicentre, open-label, randomised trial. 
Lancet Diabetes Endocrinol. 2018;6(8):605–17.

15. Ahmed M, Shaman P-S-C-B. Effect of the glucagon-like peptide-1 recep-
tor agonists semaglutide and liraglutide on kidney outcomes in patients 
with type 2 diabetes:pooled analysis of SUSTAIN 6 and leader.circula-
tion,2022;145:575–85. h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 6 1  / C  I R C  U L A  T I O N  A H  A . 1 2 1 . 0 5 5 4 5 9

16. Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R, Lopes 
RD, et al. Cardiovascular and renal outcomes with Efpeglenatide in type 2 
diabetes. N Engl J Med. 2021;385:896–907.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 6  / N  E J M o a 2 
1 0 8 2 6 9.

17. Sattar N, Lee MM, Kristensen SL, Branch KR, Del Prato S, Khurmi NS, et al. 
Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists 
in patients with type 2 diabetes: a systematic review and meta-analysis of 
randomised trials. Lancet. 2021;9(21):653–62.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  2 2 1 
3 - 8 5 8 7 (.

18. Zhang Y, Jiang L, Wang J, et al. Network meta-analysis on the effects of finere-
none versus SGLT2 inhibitors and GLP-1 receptor agonists on cardiovascular 
and renal outcomes in patients with type 2 diabetes mellitus and chronic 
kidney disease [J]. Cardiovas Diabetol. 2022;21(1):232.

19. Tonneijck L, Smits M-M,Muskiet MHA, et al. Acute renal effects of the 
GLP-1 receptor agonist exenatide in overweight type 2 diabetes patients: 
a randomised, double-blind, placebo-controlled trial. Diabetologia. 
2016;59(7):1412–21.

20. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. BMJ. 2009;339:b2535.

21. Hozo S-P, Djulbegovic B, Hozo I. Estimating the mean and variance from the 
median, range, and the size of a sample. BMC Med Res Methodol. 2005;5:13.

22. Rucker G, Gates J, Schwarzer G, et al. Methods for including informa-
tion from multi-arm trials in pairwise meta-analysis. Res Synth Methods. 
2017;8(4):392–403.

23. Armstrong MJ, Hull D, Guo K, et al. Glucagon-like peptide 1 decreases lipotox-
icity in non-alcoholic steatohepatitis [J]. J Hepatol. 2016;64(2):399–408.

24. Van Beek DA-VD, Van Rattle B, Guia D-H. Exenatide once weekly decreases 
urinary albumin excretion in patients with type 2 diabetes and elevated 
albuminuria: pooled analysis of randomized active controlled clinical trials. 
Diabetes Obes Metab. 2020;22(9):1556–66.

25. Chen WJY, Diammant M, De Boer K, et al. Effects of exenatide on cardiac 
function, perfusion, and energetics in type 2 diabetic patients with cardio-
myopathy: a randomized controlled trial against insulin glargine. Cardiovasc 
Diabeto. 2017;16(1):67.

26. Derasa G, Cicero A-F, Franzetti I-G, et al. Effects of exenatide and Metformin 
in combination on some adipocytokine levels: a comparison with Metformin 
monotherapy. Can J Physiol Pharmacol. 2013;91(9):724–32.

27. Diamanat M, Nauck M-A, Shaginign R, et al. Glucagon-like peptide 1 receptor 
agonist or bolus insulin with optimized basal insulin in type 2 diabetes. 
Diabetes Care. 2014;37(10):2763–73.

28. Gullaksen S, Vernstr M-, et al. Separate and combined effects of semaglutide 
and empagliflozin on kidney oxygenation and perfusion in people with type 
2 diabetes: a randomised trial. Diabetologia. 2023;66(5):813–25.

29. Hernandez A-F, Green J-B, Janmohamed S, et al. Albiglutide and cardiovas-
cular outcomes in patients with type 2 diabetes and cardiovascular disease 
(Harmony Outcomes): a double-blind, randomised placebo-controlled trial. 
Lancet. 2018;392(10157):1519–29.

30. Jiang J, Chen P et al. Comparison of dapaglifozin and liraglutide in patients 
with poorly controlled type 2 diabetes mellitus: a 24-week, open, double-
centered, head to head trial [J]. Endocrn, Metab Disord Drug Targets, 2020, 
2021;21(7):1366–1374.

31. Kuchay MS, Krishan S, Mishra S-K, et al. Effect of dulaglutide on liver fat in 
patients with type 2 diabetes and NAFLD: randomized controlled trial (D-LIFT 
trial). Diabetologia. 2020;63(11):2434–45.

32. Liakos A, Lambadiari V, Bargiota A, et al. Effect of liraglutide on ambula-
tory blood pressure in patients with hypertension and type 2 diabetes: a 
randomized, double-blind, placebo-controlled trial. Diabetes Obes Metab. 
2019;21(3):517–24.

33. Mashavekhi M, Beckman J-A, Nian H, et al. Comparative effects of weight loss 
and incretin-based therapies on vascular endothelial function, fibrinolysis 
and inflammation in individuals with obesity and prediabetes: a randomized 
controlled trial. Diabetes Obes Metab. 2023;25(2):570–80.

34. Nakaguchi H, Kondo Y, Kyohara M, et al. Effects of liraglutide and empa-
gliflozin added to insulin therapy in patients with type 2 diabetes: a random-
ized controlled study [J]. J Invest. 2020;11(6):1542–50.

35. Mosenzon O, Blicher, Roselund S, et al. Efficacy and safety of oral semaglutide 
in patients with type 2 diabetes and moderate renal impairment (PIONEER 5): 
a placebo- controlled, randomised, phase 3a trial. Lancet Diabetes Endocri-
nol. 2019;7(7):515–27.

36. Pfeffer M-A, Claggett B, Diaz R, et al. Lixisenatide in patients with type 2 
diabetes and acute coronary syndrome. Engl J Med. 2015;373(23):2247–57.

https://doi.org/10.1136/bmj-2023-078386
https://doi.org/10.1136/bmj-2023-078386
https://doi.org/10.1186/s12933-022-01474-z
https://doi.org/10.1186/s12933-022-01474-z
https://doi.org/10.1161/CIRCULATIONAHA.121.055459
https://doi.org/10.1056/NEJMoa2108269
https://doi.org/10.1056/NEJMoa2108269
https://doi.org/10.1016/S2213-8587(
https://doi.org/10.1016/S2213-8587(


Page 10 of 10Li et al. BMC Endocrine Disorders          (2025) 25:124 

37. Rodbard HW, Rosenstock J, Canani L-H, et al. Oral semaglutide versus empa-
gliflozin in patients with type 2 diabetes uncontrolled on metformin: the 
PIONEER 2 trial [J]. Diabetes Care. 2019;42(12):2272–81.

38. Suzuki K. Greater efficacy and improved endothelial dysfunction in untreated 
type 2 diabetes with liraglutide versus sitagliptin. Dokkyo J Med Sci. 
2014;41(3):211–20.

39. IdornT,Knop FK, Jorgensen M, et al. Safety and efficacy of liraglutide in 
patients with type 2 diabetes and end-stage renal disease:an investigator-
initiated,placebo- controlled,double-blind, parallel-group, randomized trial. 
Diabetes Care. 2016;39:206–13.

40. Tuttolomondo A, Cirrincione A, Casuccio A et al. Efficacy of dulaglutide on 
vascular health indexes in subjects with type 2 diabetes: a randomized trial.
diabetol diabetol, 2021; 20(1).

41. Aroda V-R, Bain S-C, Cariou B, et al. Efficacy and safety of once-weekly sema-
glutide versus once-daily insulin glargine as add-on to Metformin (with or 
without sulfonylureas) in insulin-naive patients with type 2 diabetes (SUSTAIN 
4): a randomised, open-label, parallel-group, multicentre, multinational, 
phase 3a trial. Lancet Diabetes Endocrinol. 2017;5(5):355–66.

42. Von Scholten BJ, Davies MJ, Persson F, et al. Effect of weight reductions on 
estimated kidney function: Post-hoc analysis of two randomized trials. J 
Diabetes Complications. 2017;31(7):1164–8.

43. Zhang H, Zhang X, Hu C, et al. Exenatide reduces urinary transforming 
growth factor- beta1 and type IV collagen excretion in patients with type 2 
diabetes and microalbuminuria. Kidney Blood Press Res. 2012;35(6):483–8.

44. Perkvovic V, Tuttle K, Rossing P et al. Effects of semaglutide on chronic kidney 
disease in patients with type 2 diabetes. N Engl J  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 6  / N  E J 
M o a 2 4 0 3 3 4 7

45. Von Scholten B-J, Persson F, Rosenlund S, et al. The effect of liraglutide on 
renal function: a randomized clinical trial. Diabetes Metab. 2017;19(2):239–47.

46. Sattar N, McGuire DK. Pathways to cardiorenal complications in type 2 diabe-
tes mellitus: a need to rethink. Circulation. 2018;138:7–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 
6 1  / C  I R C  U L A  T I O N  A H  A . 1 1 8 . 0 3 5 0 8 3.

47. Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renaloutcomes in type 2 
diabetes and nephropathy. N Engl J Med. 2019;380(24):2295–306.

48. Kuhadiya ND, Mahmood I. Effects of concomitant combination of SGLT-2 
inhibitor and GLP-1 receptor agonist on renal outcomes in T2D with 
eGFR below 30 and macroalbuminuria: A case series. Clin Case Rep. 
2021;9(4):2310–6. PMID: 33936685; PMCID: PMC8077383.

49. Fernandez-Fernandez B, Fernandez Prado R, Gorriz J-L, et al. Canagliflozin and 
renal events in diabetes with established nephropathy clinical evaluation and 
study of diabetic nephropathy with Atrasentan: what was learned about the 
treatment of diabetic kidney disease with Canagliflozin and Atrasentan?? Clin 
Kidney J. 2019;12(3):313–21.

50. Sarafidis P, Ferro C-J, Morales E, et al. SGLT-2 inhibitors and GLP-1 receptor 
agonists for nephroprotection and cardioprotection in patients with diabetes 
mellitus and chronic kidney disease. Consensus Statement EURECA-m DIABE-
SITY Working Groups ERA-EDTA. 2019;34(2):208–30.

51. Lincoff AM, Brown-Frandsen K, Colhoun HM et al. Semaglutide and cardio-
vascular outcomes in obesity without diabetes. N Engl  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 1 0   5 
6  / N E J M o a 2 3 0 7 5 6 3

52. Tuttle K-R, Bosch-traberg H, Cherney D-Z-I, et al. Post hoc analysis of SUSTAIN 
6 and PIONEER 6 trials suggests that people with type 2 diabetes at high 
cardiovascular risk treated with semaglutide experience more stable kidney 
function compared with placebo. Kidney Int. 2023;103(4):772–81.

53. Gersterin H-C, Colhoun H-M, Dagenais G-R, et al. Dulaglutide and renal out-
comes in type 2 diabetes: an exploratory analysis of the REWIND randomised, 
placebo-controlled trial. Lancet. 2019;394(10193):131–8.

54. Mann J-F-E, Buse J-B, Idorn T, et al. Potential kidney protection with liraglutide 
and semaglutide: exploratory mediation analysis. Diabetes Obes Metab. 
2021;23(9):2058–66.

55. Marso S-P, Daniels G-H, Brown-frandsen K, et al. Liraglutide and cardiovascular 
outcomes in type 2 diabetes. New Engl J Med. 2016;375(4):311–22.

56. Pinheiro S-V, Simoes E-S-A. -C. angiotensin converting enzyme 2, Angioten-
sin-(1–7), and receptor MAS axis in the kidney. Int J Hypertens, 2012, 2012: 
414128.

57. Ouggaard M-E, Sembach F-E, Jensen H-E, et al. Liraglutide improves the 
kidney function in a murine model of chronic kidney disease. Nephron. 
2020;144(11):595–606.

58. Girardi AC, Fukuda LE, Rossoni LV, Malnic G, Reboucas NA. Dipeptidyl 
peptidase IV Inhibition downregulates Na+-H + exchanger NHE3 in rat renal 
proximal tubule. Am J Physiol Ren Physiol. 2008;294:F414–22.

59. Carraro-Lacroix LR, Malnic G, Girardi AC. Regulation of Na+/H + exchanger 
NHE3 by glucagon-like peptide 1 receptor agonist exendin-4 in renal proxi-
mal tubule cells. Am J Physiol Ren Physiol. 2009;297:F1647–55.

60. McDonough AA, Leong PK. E.Mechanisms of pressure natriuresis: how 
blood pressure regulates renal sodium transport. Ann NY Acad Sci. 
2003;986:669–77.

61. Kim M, et al. GLP-1 receptor activation and Epac2 link atrial natriuretic pep-
tide secretion to control of blood pressure. Nat Med. 2013;19:567–75.

62. Man JFE, Hansen T, Idorn T, et al. Effects of once-weekly subcutaneous 
semaglutide on kidney function and safety in patients with type 2 diabetes: 
a post-hoc analysis of the SUSTAIN 1–7 randomised controlled trials. Lancet 
Diabetes Endocrinol. 2020;8(11):880–93.

63. Mann JFE, Orsted D-D, Brown-Frandsen K, et al. Liraglutide and renal out-
comes in type 2 diabetes [J]. New Engl J Med. 2017;377(9):839–48.

64. Zhang Z, Dong H, Chen J et al. Effects of Metformin on renal function,cardiac 
function, and inflammatory response in diabetic nephropathy and its protec-
tive mechanism. Dis Markers,2022: 8326767.

65. Li X, Song Y, Guo T, et al. Effect of glucagon-like peptide 1 receptor agonists 
on the renal protection in patients with type 2 diabetes: A systematic review 
and meta-analysis. Diabetes Metab. 2022;48(5):101366.

66. Pyke C, Heller R-S, Kirk R-K, et al. GLP-1 receptor localization in monkey and 
human tissue: novel distribution revealed with extensively validated mono-
clonal antibody. Endocrinology. 2014;155(4):1280–90.

67. Rakipovski G, Rolin B, Nohr J, et al. The GLP-1 analogs liraglutide and 
semaglutide reduce atherosclerosis in ApoE(-/-) and LDLr(-/-) mice by a 
mechanism that includes inflammatory pathways [J]. JACC Basic Transl Sci. 
2018;3(6):844–57.

68. Hendarto H, et al. GLP-1 analog liraglutide protectsagainst oxidative 
stress and albuminuria in streptozotocin-induced diabetic rats via protein 
kinase A-mediated Inhibition of renal NAD(P)H oxidases. Metabolism. 
2012;61:1422–34.

69. Ishibashi Y, Matsui T, Ojima A, et al. Glucagon-like peptide-1 inhibits angio-
tensin II- induced mesangial cell damage via protein kinase A. Microvasc Res. 
2012;84(3):395–8.

70. Ye Y, Zhong X, Li N, et al. Protective effects of liraglutide on glomerular podo-
cytes in obese mice by inhibiting the inflammatory factor TNF-alpha-medi-
ated NF-kappaB and MAPK pathway. Obes Res Clin Pract. 2019;13(4):385–90.

71. Shi J-X, Huang Q. Glucagon–like peptide–1 protects mouse podocytes 
against high glucose– induced apoptosis, and suppresses reactive oxygen 
species production and Proinflammatory cytokine secretion, through Sirtuin 
1 activation in vitro. Mol Med Rep. 2018;18(2):1789–97.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa2403347
https://doi.org/10.1056/NEJMoa2403347
https://doi.org/10.1161/CIRCULATIONAHA.118.035083
https://doi.org/10.1161/CIRCULATIONAHA.118.035083
https://doi.org/10.1056/NEJMoa2307563
https://doi.org/10.1056/NEJMoa2307563

	Influence of glucagon-like peptide-1 receptor agonists on renal parameters: a meta-analysis of randomized controlled trials
	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Quantitative data analysis

	Results
	Research inclusion process
	Characteristics of clinical research
	Evaluation of treatment in clinical trials
	Influence of GLP-1 RA on renal function parameters in T2DM

	Publication bias
	Discussion
	Conclusion
	References


