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Abstract: A major paradigm in nephrology states that the loss of filtration function over a long
time is driven by a persistent hyperfiltration state of surviving nephrons. This hyperfiltration may
derive from circulating immunological factors. However, some clue about the hemodynamic effects
of these factors derives from the effects of so-called nephroprotective drugs. Thirty years after the
introduction of Renin-Angiotensin-system inhibitors (RASi) into clinical practice, two new families of
nephroprotective drugs have been identified: the sodium-glucose cotransporter 2 inhibitors (SGLT2i)
and the vasopressin receptor antagonists (VRA). Even though the molecular targets of the three-drug
classes are very different, they share the reduction in the glomerular filtration rate (GFR) at the
beginning of the therapy, which is usually considered an adverse effect. Therefore, we hypothesize
that acute GFR decline is a prerequisite to obtaining nephroprotection with all these drugs. In this
study, we reanalyze evidence that RASi, SGLT2i, and VRA reduce the eGFR at the onset of therapy.
Afterward, we evaluate whether the extent of eGFR reduction correlates with their long-term efficacy.
The results suggest that the extent of initial eGFR decline predicts the nephroprotective efficacy in the
long run. Therefore, we propose that RASi, SGLT2i, and VRA delay kidney disease progression by
controlling maladaptive glomerular hyperfiltration resulting from circulating immunological factors.
Further studies are needed to verify their combined effects.

Keywords: chronic kidney disease; SGLT2i; vaptans; RASi; GFR

1. Introduction

Before the end of the twentieth century, the nephrological community focused on a
single state of kidney pathology, the kidney failure stage. The loss of kidney function,
when dialysis was not an option, meant certain death for patients. Therefore, scientists
devoted all their efforts to the problem of the management of patients who could not
survive a kidney insult. With the invention of dialysis techniques, the primary concern for
nephrologists remained on how to improve this technique and prolong survival. However,
physicians were also paying little attention to the pre-dialysis period because they had no
methods to slow down the kidney disease. In a minority of cases, such as immunological
disorders, physicians had valuable treatments, namely steroids and immunosuppressive
drugs. Otherwise, there was no nephroprotective drug available, and physicians could
not slow down kidney function decline. Indeed, in this period, most of the literature
widely used the term “chronic renal failure”, which appeared for the first time in the
1950s in a manuscript by Platt on plasma electrolytes [1]. “Failure” was the keyword,
and it gained favors in the 1960–1970s, with a peak of publications in 2005 (783 papers).
After 2005, the number of publications using the term “kidney failure” rapidly declined.
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This decline has not been an unconscious modification of the medical dictionary: it has
been a deliberate decision that occurred in 2002, when the KDOQI commission decided
to avoid the terms “renal” (because the Latin name is unfamiliar to the English-speaking
population) in favor of “kidney” and to prevent the use of “failure” in favor of “disease”.
The latter was due to a critical shift in attention of the medical community: the introduction
of the angiotensin-converting enzyme inhibitors (ACEi) in the 1980s and, after that, of the
angiotensin-II-receptor blockers (ARB) in 1991, collectively called renin, angiotensin system
inhibitors (RASi), which changed the therapeutic landscape [2,3] and prolonged the kidney
function in nephrological patients. Therefore, the medical community started to focus on
the pre-dialysis period and decided to adopt an old term, “chronic kidney disease” (CKD),
which appeared for the first time in 1934 in a pathology paper concerning the decrease in
glomeruli [4]. Before 2002 this term was used seldom in the literature: from 1949 to 2002
it has been used only 126 times. The advent of RASi changed the view of the pre-dialysis
period. Their use as first-line drugs for managing proteinuria and slowing kidney disease
progression drove the attention towards the initial phases of kidney diseases [5]. The
possibility to modify the natural history of kidney diseases induced a thoroughly cultural
revolution, stemming from the change of the vocabulary such as: (i) the use of “chronic
kidney disease” in place of “kidney failure” because now a treatment was available to slow
down the disease; (ii) the introduction of a new method to estimate the kidney function,
that is the MDRD equation (which was then followed up by other formulas), which was
based on creatinine and did not require urine collection, thereby gaining great success
among internists for its simple application and (iii) a new staging system arbitrarily divided
in five stages (which required then further modification to account for the prognostic value
of each phase) to provide further attention to the early phases of kidney disease (KDOQI
classification system) [6].

It took about 30 years to discover two new drug classes exerting nephroprotective
effects: the vasopressin receptor antagonists (VRA) or vaptans [7], and the sodium-glucose
transporter 2 inhibitors (SGLT2i) [8] (Figure 1).
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Figure 1. Timeline of the renal reserve concept and the discovery of nephroprotective drugs. The
observation of an increase in glomerular filtration rate (GFR) after a meat meal and in diabetes led to
the hypothesis of intrarenal hypertension. The MDRD study introduced a new equation to estimate
GFR and showed it is not sufficient to avoid meat meals. With the advent of RASi it has been possible
to slow down chronic kidney disease (CKD) and hence a new staging system for CKD was designed.
Two additional drug classes were then found to slow down CKD.

The first vaptan to be discovered was OPC-21268 in 1991 [9] through a screening
of a chemical library, followed by its chemical optimization which led to Mozavaptan
(1992), Relcovaptan (1993), Satavaptan (1996), Conivaptan (1997), Lixivaptan (1998), and
Tolvaptan (1998).

RASi, SGLT2i, and VRA are the only known nephroprotective drugs able to reduce
renal disease progression. It is unclear why these drugs exert a similar nephroprotective
action despite dramatic differences in their pharmacodynamics. Notably, it went unnoticed
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that all these drugs share the paradoxical reduction of the estimated glomerular filtration
rate (eGFR) at the therapy’s onset. Therefore, the nephroprotective effect can be observed
only after a long time (chronic treatment) and consists of a slower disease progression rather
than an improvement of eGFR. Accordingly, nephroprotective effects are less remarkable
at ending stages of chronic kidney disease (CKD) [10]. This paradoxical effect somehow
resembles the counterintuitive use of beta-blockers for heart failure, as they too initially
reduce cardiac output, whereas they are cardio-protective in the long run [11].

A way to interpret these phenomena is within the framework of the glomerular hyper-
filtration theory. The hyperfiltration paradigm has its roots in the 1940s when Shannon et al.
first observed an increase of GFR after a meat diet [12]. Subsequently, several authors con-
firmed that meat food, as well as other stimuli, can induce a functional, reversible increase
of GFR, which was termed glomerular hyperfiltration. In 1967, Ditzel et al. also identified
glomerular hyperfiltration in diabetic patients [13]. These data (and possibly the “intact
nephron hypothesis” by Bricker [14]) motivated Hostetter and Brenner to formulate the the-
ory of intrarenal hypertension in 1992 as a common ground for all kidney diseases [15,16].
The idea is that kidney diseases progress due to a constant hyperfiltration state, which
was initially termed “intrarenal hypertension” [17]. As kidney damage progresses, the
hyperfiltration in the remaining glomeruli maintains the GFR in a normal range. Indeed,
clinicians and researchers can observe at this stage that the GFR is normal, but glomeruli
are not able to further increase their filtration after a meat meal because they already work
at the maximum level: this effect was called “reduced renal reserve” [18].

The great merit of this theory is that the reduction of glomerular hyperfiltration
can explain the nephroprotective effect of RASi. In the following sections, we reanalyze
evidence that RASi reduces eGFR and verify that this also applies to SGLT2i and VRA.
Afterward, we will evaluate whether the reduction of GFR induced by these drugs correlates
with their long-term nephroprotective efficacy. We relied on selected, well-known clinical
trials on the issue.

2. Glomerular Hyperfiltration and Circulating Immunological Factors

Renal hypertrophy and glomerular hyperfiltration are mediated by several immuno-
logical factors and cells.

Unfortunately, literature data regarding immunological factors have not been explored
systematically. Therefore, we still lack a clear picture of the role of innate and adaptive
immune systems on glomerular hyperfiltration.

This situation contrasts with the evidence that the immune system can deeply and
reversibly change the GFR: (i) Interstitial nephritis, consisting of the infiltrate of immune
cells (and often eosinophils) can impair GFR (ii) vasculitis and systemic lupus can induce a
decrease of GFR (iii) antibody-mediated and complement-mediated glomerulonephritis
(IgA, IgG, IgM, C3 nephropathies) can decrease the GFR. In all these forms, the GFR
decrease is reversible, at least in the initial stages. However, most of the literature considers
these effects due to histological damage and its subsequent repair. Even though this might
be only part of the story, these diseases will not be reviewed here because the data are
too scanty.

Cytokine storms (evoked in animal models by lipopolysaccharide LPS) and two
chemokines, IL-1 and IL-6, are known to reduce the GFR, possibly though hemodynamic ef-
fects. Similarly, some chemokines such as TNF can increase the GFR. We will briefly review
the evidence supporting the hemodynamical regulation of GFR by these immunological
factors. Finally, we will shortly discuss whether these immune factors derive from innate
or adaptive systems.

In kidney nephropathy, glomerular hyperfiltration is driven by TNFα [19], which
modifies cell survival of glomerular mesangial and epithelial cells through nuclear factor-
kB (NF-kB) signaling [20]. TNFα has a direct influence on glomerular hemodynamics [21].
Together with TNFβ, it might have a role in autophagy [22]. The inhibition of TNFα with
monoclonal antibodies (e.g., infliximab) prevented renal function decline in the patients
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with rheumatoid arthritis [23]. Furthermore, a single dose of Infliximab appears to decrease
eGFR as measured by cystatin C (but not with creatinine) [24]. At variance, two other
TNFβ, adalimumab and etanercept, do not modify eGFR [25,26]. Interleukin(IL)-1β is
another immune-mediated cytokine, with effects on glomerular hyperfiltration at least in
the diabetic settings [27].

Interestingly, Anakinra, an anti- IL-1 β monoclonal antibody, decreases GFR measured
by inulin method (https://www.ema.europa.eu/en/documents/variation-report/kineret-
h-c-363-x-0042-epar-assessment-report-extension_en.pdf (accessed on 2 February 2022)).

IL-6 is a pro-inflammatory cytokine implicated in several immunological diseases. It
has been implicated in kidney disease progression in diabetes [28]. Accordingly, tocilizumab,
an anti- IL-6 monoclonal antibody, can prevent loss of renal function in diabetic kidney
disease [29]. T regulatory lymphocytes might also be involved in glomerular hyperfiltration:
their depletion in db/db mice worsened glomerular hyperfiltration and albuminuria [30].

The Role of Innate and Adaptive Systems

The immune system is divided into an innate immunity and an adaptive immunity.
This distinction is very old and derives from the terms “acquired” and “natural” immunity
in the 1950s and possibly before.

In 1998, Rocket al. and Medzhitov et al. identified five human receptors for a protein
similar to a protein studied in Drosophila and named Toll (the latter identified by the Nobel
laureate Hoffman). Therefore they used the term “toll-like receptors” [31]. Subsequently,
these receptors were found to be important for immune response, and became part of
the “innate” immunity, being expressed on monocytes/macrophages and dendritic cells,
natural killer cells, and endothelial cells.

At variance, the adaptive immune system is composed by cells able to modify their
surface receptors, such as B- and T-lymphocytes.

In chronic degenerative diseases such as atherosclerosis, the innate immune system
appears to play a major role [32].

Information regarding the role of innate and adaptive immune systems on the regula-
tion of GFR is scant.

Toll-like receptors are able to reduce intratubular urine flow rate [33]. These receptors
are expressed on macrophages, which belong to the innate immune system. Accordingly,
macrophages appear to be responsible for glomerular hyperfiltration, at least in specific
mouse models of kidney disease [34]. Furthermore, chemokine levels deriving from the
adaptive immune system do not induce glomerular hyperfiltration [35].

However, it should be emphasized that the subdivision between the innate and
adaptive immune system is possibly quite artificial, and that the two systems are tightly
linked by a network of cytokines [36].

Overall, we do not have sufficient data to clearly define the role of innate and adaptive
systems on the glomerular hemodynamics. This parallels the extensive knowledge of the
acute effects of many kidney diseases on the GFR, with very little data on the hemodynamic
effects of cytokines. Therefore, future studies should try to address this problem.

This topic is timely, as most of the known immune-mediated effects on GFR in glomeru-
lopathies are treated using RAS inhibitors, for reasons that are thoroughly discussed below.

3. RASi and Initial eGFR Reduction

The incidence of renal and cardiovascular events of long term RASi treatment was
studied mainly in the ONTARGET trial (Ongoing Telmisartan Alone and in Combination
with Ramipril Global Endpoint Trial) and in the TRANSCEND trial (Telmisartan Random-
ized Assessment Study in ACE Intolerant Participants with Cardiovascular Disease) [37].
In both trials, an initial temporary decrease in eGFR during treatment with RASi was
observed. In contrast, the reduction of renal function over the years was slower in the
treated group versus the placebo [38]. The effect on eGFR is transient since the studies
confirmed the decrease observed at 2 weeks was not persistent after 8 weeks of treat-
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ment [39]. The analysis by Holtkamp et al. of the RENAAL (Reduction of Endpoints in
Non-Insulin-Dependent Diabetes Mellitus with the Angiotensin II antagonist Losartan)
trial highlighted that an initial significant decrease in eGFR was reported in the treated
group versus placebo [39]. Notably, the authors noted that the initial decline in eGFR was
inversely related to long-term protection. Therefore, the temporary decrease in eGFR was
thought to reduce the glomerular hyperfiltration [40].

4. SGLT2i and eGFR Reduction

A similar effect on eGFR has been recently observed for the SGLT2i. This new class
of anti-diabetic drug blocks glucose reabsorption in the proximal tubule by SGLT2i. It
has been approved to treat type II diabetes mellitus (T2DM). The EMPA-REG, CANVAS,
and DECLARE trials [41–43] showed the beneficial renal effects of SGLT2i, supporting the
hypothesis of SGLT2i nephroprotection. However, these trials were designed with renal
outcomes as a secondary endpoint, and most subjects were at low risk of ESRD. Later,
the CREDENCE trial was aimed to assess renal survival in a large population with DM2
and advanced renal disease and confirmed the nephroprotective effect of this new class of
drugs [44]. Figure 2 summarizes the relation between change in eGFR and nephroprotection.
Similarly to other dug classes discussed here, SGLT2i also reduce proteinuria, an effect
consistent with a reduction of intraglomerular pressure [45–49].
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Figure 2. The extent of the initial drop in eGFR predicts the long term eGFR decline in patients
treated with SGLT2i, Tolvaptan (a VRA), or ACEi. Negative values represent an eGFR loss over time.
The horizontal axis reports the extent of acute fall in eGFR; the vertical axis reports the long-term
effect on eGFR decline. Since these drugs are not reverting kidney damage, a long-term decrease of
eGFR (negative values) should be expected, though at a lower rate than controls (values closer to
zero). To allow comparisons among different trials, the eGFR loss has been divided by the weeks of
observation. The more significant the initial drop in eGFR (horizontal axis), the greater the drug’s
nephroprotective effect (vertical axis). ACEi data are elaborated from [39,40,50–53]. Tolvaptan data
were elaborated from [7,10,54–57]. SGLT2i data were elaborated from [8,41,45–49]. Circles represent
placebo effect.

5. VRA and eGFR Reduction

Tolvaptan and conivaptan are the main VRA approved drug treatment for autosomal
dominant polycystic kidney disease (ADPKD), aiming at slowing down the progression
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of kidney function loss [58]. The drug is a selective V2-receptor antagonist that blocks the
hormone vasopressin, driven by increased second messenger cAMP in tubular cells [59].
The cAMP level has been related to cyst development and growth [60]. In summary, Tolvap-
tan down-regulates aquaporin-2 channels expression and reduces cAMP levels through
modulation of the level of water and sodium, reduces the fluid intake in cysts and cys-
togenesis, and has been shown to slow down the kidney volume enlargement [7]. The
most common adverse events are linked to its aquaretic effect (dehydration and sodium
imbalances) and elevations of liver transaminases. The Tolvaptan efficacy and safety in
ADPKD have been evaluated in TEMPO and REPRISE studies [7,59,61,62]. The experimen-
tal designs included ADPKD patients who had rapidly progressing disease but regular
or moderately reduced kidney function (TEMPO3:4 study [7]) and subjects in advanced
stages of the disease (CKD stages 3 and 4 initial) (REPRISE [61,62]). Tolvaptan is indicated
in adults at risk of rapidly progressing ADPKD from CKD stage II-IV [63]. An initial and
transitory decrease in kidney function was observed in patients with ADPKD treated with
Tolvaptan [10]. Total kidney volume (TKV) has been qualified as a prognostic biomarker
in patients with ADPKD [64] and used as the primary or secondary endpoint in clinical
trials of renin-angiotensin blockade [43], Tolvaptan [54], and somatostatin analogs [65]. The
Mayo Clinic’s current classification for ADPKD patients considers height-adjusted total
kidney volume (HtTKV) and age as predictors of renal disease progression [66] to forecast
eGFR decline over the years [67].

The analysis of available time-course data of eGFR in patients using Tolvaptan shows
that the eGFR decline inversely relates with the acute eGFR decrease at Tolvaptan initiation.
As shown in Figure 2, the extent of the initial drop in eGFR predicts the long-term GFR
decline. Patients who had a greater reduction in eGFR levels during the first four weeks
of Tolvaptan treatment had the most stable renal function during the years of observation.
In addition, it is interesting to note that Tolvaptan also reduces albuminuria [39], which
further suggests that its protective action onto the kidney is not limited to tubular functions,
but on the glomerular hyperfiltration.

In previous publications, we have clearly shown that the absence of ADH in diabetes
insipidus is accompanied by a persistent decrease of the GFR and by an absent hyper-
filtrating response to a protein meal [18,68]. The same phenomenon is also present in
nephrogenic diabetes insipidus. These data agree with the evidence that with the blockade
of ADH receptor by tolvaptan, a decrease of GFR is present. However, as also suggested
by an anonymous reviewer, at present it is difficult to talk about Tolvaptan in relation
to hyperfiltration and further studies should confirm or reject the argument that Tolvap-
tan suppressed hyperfiltration (at least in part) by decreasing eGFR in the early stages
of treatment.

Immunological Factors in Nephroprotective Effects of RASi, SGLT2i, and VRA

Although RASi and VRA (and possibly SGLT2i) have a clear direct effect on glomerular
hemodynamic, a more indirect effect mediated by immunological factors cannot be excluded.

RASi also have modulator effects on inflammation, contributing to organ protection.
This may be related to the activation of inflammatory response by angiotensin type 1
receptors (AT1R). Furthermore, they may potentially modulate responses of Th17 and
Treg lymphocytes. Furthermore, they also regulate Klotho and other anti-inflammatory
factors [69].

SGLT2 inhibitors are known to modulate the inflammasome [70] and macrophage
polarization [71].

Similarly, Tolvaptan has some effect on T-cells, although this has been correlated with
the adverse effect of the drug onto the liver [72].

6. Other Examples

One major question from the previous discussion is whether all drugs that reduce
the eGFR can be protective in the long run. This discussion will not take into account
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drugs known to reduce eGFR through nephrotoxic mechanisms such as inflammatory
damage, acute interstitial nephritis, or glomerulonephritis (such as acetaminophen, lithium,
acyclovir, beta lactams, vancomycin, cisplatin, methotrexate, thiazides, omeprazole, al-
lopurinol) [73]. Therefore, we will focus on major examples of drugs reducing the eGFR
through intrarenal hemodynamic changes: (i) aldosterone antagonists, (ii) non-steroidal
anti-inflammatory drugs (NSAIDs), (iii) calcineurin inhibitors (CNI, e.g., cyclosporine/
tacrolimus), and (iv) diuretics.

In an interesting overview proposed by Sato [49], RAS agents act on the efferent
arteries. Conversely, NSAIDS (which are not nephroprotective), by inhibiting the Cyclo-
oxygenase-2, impair afferent artery dilation without effects on the efferent artery of
the glomeruli.

It is, therefore, tempting to speculate that only drugs that reduce the eGFR by dilating
the efferent arteriole are nephroprotective. This class of drugs comprise not only RAS, but
also and mineralocorticoid receptor antagonists (MRA), endothelin-1, thromboxane A2,
and reactive oxygen species. Indeed, MRA such as eplerenone and spironolactone reduce
the eGFR in the acute phase; however, they also exert a nephroprotective effect on the
long-run [74]. This has also been demonstrated for finerenone [75–78].

In agreement with the hypothesis carried out in the present paper, the extent of the
long-term renal protective effect is proportional to the initial decrease of eGFR when MRA
are used [49]. Endothelin receptor antagonists are also known to reduce eGFR; however
this potentially nephroprotective effect is counterbalanced by the adverse events which
make this approach unfeasible [79].

Thiazide diuretics (particularly chlorthalidone) appear also to exert anti-proteinuric [75]
and nephro-protective actions [80]. It also reversibly reduces GFR [80] as the other classes
of drugs reviewed here.

Furosemide also appears to reduce the GFR if diastolic dysfunction is present [81].
However, this effect depends on volume reduction, because furosemide has very few effects
on GFR in animal models when volume status is controlled [82]. Consistently, furosemide
has not been reported to reduce proteinuria.

Conversely, following the above hypothesis, the agents that vasoconstrict the afferent
arteriole reduce the eGFR but have no nephroprotective effect. These agents comprise the
NSAIDs, which are known to have no nephroprotective effect. Indeed, NSAIDs can interfere
with the kidneys’ ability to autoregulate glomerular pressure and decrease GFR. However,
at variance from the previously described agents, NSAIDs do not exert nephroprotective
effects on the long-run and are associated with eGFR decline [83]. In addition to NSAIDs,
the inhibitors of Nitric oxide (NO), prostanoids, kallikrein/kinin, and Atrial Natriuretic
Peptide (ANP) would also be predicted to reduce eGFR acutely. Data regarding these
approaches are sparse and will not be analyzed here.

Other drugs, such as calcineurin inhibitors (e.g., cyclosporine, tacrolimus), cause dose-
dependent vasoconstriction of the afferent arterioles, leading to a decrease of eGFR. As
expected, in the long run these drugs do not have nephroprotective effects.

Finally, calcium channel blockers also elicit vasodilation on both the afferent and
efferent arteriole. This double change leads to no difference in eGFR and no nephro-
protective effect in the long-run [84]. Aliskiren, a rennin inhibitor, also has no known
nephroprotective effects.

7. Discussion and Conclusions

Chronic kidney diseases are progressive medical conditions and an economic burden
in ageing populations. Immune mechanisms and mechanic factors (e.g., hyperfiltration
state and “intrarenal hypertension”) are involved in the progression of kidney disease and
their interaction may define some previously unexplained kidney diseases.

In this review we reanalyze the acute effect of RASi, SGLT2i, and VRA on eGFR and
we evaluated whether the reduction of GFR induced by these drugs correlates with their
long-term nephroprotective efficacy.
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A recent review from Ellison [85] elucidated the linkage between SGLT2i and reduction
of glomerular hyperfiltration in diabetic nephropathy, and perhaps in other diseases.

However, several reports in literature highlighted the role of the immune system in the
pathogenesis of renal hypertrophy and glomerular hyperfiltration. Data show that tumor
necrosis factor (TNF) is elevated in the early stages of diabetic nephropathy. Therefore, it
is possible that TNF is directly involved in the development of renal hypertrophy and its
production may be mediated by sodium retention. In addition, it has been demonstrated
that TNF can affect the growth of mesangial cells under experimental conditions.

Data shown in Figure 2 suggest that the extent of acute eGFR fall after initiation of
nephroprotective agents (SGLT2i, RASi, or VRA) is directly correlated with renal survival. A
previous report shows that Tolvaptan slows down CKD progression and reduces the rate of
patients who need to undergo kidney replacement therapy [55]. Indeed, Edwards et al. [55]
showed that the eGFR decline is stable over time in Tolvaptan treated patients between 1
and 5 years and in those treated for more than five years across different CKD stages.

We previously discussed vasopressin’s potential role in controlling glomerular hemo-
dynamics, allowing the GFR increase in acute conditions. We demonstrated that the
absence of vasopressin (AVP) in diabetes insipidus lowers the basal GFR and prevents
the glomerular hyperfiltration induced by a meat meal [68]. Therefore, the reduction
of eGFR after Tolvaptan (which mimics a diabetes insipidus) entirely agrees with this
previous observation.

We suggest that the more prominent reduction in eGFR at the beginning of treatment
corresponds to a better outcome over the years in terms of the rate of progression of
kidney disease. It has been described that Tolvaptan exerts an acute hemodynamic effect
with a transitory reduction in eGFR and a small increase in creatinine levels [10] after
treatment initiation. This effect is reported to be most effective during the first months
of treatment [54]. However, this transitory reduction seems to revert after Tolvaptan
suspension [57]. Therefore, as shown in Figure 3, we propose that RASi, SGLT2i, and
VRA delay kidney disease progression by taking control over a maladaptive glomerular
hyperfiltration. Further studies are needed to verify their combined effects.
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8. Future Perspectives

The main consequence of this view is that VRA and SGLT2 inhibitors might exert
nephroprotective actions well outside their main indications for ADPKD and diabetic
nephropathy, respectively. Furthermore, it is possible that they have additive nephro-
protective actions, and therefore their combination might be even more efficacious when
combined with RASi. Somehow, this hypothesis has now been advanced for SGLT2 in-
hibitors, which appear to have protective effects on the cardiovascular outcomes even in
the absence of diabetes. Whether this also applies to VRA has not been addressed yet in
the literature.
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24. Kopec-Medrek, M.; Widuchowska, M.; Kotulska, A.; Zycinska-Dębska, E.; Kucharz, E.J. Serum cystatin C level in patients with
rheumatoid arthritis after single infusion of infliximab. Rheumatol. Int. 2011, 31, 1255–1256. [CrossRef] [PubMed]

25. Sumida, K.; Ubara, Y.; Suwabe, T.; Hayami, N.; Hiramatsu, R.; Hasegawa, E.; Yamanouchi, M.; Hoshino, J.; Sawa, N.; Takaichi,
K. Adalimumab treatment in patients with rheumatoid arthritis with renal insufficiency. Arthritis Care Res. 2013, 65, 471–475.
[CrossRef]

26. Gisondi, P.; Girolomoni, G. Glomerular filtration rate in patients with psoriasis treated with etanercept. J. Int. Med. Res. 2016, 44,
106–108. [CrossRef]

27. Lei, Y.; Devarapu, S.K.; Motrapu, M.; Cohen, C.D.; Lindenmeyer, M.T.; Moll, S.; Kumar, S.V.; Anders, H.-J. Interleukin-1β
Inhibition for Chronic Kidney Disease in Obese Mice with Type 2 Diabetes. Front. Immunol. 2019, 10, 1223. [CrossRef]

28. Knight, S.F.; Imig, J.D. Obesity, insulin resistance, and renal function. Microcirculation 2007, 14, 349–362. [CrossRef]
29. Abdelrahman, A.M.; Al Suleimani, Y.; Shalaby, A.; Ashique, M.; Manoj, P.; Ali, B.H. Effect of tocilizumab, an interleukin-6

inhibitor, on early stage streptozotocin-induced diabetic nephropathy in rats. Naunyn. Schmiedebergs. Arch. Pharmacol. 2019, 392,
1005–1013. [CrossRef]

30. Eller, K.; Kirsch, A.; Wolf, A.M.; Sopper, S.; Tagwerker, A.; Stanzl, U.; Wolf, D.; Patsch, W.; Rosenkranz, A.R.; Eller, P. Potential
role of regulatory T cells in reversing obesity-linked insulin resistance and diabetic nephropathy. Diabetes 2011, 60, 2954–2962.
[CrossRef]

31. Rock, F.L.; Hardiman, G.; Timans, J.C.; Kastelein, R.A.; Bazan, J.F. A family of human receptors structurally related to Drosophila
Toll. Proc. Natl. Acad. Sci. USA 1998, 95, 588–593. [CrossRef] [PubMed]

32. Getz, G.S. Thematic review series: The immune system and atherogenesis. Immune function in atherogenesis. J. Lipid Res. 2005,
46, 1–10. [CrossRef] [PubMed]

33. Nakano, D.; Doi, K.; Kitamura, H.; Kuwabara, T.; Mori, K.; Mukoyama, M.; Nishiyama, A. Reduction of Tubular Flow Rate
as a Mechanism of Oliguria in the Early Phase of Endotoxemia Revealed by Intravital Imaging. J. Am. Soc. Nephrol. 2015, 26,
3035–3044. [CrossRef] [PubMed]

34. Sasaki, M.; Shikata, K.; Okada, S.; Miyamoto, S.; Nishishita, S.; Kataoka, H.U.; Sato, C.; Wada, J.; Ogawa, D.; Makino, H. The
macrophage is a key factor in renal injuries caused by glomerular hyperfiltration. Acta Med. Okayama 2011, 65, 81–89. [CrossRef]
[PubMed]

35. Muzzio, M.L.; Kabakian, M.L.; Morosán-Allo, Y.; Ferrari, S.; Fallahi, P.; Fernández, J.; Santucci, M.P.; Andrés-Lacueva, C.;
Antonelli, A.; Brenta, G.; et al. Association of glomerular hyperfiltration with serum chemokine levels and metabolic features in
prepubertal children with overweight/obesity. Nutr. Metab. Cardiovasc. Dis. 2020, 30, 1188–1195. [CrossRef] [PubMed]

36. Getz, G.S. Bridging the innate and adaptive immune systems. J. Lipid Res. 2005, 46, 619–622. [CrossRef]
37. Teo, K.; Yusuf, S.; Sleight, P.; Anderson, C.; Mookadam, F.; Ramos, B.; Hilbrich, L.; Pogue, J.; Schumacher, H.; ONTAR-

GET/TRANSCEND Investigators. Rationale, design, and baseline characteristics of 2 large, simple, randomized trials evaluating
telmisartan, ramipril, and their combination in high-risk patients: The Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial/Telmi. Am. Heart J. 2004, 148, 52–61. [CrossRef]

38. Al-Aly, Z.; Zeringue, A.; Fu, J.; Rauchman, M.I.; McDonald, J.R.; El-Achkar, T.M.; Balasubramanian, S.; Nurutdinova, D.; Xian, H.;
Stroupe, K.; et al. Rate of kidney function decline associates with mortality. J. Am. Soc. Nephrol. 2010, 21, 1961–1969. [CrossRef]

39. Holtkamp, F.A.; De Zeeuw, D.; Thomas, M.C.; Cooper, M.E.; De Graeff, P.A.; Hillege, H.J.L.; Parving, H.H.; Brenner, B.M.;
Shahinfar, S.; Heerspink, H.J.L. An acute fall in estimated glomerular filtration rate during treatment with losartan predicts a
slower decrease in long-term renal function. Kidney Int. 2011, 80, 282–287. [CrossRef]

40. Apperloo, A.J.; De Zeeuw, D.; De Jong, P.E. A short-term antihypertensive treatment-induced fall in glomerular filtration rate
predicts long-term stability of renal function. Kidney Int. 1997, 51, 793–797. [CrossRef]

41. Wanner, C.; Inzucchi, S.E.; Lachin, J.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. J. Med. 2016, 375, 323–334. [CrossRef]
[PubMed]

http://doi.org/10.2337/dc11-2189
http://doi.org/10.1159/000453283
http://doi.org/10.1152/ajprenal.00026.2002
http://doi.org/10.1152/ajprenal.00314.2016
http://doi.org/10.1016/0014-5793(88)80543-X
http://doi.org/10.1038/cdd.2011.201
http://www.ncbi.nlm.nih.gov/pubmed/22281705
http://doi.org/10.1007/s00296-014-3146-4
http://doi.org/10.1007/s00296-010-1572-5
http://www.ncbi.nlm.nih.gov/pubmed/20658289
http://doi.org/10.1002/acr.21800
http://doi.org/10.1177/0300060515613495
http://doi.org/10.3389/fimmu.2019.01223
http://doi.org/10.1080/10739680701283018
http://doi.org/10.1007/s00210-019-01655-w
http://doi.org/10.2337/db11-0358
http://doi.org/10.1073/pnas.95.2.588
http://www.ncbi.nlm.nih.gov/pubmed/9435236
http://doi.org/10.1194/jlr.R400013-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/15547292
http://doi.org/10.1681/ASN.2014060577
http://www.ncbi.nlm.nih.gov/pubmed/25855781
http://doi.org/10.18926/AMO/45266
http://www.ncbi.nlm.nih.gov/pubmed/21519365
http://doi.org/10.1016/j.numecd.2020.03.012
http://www.ncbi.nlm.nih.gov/pubmed/32448719
http://doi.org/10.1194/jlr.E500002-JLR200
http://doi.org/10.1016/j.ahj.2004.03.020
http://doi.org/10.1681/ASN.2009121210
http://doi.org/10.1038/ki.2011.79
http://doi.org/10.1038/ki.1997.111
http://doi.org/10.1056/NEJMoa1515920
http://www.ncbi.nlm.nih.gov/pubmed/27299675


Int. J. Mol. Sci. 2022, 23, 3915 11 of 12

42. Connelly, K.A.; Bhatt, D.L.; Verma, S. Can We DECLARE a Victory against Cardio-Renal Disease in Diabetes? Cell Metab. 2018, 28,
813–815. [CrossRef] [PubMed]

43. Neal, B.; Perkovic, V.; Mahaffey, K.W.; de Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.; Matthews, D.R.
Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N. Engl. J. Med. 2017, 377, 644–657. [CrossRef] [PubMed]

44. Jardine, M.J.; Zhou, Z.; Mahaffey, K.W.; Oshima, M.; Agarwal, R.; Bakris, G.; Bajaj, H.S.; Bull, S.; Cannon, C.P.; Charytan, D.M.;
et al. Renal, cardiovascular, and safety outcomes of canagliflozin by baseline kidney function: A secondary analysis of the
CREDENCE randomized trial. J. Am. Soc. Nephrol. 2020, 31, 1128–1139. [CrossRef] [PubMed]

45. Leiter, L.A.; Yoon, K.-H.; Arias, P.; Langslet, G.; Xie, J.; Balis, D.A.; Millington, D.; Vercruysse, F.; Canovatchel, W.; Meininger, G.
Canagliflozin provides durable glycemic improvements and body weight reduction over 104 weeks versus glimepiride in patients
with type 2 diabetes on metformin: A randomized, double-blind, phase 3 study. Diabetes Care 2015, 38, 355–364. [CrossRef]

46. Lin, Y.-H.; Huang, Y.-Y.; Hsieh, S.-H.; Sun, J.-H.; Chen, S.-T.; Lin, C.-H. Renal and Glucose-Lowering Effects of Empagliflozin and
Dapagliflozin in Different Chronic Kidney Disease Stages. Front. Endocrinol. (Lausanne) 2019, 10, 820. [CrossRef]

47. Heerspink, H.J.L.; Karasik, A.; Thuresson, M.; Melzer-Cohen, C.; Chodick, G.; Khunti, K.; Wilding, J.P.H.; Garcia Rodriguez,
L.A.; Cea-Soriano, L.; Kohsaka, S.; et al. Kidney outcomes associated with use of SGLT2 inhibitors in real-world clinical practice
(CVD-REAL 3): A multinational observational cohort study. Lancet Diabetes Endocrinol. 2020, 8, 27–35. [CrossRef]

48. van Bommel, E.J.M.; Muskiet, M.H.A.; Tonneijck, L.; Kramer, M.H.H.; Nieuwdorp, M.; van Raalte, D.H. SGLT2 Inhibition in the
Diabetic Kidney-From Mechanisms to Clinical Outcome. Clin. J. Am. Soc. Nephrol. 2017, 12, 700–710. [CrossRef]

49. Sato, A. Does the temporary decrease in the estimated glomerular filtration rate (eGFR) after initiation of mineralocorticoid
receptor (MR) antagonist treatment lead to a long-term renal protective effect? Hypertens. Res. 2019, 42, 1841–1847. [CrossRef]

50. Collard, D.; Brouwer, T.F.; Olde Engberink, R.H.G.; Zwinderman, A.H.; Vogt, L.; van den Born, B.-J.H. Initial Estimated Glomerular
Filtration Rate Decline and Long-Term Renal Function during Intensive Antihypertensive Therapy: A Post Hoc Analysis of the
SPRINT and ACCORD-BP Randomized Controlled Trials. Hypertension 2020, 75, 1205–1212. [CrossRef]

51. Kobayashi, H.; Abe, M.; Nakamura, Y.; Takahashi, K.; Fujita, M.; Takeda, Y.; Yoneda, T.; Kurihara, I.; Itoh, H.; Tsuiki, M.;
et al. Association between Acute Fall in Estimated Glomerular Filtration Rate after Treatment for Primary Aldosteronism and
Long-Term Decline in Renal Function. Hypertension 2019, 74, 630–638. [CrossRef] [PubMed]

52. Ahmed, A.K.; Kamath, N.S.; El Kossi, M.; El Nahas, A.M. The impact of stopping inhibitors of the renin-angiotensin system in
patients with advanced chronic kidney disease. Nephrol. Dial. Transpl. 2010, 25, 3977–3982. [CrossRef] [PubMed]

53. Viggiano, D.; Gigliotti, G.; Vallone, G.; Giammarino, A.; Nigro, M.; Capasso, G. Urate-Lowering Agents in Asymptomatic
Hyperuricemia: Role of Urine Sediment Analysis and Musculoskeletal Ultrasound. Kidney Blood Press Res. 2018, 43, 606–615.
[CrossRef] [PubMed]

54. Irazabal, M.V.; Torres, V.E.; Hogan, M.C.; Glockner, J.; King, B.F.; Ofstie, T.G.; Krasa, H.B.; Ouyang, J.; Czerwiec, F.S. Short-term
effects of tolvaptan on renal function and volume in patients with autosomal dominant polycystic kidney disease. Kidney Int.
2011, 80, 295–301. [CrossRef]

55. Edwards, M.E.; Chebib, F.T.; Irazabal, M.V.; Ofstie, T.G.; Bungum, L.A.; Metzger, A.J.; Senum, S.R.; Hogan, M.C.; El-Zoghby,
Z.M.; Kline, T.L.; et al. Long-term administration of tolvaptan in autosomal dominant polycystic kidney disease. Clin. J. Am. Soc.
Nephrol. 2018, 13, 1153–1161. [CrossRef]

56. Gansevoort, R.T.; Meijer, E.; Chapman, A.B.; Czerwiec, F.S.; Devuyst, O.; Grantham, J.J.; Higashihara, E.; Krasa, H.B.; Ouyang, J.;
Perrone, R.D.; et al. Albuminuria and tolvaptan in autosomal-dominant polycystic kidney disease: Results of the TEMPO 3:4
Trial. Nephrol. Dial. Transpl. 2016, 31, 1887–1894. [CrossRef]

57. Higashihara, E.; Torres, V.E.; Chapman, A.B.; Grantham, J.J.; Bae, K.; Watnick, T.J.; Horie, S.; Nutahara, K.; Ouyang, J.; Krasa, H.B.;
et al. Tolvaptan in autosomal dominant polycystic kidney disease: Three years’ experience. Clin. J. Am. Soc. Nephrol. 2011, 6,
2499–2507. [CrossRef]

58. Chebib, F.T.; Perrone, R.D.; Chapman, A.B.; Dahl, N.K.; Harris, P.C.; Mrug, M.; Mustafa, R.A.; Rastogi, A.; Watnick, T.; Yu, A.S.L.;
et al. A practical guide for treatment of rapidly progressive ADPKD with tolvaptan. J. Am. Soc. Nephrol. 2018, 29, 2458–2470.
[CrossRef]

59. Devuyst, O.; Torres, V.E. Osmoregulation, vasopressin, and cAMP signaling in autosomal dominant polycystic kidney disease.
Curr. Opin. Nephrol. Hypertens. 2013, 22, 459–470. [CrossRef]

60. Van Gastel, M.D.A.; Torres, V.E. Polycystic Kidney Disease and the Vasopressin Pathway. Ann. Nutr. Metab. 2017, 70, 43–50.
[CrossRef]

61. Torres, V.E.; Chapman, A.B.; Devuyst, O.; Gansevoort, R.T.; Perrone, R.D.; Koch, G.; Ouyang, J.; McQuade, R.D.; Blais, J.D.;
Czerwiec, F.S.; et al. Tolvaptan in Later-Stage Autosomal Dominant Polycystic Kidney Disease. N. Engl. J. Med. 2017, 377,
1930–1942. [CrossRef] [PubMed]

62. Torres, V.E.; Chapman, A.B.; Devuyst, O.; Gansevoort, R.T.; Grantham, J.J.; Higashihara, E.; Perrone, R.D.; Krasa, H.B.; Ouyang, J.;
Czerwiec, F.S. Tolvaptan in Patients with Autosomal Dominant Polycystic Kidney Disease. N. Engl. J. Med. 2012, 367, 2407–2418.
[CrossRef] [PubMed]

63. Sans-Atxer, L.; Joly, D. Tolvaptan in the treatment of autosomal dominant polycystic kidney disease: Patient selection and special
considerations. Int. J. Nephrol. Renovasc. Dis. 2018, 11, 41–51. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cmet.2018.11.010
http://www.ncbi.nlm.nih.gov/pubmed/30517896
http://doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/28605608
http://doi.org/10.1681/ASN.2019111168
http://www.ncbi.nlm.nih.gov/pubmed/32354987
http://doi.org/10.2337/dc13-2762
http://doi.org/10.3389/fendo.2019.00820
http://doi.org/10.1016/S2213-8587(19)30384-5
http://doi.org/10.2215/CJN.06080616
http://doi.org/10.1038/s41440-019-0320-9
http://doi.org/10.1161/HYPERTENSIONAHA.119.14659
http://doi.org/10.1161/HYPERTENSIONAHA.119.13131
http://www.ncbi.nlm.nih.gov/pubmed/31327258
http://doi.org/10.1093/ndt/gfp511
http://www.ncbi.nlm.nih.gov/pubmed/19820248
http://doi.org/10.1159/000489145
http://www.ncbi.nlm.nih.gov/pubmed/29689561
http://doi.org/10.1038/ki.2011.119
http://doi.org/10.2215/CJN.01520218
http://doi.org/10.1093/ndt/gfv422
http://doi.org/10.2215/CJN.03530411
http://doi.org/10.1681/ASN.2018060590
http://doi.org/10.1097/MNH.0b013e3283621510
http://doi.org/10.1159/000463063
http://doi.org/10.1056/NEJMoa1710030
http://www.ncbi.nlm.nih.gov/pubmed/29105594
http://doi.org/10.1056/NEJMoa1205511
http://www.ncbi.nlm.nih.gov/pubmed/23121377
http://doi.org/10.2147/IJNRD.S125942
http://www.ncbi.nlm.nih.gov/pubmed/29430193


Int. J. Mol. Sci. 2022, 23, 3915 12 of 12

64. Chapman, A.B.; Torres, V.E.; Perrone, R.D.; Steinman, T.I.; Bae, K.T.; Philip Miller, J.; Miskulin, D.C.; Oskoui, F.R.; Masoumi, A.;
Hogan, M.C.; et al. The HALT polycystic kidney disease trials: Design and implementation. Clin. J. Am. Soc. Nephrol. 2010, 5,
102–109. [CrossRef] [PubMed]

65. Ruggenenti, P.; Remuzzi, A.; Ondei, P.; Fasolini, G.; Antiga, L.; Ene-Iordache, B.; Remuzzi, G.; Epstein, F.H. Safety and efficacy of
long-acting somatostatin treatment in autosomal-dominant polycystic kidney disease. Kidney Int. 2005, 68, 206–216. [CrossRef]

66. Irazabal, M.V.; Rangel, L.J.; Bergstralh, E.J.; Osborn, S.L.; Harmon, A.J.; Sundsbak, J.L.; Bae, K.T.; Chapman, A.B.; Grantham, J.J.;
Mrug, M.; et al. Imaging classification of autosomal dominant polycystic kidney disease: A simple model for selecting patients
for clinical trials. J. Am. Soc. Nephrol. 2015, 26, 160–172. [CrossRef]

67. Chapman, A.B.; Bost, J.E.; Torres, V.E.; Guay-Woodford, L.; Bae, K.T.; Landsittel, D.; Li, J.; King, B.F.; Martin, D.; Wetzel, L.H.; et al.
Kidney volume and functional outcomes in autosomal dominant polycystic kidney disease. Clin. J. Am. Soc. Nephrol. 2012, 7,
479–486. [CrossRef]

68. Viggiano, D.; De Santo, N.G.; Amruthraj, N.J.; Capolongo, G.; Capasso, G.; Anastasio, P. Renal response to an oral protein load in
patients with central diabetes insipidus before and after treatment with vasopressin. J. Nephrol. 2019, 32, 411–415. [CrossRef]

69. Cantero-Navarro, E.; Fernández-Fernández, B.; Ramos, A.M.; Rayego-Mateos, S.; Rodrigues-Diez, R.R.; Sánchez-Niño, M.D.;
Sanz, A.B.; Ruiz-Ortega, M.; Ortiz, A. Renin-angiotensin system and inflammation update. Mol. Cell. Endocrinol. 2021, 529,
111254. [CrossRef]

70. Kim, S.R.; Lee, S.-G.; Kim, S.H.; Kim, J.H.; Choi, E.; Cho, W.; Rim, J.H.; Hwang, I.; Lee, C.J.; Lee, M.; et al. SGLT2 inhibition
modulates NLRP3 inflammasome activity via ketones and insulin in diabetes with cardiovascular disease. Nat. Commun. 2020,
11, 2127. [CrossRef]

71. Lee, T.-M.; Chang, N.-C.; Lin, S.-Z. Dapagliflozin, a selective SGLT2 Inhibitor, attenuated cardiac fibrosis by regulating the
macrophage polarization via STAT3 signaling in infarcted rat hearts. Free Radic. Biol. Med. 2017, 104, 298–310. [CrossRef]
[PubMed]

72. Gibson, A.; Hammond, S.; Jaruthamsophon, K.; Roth, S.; Mosedale, M.; Naisbitt, D.J. Tolvaptan- and Tolvaptan-Metabolite-
Responsive T Cells in Patients with Drug-Induced Liver Injury. Chem. Res. Toxicol. 2020, 33, 2745–2748. [CrossRef] [PubMed]

73. Naughton, C.A. Drug-induced nephrotoxicity. Am. Fam. Physician 2008, 78, 743–750. [PubMed]
74. Minakuchi, H.; Wakino, S.; Urai, H.; Kurokochi, A.; Hasegawa, K.; Kanda, T.; Tokuyama, H.; Itoh, H. The effect of aldosterone

and aldosterone blockade on the progression of chronic kidney disease: A randomized placebo-controlled clinical trial. Sci. Rep.
2020, 10, 16626. [CrossRef] [PubMed]

75. Trujillo, H.; Caravaca-Fontán, F.; Caro, J.; Morales, E.; Praga, M. The Forgotten Antiproteinuric Properties of Diuretics. Am. J.
Nephrol. 2021, 52, 435–449. [CrossRef]

76. Rossing, P.; Agarwal, R.; Anker, S.D.; Filippatos, G.; Pitt, B.; Ruilope, L.M.; Amod, A.; Marre, M.; Joseph, A.; Lage, A.; et al.
Efficacy and safety of finerenone in patients with chronic kidney disease and type 2 diabetes by GLP-1RA treatment: A subgroup
analysis from the FIDELIO-DKD trial. Diabetes Obes. Metab. 2022, 24, 125–134. [CrossRef] [PubMed]

77. Al Dhaybi, O.; Bakris, G.L. Mineralocorticoid Receptor Antagonists-Evidence for Kidney Protection, Trials with Novel Agents.
Adv. Chronic Kidney Dis. 2021, 28, 371–377. [CrossRef]

78. Agarwal, R.; Filippatos, G.; Pitt, B.; Anker, S.D.; Rossing, P.; Joseph, A.; Kolkhof, P.; Nowack, C.; Gebel, M.; Ruilope, L.M.; et al.
Cardiovascular and kidney outcomes with finerenone in patients with type 2 diabetes and chronic kidney disease: The FIDELITY
pooled analysis. Eur. Heart J. 2021, 43, 474–484. [CrossRef]

79. Zhang, L.; Xue, S.; Hou, J.; Chen, G.; Xu, Z.-G. Endothelin receptor antagonists for the treatment of diabetic nephropathy: A
meta-analysis and systematic review. World J. Diabetes 2020, 11, 553–566. [CrossRef]

80. Agarwal, R.; Sinha, A.D.; Cramer, A.E.; Balmes-Fenwick, M.; Dickinson, J.H.; Ouyang, F.; Tu, W. Chlorthalidone for Hypertension
in Advanced Chronic Kidney Disease. N. Engl. J. Med. 2021, 385, 2507–2519. [CrossRef]

81. Trivedi, H.; Dresser, T.; Aggarwal, K. Acute effect of furosemide on glomerular filtration rate in diastolic dysfunction. Ren. Fail.
2007, 29, 985–989. [CrossRef] [PubMed]

82. Tucker, B.J.; Blantz, R.C. Effect of furosemide administration on glomerular and tubular dynamics in the rat. Kidney Int. 1984, 26,
112–121. [CrossRef] [PubMed]

83. Wan, E.Y.F.; Yu, E.Y.T.; Chan, L.; Mok, A.H.Y.; Wang, Y.; Chan, E.W.Y.; Wong, I.C.K.; Lam, C.L.K. Comparative Risks of
Nonsteroidal Anti-Inflammatory Drugs on CKD. Clin. J. Am. Soc. Nephrol. 2021, 16, 898–907. [CrossRef] [PubMed]

84. Nishida, Y.; Takahashi, Y.; Tezuka, K.; Takeuchi, S.; Nakayama, T.; Asai, S. Comparative Effect of Calcium Channel Blockers on
Glomerular Function in Hypertensive Patients with Diabetes Mellitus. Drugs R&D 2017, 17, 403–412. [CrossRef]

85. Ellison, D.H. SGLT2 inhibitors, hemodynamics, and kidney protection. Am. J. Physiol. Renal Physiol. 2021, 321, F47–F49. [CrossRef]

http://doi.org/10.2215/CJN.04310709
http://www.ncbi.nlm.nih.gov/pubmed/20089507
http://doi.org/10.1111/j.1523-1755.2005.00395.x
http://doi.org/10.1681/ASN.2013101138
http://doi.org/10.2215/CJN.09500911
http://doi.org/10.1007/s40620-018-00575-x
http://doi.org/10.1016/j.mce.2021.111254
http://doi.org/10.1038/s41467-020-15983-6
http://doi.org/10.1016/j.freeradbiomed.2017.01.035
http://www.ncbi.nlm.nih.gov/pubmed/28132924
http://doi.org/10.1021/acs.chemrestox.0c00328
http://www.ncbi.nlm.nih.gov/pubmed/33085478
http://www.ncbi.nlm.nih.gov/pubmed/18819242
http://doi.org/10.1038/s41598-020-73638-4
http://www.ncbi.nlm.nih.gov/pubmed/33024237
http://doi.org/10.1159/000517020
http://doi.org/10.1111/dom.14558
http://www.ncbi.nlm.nih.gov/pubmed/34580995
http://doi.org/10.1053/j.ackd.2021.07.005
http://doi.org/10.1093/eurheartj/ehab777
http://doi.org/10.4239/wjd.v11.i11.553
http://doi.org/10.1056/NEJMoa2110730
http://doi.org/10.1080/08860220701641777
http://www.ncbi.nlm.nih.gov/pubmed/18067045
http://doi.org/10.1038/ki.1984.144
http://www.ncbi.nlm.nih.gov/pubmed/6503131
http://doi.org/10.2215/CJN.18501120
http://www.ncbi.nlm.nih.gov/pubmed/33910887
http://doi.org/10.1007/s40268-017-0191-y
http://doi.org/10.1152/ajprenal.00092.2021

	Introduction 
	Glomerular Hyperfiltration and Circulating Immunological Factors 
	RASi and Initial eGFR Reduction 
	SGLT2i and eGFR Reduction 
	VRA and eGFR Reduction 
	Other Examples 
	Discussion and Conclusions 
	Future Perspectives 
	References

