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such as CKD progression, kidney failure, cardiovascular 
events and mortality. The color coding represents risk 
gradients across these two dimensions, providing an 
outcome-oriented assessment that is more informative 
than eGFR staging alone.

Despite the increasing burden of CKD, there is no 
universal agreement on the effectiveness of population-
wide screening programs [3]. Screening is typically 
considered for individuals at high risk, such as those 
with diabetes or hypertension. The rationale for targeted 
screening in these groups is that early identification may 
improve outcomes by enabling timely intervention. 
Screening should be performed using both urinary 
albumin measurement and eGFR. Following incidental 
detection of an elevated uACR, hematuria or a reduced 
eGFR, testing should be repeated to confirm the pres-
ence of CKD [2]. While eGFR testing rates are consist-
ently high, UACR testing rates remain low. This results 
in underdiagnosis and undertreatment, putting many 
individuals at risk of CKD progression and CVD [4].

Introduction
CKD is a progressive disease with high global preva-

lence (approximately 9%) [1]. It remains a major health 
problem linked to increased cardiovascular morbidity 
and mortality. CKD is defined as abnormalities of kid-
ney structure or function that persist for at least three 
months and have implications for health [2]. The latest 
guidelines classify CKD based on cause, glomerular 
filtration rate (GFR) category (G1–G5), and albuminuria 
category (A1–A3). These three components help deter-
mine the severity and risk of CKD (Table 1).

The KDIGO CKD risk grid uses estimated glomeru-
lar filtration rate (eGFR) and albuminuria to stratify 
prognosis in CKD. It was developed from large cohort 
studies showing that lower eGFR and higher urinary 
albumin excretion in combination predict outcomes 
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Table 1. CKD stages and cardiovascular risk based on eGFR  and albuminuria categories [2].

Persistent albuminuria categories 

A1 
<30 mg/g

A2 
30–300 mg/g
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>300 mg/g

G
FR

 c
at

eg
or

ie
s (

m
l/m

in
/1

.7
3 

m
²)

G1

 ≥90
Low risk moderately increased risk high risk

G2

60–89
Low risk moderately increased risk high risk

G3a

45–59
moderately increased risk high risk very high risk

G3b

30–44
high risk very high risk very high risk

G4

15–29
very high risk very high risk very high risk

G5

<15
very high risk very high risk very high risk

The initial assessment of albuminuria should be 
based on measuring the urine albumin-to-creatinine 
ratio (ACR) or, alternatively, on urine dipstick testing for 
albumin with automated reading and ACR quantifica-
tion. If total urine protein is measured, a measurement 
of the urine protein-to-creatinine ratio (PCR) is preferred. 
If not available, urine dipstick testing for total protein 
with automated or manual reading may be performed. 
In all cases, a first-morning midstream urine sample is 
recommended for both adults and children. If an ACR 
value exceeding 30 mg/g is detected in a random urine 
sample, the result should be confirmed by repeat testing 
using a subsequent first morning void in the midstream 
urine sample [2].

Establishing Chronicity 
CKD is defined by kidney abnormalities persisting 

for at least 3 months (or more than 90 days), a threshold 
used to distinguish CKD from acute kidney disease (AKD) 
and acute kidney injury (AKI), which differ in etiology, 
management and outcomes. Evidence of chronicity can 
be established through prior documentation of reduced 
eGFR, prior albuminuria or urine sediment abnormalities, 
imaging suggestive of chronic damage (e.g. reduced kid-
ney size or cortical thinning), histopathological features 
(fibrosis or atrophy), relevant medical history (conditions 
that cause or accelerate CKD), or repeat measurements 
that confirm persistence beyond three months. 

Chronicity should not be determined by a single 
abnormal eGFR or ACR, as these values may only reflect 
recent AKI/AKD. When CKD is clinically likely based on 
supporting evidence, initiating CKD-directed manage-
ment at first presentation may be appropriate to avoid 
delaying management. Repeat testing remains impor-
tant for accurate diagnosis and staging.

Etiology of CKD
Beyond establishing chronicity and stage, the 

cause of CKD remains important, as it guides more 
appropriate therapy to slow progression to kidney 
failure (e.g. in glomerular diseases), provides further 
information about the risk of progression (e.g. in IgA 
prediction tools), and helps to understand contribut-
ing factors [5].

To determine the etiology of CKD, we must use a 
comprehensive assessment that includes clinical con-
text, personal and family medical history, social and 
environmental factors, medication review, physical 
examination, laboratory investigations, imaging mo-
dalities, as well as genetic and pathological analyses for 
diagnosis. Healthcare providers must consider referrals 
to expert centers.

CKD Management 
Management of CKD should follow a comprehensive 

treatment strategy to slow disease progression and 
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reduce associated complications. Risk factors for CKD 
progression, cardiovascular disease (CVD), and other 
complications are closely interconnected; therefore, their 
management must be integrated [6]. CKD treatment and 
risk modification target both CKD manifestations (such 
as hypertension, anemia, dyslipidemia, CKD–mineral 
and bone disease, potassium imbalance, metabolic 
acidosis, and reproductive or pregnancy-related com-
plications) and CKD outcomes (progression to kidney 
failure, cardiovascular events, hospitalization, infections, 
gout, and mortality).

Lifestyle Modifications
People with CKD should be supported in adopting 

lifestyle behaviors that reduce cardiovascular risk, includ-
ing regular physical activity tailored to tolerance and 
frailty, weight management to achieve an optimal BMI, 
and complete avoidance of tobacco products. Where 
appropriate and available, referral to other specialties 
(renal dietitians and nutrition providers, smoking ces-
sation programs, physical and occupational therapy, 
psychological support) should be offered to facilitate 
sustained behavior change.

Management of dyslipidemia is based upon the 
use of statins. Adults with CKD G3–G5 are advised to 
maintain a protein intake of 0.8 g/kg body weight/day. 
Sodium intake should remain below 2 g/day (or 5 g of 
sodium chloride/day) across all patients with CKD [2].

Pharmacologic pillars for slowing CKD progression
Contemporary pharmacological therapy is built on 

four complementary pillars that reduce kidney disease 
progression and cardiovascular risk. Renin–angiotensin-
aldosterone system (RAAS) inhibitors continue to serve 
as the cornerstone, effectively reducing intraglomerular 
pressure and albuminuria. Sodium–glucose cotrans-
porter-2 (SGLT2) inhibitors offer additional kidney and 
cardiovascular protection through mechanisms involv-
ing hemodynamic, metabolic, and anti-inflammatory 
pathways. Nonsteroidal mineralocorticoid receptor 
antagonists (MRAs) further decrease inflammation and 
fibrosis, particularly in patients with persistent albumi-
nuria. Glucagon-like peptide-1 receptor agonists (GLP-1 
RAs) offer cardiometabolic and kidney advantages, 
particularly for individuals with type 2 diabetes (T2D). 
The integration of these therapies represents a multi-
dimensional mechanism-based approach designed to 
sustainably decelerate CKD progression and reduce 
cardiovascular morbidity and mortality.

Renin-Angiotensin-Aldosterone System  
Inhibitors (RAASi)
Mechanism of Action and Pathophysiologic Rationale

The RAAS is a key regulatory axis that maintains 
organ perfusion and regulates blood pressure through 
sodium and water retention, vasoconstriction, and 
volume expansion. Its principal components include 
renin (kidney-derived), angiotensin II (generated via ACE-
mediated activation of angiotensin I), and aldosterone 
(secreted from the adrenal cortex). Angiotensin II plays 
the most important role, as it causes vasoconstriction 
in the postglomerular arterioles, thereby increasing 
hydraulic pressure and promoting ultrafiltration of 
plasma proteins [7]. Chronic RAAS activation may also 
accelerate inflammation, fibrosis, and structural dam-
age in the kidney, heart, and vasculature, thus playing a 
major role in the elevated cardiovascular risk observed 
in hypertension, diabetes, and cardiovascular disease [8]. 
Pharmacologic RAAS inhibition with ACE inhibitors and 
angiotensin receptor blockers has been shown to delay 
CKD progression and reduce cardiovascular events, es-
tablishing these agents as foundational therapies in CKD.

Evidence from Landmark Trials
The 1993 study by Lewis et al. evaluated the effect of 

captopril in patients with insulin-dependent diabetes and 
established diabetic nephropathy. In this randomized, 
placebo-controlled trial involving 409 patients, captopril 
was compared to placebo in addition to conventional 
therapy [9]. The addition of captopril significantly reduced 
the risk of doubling of serum creatinine compared with 
placebo. Importantly, these benefits were independent 
of blood pressure reduction, demonstrating a specific 
renoprotective effect of ACE inhibition. This landmark 
trial established ACE inhibitors as standard therapy for 
diabetic nephropathy and fundamentally changed the 
management of CKD in diabetes.

The RENAAL and IDNT trials that followed evaluated 
the renal protective effects of angiotensin II recep-
tor blockers (ARBs) in patients with T2D and diabetic 
nephropathy [10,11]. In the RENAAL trial, losartan was 
compared with placebo in patients with T2D and pro-
teinuric CKD. Losartan significantly reduced the risk of 
the primary outcome (doubling of serum creatinine, 
end-stage kidney disease (ESKD), or death) by 16%, 
demonstrating a renoprotective effect beyond blood 
pressure control. Similarly, in the IDNT trial, irbesartan 
was compared with amlodipine and placebo in a high-
risk population. Irbesartan reduced the risk of the same 
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renal outcome by 20% compared with the placebo group 
and by 23% compared with the amlodipine group.

Both trials established ARBs as standard therapy 
for diabetic kidney disease, although a substantial re-
sidual renal risk remained despite RAAS blockade. While 
these trials were conducted in patients with diabetic 
nephropathy, they strongly influenced the adoption 
of RAAS inhibition across proteinuric CKD.

Guideline Recommendations and Clinical 
Implementation

RAASi (ACEi or ARB) are recommended for people 
with CKD stages G1–G4 and severely increased albu-
minuria (A3) without diabetes, and are suggested for 
those with CKD G1–G4 and moderately increased albu-
minuria (A2) without diabetes. In people with diabetes, 
RAASi initiation is recommended for CKD G1–G4 with 
moderately to severely increased albuminuria (A2–A3). 
In all CKD populations, combination therapy with an 
ACE inhibitor plus an ARB and/or a direct renin inhibitor 
should be avoided, regardless of diabetes status, due 
to an unfavorable risk–benefit profile.

Changes in blood pressure, serum creatinine, and 
serum potassium should be monitored within 2–4 
weeks after initiation or dose escalation of a RAASi, 
depending on baseline GFR and serum potassium levels. 
Hyperkalemia associated with RAASi therapy can often 
be managed with potassium-lowering measures rather 
than reducing the dose or discontinuing the RAASi. 
Treatment with an ACE inhibitor or ARB should be 
continued unless serum creatinine increases by more 
than 30% within four weeks of treatment initiation or 
dose escalation.

Of utmost importance, ACE inhibitors or ARBs should 
be administered at the highest approved dose toler-
ated to achieve the described benefits, as the efficacy 
observed in clinical trials was demonstrated at these 
dose levels. Furthermore, RAAS inhibitors should gener-
ally be continued in people with CKD even when eGFR 
declines below 30 mL/min/1.73 m². Evidence from the 
STOP-ACEi trial (n=411; mean eGFR ~13 mL/min/1.73 
m²) showed that routine discontinuation of RAAS inhibi-
tors in advanced CKD (G4–G5) did not result in renal or 
cardiovascular benefit [12].

Sodium–Glucose Cotransporter 2 Inhibitors 
(SGLT2i)
Mechanism of Action and Pathophysiologic Rationale

Sodium–glucose cotransporter 2 (SGLT2) inhibitors 

act in the proximal convoluted tubule of the kidney to 
reduce reabsorption of filtered glucose and sodium. 
Normally, nearly all filtered glucose (~180 g/day) is 
reabsorbed from the tubular lumen into proximal tu-
bular cells via SGLT2 on the luminal membrane, with 
energy provided by the Na⁺/K⁺ATPase on the basolateral 
membrane. SGLT2 inhibition increases urinary glucose 
excretion (glycosuria) and induces natriuresis, leading to 
osmotic diuresis and modest reductions in plasma glu-
cose and blood pressure. Enhanced sodium delivery to 
the macula densa restores tubuloglomerular feedback, 
resulting in afferent arteriolar vasoconstriction, lower 
intraglomerular pressure, and attenuation of hyperfiltra-
tion, a key mechanism underlying the renal protective 
effects of SGLT2 inhibitors [13]. Beyond hemodynamic 
changes, SGLT2 inhibitors also exert beneficial metabolic 
and anti-inflammatory effects that contribute to reduced 
progression of CKD and lower cardiovascular risk.

Evidence from Landmark Trials
The hallmark CREDENCE trial (published in 2019) 

evaluated the effects of canagliflozin 100 mg daily in 
patients with T2D and CKD who were already receiving 
stable background RAAS blockade [12]. A total of 4,401 
participants were randomized, with a mean follow-up 
of 2.62 years. Eligible patients had an eGFR between 
30 and 90 mL/min/1.73 m² and significant albuminuria, 
defined as a urine albumin-to-creatinine ratio of 300 
to 5,000 mg/g, reflecting a population at high kidney 
and cardiovascular risk. The primary endpoint was end-
stage kidney disease, doubling of serum creatinine, or 
death from renal or cardiovascular causes. Canagliflozin 
significantly reduced the risk of the primary outcome 
compared with placebo, corresponding to a 30% rela-
tive risk reduction. The renal-specific outcome (ESKD 
or doubling of serum creatinine) was also significantly 
reduced by 34% in patients treated with canagliflozin. 
These findings demonstrated that, in patients with 
T2D and albuminuric CKD already treated with RAASi, 
canagliflozin provided substantial additional renal and 
cardiovascular protection.

The DAPA-CKD trial evaluated dapagliflozin 10 mg 
daily in patients with CKD of various etiologies, includ-
ing those with and without T2D. All participants were 
receiving background therapy with an ACE inhibitor 
or ARB [14]. Eligible patients had an eGFR between 25 
and 75 mL/min/1.73 m² and significant albuminuria 
(UACR 200–5000 mg/g). A total of 4,304 patients were 
randomized and followed for a median of 2.4 years. 
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The primary outcome was a sustained ≥50% decline 
in eGFR, end-stage kidney disease, or death from 
renal or cardiovascular causes. During follow-up, a 
primary event occurred in 9.2% of patients receiving 
dapagliflozin, compared with 14.5% in the placebo 
group, corresponding to a 39% relative risk reduction. 
The number needed to treat (NNT) to prevent one 
primary outcome event was 19. Patients treated with 
dapagliflozin showed a slower long-term decline in 
kidney function. Although an initial greater fall in eGFR 
was observed during the first two weeks of therapy, 
this was followed by a slower decline slope in renal 
function compared with placebo.

The EMPA-KIDNEY trial evaluated empagliflozin 
10 mg daily in patients with CKD of various etiolo-
gies, including individuals with and without T2D [15]. 
All participants were receiving background therapy 
with an ACE inhibitor or ARB when indicated. Eligible 
patients had an eGFR of 20–45 mL/min/1.73 m², or an 
eGFR of 45–90 mL/min/1.73 m² with a urine albumin-
to-creatinine ratio (UACR) >200 mg/g. A total of 6,609 
patients were randomized and followed for a median of 
two years. The primary outcome was a sustained ≥40% 
decline in eGFR, end-stage kidney disease, or death from 
renal or cardiovascular causes. Disease progression or 
cardiovascular death occurred in 13.1% of patients in 
the empagliflozin group compared with 16.9% in the 
placebo group, corresponding to a 28% relative risk 
reduction. The benefits of empagliflozin were consistent 
in patients with or without diabetes and were inde-
pendent of baseline eGFR. There was some evidence 
suggesting that the proportional risk reduction may 
have been greater among patients with higher baseline 
albuminuria. Overall, empagliflozin significantly slowed 
kidney disease progression and reduced cardiovascular 
risk across a broad CKD population.

A large meta-analysis of major SGLT2 inhibitor trials, 
comparing SGLT2 inhibitors with placebo in people with 
and without diabetes, showed that SGLT2 inhibitors 
significantly reduced the risk of kidney disease progres-
sion, indicating a ~37% relative risk reduction, with 
broadly consistent effects across diabetes status, and 
decreased the risk of acute kidney injury corresponding 
to a ~23% reduction [16].

Guideline Recommendations  
and Clinical Implementation

Treatment with an SGLT2 inhibitor is recommended 
for patients with T2D and CKD who have an eGFR ≥20 

mL/min/1.73 m² (Grade 1A). Once therapy has been 
initiated, continuation of the SGLT2 inhibitor is appropri-
ate even if eGFR falls below 20 mL/min/1.73 m², unless 
the medication is not tolerated or kidney replacement 
therapy (KRT) is started. Temporary discontinuation 
should be considered during periods of prolonged 
fasting, surgical procedures, or critical medical illness, 
when the risk of ketosis may be increased.

In addition, treatment with an SGLT2 inhibitor is 
recommended for adults with CKD (Grade 1A) who 
have either an eGFR ≥20 mL/min/1.73 m² with a urine 
albumin-to-creatinine ratio (ACR) ≥200 mg/g (≥20 
mg/mmol), or heart failure, regardless of the level of 
albuminuria.

It should be noted that SGLT2i initiation does not 
require alteration of frequency of CKD monitoring as 
the reversible decrease in eGFR on initiation is generally 
not an indication to discontinue therapy.

The latest guidelines also suggest treating patients 
with eGFR 20 to 45 ml/min/1.73m2 and ACR <200 mg/g 
(<20 mg/mmol) with an SGLT2i.

Mineralocorticoid Receptor Antagonists 
Mechanism of Action and Pathophysiologic Rationale

Aldosterone is the principal mineralocorticoid hor-
mone. It is produced in the zona glomerulosa of the 
adrenal cortex, primarily in response to hyperkalemia 
or sodium depletion, and represents a downstream 
effector of renin–angiotensin system activation. Stud-
ies have also demonstrated aldosterone synthesis in 
peripheral tissues [17]. Aldosterone is central to the 
regulation of blood pressure and extracellular fluid 
volume, by promoting renal sodium reabsorption and 
enhancing potassium excretion, by interacting with 
the MRs that are expressed in the renal epithelial cells 
in the distal nephron [18].

It is now well known that MR is also expressed in 
non-epithelial tissues, such as the heart, adipocytes, 
podocytes, inflammatory cells, endothelial cells, and 
vascular smooth muscle cells. Multiple studies have 
shown that aldosterone and MR activation play a role 
in various aspects of renal and cardiovascular dam-
age. Aldosterone binding to MR stimulates NADPH 
oxidase activity, leading to increased reactive oxygen 
species (ROS) generation, reduced nitric oxide (NO) 
bioavailability, and activation of intracellular signaling 
pathways such as p38 MAPK, SGK-1, NF-κB, and AP-1. 
These molecular cascades promote the production of 
pro-inflammatory cytokines and profibrotic mediators 
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(e.g., TGF-β, CTGF, osteopontin), resulting in inflamma-
tion and fibrosis (Figure 1) [19].

In the heart, this process contributes to myocardial 
hypertrophy, ventricular remodeling, ischemia, arrhyth-
mias, and myocardial injury. In the kidneys, it promotes 
glomerular hypertrophy, glomerulosclerosis, proteinuria, 
reduced renal blood flow, and progressive renal injury. 
Mineralocorticoid receptor antagonists (MRAs) inter-
rupt these pathways, thereby reducing oxidative stress, 
inflammation, and fibrosis, and protecting both cardiac 
and renal function.

Spironolactone and eplerenone are steroidal, flat-
structured compounds, whereas finerenone is a bulkier, 
nonsteroidal molecule. While spironolactone demon-
strates high potency at the MR, it has lower selectivity 
and is associated with central nervous system penetra-
tion and more frequent sex hormone related adverse ef-
fects due to off-target receptor interactions. Eplerenone 
offers greater selectivity than spironolactone but has 
lower MR potency and a shorter half-life.

Finerenone, in contrast, combines high potency with 
greater selectivity for the MR and minimal off-target 
hormonal effects. It has limited CNS penetration, no 
active metabolites, and a shorter half-life. Compared 
with steroidal MRAs, finerenone exerts a more balanced 

cardiorenal protective effect with a comparatively mod-
est impact on blood pressure [20].

Evidence from Landmark Trials
One of the first clinical evaluations of the albumi-

nuria-lowering effect of selective mineralocorticoid 
receptor blockade with eplerenone in T2D was con-
ducted in a multicenter, randomized, double-blind, 
placebo-controlled, parallel-group trial involving 268 
patients with T2D and albuminuria, which was published 
in 2006. Participants received background therapy with 
the ACE inhibitor enalapril and were randomized to add 
eplerenone 50 mg, eplerenone 100 mg, or placebo. The 
addition of eplerenone at either dose produced a clini-
cally meaningful and statistically significant reduction in 
albumin excretion compared with enalapril plus placebo, 
demonstrating that selective aldosterone blockade can 
provide incremental antiproteinuric benefit on top of 
renin–angiotensin system inhibition in albuminuric T2D 
[21]. A recent prospective clinical study demonstrated 
that, among patients with glomerular diseases, add-on 
eplerenone therapy resulted in a significant reduction 
in proteinuria, was well tolerated, and did not cause 
meaningful short-term deterioration in kidney function. 
These findings support the conclusion that eplerenone 

Figure 1. Intracellular cascade after MR activation.
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may offer antiproteinuric benefits beyond standard 
therapy across various etiologies of proteinuric CKD [22].

Later trials explored the benefits of non-steroidal 
MRAs. The FIDELIO-DKD trial evaluated the efficacy 
and safety of finerenone, on top of standard of care, in 
patients with T2D and advanced CKD. Eligible patients 
had an eGFR of 25–60 mL/min/1.73 m² with moderately 
increased albuminuria (ACR 30–300 mg/g) plus diabetic 
retinopathy, or an eGFR of 25–75 mL/min/1.73 m² with 
severely increased albuminuria (ACR 300–5000 mg/g). 
The primary outcome included kidney failure (end-stage 
kidney disease defined as initiation of dialysis for ≥90 
days or kidney transplantation), sustained eGFR <15 
mL/min/1.73 m², a sustained ≥40% decline in eGFR 
from baseline, or death from renal causes. Finerenone 
significantly reduced the risk of kidney disease progres-
sion compared with placebo. In addition, treatment was 
associated with a lower risk of cardiovascular events.

The FIGARO-DKD trial followed, evaluating the ef-
ficacy and safety of finerenone, on top of standard of 
care in patients with T2D and CKD stages 1–4 with 
moderately to severely increased albuminuria [23]. Eli-
gible patients had either a urine albumin-to-creatinine 
ratio (UACR) of 30–300 mg/g with an eGFR of 25–90 
mL/min/1.73 m² or a UACR of 300–5000 mg/g with an 
eGFR ≥60 mL/min/1.73 m². The primary cardiovascular 
outcome included cardiovascular death, nonfatal myo-
cardial infarction, nonfatal stroke, or hospitalization for 
heart failure. Finerenone significantly reduced the risk 
of the primary cardiovascular outcome compared with 
placebo, with the benefit largely driven by a reduction 
in hospitalization for heart failure. Overall, in patients 
with T2D and earlier-stage CKD with albuminuria, finer-
enone improved cardiovascular outcomes when added 
to optimized background therapy, complementing the 
kidney-focused benefits demonstrated in FIDELIO-DKD 
in a more advanced CKD population.

The CONFIDENCE trial was a randomized, double-
blind, three-arm Phase 2 study in adults with CKD 
(eGFR 30–90 mL/min/1.73 m²), significant albuminuria 
(UACR 100–5000 mg/g), and T2D already treated with 
RAAS blockade. Participants were assigned to receive 
finerenone, empagliflozin, or both. At 180 days, initial 
combination therapy led to a significantly greater re-
duction in UACR than either agent alone, with a 29% 
greater reduction than with finerenone alone and a 32% 
greater reduction than with empagliflozin alone. The 
combination generally did not result in serious adverse 
events. These findings support the albuminuria-lowering 

effect of finerenone and empagliflozin in patients with 
CKD and T2D. They also indicate that treatment can be 
initiated with both agents simultaneously [24].

There is currently no definitive evidence support-
ing the use of nonsteroidal MRAs in patients with CKD 
without diabetes. However, this question is being ad-
dressed in the ongoing FIND-CKD trial [25].

Guideline Recommendations  
and Clinical Implementation

A nonsteroidal MRA with proven kidney or cardiovas-
cular benefit is suggested for adults with T2D, an eGFR 
>25 mL/min/1.73 m², normal serum potassium, and 
persistent albuminuria (>30 mg/g) despite treatment 
with a maximally tolerated dose of a renin–angiotensin 
system inhibitor (RAASi). Where indicated, a nonsteroi-
dal MRA may be added to therapy with a RAASi and an 
SGLT2 inhibitor for adults with T2D and CKD.

To reduce the risk of hyperkalemia, candidates should 
have consistently normal serum potassium at baseline, 
and serum potassium should be monitored regularly 
after initiation. Selection should prioritize agents with 
documented renal and/or cardiovascular outcome 
benefits. In contrast, steroidal MRAs may be used for 
indications such as heart failure, hyperaldosteronism, 
or resistant hypertension, but carry a higher risk of hy-
perkalemia and a reversible decline in GFR, particularly 
in patients with low baseline kidney function.

Serum potassium should be carefully monitored 
during treatment with a nonsteroidal MRA such as finer-
enone, following protocols derived from the FIDELIO-
DKD and FIGARO-DKD trials. Finerenone may be initiated 
in patients with normal baseline potassium (gener-
ally ≤4.8 mmol/L), with dose selection based on eGFR. 
Potassium should be reassessed approximately one 
month after initiation and periodically thereafter (e.g. 
every 4 months). If potassium rises to 4.9–5.5 mmol/L, 
treatment may be continued with close monitoring. If 
potassium exceeds 5.5 mmol/L, finerenone should be 
temporarily withheld, contributing factors addressed, 
and therapy reconsidered once potassium returns to 
≤5.0 mmol/L. These thresholds are based on trial design 
and regulatory guidance (including FDA labeling, which 
recommends initiation at K⁺ <5.0 mmol/L) and may 
vary across regions. Serum creatinine and eGFR should 
be assessed concurrently with potassium throughout 
treatment (Table 2).

An oral potassium binder can help control potas-
sium levels while allowing continuation of therapy. 
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Sodium zirconium cyclosilicate is a selective potassium 
binder that acts throughout the gastrointestinal tract by 
capturing free potassium in the intestinal lumen. This 
mechanism lowers serum potassium levels and increases 
fecal potassium excretion. Its onset of action is rapid, 
with reductions in serum potassium observed as early 
as one hour after administration. The recommended 
initial dose is 10 g three times daily, administered orally, 
and normokalemia is typically achieved within 24–48 
hours. For maintenance therapy, the usual dose is 5 g 
once daily, with the option to titrate to 10 g once daily 
based on the patient’s potassium levels and clinical 
response [26].

GLP-1 Receptor Agonists
Mechanism of Action and Pathophysiologic Rationale

Glucagon-Like Peptide-1 (GLP-1) is an incretin hor-
mone secreted by intestinal L cells at low basal levels 
during fasting and is rapidly elevated after food intake. It 
enhances glucose-dependent insulin secretion via GLP-
1 receptors on pancreatic β-cells and supports insulin 
synthesis, while also suppressing glucagon release in a 
glucose-dependent manner, contributing importantly 
to postprandial glucose control. Beyond the pancreas, 
GLP-1 slows gastric emptying and intestinal motility, 
reducing the rate of nutrient absorption. It also acts 
through central and vagal pathways to increase satiety 
and decrease appetite and may improve postprandial 
nutrient handling in peripheral tissues [27].

In peripheral tissues, it improves glucose uptake in 
skeletal muscle, reduces hepatic glucose production 
and steatosis, and enhances adipose tissue perfusion 
and metabolic activity. Cardiovascular effects include 
improved glucose utilization, vasodilation, cardiopro-

tection, and increased cardiac output. In the kidney, 
GLP-1 promotes natriuresis and diuresis, contributing to 
blood pressure reduction. Additionally, GLP-1 appears 
to exert anti-inflammatory effects. Overall, GLP-1 inte-
grates pancreatic, metabolic, renal, and cardiovascular 
pathways to optimize postprandial glucose handling 
and energy homeostasis [28].

Evidence from Landmark Trials
In the SUSTAIN-6 trial, 3,297 patients with T2D were 

randomized to receive once-weekly semaglutide (0.5 
or 1.0 mg) or placebo and followed for a median of 
2.1 years [24]. Most participants (83%) had established 
cardiovascular disease, chronic kidney disease, or both, 
representing a high-risk population. The primary end-
point was cardiovascular death, nonfatal myocardial 
infarction, or nonfatal stroke. Semaglutide significantly 
reduced the risk of major adverse cardiovascular events 
compared with placebo, demonstrating cardiovascular 
benefit in patients with T2D at high risk. New or wors-
ening nephropathy occurred in 3.8% of the patients 
in the semaglutide group versus 6.1% in the placebo 
group. A reduced incidence of macroalbuminuria was 
also reported in the semaglutide group.

In the LEADER trial renal analysis, 9,340 patients with 
T2D at high cardiovascular risk were randomized to 
liraglutide or placebo and followed for a median of 3.84 
years [29]. The prespecified renal endpoint—new-onset 
persistent macroalbuminuria, persistent doubling of se-
rum creatinine, end-stage kidney disease, or death from 
renal causes—occurred less frequently with liraglutide 
than with placebo. This benefit was driven mainly by a 
reduction in new-onset persistent macroalbuminuria, 
while rates of creatinine doubling and kidney replace-

Table 2. Guidance for the initiation of finerenone and monitoring of serum potassium levels (adopted based on the KDIGO guidelines).

K⁺(mmol/L) Action Monitoring

≤4.8 Initiate finerenone 10 mg daily if eGFR 25–59 or 

20 mg daily if eGFR ≥60

Increase dose to 20 mg daily if started at 10 mg and K⁺ remains ≤4.8 mmol/L;

Restart at 10 mg daily if previously held for hyperkalemia and K⁺ is now ≤5.0 
mmol/L

Monitor K⁺ at 1 month, 

then every 4 months

4.9–5.5 Continue finerenone 10 mg or 20 mg Check K⁺ every 4 months

>5.5 Hold finerenone

Consider adjustment of diet or concomitant medications to mitigate hyperkalemia

Restart finerenone when K⁺ is ≤5.0 mmol/L

Recheck K⁺; restart if ≤5.0
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ment therapy did not differ significantly between groups. 
In contrast to the SUSTAIN-6 and LEADER trials, where 

renal benefits were largely driven by reductions in albu-
minuria in broader high–cardiovascular-risk populations, 
the more recent FLOW trial specifically enrolled patients 
with T2D and established CKD. A total of 3,533 patients 
with reduced eGFR and significant albuminuria were 
randomized and followed for a median of 3.4 years [30]. 
The primary outcome (kidney failure, over 50% decline 
in eGFR, or death from renal or cardiovascular causes) 
occurred 24% less frequently in the semaglutide group 
compared with placebo. Similar benefits were observed 
for the kidney-specific outcomes and for cardiovascular 
death. Unlike the earlier cardiovascular outcome trials, 
this study demonstrated a clear protective effect of 
semaglutide on hard kidney endpoints in a population 
with established CKD, extending the evidence beyond 
albuminuria reduction to meaningful slowing of kidney 
disease progression.

Guideline Recommendations and Clinical 
Implementation

In adults with T2D and CKD who do not achieve 
individualized glycemic targets despite treatment with 
metformin and an SGLT2 inhibitor or for those who 
cannot use one or both of these agents, a long-acting 
GLP-1 receptor agonist is recommended. When select-
ing a GLP-1 receptor agonist, priority should be given 
to agents with demonstrated cardiovascular benefit.

Conclusion
The approach to managing CKD has shifted from 

mostly supportive care to treatments targeting the 
main pathways of disease progression and cardiovas-
cular risk. The best markers for predicting outcomes in 
CKD remain albuminuria and a declining eGFR. Early 
detection and correct staging of CKD can help the 
immediate commencement of appropriate treatment. 
Within this framework, pharmacologic treatment is 
now anchored by four complementary pillars that act 
on distinct mechanisms of injury.

Renin-angiotensin-aldosterone system inhibitors 
remain central to treatment, as they reduce albumi-
nuria and slow CKD progression. However, individual 
use of RAAS inhibitors does not eliminate all renal and 
cardiovascular risks. Sodium-glucose co-transporter 
2 inhibitors have been added to treatment options 
by providing both kidney and cardiac protection for 
people with CKD, even those without diabetes. Current 

guidelines recommend SGLT2 inhibitors as part of the 
main therapy for CKD, even at lower eGFR levels and for 
patients with heart failure, regardless of albuminuria.

Nonsteroidal MRAs add extra antifibrotic and anti-
inflammatory benefits, especially for people with T2D 
and concomitant albuminuria. It is important to monitor 
potassium levels closely and have a clear management 
plan for complications. There is still not much evidence 
for nonsteroidal MRAs in people with CKD who do not 
have diabetes, but ongoing studies like the FIND-CKD 
study should help clarify their role.

GLP-1 receptor agonists offer cardiac and metabolic 
benefits, along with proven renal protection.  These 
results support the guideline recommendation for the 
use of long-acting GLP-1 receptor agonists for patients 
who cannot achieve blood sugar goals with metformin 
and SGLT2 inhibitors.

Using RAAS inhibitors, SGLT2 inhibitors, nonsteroidal 
MRAs, and GLP-1 receptor agonists together provides a 
more complete approach to CKD care in patients with 
T2D. This strategy helps slow the progression to kidney 
failure and lowers the risk of cardiovascular events. Fu-
ture studies should focus on the best ways to combine 
these treatments, improve screening, and clarify the 
role of these emerging therapies across non-diabetic 
CKD populations as well.
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