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Abstract

Diabetes mellitus (DM) continues to be a global world health problem. Despite medical
advances, both DM and chronic kidney disease (CKD) remain global health issues with
high mortality and limited options to prevent end-stage renal failure. Current therapies
encompass five classes of drugs: (1) angiotensin-converting-enzyme inhibitors (ACEI) or an-
giotensin II receptor blockers (AIIRB); (2) sodium-glucose-transporter 2 (SGLT2) inhibitors;
(3) glucagon-like peptide-1 receptor agonists (GLP-1 RA); and (4) an antagonist of type 1
endothelin receptor (ET1R) with proven efficacy to reduce albuminuria and proteinuria.
(5) The mineralocorticoid receptor antagonist (MRA) finerenone has been tested in RCTs
as a kidney protective agent. In our review, we summarize many of the principal trials
that have generated evidence in this regard. Many novel agents—many of them proven
not only for DM management but also for the treatment of obesity with or without DM or
heart failure (HF)—are now in development and may be added to the five classical pillars:
other non-steroidal MRA (balcinrenone); aldosterone synthase inhibitors (baxdrostat and
vicadrostat); other GLP-1 RA (tirzepatide, survodutide, retatrutide, and cagrilintide); ET1
R antagonists, (zibotentan); and soluble guanylate cyclase activators (avenciguat). These
new agents aim to slow disease progression further and reduce cardiovascular risk. Future
strategies rely on integrated, patient-centered approaches and personalized therapy to curb
renal disease and its related complications.

Keywords: diabetes mellitus; diabetic kidney disease; chronic kidney disease; obesity; new
hypoglycemic agents
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1. Introduction

Diabetes mellitus (DM) continues to be a global world health problem. In November
2024, the global disease burden of DM prevalence and treatment from 1990 to 2022 was
published in The Lancet. A pooled analysis of 1108 population-representative studies with
141 million participants aged above 18 y.o. estimated that there have been 630 million
(554-713) people with DM since 1990. The prevalence of DM increased in 131 countries for
women and in 155 countries for men. The prevalence of DM is estimated at 828 million
(95% CI757-908) adults for 2040 [1].

On the other hand, the Atlas of the International Diabetes Federation (IDF) for 2023,
published in April 2025 [2], estimated that 589 million adults (20-79 years) are living with
DM, and this number could increase to 853 million by 2050. Three of four adults with DM
are living in low- and middle-income countries. The mortality induced by DM in 2023 was
estimated of up to 3.4 million deaths. One trillion USA dollars supposes a 338% increase
in healthy expenditure for DM in the last 15 years. One in eight adults (12.5%) is at high
risk of developing T2D, and more than 1.8 million children and young adults are living
with T1D [2].

These two important studies offer different estimations with regard to the DM preva-
lence, but, in any case, it seems clear that there is a constant increase of the DM prevalence
around the world.

As of 16 August 2025, the number of publications related to DM in PubMed is also
constantly increasing, achieving 792,374 publications. The references to cardiovascular
(CV) complications of DM were 382,134, 228,533 for Diabetic Kidney Disease (DKD), and
112,065 for diabetic nephropathy (DN) [3].

Although the standardized rates of DM-related complications, acute myocardial in-
farction, stroke, or amputations, have decreased in the last 15 years, a reduction of the
incidence of advanced chronic kidney disease (CKD) requiring renal replacement therapy
(RRT) has not been achieved. DKD continues to be the first cause of end-stage renal disease
(ESRD) worldwide. Data from the ERA registry of 2022, published in 2025 [4], showed
that 23% of the patients with ESKD starting dialysis or requiring a kidney transplant had
diabetes as the primary cause of renal disease. The recent data from the REDYT registry,
Registro Espafiol de Didlisis y Trasplante, of 2023, found that 25.2% of the patients starting
RRT had diabetes as the cause of ESRD [5].

Albuminuria detection, or the estimation of glomerular filtration rate (eGFR), has been
the classical method for the diagnosis of CKD, but urinary proteomics analyses are being
incorporated for a better early detection of DKD in individuals with baseline eGFR above
60 mL/min/1.73 m?.

In addition, various panels of serum and urine biomarkers are in development for an
early detection of both diseases [6-8].

The clinical picture of the DM patient with advanced CKD has really changed in the
last decades, but a very high number of complications are still in progress in these subjects
if DM and CKD are not detected in the early stages of both diseases.

Fortunately, multidisciplinary and multifactorial care has effectively improved the
ancient catastrophic panorama of the patient with DM and progressive CKD.

The key points of our review are as follows: (1) to remark on the importance of DM
as a cause of ESRD; (2) to insist on the integrated multifactorial and multidisciplinary
management of DM and CKD for an early diagnosis of both DM and CKD; (3) to show
the positive results with the classical drugs for the treatment of these patients; and (4) to
show the novel agents that offer renal and vascular protection in the patients with diabetes
and/or obesity and/or chronic renal failure.

The timeframe of work of our research extends from 1991 to the present date.
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2. Integrated Pharmacological Approach for the Management of Patients
with DM and CKD

The integrated care of the patients is based on five classes of drugs:

(2.1) Angiotensin-Converting-Enzyme Inhibitors (ACEI) and Angiotensin II Recep-
tor Blockers (AIIRB)—demonstrated in several studies with captopril [9], IRMA 1I [10],
IDNT [11] with irbesartan, and RENAAL with losartan [12], their beneficial effect with
regard to the reduction of albuminuria and the progression of the renal damage. Thus, renin-
angiotensin aldosterone system (RAAS) inhibitors are maintained as the first-step treat-
ment in the DM patient with hypertension and/or albuminuria or proteinuria (see Table 1).

Table 1. Summary of studies with RAAS inhibitors.

Name of Study

and Authors Drug Study Type N Patients Patient Type Results
RAAS Blockers
_— . 50% decrease combined
Captopril trial, Captopril phirrer 409 (207 capt, T1D 1 EP (x2 sCreat, dialysis,
Lewis EJ et al. [9] vs. placebo 202 plac)
renal transpl)
1 EP (doubling of the
IRMA II, Parving Irbesartan base-line serum
HH et al. [11] vs. plac PhIIIRCT 590 T2D creatinine concentration)
(HR 0.30, p < 0.001)
. Irbesartan x2 sCreat decrease 21%
IDNT, Lewis E] " lodipin ~ PhIIRCT 1715 T2D vs. 24% (vs. plac p < 0.03,
et al. [10] :
vs. plac vs. amlodi p < 0.05)
x2 sCreat decrease 16%
(p = 0.006), decrease
RENAAL, Brenner Losartan Ph III RCT 1513 T2D ESRD 28%/ (p = 0.02),
BM et al. [12] vs. plac 2 nEo
decrease prot * 35%
(p =0.001)

RAAS = renal-angiotensin II-aldosterone system. Ph = phase. RCT = randomized clinical trial. T1D = type
1 diabetes. T2D = type 2 diabetes. 1 EP = primary endpoint. HR = hazard ratio. ESRD = end-stage renal disease.
prot * is a shorten expression of proteinuria.

(2.2) Sodium-glucose-cotransporter 2 (SGLT2) inhibitors have efficiently been added
to the usual antidiabetic therapy for adequate metabolic control in subjects with DM
but also show a safe CV and nephro-protective profile (see Table 2). The studies of Zin-
man B et al. [13] and Wanner C et al. [14] with empagliflozin, the CREDENCE trial with
canagliflozin [15], the DECLARE and DECLARE-TIMI studies with dapagliflozin [16,17],
and many others afterwards have shown the benefits for optimal hypoglycemic manage-
ment in addition to CV and renal protection.

A meta-analysis by Toyama et al. [18] recruited data from 27 studies with SGLT2
inhibitors. In 7363 patients with T2DM and CKD, SGLT2 inhibitors lowered glycated
hemoglobin as well as blood pressure, body weight, and albuminuria. A reduction of the
risk of CV death, nonfatal myocardial infarction or nonfatal stroke, and heart failure (HF)
was also observed, without a clear effect on all-cause mortality. The study showed an
attenuation of the annual decline in the eGFR slope and also a significant risk reduction of
the composite renal outcome (HR, 0.71; 95% CI, 0.53-0.95).

Heerspink HJL et al. [19] studied, in a randomized clinical trial (RCT), the effect
of dapagliflozin in 4304 patients with CKD with or without DM, with an eGFR of 25 to
75 mL/min/1.73 m? and a urinary albumin-to-creatinine ratio (UACR) of 200 to 5000 mg/g.
These patients received dapagliflozin (10 mg once daily) or a placebo. After a median
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follow-up of 2.4 years, a primary outcome event of a composite of a sustained decline in
the eGFR of at least 50%, end-stage kidney disease, or death from renal or cardiovascular
causes occurred in 9.2% of patients (n = 2152) in the dapagliflozin group and 14.5% of
patients (n = 2152) in the placebo group (HR, 0.61; relative risk reduction, 39%; p < 0.001).
The specific renal endpoint was reduced by 44% (p < 0.001), and a composite of death
from CV causes or hospitalization for HF was reduced by 29% (p = 0.009). In addition,
4.7% of patients died in the dapagliflozin group and 6.8% in the placebo group (HR, 0.69;
p = 0.004), resulting in a 31% relative risk reduction in all-cause mortality. The effects of
dapagliflozin were similar in patients with or without DM. New studies are continuously
being incorporated on the long-term effects of SGLT2 inhibitors [20,21] (see Table 2).

Table 2. Studies with SGLT?2 inhibitors.

Naann&e: 1£ titour(siy Drug Study Type N Patients Patient Type Results
7028 (empa 10 mg,
inmand”  Empaglifiozin vs. pl Ph [T RCT N = 2315 empa 25 T2D Combined 1 BP decreased 12.1%
bl a[l 3 paghtiozin vs. plac mg (n = 2342, plac vs. 10.5%, RR 0.86, p < 0.001
(n =2333)))
Incident nephropathy 12.2% in
empag group vs. 18.8% in plac
7028 (empa 10 mg, group (HR 0.61, p < 0.001). x2
EMPA REG = 0 ) 6% (449
OTCOME Wanner  Empagliflozin vs. plac Ph III RCT Eg_ (i3f52'§£p;lig T2D E%l"}eséals? r< it\lfaste2d61 r/{) é%% // ° (Erl}ll;;‘
Cetal. [14 N ¢ 7o
etal. [14] (n =2333))) group) vs. 0.6% (plac group) (RRR
55%). No differences in
incident Alb °.
MACE RR 0.80 (p = 0.01), 1 EP
(composite of ESRD (dialysis,
transplantation, or a sustained
CREDENCE trial, estimated GFR of < 15 mL per
Mahaffey Canagliflozin vs. plac Ph III RCT 4431 T2D T2D minute per 1.73 m?), a doubling of
etal. [15] the s creatinine, or death from
renal or cardiovascular causes. RR
0.68 (p = 0.01) Second EP RR 0.85
(p =0.25)).
MACE reduction HR 0.93,
. p =0.17, HF reduction 4.9% vs.
PR AN [yt Dapaglifiozin vs. plac Ph IIT RCT 17,160 T2D T2D 5.8%, hospitalization HR 0.83,
’ p = 0.005. Renal event reduction
4.3 vs. 5.6 HR 0.76.
DECLARE—TIMI, 16,863 with . a
Mosenzon O Dapagliflozin vs. plac. PhIII RCT albuminuria not T2D d Rﬁgugwﬂ of tA Ib rian? e<G(I): IO{S)
etal. [17] CKD ecline in all categories (p < 0.05).
Composite 1 EP renal outcomes
SGLT2 inh. Meta-analysis 27 eGFR decline
Toyama etal. [18] vs. plac. RCT 7363 T2D + CKD 2D /dialysis/RTransplant decrease
HR 0.71 (29%).
Composite 1 EP = or >50% decline
DAPA CKD, DM + CKD n = 4304. o
Heerspink HIL.  Dapagliflozin vs. plac Ph IIl RCT DM = 1455 dapa, T2D eCFR/ESKD/ death was 5.2% In
etal. [19] 1451 plac. apagl, 'p 2 E)n()}(j)lac' DL
Syst. Rev. and
Meta-analysis (20 22,313 treated with . Strong evidence for protective
Zheng Y etal. [20] qualitative and 9 RCT SGLT2 inh. vs. plac. T2D with CKD renal health
quantitative studies)
Risk death (2 studies, RRR
. 0.85-0.94). Renal events: RRR
Natale P et al. [21] Syst Rev 53 RCT 65,241 SGLT2 inh. T2D with CKD 0.70-0.89 in 2 studies with 12,647

vs. plac. p; RRR 0.68-0.78 in 7 studies with

36,380 patients.

SGLT2 I = sodium glucose cotransporter 2 inhibitor. Ph = phase. RCT = randomized clinical trial. T2D = type
2 diabetes. CKD = chronic kidney disease. 1 EP = primary endpoint. 2 EP = secondary endpoint. MACE = major
adverse cardiovascular Event. ESRD = end-stage renal disease. RRT = renal replacement therapy. HR = hazard
ratio. RRR = relative risk reduction. eGFR = estimated glomerular filtration rate. Alb * = albuminuria.

(2.3) Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) can improve CV and re-
nal events in DKD. These antidiabetic drugs can be safely used without an increased risk of
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hypoglycemia in various CKD stages in patients with an eGFR above 15 mL/min/1.73 m?.
These agents have been demonstrated to prevent the onset of albuminuria and to retard the
decline of GFR in patients with DM, allowing weight reduction and CV benefits. The effects
on body weight sustain these drugs as a solid therapy against obesity [22-24]. Currently
the GLP-1R agonists are only recommended in type 2 DM.

A variety of RCTs with GLP-1 RA showed positive results in the prevention of new-
onset proteinuria [25-30] (see Table 3).

Table 3. Some studies with GLP-1 R agonists.

N;lrge: 1£ t?\tour‘:y Drug Study Type N Patients Patient Type Results
STEP 1to 8 i
Semaglutide . . o
propramme. . Obesity without At week 68, 17.4% (semagl. group)
Bergman NC Review 8 RCT zérfglgsécl/ wetek gM vs. 14.9% (plac) weight loss.
etal. [22] = pat.
At week 17, 1.3% in tirzepatide
SU}%SB%T h 2539 p 2539 (1032 with Pre DM) Obesity group vs. 13.3% in plac group
etal. [23] develop;d< "1(")2(%1HR 0.12,
. Cagrilintide— Cagrilintide o .
Davies MJ semaglutide 1206 +semag (n = 904), placebo Obesity+T2D At week 68, 0713'7/0 (cagrl + semagl)
etal. [24] vs. —3.4% (plac) weight loss.
vs. plac (n=342)
6068 Lixienatide At week 108, % change in Alb :
ELIXA Musquiet Lixisenatide : a e . —1.69% in normoAlb * (p = 0.73);
5978 Alb 22501 tide vs. T2D o 1 p '
ML) phe svaiac 29Tplac 9 18% mmaceaprat 0007
- . o = V.
1 composite EP 11.4% in the
exenatide group and 12.2% in the
placebo (HR 0.91). Exenatide safety
N = 14752 was noninferior Ep < 0.001) but was
FEetal D mgsc/w s, plac (10782 it previous Dty Death fom OV cause
. s P CV disease) hgspitalga.tion for heart failure or
acute coronary syndrome and
serious adverse events did not
differ significantly
LIRA RENAL Lixi tid ToD Weight loss —2.41 kbw vs. —1.09
Davies MJ e Ph Il RCT Lixisenatide sc n = 279 CKD+ (p < 0.0052). No changes in
etal. [27] -P renal function.
Composite 1 EP 13% vs. 14.9%, RR
. . _ . ; 0.87, p < 0.001. Death from CV
e oar® Liraglutide Ph Il RCT (41\166‘8)94’34Oi L‘Ef‘gﬁgg) T2D cases 4.7 vs. 6% (RR 078,
' vs. plac Vvs. placin = p < 0.007); deaths from any cause 8.2
vs. 9.6%, RR 0.85, p = 0.02
. Dulaglutide 1.5 mg sc/w. . . Composite 1 EP 12% vs. 13.4% HR
RE}V}’CH;I&?T%TIH Ph Il RCT Dukagl n) 4949 vs. plac (n TZCDVV;I;i D s 0.88,p=0.026. No differences on
: =4952) mortality rate.
At 52 w: eGFR dulaglutide groups:
iden = 34mL/min/1.73 m%; eGFR in
. Dulaglutide n = 577, 1.5 mg . f .
AWARDTUMIeR  Dusglutide v, Ph IITRCT sc/w, dulag 0.75 mg sc/w T2D + CKD insulin glargine
N e vs.insulin glargine UACR an ghicoue control without
differences between groups.
N =3533 Decrease in CV death/myoc infart
FLOW Mahaffy Semaglutide 1 mg KDIGO low risk (n = 242 c/stroke 18% in semaglutide
etal. [31] sc/week 52 w PhIITRCT p), high risk (n =878 p), T2D +CKD patients, regardless of baseline

very high risk (n = 2412) CKD severity.

Ph = phase. RCT = randomized clinical trial. T2D = type 2 diabetes. CKD = chronic kidney disease. 1 EP = primary
endpoint. 2 EP = secondary endpoint. ESRD = end-stage renal disease. HR = hazard ratio. RR = relative risk.
UACR = urine albumin to creatinine ratio. eGFR = estimated glomerular filtration rate. Alb * = Albuminuria.

Most recently in the FLOW study with 1 mg weekly subcutaneous semaglutide [31],
3533 participants with T2D, with a median follow-up of 3.4 years, were randomized. Low or
moderate KDIGO risk was present in 6.8%, while 24.9% had high and 68.3% had very high
KDIGO risk. Semaglutide reduced CV death, MI, and stroke by 18% (HR 0.82, p = 0.03),
with consistency across eGFR categories, UACR levels, and KDIGO risk classification (all
p-interaction > 0.13). Death due to any cause was reduced by 20% (HR 0.80, p = 0.01),
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with consistency across eGFR and KDIGO risk class (p 0.21 and 0.23). The P-interaction
treatment effect for death due to any cause by UACR was 0.01 [< 300 mg/g HR 1.17;
>300 mg/g HR 0.70].

(2.4) The antagonist of the type 1 endothelin receptor atrasentan has proven to reduce
albuminuria and proteinuria. Atrasentan can decrease the risk of kidney failure but at the
expense of increasing edema and HF. Proteinuria can be reduced in patients with severe
CKD, but the risk of HF may be increased. The effects of atrasentan on kidney and HF
events according to baseline eGFR and UACR in a post hoc analysis of the Study of Diabetic
Nephropathy with Atrasentan (SONAR) trial have been analyzed by Waijer SW et al. [32].
They studied the effect of atrasentan versus placebo in 3668 patients with T2D and CKD
with elevated albuminuria. Atrasentan reduced the RR of the primary kidney outcome,
renal composite, and HF hospitalization (HR, 0.71) consistently across all subgroups of
baseline eGFR and UACR (p > 0.21). Patients in the highest UACR and lowest eGFR
subgroups obtained the maximal benefit (p < 0.01). The risk of HF hospitalization was
higher in the atrasentan group (HR 1.39) (see Table 4).

Table 4. Studies with endothelin A receptor antagonists.

Name of Study

and Authors Drug Study Type N Patients Patient Type Results
1 EP decrease HR 0.71, highest benefit in
" Initial phase n = 5117; patients with higher UACR and lower
Sog":lR [‘fgvz*‘]”er n‘f‘tr/ijevf;t"“}alc Ph Il RCT enrichment phase T2D + CKD eGFR. High risk of hospitalization for
o & P n = 3668 p HF across all categories of UACR and

eGFR.at baseline

Ph = phase. RCT = randomized clinical trial. T2D = type 2 diabetes. CKD = chronic kidney disease.
UACR = albumin urine to creatinine ratio. eGFR = estimated glomerular filtration rate.

(2.5) Finerenone, a non-steroidal mineralocorticoid receptor antagonist (MRA), has
been tested in RCTs as a kidney protective agent (see Table 5). The phase III studies
FIDELIO-DKD [33] and FIGARO-DKD [34], and the pooled analysis FIDELITY [35] in
patients with T2D and CKD examined CV and kidney outcomes in different stages of CKD.
Among 13,026 patients with a median follow-up of 3.0 years, the composite CV outcome
occurred in 12.7% of the patients receiving finerenone and 14.4% in the placebo group
(HR, 0.86; p = 0.0018). The composite kidney outcome occurred in 5.5% of patients treated
with finerenone and 7.1% receiving placebo (HR, 0.77; p = 0.0002), a 23% RR reduction.
Hyperkalemia as the cause of treatment discontinuation was more frequently observed in
patients receiving finerenone (1.7%) than placebo (0.6%).

Ruilope LM et al. [34], in a post hoc analysis of FIGARO-DKD, observed that
finerenone reduced the risk of CV events in patients with T2D and stage 3 CKD. FIGARO-
DKD included patients with UACR 30 to < 300 mg/g and eGFR 25 to 90 mL/min/1.73 m?
or UACR 300 to 5000 mg/g and eGFR > 60 mL/min/1.73 m?. A decrease of > 40% in the
eGFR was observed at a lower rate with finerenone compared with placebo (HR = 0.87;
p = 0.069). The treatment with finerenone was associated with an RR of 23% (HR 0.77
(p = 0.041)), if an eGFR reduction of > 57% was considered. These RCTs did not include
any parameter or biomarker to evaluate the effect on fibrosis. In patients with severely
increased albuminuria, a more intense effect of finerenone was observed. Improvements in
UACR, eGEFR slope, and CV risk were evident in both subgroups with finerenone.

In a very recent study, Agarwal R et al. [36] have analyzed the effect of finerenone
(10 or 20 mg/day) (N = 264), empagliflozin (10 mg/day, N = 267), or the combination
of the two drugs in an RCT in patients with eGFR 30 to 90 mL/min/1.73 m?2, UACR of
100 to = or <5000 mg/g, and T2D. The initial combination with finerenone-empagliflozin
led to a greater reduction in the UACR than either treatment alone.
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Patients with DM and CKD are at very high risk of developing kidney failure,
atherosclerotic CV disease, HF, and premature death.

Table 5. Studies with mineralocorticoid receptor antagonists.

Study Type Number of Patients Type of Patient Results

Combined 1 EP 17.8% vs. 21.1% HR
0.86, p = 0.001; 2 EP kidney

FIDELIO DKD . N = 5734, 2833 - .
. " Finerenone vs. plac Ph I RCT - 4 T2D + CKD failure/sustained decrease
Bakris G et al. [33] finerenone, 2841 plac. ¢GFR /death renal cause 13% vs.
14.8% HR 0.86, p = 0.03
. Higher effects on the eGFR decrease
FI?I\? 122 lR t[glﬁpe Finernone vs. plac RCT 7352 T2D + CKD < 57% composite 1 EP HR 0.77,
o p = 0.041, RRR 36% for ESRD
Comp 1 EP CV outcome 12.7% vs.
FIDELITY , : P
. Pool analysis N = 6519 finerenone 14.4%, HR 0.86, p = 0.00018.
A%aliw?;ISR Finerenone vs. plac 2RCT N = 6507 plac T2D + CKD Composite kidney outcomes: 5.5%
etal. [35] vs. 7.1%, HR 0.77, p = 0.0002
Finerenone 10 mg/d, At day 180, there was a reduction in
Acarwal R empagliflozin Finerenone n = 258 p; the UATC ratio with combination
e’;gal 136] 10 mg/d, or combined PhIII RCT empagliflozin n = 261 T2D + CKD therapy (HR 0.71; p < 0.001) and also
' finerenone + p, combined tn =265 p greater than with empagliflozin
empagliflozin alone (0.68; p < 0.001)

Ph = phase. RCT = randomized clinical trial. T2D = type 2 diabetes. CKD = chronic kidney disease. 1 EP = primary
endpoint. 2 EP = secondary endpoint. ESRD = end-stage renal disease. HR = hazard ratio. RRR = relative risk
reduction. eGFR = estimated glomerular filtration rate.

The Kidney Disease Improving Global Outcomes (KDIGO) 2022 [37] and the 2022
American Diabetes Association (ADA) Standards of Medical Care in Diabetes and the
Clinical Practice Guideline for Diabetes Management in Chronic Kidney Disease [38]
have added evidence-based recommendations. The new ADA 2025 Guidelines for the
standard care of DM [39] insist on some aspects that should be taken into consideration
when comparing to the Guidelines of 2024: (1) Diagnostics may consider antibody-based
screening for presymptomatic T1D in individuals with a family history of the disease.
(2) GLP-1 RAs or dual GIP-GLP-1 RAs are recommended for their multifaceted benefits
in diabetes management. (3) Adequate water consumption, high-quality and sustainable
eating patterns such as plant-based diets, and a recommendation to replace sugar with non-
nutritive sweeteners in moderation and short-term to facilitate caloric restriction may be
offered as dietary guidance. (4) Digital technology powered by the systems or a continuous
glucose monitoring (CGM) for individuals with T2D on non-insulin regimens as well as
those on insulin may be implemented.

3. New Emerging Molecules for the Management of Patients with CKD
and/or DM and/or Obesity (See Tables 6-10)

While our thoughts were yet installed into the future for the management of patients
with DM and DKD [40], the future is being constantly surpassed. Many new drugs of
different therapeutic groups are now in development and may be added to the five classical
pillars described before, but also for the treatment of patients with CKD without DM. Nu-
merous RCTs are currently in progress and will offer surprising results in the next months
and years. These novel drugs include other non-steroidal mineralocorticoid receptor antag-
onists, such as balcinrenone [41]; aldosterone synthase inhibitors, such as baxdrostat [42]
and vicadrostat [43]; different GLP-1 RAs, such as tirzepatide [44], survodutide [45], and
retatrutide [46]; new endothelin receptor antagonists, such as zibotentan [47]; and soluble
guanylate cyclase activators, such as avenciguat [48].

Many patients with HF have CKD and may not tolerate MRA. Lam CSP et al. investi-
gated the efficacy and safety of the mineralocorticoid receptor modulator balcinrenone in
combination with dapagliflozin in a phase II study [41].
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From January 2021 to October 2023, 133 adults with symptomatic HF, ejection fraction
< 60%, eGFR > 30 to < 60 mL/min/1.73 m%, and UACR > 30 to < 3000 mg/g were
randomized to receive balcinrenone 15, 50, or 150 mg/day plus dapagliflozin 10 mg/day, or
dapagliflozin 10 mg/day plus placebo, for 12 weeks. Enrollment was stopped early because
of slow recruitment. Relative reductions in UACR from baseline to week 12 (primary
endpoint) were not significantly different between the balcinrenone plus dapagliflozin
groups versus dapagliflozin plus placebo. There was no clear balcinrenone dose-response
relationship. Possible dose-dependent increases in serum potassium levels, reduced eGFR
in the highest dose group, and non-significant trends towards reduced N-terminal pro-
B-type natriuretic peptide levels were observed. Hyperkalemia led to discontinuation
in two participants treated with balcinrenone plus dapagliflozin and none in those who
received dapagliflozin plus placebo. The study did not show a significant reduction in
UACR, probably due to the small sample size [41].

Table 6. Summary of a novel study with an emerging mineralocorticoid receptor antagonist, balcin-
renone, for the treatment of patients with chronic kidney disease and heart failure.

Name of Study
and Authors

Study Type N Patients Patient Type Results

Balcinrenone (10.50 or

Stopped early because of low
recruitment.

MIRACLE, Lam 150 mg/d) + 166 planned, CKD + g :
CSP et al. [41] Dapagliflozin 10 mg/d PhII RCT not achieved symptomatic HF No dose cxsseggseer;tvlergluence sK
Vs. Dapag 10 g/d + plac. No UACR decrease at 12 weeks.

CKD = chronic kidney disease. HF = heart failure. Ph = phase. RCT = randomized clinical trial. sK = serum
potassium. UACR = urine albumin to creatinine ratio.

Baxdrostat is a selective small-molecule aldosterone synthase inhibitor in development
to treat hypertension and CKD. In a phase I, open-label, parallel-group study [42], the
safety and pharmacokinetics (PK) of baxdrostat were assessed in participants with varying
degrees of renal function. Three groups of individuals were included in the study: controls
(eGFR > 60 mL/min/1.73 m?), patients with moderate to severe renal impairment (eGFR
15-59 mL/min/1.73 m?), or those with stage 5 CKD (eGFR < 15 mL/min/1.73 m?) and
received a single 10-mg baxdrostat dose. Pharmacokinetic blood and urine samples were
analyzed at 7 days. Thirty-two participants completed the study. No patient died, and
only one mild diarrhea adverse event was registered. No clinically significant changes
in laboratory parameters, vital signs, physical examinations, or ECGs were observed.
Plasma concentration-time curves of baxdrostat were similar among all groups. Urine
PK parameters (12% excreted) in the moderate to severe renal impairment and control
groups were similar. Minimal urinary baxdrostat excretion was reported in the renal failure
group. Renal impairment had no significant impact on systemic exposure or clearance of
baxdrostat. This fact suggests that dose adjustment due to PK differences in patients with
kidney disease is probably not necessary.

A phase II study in 586 patients with albuminuric CKD has shown that 10 mg of
vicadrostat (BI690517) [43], another aldosterone synthase inhibitor, reduced UACR by 40%
compared with placebo, with or without associated empagliflozin treatment. Its use added
to an SGLT2i may decrease the risk of hyperkalemia, improving tolerability and allowing
the treatment of more patients, including those with higher levels of blood potassium. This
approach will be tested in the EASi-KIDNEY (NCT06531824), a phase III double-blind
placebo-controlled trial, by assessing the safety and cardiorenal efficacy of vicadrostat in
combination with empagliflozin in 11,000 patients with CKD and with or without diabetes.

CVD and DKD biomarkers with off-label long-term (21 months) use of tirzepatide in
overweight (OW) or obese (OB) adults with T1D were evaluated in a retrospective chart
review study [44], and data from 84 OW /OB adults with T1D who received tirzepatide
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since July 2022 and were treated for a minimum of 6 months were analyzed. A control
group (n = 38) was matched for age, DM duration, sex, glycosylated hemoglobin (HbAlc),
and body mass index (BMI). Data were collected electronically over 21 months of treat-
ment. eGFR over time linear mixed effects models were used to examine the changes
in lipids and blood pressure. Tirzepatide users had a slightly higher baseline BMI than
controls, 35.2 + 4.8 kg/m? and 33.3 + 4.2 kg/m? (p = 0.03), respectively. Weight loss
(=59 £ 4.6 Ibs. [-23.4%]) was higher in the tirzepatide-treated group compared with a
gain (+1.7 = 5.0 Ibs. [+1.8%]) in controls. The HbAlc decreased more in patients using
tirzepatide than in controls (—0.50 £ 0.07% and —0.24 &+ 0.09%, respectively, p = 0.017).
Tirzepatide-treated patients significantly improved triglycerides, total and low-density
lipoprotein cholesterol, systolic blood pressure, and eGFR, changes that remained signifi-
cant after adjusting for weight and HbAlc. The eGFR declined significantly in controls but
not in the tirzepatide group. The authors concluded that long-term use of tirzepatide in
OW/OB adults with T1IDM results in more than 23% weight loss and sustained improve-
ment in glucose control. A significant improvement in cardiovascular biomarkers and
preservation of kidney function was observed, independently of changes in weight and/or
HbA1lc. Nevertheless, we must say that currently tirzepatide has no indication in T1D.

Table 7. Aldosterone-synthase inhibitors for the treatment of chronic kidney disease.

Aldosterone-
Synthase Inhibitors
N:nnée:lftitourgy Drug Type of Study Number of Patients Type of Patients Results
Renal impairment had no
significant impact on systemic
Phl exposure or clearance of
Fr(:giar[l_,giw mBa/lglthst;tcfaO s pharmacokinetic N =32 CDK diverse stages baxdrostat. Dose adjustment
: 8/aby Y study due to PK differences in
patients with kidney disease is
probably not necessary
. 1070 outcomes are expected in
Vicadrostat 10 . . ;
EASi KIDNEY, Judge  mg/d (+RAASinh Ph III RCT ggg?liﬁ é.' gggg g . CKD cgrr}:;zrssittenlzilﬁ:;%?::)};risgin
PK et al. [43] + empagliflozin 10 Runnning st. Follow-up 3. and 2 EP: composite CV

mg/d) vs. plac

death/HF hospitalization

RAAS = renin-angiotensin II-aldosterone system. Ph = phase. RCT = randomized clinical trial. CKD = chronic
kidney disease. 1 EP = primary endpoint. 2 EP = secondary endpoint. CV = cardio vascular. HF = heart failure.

The efficacy and safety of survodutide, a GLP-1 dual receptor agonist, in people with
a BMI > 27 kg/m? was tested in 387 individuals (aged 18-75 years, BMI > 27 kg/m?, with-
out DM and with no CKD) who were randomized 1:1:1:1:1 to once-weekly subcutaneous
survodutide (0.6, 2.4, 3.6, or 4.8 mg) or placebo for 46 weeks (20-week dose escalation;
26-week dose maintenance). Patients were categorized according to sex and baseline BML
Data were analyzed descriptively in accordance with the dose assigned at randomization
using on-treatment data or all data censored for COVID-19-related treatment discontinua-
tion (ClinicalTrials.gov number: NCT04667377). After 46 weeks of treatment, females had
greater reductions in body weight and waist circumference than males. Participants with a
lower baseline BMI had greater proportional reductions in body weight than those with a
higher baseline BMI. The trend was reversed for reductions in waist circumference. Rates
of adverse events were comparable between subgroups for sex and baseline BMI. The most
frequently reported gastrointestinal effect was nausea in all subgroups [45].

With regard to a new GLP-1 RA, a study was conducted in db/db mice, an experimen-
tal model of T2D, to assess and compare the therapeutic efficacy of liraglutide, tirzepatide,
and retatrutide in treating DKD [46]. Experimental animals were administered intraperi-
toneal injections of liraglutide (10 nmol/kg), tirzepatide (10 nmol/kg), and retatrutide
(10 nmol/kg) for 10 weeks. The effectiveness of these three drugs in controlling blood
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glucose levels, reducing weight, and improving serum biochemical indicators and DKD
was tested. Renal inflammation and fibrosis indexes were measured and compared. The
content of intestinal metabolite butyrate was compared to reflect the regulatory effects of
these three drugs on gut microbiota.

Table 8. Studies with glucagon-like-peptide 1 receptor agonists for the treatment of diabetes, obesity,
or chronic kidney disease.

GLP-1 R Agonists

Name of Study
and Authors

Drug Type of Study Number of Patients Type of Patients Results

Reta had greater weight loss, better
renal function, fewer proinflammatory
cytokines in the kidneys, and better

" Tirzepatide Retrospective TIDn =84 T1D + BMI = or 7 ) -
Garg SK et al. [44] vs. controls PhIV Controls n = 38 527 kbw/1.73 m?2 lipid prpflles_, as compared to Tirze
and Lira. Tirze had better blood
glucose lowering, weight loss, and
lipids as compared to Lira
In people with a BMI > 27 kg/mz,
Survodutide survodutide significantly reduced
Sc0.6/24/3.6/4.8 . body weight and waist circumference
Le Roux et al. [45] mg/w, dose Ph 1l N =387 Ove;]\;\;es?%}}: tor when compared with placebo in
escalating prespecified subgroups based on sex
vs. plac and baseline BMI and was tolerated at
all doses tested.
Reta was superior in reducing weight,
improving renal function in db/db
mice, and suppressed the expression
of pro-inflammatory cytokines and
ii?rgfrf};lit/gr?ggl pro-fibrotic factors in the kidneys of
L . . ice. Reta enhanced liver function,
) injection of Experimental 10 Db/db mouse Experimental  mice PN /
Ma et al. [46] Liraglutide vs. T2D model per group db/db mouse 1mProved a(lil .llpldl.C p?rameterls., and
Tirzepatide vs. increased intestina n}etabc_) ite
. butyrate in db/db mice. Tirze
Retatrutide

exhibited better effects on lowering
blood glucose, weight loss, lipid
reduction, and improvement of DKD
compared to liraglutide.

T1D = type 1 diabetes. T2D = type 2 diabetes. Db/db = diabetic/nondiabetic alleles. BMI = body mass index.
Kbw = kg body weight. Lira = liraglutide. Reta = retatrutide. Tirze = tirzepatide.

Retatrutide demonstrated superior effectiveness in reducing weight and improving
renal function in db/db mice compared to liraglutide and tirzepatide. The expression
of pro-inflammatory cytokines (TNF-«, caspase-1, and NLRP3) and pro-fibrotic factors
(fibronectin, x-SMA, and collagen I) was significantly suppressed in the kidneys of mice.
Retatrutide substantially enhanced liver function, reduced triglyceride and cholesterol
levels, low-density lipoprotein cholesterol, elevated high-density lipoprotein cholesterol,
and increased the content of intestinal metabolite butyrate when compared to the other
two drugs. But despite its ability to lower blood glucose levels, retatrutide was not superior
for blood glucose control. Tirzepatide showed better effects on lowering blood glucose,
weight loss, lipid reduction, and improvement of DKD compared to liraglutide. The
authors concluded that retatrutide and tirzepatide were significantly effective in improving
DKD and controlling blood glucose and body weight. Retatrutide was the most effective in
improving DKD and body weight, while tirzepatide was the most effective in controlling
blood glucose. The reason we included the results of an animal experimental study in our
review comparing the effects of these drugs lies in the benefits of these agents on renal and
liver function, which could probably be applied to the human beings in subsequent RCTs.

In the same way, we wish to include some studies with regard to obesity, due
to its frequent association with T2D and CKD and its impact on cardiovascular and
kidney complications.

Heerspink HLJ et al. [47] conducted a double-blind, active-controlled, Phase IIb study
to evaluate the efficacy and safety of the endothelin A receptor antagonist zibotentan in
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combination with the SGLT2 inhibitor dapagliflozin in 415 adults with CKD (Zibotentan
and Dapagliflozin for the Treatment of CKD; ZENITH-CKD). Participants are being ran-
domized (1:2:2) to zibotentan 0.25 mg plus dapagliflozin 10 mg once daily, zibotentan
1.5 mg plus dapagliflozin 10 mg and dapagliflozin 10 mg alone for 12 weeks, followed
by a 2-week off-treatment washout period. The primary endpoint is the change in log-
transformed UACR from baseline to week 12. Secondary objectives include change in
blood pressure from baseline to week 12 and change in eGFR. Other defined events will
include changes in weight gain or B-type natriuretic peptide levels. At baseline 447 patients
were randomized and received treatment in placebo/dapagliflozin (n = 177), zibotentan
0.25 mg/dapagliflozin (1 = 91), and zibotentan 1.5 mg/dapagliflozin (1 = 179). The mean
age was 62.8 years; 30.9% were female, and 68.2% were white. The mean baseline eGFR of
patients was 46.7 mL/min/1.73 m?, and the geometric mean UACR was 538.3 mg/g. This
study will evaluate the UACR-lowering efficacy and safety of zibotentan with dapagliflozin
as a new treatment for CKD.

At 12 weeks, UACR decreased by —33.7% (p < 0.001, in the zibotentan 1.5 mg group)
and —27% (p = 0.0022) in the zibotentan 0.25 group, all groups vs. dapagliflozin plus
placebo. The percentage of fluid retention was 18% in zibotentan 1.5-mg-treated patients,
9% in zibotentan 0.25 mg, and 8% in dapagliflozin plus placebo. This study is continuing
in a phase III trial to test the dose efficacy and safety for a long-term follow-up.

Table 9. A novel endothelin 1 receptor antagonist for the treatment of chronic kidney disease.

Endothelin A
Receptor Antagonists
Naann&e A)lft?\tour(sly Drug Type of Study Number of Patients Type of Patient Results
. At 12 w: UACR decrease —33.7%
Zlbo]tDe:;E:gll}ﬁSOrzrilr% ra CKD (p < 0.001, in zibotentan 1.5 mg
ZENITH-CKD 10 mg/d; (n = 449 zibot 1.5 + gmug)z;;” % (p :110‘0022) in zibot.
Heerspink HJL Zibot 0.25 mg/d + Ph IIb RCT dapa); (n = 91 zibot CKD S BIYD, af BOUpS Ve
etal. [47] dapaglif 10 mg/d; 0.25 + dapa) lui apa +.p o
Dapagliflozin N = 177 dapa + plac Fluid Iz’et_entl_on 18% in 21bcgt.4
1.5 mg; 9% in zibot 0.25 mg; 8% in
10 mg/d + plac. dapa + plac.

CKD = chronic kidney disease. Ph = phase. RCT = randomized clinical trial. UACR = urine albumin to
creatinine ratio.

Avenciguat is a novel, potent soluble guanylate cyclase activator in develop-
ment for CKD. Two trials investigated avenciguat in diabetic (NCT04750577) and non-
diabetic (NCT04736628) CKD. A prespecified pooled analysis of two randomized, double-
blind, placebo-controlled trials [48] has included adults with CKD (eGFR > 20 and
<90 mL/min/1.73 m? and UACR > 200 and < 3500 mg/g). The patients were randomized
to 20 weeks of placebo or avenciguat 1, 2, or 3 mg three times daily (TID), associated with
ACEI or AIIRB. The primary endpoint was change from baseline in UACR in 10 h urine
at week 20. The secondary endpoint was UACR change from baseline in first morning
void urine (FMVU) at week 20. Five hundred patients (mean age 62 +/— 13 years; mean
eGFR 44 +/— 18 mL/min/1.73 m2 and median 10 h UACR 719 [379-1285] mg/g) were
treated with avenciguat 1 mg (n = 125), 2 mg (n = 126), or 3 mg (n = 127), or placebo
(n =122). DM affected all 243 patients in the first study and 27 of 261 patients in the second.
Avenciguat 1, 2, and 3 mg reduced UACR in 10-h and FMVU versus placebo throughout
the treatment period. At week 20, placebo-corrected geometric mean changes (95% C.1.)
from baseline in UACR in 10 h urine with avenciguat 1, 2, and 3 mg were —15.5% (—26.4 to
—3.0), —13.2% (—24.6 to —0.1), and —21.5% (—31.7 to —9.8), respectively. Corresponding
changes in FMVU were —19.4% (—30.0 to —7.3), —15.5% (—26.9 to —2.5), and —23.4%
(—33.5 to —11.8), respectively. The overall frequency of adverse events was low and similar
to placebo. The number of patients who discontinued the study drug due to adverse events
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with avenciguat 1, 2, and 3 mg TID were five (4%), 11 (9%), and 11 (9%), respectively,
compared with four (3%) in the placebo group.

Table 10. The guanylate-cyclase activator avenciguat for the treatment of chronic kidney disease.

Guanylate
Cyclase
Activators
Naanlge:lftito‘ﬁy Drug Type of Study Number of Patients Type of Patient Results
UACR in 10 h urine: —15.5%
(avenciguat 1 mg), —13.2%
. . iguat 2 d —21.5%
Heerspink JHL Avenciguat1,2or  Ph III RCT, studies 500 CKD patients, (aveniféicigﬁgz ;rrlng)—
" IT 48 3 mg/TID 1and 2 (DM = 243 in study 1 CKD or CKD + T2D. UACR in first mornine void urine:
etal. [48] vs. plac. Pooled analysis and 27 in study 2). 5 .

—19.4% (avenciguat 1 mg), —15.5%
(avenciguat 2 mg) and —21.4%
(avenciguat 3 mg)

DM = diabetes mellitus. CKD = chronic kidney disease. Ph = phase. RCT = randomized clinical trial.
UACR = urine albumin to creatinine ratio. T2D = type 2 diabetes. TID = three times per day.

New potential horizons for the treatment of DKD and also of CKD without DM, such
as strategies based on actions on gut microbiota or stem cell therapies, are expected in the
next months or years.

4. Discussion

Chronic kidney disease coexisting with diabetes, in the absence of other clear causes of
kidney injury, occurs in approximately 20 to 40% of patients with diabetes mellitus [49]. The
pathophysiology of the renal damage produced in the context of diabetes is very complex,
and many different mechanisms and factors are involved.

In this current review we have tried to summarize the pharmacological management of
the patients with diabetes associated with chronic kidney disease in the last three decades—
from 1990 up to date—independent of the presence of obesity, which is very frequently
associated with both DM and CKD. The catastrophic panorama of the patients with diabetes
and CKD, who achieved the nephrology care years ago, has really improved in the last
decades due, on one hand, to a more integrated multifactorial and multidisciplinary care
that has proven to be effective for the early detection of both DM and CKD. But, on
the other hand, different classes of combined drugs are used for the control of glycemia
and hypertension that may have protective effects on CV risk factors and contribute to
slowing the progression of CKD [9-36]. The classical pillars of pharmacological care have
been described on the basis of many of the randomized clinical trials that have generated
evidence for metabolic control and cardiovascular and renal protection. A summary of the
principal results of these studies has been expressed in Tables 1-10.

In addition to the application of the standards of care and the clinical practice guide-
lines for the patients’ management [6,38—40], the combination of some new molecules in
adequate personalized doses offers a better way for an integrated management of patients
with DM and CKD. Many novel therapeutic agents to treat diabetes, obesity, heart failure, or
chronic kidney disease are in development. The approach that includes different specialists,
patients, and health providers working together in multidisciplinary teams and supplying
educational programs may lead to an early diagnosis of both DM and CKD. An optimal
time to refer the patient with DM and renal involvement to nephrology care should be the
key point to coordinate the integrated multifactorial management of our patients [6,50].
The principal strength of this article relies on the analysis of positive results with the drugs
that have generated clinical evidence from 1991 and the most recent publications developed
in randomized clinical trials with the novel agents used for the control of glycemia and/or
obesity in the context of chronic kidney disease. Our review has clear limitations. It is an
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overview of the most recent advances in this context, but, taking into account the increasing
number of articles continuously published in this regard, this review can be immediately
surpassed by new evidence, because there are important ongoing RCTs whose outcomes
will be presented in a short or medium time.

5. Conclusions

Diabetes mellitus continues to be a global world health problem. It is the principal
cause of ESRD. An optimal time to refer the patient with DM and renal involvement
to nephrology care should be the key point to coordinate the integrated multifactorial
management of our patients. If we are able to apply these combined measures, including
personalized doses of classical and novel molecules, perhaps in a next step we should
be able to “fold the curve” and to slow the progression to ESRD and the CV damage
in the patients with DM, allowing us to definitively decrease DM as the first cause of
advanced CKD.

Author Contributions: Conceptualization, A.M.-C., ].L.G. and J.EN.-G.; methodology, software,
validation, formal analysis, investigation, resources and data curation, A.M.-C., ].L.G., B.E-F,, M.].S.
and J.EN.-G. writing—original draft preparation, A.M.-C. and ].EN.-G.; writing—review and editing
and visualization AM.-C., ].L.G., B.E-F, M.].S. and ].EN.-G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: A.M.C. has been a consultant and has received honoraria for lectures from
AbbVie, Amgen, Boéhringer-Ingelheim, Esteve, Lilly, Merck Sharp Dhéme, Novo-Nordisk, Shire,
and Vifor-Fresenius Medical Care. AMC is currently editor for ] Clin Med, Urology and Nephrology
sections. J.L.G. has received honoraria for lectures from AstraZeneca, Boehringer Ingelheim, Janssen,
Mundipharma, Novartis, Novonordisk, Otsuka, and Vifor Pharma. J.EN.G. has been a consultant and
has received honoraria for lectures from AbbVie, Amgen, AstraZeneca, Bayer, Boehringer Ingelheim,
Esteve, Genzyme, Lilly, MSD, Novartis, NovoNordisk, Servier, Shire, and Vifor Pharma. JEN.G. is a
member of the Scientific Advisory Board of the European Renal Association. BFF has received grants
from Esteve and AstraZeneca and consultancy or speaker fees or travel support from AstraZeneca,
Bayer, Menarini, Novo-Nordisk, Boehringer, Lilly, Amgen, and Mundipharma. BFF is editor for
Nefroplus and CME chair of the European Renal Association. MJS received grants or contracts from
Boehringer, ISCIII, and Maraté TV3; honoraria for lectures from NovoNordisk, Jansen, Boehringer,
Mundipharma, AstraZeneca, Ingelheim Lilly, Vifor, ICU Medical, Fresenius, and Travere Therapeutics;
support for attending meetings from Travere; and participation in data safety, monitoring boards,
or advisory boards from NovoNordisk, Jansen, Boehringer, Mundipharma, AstraZeneca, Ingelheim
Lilly, Vifor, ICU Medical, Bayer, GE Healthcare, and Travere Therapeutics. MS has the following
leadership or fiduciary roles: SEC board member, SEN board member, former ERA board member,
former ASN Board News, former ERA-EDTA SAB, former ERA council member, and Western Europe
ISN co-chair.

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes prevalence and treatment from 1990 to 2022: A pooled
analysis of 1108 population-representative studies with 141 million participants. Lancet 2024, 404, 2077-2093. [CrossRef]

2. International Diabetes Federation. IDF Diabetes Athlas 2023 Report. Available online: http://www.diabetesatlas.org (accessed

on 16 August 2025).

3. Available online: http:/ /www.pmc.ncbi.nlm.gov (accessed on 16 August 2025).
4. REDYT Registro Espafiol de Dialisis y Trasplante. Sociedad Espafiola de Nefrologia (S.E.N) y Organizacién Nacional de Trasplante
(ONT). Nefrologia 2025. Available online: http:/ /revistanefrologia.com (accessed on 16 August 2025).


https://doi.org/10.1016/S0140-6736(24)02317-1
http://www.diabetesatlas.org
http://www.pmc.ncbi.nlm.gov
http://revistanefrologia.com

J. Clin. Med. 2025, 14, 8326 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Boenink, R.; Bonthuis, M.; Boerstra, B.A.; Astley, M.E.; Montez de Sousa, L.R.; Helve, J.; Komissarov, K.S.; Comas, J.; Radunovic,
D.; Buchwinkler, L. ERA Registry Annual Report 2022: Epidemiology of Kidney Replacement Therapy in Europe, with a focus on
sex comparisons. Clin. Kidn. ]. 2025, 18, sfae405. [CrossRef]

Montero, N.; Oliveras, L.; Martinez-Castelao, A.; Gorriz, ].L.; Soler, M.].; Fernandez-Ferndndez, B.; Quero, M.; Garcia-Carro, C.;
Garcia-Sancho, P.; Goicoechea, M.; et al. Clinical Practice Guideline for detection and management of diabetic kidney disease:
A consensus report by the Spanish Society of Nephrology. Nefrologia 2025, 45 (Suppl. 1), 1-26. [CrossRef]

Sanchez-Alamo, B.; Garcia-Iiiigo, EJ.; Shabaka, A.; Acedo, ].M.; Cases-Corona, C.; Dominguez-Torres, P.; Diaz-Enamorado, Y.;
Landaluce, E.; Navarro-Gonzélez, ].F.; Gorriz, ].L.; et al. Urinary Dickkopf-3: A new biomarker for CKD progression and mortality.
Nephrol. Dial. Transplant. 2021, 36, 2199-2207. [CrossRef]

Martinez-Castelao, A.; Hasegawa, T.; Ferndndez-Ferndndez, B.; Gorriz, J.L.; Quero, M.; Ferndndez-Fresnedo, G.; Zamora, J.I;
Soler, M.].; Primo Alvarez, J.C.; Robles Pérez-Monteoliva, N.R.; et al. Inflammatory cytokines in chronic kidney disease. Analysis
in the PROGRESER cohort. Clin. Kidn. J. 2025, in press.

Lewis, E.J.; Hunsicker, L.G.; Bain, R.P; Rohde, R.D. The effect of angiotensin converting enzime inhibition on diabetic nephropathy.
N. Engl. ]. Med. 1993, 329, 1456-1462. [CrossRef] [PubMed]

Lewis, E.J.; Hunsicker, L.G.; Clarke, W.R.; Berl, T.; Pohl, M.A.; Lewis, ].B.; Ritz, E.; Atkins, R.C.; Rohde, R.; Raz, I; et al.
Rernoprotective effect of of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N.
Engl. ]. Med. 2001, 345, 851-860. [CrossRef]

Parving, H.-H.; Lehnert, H.; Brochner-Mortensen, J.; Gomis, R.; Andersen, S.; Arner, P. The effect of irbesartan on the development
of diabetic nephropathy in patients with type 2 diabetes. N. Engl. J. Med. 2001, 345, 870-878. [CrossRef]

Brenner, B.M.; Cooper, M.E.; De Zeeuw, D.; Keane, W.E; Mitch, W.E.; Parving, H.-H.; Remuzzi, G.; Snapinn, S.M.; Zhang, Z.;
Shahinfar, S. Effects of Losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N. Engl.
J. Med. 2001, 345, 861-869. [CrossRef]

Zinman, B.; Wanner, C.; Lachin, J.M.; Fitchett, D.; Bluhmki, E.; Hantel, S.; Mattheus, M.; Devins, T.; Johansen, O.E.; Woerle, H.J.;
et al. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N. Engl. ]. Med. 2015, 373, 2117-2128. [CrossRef]
[PubMed]

Wanner, C.; Inzucchi, S.E.; Lachin, ].M.; Fitchett, D.; Von Eynatten, M.; Mattheus, M.; Johansen, O.E.; Woerle, H.J.; Broedl, U.C,;
Zinman, B. Empagliflozin and progression of kidney disease in type 2 diabetes. N. Engl. . Med. 2016, 375, 323-334. [CrossRef]
[PubMed]

Mabhaffey, K.W.; Jardine, M.].; Bompoint, S.; Cannon, C.P; Neal, B.; Heerspink, H.J.; Charytan, D.M.; Edwards, R.; Agarwal, R,;
Bakris, G.; et al. Canagliflozin and Cardiovascular and Renal Outcomes in Type 2 Diabetes Mellitus and Chronic Kidney Disease
in Primary and Secondary Cardiovascular Prevention Groups: Results From the Randomized CREDENCE Trial. Circulation 2019,
140, 739-750. [CrossRef] [PubMed]

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

Toyama, T.; Neuen, B.L.; Jun, M.; Ohkuma, T.; Neal, B.; Jardine, M.].; Heerspink, H.L.; Wong, M.G.; Ninomiya, T.; Wada, T.; et al.
Effect of SGLT2 inhibitors on cardiovascular, renal and safety outcomes in patients with type 2 diabetes mellitus and chronic
kidney disease: A systematic review and meta-analysis. Diabetes Obes. Metab. 2019, 21, 1237-1250. [CrossRef]

Heerspink, H.J.L.; Stefansson, B.V.; Correa-Rotter, R.; Chertow, G.M.; Greene, T.; Hou, EE; Mann, ].EE.; McMurray, J.].V.; Lindberg,
M.; Rossing, P. Dapagliflozin in patients with chronic kidney disease. N. Engl. ]. Med. 2020, 383, 1436—-1446. [CrossRef]

Zheng, Y.; Sun, J. Long-term effect of sodium—-glucose cotransporter 2 inhibitors in kidney functions: A systematic review and
meta-analysis. Medicine 2025, 104, e41422. [CrossRef]

Natale, P.; Tunnicliffe, D.J.; Toyama, T.; Palmer, S.C.; Saglimbene, V.M.; Ruospo, M.; Gargano, L.; Stallone, G.; Gesualdo, L.;
Strippoli, G.F. Sodium-glucose co-transporter protein 2 (SGLT2) inhibitors for people with chronic kidney disease and diabetes.
Cochrane Database Syst. Rev. 2024, 5, CD015588. [CrossRef]

Bergman, N.C.; Davies, M.].; Lingvay, I.; Knop, FK. Semaglutide for the treatment of overweight and obesity: A review. Diabetes
Obes. Metab. 2022, 25, 18-35. [CrossRef]

Jastreboff, A.M.; le Roux, C.W.; Stefanski, A.; Aronne, L.J.; Halpern, B.; Wharton, S.; Wilding, J.P.; Perreault, L.; Zhang, S.; Battula,
R.; et al. Tirzepatide for Obesity Treatment and Diabetes Prevention. N. Engl. . Med. 2025, 392, 958-971. [CrossRef]

Davies, M.].; Bajaj, H.S.; Broholm, C.; Eliasen, A.; Garvey, W.T; le Roux, C.W,; Lingvay, I.; Lyndgaard, C.B.; Rosenstock, J.;
Pedersen, S.D. Cagrilintide-Semaglutide im adults wirh overweight or obesity and type 2 diabetes. N. Engl. . Med. 2025, 393,
648-659. [CrossRef]


https://doi.org/10.1093/ckj/sfae405
https://doi.org/10.1016/j.nefro.2024.11.002
https://doi.org/10.1093/ndt/gfab198
https://doi.org/10.1056/NEJM199311113292004
https://www.ncbi.nlm.nih.gov/pubmed/8413456
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1056/NEJMoa011489
https://doi.org/10.1056/NEJMoa011161
https://doi.org/10.1056/NEJMoa1504720
https://www.ncbi.nlm.nih.gov/pubmed/26378978
https://doi.org/10.1056/NEJMoa1515920
https://www.ncbi.nlm.nih.gov/pubmed/27299675
https://doi.org/10.1161/CIRCULATIONAHA.119.042007
https://www.ncbi.nlm.nih.gov/pubmed/31291786
https://doi.org/10.1056/NEJMoa1812389
https://www.ncbi.nlm.nih.gov/pubmed/30415602
https://doi.org/10.2337/dc21-0076
https://doi.org/10.1111/dom.13648
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1097/MD.0000000000041422
https://doi.org/10.1002/14651858.CD015588.pub2
https://doi.org/10.1111/dom.14863
https://doi.org/10.1056/NEJMoa2410819
https://doi.org/10.1056/NEJMoa2502082

J. Clin. Med. 2025, 14, 8326 15 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Muskiet, M.H.A.; Tonneijck, L.; Huang, Y.; Liu, M.; Saremi, A.; Heerspink, H.].L.; van Raalte, D.H. Lixisenatide and renal
outcomes in patients with type 2 diabetes and acute coronary syndrome: An exploratory analysis of the ELIXA randomised,
placebo-controlled trial. Lancet Diabetes Endocrinol. 2018, 6, 859-869. [CrossRef] [PubMed]

Holman, R.R.; Bethel, M.A.; Mentz, R.J.; Thompson, V.P; Lokhnygina, Y.; Buse, J.B.; Chan, J.C.; Choi, ].; Gustavson, S.M.; Igbal, N.;
et al. Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. ]. Med. 2017, 377, 1228-1239.
[CrossRef]

Davies, M.].; Bain, S.C.; Atkin, S.L.; Rossing, P.; Scott, D.; Shamkhalova, M.S.; Bosch-Traberg, H.; Syrén, A.; Umpierrez, G.E.
Efficacy and Safety of Liraglutide Versus Placebo as Add-on to Glucose-Lowering Therapy in Patients with Type 2 Diabetes and
Moderate Renal Impairment (LIRA-RENAL): A Randomized Clinical Trial. Diabetes Care 2015, 39, 222-230. [CrossRef] [PubMed]
Marso, S.P; Bain, S.C.; Consoli, A.; Eliaschewitz, EG.; J6dar, 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]

Gerstein, H.C.; Colhoun, H.M.; Dagenais, G.R.; Diaz, R.; Lakshmanan, M.; Pais, P.; Probstfield, J.; Riesmeyer, ].S.; Riddle,
M.C.; Rydén, L.; et al. Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): A double-blind, randomised
placebo-controlled trial. Lancet 2019, 394, 121-130. [CrossRef] [PubMed]

Tuttle, K.R.; Lakshmanan, M.C.; Rayner, B.; Busch, R.S.; Zimmermann, A.G.; Woodward, D.B.; Botros, ET. 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]

Mahaffey, K.W.; Tuttle, K.R.; Arici, M.; Baeres, FM.M.; Bakris, G.; Charytan, D.M.; Cherney, D.Z.I.; Chernin, G.; Correa-Rotter, R.;
Gumprecht, J.; et al. Cardiovascular outcomes with semaglutide by severity of chronic kidney disease in type 2 diabetes: The
FLOW trial. Eur. Heart J. 2024, 46, 1096-1108. [CrossRef]

Waijer, S.W.; Gansevoort, R.T.; Bakris, G.L.; Correa-Rotter, R.; Hou, EF; Kohan, D.E.; Kitzman, D.W.; Makino, H.; McMurray,
J.J.V.; Perkovic, V.; et al. The Effect of Atrasentan on Kidney and Heart Failure Outcomes by Baseline Albuminuria and Kidney
Function: A Post Hoc Analysis of the SONAR Randomized Trial. Clin. J. Am. Soc. Nephrol. 2021, 16, 1824-1832. [CrossRef]
Bakris, G.L.; Agarwal, R.; Anker, 5S.D,; Pitt, B.; Ruilope, L.M.; Rossing, P.; Kolkhof, P.; Nowack, C.; Schloemer, P.; Joseph, A.; et al.
Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 Diabetes. N. Engl. . Med. 2020, 383, 2219-2229. [CrossRef]
Ruilope, L.M.; Pitt, B.; Anker, S.D.; Rossing, P.; Kovesdy, C.P,; Pecoits-Filho, R.; Pergola, P; Joseph, A.; Lage, A.; Mentenich, N.;
et al. Kidney outcomes with finerenone: An analysis from the FIGARO-DKD study. Nephrol. Dial. Transplant. 2023, 38, 372-383.
[CrossRef]

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 . 2022, 43, 474-484. [CrossRef] [PubMed]

Agarwal, R.; Green, J.B.; Heerspink, H.].; Mann, J.F.; McGill, ].B.; Mottl, A K.; Rosenstock, J.; Rossing, P.; Vaduganathan, M.;
Brinker, M.; et al. Finerenone with empagliflozin in chronic kidney disease and type 2 diabetes. N. Engl. |. Med. 2025, 393, 533-543.
[CrossRef] [PubMed]

de Boer, LH.; Khunti, K.; Sadusky, T.; Tuttle, K.R.; Neumiller, J.J.; Rhee, CM.; Rosas, S.E.; Rossing, P.; Bakris, G. Diabetes
Management in Chronic Kidney Disease: A Consensus Report by the American Diabetes American Diabetes Association (ADA)
and Kidney Disease: Improving Global Outcomes (KDIGO). Diabetes Care 2022, 45, 3075-3090. [CrossRef] [PubMed]

American Diabetes Association. Standards of Medical Care in Diabetes—2022 Abridged for Primary Care Providers. Clin. Diabetes
2022, 40, 10-38. [CrossRef]

American Diabetes Association Professional Practice Committee. Summary of revisions: Standards of Care in Diabetes—2025.
Diabetes Care 2025, 48 (Suppl. 1), S6-513. [CrossRef]

Martinez-Castelao, A. Diabetes Mellitus and Diabetic Kidney Disease: The Future Is Already Here. J. Clin. Med. 2023, 12, 2914.
[CrossRef]

Lam, C.S.; Keber, L.; Kuwahara, K.; Lund, L.H.; Mark, P.B.; Mellbin, L.G.; Schou, M.; Pizzato, P.E.; Gabrielsen, A.; Gasparyan,
S.B.; et al. Balcinrenone plus dapagliflozin in patients with heart failure and chronic kidney disease: Results from the phase 2b
MIRACLE trial. Eur. J. Heart Fail. 2024, 26, 1727-1735. [CrossRef]

Freeman, M.W.; Halvorsen, Y.D.; Bond, M.; Murphy, B.; Isaacsohn, ]. Results from a Phase 1 Study Assessing the Pharmacokinetics
of the Aldosterone Synthaselnhibitor Baxdrostat in Participants with Varying Degrees of Renal Function. Clin. Pharmacol. Drug
Dev. 2024, 13, 410-418. [CrossRef]

Judge, PK; Tuttle, KR,; Staplin, N.; Hauske, S.J.; Zhu, D.; Sardell, R.; Cronin, L.; Green, J.B.; Agrawal, N.; Arimoto, R; et al. The
potential for improving cardio-renal outcomes in chronic kidney disease with the aldosterone synthase inhibitor vicadrostat (BI
690517): A rationale for the EASi-KIDNEY trial. Nephrol. Dial. Transplant. 2025, 40, 1175-1186. [CrossRef]


https://doi.org/10.1016/S2213-8587(18)30268-7
https://www.ncbi.nlm.nih.gov/pubmed/30292589
https://doi.org/10.1056/NEJMoa1612917
https://doi.org/10.2337/dc14-2883
https://www.ncbi.nlm.nih.gov/pubmed/26681713
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1016/S0140-6736(19)31149-3
https://www.ncbi.nlm.nih.gov/pubmed/31189511
https://doi.org/10.1016/S2213-8587(18)30104-9
https://doi.org/10.1093/eurheartj/ehae613
https://doi.org/10.2215/CJN.07340521
https://doi.org/10.1056/NEJMoa2025845
https://doi.org/10.1093/ndt/gfac157
https://doi.org/10.1093/eurheartj/ehab777
https://www.ncbi.nlm.nih.gov/pubmed/35023547
https://doi.org/10.1056/NEJMoa2410659
https://www.ncbi.nlm.nih.gov/pubmed/40470996
https://doi.org/10.2337/dci22-0027
https://www.ncbi.nlm.nih.gov/pubmed/36189689
https://doi.org/10.2337/cd22-as01
https://doi.org/10.2337/dc25-SREV
https://doi.org/10.3390/jcm12082914
https://doi.org/10.1002/ejhf.3294
https://doi.org/10.1002/cpdd.1371
https://doi.org/10.1093/ndt/gfae263

J. Clin. Med. 2025, 14, 8326 16 of 16

44.

45.

46.

47.

48.

49.

50.

Garg, S.K,; Kaur, G.; Renner, D.; Lanning, M.S.; Mason, E.; Beatson, C.; Ciesco, K.; Snell-Bergeon, J. Cardiovascular and Renal
Biomarkers in Overweightand Obese Adults with Type 1 Diabetes Treated with Tirzepatide for 21 Months. Diabetes Technol. Ther.
2025, 27, 152-160. [CrossRef] [PubMed]

Le Roux, C.W,; Steen, O.; Lucas, K.J.; Startseva, E.; Unseld, A.; Hussain, S.A.; Hennige, A.M. Subgroup analysis by sex and
baseline BMI in peoplewith a BMI >27 kg/m in the phase 2 trial of survodutide, a glucagon/GLP-1 receptor dual agonist.
Diabetes Obes. Metab. 2025, 27,1773-1782. [CrossRef] [PubMed]

Ma, J.; Hu, X.; Zhang, W.; Tao, M.; Wang, M.; Lu, W. Comparison of the effects of Liraglutide, Tirzepatide, and Retatrutide on
diabetic kidney disease in db/dbmice. Endocrine 2025, 87, 159-169. [CrossRef] [PubMed]

Heerspink, H.J.L.; Kiyosue, A.; Wheeler, D.C.; Lin, M.; Wijkmark, E.; Carlson, G.; Mercier, A.-K.; Astrand, M.; Ueckert, S.; Greasley,
PJ.; et al. Zibotentan in combination with dapagliflozin compared with dapagliflozin in patients with chronic kidney disease
(ZENITH-CKD): A multicentre, randomised, active-controlled, phase 2b, clinical trial. Lancet 2023, 402, 2004-2017. [CrossRef]
Heerspink, H.J.; Cherney, D.; Gafor, A.H.A.; Gérriz, J.L.; Pergola, PE.; Tang, S.C.; Desch, M.; Iliev, H.; Sun, Z.; Steubl, D.; et al.
Effect of Avenciguat on Albuminuria in Patients with CKD: Two Randomized Placebo-Controlled Trials. . Am. Soc. Nephrol. 2025,
35,1227-1239. [CrossRef]

van Raalte, D.H.; Bjornstad, P.; Cherney, D.Z.1.; de Boer, I.H.; Fioretto, P.; Gordin, D.; Persson, E.; Rosas, S.E.; Rossing, P.; Schaub,
J.A.; et al. Combination therapy for kidney disease in people with diabetes mellitus. Nat. Rev. Nephrol. 2024, 20, 433-446.
[CrossRef]

Martinez-Castelao, A.; Soler, M.].; Teruel, J.L.G.; Navarro-Gonzélez, ].F.; Fernandez-Fernandez, B.; Moreno, F.d.A.; Ortiz, A.
Optimizing the timing of nephrologhy referral for patients with diabetic kidney disease. Clin. Kidney |. 2020, 14, 5-8. [CrossRef]

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.


https://doi.org/10.1089/dia.2024.0481
https://www.ncbi.nlm.nih.gov/pubmed/40098470
https://doi.org/10.1111/dom.16167
https://www.ncbi.nlm.nih.gov/pubmed/39821928
https://doi.org/10.1007/s12020-024-03998-8
https://www.ncbi.nlm.nih.gov/pubmed/39212900
https://doi.org/10.1016/S0140-6736(23)02230-4
https://doi.org/10.1681/ASN.0000000000000418
https://doi.org/10.1038/s41581-024-00827-z
https://doi.org/10.1093/ckj/sfaa125

	Introduction 
	Integrated Pharmacological Approach for the Management of Patients with DM and CKD 
	New Emerging Molecules for the Management of Patients with CKD and/or DM and/or Obesity (See tabref:jcm-3942227-t006,tabref:jcm-3942227-t007,tabref:jcm-3942227-t008,tabref:jcm-3942227-t009,tabref:jcm-3942227-t010) 
	Discussion 
	Conclusions 
	References

