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Abstract

Introduction: Glucagon-like peptide-1 receptor agonists have demonstrated cardiovascular and kidney benefits in type
2 diabetes, but their role in non-diabetic chronic kidney disease remains uncertain.

Methodology: A systematic review following PRISMA 2020 guidelines was conducted, in which MEDLINE (PubMed),
Cochrane Library, TRIP and NICE databases were used. Search strategies combined MeSH terms and free-text strate-
gies. Eligible studies included randomized controlled trials, observational studies, systematic reviews, meta-analyses
and clinical practice guidelines published in English, Portuguese or Spanish. A thorough examination of reference lists
was conducted to identify additional studies. Evidence was graded using the Strength of Recommendation Taxonomy.
Results: The final synthesis included two placebo-controlled randomized trials. In the SELECT trial, non-diabetic adults
with overweight or obesity and established cardiovascular disease who received semaglutide 2.4 mg once weekly
showed a slower decline in estimated glomerular filtration rate and approximately 22% fewer composite kidney events
compared with placebo, with a greater benefit in those with baseline estimated glomerular filtration rate below 60 mL/
min/1.73 m2. In the SMART trial, adults with non-diabetic chronic kidney disease and overweight or obesity experienced
a 52% reduction in albuminuria at 24 weeks with semaglutide, while measured and estimated glomerular filtration rate
remained stable.

Conclusion: These findings suggest potential benefits of glucagon-like peptide-1 receptor agonists on albuminuria and
kidney function trajectories independent of diabetes, but effects on long-term kidney outcomes remain unknown. Use
in this population should be individualized and further studies are required to validate this use.
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INTRODUCTION

Chronic kidney disease (CKD) affects approximately 14%
of the global adult population and remains a major cause
of morbidity, premature mortality, and healthcare burden
worldwide.! Among patients with type 2 diabetes (T2D),
glucagon-like peptide-1 receptor agonists (GLP-1a) have
become well-established agents with proven cardio-
vascular and renal benefits extending beyond glycemic
control.?®

Large randomized controlled trials such as LEADER (lira-
glutide),? SUSTAIN-6 (semaglutide),®> and REWIND (du-
laglutide)* demonstrated significant reductions in new
or worsening nephropathy, mainly driven by decreased
albuminuria and a slower decline in estimated glomerular
filtration rate (eGFR). These renal findings were corrobo-
rated by the dedicated FLOW trial, > in which semaglutide
significantly reduced the risk of kidney failure, substantial

loss of kidney function, and cardiovascular death among
patients with T2D and CKD. Collectively, these studies
have established GLP-la as a renoprotective agent in
diabetic kidney disease, complementing the benefits of
sodium—glucose cotransporter-2 inhibitors (SGLT2i) and
renin—angiotensin system (RAS) blockers.

The underlying mechanisms appear to be multifactori-
al, involving improvements in glycemic control, weight
reduction, blood-pressure lowering, natriuresis, and an-
ti-inflammatory as well as anti-atherogenic effects.® These
pleiotropic pathways provide a biological rationale for
potential kidney benefits independent of diabetes status.
Although dedicated evidence in non-diabetic populations re-
mains limited, subgroup analyses suggest that the renopro-
tective effects of GLP-1a may extend beyond diabetes itself.”®
Despite these advances, current guidelines recommend
GLP-1a only for patients with T2D and CKD, particularly
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when SGLT2 inhibitors are contraindicated or insufficient
for glycemic or cardiovascular control.® No formal recom-
mendation currently supports their use in non-diabetic
CKD, underscoring the need to systematically appraise the
available evidence in this population.

Therefore, this evidence-based systematic review aims to
identify, critically appraise, and synthesize the available
data on the effectiveness of GLP-1a in adults with non-di-
abetic CKD, and to contextualize these findings within
current guideline recommendations.

METHODS

Study Design

A systematic review according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement® was performed. The protocol was not
registered in PROSPERO because the available evidence
was limited to a small and well-defined set of eligible stud-
ies, with minimal scope for analytical flexibility.

Search Strategy

A comprehensive literature search was conducted up
to 1 November 2025 across MEDLINE (via PubMed),
Cochrane Library, TRIP and NICE databases. For MEDLINE,
the following MeSH-based query was used: ((“Kidney
Diseases”[Mesh] OR “Kidney Failure, Chronic”[Mesh]
OR “Renal Insufficiency, Chronic”[Mesh] OR “Chronic
Kidney Diseases of Uncertain Etiology”[Mesh] ) NOT (
“Diabetes Mellitus”[Mesh] OR “Diabetes Mellitus, Type
2”[Mesh] OR “Diabetes Mellitus, Type 1”[Mesh] )) AND
(“Glucagon-Like Peptide-1 Receptor Agonists”[Mesh] OR
“Liraglutide”[Mesh] OR “semaglutide” [Supplementary
Concept] OR “dulaglutide” [Supplementary Concept] OR
“Exenatide”[Mesh] OR “rGLP-1 protein” [Supplementary
Concept] OR “efpeglenatide” [Supplementary Concept]
OR “lixisenatide” [Supplementary Concept]). To ensure
broader coverage, an additional free-text search was
performed using: ((“chronic kidney disease” OR CKD OR
“renal insufficiency” OR “kidney failure” OR eGFR OR al-
buminuria OR UACR) NOT (diabetes OR diabetic OR “type
2” OR T2D OR “Type 1” OR T1D)) AND (semaglutide OR
liraglutide OR dulaglutide OR exenatide OR lixisenatide OR
“GLP-1 receptor agonist*” OR “GLP1 receptor agonist*”
OR GLP1). The search was limited to human studies and to
Portuguese, English, and Spanish languages, with no time
restriction. Original studies were accepted including rand-
omized controlled trials, observational studies, systematic
reviews and meta-analyses.

Potentially eligible studies were first screened by title and
abstract. Articles considered potentially relevant under-
went full-text review. A thorough examination of refer-
ence lists was conducted to identify any additional eligible
publications. A separate search for clinical practice guide-
lines and practice recommendations was also conducted.

Eligibility Criteria

Only studies that allowed the evaluation of the effect of
GLP-1a on renal function of non-diabetic patients, follow-
ing the predefined acronym PICO framework, were includ-
ed in the systematic review:

Population: non-diabetic adults with CKD (any stage, as
defined by KDIGO criteria).

Intervention: exposure to a GLP-1a.

Comparison: non-exposure to GLP-1a or placebo/ other
active treatment.

Outcomes: kidney-related outcomes (e.g., eGFR slope,
kidney failure, composite renal events, albuminuria).
Studies that did not meet the aim of the review, lacked a
control group, or did not report kidney-related outcomes
were excluded.

The Strength of Recommendation Taxonomy (SORT) scale
was applied to evaluate the level of evidence (LE) and
strength of recommendation for the included studies.

RESULTS

Literature Search

The database search across four electronic sources (MED-
LINE via PubMed, Cochrane Library, TRIP and NICE) yielded
60 records after applying predefined filters. After removal
of duplicates and screening of titles and abstracts, 56 re-
cords were excluded for not meeting the predefined crite-
ria. Four full-text articles were assessed for eligibility. One
full-text article was excluded for not meeting the inclusion
criteria. Two systematic reviews with meta-analyses were
excluded because, for non-diabetic CKD, they provid-
ed only indirect data derived from a single trial already
included in our review. Then, only one randomized con-
trolled trial fulfilling the defined PICO was included. One
additional randomized controlled trial was eligible and in-
cluded in the present review after a thorough examination
of reference lists.

In total, two placebo-controlled randomized controlled
trials met the eligibility criteria and were evaluated. The
literature selection process is illustrated in Fig. 1 (PRISMA
flow diagram).
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Figure 1. PRISMA flow diagram of the literature selection process for the present review.

Characteristics and Main Findings of the
Included Trials

Table 1 shows the characteristics of the studies included in
the systematic review.

The SELECT trial (Colhoun HM et al, 2024)* enrolled
17 604 adults with overweight or obesity and established
cardiovascular disease but without diabetes (eGFR >30
mL/min/1.73 m?). Participants were randomly assigned to
once-weekly subcutaneous semaglutide 2.4 mg or place-
bo and followed for a mean of 3.5 years. In a prespecified
kidney analysis, semaglutide significantly slowed the an-
nual decline in eGFR (-0.75 vs =1.17 mL/min/1.73 m? per
year with placebo; p<0.001) and reduced the composite
kidney outcome of 250% eGFR decline, kidney failure, or
renal death by approximately 22%. The greatest benefit
was observed in participants with baseline eGFR <60 mL/
min/1.73 m?, who experienced a treatment difference of
2.19 mL/min/1.73 m?in eGFR at 104 weeks. Semaglutide
also reduced albuminuria, with larger relative reductions
among participants with higher baseline urinary albu-
min-to-creatinine ratio (UACR). The SMART trial (Apperloo
et al, 2025)* was the first randomized, double-blind, pla-
cebo-controlled clinical trial specifically designed to evalu-
ate the renal effects of a GLP-1 receptor agonist in adults
with non-diabetic chronic kidney disease and overweight
or obesity. A total of 101 participants were randomized to
semaglutide 2.4 mg once weekly or placebo for 24 weeks.
CKD was defined according to KDIGO criteria, requiring

an eGFR 225 mL/min/1.73 m? and moderate-to-severe
albuminuria (UACR 30-3.500 mg/g) at baseline. CKD eti-
ologies included chronic glomerulonephritis, hypertensive
nephropathy, and obesity-related glomerulopathy. The
primary renal endpoint, percentage change in UACR from
baseline to week 24, was significantly reduced with sema-
glutide compared with placebo (52.1% placebo-corrected
reduction; 95% Cl —65.2 to —34.1; p<0.0001). Secondary
outcomes, including eGFR based on creatinine, cystatin
C, and measured GFR by iohexol clearance, showed no
significant between-group differences over 24 weeks. An
early, transient decrease in creatinine-based eGFR was
observed at week eight in the semaglutide arm, but val-
ues subsequently returned to baseline, and no sustained
change in kidney filtration was detected. Semaglutide also
led to clinically meaningful reductions in body weight,
systolic blood pressure, high-sensitivity C-reactive protein
(hsCRP), and N-terminal pro B-type natriuretic peptide
(NT-proBNP), with a safety profile consistent with previ-
ous GLP-1a trials, dominated by gastrointestinal adverse
events.
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Table 1. Characteristics and main kidney-related findings of the randomized controlled trials evaluating GLP-1 receptor
agonists in non-diabetic chronic kidney disease.

Study/ . . Selection  Definition of Intervention Control E\'laluated Iv‘lam SO.RT
Study Design Study Populations o Kidney Kidney Evidence
Year Criteria CKD Treatment Treatment .
Outcomes Findings Level
17 604 non-diabetic Semagluti-

: de slowed
adults with GFR de-
overweight/obesity  Adults > )

) cline and
and established 45 years; .
) ) Baseline eGFR reduced
Randomized, cardiovascular BMI > 27 . }
Colhoun A ) N eGFR < 60 Semaglutide slope; composite
double-blind, disease; kg/m?; ) ) )
HM et al, A : mL/min/1.73 2.4 mg Placebo composite  kidney 1
202412 placebo-control- approximately established m?2or UACR  weekly kidney events:
led trial one-fifth had CKD CVD; no >30 mg/ outcome clear b'e—
(eGFR <60 mL/ history of =~ "'8/8 i
min/1.73 m? or diabetes non-dia-
UACR >30 mg/g at betic CKD
baseline)
subgroup
Primary: 52% place-
101 adults with Adults > % chany.e bo-correc-
non-diabetic CKD; - ; & ted UACR
5. 18years eGFR 2 UACR; o
) BMI =27 kg/m?; A reduction;
Randomized, ) : without 25 mL/ . Secondary:
Apperloo A CKD etiologies ) ; , Semaglutide no change
double-blind, ) ) diabetes, min/1.73 m eGFR ) )
etal, included chronic ) 2.4 mg Placebo in estimated 1
13 placebo-control- . with CKD and UACR > (Cr), eGFR
2025 o ) glomerulonephritis, A weekly or measu-
led clinical trial : and with 30mg/g and (CysC),
hypertensive CKD, red GFR;
) a BMI of <3.500mg/g measured
and obesity-related N early tran-
>27kgm GFR ) S
CKD (iohexol) sient dip in
eGFR.

CKD = chronic kidney disease; CVD = cardiovascular disease; BMI = body mass index; eGFR = estimated glomerular filtration rate;
UACR = urine albumin-to-creatinine ratio; GFR = glomerular filtration rate; SORT = Strength of Recommendation Taxonomy

DISCUSSION

This systematic review identified only two randomized
placebo-controlled trials evaluating semaglutide in adults
without diabetes and with increased kidney risk. The KDI-
GO 2024 Clinical Practice Guideline for the Evaluation and
Management of CKD recognizes the expanding evidence
base for GLP-la but currently recommends their use
only in adults with T2D and CKD.® Specifically, long-acting
GLP-1a are recommended (grade 1B) for adults with T2D
and CKD who have not achieved individualized glycemic
targets despite metformin and SGLT2 inhibitor therapy, or
who are unable to use these medications. The guideline
advises prioritizing GLP-1a with proven cardiovascular
benefit and explicitly notes the lack of evidence to support
their use in non-diabetic CKD. Taken together, these data
suggest that GLP-1a exert favorable effects on albuminuria
and eGFR trajectories beyond glycemic control, but they
also highlight important limitations that constrain their
application to non-diabetic CKD in routine practice.’
Evidence from large cardiovascular outcome trials in T2D,
including LEADER,? SUSTAIN-6,> REWIND* and FLOW,® has
firmly established GLP-1a as effective in slowing kidney
disease progression and reducing renal events, with ben-
efits that extend beyond HbAlc lowering. However, these
trials predominantly enrolled patients with diabetes, and
kidney outcomes were often secondary or exploratory
endpoints. The SELECT trial*? represents a critical step

toward understanding GLP-1a effects outside diabetes:
in adults with overweight or obesity and established car-
diovascular disease but no diabetes, semaglutide 2.4 mg
weekly reduced composite kidney events and attenuated
eGFR decline, with the largest effect in those with baseline
CKD. Nonetheless, SELECT trial'?> was designed as a cardi-
ovascular, not a kidney, outcome trial. Only a minority of
participants had CKD at baseline (one-fifth of the popula-
tion), the overall rate of eGFR decline was low (reflecting
the low-risk population), and not all participants were
receiving guideline-directed RAS blockade. Consequently,
the observed kidney benefits may partly reflect indirect
mechanisms such as weight loss, blood-pressure reduc-
tion, improved cardiac function and decongestion, rather
than a direct nephroprotective effect.

The SMART trial, by Apperloo et al,** provides the first
high-quality, disease-specific evidence in adults with
non-diabetic CKD and overweight/obesity. Semaglutide
2.4 mg produced a striking 52% placebo-corrected re-
duction in UACR over 24 weeks, a magnitude comparable
to that achieved with SGLT2 inhibitors and non-steroidal
mineralocorticoid receptor antagonists in diabetic CKD.
Albuminuria reduction was consistent across CKD eti-
ologies and baseline albuminuria strata and occurred
early, shortly after reaching the target semaglutide
dose, preceding maximal weight loss.?* Moreover, UACR
remained substantially lower than baseline four weeks
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after treatment discontinuation, suggesting a sustained
or structural effect on kidney tissues rather than a purely
hemodynamic change. Parallel reductions in hsCRP and
NT-proBNP support anti-inflammatory and cardio-renal
hemodynamic mechanisms.®** Importantly, the albu-
minuria response was observed on top of contemporary
background therapy, including SGLT2 inhibitors for a sub-
stantial proportion of participants, indicating that GLP-1a
may offer additive renoprotective effects.?® In contrast,
semaglutide did not significantly change measured or es-
timated GFR over the 24-week follow-up in SMART trial,
despite an early reversible dip in creatinine-based eGFR.
This pattern resembles the acute hemodynamic response
seen with other nephroprotective therapies, but the short
duration and limited sample size preclude conclusions
regarding longer-term kidney function preservation.??
The trial population was also restricted to individuals with
overweight or obesity, and most participants were White,
so the generalizability of these findings to leaner or more
ethnically diverse non-diabetic CKD populations remains
uncertain. Additionally, not all participants received RAS
blockade, in part due to intolerance and in part reflecting
weaker guideline recommendations for RAS inhibition
in non-diabetic CKD with preserved blood pressure and
microalbuminuria.®®

The broader literature, although excluded from the quan-
titative synthesis of this review, supports the biological
plausibility of glycemia-independent renoprotection of
GLP-1a. Meta-analyses by Chen et a/” and Mendonga et
al® consistently showed that GLP-1a reduces kidney fail-
ure, eGFR decline and all-cause mortality in populations
largely composed of patients with T2D, with treatment
effects persisting after adjustment for HbAlc. Badve et a/*
further demonstrated that GLP-1a reduces a composite of
kidney failure, substantial eGFR loss and kidney death,
with treatment effects that appeared similar irrespective
of diabetes status, although the only non-diabetic data
came from SELECT and could not be analyzed separately.
These findings, while indirect, support a class effect ex-
tending across the spectrum of cardiovascular—kidney—
metabolic risk.

Additional support for glycemia-independent renopro-
tection comes from studies of dual incretin agonists and
obesity-focused semaglutide trials. Secondary analyses of
the SUMMIT programme in heart failure with preserved
ejection fraction and obesity showed that tirzepatide im-
proved eGFR trajectories and reduced albuminuria in pa-
tients with and without CKD.'>® A meta-analysis by Wu et
al*” suggested that semaglutide reduces major cardiovas-
cular and some renal events in overweight or obese adults
without diabetes. Furthermore, Skibicka and Matgorze-
wicz®® highlighted the potential of metabolic therapies,
including GLP-1a and dual agonists, to modify the course
of obesity-related kidney disease and IgA nephropathy by
targeting visceral adiposity, inflammation and endothelial

dysfunction. These data reinforce the concept that incre-
tin-based therapies exert multisystem protective effects
in high cardiometabolic risk populations, including those
with CKD.

Mechanistic insights are also emerging. Experimental
and clinical studies suggest that GLP-1a may improve
kidney outcomes through a combination of weight loss,
blood-pressure reduction, natriuresis, improved renal
hemodynamics, reduced oxidative stress and downregu-
lation of pro-inflammatory pathways.®'*?° The REMODEL
trial’® is evaluating the effects of semaglutide on kidney
oxygenation, perfusion and inflammation by magnetic
resonance imaging in people with T2D and CKD, aiming
to clarify pathways underpinning the FLOW results.> In
addition, a meta-analysis has shown that interventions
achieving >25% reductions in albuminuria are strongly
associated with a lower risk of kidney failure, supporting
albuminuria as a valid surrogate endpoint in CKD trials.?
When viewed through this lens, the robust albuminuria
reduction observed in Apperloo et al** provides a com-
pelling, albeit still surrogate, signal of potential long-term
renoprotection in non-diabetic CKD.

Despite these encouraging data, several limitations of the
current evidence must be acknowledged. First, only two
RCTs have evaluated GLP-1a in adults without diabetes
and with increased kidney risk, and only one trial specif-
ically targeted non-diabetic CKD as the primary disease
state. Second, both SELECT and SMART trials focused on
patients with overweight or obesity, leaving uncertain-
ty about the applicability to normal-weight individuals
with non-diabetic CKD. Third, follow-up in the dedicated
CKD trial was short, and hard kidney endpoints such as
sustained eGFR decline, kidney failure or renal death
were not assessed. Fourth, most of the mechanistic and
meta-analytic evidence arises from T2D populations, and
subgroup analyses of non-diabetic participants are either
absent or underpowered. Finally, safety data in non-di-
abetic CKD remain limited, although the available trials
suggest that the adverse event profile of semaglutide is
consistent with that seen in other indications, dominated
by gastrointestinal symptoms without new kidney safety
signals.1212

Within this context, the KDIGO 2024 guideline, by re-
stricting recommendations for GLP-1a to adults with T2D
and CKD who have not achieved glycemic targets despite
metformin and SGLT2 inhibitors, reflects both the strength
of the diabetes-related evidence and the persisting uncer-
tainty in non-diabetic CKD.® Taken together, the available
data support the biological plausibility and clinical poten-
tial of GLP-1a therapy in non-diabetic CKD, particularly
in patients with obesity and high cardiovascular risk, but
they fall short of justifying routine use for kidney protec-
tion in this population.

The horizon of clinical research in this area is expand-
ing, with some randomized trials currently underway to
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evaluate the impact of GLP-1a and dual agonists in specific
non-diabetic kidney disease etiologies. For instance, the
NCT06582875 trial is currently assessing the efficacy of
a GLP-1a in reducing total kidney volume growth in pa-
tients with autosomal dominant polycystic kidney disease
(ADPKD).?* Furthermore, dual glucose-dependent insuli-
notropic polypeptide (GIP) and GLP-1 receptor agonists,
such as tirzepatide, are being investigated in overweight
or obese individuals with CKD (including cohorts without
type 2 diabetes) to evaluate their effects on renal oxygen-
ation and cardio-renal outcomes (NCT04777409 trial).??
Although these trials are still in progress and their findings
cannot yet be extrapolated to routine practice, they will
be instrumental in determining whether the pleiotropic
benefits observed in exploratory analyses translate into
robust, etiology-specific clinical recommendations.

Overall, the present review underscores the need for
longer-term, adequately powered randomized trials of
GLP-1a and dual incretin agonists in non-diabetic CKD,
using hard kidney outcomes alongside mechanistic and

Ethical Disclosures

imaging endpoints. Such trials will be essential to deter-
mine whether the observed improvements in albuminuria
and eGFR trajectories translate into meaningful reduc-
tions in kidney failure and mortality.

CONCLUSION

Current evidence suggests that GLP-1a may offer reno-
protective benefits in non-diabetic CKD, likely mediated
through weight loss, anti-inflammatory pathways, and
improved cardiorenal hemodynamics. While significant
reductions in albuminuria have been demonstrated, the
evidence base remains limited to a small number of trials,
and the long-term impact on hard clinical endpoints, such
as kidney failure, remains unestablished in this specific
population. At present, no clinical guidelines endorse
GLP-1a therapy solely for kidney protection in the ab-
sence of type 2 diabetes. Adequately powered, long-term
randomized clinical trials are essential to validate these
findings and determine the role of GLP-1a in the routine
management of non-diabetic CKD.
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