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ABSTRACT

Background: Chronic Kidney Disease (CKD) is currently one of the major global health burdens and the number of people
affected by this disease is still rising. CKD is strongly associated with type 2 diabetes mellitus (T2DM), obesity and
cardiovascular diseases. Despite the fact that glucagon-like-peptide-1 receptor agonists were primarily developed as glucose-
lowering agents, accumulating evidence suggests that their benefits extend beyond glycemic control and include significant
renoprotective effects.

Aim: This review synthesises current evidence on the nephroprotective effects of GLP-1 receptor agonists in patients with
CKD with emphasis on clinical trials outcomes and future therapeutic perspectives.

Materials and Methods: A narrative review of current literature was conducted in PubMed, Google Scholar, and Scopus.
Relevant randomized controlled trials, meta-analyses, and recent review articles published between 2019 and 2026 were
analyzed.

Results: GLP-1 receptor agonists expend nephroprotective effects through multiple pathways, including reduction of
systemic inflammation, oxidative stress, endothelial dysfunction, albuminuria and intraglomerular hypertension. Additional
benefits arise from weight reduction, blood pressure lowering and cardiovascular protection. Clinical trials such as LEADER,
SUSTAIN-6, REWIND, and particularly the FLOW trial demonstrated significant reductions in renal composite outcomes
and slower decline in estimated glomerular filtration rate (¢GFR). The FLOW trial provided the first dedicated evidence that
semaglutide significantly reduces the risk of kidney disease progression and cardiovascular death in patients with T2DM and
CKD.

Conclusions: Current evidence suggests that GLP-1 receptor agonists represent an emerging nephroprotective therapy with
benefits extending far beyond glycemic control. Their pleiotropic effects may position GLP-1 RAs as an important
component of future cardio—renal-metabolic management strategies in CKD patients. Further studies are needed to clarify
their role in non-diabetic CKD and advanced kidney disease.
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Introduction

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function, present for a
minimum of 3 months, with implications for health.[1]. CKD represents a major global public health challenge,
affecting more than 850 million people worldwide - contributing to morbidity, mortality and healthcare costs.
The number of people with this disease is still rising, with the condition now the ninth leading cause of death
globally, accounting for around 1,5 million deaths a year [2,3]. Moreover, the prevalence of CKD continues
to rise due to the growing incidence of type 2 diabetes mellitus, obesity, hypertension and population aging
[1,4]. Diabetic kidney disease is currently recognized as the leading cause of end-stage kidney disease
worldwide and significantly contributes to cardiovascular complications and premature mortality [4,5].

Over the past two decades, therapeutic strategies in CKD management have focused predominantly on
glycemic control, blood pressure reduction and renin-angiotensin-aldosterone system inhibition [1,6].
Although these interventions slow down CKD progression, residual renal and cardiovascular risk remains
substantial [6,7]. Consequently, there is increasing interest in new pharmacological agents capable of exerting
nephroprotective effects beyond conventional metabolic control [7].

Glucagon-like-peptide-1 receptor agonists (GLP-1 RAs), initially developed as antihyperglycemic
agents for treatment of T2DM, have emerged as promising drugs with pleiotropic cardiovascular and renal
effects [7-9]. Beyond glucose lowering, GLP-1 RAs demonstrate anti-inflammatory, antioxidative, natriuretic,
antiatherogenic and antifibrotic properties that may contribute to kidney protection [7,8]. Large cardiovascular

e-ISSN: 2544-9435 2



2(50) (2026): International Journal of Innovative Technologies in Social Science

outcome trials and dedicated renal analyses have shown reductions in albuminuria and slower decline in
estimated glomerular filtration rate (¢eGFR) among patients receiving GLP-1 RAs [10-13].

Recent evidence suggests that nephroprotection associated with GLP-1 receptor agonists may be
partially independent of glycemic control, indicating broader pathophysiological mechanisms involved in
CKD progression [8, 14]. This has led to increasing incorporation of GLP-1 RAs into contemporary clinical
guidelines for patients with T2DM and CKD [1,15].

Aim

The main goal of this narrative review is to evaluate evidence on the nephroprotective effects of using
GLP-1 receptor agonists and related outcomes in adults with chronic kidney disease with particular emphasis
on mechanisms extending beyond glycemic control. Addictionally, this review explores physiological
mechanisms, pathophysiological pathways and evidence from major clinical trials assessing renal outcomes
associated with GLP-1 RA therapy.

Methodology

This narrative review follows the standard methodology for narrative literature reviews. The main focus
was on integrating the latest research evidence regarding how using the GLP-1 receptor agonists affects
development or progression of chronic kidney disease.

The literature search was conducted in multiple electronic databases, including PubMed, Google Scholar,
and Scopus.

It was mainly limited to articles published during the last 3-5 years with particular emphasis on the
newest articles published in last year (2025) to reflect the most recent outlook. The older articles providing
foundational clinical information were included when necessary.

Search terms were combined as follows: ’GLP-1 receptor agonist’’, ’Chronic Kidney Disease’’,
“’Glycemic Control’’, ’Obesity’’, ’Kidney Failure’’, ’eGFR”’, “’Nephroprotective effects’’.

Boolean operators AND/OR were used to refine searches. Manual searches were additionally performed
on reference lists of all retrieved studies.

Because of the narrative structure of this review, a formal risk-of-bias assessment and statistical
synthesis of results were not performed. Instead, a qualitative synthesis of key findings is provided, grouped
thematically according to the categories described in the Results section. High-quality systematic reviews and
meta-analyses were prioritised, with individual RCTs included when synthesis-level evidence was lacking.

Results

Physiology of GLP-1 and mechanism of action

Glucagon-like-peptide-1 (GLP-1) is an incretin hormone secreted primarily by enteroendocrine L-cells
located in the distal small intestine and colon in response to nutrient intake [16]. Following food ingestion,
GLP-1 is released into the circulation and contributes to postprandial glucose homeostasis by enhancing
glucose-dependent insulin secretion and suppressing glucagon release from pancreatic a-cells [16,17]. In
addition, GLP-1 delays gastric emptying and promotes satiety through central nervous system pathways,
thereby contributing to reduced caloric intake and body weight reduction [17,18].

Native GLP-1 has a short half-life due to rapid degradation by dipeptidyl peptidase (DPP-4) [17]. This
limitation led to the development of long-acting GLP-1 receptor agonists that are resistant to enzymatic
degradation and capable of providing sustained receptor activation [17, 19].

GLP-1 receptors are widely distributed throughout the body and are expressed not only in pancreatic 8-
cells but also in cardiovascular tissues, the gastrointestinal tract, the central nervous system, and the kidneys
[20]. In renal tissue, GLP-1 receptor expression has been identified in proximal tubular cells, renal vasculature,
and other nephron-associated structures, suggesting that GLP-1 receptor agonists may exert direct renal effects
independent of their glucose-lowering properties [20,21].

Currently available GLP-1 receptor agonists include short-acting and long-acting agents such as
exenatide, liraglutide, dulaglutide, semaglutide and lixisenatide. These agents differ in pharmacokinetic
properties, administration frequency and receptor affinity - although they share common metabolic and
cardioprotective actions [19,20].

The activation of GLP-1 receptors stimulates intracellular cyclic adenosine monophosphate (cAMP)
signaling pathways, resulting in activation of protein kinase A (PKA) and exchange proteins directly activated
by cAMP (EPAC) [17, 23]. These pathways regulate insulin secretion, improve cellular energy metabolism,
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and influence inflammatory and oxidative stress responses. Experimental evidence indicates that GLP-1
receptor signaling may reduce reactive oxygen species generation, attenuate inflammatory pathway activation,
and improve endothelial function [20,23].

Importantly, many of these biological effects are directly involved in the pathogenesis of chronic kidney
disease. Consequently, activation of GLP-1 signaling pathways has been proposed as a potential mechanism
linking GLP-1 receptor agonist therapy with nephroprotection beyond glycemic control [20,21].

Pathophysiological rationale for nephroprotection

The progression of CKD is driven by a complex interplay of hemodynamic, metabolic, inflammatory,
and fibrotic mechanisms. Persistent glomerular hyperfiltration, endothelial dysfunction, oxidative stress,
chronic low-grade inflammation, and activation of profibrotic signaling pathways contribute to progressive
nephron loss and decline in renal function [1,20,24]. Hyperglycemia is a major contributor to these
pathological processes in diabetic kidney disease (DKD), promoting the formation of advanced glycation end-
products, mitochondrial dysfunction, and activation of inflammatory cascades [4,25].

However, metabolic disturbances alone do not fully explain the progression of CKD. Increasing
evidence suggests that obesity, insulin resistance, hypertension, and systemic inflammation independently
contribute to renal injury [26]. Excess adipose tissue functions as an active endocrine organ that releases
proinflammatory cytokines, including tumor necrosis factor-o. (TNF-a), interleukin-6 (IL-6), and monocyte
chemoattractant protein-1 (MCP-1), thereby promoting chronic low-grade inflammation and oxidative stress
[26,27]. These alterations contribute to endothelial dysfunction, activation of the renin—angiotensin—
aldosterone system (RAAS), and increased intraglomerular pressure, ultimately accelerating CKD progression
[26,28]. Obesity-related glomerulopathy has emerged as an important clinical entity linking excess body
weight with renal dysfunction. Increased metabolic demand and adaptive glomerular hyperfiltration initially
maintain renal function but eventually result in glomerular hypertrophy, podocyte injury, albuminuria, and
progressive nephron loss [29]. Furthermore, obesity frequently coexists with hypertension, dyslipidemia, and
atherosclerotic cardiovascular disease, amplifying vascular and renal damage [26,29].

GLP-1 receptor agonists may counteract these pathological processes through multiple mechanisms.
Significant weight reduction associated with GLP-1 receptor agonist therapy improves insulin sensitivity,
decreases systemic inflammation, and reduces glomerular hyperfiltration [18,22]. In addition, GLP-1 receptor
activation has been associated with improvements in endothelial function, blood pressure regulation, and
vascular homeostasis, all of which may contribute to preservation of renal function [20,30].

Experimental studies further suggest direct renoprotective actions of GLP-1 signaling. Activation of
GLP-1 receptors has been shown to attenuate mesangial cell expansion, reduce podocyte injury, suppress
inflammatory signaling pathways, and inhibit fibrotic remodeling within renal tissue [21,31]. These
observations support the hypothesis that GLP-1 receptor agonists may influence several key pathways involved
in CKD progression independently of glycemic control [20,31].

Taken together, the multifactorial pathophysiology of CKD provides a strong biological rationale for
the use of GLP-1 receptor agonists as nephroprotective agents. Their ability to target metabolic, inflammatory,
hemodynamic, and fibrotic pathways simultaneously may explain the favorable renal outcomes observed in
clinical studies and supports their growing role in contemporary cardiorenal-metabolic medicine [20,14,15].

Mechanisms of nephroprotection beyond glycemic control

Accumulating evidence suggests that the renal benefits associated with glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) cannot be explained solely by improvements in glycemic control. Although reduction
of hyperglycemia undoubtedly contributes to slowing the progression of diabetic kidney disease, numerous
experimental and clinical studies indicate that GLP-1 receptor agonists exert direct and indirect effects on
inflammatory, oxidative, hemodynamic, vascular, and fibrotic pathways involved in chronic kidney disease
(CKD) progression [20,32].

Anti-inflammatory effects

Chronic low-grade inflammation is a hallmark of CKD and contributes substantially to progressive
nephron injury. Elevated circulating concentrations of inflammatory mediators such as tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6), and C-reactive protein (CRP) are associated with accelerated decline in
renal function and increased cardiovascular risk [24,33].Experimental studies have demonstrated that GLP-1
receptor activation suppresses inflammatory signaling through inhibition of nuclear factor kappa B (NF-kB)
pathways, leading to reduced cytokine production and diminished inflammatory cell infiltration within renal
tissue [21,34]. In both animal models and clinical studies, treatment with GLP-1 receptor agonists has been
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associated with reductions in systemic inflammatory biomarkers, suggesting an important role of anti-
inflammatory mechanisms in nephroprotection [32,34].

Reduction of oxidative stress

Oxidative stress is another major contributor to CKD progression. Excessive production of reactive
oxygen species (ROS) promotes endothelial dysfunction, podocyte injury, mesangial expansion, and
extracellular matrix accumulation [25,35]. GLP-1 receptor agonists appear to enhance antioxidant defense
systems while simultaneously reducing ROS generation and mitochondrial dysfunction [35]. Experimental
evidence suggests that activation of GLP-1 signaling pathways improves mitochondrial integrity and attenuates
oxidative injury in renal tissues [35,36]. These effects may help preserve glomerular filtration barrier function
and delay structural kidney damage.

Hemodynamic and natriuretic effects

Alterations in renal hemodynamics play a crucial role in the initiation and progression of CKD.
Hyperfiltration and increased intraglomerular pressure contribute to glomerular injury and albuminuria [30].
LP-1 receptor agonists promote natriuresis and diuresis through inhibition of the sodium—hydrogen exchanger
isoform 3 (NHE3) in proximal renal tubules [20,37]. Enhanced sodium excretion may improve volume
regulation, reduce systemic blood pressure, and decrease intraglomerular hypertension [20,37]. Furthermore,
modest but clinically meaningful reductions in systolic blood pressure observed during GLP-1 receptor agonist
therapy may contribute to long-term renal protection [18, 22].

Antifibrotic activity

Renal fibrosis represents the final common pathway of CKD progression regardless of the underlying
etiology. Transforming growth factor-beta (TGF-P) signaling plays a central role in extracellular matrix
accumulation, fibroblast activation, and structural remodeling of renal tissue [24,38]. Experimental studies
indicate that GLP-1 receptor agonists may attenuate TGF-B-mediated profibrotic signaling and reduce collagen
deposition within the kidney [31,38]. By limiting fibrotic remodeling, GLP-1 receptor agonists may help
preserve functional nephron mass and slow the progression toward end-stage kidney disease.

Improvement of endothelial function

Endothelial dysfunction is a characteristic feature of both CKD and cardiovascular disease. Reduced
nitric oxide bioavailability, increased oxidative stress, and vascular inflammation contribute to impaired
vasodilation and accelerated atherosclerosis [39]. GLP-1 receptor activation has been shown to improve
endothelial function through enhanced nitric oxide production, reduced oxidative injury, and suppression of
inflammatory signaling pathways [39,40]. These vascular effects may improve renal perfusion and reduce
ischemic injury within the kidney microcirculation.

Weight reduction and metabolic benefits

Obesity and insulin resistance are increasingly recognized as independent risk factors for CKD
progression [26]. Weight loss achieved with GLP-1 receptor agonists improves insulin sensitivity, reduces
systemic inflammation, lowers blood pressure, and decreases glomerular hyperfiltration [18,22]. In addition,
favorable effects on lipid metabolism and body composition may further reduce cardiovascular and renal risk
[41]. The substantial weight reduction observed with newer GLP-1 receptor agonists, particularly semaglutide,
has generated considerable interest in their potential role within integrated cardiorenal-metabolic management
strategies [14,41].

Collectively, these mechanisms suggest that GLP-1 receptor agonists exert nephroprotective effects
through multiple complementary pathways extending far beyond glycemic control alone. Their ability to
simultaneously target inflammation, oxidative stress, hemodynamic abnormalities, endothelial dysfunction,
fibrosis, and obesity provides a strong biological explanation for the favorable renal outcomes observed in
major clinical trials [20,14,32].

Evidence from clinical trails

The nephroprotective potential of glucagon-like peptide-1 receptor agonists (GLP-1 RAs) has been
progressively demonstrated through a series of large cardiovascular outcome trials (CVOTs) and, more
recently, dedicated kidney outcome studies. Although early trials were primarily designed to evaluate
cardiovascular safety, secondary renal analyses consistently suggested favorable effects on albuminuria,
estimated glomerular filtration rate (eGFR) decline, and progression of diabetic kidney disease.

LEADER Trial

The LEADER trial was among the first large studies to demonstrate potential renal benefits of GLP-1
receptor agonist therapy. In this multicenter randomized controlled trial involving more than 9,000 patients
with type 2 diabetes mellitus and high cardiovascular risk, liraglutide significantly reduced the occurrence of
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nephropathy events compared with placebo. The observed benefit was driven primarily by a reduction in new-
onset persistent macroalbuminuria, although favorable trends in other renal outcomes were also reported [10]
These findings provided initial evidence that GLP-1 receptor agonists may influence kidney disease
progression beyond glycemic control.

SUSTAIN-6 Trial

Further support for nephroprotection emerged from the SUSTAIN-6 trial evaluating semaglutide in
patients with type 2 diabetes at high cardiovascular risk. Semaglutide significantly reduced the risk of new or
worsening nephropathy compared with placebo, largely through reductions in persistent macroalbuminuria
[11]. Subsequent post hoc analyses demonstrated beneficial effects across different chronic kidney disease risk
categories, suggesting that semaglutide may provide renal protection even in patients with more advanced
kidney impairment [15].

REWIND Trial

The REWIND trial expanded these observations to a broader population of patients with type 2 diabetes.
In an exploratory renal analysis, dulaglutide reduced the incidence of a composite renal outcome consisting of
new macroalbuminuria, sustained decline in eGFR, or need for renal replacement therapy [12]. Importantly,
benefits were observed despite relatively preserved baseline renal function in many participants, indicating a
potential role for GLP-1 receptor agonists in earlier stages of kidney disease.

AWARD-7 Trial

Unlike previous cardiovascular outcome trials, the AWARD-7 study specifically enrolled patients with
moderate-to-severe chronic kidney disease. This randomized trial compared dulaglutide with insulin glargine
in patients with type 2 diabetes and CKD stages 3—4. Over 52 weeks of follow-up, dulaglutide was associated
with a slower decline in eGFR compared with insulin glargine while providing similar glycemic control [13].
These findings strengthened the hypothesis that renal benefits may extend beyond glucose lowering alone.

FLOW Trial

The most compelling evidence supporting nephroprotection with GLP-1 receptor agonists originates
from the FLOW trial, the first dedicated kidney outcome trial evaluating a GLP-1 receptor agonist in patients
with type 2 diabetes and chronic kidney disease. The study enrolled more than 3,500 participants with CKD
and demonstrated that once-weekly semaglutide significantly reduced the risk of major kidney disease events,
kidney failure, substantial eGFR decline, or cardiovascular death compared with placebo. The primary
composite outcome was reduced by approximately 24%, leading to early trial termination because of clear
efficacy." Furthermore, semaglutide slowed the annual decline in kidney function and reduced both
cardiovascular events and all-cause mortality. These findings represent the strongest evidence to date
supporting the direct nephroprotective role of GLP-1 receptor agonists [14].

Meta-Analyses and Overall Evidence

Evidence from large meta-analyses has largely confirmed the renal benefits observed in individual
clinical trials.> Across different GLP-1 receptor agonists, treatment has been associated with significant
reductions in albuminuria progression and favorable effects on composite kidney outcomes [32]. Nevertheless,
until the publication of FLOW, much of the evidence relied on secondary renal endpoints from cardiovascular
outcome trials. Consequently, although confidence in the nephroprotective potential of GLP-1 receptor
agonists has increased substantially, additional studies are still needed to clarify their role in non-diabetic CKD,
advanced stages of kidney disease, and combination therapy with sodium-glucose cotransporter-2 inhibitors
(SGLT2i) [14,32].

Overall, current clinical evidence supports GLP-1 receptor agonists as an important component of
contemporary cardiorenal-metabolic therapy. Their demonstrated ability to reduce albuminuria, preserve
kidney function, and improve cardiovascular outcomes provides strong clinical confirmation of the
mechanistic pathways described in experimental studies [10-14].
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Discussion

The accumulated evidence from experimental studies, mechanistic research, and large randomized
clinical trials indicates that glucagon-like peptide-1 receptor agonists (GLP-1 RAs) exert clinically meaningful
nephroprotective effects in patients with type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD).
These effects appear to extend beyond improvements in glycemic control and involve multiple interrelated
biological pathways, including anti-inflammatory, antioxidative, hemodynamic, antifibrotic, and metabolic
mechanisms [14,20,32].

Importantly, renal benefits observed in major cardiovascular outcome trials such as LEADER,
SUSTAIN-6, and REWIND were primarily driven by reductions in albuminuria, with more modest effects on
hard renal endpoints such as end-stage kidney disease or initiation of dialysis [10-12]. This pattern suggests
that GLP-1 RAs may be particularly effective in the early and intermediate stages of CKD, where functional
and hemodynamic abnormalities predominate over irreversible structural damage [13,3].

The recent FLOW trial provides the strongest evidence to date that GLP-1 receptor agonism can modify
clinically relevant kidney outcomes, demonstrating a significant reduction in a composite endpoint of kidney
failure, sustained decline in eGFR, and cardiovascular death in patients with T2DM and CKD. These results
position GLP-1 RAs as agents with disease-modifying potential in diabetic kidney disease rather than merely
glucose-lowering therapies with secondary renal benefits [14].

From a pathophysiological perspective, the nephroprotective effects of GLP-1 RAs are likely
multifactorial. As previously discussed, these agents reduce systemic inflammation, oxidative stress, and
intraglomerular hypertension, while simultaneously improving endothelial function and promoting weight loss
[2026,32]. This multimodal action distinguishes GLP-1 RAs from traditional renin—angiotensin—aldosterone
system (RAAS) blockade, which primarily targets hemodynamic pathways [6].

A key clinical consideration is the positioning of GLP-1 RAs within contemporary cardiorenal-
metabolic therapy. Current KDIGO 2024 guidelines and ADA Standards of Care recommend GLP-1 receptor
agonists in patients with T2DM and CKD, particularly in those with established cardiovascular disease or high
cardiovascular risk, often in combination with sodium-glucose cotransporter-2 (SGLT2) inhibitors [1,15,16].
This reflects an evolving paradigm in which CKD is increasingly understood as part of a broader cardiorenal-
metabolic syndrome requiring multifaceted therapeutic approaches.

Comparative data suggest that SGLT2 inhibitors remain the first-line agents for slowing CKD
progression due to their robust effects on hard renal endpoints, while GLP-1 RAs provide complementary
benefits, particularly in reducing albuminuria, body weight, and atherosclerotic cardiovascular risk. The
combination of both drug classes may therefore offer additive or potentially synergistic renal and
cardiovascular protection, although direct head-to-head and combination trials remain limited [14,32].

Despite these promising findings, several limitations should be acknowledged. First, many renal
outcomes in earlier trials were secondary or exploratory endpoints, limiting causal inference [10-12]. Second,
heterogeneity between GLP-1 receptor agonists in terms of molecular structure, pharmacokinetics, and
receptor affinity may translate into variable renal effects that are not yet fully characterized [19]. Third,
evidence in non-diabetic CKD populations remains scarce, and it is currently unclear whether GLP-1 RAs
exert similar nephroprotective effects in the absence of diabetes [20].

Future research should focus on several key areas. Direct comparisons between GLP-1 RAs and SGLT2
inhibitors, as well as combination therapy trials, are needed to define optimal treatment strategies in CKD.
Additionally, long-term studies evaluating hard renal endpoints such as dialysis initiation and kidney
transplantation are required to confirm disease-modifying effects. Finally, further mechanistic studies may
help identify patient subgroups most likely to benefit from GLP-1 receptor agonist therapy based on metabolic,
inflammatory, or genetic profiles [20,32].

GLP-1 receptor agonists represent an important therapeutic advancement in the management of patients
with T2DM and CKD. Their nephroprotective effects, mediated through multiple complementary mechanisms
and supported by emerging clinical evidence, support their integration into modern cardiorenal-metabolic
treatment strategies [14,16].
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Conclusions
The GLP-1 receptor agonists represent a promising therapeutic class with significant nephroprotective

potential extending beyond glycemic control. Through anti-inflammatory, antioxidative, antifibrotic,
natriuretic and metabolic effects, these agents may slow down progression of chronic kidney disease and
reduce cardiovascular risk in patients with type 2 diabetes mellitus.

Current clinical evidence supports the beneficial impact of GLP-1 receptor agonists on albuminuria

reduction and preservation of renal function, although further studies are needed to establish their role in
advanced CKD and non-diabetic populations. The expanding role of GLP-1 RAs highlights the importance of
integrated cardiorenal-metabolic management strategies in modern nephrology and diabetology.

Author contributions:

Conceptualization: Anna Mamach, Matylda Krdl, Patrycja Sobantka

Methodology: Aleksandra Wozniak, Zofia Grodzka, Ewa Betc, Mateusz Meszka
Formal analysis: Szymon Mokrzecki, Aleksandra Wozniak, Katarzyna Aleksandrowicz
Investigation: Anna Mamach, Karolina Brzezinska, Aleksandra Wozniak

Resources: Patrycja Sobantka, Mateusz Meszka, Matylda Krol, Zofia Grodzka

Data curation: Ewa Belc, Karolina Brzezinska, Anna Mamach

Writing - original draft preparation: Aleksandra Wozniak, Anna Mamach, Patrycja Sobantka
Writing - review and editing: Szymon Mokrzecki, Anna Mamach, Ewa Betc
Visualization: Karolina Brzezinska, Anna Mamach, Mateusz Meszka, Zofia Grodzka
Supervision: Aleksandra Wozniak, Szymon Mokrzecki, Matylda Krol

All authors have read and approved the final version of the manuscript.
Funding: This research did not receive any funding.
Declaration of the use of generative AI and Al-assisted technologies in the writing process: In

preparing this work, the authors used Google Gemini for the purpose of grammatical correction and stylistic
errors. After using this tool, the authors have reviewed and edited the content as needed and accept full
responsibility for the substantive content of the publication.

10.

REFERENCES

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. (2024). KDIGO 2024 clinical practice
guideline for the evaluation and management of chronic kidney disease. Kidney International, 105(4 Suppl), S117—
S314. https://doi.org/10.1016/j.kint.2023.10.018

Jager, K. J., Kovesdy, C., Langham, R., Rosenberg, M., Jha, V., & Zoccali, C. (2019). A single number for advocacy
and communication—Worldwide more than 850 million individuals have kidney diseases. Kidney International,
96(5), 1048-1050. https://doi.org/10.1016/j.kint.2019.07.012

Bikbov, B., Purcell, C. A., Levey, A. S., etal. (2020). Global, regional, and national burden of chronic kidney disease,
1990-2017: A systematic analysis for the Global Burden of Disease Study 2017. The Lancet, 395(10225), 709-733.
https://doi.org/10.1016/S0140-6736(20)30045-3

Alicic, R. Z., Rooney, M. T., & Tuttle, K. R. (2017). Diabetic kidney disease: Challenges, progress, and possibilities.
Clinical Journal of the American Society of Nephrology, 12(12),2032-2045. https://doi.org/10.2215/CIN.11491116
Tuttle, K. R., Bakris, G. L., Bilous, R. W, et al. (2014). Diabetic kidney disease: A report from an ADA Consensus
Conference. Diabetes Care, 37(10), 2864—2883. https://doi.org/10.2337/dc14-1296

Brenner, B. M., Cooper, M. E., de Zeeuw, D., et al. (2001). Effects of losartan on renal and cardiovascular outcomes
in patients with type 2 diabetes and nephropathy. New England Journal of Medicine, 345(12), 861-869.
https://doi.org/10.1056/NEJMoa011161

Muskiet, M. H. A., Tonneijck, L., Smits, M. M., et al. (2017). GLP-1 and the kidney: From physiology to
pharmacology and outcomes in diabetes. Nature Reviews  Nephrology, 13(10), 605-628.
https://doi.org/10.1038/nrneph.2017.123

Drucker, D. J. (2018). Mechanisms of action and therapeutic application of glucagon-like peptide-1. Cell
Metabolism, 27(4), 740-756. https://doi.org/10.1016/j.cmet.2018.03.001

Nauck, M. A., Quast, D. R., Wefers, J., & Meier, J. J. (2021). GLP-1 receptor agonists in the treatment of type 2
diabetes—State-of-the-art. Molecular Metabolism, 46, 101102. https://doi.org/10.1016/j.molmet.2020.101102
Mann, J. F. E., Orsted, D. D., Brown-Frandsen, K., et al. (2017). Liraglutide and renal outcomes in type 2 diabetes.
New England Journal of Medicine, 377(9), 839-848. https://doi.org/10.1056/NEJMoal616011

e-ISSN: 2544-9435 8



2(50) (2026): International Journal of Innovative Technologies in Social Science

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Marso, S. P., Bain, S. C., Consoli, A., et al. (2016). Semaglutide and cardiovascular outcomes in patients with type
2 diabetes. New England Journal of Medicine, 375(19), 1834—1844. https://doi.org/10.1056/NEJMoal607141
Gerstein, H. C., Colhoun, H. M., Dagenais, G. R., et al. (2019). Dulaglutide and renal outcomes in type 2 diabetes:
An exploratory analysis of the REWIND randomised placebo-controlled trial. The Lancet, 394(10193), 131-138.
https://doi.org/10.1016/S0140-6736(19)31150-X

Tuttle, K. R., Lakshmanan, M. C., Rayner, B., et al. (2018). 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.
The Lancet Diabetes & Endocrinology, 6(8), 605—617. https://doi.org/10.1016/S2213-8587(18)30104-9

Perkovic, V., Tuttle, K. R., Rossing, P., et al. (2024). Effects of semaglutide on chronic kidney disease in patients
with type 2 diabetes. New England Journal of Medicine, 391(2), 109—121. https://doi.org/10.1056/NEJMoa2403347
American Diabetes Association Professional Practice Committee. (2025). Standards of care in diabetes—2025.
Diabetes Care, 48(Suppl 1). https://doi.org/10.2337/dc25-SINT

Holst, J. J. (2007). The physiology of glucagon-like peptide 1. Physiological Reviews, 87(4), 1409—1439.
https://doi.org/10.1152/physrev.00034.2006

Drucker, D. J. (2018). Mechanisms of action and therapeutic application of glucagon-like peptide-1. Cell
Metabolism, 27(4), 740-756. https://doi.org/10.1016/j.cmet.2018.03.001

Miiller, T. D., Finan, B., Bloom, S. R., et al. (2019). Glucagon-like peptide 1 (GLP-1). Molecular Metabolism, 30,
72—-130. https://doi.org/10.1016/j.molmet.2019.09.010

Nauck, M. A., Quast, D. R., Wefers, J., & Meier, J. J. (2021). GLP-1 receptor agonists in the treatment of type 2
diabetes—State-of-the-art. Molecular Metabolism, 46, 101102. https://doi.org/10.1016/j.molmet.2020.101102
Muskiet, M. H. A., Tonneijck, L., Smits, M. M., van Baar, M. J. B., Kramer, M. H. H., Hoorn, E. J., et al. (2017).
GLP-1 and the kidney: From physiology to pharmacology and outcomes in diabetes. Nature Reviews Nephrology,
13(10), 605-628. https://doi.org/10.1038/nrmeph.2017.123

Kodera, R., Shikata, K., Kataoka, H. U., Takatsuka, T., Miyamoto, S., Sasaki, M., et al. (2011). 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, 54(4), 965-978. https://doi.org/10.1007/s00125-010-
2028-x

Knudsen, L. B., & Lau, J. (2019). The discovery and development of liraglutide and semaglutide. Frontiers in
Endocrinology, 10, 155. https://doi.org/10.3389/fendo.2019.00155

Campbell, J. E., & Drucker, D. J. (2013). Pharmacology, physiology, and mechanisms of incretin hormone action.
Cell Metabolism, 17(6), 819—837. https://doi.org/10.1016/j.cmet.2013.04.008

Ruiz-Ortega, M., Rayego-Mateos, S., Lamas, S., Ortiz, A., & Rodrigues-Diez, R. R. (2020). Targeting inflammation
to treat chronic kidney disease. Nature Reviews Nephrology, 16(12), 689—710. https://doi.org/10.1038/s41581-020-
00320-5

Forbes, J. M., & Cooper, M. E. (2013). Mechanisms of diabetic complications. Physiological Reviews, 93(1), 137—
188. https://doi.org/10.1152/physrev.00045.2011

Kovesdy, C. P., Furth, S. L., & Zoccali, C. (2017). Obesity and kidney disease: Hidden consequences of the epidemic.
Kidney International, 91(2), 260-262. https://doi.org/10.1016/j.kint.2016.10.019

Ouchi, N., Parker, J. L., Lugus, J. J., & Walsh, K. (2011). Adipokines in inflammation and metabolic disease. Nature
Reviews Immunology, 11(2), 85-97. https://doi.org/10.1038/nri2921

Hall, J. E., do Carmo, J. M., da Silva, A. A., Wang, Z., & Hall, M. E. (2015). Obesity-induced hypertension:
Interaction of neurohumoral and renal mechanisms. Circulation Research, 116(6), 991-1006.
https://doi.org/10.1161/CIRCRESAHA.116.305697

D’Agati, V. D., Chagnac, A., de Vries, A. P. J., Levi, M., Porrini, E., Herman-Edelstein, M., et al. (2016). Obesity-
related glomerulopathy: Clinical and pathologic characteristics and pathogenesis. Nature Reviews Nephrology, 12(8),
453-471. https://doi.org/10.1038/nrneph.2016.75

Tonneijck, L., Muskiet, M. H. A., Smits, M. M., van Bommel, E. J. M., Heerspink, H. J. L., van Raalte, D. H., et al.
(2017). Glomerular hyperfiltration in diabetes: Mechanisms, clinical significance, and treatment. Journal of the
American Society of Nephrology, 28(4), 1023—-1039. https://doi.org/10.1681/ASN.2016060666

Yin, Q., Zhang, Y., Zheng, W., et al. (2023). GLP-1 receptor agonists attenuate renal fibrosis and inflammation
through modulation of TGF-f signaling pathways: Experimental evidence. Frontiers in Pharmacology, 14,1187142.
https://doi.org/10.3389/fphar.2023.1187142

Sattar, N., Lee, M. M. Y., Kristensen, S. L., Branch, K. R. H., Del Prato, S., Khurmi, N. S., et al. (2021).
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. The Lancet Diabetes & Endocrinology, 9(10), 653—-662.
https://doi.org/10.1016/S2213-8587(21)00203-5

Stenvinkel, P., Ketteler, M., Johnson, R. J., Lindholm, B., Pecoits-Filho, R., Riella, M., et al. (2005). IL-10, IL-6,
and TNF-a: Central factors in the altered cytokine network of chronic kidney disease. Kidney International, 67(4),
1216-1233. https://doi.org/10.1111/j.1523-1755.2005.00200.x

e-ISSN: 2544-9435 9



2(50) (2026): International Journal of Innovative Technologies in Social Science

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Kodera, R., Shikata, K., Kataoka, H. U., Takatsuka, T., Miyamoto, S., Sasaki, M., et al. (2011). 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, 54(4), 965-978. https://doi.org/10.1007/s00125-010-
2028-x

Lee, Y. S., & Jun, H. S. (2016). Anti-inflammatory effects of GLP-1-based therapies beyond glucose control.
Mediators of Inflammation, 2016, 3094642. https://doi.org/10.1155/2016/3094642

Yaribeygi, H., Atkin, S. L., Simental-Mendia, L. E., & Sahebkar, A. (2020). Molecular mechanisms by which GLP-
1 receptor agonists confer renoprotection. Journal of Cellular Physiology, 235(12), 9073-9084.
https://doi.org/10.1002/jcp.29775

Crajoinas, R. O., Oricchio, F. T., Pessoa, T. D., Pacheco, B. P. M., Lessa, L. M. A., Malnic, G., et al. (2011).
Mechanisms mediating the diuretic and natriuretic actions of GLP-1 in the kidney. American Journal of Physiology-
Renal Physiology, 301(2), F355-F363. https://doi.org/10.1152/ajprenal.00729.2010

Loeftler, ., & Wolf, G. (2014). Transforming growth factor-beta and the progression of renal disease. Nephrology
Dialysis Transplantation, 29(Suppl 1), 137-145. https://doi.org/10.1093/ndt/gft267

Marso, S. P., Daniels, G. H., Brown-Frandsen, K., et al. (2016). Liraglutide and cardiovascular outcomes in type 2
diabetes (LEADER). New England Journal of Medicine, 375(4),311-322. https://doi.org/10.1056/NEJMoal603827
Nystrom, T., Gutniak, M. K., Zhang, Q., Zhang, F., Holst, J. J., Ahrén, B., et al. (2004). Effects of glucagon-like
peptide-1 on endothelial function in type 2 diabetes patients with stable coronary artery disease. American Journal
of Physiology-Endocrinology and Metabolism, 287(6), E1209—E1215. https://doi.org/10.1152/ajpendo0.00237.2004
Wilding, J. P. H., Batterham, R. L., Calanna, S., Davies, M., Van Gaal, L. F., Lingvay, L., et al. (2021). Once-weekly
semaglutide in adults with overweight or obesity. New England Journal of Medicine, 384(11), 989—1002.
https://doi.org/10.1056/NEJM0a2032183

Mann, J. F. E., Buse, J. B., Idorn, T., et al. (2024). Effects of semaglutide with and without concomitant SGLT2
inhibitor use in participants with type 2 diabetes and chronic kidney disease in the FLOW trial. Nature Medicine,
30(10), 2849-2856. https://doi.org/10.1038/s41591-024-03133-0

Pratley, R. E., Tuttle, K. R., Rossing, P., et al. (2024). Effects of semaglutide on heart failure outcomes in diabetes
and chronic kidney disease in the FLOW trial. Journal of the American College of Cardiology, 84(17), 1615-1628.
https://doi.org/10.1016/j.jacc.2024.08.004

Mann, J. F. E., Fonseca, V. A., Mosenzon, O., et al. (2021). Potential kidney protection with liraglutide and
semaglutide: Exploratory mediation analysis. Diabetes, Obesity and Metabolism, 23(9), 2058-2066.
https://doi.org/10.1111/dom.14443

Kristensen, S. L., Rerth, R., Jhund, P. S., et al. (2019). Cardiovascular, mortality, and kidney outcomes with GLP-1
receptor agonists in patients with type 2 diabetes: Systematic review and meta-analysis of cardiovascular outcome
trials. The Lancet Diabetes & Endocrinology, 7(10), 776—785. https://doi.org/10.1016/S2213-8587(19)30249-9
Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. (2024). KDIGO 2024 clinical practice
guideline for the evaluation and management of chronic kidney disease. Kidney International, 105(Suppl 4S), S117—
S314. https://doi.org/10.1016/j.kint.2023.10.018

American Diabetes Association Professional Practice Committee. (2025). Standards of care in diabetes—2025.
Diabetes Care, 48(Suppl 1). https://doi.org/10.2337/dc25-SINT

e-ISSN: 2544-9435 10



	Introduction
	Aim
	Methodology
	Results
	Physiology of GLP-1 and mechanism of action
	Pathophysiological rationale for nephroprotection
	Mechanisms of nephroprotection beyond glycemic control
	Evidence from clinical trails

	Discussion
	Conclusions

