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Abstract

Chronic kidney disease constitutes a major microvascular complication of
diabetes mellitus. Accumulating data suggest that glucagon-like peptide-1
receptor agonists (GLP-1 RAs) might have a role in the management of diabetic
kidney disease (DKD). GLP-1 RAs appear to reduce the incidence of persistent
macro-albuminuria in patients with type 2 diabetes mellitus. This beneficial effect
appears to be mediated not only by the glucose-lowering action of these agents
but also on their blood pressure lowering, anti-inflammatory and antioxidant
effects. On the other hand, GLP-1 RAs do not appear to affect the rate of decline of
glomerular filtration rate. However, this might be due to the relatively short
duration of the trials that evaluated their effects on DKD. Moreover, these trials
were not designed nor powered to assess renal outcomes. Given than
macrolbuminuria is a strong risk factor for the progression of DKD, it might be
expected that GLP-1 RAs will prevent the deterioration in renal function in the
long term. Nevertheless, this remains to be shown in appropriately designed
randomized controlled trials in patients with DKD.

Key Words: Diabetic nephropathy; Type 2 diabetes mellitus; Glucagon-like peptide-1
receptor agonists; Liraglutide; Dulaglutide; Semaglutide

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Glucagon-like peptide-1 receptor agonists prevent the development of persistent
macroalbuminuria in patients with type 2 diabetes mellitus. However, it is unclear whether
they delay the decline in glomerular filtration rate in this population. Long-term trials are
needed to clarify the role of these agents in the management of diabetic nephropathy.
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INTRODUCTION

Chronic kidney disease (CKD) constitutes a major microvascular complication of
diabetes mellitus (DM) and occurs both in type 1 and type 2 DM (T2DM)!. The
prevalence of diabetic nephropathy is 50% in patients with type 1 DM and 30%-50% in
patients with T2DMP. Diabetic kidney disease (DKD) is characterized by specific
structural and functional changes in the kidneys of patients with DM. These changes
result in a clinical presentation that includes hypertension, increased urinary albumin
excretion and progressive deterioration in kidney function!. It has been estimated that
DKD is the leading cause of end-stage renal disease (ESRD) and 30%-40% of patients
with DKD are expected to develop ESRDFl. More specifically, patients with higher
levels of albuminuria, quick deterioration of glomerular filtration rate (GFR),
uncontrolled hypertension, long duration of DM, presence of microvascular
complications and positive family history of DKD are at higher risk of DKD
progression to ESRD!. Importantly, DKD is associated with increased cardiovascular
morbidity and mortality!l. It has been shown that proteinuria and impaired GFR are
independently associated with higher risk of adverse cardiovascular outcomes in
patients with T2DMPL. The main goals of treatment of DKD are to delay the
deterioration of kidney function and to prevent cardiovascular events. Lifestyle
measures (i.e., diet and exercise), strict glycemic control and blood pressure control
using renin-angiotensin-aldosterone system inhibitors are the cornerstone of DKD
treatment!’,

Accumulating data suggest that glucagon-like peptide-1 receptor agonists (GLP-1
RAs) might have a role in the management of DKD. GLP-1 is secreted by the L-cells of
small intestine after food intake and regulates glucose homeostasis”l. GLP-1 RAs are
divided into short-acting (exenatide, liraglutide and lixisenatide) or long-acting
(albiglutide, dulaglutide, exenatide long-acting release and semaglutide)”.. GLP-1 RAs
induce substantial reductions in glucose levels without the risk of hypoglycemia and
also reduce cardiovascular morbidity!. Notably, several randomized, placebo-
controlled trials in patients with T2DM and established cardiovascular disease, CKD
or multiple cardiovascular risk factors reported a beneficial effect on DKD. In the
Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results (LEADER) trial (n = 9340), liraglutide reduced the incidence of the composite
renal outcome (new-onset persistent macroalbuminuria, persistent doubling of the
serum creatinine level and an estimated GFR < 45 mL/min/1.73 m? the need for
continuous renal-replacement therapy with no reversible cause of the renal disease, or
death from renal disease) by 22% compared with placebo during a median follow-up
of 3.8 years!"l. This reduction was driven by the lower incidence of new-onset
persistent macroalbuminuria whereas the other endpoints did not differ between
patients treated with liraglutide and placebo!"’l. Liraglutide also reduced the incidence
of new-onset microalbuminuria by 13%[. Even though GFR declined and
albuminuria increased during follow-up in both groups, these changes were smaller in
patients treated with liraglutide!'’. In the Trial to Evaluate Cardiovascular and Other
Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6,
n = 3297), once-weekly semaglutide reduced the risk of new or worsening
nephropathy (defined as a new onset of persistent macroalbuminuria, or persistent
doubling of serum creatinine level and creatinine clearance) by 36% compared with
placebo during a median follow-up of 2.1 years; this benefit was primarily due to the
prevention of persistent macroalbuminurial'l. In the Researching Cardiovascular
Events with a Weekly Incretin in Diabetes (REWIND) trial (n = 9901), once-weekly
dulaglutide reduced the incidence of the renal component of the composite
microvascular outcome (defined as first occurrence of new macroalbuminuria, a
sustained decline in estimated GFR > 30% from baseline, or chronic renal replacement
therapy) by 15% compared with placebo during a median follow-up of 5.4 years!'”..
Again, this benefit was due to a decreased risk of new macroalbuminuria in patients
treated with dulaglutide whereas the incidence of sustained decline in GFR and
chronic renal replacement therapy did not differ between the 2 groups!”. In a smaller
randomized study in 577 patients with moderate-to-severe DKD, dulaglutide had
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similar effects on albuminuria with insulin glargine but was associated with higher
GFR at 52 wk". In a recent meta-analysis of 7 placebo-controlled, cardiovascular
outcome trials in patients with T2DM (n = 56004), treatment with GLP-1 RAs reduced
the risk of the composite renal outcome by 17%; again, this benefit was only due to a
reduction in the incidence of macroalbuminuria by 24 %,

In addition to the glucose-lowering action of GLP-1 RAs, several other mechanisms
appear to underpin the effects of these agents on renal function!”l. GLP-1RAs lower
blood pressure both due to weight loss and due to direct effects on the kidney!l.
Indeed, it has been reported that GLP-1 RAs promote natriuresis and diuresis due to
the inhibition of the sodium-hydrogen exchanger 3, which is located in the renal
proximal tubular cells!*""l. In addition, preclinical models suggest that GLP-1 RAs
exert anti-inflammatory effects and decrease oxidative stress in the kidneys!"**1.

CONCLUSION

In conclusion, GLP-1 RAs appear to reduce the incidence of persistent macro-
albuminuria in patients with T2DM. On the other hand, these agents do not appear to
affect the rate of decline of GFR. However, this might be due to the relatively short
duration of the trials that evaluated these effects. Moreover, these trials were not
designed nor powered to assess renal outcomes. Given than macrolbuminuria is a
strong risk factor for the progression of DKDF*, it might be expected that GLP-1 RAs
will prevent the deterioration in renal function in the long term. However, this
remains to be shown in appropriately designed randomized controlled trials in
patients with DKD. The FLOW trial (NCT03819153) is currently evaluating the effects
of semaglutide vs placebo on the progression of renal impairment in patients with
DKD and is expected to be completed in 2024,

REFERENCES

1 Umanath K, Lewis JB. Update on Diabetic Nephropathy: Core Curriculum 2018. Am J Kidney Dis 2018; 71:
884-895 [PMID: 29398179 DOI: 10.1053/j.ajkd.2017.10.026]

2 Gheith O, Farouk N, Nampoory N, Halim MA, Al-Otaibi T. Diabetic kidney disease: world wide difference
of prevalence and risk factors. J Nephropharmacol 2016; 5: 49-56 [PMID: 28197499]

3 Nincevi¢ V, Omanovi¢ Kolari¢ T, Rogulji¢ H, Kizivat T, Smoli¢ M, Bili¢ Cur¢i¢ 1. Renal Benefits of SGLT
2 Inhibitors and GLP-1 Receptor Agonists: Evidence Supporting a Paradigm Shift in the Medical
Management of Type 2 Diabetes. Int J Mol Sci 2019; 20 [PMID: 31757028 DOI: 10.3390/ijms20235831]

4 Selby NM, Taal MW. An updated overview of diabetic nephropathy: Diagnosis, prognosis, treatment goals
and latest guidelines. Diabetes Obes Metab 2020; 22 Suppl 1: 3-15 [PMID: 32267079 DOI:
10.1111/dom.14007]

5 Ninomiya T, Perkovic V, de Galan BE, Zoungas S, Pillai A, Jardine M, Patel A, Cass A, Neal B, Poulter N,
Mogensen CE, Cooper M, Marre M, Williams B, Hamet P, Mancia G, Woodward M, Macmahon S,
Chalmers J; ADVANCE Collaborative Group. Albuminuria and kidney function independently predict
cardiovascular and renal outcomes in diabetes. J Am Soc Nephrol 2009; 20: 1813-1821 [PMID: 19443635
DOI: 10.1681/ASN.2008121270]

6 Perkovic V, Agarwal R, Fioretto P, Hemmelgarn BR, Levin A, Thomas MC, Wanner C, Kasiske BL,
Wheeler DC, Groop PH; Conference Participants. Management of patients with diabetes and CKD:
conclusions from a "Kidney Disease: Improving Global Outcomes" (KDIGO) Controversies Conference.
Kidney Int 2016; 90: 1175-1183 [PMID: 27884312 DOI: 10.1016/j.kint.2016.09.010]

7  Meier JJ. GLP-1 receptor agonists for individualized treatment of type 2 diabetes mellitus. Nat Rev
Endocrinol 2012; 8: 728-742 [PMID: 22945360 DOI: 10.1038/nrendo.2012.140]

8 Cheang JY, Moyle PM. Glucagon-Like Peptide-1 (GLP-1)-Based Therapeutics: Current Status and Future
Opportunities beyond Type 2 Diabetes. ChemMedChem 2018; 13: 662-671 [PMID: 29430842 DOI:
10.1002/cmdc.201700781]

9 Aroda VR. A review of GLP-1 receptor agonists: Evolution and advancement, through the lens of
randomised controlled trials. Diabetes Obes Metab 2018; 20 Suppl 1: 22-33 [PMID: 29364586 DOI:
10.1111/dom.13162]

10 Mann JFE, @rsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen S, Tornge K, Zinman B,
Buse JB; LEADER Steering Committee and Investigators. Liraglutide and Renal Outcomes in Type 2
Diabetes. N Engl J Med 2017; 377: 839-848 [PMID: 28854085 DOI: 10.1056/NEJMoal616011]

11 Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, Lingvay I, Rosenstock J, Seufert J,
Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbell T; SUSTAIN-6 Investigators. Semaglutide
and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med 2016; 375: 1834-1844 [PMID:
27633186 DOI: 10.1056/NEJMoal607141]

12 Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P, Probstfield J, Botros FT, Riddle
MC, Rydén L, Xavier D, Atisso CM, Dyal L, Hall S, Rao-Melacini P, Wong G, Avezum A, Basile J, Chung
N, Conget I, Cushman WC, Franek E, Hancu N, Hanefeld M, Holt S, Jansky P, Keltai M, Lanas F, Leiter
LA, Lopez-Jaramillo P, Cardona Munoz EG, Pirags V, Pogosova N, Raubenheimer PJ, Shaw JE, Sheu WH,

WJD | https://www.wjgnet.com 372 September 15,2020 | Volumel1l | Issue9 |


http://www.ncbi.nlm.nih.gov/pubmed/29398179
https://dx.doi.org/10.1053/j.ajkd.2017.10.026
http://www.ncbi.nlm.nih.gov/pubmed/28197499
http://www.ncbi.nlm.nih.gov/pubmed/31757028
https://dx.doi.org/10.3390/ijms20235831
http://www.ncbi.nlm.nih.gov/pubmed/32267079
https://dx.doi.org/10.1111/dom.14007
http://www.ncbi.nlm.nih.gov/pubmed/19443635
https://dx.doi.org/10.1681/ASN.2008121270
http://www.ncbi.nlm.nih.gov/pubmed/27884312
https://dx.doi.org/10.1016/j.kint.2016.09.010
http://www.ncbi.nlm.nih.gov/pubmed/22945360
https://dx.doi.org/10.1038/nrendo.2012.140
http://www.ncbi.nlm.nih.gov/pubmed/29430842
https://dx.doi.org/10.1002/cmdc.201700781
http://www.ncbi.nlm.nih.gov/pubmed/29364586
https://dx.doi.org/10.1111/dom.13162
http://www.ncbi.nlm.nih.gov/pubmed/28854085
https://dx.doi.org/10.1056/NEJMoa1616011
http://www.ncbi.nlm.nih.gov/pubmed/27633186
https://dx.doi.org/10.1056/NEJMoa1607141

Jaishideng®

13

14

15

16

17

18

19

20

21

Veneti S et al. GLP-1 receptor agonists in diabetic nephropathy

Temelkova-Kurktschiev T; REWIND Investigators. Dulaglutide and renal outcomes in type 2 diabetes: an
exploratory analysis of the REWIND randomised, placebo-controlled trial. Lancet 2019; 394: 131-138
[PMID: 31189509 DOI: 10.1016/S0140-6736(19)31150-X]

Tuttle KR, Lakshmanan MC, Rayner B, Busch RS, Zimmermann AG, Woodward DB, Botros FT.
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: 605-
617 [PMID: 29910024 DOI: 10.1016/S2213-8587(18)30104-9]

Giugliano D, Maiorino MI, Bellastella G, Longo M, Chiodini P, Esposito K. GLP-1 receptor agonists for
prevention of cardiorenal outcomes in type 2 diabetes: An updated meta-analysis including the REWIND and
PIONEER 6 trials. Diabetes Obes Metab 2019; 21: 2576-2580 [PMID: 31373167 DOI: 10.1111/dom.13847]
Greco EV, Russo G, Giandalia A, Viazzi F, Pontremoli R, De Cosmo S. GLP-1 Receptor Agonists and
Kidney Protection. Medicina (Kaunas) 2019; 55 [PMID: 31159279 DOI: 10.3390/medicina55060233]
Muskiet MHA, Tonneijck L, Smits MM, van Baar MJB, Kramer MHH, Hoorn EJ, Joles JA, van Raalte DH.
GLP-1 and the kidney: from physiology to pharmacology and outcomes in diabetes. Nat Rev Nephrol 2017,
13: 605-628 [PMID: 28869249 DOI: 10.1038/nrmeph.2017.123]

Sun F, Wu S, Guo S, YuK, Yang Z, Li L, Zhang Y, Quan X, Ji L, Zhan S. 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 2015; 110: 26-37 [PMID: 26358202 DOI:
10.1016/j.diabres.2015.07.015]

Fujita H, Morii T, Fujishima H, Sato T, Shimizu T, Hosoba M, Tsukiyama K, Narita T, Takahashi T,
Drucker DJ, Seino Y, Yamada Y. The protective roles of GLP-IR signaling in diabetic nephropathy: possible
mechanism and therapeutic potential. Kidney Int 2014; 85: 579-589 [PMID: 24152968 DOL:
10.1038/ki.2013.427]

Kodera R, Shikata K, Kataoka HU, Takatsuka T, Miyamoto S, Sasaki M, Kajitani N, Nishishita S, Sarai K,
Hirota D, Sato C, Ogawa D, Makino H. Glucagon-like peptide-1 receptor agonist ameliorates renal injury
through its anti-inflammatory action without lowering blood glucose level in a rat model of type 1 diabetes.
Diabetologia 2011; 54: 965-978 [PMID: 21253697 DOL: 10.1007/s00125-010-2028-x]

Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers J, Heerspink HJ, Lee BJ, Perkins RM, Rossing P,
Sairenchi T, Tonelli M, Vassalotti JA, Yamagishi K, Coresh J, de Jong PE, Wen CP, Nelson RG; Chronic
Kidney Disease Prognosis Consortium. Associations of kidney disease measures with mortality and end-
stage renal disease in individuals with and without diabetes: a meta-analysis. Lancet 2012; 380: 1662-1673
[PMID: 23013602 DOI: 10.1016/S0140-6736(12)61350-6]

Novo Nordisk A/S. A Research Study to See How Semaglutide Works Compared to Placebo in People With
Type 2 Diabetes and Chronic Kidney Disease (FLOW). In: ClinicalTrials.gov [Internet]. Bethesda (MD):
National Library of Medicine (US). Available from: https:/clinicaltrials.gov/ct2/show/NCT03819153 NLM
Identifier: NCT03819153

WJD | https://www.wjgnet.com 373 September 15,2020 | Volumel1l | Issue9 |


http://www.ncbi.nlm.nih.gov/pubmed/31189509
https://dx.doi.org/10.1016/S0140-6736(19)31150-X
http://www.ncbi.nlm.nih.gov/pubmed/29910024
https://dx.doi.org/10.1016/S2213-8587(18)30104-9
http://www.ncbi.nlm.nih.gov/pubmed/31373167
https://dx.doi.org/10.1111/dom.13847
http://www.ncbi.nlm.nih.gov/pubmed/31159279
https://dx.doi.org/10.3390/medicina55060233
http://www.ncbi.nlm.nih.gov/pubmed/28869249
https://dx.doi.org/10.1038/nrneph.2017.123
http://www.ncbi.nlm.nih.gov/pubmed/26358202
https://dx.doi.org/10.1016/j.diabres.2015.07.015
http://www.ncbi.nlm.nih.gov/pubmed/24152968
https://dx.doi.org/10.1038/ki.2013.427
http://www.ncbi.nlm.nih.gov/pubmed/21253697
https://dx.doi.org/10.1007/s00125-010-2028-x
http://www.ncbi.nlm.nih.gov/pubmed/23013602
https://dx.doi.org/10.1016/S0140-6736(12)61350-6
https://clinicaltrials.gov/ct2/show/NCT03819153

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

