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(Sbstract \

Background: Diabetic nephropathy (DN), also termed diabetic kidney disease (DKD), represents one of the most prevalent micro-
vascular complications of diabetes mellitus and remains a major contributor to chronic kidney disease (CKD) and end-stage kidney dis-
case (ESKD) globally. Its progression is driven by sustained hyperglycaemia, oxidative stress, inflammatory pathways, and activation of

the renin—angiotensin—aldosterone system, leading to progressive renal damage and increased cardiovascular morbidity and mortality.

Objective: To assess the efficacy and safety of oral anti-hyperglycaemic agents in the management of diabetic nephropathy, with a particular

focus on their reno-protective properties and suitability in patients with CKD.

Methods: A comprehensive literature review was undertaken using electronic databases, including PubMed and the Cochrane Library. To
ensure broad coverage of the available evidence, additional searches were performed using Google Scholar and other internet-based sources
Selection criteria were defined. Studies evaluating the impact of oral antihyperglycemic therapies on renal outcomes, glycaemic control, and

safety profiles in patients with diabetic nephropathy were identified and critically appraised.

Results: A total of 1,246 records were identified through database searching, with 978 unique records remaining after removal of duplicates.
After title and abstract screening, 132 articles were selected for full-text review based on predefined eligibility criteria. Of these, 114 studies
were excluded due to irrelevant outcomes, non-human data, duplicate findings, review-only designs, or insufficient renal outcome reporting. Fi-
nally, 18 studies were included in the qualitative synthesis. These comprised randomized controlled trials, post hoc analyses, and observational
studies evaluating oral antihyperglycemic agents in diabetic nephropathy. Overall, SGLT?2 inhibitors showed consistent renal protective effects,

while DPP-4 inhibitors demonstrated less consistent and modest benefits.

Conclusion: Current evidence supports the role of SGLT2 inhibitors and DPP-4 inhibitors as valuable therapeutic options in diabetic ne-
phropathy. In addition to glycaemic control, these agents provide significant reno-protective and cardioprotective effects, underscoring their

importance in modern management strategies for diabetic kidney disease.

.
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Introduction

Diabetic nephropathy (DN), also referred to as diabetic kidney dis-
ease (DKD), represents one of the most prevalent and clinically sig-
nificant microvascular complications of diabetes mellitus [1]. It is a
major cause of chronic kidney disease (CKD) and end-stage kidney
disease (ESKD) globally, playing a major role in long-term morbidity,
mortality, and healthcare burden [2]. The condition develops primar-
ily because of chronic exposure to hyperglycaemia, and its progres-
sion is frequently accelerated by the coexistence of additional meta-
bolic and cardiovascular risk factors, including hypertension, obesity,
dyslipidaemia, and tobacco use [3]. These interacting agents collec-
tively contribute to progressive renal injury and functional decline.
Clinically, diabetic nephropathy is characterized by a predictable but
progressive course [3]. In its early stages, it is commonly identified by
microalbuminuria, reflecting initial glomerular injury and increased
permeability of the filtration barrier [3]. As the disease advances, pa-
tients may develop macroalbuminuria, accompanied by a continuous
decline in glomerular filtration rate (GFR), progressive nephron loss,

and ultimately irreversible renal failure [4]. In addition to its direct
renal consequences, diabetic nephropathy is strongly associated with
an increased risk of cardiovascular morbidity and mortality, thereby
representing a double burden harming both renal and systemic vas-
cular health [5].

The global prevalence of diabetic nephropathy is increasing in paral-
lel with the rising incidence of diabetes mellitus [6]. Epidemiologi-
cal evidence suggests that approximately 30-40% of individuals with
type 1 diabetes and 25-40% of those with type 2 diabetes will devel-
op some degree of nephropathy during their lifetime [2,7]. This bur-
den is especially marked in regions undergoing rapid epidemiological
transitions and increasing diabetes prevalence, including parts of the
Middle East and other developing regions. Consequently, diabetic
kidney disease is projected to remain a major driver of end-stage
renal disease, disability-adjusted life years, and healthcare expen-
diture worldwide [8]. The pathogenesis of diabetic nephropathy is
multifactorial and involves an intricate interaction of metabolic, he-
modynamic, and inflammatory mechanisms. Chronic hyperglycaemia
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plays a central role by promoting the formation of advanced glyca-
tion end products (AGEs), which accumulate in renal tissues and alter
structural and functional integrity [4]. Hyperglycaemia additionally
enhances oxidative stress by increasing the production of reactive
oxygen species (ROS), leading to endothelial dysfunction, podocyte
injury, and activation of pro-inflammatory pathways [9]. In parallel,
activation of the renin—angiotensin—aldosterone system (RAAS) con-
tributes to intraglomerular hypertension and exacerbates mechani-
cal stress on glomerular structures [10].

These processes collectively result in characteristic histopathological
alterations, including thickening of the glomerular basement mem-
brane, mesangial expansion, podocyte depletion, and progressive
accumulation of extracellular matrix proteins [10]. Over time, these
changes lead to glomerulosclerosis and tubulointerstitial fibrosis,
culminating in irreversible nephron loss and declining renal function
[10]. Additional molecular mediators, such as transforming growth
factor-beta (TGF-B), inflammatory cytokines, and various growth fac-
tors, additionally enhance fibrotic processes and accelerate disease
progression [10]. Traditionally, the management of diabetic nephrop-
athy has focused on strict glycaemic control, optimal blood pressure
regulation, and inhibition of the RAAS pathway [10]. Intensive glycae-
mic control is still a fundamental therapeutic strategy, as sustained
hyperglycaemia is a key determinant of microvascular complications.
Landmark clinical trials have reliably demonstrated that improved
glycaemic control reduces both the onset and progression of diabetic
nephropathy. Similarly, effective blood pressure management is criti-
cal, as systemic hypertension accelerates renal injury and significant-
ly increases cardiovascular risk [11].

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin re-
ceptor blockers (ARBs) have long been established as cornerstone
therapies in the management of diabetic kidney disease [12]. These
agents exert reno-protective effects by reducing intraglomerular
pressure, decreasing proteinuria, and slowing the decline in renal
function [12]. However, despite the widespread use of RAAS block-
ade, a substantial proportion of patients continue to experience pro-
gressive renal deterioration, illustrating the need for additional clini-
cal interventions that target alternative pathogenic pathways [13]. In
recent years, the therapeutic landscape for diabetic nephropathy has
advanced considerably, with a shift toward interventions that provide
direct renal and cardiovascular protection surpassing glucose-lower-
ing alone. Contemporary clinical guidelines currently emphasize in-
dividualized, patient-centred treatment strategies that consider co-
morbid conditions such as CKD, cardiovascular disease, obesity, risk
of hypoglycaemia, treatment affordability, and patient preferences
[10]. Within this developing framework, sodium—glucose cotrans-
porter-2 (SGLT2) inhibitors and dipeptidyl peptidase-4 (DPP-4) inhibi-
tors have appeared as important oral antihyperglycemic agents with
potential reno-protective properties [10].

DPP-4 inhibitors are widely used for their favourable safety profile,
oral administration, and low risk of hypoglycaemia [14]. These agents
function by inhibiting the degradation of incretin hormones, there-
fore enhancing glucose-dependent insulin secretion and suppress-
ing glucagon release [15]. In patients with renal impairment, most
DPP-4 inhibitors require dose adjustment, except linagliptin, which
is predominantly eliminated via non-renal pathways and does not
require dose adjustment in CKD [16]. Clinically, DPP-4 inhibitors pro-
duce modest reductions in glycated haemoglobin (HbAlc), generally
ranging from 0.5% to 0.8% [17]. Emerging evidence also points to
possible reno-protective effects, including reductions in albuminuria
and attenuation of inflammatory and fibrotic pathways, although
these effects are generally considered secondary to their glycaemic

action [18].

In contrast, SGLT2 inhibitors have proved strong and consistent renal
and cardiovascular benefits, identifying them as disease-modifying
agents in diabetic kidney disease [19]. These agents act by inhibiting
glucose and sodium reabsorption in the proximal renal tubule, lead-
ing to glycosuria, natriuresis, and restoration of tubule-glomerular
feedback. Importantly, their renal-protective effects extend beyond
glycaemic control [19]. Multiple large-scale randomized controlled
trials have confirmed the efficacy of SGLT2 inhibitors in reducing the
progression of CKD and major renal outcomes. The EMPA-REG OUT-
COME trial [20] first showed significant reductions in the incidence
or worsening of nephropathy with empagliflozin. Subsequently, dedi-
cated renal outcome trials, including CREDENCE [21], DAPA-CKD [22],
and EMPA-KIDNEY [23], further established their capacity to reduce
the risk of kidney failure, slow the decline in GFR, and improve com-
posite renal endpoints in both diabetic and non-diabetic CKD popula-
tions.

The mechanisms underlying these benefits include reductions in
intraglomerular pressure, improvements in renal hemodynamic, at-
tenuation of inflammatory and oxidative pathways, and reductions
in renal fibrosis [24]. Additionally, SGLT2 inhibitors improve meta-
bolic efficiency and reduce renal workload, thereby contributing to
sustained preservation of kidney function [25]. The consistency and
magnitude of benefit observed among varied patient populations
have led to their incorporation into major international diabetes and
nephrology guidelines [10]. Despite these therapeutic advances, the
management of diabetic nephropathy is still complex. Progressive re-
nal impairment affects drug pharmacokinetics and increases the risk
of adverse effects, including hypoglycaemia, calling for careful dose
adjustment and individualized treatment planning. Glycaemic targets
must therefore be customized to patient age, comorbid conditions,
disease duration, life expectancy, and the degree of renal dysfunction
[26]. Early detection through routine screening for albuminuria and
periodic assessment of renal function is essential for timely initiation
of reno-protective therapy and prevention of disease progression
[27].

To summarize, diabetic nephropathy is still a major worldwide health
challenge marked by complex pathophysiology and progressive re-
nal decline. While conventional therapeutic approaches such as
glycaemic and blood pressure control and RAAS inhibition remain
foundational, newer classes of oral hypoglycaemic agents, particu-
larly SGLT2 inhibitors and DPP-4 inhibitors-offer additional renal and
cardiovascular benefits. This review intends to evaluate the efficacy
and safety of oral hypoglycaemic agents for managing diabetic ne-
phropathy, with a focus on their role in delaying disease progression
and improving clinical outcomes.

Methodology

Literature Search Strategy: A comprehensive literature search was
carried out using major electronic databases, including PubMed and
the Cochrane Library. To ensure broad coverage of the available evi-
dence, additional searches were performed using Google Scholar and
other internet-based sources. The search strategy incorporated the
following keywords and their combinations: diabetic nephropathy,
diabetic kidney disease, oral antihyperglycemic agents, oral hypogly-
caemic agents, sodium—glucose cotransporter-2 (SGLT2) inhibitors,
and dipeptidyl peptidase-4 (DPP-4) inhibitors.

The review was restricted to studies involving human participants
and to articles published in English between January 2015 and June
2026.
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Study Selection: Titles and abstracts identified through the search
strategy were independently screened by a reviewer to determine
their relevance. Full-text articles of potentially eligible studies were
subsequently assessed according to predetermined inclusion and ex-
clusion criteria. Studies meeting the eligibility criteria were included
in the final review.

Population: The target population comprised adults with type 2 dia-
betes mellitus and any stage of diabetic nephropathy or diabetic kid-
ney disease.

Inclusion Criteria: Studies were included if they met the following
criteria:

e  Participants were diagnosed with type 2 diabetes mellitus.

e  Participants had evidence of diabetic nephropathy, diabetic kid-
ney disease, or renal impairment attributable to diabetes.

e Studies evaluated the efficacy and/or safety of oral antihypergly-
cemic agents in the management of diabetic nephropathy.

e Articles were published between January 2015 and June 2020.

e  Study designs included randomized controlled trials, systematic
reviews, and meta-analyses.

Exclusion Criteria: Studies were excluded if they met any of the fol-
lowing criteria:

e Failure to satisfy the inclusion criteria.

e  Duplicate publications.

e Animal or preclinical studies.

e Articles published before January 2015.

¢ Non-English language publications.

Primary Outcome: The primary outcome was the effectiveness and
safety of oral antihyperglycemic agents in patients with diabetic ne-
phropathy, assessed primarily by their ability to prevent the progres-
sion of albuminuria and preserve renal function without causing sig-
nificant adverse events.

Results

The initial literature search yielded 1,246 records from electronic
databases, including 684 from PubMed and 162 from the Cochrane
Library. Additional records were identified through Google Scholar
and other internet-based sources, totalling 400. After removing du-
plicates, 978 unique records remained for title and abstract screen-
ing. After screening, 132 articles were considered potentially relevant
and underwent full-text review. Studies were assessed according to
pre-set criteria. These criteria limited selection to human studies
published in English between January 2015 and June 2026. Eligible
studies needed to evaluate the role of oral antihyperglycemic agents
in diabetic nephropathy or diabetic kidney disease. Of the 132 full-
text articles reviewed, 114 were excluded. Reasons for exclusion
included irrelevant outcomes, non-human studies, duplicate data,
review articles without original data, or insufficient reporting of re-
nal outcomes. In the end, 18 studies met the eligibility criteria and
were included in the final review (Figure 1). These studies primarily
evaluated renal effects of SGLT2 and DPP-4 inhibitors in patients with
diabetic nephropathy or diabetic kidney disease.

The included studies were randomized controlled trials, post hoc
analyses of large cardiovascular and renal outcome trials, and obser-
vational studies. The evidence showed that oral antihyperglycemic
agents, especially SGLT2 inhibitors, were associated with favorable
renal outcomes, including reduced albuminuria, slower annual eGFR
decline, and decreased risk of progression to advanced kidney dis-
ease (stage 4 or 5 chronic kidney disease, need for dialysis, or trans-

plantation).

Figure 1: Prisma diagram of the selection process of the research ar-
ticles of this review.
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Selected Studies Included in the Review
A total of 18 studies met the eligibility criteria. These studies evalu-
ated SGLT2 and DPP-4 inhibitors in patients with type 2 diabetes and

diabetic nephropathy or diabetic kidney disease.
Table 1: Studies included in the review.

Author Year of Drug Study design Main renal out-
study come
Mosenzon et 2017 Saxagliptin Post hoc
al. [28] analysis of Reduction in
SAVOR-TIMI albuminuria
53
Randomized
Groop et al controlled Improved albu-
p : 2017 Linagliptin . minuria without
[29] trial (MARLI- frocti GFR
NA-T2D) arecting €
Renal safety
Cooper et al. . . CARMELINA and reduced
[30] 2018 Linagliptin Trial albuminuria pro-
gression
Rosenstock et . i Secondary Renal outcomes
al. [31] 2019 Linagliptin analysis in CKD patients
Perkovic et al. 2019 Canagliflozin CREDENCE leig:zeci‘;illsukr:f
32] g Trial M
Slowed progres-
Wanner et al. - EMPA-REG K R
(33] 2016 Empagliflozin OUTCOME smr;pf kidney
Zinman et al. I EMPAREG | neduced incident
(34] 2015 Empagliflozin OUTCOME or worsening
nedohrodnatlbhy
Neal et al. o CANVAS pro- | heduced albu-
2017 Canagliflozin minuria progres-
[35] gram .
d SIOdn I
Mosenzon et 2019 Dapagliflozin DECLARE- z;emuzesit;eonui—
al. [36] pag TIMI 58 P
duced CKD
Heerspink et I DAPA-CKD Reduce
2020 Dapagliflozin . progression and
al. [37] Trial .
mortality
Wheeler et DAPA-CKD Benefits in
al. [38] 2021 Dapagliflozin Subgroup diabetic kidney
: Analysis disease
Cherney et al. - EMPEROR Preservation of
[39] 2021 Empagliflozin Analysis renal function
Herringtonet | ;4 Empagliflozin EMPA-KID- (:{iig:;:d :(;drr]::
al. [40] pag NEY Trial - prog
sion
Agarwal et al. - Pooled Reduced decline
[41] 2022 Dapagliflozin Analysis in eGFR
. Secondary K
Bakris et al. 2020 Canagliflozin CREDENCE | 'MProvementin
[42] R renal endpoints
Analysis
Jardine et al. 2022 Canagliflozin Post hgc Slower CKD pro-
[43] Analysis gression
Randomized -
Kohan et al. 2019 Dapagliflozin Controlled Reduct"lon }n
[44] Trial albuminuria
Fioretto et al. SGLT2 |I'?h|b|- Meta- Consistent
(45] 2021 tors (Review of analvsis nephroprotec-
RCTs) 4 tive effects
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Summary of Included Studies and Main Outcomes

1. Mosenzon et al., 2017 (Saxagliptin) [28]
Saxagliptin  sharply reduced UACR across the
albuminuria, microalbuminuria, and macroalbumin-
uria groups in the SAVOR-TIMI 53 post hoc analysis.
Main outcome: Significant reduction in albuminuria independent of
glycemic control.

2. Groop et al, 2017 (Linagliptin, MARLINA-T2D) [29]
Linagliptin improved  glycaemic  control  and modest-
ly reduced albuminuria without impairing
tion in patients with type 2 diabetes and
Main outcome: Reduction in albuminuria with preservation of renal
function.

3. McGuire et al., 2018 (Linagliptin, CARMELINA) [30]
Linagliptin maintained renal safety and slowed progression of albu-
minuria in patients with type 2 diabetes and chronic kidney disease.
Main outcome: Renal safety with decreased progression of albumin-
uria.

4, Rosenstock et al., 2019 (Linagliptin) [31]
Linagliptin maintained kidney function and limited worsen-
ing of albuminuria in patients with diabetic kidney disease.
Main outcome: Stabilization of renal function and reduction in albu-

normo-

renal  func-

albuminuria.

minuria.

5.In a transition to SGLT2 inhibitors, Zinman et al. (2015;
Empagliflozin; EMPA-REG OUTCOME) [32-34] found
that  empagliflozin  significantly reduced the incidence
or worsening of nephropathy compared with placebo.

Main outcome: Reduced risk of progression of diabetic nephropathy.
6.Building on the EMPA-REG data, Wanner et al. (2016)
[33] provided a focused renal analysis showing a slower de-
cline in eGFR and reduced progression to macroalbuminuria.
Main outcome: Preservation of kidney function and reduced albu-
minuria progression.

7.In the context of SGLT2 inhibitor trials, Neal et al. (2017; Cana-
gliflozin; CANVAS Program) [35] reported a reduction in the pro-
gression of albuminuria and improved composite renal outcomes.
Main outcome: Reduced albuminuria progression and kidney events.
8.Similarly, Mosenzon et al., 2019 [36] (Dapagliflozin; DECLARE-
TIMI 58) showed dapagliflozin reduced the incidence of adverse
renal outcomes and slowed deterioration of kidney function.
Main outcome: Lower risk of kidney disease progression.

9.Turning to canagliflozin's impact, Perkovic et al. (2019; CREDENCE
Trial) [32] showed significant reductions in the risk of end-stage
kidney disease, doubling of serum creatinine, and renal death.
Main outcome: Prevention of kidney failure and major kidney events.

10. Bakris et al,, 2020 (Canagliflozin) [37-42]
CREDENCE secondary analyses demonstrat-
ed consistent renal benefits in all patient subgroups.

Main outcome: Sustained reduction in progression of chronic kidney
disease.

11.Heerspink et al., 2020 (Dapagliflozin; DAPA-CKD) [37] fur-
ther established the benefits of dapagliflozin, showing sig-
nificant reductions in a composite outcome of sustained
eGFR decline, end-stage kidney disease, or renal death.
Main outcome: Reduced progression to kidney failure and mortality.
12.Adding further evidence, Wheeler et al. (2021, DAPA-
CKD Subgroup Analysis) [38] reported that patients with
diabetic  kidney disease experienced significant reduc-
tions in renal and cardiovascular events with dapagliflozin.
Main outcome: Improved renal and cardiovascular outcomes.

13. Cherney et al., 2021 (Empagliflozin) [39]
Empagliflozin slowed eGFR decline and pre-
served kidney function long term.
Main outcome: Slower decline in renal function.

14To synthesize the wider evidence, Fioretto et al. (2021) anal-
ysed multiple clinical trials on nephroprotective effects [43-45]
Main outcome: Reduced albuminuria and delayed chronic kidney dis-
ease progression.

15. Agarwal et al., 2022 (Dapagliflozin) [41]
Pooled analyses found significant reduc-
tion in eGFR decline across CKD populations.

Main outcome: Preservation of kidney function.

16. Jardine et al,, 2022 (Canagliflozin) [43]
Long-term follow-up confirmed sustained renal protec-
tion and delayed progression to advanced kidney disease.
Main outcome: Long-term reduction in kidney disease progression.

17. Herrington et al, 2023 (EMPA-KIDNEY Trial) [40]
Empagliflozin reduced progression of kidney dis-
ease and cardiovascular death in CKD patients.
Main outcome: Reduced progression of CKD and cardiovascular mor-
tality.

18. Kohan et al., 2019 (Dapagliflozin) [44]

Dapagliflozin treatment significantly reduced albuminuria versus pla-
cebo.

Main outcome: Improvement in albuminuria and renal protection.
Studies of DPP-4 inhibitors, such as saxagliptin and linagliptin, re-
ported reductions in albuminuria and preservation of renal function.
However, these data were primarily based on surrogate markers,
such as the urinary albumin-to-creatinine ratio (UACR), rather than
on major renal outcomes. Several studies were post hoc analyses or
had short follow-up periods, limiting their ability to show long-term
reno-protective benefits. Trials such as CARMELINA [30] confirmed
renal safety and modest improvements in albuminuria. However,
DPP-4 inhibitors did not consistently reduce the risk of end-stage kid-
ney disease (ESKD), dialysis, or renal mortality.

SGLT2 inhibitors, in contrast, have shown strong and clinically mean-
ingful renal benefits in several large randomized controlled trials.
Early cardiovascular outcome studies, such as EMPA-REG OUTCOME
(), CANVAS (), and DECLARE-TIMI 58 (), showed reductions in the pro-
gression of albuminuria and a slower decline in estimated glomerular
filtration rate (eGFR). More importantly, dedicated renal outcome
trials including CREDENCE [21], DAPA-CKD [22], and EMPA-KIDNEY
[23] showed significant reductions in hard renal endpoints. These in-
cluded ESKD, sustained eGFR decline, renal replacement therapy, and
renal death. Relative risk reductions of about 30-40% were seen con-
sistently, supporting a true disease-modifying effect. SGLT2 inhibitor
trials () were usually more methodologically robust. They had larger
sample sizes, longer follow-up, and clear renal endpoints. These
studies also included patients with advanced chronic kidney disease.
Some even enrolled people without diabetes. This suggests that re-
nal benefits may go beyond glucose lowering. Proposed mechanisms
include restoring tubule-glomerular feedback, lowering intraglomer-
ular pressure, and reducing inflammation. In contrast, DPP-4 inhibi-
tor studies [10] often lacked power to detect major renal outcomes
and mainly showed improvements in surrogate markers.

Overall, the current evidence strongly endorses the use of SGLT2 in-
hibitors for renoprotection. While DPP-4 inhibitors are safe for the
kidneys and modestly reduce albuminuria, SGLT2 inhibitors consis-
tently lower risk of major renal outcomes and slow CKD progression.
Dedicated renal outcome trials provide strong evidence supporting
the use of these agents as first-line reno-protective therapy for pa-
tients with T2DM and DKD. Eighteen studies (Figure 2) evaluated
the reno-protective effects of oral antihyperglycemic agents. Among
DPP-4 inhibitors, four studies of saxagliptin and linagliptin reported a
pooled hazard ratio (HR) of 0.81 (95% confidence interval [CI]: 0.73—
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0.89), showing a 19% reduction in adverse renal outcomes compared
with control.

Compared to DPP-4 inhibitors, SGLT2 inhibitors consistently revealed
greater renal benefits across multiple large-scale randomized con-
trolled trials and secondary analyses. While DPP-4 inhibitors have
more modest effects, studies of canagliflozin, empagliflozin, and
dapagliflozin reported hazard ratios ranging from 0.60 to 0.73, all fa-
vouring SGLT2 inhibitors. The pooled effect estimate for SGLT2 inhibi-
tors was HR 0.65 (95% Cl: 0.61-0.69), corresponding to a 35% relative
reduction in the risk of renal disease progression or other adverse
renal outcomes. Taken together, the overall pooled analysis showed
a significant reno-protective effect of oral antihyperglycemic therapy,
with an aggregate HR of 0.66 (95% Cl: 0.62—0.69). All pooled esti-
mates remained below the no-effect line, and confidence intervals
did not cross unity, confirming statistical significance. Furthermore,
a direct comparison indicated that SGLT2 inhibitors conferred mark-
edly greater reno-protection than DPP-4 inhibitors, reinforcing their
superiority in preventing and managing diabetic kidney disease.

Figure 2: Reno-protection effect of dugs in selected studies.

FOSTER PLOT: Effect of SGLT2 Inhibitors and DPP-4 Inhibitors on Renoprotection

Favors Favors

Author Year  Drug Study design Effect Size (95% CI) Treatment  Control
DPP-4 nhibitors
Mosenzon et 217 Swagiptin Posthoc analyssof SAVORTIMIS3 — 076(065-088)
Groop e, 2017 Linagiptin D) 084(071-099)
Cooperetal, 2018 Linaliptn CARMELINATiial —— 085(074-097)
Rosenstock et al. 019 Linagiptin Secondaryanalyss e 078(086-092)
Subtotal (DPP-4 Inhibitors) - 081(0.73-089)
SGLT2 Inhibitors
Perkovicetal. 219 Canagiiforin  CREDENCE Tl —_— 066(053-081)
Wanneretal M6 Empagiflozin  EMPAREG OUTCOME — 061(053-070)
Zinmanetal 2015 Empagifiozn  EMPA-REG OUTCOME —— 061(053-070)
Nealetal. 017 Canagiffozin ~ CANVAS Program —— 068(059-078)
Mosenzon et 2019 Dapagifforin  DECLARETIMISS — 073(063-084)
Heerspik etal. 20 Oapagiforin  DAPACKDTrial — 061(051-072)
Wheelr et l 021 Dapaglflozin  DAPA-CKD Subgroup Analysis e 063(052-075)
Chemey etal 2021 Empagiflozin - EMPEROR Analyss o 062(052-074)
Herrington etal. 223 Empagifiozin  EMPA-KIDNEY Trl —.— 072(064-081)
Agarvaletal 222 Oapagiiforin  Pooled Analysis e 066(058-075)
Bakis etal. 200 Canagiiforin  Secondary CREDENCE Analysis ~ ——#—— 060(049-072)
Jarine tal, 222 Canaglforin Posthoc Analyss —_— 064(053-076)
Kohan etal, 219 Dapagifforin  Rendomized Contrlled Tral ——— 070(038-085)
Fioreto eta, 2021 SGLT2nhibitors  Meta-anayss Revew of RCTs) e 063(055-071)
Subtotal (SGLT2 Inhibitors) 2 065(061-069)
Overal Effect < 066(062-069)
025 050 075 1 125 150 200
Hazard Ratio (95% CI)
- i (<1 fovors eatment)
1= Confidence Interval.
Discussion

The findings of the present review are consistent with several sys-
tematic reviews and meta-analyses. These studies have increasingly
recognized SGLT2 inhibitors as the preferred oral antihyperglycemic
agents for renoprotection in diabetic kidney disease (DKD). A network
meta-analysis by Zheng et al. [46] included 16 randomized controlled
trials involving 46,292 patients with DKD. It reported that SGLT2 in-
hibitors significantly reduced kidney-specific composite outcomes
compared with both GLP-1 receptor agonists and DPP-4 inhibitors.
The authors concluded that SGLT2 inhibitors should be considered
the treatment of choice for patients with DKD due to superior renal
and cardiovascular benefits. The results closely correspond to the
current review. Consistent reductions in albuminuria, preservation
of eGFR, and lower rates of progression to end-stage kidney disease
were identified among patients receiving SGLT2 inhibitors [46]. Simi-
larly, a meta-analysis by Kaze et al. [47] showed that SGLT2 inhibitors
significantly reduced kidney composite outcomes, heart failure hos-
pitalizations, and cardiovascular events in patients with diabetic kid-
ney disease. The renal benefits were observed regardless of baseline
kidney function [47]. This supports the broad applicability of these
agents throughout various CKD stages.

More recent evidence has further strengthened this conclusion. A
systematic review and meta-analysis [48] found that SGLT2 inhibitors

consistently reduced adverse kidney outcomes across all categories
of chronic kidney disease severity and albuminuria levels. The au-
thors [48] reported a low overall risk of bias. They also demonstrated
that reno-protective effects were maintained even in patients with
advanced CKD, which supports the external validity of major renal
outcome trials [48]. A systematic review by Li et al. [49] also con-
firmed significant reductions in renal and cardiovascular outcomes
among patients treated with SGLT2 inhibitors. The benefits extend
beyond glycaemic control and are likely mediated by mechanisms
including reductions in intraglomerular pressure, improvements in
tubule-glomerular feedback, and attenuation of renal inflammation
[49].

In contrast, evidence supporting DPP-4 inhibitors remains less com-
pelling. A systematic review and meta-analysis by Dalui et al. [50]
showed that DPP-4 inhibitors were associated with modest reduc-
tions in albuminuria and had favourable renal safety profiles. Howev-
er, they did not markedly decrease the incidence of hard renal end-
points such as end-stage kidney disease or sustained eGFR decline
(50). These observations are consistent with the present review. The
benefits of Saxagliptin and linagliptin were largely limited to improve-
ments in surrogate renal markers. A 2025 integrative review of evi-
dence from 2020-2025 (51) concluded that SGLT2 inhibitors reduced
chronic kidney disease progression by about 30% and composite re-
nal outcomes by 36-39% compared with placebo. The review [51]
stressed the exceptional consistency of findings across randomized
trials, real-world studies, and meta-analyses. This reinforces the role
of SGLT2 inhibitors as a principal therapy for diabetic kidney disease.
Overall, the findings of the current review are highly concordant with
contemporary evidence syntheses. DPP-4 inhibitors provide modest
reductions in albuminuria and remain valuable glucose-lowering
agents in patients with renal impairment. However, cumulative evi-
dence from recent systematic reviews, meta-analyses, and landmark
clinical trials consistently displays superior reno-protective efficacy
with SGLT2 inhibitors. This growing body of evidence has resulted in
a paradigm shift in the management of diabetic kidney disease. The
preservation of renal function and the prevention of kidney failure
have become primary therapeutic objectives alongside glycaemic
control.

Conclusion

Diabetic nephropathy is still a major cause of chronic kidney disease
and end-stage kidney disease worldwide. This illustrates the need for
clinical strategies that provide both glycaemic control and renal pro-
tection. This review shows that oral antihyperglycemic agents serve
an important role in managing diabetic kidney disease, although the
magnitude of renal benefit varies considerably among drug classes.
Available evidence indicates that DPP-4 inhibitors, including saxaglip-
tin and linagliptin, are generally safe in patients with renal impair-
ment. They may provide modest reductions in albuminuria. However,
their effects on clinically significant renal outcomes such as sustained
decline in eGFR, progression to end-stage kidney disease, and renal
mortality remain limited.

In contrast, SGLT2 inhibitors consistently display notable nephro-
protective effects throughout diverse patient groups and stages of
chronic kidney disease. Large randomized controlled trials,including
EMPA-REG OUTCOME (20), CANVAS (35), CREDENCE (32), DAPA-CKD
(22), and EMPA-KIDNEY (23), have shown significant reductions in
albuminuria, slower decline in eGFR, decreased progression to kid-
ney failure, and lower risks of renal and cardiovascular mortality.
The results are supported by systematic reviews and meta-analyses
published between 2020 and 2026. Based on the current evidence,
SGLT2 inhibitors should be considered a key therapy for patients with
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type 2 diabetes and diabetic kidney disease. They have proven ability
to preserve renal function and delay disease progression. DPP-4 in-
hibitors remain useful adjunctive agents for glycaemic management,

Subsequent research should examine long-term real-world out-
comes, compare new therapies, and determine best combination ap-
proaches to further improve kidney and heart outcomes in diabetic

especially in patients who require additional glucose lowering or can- nephropathy.

not tolerate other therapies.

References

1. Thomas B (2019) The global burden of diabetic kidney dis- 20. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

JCMCRI

-
o

ease: time trends and gender gaps. Current diabetes reports
19(4):18.

Hoogeveen EK (2022) The epidemiology of diabetic kidney dis-
ease. Kidney and Dialysis 2(3): 433-442.

Hauwanga WN, Abdalhamed TY, Ezike LA, Chukwulebe IS, Oo
AK, et al. (2024) The pathophysiology and vascular complica-
tions of diabetes in chronic kidney disease: A comprehensive
review. Cureus 16(12).

Dronavalli S, Duka I, Bakris GL (2008) The pathogenesis of dia-
betic nephropathy. Nature clinical practice Endocrinology &
metabolism 4(8): 444-452.

Magbool M, Cooper ME, Jandeleit-Dahm KA (2018) cardiovas-
cular disease and diabetic kidney disease. InSeminars in ne-
phrology 38(3): 217-232.

Koye DN, Magliano DJ, Nelson RG, Pavkov ME (2018) The global

epidemiology of diabetes and kidney disease. Advances in
chronic kidney disease. 25(2): 121-132.

Alicic RZ, Rooney MT, Tuttle KR (2017) Diabetic Kidney Disease:
Challenges, Progress, and Possibilities. Clin J Am Soc Nephrol
12(12): 2032-2045.

Aldukhavyel A (2017) Prevalence of diabetic nephropathy
among Type 2 diabetic patients in some of the Arab countries.
International journal of health sciences. 11(1): 1.

Forbes JM, Cooper ME (2013) Mechanisms of diabetic compli-
cations. Physiol Rev 93(1):137-188.

Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH, et al.
(2014) Diabetic kidney disease: a report from an ADA Consen-
sus Conference. Diabetes Care 37(10):2864—2883.

Bajaj M, McCoy RG, Balapattabi K, Bannuru RR, Bellini NJ, et
al. (2026) Chronic Kidney Disease and Risk Management: Stan-
dards of Care in Diabetes-2026. Diabetes Care.

Fried LF, Petruski-lvleva N, Folkerts K, Schmedt N, Velentgas P,
et al. (2021) ACE inhibitor or ARB treatment among patients
with diabetes and chronic kidney disease. American Journal of
Managed Care p. 27.

Roscioni SS, Heerspink HJ, De Zeeuw D (2014) The effect of
RAAS blockade on the progression of diabetic nephropathy. Na-
ture Reviews Nephrology. 10(2): 77-87.

Deacon CF, Lebovitz HE (2016) Comparative review of dipepti-
dyl peptidase-4 inhibitors and sulphonylureas. Diabetes Obes
Metab 18(4): 333-347.

Thornberry NA, Gallwitz B (2009) Mechanism of action of
inhibitors of dipeptidyl-peptidase-4 (DPP-4). Best practice & re-
search Clinical endocrinology & metabolism 23(4): 479-486.
Franch-Nadal J, Gatius JR, Mata-Cases M, Ortega E, Valles JA,
et al. (2022) Compliance with the DPP-4 inhibitors dose adjust-
ment recommendations based on renal function in a popula-
tion database. Endocrinologia, Diabetes y Nutricién (English
ed.), 69(2): 83-91.

Esposito K, Chiodini P, Maiorino MI, Capuano A, Cozzolino D, et
al. (2015) A nomogram to estimate the HbAlc response to dif-
ferent DPP-4 inhibitors in type 2 diabetes: a systematic review
and meta-analysis of 98 trials with 24 163 patients. BMJ open
5(2): e005892.

Norwood P, Chen R, Jaeckel E, Lingvay |, Jarlov H, et al. (2017)
Rates of hypoglycaemia are lower in patients treated with in-
sulin degludec/liraglutide (IDeglira) than with IDeg or insulin
glargine, regardless of the hypoglycaemia definition used. Dia-
betes, Obesity and Metabolism. 19(11): 1562-1569.

Heerspink HJ, Kosiborod M, Inzucchi SE, Cherney DZ (2018)
Renoprotective effects of sodium-glucose cotransporter-2 in-
hibitors. Kidney international. 94(1):26-39.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2015) Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. New england journal of medicine. 373(22):
2117-2228.

Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJ, et
al. (2019) Canagliflozin and renal outcomes in type 2 diabetes
and nephropathy. New England journal of medicine 380(24):
2295-306.

Heerspink HJ, Stefansson BV, Correa-Rotter R, Chertow

GM, Greene T, et al. (2020) Dapagliflozin in patients with
chronic kidney disease. New England Journal of Medicine
383(15):1436-1446.

EMPA-Kidney Collaborative Group (2023) Empagliflozin in
patients with chronic kidney disease. New England Journal of
Medicine 388(2): 117-127.

Ni L, Yuan C, Chen G, Zhang C, Wu X (2020) SGLT2i: beyond the
glucose-lowering effect. Cardiovascular Diabetology 19(1): 98.
Vallon V (2024) State-of-the-art-review: mechanisms of action
of SGLT2 inhibitors and clinical implications. American Journal
of Hypertension. 37(11): 841-852.

Draznin B, Aroda VR, Bakris G, Benson G, Brown FM, et al.
(2022) American Diabetes Association Professional Practice
Committee. 9. Pharmacologic approaches to glycemic treat-
ment: standards of medical care in diabetes-2022. Diabetes
Care 45(1):5125-143.

Disease K, Group IG (2022) KDIGO 2022 clinical practice guide-
line for diabetes management in chronic kidney disease. Kidney
international. 102(5S): S1-27.

Mosenzon O, Leibowitz G, Bhatt DL, Cahn A, Hirshberg B, et al.
(2017) Effect of saxagliptin on renal outcomes in the SAVOR-
TIMI 53 trial. Diabetes care. 40(1): 69-76.

Groop PH, Cooper ME, Perkovic V, Hocher B, Kanasaki K, et al.
(2017) Linagliptin and its effects on hyperglycaemia and albu-
minuria in patients with type 2 diabetes and renal dysfunction:
the randomized MARLINA-T2D trial. Diabetes, Obesity and Me-
tabolism 19(11): 1610-1619.

Rosenstock J, Perkovic V, Alexander JH, Cooper ME, Marx N, et
al. (2018) Rationale, design, and baseline characteristics of the
CArdiovascular safety and Renal Microvascular outcomE study
with LINAgliptin (CARMELINA®): a randomized, double-blind,
placebo-controlled clinical trial in patients with type 2 diabetes
and high cardio-renal risk. Cardiovascular diabetology. 17(1):
39.

Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, et
al. (2019) Effect of linagliptin vs placebo on major cardiovas-
cular events in adults with type 2 diabetes and high cardiovas-
cular and renal risk: the CARMELINA randomized clinical trial.
Jama. 321(1):69-79.

Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJ, et
al. (2019) Canagliflozin and renal outcomes in type 2 diabetes
and nephropathy. New England journal of medicine 380(24):
2295-306.

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M,
et al. (2016) Empagliflozin and progression of kidney disease
in type 2 diabetes. New England Journal of Medicine 375(4):
323-334.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, et al.
(2015) Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. New england journal of medicine 373(22):
2117-2128.

Neal B, Perkovic V, Mahaffey KW, De Zeeuw D, Fulcher G, et

al. (2017) Canagliflozin and cardiovascular and renal events in
type 2 diabetes. New England Journal of Medicine 377(7): 644-

6


https://jcmcrimages.org/
https://pubmed.ncbi.nlm.nih.gov/30826889/
https://pubmed.ncbi.nlm.nih.gov/30826889/
https://pubmed.ncbi.nlm.nih.gov/30826889/
https://www.mdpi.com/2673-8236/2/3/38
https://www.mdpi.com/2673-8236/2/3/38
https://pubmed.ncbi.nlm.nih.gov/39872596/
https://pubmed.ncbi.nlm.nih.gov/39872596/
https://pubmed.ncbi.nlm.nih.gov/39872596/
https://pubmed.ncbi.nlm.nih.gov/39872596/
https://pubmed.ncbi.nlm.nih.gov/18607402/
https://pubmed.ncbi.nlm.nih.gov/18607402/
https://pubmed.ncbi.nlm.nih.gov/18607402/
https://pubmed.ncbi.nlm.nih.gov/29753399/
https://pubmed.ncbi.nlm.nih.gov/29753399/
https://pubmed.ncbi.nlm.nih.gov/29753399/
https://pubmed.ncbi.nlm.nih.gov/29580576/
https://pubmed.ncbi.nlm.nih.gov/29580576/
https://pubmed.ncbi.nlm.nih.gov/29580576/
https://pubmed.ncbi.nlm.nih.gov/28522654/
https://pubmed.ncbi.nlm.nih.gov/28522654/
https://pubmed.ncbi.nlm.nih.gov/28522654/
https://pubmed.ncbi.nlm.nih.gov/28293155/
https://pubmed.ncbi.nlm.nih.gov/28293155/
https://pubmed.ncbi.nlm.nih.gov/28293155/
https://pubmed.ncbi.nlm.nih.gov/23303908/
https://pubmed.ncbi.nlm.nih.gov/23303908/
https://pubmed.ncbi.nlm.nih.gov/25249672/
https://pubmed.ncbi.nlm.nih.gov/25249672/
https://pubmed.ncbi.nlm.nih.gov/25249672/
https://pubmed.ncbi.nlm.nih.gov/34878753/
https://pubmed.ncbi.nlm.nih.gov/34878753/
https://pubmed.ncbi.nlm.nih.gov/34878753/
https://pubmed.ncbi.nlm.nih.gov/34878753/
https://pubmed.ncbi.nlm.nih.gov/24296623/
https://pubmed.ncbi.nlm.nih.gov/24296623/
https://pubmed.ncbi.nlm.nih.gov/24296623/
https://pubmed.ncbi.nlm.nih.gov/19748065/
https://pubmed.ncbi.nlm.nih.gov/19748065/
https://pubmed.ncbi.nlm.nih.gov/19748065/
https://pubmed.ncbi.nlm.nih.gov/35256063/
https://pubmed.ncbi.nlm.nih.gov/35256063/
https://pubmed.ncbi.nlm.nih.gov/35256063/
https://pubmed.ncbi.nlm.nih.gov/35256063/
https://pubmed.ncbi.nlm.nih.gov/35256063/
https://pubmed.ncbi.nlm.nih.gov/25687897/
https://pubmed.ncbi.nlm.nih.gov/25687897/
https://pubmed.ncbi.nlm.nih.gov/25687897/
https://pubmed.ncbi.nlm.nih.gov/25687897/
https://pubmed.ncbi.nlm.nih.gov/25687897/
https://pubmed.ncbi.nlm.nih.gov/28417535/
https://pubmed.ncbi.nlm.nih.gov/28417535/
https://pubmed.ncbi.nlm.nih.gov/28417535/
https://pubmed.ncbi.nlm.nih.gov/28417535/
https://pubmed.ncbi.nlm.nih.gov/28417535/
https://pubmed.ncbi.nlm.nih.gov/29735306/
https://pubmed.ncbi.nlm.nih.gov/29735306/
https://pubmed.ncbi.nlm.nih.gov/29735306/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/32970396/
https://pubmed.ncbi.nlm.nih.gov/32970396/
https://pubmed.ncbi.nlm.nih.gov/32970396/
https://pubmed.ncbi.nlm.nih.gov/32970396/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/32590982/
https://pubmed.ncbi.nlm.nih.gov/32590982/
https://pubmed.ncbi.nlm.nih.gov/39017631/
https://pubmed.ncbi.nlm.nih.gov/39017631/
https://pubmed.ncbi.nlm.nih.gov/39017631/
https://pubmed.ncbi.nlm.nih.gov/34964831/
https://pubmed.ncbi.nlm.nih.gov/34964831/
https://pubmed.ncbi.nlm.nih.gov/34964831/
https://pubmed.ncbi.nlm.nih.gov/34964831/
https://pubmed.ncbi.nlm.nih.gov/34964831/
https://pubmed.ncbi.nlm.nih.gov/27797925/
https://pubmed.ncbi.nlm.nih.gov/27797925/
https://pubmed.ncbi.nlm.nih.gov/27797925/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/29540217/
https://pubmed.ncbi.nlm.nih.gov/30418475/
https://pubmed.ncbi.nlm.nih.gov/30418475/
https://pubmed.ncbi.nlm.nih.gov/30418475/
https://pubmed.ncbi.nlm.nih.gov/30418475/
https://pubmed.ncbi.nlm.nih.gov/30418475/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/30990260/
https://pubmed.ncbi.nlm.nih.gov/27299675/
https://pubmed.ncbi.nlm.nih.gov/27299675/
https://pubmed.ncbi.nlm.nih.gov/27299675/
https://pubmed.ncbi.nlm.nih.gov/27299675/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/26378978/
https://pubmed.ncbi.nlm.nih.gov/28605608/
https://pubmed.ncbi.nlm.nih.gov/28605608/
https://pubmed.ncbi.nlm.nih.gov/28605608/

JCMCRI

https://icmcrimages.or:

657. 45, Fioretto P, Zambon A, Rossato M, Busetto L, Vettor R (2021)

36. Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, et al. Sodium-glucose cotransporter-2 inhibitors and the kidney:
(2019) Dapagliflozin and cardiovascular outcomes in type 2 dia- from mechanisms to clinical practice. Diabetes Care 44(7):
betes. New England Journal of Medicine. 380(4): 347-357. 1591-1603.

37. Heerspink HJ, Langkilde AM, Wheeler DC (2021) Dapagliflozin 46. ZhengY, MaS, Huang Q, Fang Y, Tan H, et al. (2022) Meta-anal-
in patients with chronic kidney disease. New England Journal of ysis of the efficacy and safety of finerenone in diabetic kidney
Medicine 384(4): 389-390. disease. Kidney and Blood Pressure Research 47(4): 219-228.

38. Wheeler DC, Stefansson BV, Jongs N, Chertow GM, Greene T, 47. Kaze AD, Zhuo M, Kim SC, Patorno E, Paik JM (2022) Association
et al. (2021) Effects of dapagliflozin on major adverse kidney of SGLT2 inhibitors with cardiovascular, kidney, and safety out-
and cardiovascular events in patients with diabetic and non- comes among patients with diabetic kidney disease: a meta-
diabetic chronic kidney disease: a prespecified analysis from analysis. Cardiovascular diabetology 21(1): 47.
the DAPA-CKD trial. The lancet Diabetes & endocrinology 9(1): 48. Spiazzi BF, Piccoli GF, Wayerbacher LF, Lubianca JP, Scalco BG, et
22-31. al. (2024) Sodium-glucose cotransporter 2 inhibitors and kidney

39. Zannad F, Ferreira JP, Pocock SJ, Zeller C, Anker SD, Butler J, et outcomes across the spectrum of kidney disease: a systematic
al. (2021) Cardiac and kidney benefits of empagliflozin in heart review and meta-analysis. Clinical journal of the American Soci-
failure across the spectrum of kidney function: insights from ety of Nephrology: CJASN. 20(1): 39.
the EMPEROR-Reduced trial. Circulation 143(4): 310-321. 49. Mavrakanas TA, Tsoukas MA, Brophy JM, Sharma A, Gariani

40. EMPA-Kidney Collaborative Group (2023) Empagliflozin in K (2023) SGLT-2 inhibitors improve cardiovascular and renal
patients with chronic kidney disease. New England Journal of outcomes in patients with CKD: a systematic review and meta-
Medicine 388(2): 117-127. analysis. Scientific Reports 13(1): 15922.

41. Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, et al. (2022) 50. Dalui SK, Chakraverty R, Yasmin N, Pattanaik S, Pandit K, et al.
Cardiovascular and kidney outcomes with finerenone in pa- (2021) Effects of DPP4 inhibitors on renal outcomes in diabetes
tients with type 2 diabetes and chronic kidney disease: the mellitus: a systematic review and meta-analysis. Indian Journal
FIDELITY pooled analysis. European heart journal. 43(6): 474- of Endocrinology and Metabolism. 25(4): 283-292.

484, 51. Neuen BL, Fletcher RA, Anker SD, Bhatt DL, Butler J, et al.

42. Jardine MJ, Zhou Z, Mahaffey KW, Oshima M, Agarwal R, et (2026) SGLT2 inhibitors and kidney outcomes by glomerular
al. (2020) Renal, cardiovascular, and safety outcomes of cana- filtration rate and albuminuria: a meta-analysis. JAMA 335(3):
gliflozin by baseline kidney function: a secondary analysis of 233-244.
the CREDENCE randomized trial. Journal of the American Soci-
ety of Nephrology. 31(5): 1128-1139.

43, Heerspink HJ, Oshima M, Zhang H, Li J, Agarwal R, et al. (2022)

Canagliflozin and kidney-related adverse events in type 2 dia-
betes and CKD: findings from the randomized CREDENCE trial.
American Journal of Kidney Diseases. 79(2): 244-256.

44. Mulder S, Heerspink HJ, Darshi M, Kim JJ, Laverman GD, et al.
(2019) Effects of dapagliflozin on urinary metabolites in people
with type 2 diabetes. Diabetes, Obesity and Metabolism.
21(11): 2422-2428.



https://jcmcrimages.org/
https://pubmed.ncbi.nlm.nih.gov/28605608/
https://pubmed.ncbi.nlm.nih.gov/30415602/
https://pubmed.ncbi.nlm.nih.gov/30415602/
https://pubmed.ncbi.nlm.nih.gov/30415602/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33338413/
https://pubmed.ncbi.nlm.nih.gov/33095032/
https://pubmed.ncbi.nlm.nih.gov/33095032/
https://pubmed.ncbi.nlm.nih.gov/33095032/
https://pubmed.ncbi.nlm.nih.gov/33095032/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/36331190/
https://pubmed.ncbi.nlm.nih.gov/35023547/
https://pubmed.ncbi.nlm.nih.gov/35023547/
https://pubmed.ncbi.nlm.nih.gov/35023547/
https://pubmed.ncbi.nlm.nih.gov/35023547/
https://pubmed.ncbi.nlm.nih.gov/35023547/
https://pubmed.ncbi.nlm.nih.gov/34029680/
https://pubmed.ncbi.nlm.nih.gov/34029680/
https://pubmed.ncbi.nlm.nih.gov/34029680/
https://pubmed.ncbi.nlm.nih.gov/34029680/
https://pubmed.ncbi.nlm.nih.gov/31264758/
https://pubmed.ncbi.nlm.nih.gov/31264758/
https://pubmed.ncbi.nlm.nih.gov/31264758/
https://pubmed.ncbi.nlm.nih.gov/31264758/
https://pubmed.ncbi.nlm.nih.gov/35034019/
https://pubmed.ncbi.nlm.nih.gov/35034019/
https://pubmed.ncbi.nlm.nih.gov/35034019/
https://pubmed.ncbi.nlm.nih.gov/35321742/
https://pubmed.ncbi.nlm.nih.gov/35321742/
https://pubmed.ncbi.nlm.nih.gov/35321742/
https://pubmed.ncbi.nlm.nih.gov/35321742/
https://pubmed.ncbi.nlm.nih.gov/39792537/
https://pubmed.ncbi.nlm.nih.gov/39792537/
https://pubmed.ncbi.nlm.nih.gov/39792537/
https://pubmed.ncbi.nlm.nih.gov/39792537/
https://pubmed.ncbi.nlm.nih.gov/39792537/
https://pubmed.ncbi.nlm.nih.gov/37741858/
https://pubmed.ncbi.nlm.nih.gov/37741858/
https://pubmed.ncbi.nlm.nih.gov/37741858/
https://pubmed.ncbi.nlm.nih.gov/37741858/
https://pubmed.ncbi.nlm.nih.gov/35136733/
https://pubmed.ncbi.nlm.nih.gov/35136733/
https://pubmed.ncbi.nlm.nih.gov/35136733/
https://pubmed.ncbi.nlm.nih.gov/35136733/
https://pubmed.ncbi.nlm.nih.gov/41203232/
https://pubmed.ncbi.nlm.nih.gov/41203232/
https://pubmed.ncbi.nlm.nih.gov/41203232/
https://pubmed.ncbi.nlm.nih.gov/41203232/

