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Influence of glucagon-like peptide-1 receptor
agonists on renal parameters: a meta-analysis
of randomized controlled trials

Wenjing Li"*", Xiaoyan Liang®', Na Sun' and Daging Zhang'*'

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 (Cls) 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%Cl -0.19 to -0.01, I =33%, P< 0.05), eGFRIWMD =0.54, 95% CI 0.19 to 0.90, I’ =27%, P < 0.05), UAE
(WMD=-11.92, 95% Cl —23.50 to —0.33, I’=0%, P< 0.05) and UACR (WMD: —1.01 mg/g, 95% Cl:—1.68, -0.34, 1°=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.
Keywords GLP-1 RA, UAE, Cr, eGFR, UACR

Introduction
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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.
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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 m?

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% ClI(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 x V(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
12 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, 12=33%; Fig. 2;
eGFR(WMD =0.54, 95% CI 0.19 to 0.90, P < 0.05, 12 = 0%;
Fig. 3; UAE(WMD=-11.92, 95% CI -23.50 to -0.33,
P<0.05, 12=0%; Fig. 4; UACR(WMD: -1.01 mg/g, 95%
CIL: -1.68, -0.34, P<0.05, 12 = 10%; Fig. 5).

In five RCTs, the GLP-1 group was administered exena-
tide, liraglutide, and dulaglutide, whereas the control
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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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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Fig. 1 Identification of studies via databases and registers

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
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Table 1 The characteristics of included studies
Author Treatment n Study groups Female Creati- Glomerular  Urinary Albumin-to-
duration (n, %) nine (mg/ filtration (ml/ albumin creatinine
dL) min/1.73m2) excretion ratio (mg/g)
(mg/24 h)
Pfeffer et al. 2015 24mouths 3034 Lixisenatide 20 pg/day 923 (304) ND ND ND 10.0[6.0, 28.0]
(ELIXA) 3034 Placebo 938 (309) ND ND ND 104 [5.9,32.6]
Derosa et al. 2013 48weeks 86 Exenatide 10 pg twice daily 43 (50) ND ND 98.2+529 ND
85 Placebo 44 (51) ND ND 93.6+47.1 ND
von Scholten, MD et 28 weeks 27 Liraglutide 1.8 mg/day 5(19) ND 75+23 183 ND
al.2017 (75-534)
27 Placebo 5(16) ND 73423 181 ND
(84-353)
Zhang et al.2011 16 weeks 13 Exenatide 10 pg 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) 0924028 633+189 ND 529157,
505.5]
31 10 mg/day empagliflozin 10(33.3) 090+032 67.1+£224 ND 66.6 [20.7,
134.2]
Tuttle.et, al2018 192 Dulaglutide 1-5mg (n=192 88 (46%) 1-86+0-65 381+13:2 ND ND
(AWARD-7) 52weeks 190  Dulaglutide 0-75 mg (n=190 86 (45%) 1-85+0-63 383+123 ND ND
194 Insulin glargine (n=194) 101 (52%  1-82+065 385+13.0 ND ND
Thomas Idorn, et al. 2016 12weeks 10 Control + 3(30%) 0.71+0.14 ND ND ND
liraglutide
10 Control+placebo 2(20%) 069+0.11 ND ND ND
Jiang et al. 2017 24weeks 77 liraglutide 1.8 mg 30(39%) ND 80.83+2061 ND ND
79 dapagliflozin 10 mg 26(33%) ND 81.51+1996 ND ND
Mashayekhi et al. 2022 14weeks 44 liraglutide 31(70.5%) ND ND ND 120+23
22 sitagliptin 15(68.2%) ND ND ND 79+76
22 diet 14(63.8%) ND ND ND 6.3+38
Tuttolomondo et al. 2021 3months 56 conventional 32(57.2%) ND 7744112 ND ND
therapy +dulaglutide
56 conventional therapy 35(62.5%) 76.1+169 ND ND
9months 56 conventional 32(57.2%) ND 774+112 ND ND
therapy +dulaglutide
56 conventional therapy 35(62.5%) 76.1+169 ND ND
Vanita et al. 2017 30weeks 362  semaglutide 0.5 mg 165(46%) ND 9794259 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 28months 4731 Albiglutide 1427(30%) ND 79.1+£256 ND ND
al2018(Harmony
Outcomes)
4732 Placebo 1467(31%) ND 789+254 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 732+134 ND ND
16 sitagliptin, 50 mg/day ND ND 737+126 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+025 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
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Table 1 (continued)

Author Treatment n Study groups Female Creati- Glomerular  Urinary  Albumin-to-
duration (n, %) nine (mg/ filtration (ml/ albumin creatinine
dL) min/1.73m2) excretion ratio (mg/g)
(mg/24 h)
Liakos et al2018 5 weeks 31 Liraglutide 1.2 mg/day 12(38.7)  ND 82.3+303 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, HW et al. 2019 52weeks 412 oral semaglutide 14 mg 205+499 ND 96+15 ND ND
410  empagliflozin 25 mg 201+490 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 34years 1767 Semaglutide 519(294) ND 469+ 15.6 ND ND
1766 Placebo 550(31.1) ND 47.1+14.7 ND ND

GLP-1 non-GLP-1 Mean Difference Mean Difference

udy o ybgrou ean a a a . A
Armstrong,M 2016 -0.08 0.16 7 0 0.07 7 266%  -0.08[-0.21,0.05]

Kuchay M 2020 022 055 32 004 049 32 109%  -0.26[-0.52,-0.00] ]

Nakaguchi 2020 0.03 031 30 005 033 31 21.0%  -0.02[-0.18,0.14] -+

Thomas Idorn 2016 o 1 10 1 1 10 11% -1.00[-1.88,-0.12] —=

Tuttle 2018a 0.18 0.84 192 0.32 0.82 194 202%  -0.14[-0.31,0.03] -

Tuttle 2018b 029 0.84 190 0.32 0.82 194 20.1%  -0.03[-0.20, 0.14] =

Total (95% Cl) 461 468 100.0%  -0.10[-0.19, -0.01] ¢

Heterogeneity: Tau? = 0.00; Chi? = 7.45, df = 5 (P = 0.19); I = 33% 2 1 5 1 2

Test for overall effect: Z = 2.06 (P = 0.04) Favours GLP-1 Favours non-GLP-1

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

GLP-1 non-GLP-1 Mean Difference Mean Difference
_Study or Subgroup _Mean _ SD Total Mean  SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl

Liakos 2018 -88 266 31 -0.79 21.02 31 0.1%  -8.01[-19.94, 3.92] I
Gullaksen 2023 -4.56 18.2 20 284 19.83 20 0.1%  -7.40[-19.20, 4.40] = I
Chen 2017 -1 3148 11 4 2425 12 0.0% -5.00[-28.12, 18.12]
jiang 2017 297 2286 77 526 20.16 79 0.3% -2.29 [-9.06, 4.48] ]
Tuttolomondo2021a -0.7 10.87 56 04 16.56 56  0.5% -1.10 [-6.29, 4.09] i
Tuttolomondo 2021b -0.7 10.57 56 04 16.56 56  0.5% -1.10 [-6.25, 4.05] I
Rodbard,H 2019 -2 1627 412 -1 16 410 24% -1.00 [-3.21, 1.21] =T
ofi Mosenzon 2019 -064 243 163 0.25 18.81 161 0.6% -0.89 [-5.62, 3.84] -
Vanita 2017b -9.3 48.81 360 -8.6 39.31 360 0.3% -0.70 [-7.17, 5.77] i
Vanita 2017a 9.1 4318 362 -86 39.31 360 0.3% -0.50 [-6.52, 5.52] =
von Scholten 2017 -1 23.51 27 -1 23 27 0.1% 0.00[-12.41, 12.41] - 1
LEADERS 2022 -1.72 394 4512 -198 393 4498 33.4% 0.26 [0.10, 0.42] i
SUSTAIN-6 2022b -1.59 527 825 -192 528 1648 23.1% 0.33[-0.11, 0.77] "
Tuttle 2018b -1.5 1153 190 -1.9 1.3 194  23% 0.40 [-1.88, 2.68] T
Tuttle 2018a 1.1 11.72 192 -19 11.3 194 22% 0.80 [-1.50, 3.10] i i
Suzuki 2014 -0.3 1393 24 11 1289 16  0.2% 0.80[-7.62, 9.22] - E.
SUSTAIN-6 2022a -1.05 526 821 -192 528 1648 23.1% 0.87[0.43, 1.31] -
Nakaguchi 2020 -1.5  19.31 30 -3.1 21.6 31 0.1% 1.60 [-8.67, 11.87] ]
FLOW 2024 -5.95 1458 1767 -7.95 1369 1766 10.3% 2.00[1.07, 2.93] ksl
Hernandez 2018 -04 170.24 4731 -3.44 17033 4732 0.3% 3.04 [-3.82, 9.90] =t
Total (95% Cl) 14667 16299 100.0% 0.54 [0.19, 0.90] '

Heterogeneity: Tau? = 0.09; Chi? = 26.16, df = 19 (P = 0.13); > = 27% :

Test for overall effect: Z = 3.01 (P = 0.003) -ZOFavou-rlOGLPJ 0 Favouﬂs°non_sfg_1

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
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Mean Difference

IV Ral—lﬁiml 95%cCl 0000000

Mean Difference
Random. 95% Cl
-9.00 [-22.35, 4.35]

dy or Subgroug ean a ean a eigh
Derosa 2013 -26.4 46.22 86 -17.4 4278 85 75.4%
Suzuki 2014 -14.5 57.77 24 0.7 32.91 16 16.9%
von Scholten 2017 -4.8 99.42 1" 18 98.05 12 21%
Zhang 2011 -42 62.55 13 -5 75.51 18  57%
Total (95% Cl) 134 131 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.32, df =3 (P = 0.72); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

Favours GLP-1

-15.20 [-43.38, 12.98] —=
-22.80 [-103.60, 58.00]
-37.00 [-85.71, 11.71] =
-11.92 [-23.50, -0.33] L 4
400 50 0 50 100

Favours non-GLP-1

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

Mean Difference

Mean Difference

1V, Fix

95% ClI

-15.80 [-27.11, -4.49)
1.76 [-1.76, 5.28]
-2.64 [7.51, 2.23]
-13.21 [-47.64, 21.22)
-2.80 [-9.98, 4.38]
-5.30 [-14.84, 4.24]
14.90 [-25.73, 55.53]
-6.82 [-29.37, 15.73)
-0.90 [-1.95, 0.15]
-1.00 [-2.25, 0.25)
-1.10 [-2.51, 0.31]

-1.01 [-1.68, -0.34]

GLP-1 non-GLP-1
_Study or Subgroup _Mean _ SD Total Mean  SD Total Weight IV, Fixed, 95% CI

Art and Beek 2020 -55.,5 50.85 194 -39.7 7399 274 0.4%
Chen 2017 -0.88 1.75 11 -264 595 12 3.6%
Diamant M 2014 -44 2934 247 -176 26.53 263 1.9%
Gullaksen 2023 -10.65 50.9 20 256 59.83 20  0.0%
Mashayekhi 2022a -1.5  20.19 44 1.3 954 22 0.9%
Mashayekhi 2022b -1.5  20.19 44 38 17.81 22  0.5%
Nakaguchi 2020 -19.6 110.78 30 -345 2527 31 0.0%
ofi Mosenzon 2019 9.1 10252 163 15.92 104.54 161 0.1%
Pfeffer 2015a 0.2 17.21 2803 1.1 2257 2830 41.0%
Pfeffer 2015b 1.1 20.09 2803 21 2715 2830 28.9%
Preffer 2015¢c 1.9 23.39 2803 3 30.12 2830 22.7%
Total (95% CI) 9162 9295 100.0%
Heterogeneity: Chi? = 11.78, df = 10 (P = 0.30); I? = 15%

Test for overall effect: Z = 2.94 (P = 0.003)
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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

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 eGER 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 HBA1lc 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 (Angl-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 Angl 1-9 and Ang II into Angl-7, which plays
a vasodilatory role by interacting with MAS receptors.
Simultaneously, this was accompanied by the upregula-
tion of glomerular MAS], suggesting that liraglutide may
affect renal hemodynamics by counteracting the effects
of Angll. 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
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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-kB 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.
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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.
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