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Abstract: Diabetic nephropathy (DN) is the leading cause of end-stage renal disease (ESRD) world-
wide. Its pathogenesis encompasses functional alterations involving elevated intraglomerular and
systemic pressure, increased activity of the renin-angiotensin system (RAS) and oxidative stress,
and the eventual development of renal fibrosis. The management of DN involves the optimization
of blood pressure (BP) and blood glucose targets. However, treatment of these risk factors slows
down but does not stop the progression of DN. Innovative pharmacologic therapies for dyslipidemia
and type 2 diabetes mellitus (T2DM) could play a key role in bridging this gap and attenuating the
residual risk of DN beyond traditional risk factor management. Glucagon-like peptide-1 receptor
agonists (GLP-1 RAs), sodium-glucose cotransporter-2 inhibitors (SGLT-2is), and inhibitors of miner-
alocorticoid receptor-mediated sodium reabsorption are recently introduced drug classes that have
been shown to have positive effects on kidney function in individuals with T2DM. The aim of this
review is to provide an update on the therapeutic options available in order to prevent or slow the
onset and progression of DN in diabetic patients.

Keywords: diabetes mellitus; kidney disease; innovative therapy; cardiovascular risk; kidney protection

1. Introduction

Diabetic kidney disease (CKD), or diabetic nephropathy (DN), is a major complication
that takes a significant toll on communities globally [1]. In general, the natural history of
DN consists of three stages: normoalbuminuria, microalbuminuria, and macroalbuminuria.
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Glomerular hyperfiltration is considered a hallmark of early disease. The appearance of
albuminuria is associated with a progressive decline in the glomerular filtration rate (GFR)
that parallels the degree of albumin excretion in addition to BP and glucose; a reduction
in GFR may be due to other factors such as female gender, obesity, and the presence of
hypertriglyceridemia, thus explaining the fact that the heterogeneity of the DN phenotype
is not closely linked to its typical histological lesions [2].

The pathogenesis of DN encompasses a number of functional alterations involving
increased intraglomerular pressure, stimulation of the renin-angiotensin system (RAS),
oxidative stress, and fibrotic changes that are superimposed on an innate genetic predispo-
sition [3]. In addition, increased circulating inflammatory mediators (adhesion molecules
and chemokines) and intrarenal immune cell infiltration are observed in patients with
DN [4,5]. This review focuses on innovative pharmacologic treatments that promise to
provide breakthroughs in the management of diabetic nephropathy.

Treatment strategies for the management of DN include (a) intensive blood glucose
control; (b) attainment of blood pressure goals with the inclusion of angiotensin II receptor
blockers (ARBs) or angiotensin-converting enzyme (ACE)-inhibitors in the pharmacologic
regimen; (c) weight management with dietary caloric restriction and aerobic physical
exercise; (d) dietary protein restriction; (e) smoking cessation; (f) lipid management with
statin therapy as the preferred choice; and (g) avoidance of nephrotoxic drugs such as
contrast agents, antibiotics, and nonsteroidal anti-inflammatory drugs (NSAIDs) [6,7]. One
of the significant breakthroughs in the field of DN treatment has been the introduction of
finerenone [8], a nonsteroidal selective mineralocorticoid receptor antagonist (MRA). This
drug has pharmacokinetic and clinical effects that are different with respect to steroidal
MRAs, such as eplerenone and spironolactone [9-12].

Novel pharmacologic approaches are on the horizon to slow the progress and evolution
of DN and thereby protect the kidneys [13,14]. SGLT-2is are drugs capable of lowering blood
sugar by increasing the urine excretion of glucose. However, they have also demonstrated
positive effects regarding the cardiovascular and renal systems in T2DM subjects and in
those with renal or cardiological disease without T2DM. These drugs can reduce the risk of
dialysis and mortality from kidney diseases as they are able to block CKD progression.

2. Pathogenesis and Course of DN

DN begins with glomerular hyperfiltration, which abates with the onset of early renal
damage [1,3,6,7]. This is accompanied by mild systemic hypertension, which worsens
over time [1,3,6,7]. Increased albumin excretion in the urine from early renal damage
is manifested by microalbuminuria (30-299 mg/24 h) followed by macroalbuminuria
(>300 mg/24 h). Patients go from an asymptomatic stage to fluid retention, which is
usually accompanied by clinically overt edema. In advanced stages, patients may exhibit
the symptoms of uremia [1,3,7].

Several factors contribute to the pathophysiology of DN. Hyperglycemia leads to the
increased formation of advanced glycation end products and a proinflammatory state,
which have been correlated with a progressive reduction in GFR [1,3,6,7]. The former
becomes manifest with increased adhesion molecules, infiltrating cells, reactive oxygen
species (ROS), cytokines, and metalloproteinases [15,16]. Systemic hypertension can com-
promise the glomerular and functional structure due to a disequilibrium in the efferent
and afferent arteriolar pressure [15-17]. Dyslipidemia, obesity, and insulin resistance also
aggravate renal hemodynamics [17].

3. Search Strategy

We searched electronic databases (MEDLINE (1975-2022), EMBASE and SCOPUS
(2000-2022)) and Web of Science Core Collection (1997-present) using combinations of the
following keywords: diabetes, diabetic nephropathy, incretins, dipeptidyl peptidase-4 in-
hibitors, glucagon-like peptide-1 receptor agonists, sodium-glucose transporter-2 inhibitors,
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kidney disease, therapy, treatment. The methodology used in extracting the relevant studies
and reviews is summarized in the flow chart (Figure 1).
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Figure 1. Flow chart related to the selection methodology of the studies included in the review.

4. Pharmacologic Management of DN: Current and Emerging Evidence
4.1. Conventional Therapy in Diabetic Kidney Disease

Blood pressure (BP) control by renin-angiotensin system (RAS) blockade reduces pro-
teinuria and effectively slows down the evolution of diabetic and nondiabetic nephropathies
through local and/or systemic actions [7]. The optimization of glycemic control with antihy-
perglycemic medications, including insulin therapy, is fundamentally important. However,
care is needed to adjust the doses or avoid certain drugs due to declining renal func-
tion [18,19]. Statins, especially simvastatin, cerivastatin, and rosuvastatin, can be used in
diabetic nephropathy, as they reduce albuminuria, urinary endothelin, and even blood
pressure [20]. Unfortunately, conventional multifactorial therapy addressing blood pres-
sure, glycemic, and lipid control is challenging to maintain and not efficacious enough
to reduce the incidence of DN. Statins might exert significant renoprotective effects that
depend partly on the duration of therapy [21].

Positive results in terms of primary prevention were noted in the Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (AD-
VANCE; ClinicalTrials.gov Identifier: NCT00949286) study [22] in the Bergamo Nephrologic
Diabetic Complications (BENEDICT; ClinicalTrials.gov Identifier: NCT00235014) trial [23]
and the Randomized Olmesartan and Diabetes Microalbuminuria Prevention ROADMAP
study (ClinicalTrials.gov Identifier: NCT00185159) [24]. In the BENEDICT study, treatment
with ACE-is (trandolapril or trandolapril and verapamil in combination) reduced the cumu-
lative incidence of microalbuminuria over the 3.6-year follow-up. In the ADVANCE Blood
Pressure trial, patients on active treatment with perindopril/indapamide had significantly
lower blood pressure values with lower microalbuminuria values [22]. In the ROADMAP
study, treatment with olmesartan delayed the onset of microalbuminuria [24]. In the Renin-
Angiotensin System Study (RASS), enalapril and losartan decreased diabetic retinopathy
progression. In patients with microalbuminuria, therapy aims to prevent progression
to clinical albuminuria and promote regression toward normoalbuminuria (secondary
prevention). Therefore, patients with microalbuminuria need to be treated with ACE-is
or ARBs regardless of blood pressure. In microalbuminuric patients with T2DM, both
angiotensin receptor antagonists IRMA 2—Irbesartan Microalbuminuria Type 2 Diabetes
Mellitus in Hypertensive Patients [25]; MARVAL—Micro Albuminuria Reduction with
VALsartan Study Investigators [26]) and ACE inhibitors (ADVANCE) [22] decrease the risk
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of developing proteinuria. In addition, in subjects with T2DM and microalbuminuria, both
RAS blockers increased the likelihood of regression to normoalbuminuria.

4.2. Advances in Treatment of Diabetic Kidney Disease

In recent years, the development of new hypoglycemic drugs has dramatically en-
riched the therapeutic options available for treating T2DM. Notably, some of these new
agents, such as SGLT2is and GLP-1Ras, not only mitigate hyperglycemia but also reduce
cardiovascular complications and protect kidney function [27-30]. Although insulin is the
only medication available for subjects with T1IDM, some of the innovative antidiabetic
drugs used approved for T2DM have also shown some beneficial effects in TIDM through
their pleiotropic actions [31,32].

4.2.1. Glucagon-Like Peptide-1 Receptor Agonists

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) improve kidney outcomes in
T2DM. They improve renal tubular function and increase natriuresis and diuresis [33].
The effect of GLP-1RAs on renal hemodynamics is ascribed to the improved equilibrium
between afferent vasodilation and efferent vasoconstriction [33]. The tubular transporter
most likely mediating the natriuretic effects of GLP-1 is the sodium-hydrogen antiporter,
also known as sodium hydrogen exchanger 3 (NHE3), which is found on the edge of the
brush of the proximal tubule. It is tied to a formulation that also includes DPP-4 [34]. NHE3
is inhibited by decreased postprandial levels of glucagon [34], insulin [35], or glucose,
which leads to downregulation and inhibition of NHE3 and SGLT-1/SGLT-2 [17,18]. The
renal protection mechanism is postulated to be linked to the diuretic and natriuretic effect of
GLP-1. GLP-1RAs under physiologic conditions seem to induce glomerular hyperfiltration
with an increase in GFR. A direct effect of inducing vasodilation of the afferent arteriole
is mediated by GLP-1RAs of the glomerular vascular smooth muscle cells. Interestingly,
beyond the endocrine pancreas, GLP-1 receptor mRNA has been localized in the central
and peripheral nervous systems, gastrointestinal tract, cardiovascular system, kidneys, and
lungs [36]. Therefore, it is plausible to assume that, in addition to their glucose-lowering
actions, these drugs have anti-inflammatory and antioxidant effects which could directly
or indirectly improve kidney function.

The Evaluation of Lixisenatide in Acute Coronary Syndrome (ELIXA; ClinicalTri-
als.gov Identifier: NCT01147250) study studied patients with T2DM and a recent acute
coronary event (unstable angina or myocardial infarction). Twenty-five percent of subjects
included in the group treated with lixisenatide and twenty-two percent in the placebo
group had a reduction in eGFR (<6.0 mL/min/1.73 m?) [37]. No statistically significant
differences were observed in eGFR decline with lixisenatide treatment compared to placebo
in general and after adjustment for baseline albuminuria status. However, a decrease in the
incidence of macroalbuminuria onset was seen (HR 0.77; 95% CI: 0.62, 0.96; p = 0.0174), as
well as a lower urinary albumin-to-creatinine ratio (UACR) in lixisenatide-treated patients
with micro- (—21.10%, —42.25 to 0.04; p = 0.0502) or macroalbuminuria (—39.18%, —68.53
to —9.84, p = 0.0070) [37].

In the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results-A Long Term Evaluation (LEADER; ClinicalTrials.gov Identifier: NCT01179048)
trial with liraglutide 1.8 mg, the renal outcomes studied included new-onset persistent
macroalbuminuria, persistent doubling of serum creatinine, kidney failure, and death
due to renal disease. A reduction in adverse renal outcomes was observed (HR 0.78, 95%
CI: 0.67-0.92). There was a reduction in new-onset macroalbuminuria (HR 0.74, 95% CI
0.60-0.91, p = 0.004) and a reduction in the risk of major adverse CV events and all-cause
mortality in comparison to placebo in patients with DCKD (eGFR < 60 mL/min/1.73 m?
and UACR > 30 mg/g) [38,39]. In addition, subcutaneous treatment with semaglutide
demonstrated a decrease in the incidence of new cases of nephropathy or its aggravation
in the Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes Car-
diovascular Outcome (SUSTAIN-6; ClinicalTrials.gov Identifier: NCT01720446) study (HR
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0.64 (95% CI1 0.46-0.88, p = 0.05)). This effect was due to a decrease in new-onset macroalbu-
minuria (0.973 with semaglutide 0.5 mg, 0.858 with semaglutide 1.0 mg). Posthoc analysis
of SUSTAIN 1-5 and 7 demonstrated a 30% decrease in albuminuria and al regression to
micro- or normoalbuminuria in all grades of albuminuria [40].

In the 2017 Exenatide Study of Cardiovascular Event Lowering (EXSCEL; ClinicalTri-
als.gov Identifier: NCT01144338) trial evaluating the cardiovascular safety of exenatide, in
the composite primary outcome of the first occurrence of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke, no significant difference in the decline of the
eGFR, Renal Replacement Therapy (RRT) or renal death was observed. The occurrence of
macroalbuminuria was lower in the exenatide group (2.2%) than in the placebo (2.5%) (HR
0.87 (95% CI: 0.70-1.07)) [41]. In the Cardiovascular Safety of Oral Semaglutide in Subjects
with Type 2 Diabetes (PIONEER-6; ClinicalTrials.gov Identifier: NCT02692716) trial, the
main objective was evaluating the cardiovascular safety of oral semaglutide; 26.9% of the
study’s patients had an eGFR < 60 mL/min/1.73 m?. No statistically significant differences
were found in eGFR decline and renal death; in PIONEER-5, safety was demonstrated for
subjects with a moderate eGFR reduction (30-59 mL/min/1.73 m?) [42,43].

Renal outcomes were also evaluated in A Study Comparing Dulaglutide with In-
sulin Glargine on Glycemic Control in Participants with Type 2 Diabetes and Moderate or
Severe Chronic Kidney Disease (AWARD-7; ClinicalTrials.gov Identifier: NCT01621178).
Patients with moderate-to-severe T2DM and CKD were treated with insulin and an an-
giotensin receptor blocker or angiotensin-converting enzyme inhibitor at the maximum
dose along with dulaglutide injected once weekly. eGFR was greater with dulaglutide
1.5 mg (34.0 mL/min/1.73 m?; p = 0.005 compared to insulin glargine) and dulaglutide
0.75 mg (3.3.8 mL/min/1.73 m?%; p = 0.009 versus insulin glargine) versus insulin glargine
(31.3 mL/min/1.73 m?) after 52 weeks of therapy [44].

Patients with microalbuminuria showed a more evident link between dulaglutide
therapy and a reduced decline in eGFR [44].

In the Researching Cardiovascular Events with a Weekly Incretin in Diabetes (REWIND;
ClinicalTrials.gov Identifier: NCT01394952) study, the renal outcomes studied consisted of
new-onset macroalbuminuria, sustained eGFR decline of 30% or more, and a need for RRT.
A composite of these endpoints occurred in 17.1% of dulaglutide (1.5 mg) patients and
19.6% in the not-treated group (HR 0.85, 95% CI 0.77-0.93; p = 0.0004) [45]. The Research
Study to See How Semaglutide Works Compared to Placebo in People with Type 2 Diabetes
and Chronic Kidney Disease (FLO.W; ClinicalTrials.gov Identifier: NCT03819153) trial is an
ongoing study evaluating the effect of semaglutide in patients with T2DM and CKD. It is
the first study to have a renal outcome as the main endpoint which includes eGFR decline
> 50% from baseline, reaching kidney failure, or renal death from CV or kidney disease.
The study is expected to conclude in August 2024 [46].

4.2.2. Sodium-Glucose Cotransporter 2 Inhibitors

SGLT-2 inhibitors are drugs that act on transporters located in the proximal renal
tubule, thereby reducing the reabsorption of glucose [47]. Patients with reduced eGFR have
an attenuated hypoglycemic response because the reabsorption of glucose at the level of the
proximal tubule is linearly associated with the glucose level in the blood and the quantity
that the glomerulus can filter is therefore limited [48]. The loss of energy substrates with
glycosuria produces weight loss, while water loss with diuresis leads to volume depletion
and blood pressure reduction [47]. Analyses of the secondary outcomes in clinical studies
have revealed strong renal protective effects and a retardation in the progression of renal
pathology [49,50].

Several cardiovascular outcome studies in subjects with T2DM have shown a de-
creased risk of progression of CKD with SGLT2 inhibitors empagliflozin (in EMPA REG
OUTCOME,; ClinicalTrials.gov Identifier: NCT01131676) [49], canagliflozin (in CANVAS;
ClinicalTrials.gov Identifier: NCT01032629) [51], and dapagliflozin (in DECLARE -TIMI 58;
ClinicalTrials.gov Identifier: NCT01730534) [50]. In addition, a notable decrease in the risk
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of CKD progression was identified with canagliflozin in CKD subjects (CANVAS program;
ClinicalTrials.gov Identifier: NCT01032629) [51] and with dapagliflozin in subjects with
CKD or nondiabetic CKD (in DAPA-CKD; ClinicalTrials.gov Identifier: NCT03036150 and
DECLARE-TIMI 58;) [52-54]. Furthermore, in the CANVAS program of randomized clini-
cal trials, patients with albuminuric T2DM and CKD (eGFR 30 to <9.0 mL/min/1.73 m2;
UACR > 30.0 to 500.0 mg/g) who received canagliflozin at a dose of 100 mg once a day,
a statistically significant reduction of 30% in the primary endpoint (ESKD, doubling the
serum creatinine level, renal or cardiovascular cause of death) was observed compared to
the untreated group (p < 0.001) [51]; at the same time, there was a statistically significant
reduction of 32% in the risk of ESKD (p = 0.002) and a 34% reduction in the doubling of
creatinine and renal death (p < 0.001) [51].

The DAP.A-CKD trial demonstrated a reduction of 39% in the primary endpoint
(eGFR, ESKD, or renal or cardiovascular death) (p < 0.001) compared to the untreated
group in subjects who had a chronic renal failure with or without T2DM (67.5% and 32.5%,
respectively) [53]. DAPA-CKD was the first study to show a reduced risk of all-cause
mortality in subjects with chronic renal failure but improved renal pathology outcomes
with an SGLT2i agent [55].

In the DECLARE-TIMI trial of 58 subjects with CKD and T2DM receiving dapagliflozin
compared to subjects with CKD but without diabetes, a reduction in cardiorenal outcomes
(at least 40% sustained decline in eGFR > 60 mL/min/1.73 m?2, ESKD or death from renal
or cardiovascular causes) was noted [52-54]: the group treated with dapagliflozin showed
a significantly decreased frequency of cardiorenal outcomes [HR 0.76 (95% CI 0.67-0.87);
p < 0.0001] and kidney-specific outcomes [HR 0.53 (95% CI 0.43-0.66); p< 0.0001] with
respect to the untreated group; the dapagliflozin group also had a significantly reduced
frequency of composite cardiorenal outcome [HR 0.76 (95% CI 0.67-0.87); p < 0.0001] and
kidney-specific outcomes [HR 0.53 (95% CI 0.43-0.66); p < 0.0001] compared to the placebo
group [53]. Statistically significant decreases were observed both in cardiorenal outcome
among subgroups with UACR > 30 mg/g (p < 0.0125) but also in renal outcome in all
UACR groups (p < 0.05) [54].

In the ESC guidelines of 2019 [56], the study Canagliflozin and Renal Events in Dia-
betes with Established Nephropathy Clinical Evaluation (CREDENCE; ClinicalTrials.gov
Identifier: NCT02065791) is cited [57]. This study evaluated diabetic subjects with eGFR 3.0
to <9.0 mL/min/1.73 m? treated with canagliflozin 100 mg/day or for the untreated group;
the safety committee terminated the study prematurely after an analysis demonstrated
superiority. The primary outcome that including a doubling of serum creatinine level,
composite of end-stage kidney pathology, or renal or CV death was decreased by 30%,
and secondary outcomes showed positive benefits with the use of canagliflozin. These
results in a high-risk population of diabetic with renal insufficiency subjects confirm the
observations of secondary outcomes in CVOTs and prove the necessity to use SGLT2is in
the management of T2DM, CKD, and CVD. In addition, some of the GLP-1RAs may offer
modest kidney beneficium [58]: a meta-analysis evaluating studies conducted with liraglu-
tide, semaglutide, exenatide, and lixisenatide showed a decrease in the macroalbuminuria
progress and the risk of contrary renal consequences due to decreased proteinuria [59].
Based on the results of the CREDENCE, DECLARE-TIMI 5.8, and DAPA-CKD studies,
canagliflozin would benefit subjects with diabetic nephropathy and T2DM, with albumin-
uria > 300 mg/day and an eGFR > 30 mL/min/1.73 m?, and dapagliflozin would be
helpful in chronic renal failure patients with an eGFR > 25 mL/min/1.73 m? at risk of
CKD progression. Though canagliflozin decreased the risk of the evolution of chronic renal
failure, cardiovascular death, and hospitalization for heart failure (HHF) only in diabetic
subjects with albuminuria > 300 mg/g, dapagliflozin is designed to decrease the risk of
evolution of CKD and HHF regardless of albuminuria in all CKD subjects with or without
T2DM, as well as decrease the risk of cardiovascular and HHF death in heart failure subjects
with a low ejection fraction [55].
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SGLT2is reduce in glomerular hyperfiltration, possibly due to an increase in pre-
glomerular vasoconstriction and a reduction in postglomerular vascular resistance [60];
this eGFR reduction is similar to that induced by adenosine [61] through preglomerular
vasoconstriction and postglomerular vasodilation [60]. The CREDENCE and DAPA-CKD
studies demonstrated that canagliflozin or dapagliflozin resulted in a mean eGFR reduction
of 3.7 mL/min/1.73 m? within three weeks of therapy and 4.0 mL/min/1.73 m? within
two weeks. This reduction persisted and remained constant throughout the year and was
lower with SGLT-2is drugs than in the untreated control group [53,62]. A decrease in eGFR
of more than 10% was observed in subjects with more advanced stages of chronic renal
failure with reduced diuresis being treated with diuretics, but this did not influence renal
or cardiovascular outcomes [63].

4.2.3. Dipeptidyl Peptidase-4 Inhibitors

DPP-4is boost the levels of GLP-1 and GIP, which inhibit the release of glucagon,
increasing insulin secretion, reducing gastric emptying, and decreasing blood glucose
levels. They are suitable for subjects with advanced T2DM and kidney dysfunction [64]. In
addition, DPP-4 is widely expressed in epithelial and endothelial tissue of the proximal
renal tubules, and it interacts with the components of the extracellular matrix (fibronectin
and collagen) [65]. DPP-4is attenuate renal fibrosis and podocyte damage and reduce
proteinuria levels independently of glycemic control [66].

In the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Dia-
betes Mellitus Thrombolysis in Myocardial Infarction (SAVOR TIMI 53; ClinicalTrials.gov
Identifier: NCT01107886) study [64], saxagliptin was associated with a reduction in albu-
minuria level irrespective of glucose control; there was no statistically significant difference
during follow-up in eGFR or the prevalence of renal endpoints [64]. In the Trial Eval-
uating Cardiovascular Outcomes with Sitagliptin (TECOS; ClinicalTrials.gov Identifier:
NCT00790205) study on sitagliptin, significant reductions in sitagliptin-associated albumin-
uria were observed without no changes in eGFR [67].

The Cardiovascular and Renal Microvascular Outcome Study with Linagliptin
(CARMELINA; ClinicalTrials.gov Identifier: NCT01897532) showed cardiovascular safety
of the drug with no significant differences in renal outcomes except for less progression of
albuminuria than for the placebo [68]. The Efficacy, Safety, and Modification of Albumin-
uria in Type 2 Diabetes Subjects with Renal Disease with LINAgliptin (MARLINA-T2D;
ClinicalTrials.gov Identifier: NCT01792518) trial followed patients with elevated urine
albumin excretion (albumin-to-creatinine ratio greater than 30 mg/g) who were treated
with linagliptin. This drug improved glycemic control without showing a statistically
significant effect on albuminuria values [69]. The impact of DPP-4 is on cardiovascular
outcomes in patients with diabetic nephropathy has been neutral though the agents were
found to be safe from the renal standpoint [68].

4.2.4. Finerenone: A New Mineralocorticoid Receptor Antagonist

The Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic
Kidney Disease (FIDELIO-DKD; ClinicalTrials.gov Identifier: NCT02540993) and the
Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic Kidney Dis-
ease (FIGARO-DKD; ClinicalTrials.gov Identifier: NCT02545049) trials were two random-
ized controlled, phase three trials that investigated the beneficial effects of finerenone on
the renal and cardiovascular systems in patients with type 2 diabetes mellitus (T2DM)
and CKD. FIDELIO-DKD and FIGARO-DKD had a primary and secondary endpoint but
were inverted (renal and cardiovascular endpoint, cardiovascular and renal endpoint, re-
spectively, but with less pronounced CKD in the latter trial) [10,11]; the use of finerenone
alone and in association with glucagon-like peptide-1 receptor agonists (GLP-1Ras) or
sodium-glucose cotransporter two inhibitors (SGLT2is) has been shown to have cardio-
vascular benefits [12]. In addition, the FIDELITY meta-analysis of the FIGARO-DKD and
FIDELIO-DKD trials found that finerenone resulted in a reduction in renal risk equal to
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or greater than 57% reduction in glomerular filtration rate (¢GFR) and a reduction in the
risk of irreversible kidney failure or damage; it also demonstrated a reduction in cardio-
vascular risk by evaluating time to non-fatal myocardial infarction, non-fatal stroke and
hospitalization for heart failure and cardiovascular death [12].

4.2.5. Novel Lipid-Lowering Drugs

CKD patients have high concentrations of LDL-C, very low-density lipoprotein
(VLDL), and lipoprotein (a), as well as low concentrations of Apo A-1[70]. According to
the recent guidelines for the management of dyslipidemia, CKD is one of the conditions
correlated with a high risk of atherosclerotic cardiovascular disease (ASCVD); the LDL-C
target is below 55 for secondary prevention or 70 mg/dL for primary prevention [71].

The management of dyslipidemia in CKD patients remains challenging. Patients
with less severe renal insufficiency appear to have a consistent benefit from lipid-lowering
treatment with statins in both primary and secondary prevention [72]; however, despite the
positive effect of lipid-lowering drugs, decreased renal function can lead to statin-related
side effects, including myopathy. In advanced CKD subjects, especially in subjects with
end-stage renal disease (ESRD) undergoing hemodialysis, statins have not shown the ability
to reduce cardiovascular events [73].

The use of combination lipid-lowering therapies to attain lower LDL cholesterol targets
is an effective therapeutic approach in reducing the cardiovascular risk in subjects with
CKD. Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a fundamental modulator
of LDL receptors in the liver [74,75]. PCKK-9 inhibitors exploit monoclonal antibodies or
RNA interference to target the PCSK9 protein [76]. Clustered regularly interspaced short
palindromic repeats (CRISPR) gene editing targeted at PCSK9 could be a promising tool for
achieving the ambitious goal of a lifelong “fire and forget” mode to decrease LDL-C [77].
However, the use of multiple gene editing treatments and other biologics is still being
explored. A maladaptive epigenetic response is an element of cardiovascular risk, and
both chronic renal failure and T2DM augment it. Apabetalone, a selective modulator of
the bromodomain and the transcription system of the extraterminal domain, reduces the
incidence of major cardiovascular outcomes in renal patients [78].

PCSK9 has pleiotropic functions in the body, including trafficking of the epithelial
sodium channel [75]. The Further Cardiovascular Outcomes Research with PCSK9 Inhibi-
tion in Subjects with Elevated Risk (FOURIER; ClinicalTrials.gov Identifier: NCT01764633)
study investigated the potential benefit of treatment with PCSK9 inhibitors to decrease
residual risk among subjects with ASCVD and CKD. The use of evolocumab was shown
to be safe and effective overall eGFR ranges above 20 mL/min/1.73 m?; it is not known
whether the benefits of evalocumab extend to patients at lower risk [79]. Data from clinical
studies with Inclisiran in the ORION program (ClinicalTrials.gov Identifier: NCT03399370)
showed the safety and efficacy of inclisiran in subjects with dyslipidaemia [76]. There were
no substantial changes in renal function in subjects with CKD, while adverse outcomes
were comparable in the Inclisiran and untreated groups [80].

5. Summary

The impact of traditional and emerging therapies on diabetic nephropathy is summa-
rized in Figure 2. Appropriate management of DN, as with other vascular complications of
diabetes, requires a multifactorial intervention consisting of lifestyle modification and the
attainment of glucose, blood pressure, and lipid goals [81,82]. The role of pharmacologic
agents that are useful in modulating these risk factors and are concurrently beneficial for
DN is an important element of therapy. In this respect, the pleiotropic cardiovascular and
renal actions of SGLT-2is and GLP-1RAs have come into focus, while specific renopro-
tective actions have been observed with the mineralocorticoid agent finerenone [82,83].
The 2022 American Diabetes Association/European Association for the Study of Diabetes
(ADA/EASD) consensus statement [84] has emphasized the unique benefits of the former
beyond their glucose-lowering effects.
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Figure 2. Main effects of traditional and innovative therapies on diabetic nephropathy. ACE, an-
giotensin converting enzyme; DPP-4is, dipeptidyl peptidase 4 inhibitors; GLP-1 Ras, glucagon-like
peptide-1 receptor agonists; PCSK9, proprotein convertase subtilisin/kexin type 9; SGLT-2is, sodium
glucose cotransporter 2 inhibitors.

The consensus report advises a patient-focused approach to selecting the suitable drug
treatments for hyperglycemia [84]: For patients with chronic renal failure, the usage of an
SGLT2 or GLP-1 RA inhibitor with confirmed CVD advantage is recommended regardless
of the glycated hemoglobin level. In studies of cardiovascular outcomes, canagliflozin,
dapagliflozin, empagliflozin, liraglutide, semaglutide, and dulaglutide all had a positive
effect on CKD parameters. Dedicated renal outcome studies also proved the advantage
of specific SGLT2is in reducing the incidence and progression of albuminuria in addition
to the cardiovascular benefits [84]. We also need to highlight that some collateral effects
are present; indeed, the side effect profile of SGLT-2is is characterized by urinary and
genital infections, while that of GLP-1RAs includes gastrointestinal symptoms and a rare
association with acute pancreatitis. Yet, these adverse effects are usually mild, transient,
easily managed, and are outweighed by the cardiorenal benefits. In conclusion, the quest
for the preservation of kidney function in diabetes is undergoing an exciting period, with a
blend of traditional and new interventions holding promise in reducing the detrimental
impact on our patients.

6. Conclusions

Nephropathy is considered a microvascular complication very frequently associated
with diabetes; therefore, traditional therapies are not able to fully protect against the
evolution of renal failure. Innovative treatments could be useful in preventing and treating
diabetic nephropathy by modulating the underlying inflammatory process: A new field of
research may be a challenge for SGLT-2 inhibitors or GLP-1 agonists and so forth. The main
effects of traditional and innovative therapies on diabetic nephropathy are summarized in
Figure 2. Further clinical trials are useful to study the possible reno-protective efficacy of
new hypoglycemic drugs beyond RAS blockade.



Biomedicines 2023, 11, 291

10 of 15

ACE

ADA
ADVANCE
ARBs
AWARD-7

ASCVD
BENEDICT
BP
CANVAS
CKD

CI
CREDENCE

CRISPR
DAPA-CKD
DECLARE-TIMI
DN

DPP-4

DPP-4is

EASD

eGFR

ELIXA
EMPA-KIDNEY

EMPA-REG
ESRD

EXSCEL
FIDELIO-DKD
FIGARO-DKD
FLOWA

GFR
GLP-1
GLP-1 Ras

Author Contributions: Conceptualization, R.V.G.,, AM.P, A.AR., M.C. and M.R.; methodology,
R.V.G.,, AM.P. and A.PS,; validation, A.P.S., M.B. and A.S. (Amirhossein Sahebkar); formal anal-
ysis, RV.G., APS., N.P, AJ. and A.S. (Alper Sonmez); data curation, R.V.G.,, AM.P. and M.R;;
writing—review and editing, R.V.G., AM.P,, M.C. and M.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: This review was written independently, and the authors did not receive
financial or professional help with the preparation of the manuscript. The authors have given talks,
attended conferences, and participated in advisory boards and clinical trials sponsored by many
pharmaceutical companies, yet the pharmaceutical companies had no involvement in this work,
which has been written independently without any financial or professional help and reflects only
the opinion of the authors without any role of the industry.

Abbreviations

Angiotensin Converting Enzyme

American Diabetes Association

Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation
Angiotensin II Receptor Blockers

A Study Comparing Dulaglutide with Insulin Glargine on Glycemic Control in Participants with Type 2
Diabetes and Moderate or Severe Chronic Kidney Disease

Atherosclerotic Cardiovascular Disease

Bergamo Nephrologic Diabetic Complications

Blood Pressure

Canagliflozin Cardiovascular Assessment

Chronic Kidney Disease

Confidence Interval

Evaluation of the Effects of Canagliflozin on Renal and Cardiovascular Outcomes in participants with
Diabetic Nephropathy

Clustered Regularly Interspaced Short Palindromic Repeats

Dapagliflozin on Renal Outcomes and Cardiovascular Mortality in Patients with Chronic Kidney Disease
Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes

Diabetic Nephropathy

Dipeptidyl Peptidase 4

Dipeptidyl Peptidase 4 inhibitors

European Association for the Study of Diabetes

estimated Glomerular Filtration Rate

Evaluation of Lixisenatide in Acute Coronary Syndrome

The Study of Heart and Kidney Protection with Empagliflozin, study of heart protection and kidneys with
Empagliflozin

Empagliflozin cardiovascular outcome events in T2DM patients

End-Stage Renal Disease

Exenatide Study of Cardiovascular Event Lowering

Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease

Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic kidney Disease

Research Study to See How Semaglutide Works Compared to Placebo in People with Type 2 Diabetes and
Chronic Kidney Disease

Glomerular Filtration Rate

Glucagon-Like Peptide-1

Glucagon-Like Peptide-1 Receptor Agonists



Biomedicines 2023, 11, 291

HbAlc Hemoglobin Alc

HR Hazard Ratio

KIDNEY The Study of Heart and Kidney Protection with Empagliflozin

ICAM1 Intercellular Adhesion Molecule 1

LDL-C Low-Density Lipoproteins Cholesterol

LEADER Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results-A Long Term
Evaluation

MACE Major Adverse Cardiovascular Events

MRA Mineralocorticoid Receptor Antagonist

NHE3 Sodium Hydrogen Exchanger 3

NSAIDs Nonsteroidal Anti-Inflammatory Drugs

PCSK9 ProproteinConvertase Subtilisin/Kexin type 9

PIONEER-6  Cardiovascular Safety of Oral Semaglutide in Subjects with Type 2 Diabetes

RAS Renin-Angiotensin System

RASS Renin-Angiotensin System Study

RCTs Randomized Controlled Trials

REWIND Researching Cardiovascular Events with a Weekly Incretin in Diabetes

ROADMAP Randomized Olmesartan and Diabetes Microalbuminuria Prevention

ROS Reactive Oxygen Species

RRT Renal Replacement Therapy

SGLT-2is Sodium Glucose Cotransporter 2 inhibitors

SUSTAIN-6  Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes Cardiovascular Outcome

T2DM Type 2 Diabetes Mellitus

UACR Urinary Albumin-To-Creatinine Ratio

VCAM1 Vascular Cell Adhesion Molecule 1

VLDL Very Low-Density Lipoprotein

References

1. Cooper, M.E. Diabetes: Treating diabetic nephropathy: Still an unresolved issue. Nat. Rev. Endocrinol. 2012, 8, 515-516. [CrossRef]

10.

11.

12.

13.

[PubMed]

Porrini, E.; Ruggenenti, P.; Mogensen, C.E.; Barlovic, D.P,; Praga, M.; Cruzado, ]. M.; Hojs, R.; Abbate, M.; de Vries, A.P. ERA-EDTA
diabesity working group. ERA-EDTA diabesity working group. Non-proteinuric pathways in loss of renal function in patients
with type 2 diabetes. Lancet Diabetes Endocrinol. 2015, 3, 382-391. [CrossRef] [PubMed]

Martini, S.; Eichinger, F.; Nair, V.; Kretzler, M. Defining human diabetic nephropathy on the molecular level: Integration of
transcriptomic profiles with biological knowledge. Rev. Endocr. Metab. Disord. 2008, 9, 267-274. [CrossRef] [PubMed]

Spranger, J.; Kroke, A.; Mohlig, M.; Hoffmann, K.; Bergmann, M.M.; Ristow, M.; Boeing, H.; Pfeiffer, A.F. Inflammatory cytokines
and the risk to develop type 2 diabetes: Results of the prospective population based European Prospective Investigation into
Cancer and Nutrition (EPIC) Potsdam Study. Diabetes 2003, 52, 812-817. [CrossRef] [PubMed]

American Diabetes Association. Microvascular complications and footcare: Standards of medical care in diabetes—2019. Diabetes
Care 2019, 42, 124-138. [CrossRef]

Ritz, E.; Rychlik, I.; Locatelli, F.; Halimi, S. End stage renal failure in type 2 diabetes: A medical catastrophe of worldwide
dimensions. Am. J. Kidney Dis. 1999, 34, 795-808. [CrossRef]

Atkins, R.C. The epidemiology of chronic kidney disease. Kidney Int. 2005, 67, 14-18. [CrossRef]

Epstein, M. Reduction of cardiovascular risk in chronic kidney disease by mineralocorticoid receptor antagonism. Lancet Diabetes
Endocrinol. 2015, 3, 993-1003. [CrossRef]

Rico-Mesa, J.S.; White, A.; Ahmadian-Tehrani, A.; Anderson, A.S. Mineralocorticoid Receptor Antagonists: A Comprehensive
Review of Finerenone. Curr. Cardiol. Rep. 2020, 22, 140. [CrossRef]

Filippatos, G.; Anker, S.D.; Agarwal, R.; Pitt, B.; Ruilope, L.M.; Rossing, P.; Kolkhof, P.; Schloemer, P.; Tornus, L; Joseph, A.; et al.
Finerenone and Cardiovascular Outcomes in Patients with Chronic Kidney Disease and Type 2 Diabetes. Circulation 2021, 143,
540-552. [CrossRef]

Filippatos, G.; Anker, S.D.; Agarwal, R.; Ruilope, L.M.; Rossing, P.; Bakris, G.L.; Tasto, C.; Joseph, A.; Kolkhof, P.; FIGARO-DKD
Investigators; et al. Finerenone Reduces Risk of Incident Heart Failure in Patients with Chronic Kidney Disease and Type 2
Diabetes: Analyses from the FIGARO-DKD Trial. Circulation 2022, 145, 437-447. [CrossRef] [PubMed]

Agarwal, R.; Filippatos, G.; Pitt, B.; Anker, S.D.; Rossing, P.; Joseph, A.; Kolkhof, P.; Nowack, C.; Gebel, M.; Ruilope, L.M.; et al.
Cardiovascular and kidney outcomes with finerenone in patients with type 2 diabetes and chronic kidney disease: The FIDELITY
pooled analysis. Eur. Heart J. 2022, 43, 474-484. [CrossRef] [PubMed]

Mann, J.E; Green, D.; Jamerson, K.; Ruilope, L.M.; Kuranoff, S.J.; Littke, T.; Viberti, G.; ASCEND Study Group. Avosentan for
overt diabetic nephropathy. J. Am. Soc. Nephrol. 2010, 21, 527-535. [CrossRef] [PubMed]


http://doi.org/10.1038/nrendo.2012.125
http://www.ncbi.nlm.nih.gov/pubmed/22825399
http://doi.org/10.1016/S2213-8587(15)00094-7
http://www.ncbi.nlm.nih.gov/pubmed/25943757
http://doi.org/10.1007/s11154-008-9103-3
http://www.ncbi.nlm.nih.gov/pubmed/18704688
http://doi.org/10.2337/diabetes.52.3.812
http://www.ncbi.nlm.nih.gov/pubmed/12606524
http://doi.org/10.2337/dc19-S011
http://doi.org/10.1016/S0272-6386(99)70035-1
http://doi.org/10.1111/j.1523-1755.2005.09403.x
http://doi.org/10.1016/S2213-8587(15)00289-2
http://doi.org/10.1007/s11886-020-01399-7
http://doi.org/10.1161/CIRCULATIONAHA.120.051898
http://doi.org/10.1161/CIRCULATIONAHA.121.057983
http://www.ncbi.nlm.nih.gov/pubmed/34775784
http://doi.org/10.1093/eurheartj/ehab777
http://www.ncbi.nlm.nih.gov/pubmed/35023547
http://doi.org/10.1681/ASN.2009060593
http://www.ncbi.nlm.nih.gov/pubmed/20167702

Biomedicines 2023, 11, 291 12 of 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

deZeeuw, D.; Akizawa, T.; Audhya, P.; Bakris, G.L.; Chin, M.; Christ-Schmidt, H.; Goldsberry, A.; Houser, M.; Krauth, M.;
Lambers Heerspink, H.J.; et al. BEACON Trial Investigators. Bardoxolone methyl in type 2 diabetes and stage 4 chronic kidney
disease. N. Engl. J. Med. 2013, 369, 2492-2503. [CrossRef] [PubMed]

Hojs, R.; Ekart, R.; Bevc, S.; Hojs, N. Markers of inflammation and oxidative stress in the development and progression of renal
disease in diabetic patients. Nephron 2016, 133, 159-162. [CrossRef]

Klessens, C.Q.F; Zandbergen, M.; Wolterbeek, R.; Bruijn, J.A.; Rabelink, T.J.; Bajema, I.M.; IJpelaar, D.H.T. Macrophages in
diabetic nephropathy in patients with type 2 diabetes. Nephrol. Dial. Transpl. 2017, 32, 1322-1329. [CrossRef]

Muskiet, M.H.; Smits, M.M.; Morsink, L.M.; Diamant, M. The gut-renal axis: Do incretin-based agents confer renoprotection in
diabetes? Nat. Rev. Nephrol. 2014, 10, 88-103. [CrossRef]

Rojas, L.B.; Gomes, M.B. Metformin: An old but still the best treatment for type 2 diabetes. Diabetol. Metab. Syndr. 2013, 5, 6.
[CrossRef]

National Kidney Foundation. KDOQI Clinical practice guideline for diabetes and CKD: 2012 Update. Am. . Kidney Dis. 2012, 60,
850-886. [CrossRef]

Nikolic, D.; Banach, M.; Nikfar, S.; Salari, P.; Mikhailidis, D.P; Toth, P.P.; Abdollahi, M.; Ray, K.K.; Pencina, M.].; Malyszko, J.; et al.
Lipid and Blood Pressure Meta-Analysis Collaboration Group. A meta-analysis of the role of statins on renal outcomes in patients
with chronic kidney disease. Is the duration of therapy important? Int. |. Cardiol. 2013, 168, 5437-5447. [CrossRef]

Muskiet, M.H.; Tonneijck, L.; Smits, M.M.; Kramer, M.H.; Heerspink, H.J.; van Raalte, D.H. Pleiotropic effects of type 2 diabetes
management strategies on renal risk factors. Lancet Diabetes Endocrinol. 2015, 3, 367-381. [CrossRef] [PubMed]

de Galan, B.E.; Perkovic, V.; Ninomiya, T.; Pillai, A.; Patel, A.; Cass, A.; Neal, B.; Poulter, N.; Harrap, S.; Mogensen, C.E.; et al.
Lowering blood pressure reduces renal events in type 2 diabetes. |. Am. Soc. Nephrol. 2009, 20, 883-892. [CrossRef] [PubMed]
Remuzzi, G.; Macia, M.; Ruggenenti, P. Prevention and treatment of diabetic renal disease in type 2 diabetes: The BENEDICT
study. J. Am. Soc. Nephrol. 2006, 17, 90-97. [CrossRef] [PubMed]

Haller, H.; Ito, S.; Izzo, ].L., Jr.; Januszewicz, A.; Katayama, S.; Menne, J.; Mimran, A.; Rabelink, T.J.; Ritz, E.; Ruilope, L.M.; et al.
Olmesartan for the delay or prevention of microalbuminuria in type 2 diabetes. N. Engl. J. Med. 2011, 364, 907-917. [CrossRef]
[PubMed]

Persson, F.; Rossing, P.; Hovind, P; Stehouwer, C.D.; Schalkwijk, C.G.; Tarnow, L.; Parving, H.H. Endothelial dysfunction and in-
flammation predict development of diabetic nephropathy in the Irbesartan in Patients with Type 2 Diabetes and Microalbuminuria
(IRMA 2) study. Scand. ]. Clin. Lab. Investig. 2008, 68, 731-738. [CrossRef]

Viberti, G.; Wheeldon, N.M. Microalbuminuria reduction with valsartan in patients with type 2 diabetes mellitus: A blood
pressure-independent effect. Circulation 2002, 106, 672—678. [CrossRef]

Patti, A.M.; Rizvi, A.A.; Giglio, R.V,; Stoian, A.P,; Ligi, D.; Mannello, F. Impact of Glucose-Lowering Medications on Cardiovascular
and Metabolic Risk in Type 2 Diabetes. J. Clin. Med. 2020, 9, 912. [CrossRef]

Rizzo, M.; Nikolic, D.; Patti, A.M.; Mannina, C.; Montalto, G.; McAdams, B.S.; Rizvi, A.A.; Cosentino, F. GLP-1 receptor agonists
and reduction of cardiometabolic risk: Potential underlying mechanisms. Biochim. Biophys. Acta Mol. Basis Dis. 2018, 1864,
2814-2821. [CrossRef]

Caruso, I; Giorgino, F. SGLT-2 inhibitors as cardio-renal protective agents. Metabolism 2022, 127, 154937. [CrossRef]

Rizzo, M.; Nauck, M.A.; Mantzoros, C.S. Incretin-based therapies in 2021—Current status and perspectives for the future.
Metabolism 2021, 122, 154843. [CrossRef]

Jendle, ].H.; Ampudia-Blasco, EJ.; Flichtenbusch, M.; Pozzilli, P. Dapagliflozin as an Adjunct Therapy to Insulin in Patients with
Type 1 Diabetes Mellitus: Efficacy and Safety of this Combination. touchREV Endocrinol. 2021, 17, 12-20. [PubMed]

Rizzo, M.; Rizvi, A.A; Sesti, G. Cardiovascular effects of glucagon-like peptide-1 receptor agonist therapies in patients with type
1 diabetes. Diabetes Obes. Metab. 2017, 19, 613-614. [CrossRef] [PubMed]

Asmar, A.; Simonsen, L.; Asmar, M.; Madsbad, S.; Holst, ].J.; Frandsen, E.; Moro, C.; Jonassen, T.; Biilow, J. Renal extraction and
acute effects of glucagon-like peptide-1 on central and renal hemodynamics in healthy men. Am. J. Physiol. Endocrinol. Metab.
2015, 308, 641-649. [CrossRef] [PubMed]

Bankir, L.; Bouby, N.; Blondeau, B.; Crambert, G. Glucagon actions on the kidney revisited: Possible role in potassium homeostasis.
Am. ]. Physiol. Renal. Physiol. 2016, 311, 469—486. [CrossRef]

Pessoa, T.D.; Campos, L.C.; Carraro-Lacroix, L.; Girardi, A.C.; Malnic, G. Functional role of glucose metabolism, osmotic stress,
and sodium-glucose cotransporter isoform-mediated transport on Na+/H+ exchanger isoform 3 activity in the renal proximal
tubule. J. Am. Soc. Nephrol. 2014, 25, 2028-2039. [CrossRef]

Sharma, D.; Verma, S.; Vaidya, S.; Kalia, K.; Tiwari, V. Recent Updates on GLP-1 Agonists: Current Advancements & Challenges.
BioMed Pharmacother. 2018, 108, 952-962.

Pfeffer, M.A.; Claggett, B.; Diaz, R.; Dickstein, K.; Gerstein, H.C.; Keber, L.V.,; Lawson, F.C.; Ping, L.; Wei, X.; Lewis, E.F; et al.
Lixisenatide in Patients with Type 2 Diabetes and Acute Coronary Syndrome. N. Engl. . Med. 2015, 373, 2247-2257. [CrossRef]
Mann, J.EE.; Orsted, D.D.; Brown-Frandsen, K.; Marso, S.P.; Poulter, N.R.; Rasmussen, S.; Tornge, K.; Zinman, B.; Buse, ].B.;
LEADER Steering Committee and Investigators. Liraglutide and Renal Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2017, 377,
839-848. [CrossRef]


http://doi.org/10.1056/NEJMoa1306033
http://www.ncbi.nlm.nih.gov/pubmed/24206459
http://doi.org/10.1159/000447434
http://doi.org/10.1093/ndt/gfw260
http://doi.org/10.1038/nrneph.2013.272
http://doi.org/10.1186/1758-5996-5-6
http://doi.org/10.1053/j.ajkd.2012.07.005
http://doi.org/10.1016/j.ijcard.2013.08.060
http://doi.org/10.1016/S2213-8587(15)00030-3
http://www.ncbi.nlm.nih.gov/pubmed/25943756
http://doi.org/10.1681/ASN.2008070667
http://www.ncbi.nlm.nih.gov/pubmed/19225038
http://doi.org/10.1681/ASN.2005121324
http://www.ncbi.nlm.nih.gov/pubmed/16565256
http://doi.org/10.1056/NEJMoa1007994
http://www.ncbi.nlm.nih.gov/pubmed/21388309
http://doi.org/10.1080/00365510802187226
http://doi.org/10.1161/01.CIR.0000024416.33113.0A
http://doi.org/10.3390/jcm9040912
http://doi.org/10.1016/j.bbadis.2018.05.012
http://doi.org/10.1016/j.metabol.2021.154937
http://doi.org/10.1016/j.metabol.2021.154843
http://www.ncbi.nlm.nih.gov/pubmed/35118442
http://doi.org/10.1111/dom.12883
http://www.ncbi.nlm.nih.gov/pubmed/28098425
http://doi.org/10.1152/ajpendo.00429.2014
http://www.ncbi.nlm.nih.gov/pubmed/25670826
http://doi.org/10.1152/ajprenal.00560.2015
http://doi.org/10.1681/ASN.2013060588
http://doi.org/10.1056/NEJMoa1509225
http://doi.org/10.1056/NEJMoa1616011

Biomedicines 2023, 11, 291 13 of 15

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Mann, J.EE.; Fonseca, V.; Mosenzon, O.; Raz, I.; Goldman, B.; Idorn, T.; von Scholten, B.]J.; Poulter, N.R. Effects of Liraglutide
Versus Placebo on Cardiovascular Events in Patients with Type 2 Diabetes Mellitus and Chronic Kidney Disease. Circulation 2018,
138, 2908-2918. [CrossRef]

Marso, S.P; Bain, S.C.; Consoli, A.; Eliaschewitz, F.G.; Jédar, E.; Leiter, L.A ; Lingvay, I.; Rosenstock, J.; Seufert, J.; Warren, M.L.;
et al. Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N. Engl. ]. Med. 2016, 375, 1834-1844. [CrossRef]
Holman, R.R; Bethel, M.A.; Mentz, R.J.; Thompson, V.P.; Lokhnygina, Y.; Buse, ].B.; Chan, J.C.; Choi, J.; Gustavson, S.M.; Igbal,
N.; et al. Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes. N. Engl. J. Med. 2017, 377, 1228-1239.
[CrossRef] [PubMed]

Mosenzon, O.; Blicher, T.M.; Rosenlund, S.; Eriksson, ].W.; Heller, S.; Hels, O.H.; Pratley, R.; Sathyapalan, T.; Desouza, C.;
PIONEER 5 Investigators. Efficacy and Safety of Oral Semaglutide in Patients with Type 2 Diabetes and Moderate Renal
Impairment (PIONEER 5): A Placebo-Controlled, Randomised, Phase 3a Trial. Lancet Diabetes Endocrinol. 2019, 7, 515-527.
[CrossRef] [PubMed]

Husain, M.; Birkenfeld, A.L.; Donsmark, M.; Dungan, K,; Eliaschewitz, EG.; Franco, D.R.; Jeppesen, O.K.; Lingvay, I.; Mosenzon,
O.; Pedersen, S.D.; et al. Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N. Engl. |. Med. 2019,
381, 841-851. [CrossRef] [PubMed]

Tuttle, K.R.; Lakshmanan, M.C.; Rayner, B.; Busch, R.S.; Zimmermann, A.G.; Woodward, D.B.; Botros, E.T. Dulaglutide versus
Insulin Glargine in Patients with Type 2 Diabetes and Moderate-to-Severe Chronic Kidney Disease (AWARD-7): A Multicentre,
Open-Label, Randomised Trial. Lancet Diabetes Endocrinol. 2018, 6, 605-617. [CrossRef] [PubMed]

Gerstein, H.C.; Colhoun, H.M.; Dagenais, G.R.; Diaz, R.; Lakshmanan, M.; Pais, P,; Probstfield, J.; Botros, F.T.; Riddle, M.C;
Rydén, L.; et al. Dulaglutide and Renal Outcomes in Type 2 Diabetes: An Exploratory Analysis of the REWIND Randomised,
Placebo-Controlled Trial. Lancet 2019, 394, 131-138. [CrossRef] [PubMed]

Novo Nordisk A/S. Effect of Semaglutide Versus Placebo on the Progression of Renal Impairment in Subjects with Type 2
Diabetes and Chronic Kidney Disease; Clinical Trial Registration NCT03819153. 2021. Available online: https://clinicaltrials.gov/
ct2/show /NCT03819153 (accessed on 25 August 2021).

Thomas, M.C.; Cherney, D.Z.1. The actions of SGLT2 inhibitors on metabolism, renal function and blood pressure. Diabetologia
2018, 61, 2098-2107. [CrossRef]

Kelly, M.S.; Lewis, J.; Huntsberry, A.M.; Dea, L.; Portillo, I. Efficacy and renal outcomes of SGLT2 inhibitors in patients with type
2 diabetes and chronic kidney disease. Postgrad. Med. 2019, 131, 31-42. [CrossRef]

Wanner, C.; Inzucchi, S.E.; Lachin, ].M.; Fitchett, D.; von Eynatten, M.; Mattheus, M.; Johansen, O.E.; Woerle, H.]J.; Broed], U.C,;
EMPA-REG OUTCOME Investigators; et al. Empagliflozin and progression of kidney disease in type 2 diabetes. N. Engl. ]. Med.
2016, 375, 323-334. [CrossRef]

Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Silverman, M.G.; Zelniker, T.A.; Kuder, ].F; Murphy, S.A,;
et al. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N. Engl. . Med. 2019, 380, 347-357. [CrossRef]

Perkovic, V.; de Zeeuw, D.; Mahaffey, K.W.; Fulcher, G.; Erondu, N.; Shaw, W.; Barrett, T.D.; Weidner-Wells, M.; Deng, H.;
Matthews, D.R,; et al. Canagliflozin and renal outcomes in type 2 diabetes: Results from the CANVAS Program randomised
clinical trials. Lancet Diabetes Endocrinol. 2018, 6, 691-704. [CrossRef]

Mosenzon, O.; Wiviott, S.D.; Cahn, A.; Rozenberg, A.; Yanuv, I.; Goodrich, E.L.; Murphy, S.A.; Heerspink, H.].L.; Zelniker, TA;
Dwyer, J.P; et al. Effects of dapagliflozin on development and progression of kidney disease in patients with type 2 diabetes: An
analysis from the DECLARE-TIMI 58 randomised trial. Lancet Diabetes Endocrinol. 2019, 7, 606-617. [CrossRef] [PubMed]
Heerspink, H.J.; Stefansson, B.V.; Correa-Rotter, R.; Chertow, G.M.; Greene, T.; Hou, EF.; Mann, ]. EE.; McMurray, J.J.V.; Lindberg,
M.; Rossing, P.; et al. Dapagliflozin in patients with chronic kidney disease. N. Engl. ]. Med. 2020, 383, 1436-1446. [CrossRef]
[PubMed]

Mosenzon, O.; Wiviott, S.D.; Heerspink, H.J.L.; Dwyer, ].P.; Cahn, A.; Goodrich, E.L.; Rozenberg, A.; Schechter, M.; Yanuv, L;
Murphy, S.A.; et al. The effect of dapagliflozin on albuminuria in DECLARE-TIMI 58. Diabetes Care 2021, 44, 1805-1815. [CrossRef]
[PubMed]

Wheeler, D.C.; Stefansson, B.V.; Jongs, N.; Chertow, G.M.; Greene, T.; Hou, FF.; McMurray, J.].V.; Correa-Rotter, R.; Rossing,
P; Toto, R.D.; et al. Effects of dapagliflozin on major adverse kidney and cardiovascular events in patients with diabetic and
non-diabetic chronic kidney disease: A prespecified analysis from the DAPA-CKD trial. Lancet Diabetes Endocrinol. 2021, 9, 22-31.
[CrossRef] [PubMed]

Cosentino, F.; Grant, PJ.; Aboyans, V.; Bailey, C.J.; Ceriello, A.; Delgado, V.; Federici, M.; Filippatos, G.; Grobbee, D.E.; Hansen,
T.B.; et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD.
Eur. Heart J. 2020, 41, 255-323. [CrossRef]

Jardine, M.].; Mahaffey, KW.; Neal, B.; Agarwal, R.; Bakris, G.L.; Brenner, B.M.; Bull, S.; Cannon, C.P,; Charytan, D.M.; de Zeeuw,
D.; et al. The Canagliflozin and Renal Endpoints in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE)
study rationale, design, and baseline characteristics. Am. . Nephrol. 2017, 46, 462-472. [CrossRef]

Rizvi, A.A.; Linhart, A.; Vrablik, M.; Liberopoulos, E.; Rizzo, M. Safety and benefit of incretin-based therapies in patients with
type 2 diabetes: Learnings and reflections. Expert Opin. Drug Saf. 2022, 21, 291-293. [CrossRef]


http://doi.org/10.1161/CIRCULATIONAHA.118.036418
http://doi.org/10.1056/NEJMoa1607141
http://doi.org/10.1056/NEJMoa1612917
http://www.ncbi.nlm.nih.gov/pubmed/28910237
http://doi.org/10.1016/S2213-8587(19)30192-5
http://www.ncbi.nlm.nih.gov/pubmed/31189517
http://doi.org/10.1056/NEJMoa1901118
http://www.ncbi.nlm.nih.gov/pubmed/31185157
http://doi.org/10.1016/S2213-8587(18)30104-9
http://www.ncbi.nlm.nih.gov/pubmed/29910024
http://doi.org/10.1016/S0140-6736(19)31150-X
http://www.ncbi.nlm.nih.gov/pubmed/31189509
https://clinicaltrials.gov/ct2/show/NCT03819153
https://clinicaltrials.gov/ct2/show/NCT03819153
http://doi.org/10.1007/s00125-018-4669-0
http://doi.org/10.1080/00325481.2019.1549459
http://doi.org/10.1056/NEJMoa1515920
http://doi.org/10.1056/NEJMoa1812389
http://doi.org/10.1016/S2213-8587(18)30141-4
http://doi.org/10.1016/S2213-8587(19)30180-9
http://www.ncbi.nlm.nih.gov/pubmed/31196815
http://doi.org/10.1056/NEJMoa2024816
http://www.ncbi.nlm.nih.gov/pubmed/32970396
http://doi.org/10.2337/dc21-0076
http://www.ncbi.nlm.nih.gov/pubmed/34233928
http://doi.org/10.1016/S2213-8587(20)30369-7
http://www.ncbi.nlm.nih.gov/pubmed/33338413
http://doi.org/10.1093/eurheartj/ehz486
http://doi.org/10.1159/000484633
http://doi.org/10.1080/14740338.2022.2043848

Biomedicines 2023, 11, 291 14 of 15

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Kristensen, S.L.; Rorth, R.; Jhund, P.S.; Docherty, K.E; Sattar, N.; Preiss, D.; Kober, L.; Petrie, M.C.; McMurray;, J.J.V. Cardiovascular,
mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: A systematic review and
meta-analysis of cardiovascular outcome trials. Lancet Diabetes Endocrinol. 2019, 7, 776-785. [CrossRef]

Perkovic, V.; Jardine, M.].; Neal, B.; Bompoint, S.; Heerspink, H.J.L.; Charytan, D.M.; Edwards, R.; Agarwal, R; Bakris, G.; Bull, S,;
et al. Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N. Engl. ]. Med. 2019, 380, 2295-2306. [CrossRef]
van Bommel, E.J.M.; Muskiet, M.H.A; van Baar, M.].B.; Tonneijck, L.; Smits, M.M.; Emanuel, A.L.; Bozovic, A.; Danser, A H]J;
Geurts, F.; Hoorn, E.J.; et al. The renal hemodynamic effects of the SGLT2 inhibitor dapagliflozin are caused by post-glomerular
vasodilatation rather than pre-glomerular vasoconstriction in metformin-treated patients with type 2 diabetes in the randomized,
double-blind RED trial. Kidney Int. 2020, 97, 202-212. [CrossRef]

Cherney, D.Z.; Perkins, B.A.; Soleymanlou, N.; Maione, M.; Lai, V.; Lee, A.; Fagan, N.M.; Woerle, H.].; Johansen, O.E.; Broed],
U.C,; et al. Renal hemodynamic effect of sodium-glucose cotransporter 2 inhibition in patients with type 1 diabetes mellitus.
Circulation 2014, 129, 587-597. [CrossRef] [PubMed]

Kraus, B.J.; Weir, M.R.; Bakris, G.L.; Mattheus, M.; Cherney, D.Z.I; Sattar, N.; Heerspink, H.J.L.; Ritter, I.; von Eynatten, M.;
Zinman, B.; et al. Characterization and implications of the initial estimated glomerular filtration rate “dip” upon sodium-glucose
cotransporter-2 inhibition with empagliflozin in the EMPA-REG OUTCOMEE trial. Kidney Int. 2021, 99, 750-762. [CrossRef]
[PubMed]

Sun, A.L; Deng, ].T.; Guan, G.J.; Chen, S.H.; Liu, Y.T.; Cheng, J.; Li, ZW.; Zhuang, X.H.; Sun, ED.; Deng, H.P. Dipeptidyl
peptidase-1V is a potential molecular biomarker in diabetic kidney disease. Diabetes Vasc. Dis. Res. 2012, 9, 301-308. [CrossRef]
[PubMed]

Mosenzon, O.; Leibowitz, G.; Bhatt, D.L.; Cahn, A.; Hirshberg, B.; Wei, C.; Im, K.; Rozenberg, A.; Yanuv, I; Stahre, C.; et al. Effect
of saxagliptin on renal outcomes in the SAVOR-TIMI 53 trial. Diabetes Care 2017, 40, 69-76. [CrossRef]

Laakso, M.; Rosenstock, J.; Groop, PH.; Barnett, A.H.; Gallwitz, B.; Hehnke, U.; Tamminen, I.; Patel, S.; von Eynatten, M.; Woerle,
H.J.; et al. Treatment with the dipeptidyl peptidase-4 inhibitor linagliptin or placebo followed by glimepiride in patients with
type 2 diabetes with moderate to severe renal impairment: A 52-week, randomized, double-blind clinical trial. Diabetes Care 2015,
38,15-17. [CrossRef]

Cornel, ].H.; Bakris, G.L.; Stevens, S.R.; Alvarsson, M.; Bax, W.A.; Chuang, L.M.; Engel, S.S.; Lopes, R.D.; McGuire, D.K,; Riefflin,
A.; et al. Effect of sitagliptin on kidney function and respective cardiovascular outcomes in type 2 diabetes: Outcomes from
TECOS. Diabetes Care 2016, 39, 2304-2310. [CrossRef]

Rosenstock, J.; Perkovic, V.; Johansen, O.E.; Cooper, M.E.; Kahn, S.E.; Marx, N.; Alexander, J.H.; Pencina, M.; Toto, R.D.; Wanner,
C.; et al. Effect of linagliptin vs. placebo on major cardiovascular events in adults with type 2 diabetes and high cardiovascular
and renal risk: The CARMELINA randomized clinical trial. JAMA 2019, 321, 69-79. [CrossRef]

Groop, PH.; Cooper, M.E.; Perkovic, V.; Hocher, B.; Kanasaki, K.; Haneda, M.; Schernthaner, G.; Sharma, K.; Stanton, R.C.; Toto,
R.; et al. Linagliptin and its effects on hyperglycaemia and albuminuria in patients with type 2 diabetes and renal dysfunction:
The randomized MARLINA-T2D trial. Diabetes Obes. Metab. 2017, 19, 1610-1619. [CrossRef]

Giglio, R.V,; Pantea Stoian, A.; Al-Rasadi, K.; Banach, M.; Patti, A.M.; Ciaccio, M.; Rizvi, A.A_; Rizzo, M. Novel Therapeutical
Approaches to Managing Atherosclerotic Risk. Int. J. Mol. Sci. 2021, 22, 4633. [CrossRef]

Visseren, EL.J.; Mach, E; Smulders, YM.; Carballo, D.; Koskinas, K.C.; Back, M.; Benetos, A.; Biffi, A.; Boavida, ].M.; Capodanno,
D.; et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart ]. 2021, 42, 3227-3337.
[CrossRef]

Palmer, S.C.; Craig, J.C.; Navaneethan, S.D.; Tonelli, M.; Pellegrini, F; Strippoli, G.F. Benefits and harms of statin therapy for
persons with chronic kidney disease: A systematic review and meta-analysis. Ann. Intern. Med. 2012, 157, 263-275. [CrossRef]
[PubMed]

Baigent, C.; Landray, M.].; Reith, C.; Emberson, J.; Wheeler, D.C.; Tomson, C.; Wanner, C.; Krane, V.; Cass, A.; Craig, J.; et al. The
effects of lowering LDL cholesterol with simvastatin plus ezetimibe in patients with chronic kidney disease (Study of Heart and
Renal Protection): A randomised placebo-controlled trial. Lancet 2011, 377, 2181-2192. [CrossRef] [PubMed]

Banach, M.; Rizzo, M.; Obradovic, M.; Montalto, G.; Rysz, J.; Mikhailidis, D.P.; Isenovic, E.R. PCSK9 inhibition—A novel
mechanism to treat lipid disorders? Curr. Pharm. Des. 2013, 19, 3869-3877. [CrossRef] [PubMed]

Banerjee, Y.; Santos, R.D.; Al-Rasadi, K.; Rizzo, M. Targeting PCSKO for therapeutic gains: Have we addressed all the concerns?
Atherosclerosis 2016, 248, 62-75. [CrossRef] [PubMed]

Banerjee, Y.; Pantea Stoian, A.; Cicero, A.F.G.; Fogacci, F; Nikolic, D.; Sachinidis, A.; Rizvi, A.A.; Janez, A ; Rizzo, M. Inclisiran: A
small interfering RNA strategy targeting PCSK9 to treat hypercholesterolemia. Expert Opin. Drug Saf. 2022, 21, 9-20. [CrossRef]
[PubMed]

Walker, H.E.; Rizzo, M.; Fras, Z.; Jug, B.; Banach, M.; Penson, P.E. CRISPR Gene Editing in Lipid Disorders and Atherosclerosis:
Mechanisms and Opportunities. Metabolites 2021, 11, 857. [CrossRef] [PubMed]

Kalantar-Zadeh, K.; Schwartz, G.G.; Nicholls, S.J.; Buhr, K.A.; Ginsberg, H.N.; Johansson, J.O.; Kulikowski, E.; Lebioda, K.; Toth,
PP; Wong, N.; et al. Effect of Apabetalone on Cardiovascular Events in Diabetes, CKD, and Recent Acute Coronary Syndrome:
Results from the BETonMACE Randomized Controlled Trial. Clin. J. Am. Soc. Nephrol. 2021, 16, 705-716. [CrossRef]


http://doi.org/10.1016/S2213-8587(19)30249-9
http://doi.org/10.1056/NEJMoa1811744
http://doi.org/10.1016/j.kint.2019.09.013
http://doi.org/10.1161/CIRCULATIONAHA.113.005081
http://www.ncbi.nlm.nih.gov/pubmed/24334175
http://doi.org/10.1016/j.kint.2020.10.031
http://www.ncbi.nlm.nih.gov/pubmed/33181154
http://doi.org/10.1177/1479164111434318
http://www.ncbi.nlm.nih.gov/pubmed/22388283
http://doi.org/10.2337/dc16-0621
http://doi.org/10.2337/dc14-1684
http://doi.org/10.2337/dc16-1415
http://doi.org/10.1001/jama.2018.18269
http://doi.org/10.1111/dom.13041
http://doi.org/10.3390/ijms22094633
http://doi.org/10.1093/eurheartj/ehab484
http://doi.org/10.7326/0003-4819-157-4-201208210-00007
http://www.ncbi.nlm.nih.gov/pubmed/22910937
http://doi.org/10.1016/S0140-6736(11)60739-3
http://www.ncbi.nlm.nih.gov/pubmed/21663949
http://doi.org/10.2174/13816128113199990303
http://www.ncbi.nlm.nih.gov/pubmed/23286435
http://doi.org/10.1016/j.atherosclerosis.2016.02.018
http://www.ncbi.nlm.nih.gov/pubmed/26987067
http://doi.org/10.1080/14740338.2022.1988568
http://www.ncbi.nlm.nih.gov/pubmed/34596005
http://doi.org/10.3390/metabo11120857
http://www.ncbi.nlm.nih.gov/pubmed/34940615
http://doi.org/10.2215/CJN.16751020

Biomedicines 2023, 11, 291 15 of 15

79.

80.

81.

82.

83.

84.

Charytan, D.M.; Sabatine, M.S.; Pedersen, T.R.; Im, K.; Park, ].G.; Pineda, A.L.; Wasserman, S.M.; Deedwania, P.; Olsson, A.G.;
Sever, PS,; et al. Efficacy and Safety of Evolocumab in Chronic Kidney Disease in the FOURIER Trial. J. Am. Coll. Cardiol. 2019, 73,
2961-2970. [CrossRef]

Wright, R.S.; Ray, KK.; Raal, FJ.; Kallend, D.G.; Jaros, M.; Koenig, W.; Leiter, L.A.; Landmesser, U.; Schwartz, G.G;
Friedman, A ; etal. Pooled Patient-Level Analysis of Inclisiran Trials in Patients with Familial Hypercholesterolemia or
Atherosclerosis. J. Am. Coll. Cardiol. 2021, 77, 1182-1193. [CrossRef]

Sarafidis, P; Ferro, C.J.; Morales, E.; Ortiz, A.; Malyszko, ].; Hojs, R.; Khazim, K.; Ekart, R.; Valdivielso, J.; Fouque, D.; et al. SGLT-2
inhibitors and GLP-1 receptor agonists for nephroprotection and cardioprotection in patients with diabetes mellitus and chronic
kidney disease. A consensus statement by the EURECA-m and the DIABESITY working groups of the ERA EDTA. Nephrol. Dial.
Transplant. 2019, 34, 208-230. [CrossRef]

Davies, M.].; D"Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P.; Tsapas, A.; Wexler, D.].; Buse, ].B.
Management of hyperglycemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Diabetes Care 2018, 41, 2669-2701. [CrossRef] [PubMed]

Guideline Development Group. Clinical practice guideline on management of patients with diabetes and chronic kidney disease
stage 3b or higher (eGFR < 45 mL/min). Nephrol. Dial. Transplant. 2015, 30, 1-142.

Davies, M.].; Aroda, V.R.; Collins, B.S.; Gabbay, R.A.; Green, J.; Maruthur, N.M.; Rosas, S.E.; Del Prato, S.; Mathieu, C.; Mingrone,
G.; et al. Management of Hyperglycemia in Type 2 Diabetes, 2022. A Consensus Report by the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD). Diabetes Care 2022, 45, 2753-2786. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jacc.2019.03.513
http://doi.org/10.1016/j.jacc.2020.12.058
http://doi.org/10.1093/ndt/gfy407
http://doi.org/10.2337/dci18-0033
http://www.ncbi.nlm.nih.gov/pubmed/30291106
http://doi.org/10.2337/dci22-0034
http://www.ncbi.nlm.nih.gov/pubmed/36148880

	Introduction 
	Pathogenesis and Course of DN 
	Search Strategy 
	Pharmacologic Management of DN: Current and Emerging Evidence 
	Conventional Therapy in Diabetic Kidney Disease 
	Advances in Treatment of Diabetic Kidney Disease 
	Glucagon-Like Peptide-1 Receptor Agonists 
	Sodium–Glucose Cotransporter 2 Inhibitors 
	Dipeptidyl Peptidase-4 Inhibitors 
	Finerenone: A New Mineralocorticoid Receptor Antagonist 
	Novel Lipid-Lowering Drugs 


	Summary 
	Conclusions 
	References

