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a B S T  r a C T
Chronic kidney disease (CKD) affects almost 10% of the global population and is a significant health issue. The pres-
ence of CKd increases the risk of fatal and non-fatal cardiovascular events, overall mortality, and progression of renal 
damage leading to kidney failure. inhibiting the renin-angiotensin-aldosterone system (raaS) through angiotensin-
converting enzyme inhibitor or angiotensin ii receptor blockers reduces proteinuria and slows egFr decline in CKd 
patients. Several factors can reduce the effect of inhibition raaS, such as individual variations, drug intolerance, and 
adverse effects like hyperkalemia. Moreover, the aldosterone breakthrough phenomenon, where aldosterone levels re-
bound during RAAS therapy, limits treatment efficacy in reducing proteinuria and slowing the progression of CKD and 
is associated with poor cardiovascular and renal outcomes. Similarly, FgF23 attenuates raaS blockade effectiveness 
through, in fact, enhancing the expression of angiotensin-converting enzyme 2 and reducing degradation of angiotensin 
I to angiotensin 1-9 and angiotensin II to angiotensin 1-7 inducing a reduced efficacy in controlling RAAS-mediated ef-
fects and an increase of cardiovascular risk and CKd progression. New therapeutic strategies to reduce the progression 
of CKd, such as SglT-2 inhibitors, glp-1 receptor agonists, and mineralocorticoid receptor antagonists (Mras), are 
recommended in CKd patients to reduce the risk of progression and cardiovascular events. Furthermore, these therapies 
may reduce FgF-23 levels and regulate aldosterone breakthrough. This review aims to clarify the mechanisms underlying 
CKd progression, with a focus on aldosterone breakthrough, FgF-23, and activins, in order to identify new therapeutic 
approaches for better management of CKd and its complications.
(Cite this article as: Cianciolo g, provenzano M, hu l, Barbuto S, Soler MJ, Ciceri p, et al. raaSi, Mra and FgF-23 in 
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Chronic kidney disease (CKD) is defined as
abnormalities of kidney function or struc-

ture that are present for at least 3 months, whose 
most common diagnostic criteria are estimat-

ed glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2 and urinary albumin to creatinine 
ratio (UACR) >30 mg/g.1 CKD is character-
ized by a progressive loss of kidney function 
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from about 10-12 to 5-6 mL/min/1.73 m2/year, 
it still entails a persistent risk of CKD progres-
sion, considering that in healthy individuals 
(over 40 years old) this decline is estimated at 
around 1-1.5 mL/min/1.73 m2 per year. More 
importantly, in all the clinical trials with single 
RAS blockade carried out in proteinuric CKD, 
no differences in cardiovascular outcomes or all-
cause mortality were evident between treatment 
groups.13-16

Moreover, residual proteinuria may remain on 
top of RAAS blockade-based therapy. It has been 
demonstrated that, in patients already treated 
with RAAS inhibitors and followed by nephrolo-
gists, residual proteinuria is present in up to 70% 
of patients.17 The impact of residual proteinuria 
is reflected by less effective long-term renal and 
cardiovascular protection in individuals with a 
poor initial antiproteinuric response with docu-
mented increased CV and CKD progressions 
risks, starting from 0.15 g/24 h of proteinuria 
onwards.

It is possible that RAAS blockade strategies 
may be suboptimal due to individual variation 
in response to therapy, drug intolerance or sub-
optimal dosing aimed to reducing the onset of 
common adverse effects, such as AKI and hy-
perkalemia. Another important mechanism that 
limits treatment efficacy is the increase of se-
rum aldosterone levels during RAAS blockade 
with all ACEIs or ARBs, the so-called aldoste-
rone breakthrough. Although aldosterone break-
through phenomenon has been described many 
years ago, the pathways involved in are not ex-
actly defined.

From 2018, use of an SGLT-2i has been rec-
ommended in patients with DM and CKD with 
an eGFR >30 mL/min per 1.73 m2 and at least 
moderately increased albuminuria (microalbu-
minuria; UACR >30 mg/g) to reduce the risk of 
progression of CKD, cardiovascular events, or 
both.18-20

Following the emerging new evidences of 
SGLT2 inhibitors’ showing a reduced risk of 
CKD progression, cardiovascular events, or 
both,21 the Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines recommended 
SGLT2 inhibitors for patients with CKD and 
type 2 diabetes.22

and represents an enormous global health prob-
lem. CKD affects about 10% of the population 
worldwide and nearly four million patients re-
quire kidney replacement therapy (KRT).2 The 
overall increase in burden of CKD is driven by 
aging, population growth and above all by the in-
creased global epidemic of diabetes, obesity and 
to a lesser extent hypertension together with the 
reduction of mortality for cardiovascular causes 
due to the introduction of statins and improve-
ments of primary prevention strategies.3, 4 If cur-
rent epidemiological projections are confirmed it 
is presumable that these comorbidities may af-
fect the incidence and progression of CKD, with 
CKD reaching the fifth global cause of death by 
the year 2040.5

CKD in persons with diabetes mellitus devel-
ops in 30 to 40% of patients with diabetes and is 
the leading cause of CKD worldwide.6

The presence of CKD exposes the patient to a 
poor prognosis, which manifests with an increased 
risk of fatal and non-fatal cardiovascular (CV) 
events (myocardial infarction, stroke, heart fail-
ure, peripheral vascular disease), overall mortality 
and progression of renal damage towards kidney 
failure which is defined as the most advanced 
stage of CKD, needing the recurrence to KRT.

The association of CKD with cardiovascular 
morbidity and mortality is well established since 
both increase with CKD progression or at higher 
degree of albuminuria just as it is known that the 
cardiovascular burden is amplified by the inter-
action deriving from the simultaneous presence 
of CKD and diabetes.7

Inhibition of the renin-angiotensin-aldosterone 
system (RAAS), either through angiotensin-con-
verting enzyme inhibitors (ACEIs), especially in 
patients with type 1 diabetes and non-diabetic 
CKD or angiotensin II receptor blockers (ARBs) 
in patients with CKD with or without diabetes, 
decreases proteinuria and relents the eGFR de-
cline in patients with proteinuria.8, 9

The nephroprotective effect following ACEis 
and ARBs therapy is mainly observed in patients 
with CKD and severely increased albuminuria 
(UACR >300 mg/g) or moderately increased al-
buminuria (UACR 30-300 mg/g).10-12

Although single RAS blockade may reduce 
the rate of eGFR decline in proteinuric CKD 
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dosterone breakthrough28 while in others studies 
no association was demonstrated with changes 
in plasma potassium as well as Ang II levels.26 
In this analysis losartan exposed participants to 
a higher risk of aldosterone breakthrough than 
telmisartan (57% of subjects with aldosterone 
breakthrough were taking losartan vs. 43% of pa-
tients taking telmisartan). This finding has been 
related to nycthemeral variations of aldosterone 
secretion, with higher levels during the night that 
may be further increased by volume depletion 
during the day using loop diuretics.28

Additional possible mechanisms of aldoste-
rone breakthrough include: 1) aldosterone pro-
duction via a RAAS-independent mechanism; 2) 
insufficient ACE inhibition; 3) Ang-II-indepen-
dent ACE activity; 4) Ang II breakthrough; 5) 
angiotensin II type 2 receptor activation;3 and 6) 
autonomic nervous system.26

Indeed endothelins may be a further promot-
ers of aldosterone breakthrough through both 
endocrine and paracrine mechanisms. Endothe-
lin receptor antagonists have been shown to re-
duce plasma aldosterone levels in hypertensive 
patients, but the effect of these molecules was 
mainly mediated by the RAS, since the decrease 
in aldosterone levels was associated with a sig-
nificant lowering of plasma renin activity.29

FGF 23 and CKD progression

An interesting feature that could provide more 
insights into the pathways involved in aldoste-
rone breakthrough is the complex link between 
RAAS and fibroblast growth factor-23 (FGF-
23). FGF-23, an osteocyte-derived hormone, 
regulates phosphate homeostasis by stimulat-
ing urinary phosphate excretion and lowering 
1,25-dihydroxyvitamin D levels.30

The effects of FGF23 take place through the 
binding with the FGF receptors (FGFRs) which 
are expressed in a variety of tissues. There are 
four different FGFR isoforms (FGFR1-4), the 
mineral metabolism actions of FGF23 are me-
diated through FGFR1, which is expressed 
ubiquitously. The binding affinity of FGF23 to 
FGFR1 is enhanced by its co-receptor klotho, a 
membrane-bound protein mainly expressed in the 
kidney. FGF23 signaling in the heart and liver oc-

However, in CREDENCE and DAPA-
CKD.21, 23

However, in CREDENCE and DAPA-CKD, 
despite both trials involved the combined use of 
RAS inhibitors and SGLT-2i, CKD progression 
or kidney failure still occurred in approximately 
10% of patients after a median follow-up of ap-
proximately 2.5 years.24

Despite the relevant benefits of these innova-
tive treatments, an unacceptably high propor-
tion of treated patients remained at risk of renal 
and cardiovascular events and premature death. 
These findings constitute the need to identify 
possible and unexplored pathophysiological 
pathways and novel approaches aimed at pre-
venting or slowing CKD progression, in patients 
with CKD and T2D.

Aims of this review is to analyze uncharted 
mechanisms underlying the progression of renal 
damage and identify some pathophysiological 
links that influence the effects of current treat-
ments.

Aldosterone breakthrough

RAS blockers reduce plasma aldosterone levels 
in the initial treatment phase, but aldosterone 
levels may later reach or sometimes exceed pre-
treatment values so limiting their beneficial ef-
fects.

The incidence of the aldosterone breakthrough 
is up to 53% after 1 year of RAAS blockade, de-
pending on the definition used.25-27 Moreover 
aldosterone breakthrough is independent of the 
RAAS blocker dosage and does not differ with 
ACEI or ARB treatment and is associated with 
poor cardiovascular and renal outcomes.28

The detailed mechanisms of aldosterone 
breakthrough have not been elucidated. Some 
studies suggest that aldosterone breakthrough 
was associated with a greater decrease in so-
dium intake, SBP, and eGFR.27 Moranne et al. 
in a post-hoc analysis of the AMADEO study 
aimed to establish the incidence, determinants, 
and changes associated with aldosterone break-
through after ARB treatment in patients with 
type 2 diabetes mellitus, observed that an in-
crease of serum potassium was statistically sig-
nificantly associated with an increased risk of al-
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demonstrated that FGF-23 levels are associated 
with parameters of volume status as well as with 
an increased risk of congestive heart failure in pa-
tients with CKD.42, 43

FGF23 may impair sodium handling through 
the up regulation of the sodium chloride cotrans-
porter in the distal tubule, thus promoting sodium 
reabsorption which entails a volume expansion 
and cardiac hypertrophy.44

Moreover, in a prospective observational case-
cohort study within the Chronic Renal Insuffi-
ciency Cohort (CRIC) Study, carried out on 1135 
patients with CKD stages 2 to 4, higher FGF-23 
levels, in an analysis adjusted for eGFR and uri-
nary protein-creatinine ratio, are associated with 
increased risk for requiring KRT.45

Two further pivotal effects on the RAAS sys-
tem suggest additional pathways through which 
FGF23 attenuates the efficacy of RAAS block-
ade. First of all, enhanced expression of angio-
tensin converting enzyme 2 (ACE2), the enzyme 
that counteracts RAAS activation by degrading 
both angiotensin I to Angiotensin 1-9 and with 
more affinity Ang II to angiotensin 1-7 (Ang 1-7), 
has been found to be altered in patients with CKD 
and associated with increased cardiovascular 
risk.33 Ang 1-7 by its actions on the MAS recep-
tor, opposes the molecular and cellular effects of 
AngII, this effect is considered the main mecha-
nism that counterbalances the vasoconstrictive, 
profibrotic and inflammatory actions of RAAS 
activation and above all of the excess levels of 
Ang II.33, 46

Ang 1-9 exerts direct biological effects in the 
cardiovascular system, and these effects may be 
via the AT2R.47

In CKD, another pathological link points to-
wards the hypothesis of a relevant role of FGF23 
in the impairment of the antiproteinuric therapy 
through its interaction with the RAAS.

It is known that FGF23 release is stimulated 
by aldosterone and extracellular volume deple-
tion.30, 48 Aldosterone, which has hitherto been 
implicated in regulating volume and electrolyte 
balance in mammals, might as well have a func-
tion in bone homeostasis.

Recent experimental data suggest that FGF-
23 suppresses renal ACE2 expression, result-
ing in increased Ang II generation, which could 

curs through another FGF receptor, FGFR4, in a 
klotho-independent manner.31, 32

Elevated plasma levels of FGF23 and reduced 
circulating levels of cleaved sKL are associated 
with both left ventricular hypertrophy (LVH) and 
the progression of CKD.33

Plasma FGF-23 level increases early in chron-
ic kidney disease and can be thousands of times 
higher than baseline when the patient is about to 
start renal replacement therapy.34

Potential pathways through which higher FGF-
23 levels may result in CKD progression are not 
completely clarified. Whether high FGF-23 level 
fosters or amplifies kidney injury in the setting 
of CKD is also unknown. Previous studies sug-
gest that FGF-23 may have profibrotic properties, 
which may contribute to cardiac fibrosis in indi-
viduals with CKD and that FGF-23 excess also 
may increase fibroblast activation during kidney 
injury resulting in profibrotic signaling.35-37

FGF-23 may also indirectly induce CKD pro-
gression by means of further several mechanisms.

By stimulating phosphaturia and promoting 
nephrocalcinosis, FGF-23 may induce renal tu-
bular damage and tubulointersitital fibrosis.38 
Other indirect effects of FGF-23 on the kidney 
could be mediated by 1,25-dihydroxyvitamin D 
deficiency, which has been implicated in CKD 
progression through multiple potential mecha-
nisms, including failure to adequately suppress 
anti-inflammatory pathways, to downregulate the 
renin-angiotensin system, and to inhibit myofi-
broblast activation.39

Humalda et al. demonstrated in 47 patients 
with CKD without diabetes but with residual 
proteinuria that higher plasma FGF-23 levels in-
dependently predicted impaired antiproteinuric 
response to a low-sodium dietary intervention 
added to background ACE inhibition.40 There-
fore, higher FGF-23 levels are associated with 
resistance to volume depletion as a strategy to 
potentiate RAAS blockade leading the authors 
to hypothesize that FGF-23 could impair sodium 
balance by promoting sodium retention and in-
creasing blood pressure.41 In other words, higher 
FGF-23 levels may be linked to a state of vol-
ume overload that can incompletely be counter-
balanced by dietary sodium restriction, resulting 
in more residual proteinuria.40 Previous studies 
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by binding to receptor heteromultimers. Six iso-
forms have been identified (activins A, AB, B, C, 
D and E), of which the most abundant is ActA, 
with a well-defined biological activity, whose role 
has been analyzed in experimental models and in 
clinical studies in the field of CKDwell studied in 
the field of CKD, ActA exerts its biologic func-
tions through binding to a Type II receptor, Ac-
tRIIA or ActRIIB.54, 55

An increase of ActA in the kidney and in the 
bloodstream has been observed in several ex-
perimental models of renal fibrosis and in hu-
man samples. The ActA expression is induced by 
TGF-b1 or by ActA itself (in a paracrine manner), 
and promotes cell proliferation, differentiation 
and collagen I production by renal interstitial fi-
broblasts, and matrix protein production by me-
sangial cells.56

The role of ActA in renal osteodystrophy, car-
diac hypertrophy, vascular calcification and CKD 
progression was evaluated in experimental mod-
els showing that ActRIIA signaling is stimulated 
in the kidney, in the skeleton and in the vascula-
ture.57 Enhanced ActA expression was found in 
several models of insulin-deficient diabetic kid-
ney disease (DKD), as well as in humans. Serum 
ActA increases as early as CKD Stage 2, well 
before any significant increase in parathormone 
(PTH) and FGF23.58

In a recent study carried out on 339 patients 
with biopsy-confirmed kidney diseases multi-
variable logistic regression analysis revealed a 
significant association between plasma activin A 
levels and the extent of tubulointerstitial fibrosis, 
indeed plasma activin A levels correlate also with 
adverse outcomes in various kidney disorders.59 
Activin/BMP system increases transcriptional ac-
tivation and mRNA levels of aldosterone synthase 
and aldosterone production induced by Ang II 
and therefore may be involved in the occurrence 
of cellular escape from aldosterone suppression 
under chronic Ang II type 1 receptor blockade.60

Effect of genetic variability 
of SGLT2 in T2DM and treatment 

response to SGLT2 inhibitors

The mechanism of action of gliflozins (SGLT2 
inhibitors) is based on the inhibition of glucose 

translate into a higher aldosterone to renin ratio 
(ARR).49

FGF23 acts on renal sodium (Na) handling up-
regulating the Na chloride cotransporter (NCC) 
in the distal tubule thereby so promoting Na reab-
sorption with consequent volume expansion and 
cardiac hypertrophy.44

The interplay between aldosterone and FGF23 
is further demonstrated by the increase of both 
FGF23 and aldosterone levels in Na chloride 
cotransporter (NCC) null mice (an experimental 
model of mild volume depletion): while the aldo-
sterone increases following the volume depletion, 
the consensual high levels of FGF23 declined af-
ter treatment with the MRA eplerenone.50

The receptors for angiotensin (AT1 and AT2) 
and aldosterone (MR) are readily expressed in the 
bone, which is the main site of FGF23 produc-
tion.51, 52 Secondary hyperaldosteronism contrib-
utes to or even account for the increased serum 
FGF23 levels in CKD, heart failure, acute renal 
failure, diabetic nephropathy. Aldosterone act-
ing on mineralocorticoid receptors is a powerful 
stimulator of FGF23 synthesis, however miner-
alocorticoid receptor blockers (eplerenone) are 
effective in reducing FGF23 levels only in patho-
logical conditions (higher aldosterone levels).50

Furthermore, while the FGF-23 co-receptor 
klotho, at least in part, could contribute to higher 
FGF-23 levels, renal klotho loss also may further 
impair the deranged sodium homeostasis through 
promoting hyperaldosteronism. There is evidence 
for a close link between Klotho and aldosterone 
regulation: aldosterone significantly decreases 
Klotho transcription, while upregulation of aldo-
sterone synthase secondary to Klotho deficiency 
leads to hyperaldosteronism. The mineralocor-
ticoid receptor antagonist eplerenone reverses 
Klotho deficiency-induced hypertension and at-
tenuates kidney damage.53

Activins and CKD

Activins are dimeric polypeptides members of 
the TGF-b superfamily like inhibins, bone mor-
phogenetic proteins (BMPs) and growth differen-
tiation factors. Activins are widely expressed fac-
tors involved in cell differentiation, proliferation 
and inflammation, activating signal transduction 
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tality. Yeung et al. carried out a study on 310 pa-
tients with type II diabetes and eGFR<60 mL/
min. During a follow-up period of almost six 
years, they observed that FGF-23 was associated 
with a higher risk of mortality (HR 2.78 [95% CI 
1.76-4.40]) and major cardiovascular events (HR 
1.67 [1.12-2.49]).67 There are some studies that 
suggest that anti-diabetic treatments may have 
effects on FGF-23 levels. Insulin has been shown 
to reduce the production of FGF23.68 However, 
the effects of SGLT2i on FGF23 are unclear and 
require further investigation.69

In a cross-sectional study involving 246 pa-
tients who had type 2 diabetes and an eGFR be-
low 60 ml/min, it was found that patients with 
higher FGF-23 values had lower myocardial 
blood flow during stress (2.3±0.9 vs. 2.7±0.9 
mL/min/g, P=0.001) and lower overall myo-
cardial perfusion reserve (2.7±0.8 vs. 3.3±1.1, 
P<0.001). Additionally, these patients had an el-
evated left ventricular mass (143±40 vs. 138±36 
g, P=0.04).70 Interestingly, patients receiving 
therapy with GLP-1 analogues alone or in com-
bination with insulin had lower FGF-23 values.70 
These findings are consistent with the results 
of the LEADER study (Liraglutide Effect and 
Action in Diabetes: Evaluation of Cardiovascu-
lar Outcome Results). The LEADER study ob-
served that treatment with GLP-1 analogues had 
a positive impact on the composite cardiovascu-
lar outcome, which includes death due to cardio-
vascular events, non-fatal myocardial infarction 
and non-fatal stroke.71 Additionally, a pooled 
analysis of the SUSTAIN 6 (Evaluate Cardio-
vascular and Other Long-Term Outcomes with 
Semaglutide in Subjects With Type 2 Diabetes) 
and LEADER trials revealed that both semaglu-
tide and liraglutide led to a 24% decrease in al-
buminuria from the baseline to two years after 
randomization.72

Effect of neprilysin inhibitors 
(NePi) in CKD

Neprilysin inhibitors (NEPi), including sacubi-
tril/valsartan, were developed to improve out-
comes in heart failure and cardiovascular diseas-
es by increasing natriuretic peptides, which pro-
mote vasodilation, diuresis, and natriuresis. Sa-

reabsorption in renal tubules with consequent 
urine loss which leads to significant reduction 
in blood glucose and Hb1Ac. Mutations in the 
SGLT2 gene, the solute carrier family 5 member 
2 (SLC5A2) on chromosome 16p11.2, affect the 
expression, localization, and function of the co-
transporter SGLT2: rare missense mutations that 
cause functional defects of SGLT2 are associ-
ated to familial renal glicosuria,61 but common 
SLC5A2 genetic variants have been suggested to 
potentially influence glucose homeostasis and the 
risk of T2D.62 Single nucleotide polymorphisms 
(SNPs) within the SGLT2 gene region have been 
studied with the aim of analyzing the interindi-
vidual variability of the response to treatment 
with SGLT2 inhibitors and their association with 
T2D, however with some conflicting results.63

In their analysis of four SLC5A2 SNPs 
(rs9934336, rs3813007, rs3813008, rs3116150) 
genotyped in a Sorb cohort, Enigk et al.62 did 
not observe any association with T2D risk but 
they noticed that rs9934336 was associated with 
reduced glucose and insulin concentrations re-
spectively at 30 and 120 minutes during the oral 
glucose tolerance test in nondiabetic individu-
als. The protective effect of variant rs9934336 to 
T2D risk and its association with reduced HbA1c 
was confirmed by Drexel eet al.;64 conversely, 
Klen et al. demonstrated that variant rs9934336 
was associated with increased HbA1c and fast-
ing glucose levels in T2D patients.65 On the other 
hand, in a large study over 2229 subjects at risk 
for T2D and who were genotyped for six com-
mon SLC5A2 SNPs (rs3116149, rs9934336, 
rs3813008, rs11646054 rs3116650, rs9924771), 
Zimdahl et al. did not find any association with 
relevant response to empagliflozin in patients 
with T2D or any association with diabetic-relat-
ed metabolic traits.66

The inconsistent findings of the available 
studies suggest the need of more evidence of the 
clinical impact of SGLT2 polymorphisms on the 
response of SGLT2i treatment.

GLP-1 effect on FGF-23

Several studies have shown that FGF-23 plays 
a crucial role in DKD and is associated with an 
increased risk of cardiovascular events and mor-
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ence of aldosterone, leading to sodium reabsorp-
tion and excretion of potassium. Aldosterone 
plays a pivotal role in the collagen synthesis in 
myocardial arteries and continuous exposition 
to aldosterone leads to vascular inflammation 
with increased expression of cyclooxygenase-2 
(COX-2), macrophage chemoattractant protein-1 
(MCP-1), osteopontin and protein plasminogen 
activator inhibitor-1 (PAI-1).77, 78 Moreover, 
markers of collagen turnover such as procollagen 
type III amino-terminal peptide (PIIINP) which 
increases in presence of aldosterone, has been as-
sociated with cardiac fibrosis and mortality. The 
pharmacological blockade of MR partially revert-
ed matrix imbalances and thus, is able to reduce 
CV events with a magnitude that depends on the 
selectivity and efficacy of receptor antagonism.79 
Intriguingly, the MR function also depends on its 
localization, being this receptor expressed in car-
diomyocyte, endothelial cells, vascular smooth 
cells muscle cells, macrophage and fibroblasts. 
In cardiomyocytes MR overexpression alters the 
duration of the action potential (mainly because 
of the activation of L-type calcium current) with 
increased incidence of arrythmias. In endothelial 
cells, high MR leads to fibrosis and increased cell 
to cell adhesion. In macrophages and fibroblast, 
MR activation basically leads to pro-inflammato-
ry and pro-fibrotic pathways.80

FGF23 can contribute to these complex mech-
anisms by altering inflammatory cytokines ex-
pression, thereby forming a vicious cycle that, 
once activated, results in the uncontrolled pro-
duction of both factors.81

Despite the solid body of evidence in HFrEF, 
data from clinical trials to prove the efficacy of 
steroidal MRAs in slowing the progression of 
CKD were sparse. The efficacy and safety of 
spironolactone and/or eplerenone when added to 
background therapy with an angiotensin-convert-
ing-enzyme-inhibitor or an angiotensin-receptor-
blocker was explored in a 2020 Cochrane meta-
analysis of 44 trials involving a total of 5,745 
patients with albuminuria and CKD.82 Compared 
with placebo or standard-of-care treatment, add-
on administration of steroidal MRAs was as-
sociated with potential benefits on intermediate 
endpoints of cardiorenal diseases, such as albu-
minuria, eGFR slope, and clinic systolic blood 

cubitril/valsartan, combining a neprilysin inhibi-
tor and an angiotensin II receptor antagonist, was 
approved in 2015 for treating heart failure with 
reduced ejection fraction (HFrEF) and is recom-
mended in American and European guidelines.73 
The PARADIGM-HF trial demonstrated consis-
tent efficacy and safety of sacubitril/valsartan 
across different KDIGO kidney risk categories, 
with benefits in reducing both cardiovascular and 
renal events.74 Moreover, a systematic review 
and meta-analysis examined the renal safety of 
NEPi, such as sacubitril/valsartan, compared to 
ACEi or ARBs; Sacubitril/valsartan or omapa-
trilat treatment was associated with a modestly 
reduced risk of renal events overall (OR 0.82 
[0.7-0.97]) compared to ACEi or ARB therapy 
alone. Additionally, there was a lower incidence 
of severe acute renal events (OR 0.8 [0.69-0.93]) 
and a smaller decline in estimated glomerular fil-
tration rate (eGFR) (mean difference -0.58 mL/
min [-0.83 to -0.33 mL/min]). Furthermore, no 
significant differences were found in the rates of 
hyperkalemia. Despite indications of potential 
renal benefits, sacubitril/valsartan remains un-
used due to safety apprehensions. These findings 
highlight the importance of increasing its use and 
conducting further research on its long-term ef-
fects on CKD progression.75

MRA: Inflammation and fibrosis 
as potential targets 

of a therapeutic approach in CKD

The interplay between aldosterone, AT1 and AT2 
and FGF23 acquires greater relevance if we con-
sider that the overactivation of MR is a key event 
for chronic inflammation.76 Increased aldoste-
rone levels occur in presence of HF, regardless of 
ACE or ARB treatment. These high aldosterone 
levels correlate with a raised risk for metabolic 
syndrome, CV events and all-cause mortality. 
The mechanisms underlying this fearsome as-
sociation encompass genomic and non-genomic 
effect. In the kidney, aldosterone stimulates the 
transcription of the serum glucocorticoid kinase 
(Sgk1). The Sgk1 inhibits the function of Nedd4-
2 which in turn degrades ENaC channels in the 
proteasomes. Hence, the expression of ENaC 
on tubular cells membrane is increased in pres-
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quent repression of genes specifically involved 
in fibrosis and inflammation.83 Two other major 
characteristics confer an advantage and prompt 
the use of finerenone: the lower half-life (2-3 
hours) compared to eplerenone (4-6 hours) and 
spironolactone (>20 hours) and the high selec-
tivity which, considering together, they explain 
the lower incidence of side effects such as hy-
perkalemia and gynecomastia. The development 
program of finerenone is still ongoing, with new 
studies aimed at demonstrating its efficacy in 
type 1 diabetes, non-diabetic CKD patients and 
CKD in children. However, two large phase 3 
randomized studies, the FIDELIO and FIGARO 
have already shown that finerenone reduces the 
risk for CKD progression by 23% and the risk 
of fatal and non-fatal cardiovascular events by 
14 to 22% in patients with type 2 diabetes and 
albuminuric CKD.84, 85 Cardiorenal protection in 
these studies was associated with a significant 

pressure. However, these beneficial effects were 
accompanied by a 2.17-fold increase in the risk 
of hyperkalemia, a 2.04-fold higher risk of acute 
kidney injury (AKI), and a 5.14-fold higher in-
cidence of gynecomastia. Furthermore, none of 
these trials was adequately powered to detect 
benefits on clinical outcomes, such as kidney 
failure, major adverse cardiovascular events, or 
all-cause death.

Achieving the beneficial effects of MR block-
ade and avoiding the above-mentioned serious 
side effects, at the same time, is the aim of the 
new non-steroidal MRA. Finerenone repre-
sents a promising example of this drug class. 
Finerenone exerts a new type of MR blockade 
compared to steroidal MRA, i.e. it induces a 
conformational change in the MR structure. 
This aspect is crucial in the mechanism of ac-
tion and nephroprotection, since it is associated 
with the recruitment of cofactors and the conse-

Figure 1.—The interplay among mineral bone disorders and RAAS. The figure illustrates the complex regulatory network 
that determines the interaction between RAA system and the bone. Activin/BMP system increases aldosterone production 
induced by Ang II. The receptors for angiotensin (AT1R) and aldosterone (MR) are expressed in the bone, which is the main 
site of FGF23 production. Angiotensin 1-7 and MasR are involved in counteracting the effects of the traditional RAA path-
way, offering protective roles in vascular and renal health.
ACE: angiotensin converting enzyme; ACE-2: angiotensin converting enzyme 2; ARB: angiotensin receptor blocker; ATR: 
angiotensin receptor; BMP: bone morphogenic protein; CKD-MBD: chronic kidney disease - mineral and bone disorder; 
FGF-23: fibroblast growth factor-23; MR: mineralcorticoid receptor; MRA: mineralcorticoid receptor antagonist; PTH: para-
thormone; RAAS: renin-angiotensin-aldosterone system; 1,25-OH: 1,25-dihydroxyvitamin D.
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2.  Jager KJ, Kovesdy C, Langham R, Rosenberg M, Jha V, 
Zoccali C. A single number for advocacy and communication-
worldwide more than 850  million individuals have kidney 
diseases. Kidney Int 2019;96:1048–50. 
3.  Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, et al. 
Analysis of the Global Burden of Disease study highlights 
the global, regional, and national trends  of chronic kid-
ney disease epidemiology from 1990 to 2016. Kidney Int 
2018;94:567–81. 
4.  Chooi YC, Ding C, Magkos F. The epidemiology of obe-
sity. Metabolism 2019;92:6–10. 
5.  Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Full-
man N, McGaughey M, et al. Forecasting life expectancy, 
years of life lost, and all-cause and cause-specific mortal-
ity for 250 causes of death: reference and alternative sce-
narios for 2016-40 for 195 countries and territories. Lancet 
2018;392:2052–90. 
6.  Provenzano M, Coppolino G, De Nicola L, Serra R, Garo-
falo C, Andreucci M, et al. Unraveling Cardiovascular Risk 
in Renal Patients: A New Take on Old Tale. Front Cell Dev 
Biol 2019;7:314. 
7.  Al-Aly Z, Zeringue A, Fu J, Rauchman MI, McDonald JR, 
El-Achkar TM, et al. Rate of kidney function decline associ-
ates with mortality. J Am Soc Nephrol 2010;21:1961–9. 
8.  Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, 
Lewis JB, et al.; Collaborative Study Group. Renoprotective 
effect of the angiotensin-receptor antagonist irbesartan in pa-
tients with nephropathy due to type 2 diabetes. N Engl J Med 
2001;345:851–60. 
9.  Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, 
Charleston J, et al.; African American Study of Kidney Dis-
ease and Hypertension Study Group. Effect of blood pressure 
lowering and antihypertensive drug class on progression of 
hypertensive kidney disease: results from the AASK trial. 
JAMA 2002;288:2421–31. 
10.  Sarafidis P. Use of ACEi/ARBs, SGLT2 inhibitors and 
MRAs can help us reach the therapeutic ceiling in CKD. Clin 
Kidney J 2024;17:sfae014. 
11.  Parving HH, Lehnert H, Bröchner-Mortensen J, Gomis 
R, Andersen S, Arner P; Irbesartan in Patients with Type 2 
Diabetes and Microalbuminuria Study Group. The effect of 
irbesartan on the development of diabetic nephropathy in pa-
tients with type 2 diabetes. N Engl J Med 2001;345:870–8. 
12.  de Boer IH, Khunti K, Sadusky T, Tuttle KR, Neumiller 
JJ, Rhee CM, et al. Diabetes Management in Chronic Kidney 
Disease: A Consensus Report by the American Diabetes As-
sociation (ADA) and Kidney Disease: Improving Global Out-
comes (KDIGO). Diabetes Care 2022;45:3075–90. 
13.  Alicic RZ, Rooney MT, Tuttle KR. Diabetic Kidney Dis-
ease: Challenges, Progress, and Possibilities. Clin J Am Soc 
Nephrol 2017;12:2032–45. 
14.  Sarafidis P, Papadopoulos CE, Kamperidis V, Giannakou-
las G, Doumas M. Cardiovascular Protection With Sodium-
Glucose Cotransporter-2 Inhibitors and Mineralocorticoid Re-
ceptor Antagonists in Chronic Kidney Disease: A Milestone 
Achieved. Hypertension 2021;77:1442–55. 
15.  Sarafidis PA, Ruilope LM. Cardiorenal disease devel-
opment under chronic renin-angiotensin-aldosterone sys-
tem suppression. J Renin Angiotensin Aldosterone Syst 
2012;13:217–9. 
16.  Bakris GL, Weir MR. Angiotensin-converting enzyme 
inhibitor-associated elevations in serum creatinine: is this a 
cause for concern? Arch Intern Med 2000;160:685–93. 

reduction in albuminuria and was independent 
from blood pressure reduction.

There is sufficient evidence to suggest that 
treatment with MRA including finerenone might 
reduce albuminuria, the progression of chronic 
kidney disease and eliminate the renal inflamma-
tion by reducing the expression of pro-inflamma-
tory cytokines, such as MCP-1, TNF-α and Ma-
trix metalloproteinase-12 (MMP-12).83

The interaction between FGF23 and RAAS 
does not represent the only potential link be-
tween mediators of mineral metabolism RAAS 
and ultimately CKD progression (Figure 1). PTH 
increases the secretion of aldosterone from the 
adrenals directly as well as indirectly by acti-
vating the RAAS.86 Indeed, preclinical studies 
demonstrate in kidney, skeleton, vasculature and 
heart during CKD an upgrade of signaling of ac-
tivins, inhibins and bone morphogenetic proteins 
(BMPs): these molecules are dimeric polypep-
tides members of the TGF-b superfamily. This 
supports the hypothesis that these molecules 
produced in the kidney during kidney disease, in 
addition to promoting the progression of kidney 
damage, deranges other organs’ homoeostasis in-
dependently of changes in PTH and FGF23 and 
participating in CKD-MBD.56

Conclusions

Despite significant advances in treatment options 
that slow CKD progression the target annual de-
cline rate has not been reached as well as the 
pathogenesis of aldosterone breakthrough is still 
far from being defined.

All these claims to carry out new studies able 
to define the interrelationship of FGF23, PTH, 
Activins, aldosterone and RAAS blockade and 
the response to a treatment with a steroidal vs 
nonsteroidal MRA. Above all these features un-
derline the hypothesis that MBD and RAAS are 
not planets belonging to different galaxies but 
represent different but strictly related pathways of 
the same process involved in CKD progression.

References
1.  Levin A, Stevens PE, Bilous RW, Coresh J, Francisco AL, 
Jong PE, et al. Kidney disease: improving global outcomes 
(KDIGO) CKD work group. KDIGO 2012 clinical practice 



CIANCIOLO 	RAA SI, MRA AND FGF-23 IN CKD PROGRESSION

10	 Minerva Urology and Nephrology	 Mese 2025 

35. Leifheit-Nestler M, Kirchhoff F, Nespor J, Richter B,
Soetje B, Klintschar M, et al. Fibroblast growth factor 23 is
induced by an activated renin-angiotensin-aldosterone system 
in cardiac myocytes and promotes the pro-fibrotic crosstalk
between cardiac myocytes and fibroblasts. Nephrol Dial
Transplant 2018;33:1722–34.
36. Leifheit-Nestler M, Große Siemer R, Flasbart K, Rich-
ter B, Kirchhoff F, Ziegler WH, et al. Induction of cardiac
FGF23/FGFR4 expression is associated with left ventricular
hypertrophy in patients with chronic kidney disease. Nephrol
Dial Transplant 2016;31:1088–99.
37. Smith ER, Holt SG, Hewitson TD. FGF23 activates inju-
ry-primed renal fibroblasts via FGFR4-dependent signalling
and enhancement of TGF-β autoinduction. Int J Biochem Cell
Biol 2017;92:63–78.
38. Wiech T, Hopfer H, Gaspert A, Banyai-Falger S, Haus-
berg M, Schröder J, et al. Histopathological patterns of neph-
rocalcinosis: a phosphate type can be distinguished from a
calcium type. Nephrol Dial Transplant 2012;27:1122–31.
39. Agarwal R. Vitamin D, proteinuria, diabetic nephropa-
thy, and progression of CKD. Clin J Am Soc Nephrol
2009;4:1523–8.
40. Humalda JK, Lambers Heerspink HJ, Kwakernaak AJ,
Slagman MC, Waanders F, Vervloet MG, et al.; NIGRAM
Consortium. Fibroblast growth factor 23 and the antipro-
teinuric response to dietary sodium restriction during renin-
angiotensin-aldosterone system blockade. Am J Kidney Dis
2015;65:259–66.
41. Pfaff M, Denburg MR, Meyers KE, Brady TM, Leonard
MB, Hoofnagle AN, et al. Association of Fibroblast Growth
Factor 23 with Blood Pressure in Primary Proteinuric Glo-
merulopathies. Am J Nephrol 2024;55:187–95.
42. Scialla JJ, Xie H, Rahman M, Anderson AH, Isakova T,
Ojo A, et al.; Chronic Renal Insufficiency Cohort (CRIC)
Study Investigators. Fibroblast growth factor-23 and cardio-
vascular events in CKD. J Am Soc Nephrol 2014;25:349–60.
43. Ix JH, Katz R, Kestenbaum BR, de Boer IH, Chonchol
M, Mukamal KJ, et al. Fibroblast growth factor-23 and death, 
heart failure, and cardiovascular events in community-living
individuals: CHS (Cardiovascular Health Study). J Am Coll
Cardiol 2012;60:200–7.
44. Andrukhova O, Slavic S, Smorodchenko A, Zeitz
U, Shalhoub V, Lanske B, et al. FGF23 regulates renal
sodium handling and blood pressure. EMBO Mol Med
2014;6:744–59.
45. Mehta R, Cai X, Lee J, Xie D, Wang X, Scialla J, et al.;
CRIC Study Investigators. Serial Fibroblast Growth Factor 23 
Measurements and Risk of Requirement for Kidney Replace-
ment Therapy: The CRIC (Chronic Renal Insufficiency Co-
hort) Study. Am J Kidney Dis 2020;75:908–18.
46. Nomura H, Kuruppu S, Rajapakse NW. Stimulation of
Angiotensin Converting Enzyme 2: A Novel Treatment Strat-
egy for Diabetic Nephropathy. Front Physiol 2022;12:813012.
47. Flores-Muñoz M, Smith NJ, Haggerty C, Milligan G,
Nicklin SA. Angiotensin1-9 antagonises pro-hypertrophic
signalling in cardiomyocytes via the angiotensin type 2 recep-
tor. J Physiol 2011;589:939–51.
48. Zhang B, Yan J, Umbach AT, Fakhri H, Fajol A, Schmidt
S, et al. NFκB-sensitive Orai1 expression in the regulation of
FGF23 release. J Mol Med (Berl) 2016;94:557–66.
49. Pi M, Ye R, Han X, Armstrong B, Liu X, Chen Y, et al.
Cardiovascular Interactions between Fibroblast Growth Fac-
tor-23 and Angiotensin II. Sci Rep 2018;8:12398.
50. Pathare G, Anderegg M, Albano G, Lang F, Fuster DG.
Elevated FGF23 Levels in Mice Lacking the Thiazide-Sensi-
tive NaCl cotransporter (NCC). Sci Rep 2018;8:3590.

17. Minutolo R, Gabbai FB, Provenzano M, Chiodini P, Bor-
relli S, Garofalo C, et al. Cardiorenal prognosis by residual
proteinuria level in diabetic chronic kidney disease: pooled
analysis of four cohort studies. Nephrol Dial Transplant
2018;33:1942–9.
18. Disclosures: Standards of Medical Care in Diabetes-2021. 
Diabetes Care 2021;44(Suppl 1):S223–5.
19. Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G,
Mathieu C, et al. 2019 Update to: Management of Hypergly-
cemia in Type 2 Diabetes, 2018. A Consensus Report by the
American Diabetes Association (ADA) and the European As-
sociation for the Study of Diabetes (EASD). Diabetes Care
2020;43:487–93.
20. Kidney Disease: Improving Global Outcomes (KDIGO)
Diabetes Work Group. KDIGO 2020 Clinical Practice Guide-
line for Diabetes Management in Chronic Kidney Disease.
Kidney Int 2020;98(4S):S1–115.
21. Heerspink HJ, Stefánsson BV, Correa-Rotter R, Chertow
GM, Greene T, Hou FF, et al.; DAPA-CKD Trial Committees
and Investigators. Dapagliflozin in Patients with Chronic Kid-
ney Disease. N Engl J Med 2020;383:1436–46.
22. Rossing P, Caramori ML, Chan JC, Heerspink HJ, Hurst
C, Khunti K, et al. Executive summary of the KDIGO 2022
Clinical Practice Guideline for Diabetes Management in
Chronic Kidney Disease: an update based on rapidly emerg-
ing new evidence. Kidney Int 2022;102:990–9.
23. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink
HJ, Charytan DM, et al.; CREDENCE Trial Investigators.
Canagliflozin and Renal Outcomes in Type 2 Diabetes and
Nephropathy. N Engl J Med 2019;380:2295–306.
24. Lerma E, White WB, Bakris G. Effectiveness of nonste-
roidal mineralocorticoid receptor antagonists in patients with
diabetic kidney disease. Postgrad Med 2023;135:224–33.
25. Bomback AS, Klemmer PJ. The incidence and implica-
tions of aldosterone breakthrough. Nat Clin Pract Nephrol
2007;3:486–92.
26. Mogi M. Aldosterone breakthrough from a pharmaco-
logical perspective. Hypertens Res 2022;45:967–75.
27. Navaneethan SD, Bravo EL. Aldosterone breakthrough
during angiotensin receptor blocker use: more questions than
answers? Clin J Am Soc Nephrol 2013;8:1637–9.
28. Moranne O, Bakris G, Fafin C, Favre G, Pradier C, Es-
nault VL. Determinants and changes associated with aldoste-
rone breakthrough after angiotensin II receptor blockade in
patients with type 2 diabetes with overt nephropathy. Clin J
Am Soc Nephrol 2013;8:1694–701.
29. Rossi GP. Aldosterone breakthrough during RAS block-
ade: a role for endothelins and their antagonists? Curr Hyper-
tens Rep 2006;8:262–8.
30. Ho BB, Bergwitz C. FGF23 signalling and physiology. J
Mol Endocrinol 2021;66:R23–32.
31. Singh S, Grabner A, Yanucil C, Schramm K, Czaya B,
Krick S, et al. Fibroblast growth factor 23 directly targets he-
patocytes to promote inflammation in chronic kidney disease.
Kidney Int 2016;90:985–96.
32. Faul C, Amaral AP, Oskouei B, Hu MC, Sloan A, Isakova 
T, et al. FGF23 induces left ventricular hypertrophy. J Clin
Invest 2011;121:4393–408.
33. Patel VB, Zhong JC, Grant MB, Oudit GY. Role of the
ACE2/Angiotensin 1-7 Axis of the Renin-Angiotensin Sys-
tem in Heart Failure. Circ Res 2016;118:1313–26.
34. Isakova T, Wahl P, Vargas GS, Gutiérrez OM, Scialla J,
Xie H, et al. Fibroblast growth factor 23 is elevated before
parathyroid hormone and phosphate in chronic kidney dis-
ease. Kidney Int 2011;79:1370–8.



RAASI, MRA AND FGF-23 IN CKD PROGRESSION CIANCIOLO

Vol. 77 - No. ??	 Minerva Urology and Nephrology 11

69. Cianciolo G, De Pascalis A, Capelli I, Gasperoni L, Di
Lullo L, Bellasi A, et al. Mineral and Electrolyte Disorders
With SGLT2i Therapy. JBMR Plus 2019;3:e10242.
70. Sørensen MH, Bojer AS, Jørgensen NR, Broadbent DA,
Plein S, Madsen PL, et al. Fibroblast growth factor-23 is asso-
ciated with imaging markers of diabetic cardiomyopathy and
anti-diabetic therapeutics. Cardiovasc Diabetol 2020;19:158.
71. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen
P, Mann JF, Nauck MA, et al.; LEADER Steering Com-
mittee; LEADER Trial Investigators. Liraglutide and Car-
diovascular Outcomes in Type 2 Diabetes. N Engl J Med
2016;375:311–22.
72. Shaman AM, Bain SC, Bakris GL, Buse JB, Idorn T,
Mahaffey KW, et al. Effect of the Glucagon-Like Peptide-1
Receptor Agonists Semaglutide and Liraglutide on Kidney
Outcomes in Patients With Type 2 Diabetes: pooled Analysis
of SUSTAIN 6 and LEADER. Circulation 2022;145:575–85.
73. Volpe M, Carnovali M, Mastromarino V. The natriuretic
peptides system in the pathophysiology of heart failure: from
molecular basis to treatment. Clin Sci (Lond) 2016;130:57–77.
74. Chatur S, Neuen BL, Claggett BL, Beldhuis IE, Mc
Causland FR, Desai AS, et al. Effects of Sacubitril/Valsartan
Across the Spectrum of Renal Impairment in Patients With
Heart Failure. J Am Coll Cardiol 2024;83:2148–59.
75. Vollmer Barbosa C, Lang H, Melk A, Schmidt BM. Re-
nal events in patients receiving neprilysin inhibitors: a sys-
tematic review and meta-analysis. Nephrol Dial Transplant
2022;37:2418–28.
76. Agarwal R, Kolkhof P, Bakris G, Bauersachs J, Haller
H, Wada T, et al. Steroidal and non-steroidal mineralocorti-
coid receptor antagonists in cardiorenal medicine. Eur Heart
J 2021;42:152–61.
77. Chun TY, Pratt JH. Aldosterone increases plasminogen
activator inhibitor-1 synthesis in rat cardiomyocytes. Mol Cell 
Endocrinol 2005;239:55–61.
78. Bienvenu LA, Reichelt ME, Morgan J, Fletcher EK, Bell
JR, Rickard AJ, et al. Cardiomyocyte Mineralocorticoid Re-
ceptor Activation Impairs Acute Cardiac Functional Recovery 
After Ischemic Insult. Hypertension 2015;66:970–7.
79. Zannad F, Alla F, Dousset B, Perez A, Pitt B; Rales Inves-
tigators. Limitation of excessive extracellular matrix turnover
may contribute to survival benefit of spironolactone therapy
in patients with congestive heart failure: insights from the
randomized aldactone evaluation study (RALES). Circulation 
2000;102:2700–6.
80. Bienvenu LA, Morgan J, Rickard AJ, Tesch GH, Cran-
ston GA, Fletcher EK, et al. Macrophage mineralocorticoid
receptor signaling plays a key role in aldosterone-independent 
cardiac fibrosis. Endocrinology 2012;153:3416–25.
81. Czaya B, Faul C. FGF23 and inflammation-a vicious co-
alition in CKD. Kidney Int 2019;96:813–5.
82. Chung EY, Ruospo M, Natale P, Bolignano D, Navanee-
than SD, Palmer SC, et al. Aldosterone antagonists in addi-
tion to renin angiotensin system antagonists for preventing
the progression of chronic kidney disease. Cochrane Database 
Syst Rev 2020;10:CD007004.
83. Kolkhof P, Delbeck M, Kretschmer A, Steinke W, Hart-
mann E, Bärfacker L, et al. Finerenone, a novel selective non-
steroidal mineralocorticoid receptor antagonist protects from
rat cardiorenal injury. J Cardiovasc Pharmacol 2014;64:69–78.
84. Filippatos G, Anker SD, Pitt B, Rossing P, Joseph A,
Kolkhof P, et al. Finerenone and Heart Failure Outcomes by
Kidney Function/Albuminuria in Chronic Kidney Disease and
Diabetes. JACC Heart Fail 2022;10:860–70.
85. Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P,

51. Izu Y, Mizoguchi F, Kawamata A, Hayata T, Nakamoto T, 
Nakashima K, et al. Angiotensin II type 2 receptor blockade
increases bone mass. J Biol Chem 2009;284:4857–64.
52. Beavan S, Horner A, Bord S, Ireland D, Compston J. Co-
localization of glucocorticoid and mineralocorticoid receptors 
in human bone. J Bone Miner Res 2001;16:1496–504.
53. Kanbay M, Demiray A, Afsar B, Covic A, Tapoi L, Ure-
che C, et al. Role of Klotho in the Development of Essential
Hypertension. Hypertension 2021;77:740–50.
54. Bloise E, Ciarmela P, Dela Cruz C, Luisi S, Petraglia F,
Reis FM. Activin A in Mammalian Physiology. Physiol Rev
2019;99:739–80.
55. Walton KL, Makanji Y, Harrison CA. New insights into
the mechanisms of activin action and inhibition. Mol Cell En-
docrinol 2012;359:2–12.
56. Cianciolo G, La Manna G, Capelli I, Gasperoni L, Galassi 
A, Ciceri P, et al. The role of activin: the other side of chronic 
kidney disease-mineral bone disorder? Nephrol Dial Trans-
plant 2021;36:966–74.
57. Hruska KA, Sugatani T, Agapova O, Fang Y. The chronic 
kidney disease - Mineral bone disorder (CKD-MBD): advanc-
es in pathophysiology. Bone 2017;100:80–6.
58. Lima F, Mawad H, El-Husseini AA, Davenport DL, Mal-
luche HH. Serum bone markers in ROD patients across the
spectrum of decreases in GFR: activin A increases before all
other markers . Clin Nephrol 2019;91:222–30.
59. Tsai MT, Ou SM, Lee KH, Lin CC, Li SY. Circulating
Activin A, Kidney Fibrosis, and Adverse Events. Clin J Am
Soc Nephrol 2024;19:169–77.
60. Otani H, Otsuka F, Inagaki K, Suzuki J, Miyoshi T, Kano
Y, et al. Aldosterone breakthrough caused by chronic block-
age of angiotensin II type 1 receptors in human adrenocortical 
cells: possible involvement of bone morphogenetic protein-6
actions. Endocrinology 2008;149:2816–25.
61. Santer R, Calado J. Familial renal glucosuria and SGLT2: 
from a mendelian trait to a therapeutic target. Clin J Am Soc
Nephrol 2010;5:133–41.
62. Enigk U, Breitfeld J, Schleinitz D, Dietrich K, Halbrit-
ter J, Fischer-Rosinsky A, et al. Role of genetic variation in
the human sodium-glucose cotransporter 2 gene (SGLT2) in
glucose homeostasis. Pharmacogenomics 2011;12:1119–26.
63. Klen J, Dolžan V. Treatment Response to SGLT2 Inhibi-
tors: From Clinical Characteristics to Genetic Variations. Int J 
Mol Sci 2021;22:9800.
64. Drexel H, Leiherer A, Saely CH, Brandtner EM, Geiger
K, Vonbank A, et al. Are SGLT2 polymorphisms linked to di-
abetes mellitus and cardiovascular disease? Prospective study 
and meta-analysis. Biosci Rep 2019;39:BSR20190299.
65. Klen J, Goričar K, Dolžan V. Genetic variability in sodi-
um-glucose cotransporter 2 influences glycemic control and
risk for diabetic retinopathy in type 2 diabetes patients. J Med 
Biochem 2020;39:276–82.
66. Zimdahl H, Haupt A, Brendel M, Bour L, Machicao F, Sal-
sali A, et al. Influence of common polymorphisms in the SL-
C5A2 gene on metabolic traits in subjects at increased risk of
diabetes and on response to empagliflozin treatment in patients
with diabetes. Pharmacogenet Genomics 2017;27:135–42. 
67. Yeung SM, Binnenmars SH, Gant CM, Navis G, Gan-
sevoort RT, Bakker SJ, et al. Fibroblast Growth Factor 23
and Mortality in Patients With Type 2 Diabetes and Nor-
mal or Mildly Impaired Kidney Function. Diabetes Care
2019;42:2151–3.
68. Bär L, Feger M, Fajol A, Klotz LO, Zeng S, Lang F, et al.
Insulin suppresses the production of fibroblast growth factor
23 (FGF23). Proc Natl Acad Sci USA 2018;115:5804–9.



CIANCIOLO 	RAA SI, MRA AND FGF-23 IN CKD PROGRESSION

12	 Minerva Urology and Nephrology	 Mese 2025 

86. Tomaschitz A, Ritz E, Pieske B, Fahrleitner-Pammer A,
Kienreich K, Horina JH, et al. Aldosterone and parathyroid
hormone: a precarious couple for cardiovascular disease. Car-
diovasc Res 2012;94:10–9.

Joseph A, et al.; FIDELIO-DKD and FIGARO-DKD investi-
gators. Cardiovascular and kidney outcomes with finerenone 
in patients with type 2 diabetes and chronic kidney disease: 
the FIDELITY pooled analysis. Eur Heart J 2022;43:474–84. 

Conflicts of interest
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manu-
script.
Authors’ contributions
giuseppe Cianciolo, Michele provenzano: conceptualization; supervision; writing- original draft preparation; writing – review and 
editing; visualization. lilio hu, Simona Barbuto: writing – original draft preparation; writing – review and editing; visualization. 
Maria J. Soler, paola Ciceri, Mario Cozzolino: writing – review and editing; visualization. gaetano la Manna: supervision; writing 
– review and editing; visualization. All authors read and approved the final version of the manuscript.
History
Article first published online: September 5, 2025. - Manuscript accepted: June 12, 2025. - Manuscript revised: January 7, 2025. - 
Manuscript received: July 18, 2024.


