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ABSTRACT

Pharmaceuticals called sodium-glucose cotransporter-2 (SGLT-2) inhibitors are used to manage diabetes mellitus.
They mainly target the enzyme SGLT-2, which is located in the kidney's proximal tubule. Recent research suggests
that SGLT-2 inhibitors demonstrate positive effects on kidney health in adult chronic kidney disease (CKD)
patients, irrespective of whether they have type 2 diabetes. This study aims to highlight different SGLT-2 inhibitors
that have reno-protective effects in non-diabetic patients with different kidney and comorbid disease conditions. It
has been demonstrated that dapagliflozin, a particular SGLT-2 inhibitor, reduces early levels of proteinuria in
pediatrics with proteinuric CKD. On the other hand, empagliflozin has demonstrated positive effects on kidney
health in adult CKD patients, regardless of whether they have type 2 diabetes. Furthermore, canagliflozin has been
found to protect against cisplatin-induced acute kidney injury (AKI) in a mouse model. Ertugliflozin administration
has been associated with a reduction in the ratio of urinary albumin to creatinine and mitigated a decline in
creatinine-based estimated glomerular filtration rate (eGFRCr). In conclusion, in non-diabetic cases, SGLT-2
inhibitors have generally shown promise in maintaining kidney function; dapagliflozin and canagliflozin, in
particular, have been demonstrated to have beneficial effects on proteinuria levels and AKI, respectively.
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1. Introduction dgcline i_n GFR in patients with diabetes-related
kidney disease [1].

Type 2 diabetes (T2DM) is treated with a
new family of oral medications called SGLT-2
inhibitors. Ninety percent of the active renal
glucose reabsorption in the S1 segment of the
early proximal tubule is attributed to the renal
SGLT-2, which is the target of these medications.

These inhibitors lower blood glucose levels

Large cardiovascular  outcome trials
(CVOTs) have demonstrated renal protective
advantages linked with the use of sodium-glucose
cotransporter-2 ~ (SGLT-2) inhibitors, as
demonstrated by secondary analysis of the
combined microvascular outcome [2-5].

without the need for insulin by stopping the
proximal renal tubules from reabsorbing glucose.
According to a recent study, these drugs may
have renoprotective benefits since they reduce
the degree of albuminuria and moderate the

Among the therapeutic advantages of SGLT-
2 inhibitor medication for the kidney in diabetic
patients is the improvement of albuminuria and
the mitigation of the rate of renal function
deterioration [6]. This supports the assumption
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that SGLT-2 inhibitors can provide reno-
protective benefits in non-diabetic individuals.

2. Methods

The present review included a range of
search strategy results and data sources, including
literature reviews, systematic reviews, and
clinical trials. A search strategy was formulated
employing medical subject headings (MeSH) to
explore the PubMed scientific databases. The

MeSH terms employed encompassed SGLT-2
inhibitors, non-diabetic patients, Reno-protective,
Dapagliflozin, Empagliflozin, and Canagliflozin.
The inclusion criteria comprised studies
published in the English language from 2005 to
January 2024, with a particular focus on the most
recent literature on the Reno-protective effect of
SGLT-2 inhibitors in non-diabetic cases as
represented in the article selection flow chart

(Fig. 1).

Fig. 1. Articles selection flow chart

3. Results and Discussion
3.1. Chronic Kidney Disease

Chronic kidney disease (CKD) is a medical
disorder marked by ongoing changes to the
structure or function of the kidneys, or both, with
potential consequences to an individual's overall
health. Imaging methods may be used to monitor
various conditions such as cancers, atrophy,

]

SGLT-2 inhibitors, non-diabetic patients, Reno-protective, Dapagliflozin,
Empagliflozin, Canagliflozin, Ertuglifiozin (n=147)

1
Records Excluded
Non-English articles, duplicate articles, non-
related articles

Studies assessed for eligibility (n=9)

Studies and records included in review (Reno-
protective effect of SGLT-2 inhibitorsin non-
diabetic patients) (n=9)

abnormalities, and cysts. On the other hand,
edema, growth retardation in children, changes in
urine production or quality, and hypertension can
all be signs of renal malfunction. Increased blood
urea nitrogen, cystatin C, or creatinine levels are
commonly used to detect these alterations.
Regardless of the underlying injury or illness,
renal fibrosis is among the most common
pathological signs of CKD [7-9].
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The prevalence of CKD in all stages ranges
from 7 to 12% worldwide. Adults with CKD G3—
G5 have varying prevalence rates around the
world; figures have been reported as 1.7% in
China, 3.1% in Canada, 5.8% in Australia, and
6.7% in the US. Europe-wide, the prevalence
varies; it is 2.3% in Germany, 2.4% in Finland,
4.0% in Spain, and 5.2% in England [9].

The fluctuation in these numerical values is a
matter that warrants additional investigation and
could potentially be ascribed to various factors
(e.g., certain studies may employ a singular time
juncture, thereby not satisfying the criteria for
CKD); thus, it remains uncertain whether the
prevalence has been overestimated or
underestimated [10].

Table 1. Various phases of CKD

3.1.1. Classification

The most accurate measure of overall renal
function is thought to be the glomerular filtration
rate or GFR. It quantifies the total volume of
fluid that is filtered by all the functional nephrons
in a specific unit of time [11].

Chronic kidney disease (CKD) is categorized
based on the eGFR (Table 1), ranging from stage
1 to 5. Stage 1 signifies an eGFR greater than 90
mL/min, coupled with other renal abnormalities
such as proteinuria. In stage 2, the eGFR falls
within the range of 60-89 mL/min, while stage 3
corresponds to an eGFR of 30-59 mL/min. Stage
4 is characterized by an eGFR of 15-29 mL/min,
and finally, stage 5 indicates an eGFR below 15
mL/min [12].

Stage 1 2 3 4 5
. Kidney damage
Kidney damage - - .
_— A with mild Moderate Severe reduction . .
Description with e|§her normal reduction reduction in GER in GER Kidney failure
or high GFR .
in GFR
TR ml/min/1.73 >90 60 - 89 30-59 15-29 <15 (or dialysis)
A A Chronic and late
Proteinuria, Proteinuria, . .
L S Chronic and early renal Renal failure,
Related terms albuminuria, albuminuria, . . . L. .
. - renal insufficiency  insufficiency, pre- uremia, ESRD
hematuria hematuria

ESRD

Note: ESRD, end-stage renal disease; GFR, glomerular filtration rate.

3.1.2. Epidemiology

The deficiency of research carried out in
local communities, the absence of consistent
methods for evaluating kidney function, and the
use of non-standardized or non-calibrated
approaches all lead to an inadequate
comprehension of the epidemiology of CKD in
low- and middle-income nations. Nevertheless, in
areas where evaluations have been carried out,
such as sub-Saharan Africa, some Latin
American nations (including Mexico), and
Southeast Asia, the prevalence of CKD seems to
correspond with estimations between 10% and

16%. The majority of prevalence statistics that
are now accessible, as stated in the first CKD
categorization scheme that was published in
2002, only take into consideration albuminuria
based on measurements of GFR [13, 14].

3.1.3. Pathophysiology

Kidney fibrosis gradually appears as a result
of chronic and continuous insults resulting from
progressive and chronic nephropathies, in
contrast to AKI, where the healing process results
in a complete functional recovery of the kidneys.
This detrimental process affects the three
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divisions of the renal organ: the glomeruli,
tubules, interstitium, and arteries. From a
histological standpoint, it presents vascular
sclerosis,  tubulointerstitial ~ fibrosis, and
glomerulosclerosis [15].

The intricate and overlapping sequence of
events that contribute to the formation of scar
tissue and fibrosis is a multifaceted and multi-
stage phenomenon. It includes the infiltration of
impaired kidneys with inflammatory cells
recruited from other tissues, the triggering,
multiplication, and loss of constitutional renal
cells (via programmed cell death, tissue death,

Hypertension Increased Aldosterone
| i

Podocyte
injury and
detachment,
Endothelial
cell injury and
activation

Increased Cytokines,
— adhesion molecules,
growth factors

Inflammatory cell
infiltration

Proteinuria Acidosis
AR *‘\ }
15e

Increased
tubular Cell

degeneration of mesangial cells, and depletion of
podocytes), the activation and proliferation of
cells that produce extracellular matrix (such as
myofibroblasts and fibroblasts), and the
deposition of extracellular matrix that replaces
the normal structure [15].

The following factors may speed up the
course of chronic kidney disease (CKD) (Fig. 2):
hypertrophy of the glomerulus, systemic and
intraglomerular  hypertension,  changes in
prostanoid metabolism, and the kidney's
production of calcium phosphate  [15].

Reactive Oxygen Species

Fig. 2. Mechanisms underlying chronic kidney disease progression

3.1.4. Proteinuria

Proteinuria, the presence of excess protein in
the wurine, is a significant marker and
consequence of chronic kidney disease (CKD). It
occurs when the kidneys’ filtering units, known
as glomeruli, are damaged, allowing proteins
such as albumin to leak into the urine [16]. In the
early stages of CKD, proteinuria may be mild and
asymptomatic. However, as kidney function
declines, the amount of protein in the urine
increases, leading to more severe health issues
[17].

Interstitial Infl;

I—l—\

Tubulo interstitial
fibrosis

Glomerulosclerosis

One of the primary consequences of
proteinuria in CKD is the exacerbation of kidney
damage. The presence of protein in the urine
indicates that the kidneys’ filtering capacity is
compromised. This can lead to a vicious cycle
where the loss of proteins further damages the
kidneys, increasing proteinuria and accelerating
CKD progression [18]. Proteinuria also can lead
to edema (swelling) due to the loss of proteins
that help regulate fluid balance in the body [19].
Another significant consequence of proteinuria is
its impact on cardiovascular health. Patients with
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CKD and proteinuria are at a higher risk of
cardiovascular diseases, including heart attacks
and strokes [20].

3.2. SGLT-2 inhibitors

SGLT-2 inhibitors, a class of
pharmacotherapeutic medications, are used to
treat diabetes mellitus. These agents exert their
primary effect by selectively targeting SGLT-2,
an enzyme localized within the proximal tubular
epithelium of the kidneys. The main way that
SGLT-2 inhibitors work is by slowing down the
kidneys' ability to reabsorb salt and glucose [21].

These specific drugs have garnered
considerable attention due to their observed
nephroprotective effects and their ability to
decrease the occurrence of cardiovascular events,
as demonstrated in several large-scale clinical
trials [22, 23]. Indeed, SGLT-2 inhibitors were
found to enhance GFR and lower mortality in a
large-scale clinical study involving 4,304 CKD
patients who were not diabetics [24]. Similarly, a
second clinical study with 6,609 individuals with
chronic kidney disease found that using
empagliflozin medication was related to a
decreased risk of renal disease progression [25].

These findings are in line with previous post
hoc analyses of clinical trials that found no
connection between blood glucose levels,
hemoglobin Alc (HbAlc), and the SGLT-2
inhibitors' nephroprotective benefits [26]. SGLT-
2 inhibitors have also been demonstrated to
improve renal oxygenation, lower glomerular
hypertension, and hyperfiltration, and trigger
anti-inflammatory and antifibrotic pathways [27].

3.2.1. Renoprotective Mechanisms

Recent research has presented many
explanations for the reno-protective benefit of
SGLT-2 inhibitors in those with diabetes.
Enhanced glomerular hyperfiltration, decreased
renal oxygen consumption and inflammatory
response, and improved cell energy metabolism
are some of these processes. The indirect
mechanism of SGLT-2 inhibitors’ reno-
protective benefits includes lowering blood
pressure, uric acid, insulin, and insulin levels
examined in a recent study. Other effects
included encouraging  weight  reduction,
increasing glucagon levels, and enhancing
diuresis (Fig. 3) [28, 29].

Increased oxygenation

of tubular cells based
on decreased demand
for solute transport
and increased
hematocrit leading to
increase oxygen
delivery

Improved metabolic
parameters (decreased
HbAIC, weight)

Decrease blood
pressure, even in the

presence of CKD Protection
Decrease Endotheliall +<———  against diabetic
dysfunction kidney disease

Decrease Arterial
stiffness

Potential direct
cardiovascular
effects improved
cardiac function
with maintenance of
renal perfusion

Decrease ambient
proinflammatory/profi
brotic pathways
(experimental evidence
only)

“Loop diuretic-
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Fig. 3. Proposed mechanisms underlying renal protection with sodium-glucose cotransporter-2 inhibition
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SGLT-2 inhibitors have been shown to
postpone the onset of end-stage renal failure in
non-diabetic instances of nephropathy by
lowering the rate of single nephron glomerular
filtration (SNGFR) and preventing
hyperfiltration. Keep in mind that stopping
SGLT-2 inhibitors returns SNGFR to its pre-
starting SGLT-2 inhibitor level [30].

Adding to the discussed reno-protective
effects of SGLT2 inhibitors, they were also found
to lower the risk of major adverse cardiovascular
events and reduce all-cause and cardiovascular
mortality. This demonstrates how these
medications can be used for purposes other than
treating diabetes [31].

3.2.2. Uses of SGLT-2 inhibitors

The main purpose of SGLT-2 inhibitors is to
treat T2DM in adult patients. It can be taken
either alone or in addition to other antidiabetic
medications. Furthermore, regardless of a
person's diabetes status, SGLT-2 inhibitors such
as dapagliflozin are authorized for the treatment
of CKD for those who are at risk of their disease
progressing [32].

3.2.3. Side Effects

The most often reported side effects related
to d SGLT-2 inhibitors are nasopharyngitis
(common cold), urinary tract infections (UTIs),
and genital mycotic infections (yeast infections).
Other potential side effects include volume
depletion (dehydration), hypoglycemia (low
blood sugar), ketosis (breakdown of fat for
energy), diabetic ketoacidosis (a severe
complication of diabetes), bone fractures, and
bladder cancer [33].

3.3. Dapagliflozin
3.3.1. Clinical Efficacy

Studies have indicated that dapagliflozin is
effective in lowering blood sugar levels for those
with T2DM. Additionally, it has been noted to

have other benefits such as a decrease in blood
pressure and weight loss [34]. Additionally,
dapagliflozin has demonstrated the potential to
lower the risk of cardiovascular death, heart
failure-related hospitalization, and kidney failure
in those with CKD [35].

3.3.2. The impact of dapagliflozin on
proteinuria in non-diabetic individuals with
chronic kidney disease

Conversely, a prospective case series, based
on observation without intervention, was initiated
among six patients diagnosed with Alport
syndrome (AS) or  focal segmental
glomerulosclerosis (FSGS). With a once-daily
dosage of either 10 mg dapagliflozin (n= 3) or 10
mg empagliflozin (n= 3), the patients gave their
agreement for off-label therapy. The patients
responded favorably to the combination of the
renin-angiotensin-aldosterone system (RAAS)-
blockade  with  either  empagliflozin  or
dapagliflozin, and it helped reverse the initial fall
in eGFR and albuminuria. This suggests that
treating inherited podocytopathies by correcting
the glomerular filtration barrier's hemodynamic
excess via SGLT-2-mediated mechanisms has a
lot of potential [36].

Enrolling participants in an open-label,
randomized clinical trial with an age range of 18
to 80 years was done. These patients had already
taken their ACE inhibitor or angiotensin receptor
blocker to the fullest extent allowed, and their
eGFR ranged from 25 to 45 mL/min/1.73 m?,
while their albuminuria levels were between 150
and 2000 mg/g. For a period of four weeks, the
individuals were randomized to receive a daily
dosage of either dapagliflozin (10 mg) or
finerenone (20 mg). Following this first stage,
both medications were given in combination for a
further four weeks. The results demonstrated that
when finerenone was given either alone or in
conjunction with dapagliflozin, the urine
albumin-to-creatinine  ratio (UACR) was



378 Hammad et al., Arch Pharm Sci ASU 8(2): 372-385

decreased by 24% and 34%, respectively. Similar
to this, dapagliflozin treatment alone or in
conjunction with finerenone caused an 8% and
10% drop in UACR, respectively [37].

The combined use of finer one and
dapagliflozin not only reduced albuminuria but
also proved to be safe. Additionally, the observed
effect of the combination therapy was found to be
at least as potent as the predicted additive effect
of each drug on its own, suggesting a synergistic
influence on albuminuria [37].

3.3.3. Dapagliflozin's impact on the rate at
which kidney function decreases in those with
chronic renal disease

In a clinical research study using a
randomized controlled design, individuals with
CKD aged 18 and older were eligible to
participate, regardless of their diabetes status.
The eGFR of the subjects ranged from 25 to 75
mL/min per 1.73 m?, and their UACR varied
from 200 to 5000 mg/g. In addition to their
regular medication, the patients were randomly
assigned to receive either a placebo or oral
dapagliflozin (10 mg/day). Patients with T2DM,
higher HbAlc levels, and greater UACR
experienced the most significant differences in
the average eGFR slope between those treated
with dapagliflozin and those receiving a placebo
[38].

3.3.4. Efficacy and Safety of Dapagliflozin in
Children with Inherited Proteinuric Kidney
Disease

Proteinuria is considered a significant
contributing factor to the advancement of CKD.
In pediatric nephrotic syndrome, approximately
5% to 10% display resistance to steroid treatment
and other immunosuppressive therapies. Roughly
one-third of these cases can be linked to
monogenic disorders. The fundamental strategy
for addressing proteinuric CKD revolves around
the use of blockers that target the renin-

angiotensin-aldosterone system. However, these
agents often prove ineffective in achieving a
satisfactory reduction of proteinuria [39].

The clinical findings from a study involving
a cohort of 8 individuals aged 6 to 18 years
indicated that dapagliflozin resulted in an average
reduction of initial proteinuria levels by 33.3%
after 4 weeks and 22.6% after 12 weeks in the
subgroup of pediatric patients diagnosed with
proteinuric CKD [39].

3.3.5. Cost-Effectiveness of Dapagliflozin for
Non-diabetic chronic kidney disease

In the United States, CKD affects
approximately one in seven adults, imposing a
considerable economic burden with an annual
cost of $100 billion. The introduction of
dapagliflozin in conjunction with standard care
has demonstrated an extension of life expectancy
by an additional two years. Furthermore, this
intervention has led to an increase in discounted
quality-adjusted life years (QALYSs) from 6.75 to
8.06. It is noteworthy that the total incidence of
kidney failure needing KRT dropped from 17.4%
to 11.0% when dapagliflozin was released.
Furthermore, the average duration of KRT has
significantly dropped across the cohort's lifetime,
from 0.77 years to 0.43 years [40].

For individuals experiencing non-diabetic
CKD, dapagliflozin has shown effectiveness in
improving life expectancy, slowing down CKD
progression, reducing the number of patients
requiring kidney replacement therapy, and
shortening the duration of time spent on kidney
replacement  therapy. The utilization of
dapagliflozin aligns with established
conventional criteria for cost-effectiveness [40].

3.4. Empagliflozin
3.4.1. Clinical benefits

The administration of empagliflozin resulted
in advantageous outcomes with the main
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measures of effectiveness in both CKD and non-
CKD patients. The benefits and safety of
empagliflozin generally held throughout a wide
range of renal function, even at baseline eGFR of
20 ml/min/1.73 m? [41].

Empagliflozin has demonstrated
effectiveness in improving cardiorenal outcomes
and reducing the risk of heart failure
hospitalization in patients with diabetes [42].

3.4.2. Empagliflozin's impact on proteinuria
and the development of kidney function in
those with non-diabetic glomerulonephritis

Empagliflozin exhibits a beneficial impact on
the improvement of proteinuria in individuals
diagnosed with glomerulonephritis. Additionally,
compared to a placebo, empagliflozin tends to
safeguard Kkidney function in patients with
glomerulonephritis [43].

In a clinical trial, 3730 patients with class II,
I11, or IV heart failure with an ejection fraction of
40% or less were randomly assigned to receive
10 mg of empagliflozin once a day or a placebo
in addition to their regular medication. Over the
course of a median of 16 months, the primary end
event happened in 462 out of 1867 patients
(24.7%) in the placebo group and in 361 out of
1863 cases (19.4%) in the empagliflozin group
(hazard ratio for cardiovascular death or
hospitalization for heart failure, 0.75; P<0.001).
The effect of empagliflozin on the primary
outcome was independent of the presence of
diabetes in the patient. Hospitalizations for heart
failure were less common in the empagliflozin
group than in the placebo group (hazard ratio,
0.70; P<0.001) [44].

Individuals receiving empagliflozin had a
decreased risk of severe renal consequences, and
compared to the placebo group, the estimated
glomerular filtration rate decreased at a slower
yearly rate (-0.55 vs. -2.28 ml per minute per
1.73 m? of body-surface area per year, P<0.001).

On the other hand, empagliflozin has been related
to more frequent reports of simple genital tract
infections [44].

Regardless of diabetes, the effect of SGLT-2
inhibitors on cardiovascular events in patients
with HFrEF was evaluated in a pre-specified
meta-analysis of two large-scale studies (n=
8474). When SGLT-2 inhibitors  were
administered, compared to control, there was a
statistically significant 13% decrease in all-cause
mortality (hazard ratio [HR] 0.87, p= 0.018) and
a 14% decrease in cardiovascular death (HR 0.86,
p= 0.027). Additionally, SGLT-2 inhibitors led to
a 26% decrease in the combined risk of
cardiovascular death or first heart failure
hospitalization (HR 0.74, p<0.0001) and a 25%
reduction in recurrent hospitalizations for heart
failure or cardiovascular death (HR 0.75,
p<0.0001) [45].

Additionally, there was a significant
reduction in the risk of the composite renal
endpoint (0.62, p= 0.013). Empagliflozin and
dapagliflozin's consistent effects on heart failure
hospitalizations in the two separate studies imply
that these medications also improve renal
outcomes and help lower the risk of
cardiovascular and all-cause mortality in HFrEF
patients [45].

A controlled phase 3 experiment was
undertaken in 241 locations throughout eight
countries: China, Japan, Malaysia, Germany,
Italy the United Kingdom, Canada, and the
United States. To be eligible for inclusion,
patients had to fulfill two requirements: they
needed to have an eGFR of 20 to less than 45
mL/min per 1.73 m® or 45 to < 90 mL/min per
1.73m? and a UACR of 200 mg/g or greater at
screening. They were randomized to receive 10
mg of oral empagliflozin per day in a 1:1 ratio, or
a matching placebo. 6609 individuals were
observed for a median of 2.0 years (IQR 1.5-2.4)
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after being randomly assigned. According to
study data, there was a statistically significant
decrease in the incidence of renal disease
progression in the empagliflozin group. With a
hazard ratio of 0.71, progression happened in
11.6% of those using empagliflozin as opposed to
15.2% in the placebo group. These findings
imply that taking empagliflozin in individuals
with chronic renal illness may reduce their risk of
disease progression [46].

3.5. Canagliflozin

3.5.1. Canagliflozin protective effect against
acute kidney injury secondary to cisplatin
administration

An assessment was carried out to determine
if canagliflozin offers a defense against acute
kidney injury (AKI) brought on by cisplatin. This
defense depends on adenosine monophosphate-
activated protein kinase (AMPK) activation and
the subsequent induction of autophagy. It was
discovered through experimental research
employing the human proximal tubule epithelial
cell (HK-2) line that canagliflozin shields renal
proximal tubular cells against cisplatin. However,
the protective effects of canagliflozin were
neutralized by the addition of either chloroquine
or dorsomorphin, an AMPK inhibitor. Moreover,
canagliflozin demonstrated efficacy in protecting
mice against cisplatin-induced AKI in a mouse
model of the disease. Nevertheless, the protective
effect of canagliflozin disappeared when cisplatin
and chloroquine or dorsomorphin were given
together. These combined results suggest that
canagliflozin's capacity to protect against
cisplatin-induced AKI depends critically on the
activation of AMPK and autophagy in renal
proximal tubular cells [47].

3.6. Ertugliflozin

A clinical trial that focused on assessing the

efficacy and safety of ertugliflozin, found that
this medication was able to decrease the
likelihood of encountering the composite
exploratory endpoint, which includes a sustained
40% decrease in baseline eGFRCr, the need for
chronic renal replacement therapy, and mortality
attributed to renal causes [48]. In addition,
administration of ertugliflozin correlated with a
reduction in the ratio of urinary albumin to
creatinine and mitigated the decline in eGFRCr
[49].

In a different clinical trial, individuals were
randomized to receive a placebo or ertugliflozin
at a dose of 5 or 15 mg/d. Plasma samples were
taken for biomarker analysis at three distinct
intervals during the trial: baseline, 26 weeks, and
52 weeks. The results showed that independent of
the participants' initial kidney function state,
ertugliflozin treatment led to a persistent
lowering of the tubular damage marker kidney
injury molecule-1 (KIM-1) in people with T2DM
and stage 3 CKD [50] (Table 2).

Conclusion

SGLT-2 inhibitors, such as empagliflozin,
dapagliflozin, canagliflozin, and ertugliflozin,
have shown promising results in improving renal
function in individuals with CKD, both diabetic
and non-diabetic. These inhibitors have been
linked to a drop in the total number of renal
failure cases that need KRT as well as a shorter
KRT duration. In summary, SGLT-2 inhibitors
have shown significant promise in improving
renal outcomes and reducing the need for kidney
replacement therapy in chronic kidney disease
(CKD) patients. These medications are effective
in decreasing albuminuria and preserving renal
function.

Table 2. Summary of renoprotective effects of different SGLT-2 inhibitors
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Therapy Numper e Disease conditions Clinical outcomes Ref
subjects
A Tief Alport syndrome (AS) / A
DTl torIn G 6 Focal segmental glomerulosclerosis PENDIICEN [36]

Empagliflozin (FSGS)

eGFR  between 25
mL/min/1.73m?
&

Dapagliflozin alone
or 20
+ finerenone

Reduction of albuminuria

45

dapagliflozin alone or + finer enone resulted in a decrease

in albumin-to-creatinine ratio by 8% and 10% [37]

albuminuria levels (150 to 2000 mg/g)

eGFR 25 and 75 mL/min per 1.73m?

Significant decrease in the long-term decline of eGFR in

Rapalifea e urinary  albumin-to-creatinine  ratio individuals with chronic kidney disease =
(UACR) 200-5000 mg/g
- R A Reduction of initial proteinuria levels by 33.3% after 4
Dapagliflozin 8 Proteinuric CKD pediatrics weeks of treatment and 22.6% after 12 weeks [39]
Empagliflozin 3730 Class I, 1lI, or IV heart failure + Fewer hospitalizations for heart failure. [44]

Ejection fraction of <40%

Empagliflozin or 8474

Heart failure with reduced ejection

Reduced risk of serious renal outcomes.

13% reduction in all-cause death
14% reduction in cardiovascular death [45]
Reduction in the risk of the composite renal endpoint

kidney disease progression occurred in 11.6% of patients
in the empagliflozin group compared to 15.2% of patients [46]

canagliflozin protected renal proximal tubular cells from

cisplatin-induced acute kidney injury (471

Dapagliflozin fraction
eGFR of 20 to < 45 mL/min per 1.73
m?, or 45 to < 90 mL/min per 1.73 m?
Empagliflozin 6609 +
urinary albumin-to-creatinine ratio 200 in the placebo group
mg/g or higher
Canagliflozin HKI-iiecell Cisplatin-induced acute kidney injury
Ertugliflozin 231 T2DM + stage 3 CKD

Sustained reduction of the tubular injury marker KIM-1 [50]

Declarations

Ethics Approval and Consent to Participate
Not applicable.

Consent to Publish

All authors have read and agreed to the
published version of the manuscript.

Availability of Data and Materials

All data generated or analyzed during this
study are included in this published article in the
main manuscript.

Competing Interests

The authors declare that no competing
interests exist.

Funding statement

The author(s) received no specific funding for
this work.

Authors’ Contributions

All authors contributed to the study's
conception and design. Material preparation, data
collection, and analysis were performed by Reem
Gamal Hammad. The first draft of the manuscript
was written by Reem Gamal Hammad and all
authors commented on previous versions of the
manuscript. All authors read and approved the
final manuscript. All authors read and approved
the final manuscript.

Acknowledgment

The authors would like to acknowledge all
colleagues in the EI Demerdash Hospital,
Nephrology Department, Ain Shams University.



382

Hammad et al., Arch Pharm Sci ASU 8(2): 372-385

4. References

1.

Tsimihodimos V, Filippatos TD, Filippas-
Ntekouan S, Elisaf M. Renoprotective effects
of SGLT2 inhibitors: beyond glucose
reabsorption inhibition. Curr Vasc Pharmacol
2017, 15:96-102. Doi:
10.2174/1570161114666161007163426.

Wanner C, Inzucchi SE, Lachin JM, Fitchett
D, von Eynatten M, Mattheus M, et al.
Empagliflozin and progression of kidney
disease in type 2 diabetes. N Engl J Med
2016; 375:323-334. Doi:
10.1056/NEJM0a1515920.

Neal B, Perkovic V, Mahaffey KW, De
Zeeuw D, Fulcher G, Erondu N, et al.
Canagliflozin and cardiovascular and renal
events in type 2 diabetes. N Engl J Med

2017; 377:644-657. Doi:
10.1056/NEJMo0al1611925.
Mosenzon O, Wiviott SD, Cahn A,

Rozenberg A, Yanuv I, Goodrich EL, et al.
Effects of dapagliflozin on development and
progression of kidney disease in patients with
type 2 diabetes: an analysis from the
DECLARE-TIMI 58 randomised trial.
Lancet Diabetes Endocrinol 2019; 7:606-617.
Doi: 10.1016/S2213-8587(19)30180-9.

Clegg LE, Penland RC, Bachina S, Boulton
DW, Thuresson M, Heerspink HJ, et al.
Effects of exenatide and open-label SGLT2
inhibitor treatment, given in parallel or
sequentially, on mortality and cardiovascular
and renal outcomes in type 2 diabetes:
insights from the EXSCEL trial. Cardiovasc
Diabetol 2019; 18:1-2. Doi: 10.1186/s12933-
019-0942-x.

Lin FJ, Wang CC, Hsu CN, Yang CY, Wang
CY, Ou HT. Renoprotective effect of SGLT-
2 inhibitors among type 2 diabetes patients
with different baseline kidney function: a
multi-center study. Cardiovasc Diabetol

10.

11.

12.

13.

2021; 20:1-1.
01396-2.

Levin A, Stevens PE, Bilous RW, Coresh J,
De Francisco AL, De Jong PE, et al. Kidney
Disease:  Improving Global Outcomes
(KDIGO) CKD Work Group. KDIGO 2012
clinical practice guideline for the evaluation
and management of chronic kidney disease.
Kidney Int 2013; 3:1-50. Doi:
10.1038/kisup.2012.73.

Zoccali C, Vanholder R, Massy ZA, Ortiz A,
Sarafidis P, Dekker FW, et al. The systemic
nature of CKD. Nat Rev Nephrol 2017;
13:344-358. Doi: 10.1038/nrneph.2017.52.

Doi: 10.1186/s12933-021-

Romagnani P, Remuzzi G, Glassock R,
Levin A, Jager KJ, Tonelli M, et al. Chronic
kidney disease. Nat Rev Dis Primers 2017;
3:1-24. Doi: 10.1038/nrdp.2017.88.

Glassock RJ, Warnock DG, Delanaye P. The
global burden of chronic kidney disease:
estimates, variability and pitfalls. Nat Rev
Nephrol 2017; 13:104-114. Doi:
10.1038/nrneph.2016.163.

Levey AS, Becker C, Inker LA. Glomerular
filtration rate and albuminuria for detection
and staging of acute and chronic kidney
disease in adults: a systematic review. Jama
2015; 313:837-846. Doi:
10.1001/jama.2015.0602.

Levey AS, Eckardt KU, Tsukamoto Y,
Levin A, Coresh J, Rossert J, et al. Definition
and classification of chronic kidney disease:
a position statement from Kidney Disease:
Improving Global Outcomes (KDIGO).
Kidney Int 2005; 67:2089-2100. Doi:
10.1111/j.1523-1755.2005.00365.x.

Stanifer JW, Muiru A, Jafar TH, Patel UD.
Chronic kidney disease in low-and middle-
income countries. Nephrol Dial Transplant
2016; 31:868-874. Doi: 10.1093/ndt/gfv466.



14.

15.

16.

17.

18.

19.

20.

21.

22.

The Reno-protective effect of SGLT-2 inhibitors in non-diabetic patients. A comparative review 383

Ene-lordache B, Perico N, Bikbov B,
Carminati S, Remuzzi A, Perna A, et al.
Chronic kidney disease and cardiovascular
risk in six regions of the world (ISN-KDDC):
a cross-sectional study. Lancet Glob Health
2016; 4:e307-319. Doi: 10.1016/S2214-
109X(16)00071-1.

Vaidya SR, Aeddula NR. Chronic kidney
disease. Updated 2022 Oct 24. Treasure
Island (FL): StatPearls Publishing; 2024.

Haider MZ, Aslam A. Proteinuria. Treasure
Island (FL): StatPearls Publishing; 2023.

Makhammajanov Z, Gaipov A, Myngbay A,
Bukasov R, Aljofan M, Kanbay M. Tubular
toxicity of proteinuria and the progression of
chronic kidney disease. InProceedings of the
European Dialysis  and  Transplant
Association-European  Renal  Association.
Congress 2023 Oct 3. Oxford University
Press.

Makhammajanov Z, Gaipov A, Myngbay A,
Bukasov R, Aljofan M, Kanbay M. Tubular
toxicity of proteinuria and the progression of

chronic kidney disease. Nephrol Dial
Transplant ~ 2024;  39:589-599.  Doi:
10.1093/ndt/gfad215.

Lent-Schochet D, Jialal 1. Physiology,

edema. Updated 2023 May 1. Treasure Island
(FL): StatPearls Publishing; 2024.

Vondenhoff S, Schunk SJ, Noels H.
Increased cardiovascular risk in patients with
chronic kidney disease. Herz 2024; 49:95-
104. Doi: 10.1007/s00059-024-05235-4.

Nespoux J, Vallon V. SGLT2 inhibition and
kidney protection. Clin Sci 2018; 132:1329-
1339. Doi: 10.1042/CS20171298.

Wiviott SD, Raz |, Bonaca MP, Mosenzon
O, Kato ET, Cahn A, et al. Dapagliflozin and
cardiovascular outcomes in type 2 diabetes.
N Engl J Med 2019; 380:347-357. Doi:

23.

24.

25.

26.

27.

28.

29.

30.

10.1056/NEJM0a1812389.

Wanner C, Inzucchi SE, Lachin JM, Fitchett
D, von Eynatten M, Mattheus M, et al.
Empagliflozin and progression of kidney
disease in type 2 diabetes. N Engl J Med
2016; 375:323-334. Doi:
10.1056/NEJM0a1515920.

Heerspink HJ, Stefansson BV, Correa-Rotter
R, Chertow GM, Greene T, Hou FF, et al.
Dapagliflozin in patients with chronic kidney
disease. N Engl J Med 2020; 383:1436-1446.
Doi: 10.1056/NEJM0a2024816.

Herrington WG, Staplin N, Wanner C,
Green JB, Hauske SJ, Emberson JR, et al.
Empagliflozin in patients with chronic
kidney disease. N Engl J Med 2022; 388:117-
127. Doi: 10.1056/NEJM0a2204233.

Wanner C, Inzucchi SE, Lachin JM, Fitchett
D, von Eynatten M, Mattheus M, et al.
Empagliflozin and progression of kidney
disease in type 2 diabetes. N Engl J Med
2016; 375:323-334. Doi:
10.1056/NEJM0a1515920.

Kawanami D, Matoba K, Takeda Y, Nagai
Y, Akamine T, Yokota T, et al. SGLT2
inhibitors as a therapeutic option for diabetic
nephropathy. Int J Mol Sci 2017; 18:1083.
Doi: 10.3390/ijms18051083.

Garofalo C, Borrelli S, Liberti ME,
Andreucci M, Conte G, Minutolo R, et al.
SGLT2 inhibitors: nephroprotective efficacy
and side effects. Medicina 2019; 55:268. Doi:
10.3390/medicina55060268.

Ni L, Yuan C, Chen G, Zhang C, Wu X.
SGLT?2i: beyond the glucose-lowering effect.
Cardiovasc Diabetol 2020; 19:98. Doi:
10.1186/s12933-020-01071-y.

Chamberlain JJ, Doyle-Delgado K, Peterson
L, Skolnik N. Diabetes technology: review of
the 2019 American Diabetes Association



384

31.

32.

33.

34.

35.

36.

37.

Hammad et al., Arch Pharm Sci ASU 8(2): 372-385

standards of medical care in diabetes. Ann
Intern Med 2019; 171:415-420. Doi:
10.7326/M19-1638.

Xu D, Chandler O, Wee C, Ho C, Affandi JS,
Yang D, et al. Sodium-glucose cotransporter-
2 inhibitor (SGLT2i) as a primary
preventative agent in the healthy individual: a
need of a future randomised clinical trial?.
Front Med 2021; 8:712671. Doi:
10.3389/fmed.2021.712671.

Padda IS, Mahtani AU, Parmar M. Sodium-
glucose transport protein 2 (SGLT2)
inhibitors. Updated 2023 Jun 3. Treasure
Island (FL): StatPearls Publishing; 2023.

Gorriz JL, Romera I, Cobo A, O’Brien PD,
Merino-Torres JF. Glucagon-like peptide-1
receptor agonist use in people living with
type 2 diabetes mellitus and chronic kidney
disease: a narrative review of the key
evidence with practical considerations.
Diabetes Ther 2022; 13:389-421. Doi:
10.1007/s13300-021-01198-5.

Filippatos TD, Liberopoulos EN, Elisaf MS.
Dapagliflozin in patients with type 2 diabetes
mellitus. Ther Adv Endocrinol Metab 2015;
6:29-41. Doi: 10.1177/2042018814558243.

McMurray JJ, Wheeler DC, Stefansson BV,
Jongs N, Postmus D, Correa-Rotter R, et al.
Effects of dapagliflozin in patients with
Kidney disease, with and without heart
failure. Heart Fail 2021; 9:807-820. Doi:
10.1016/j.jchf.2021.06.017.

Boeckhaus J, Gross O. Sodium-glucose
cotransporter-2 inhibitors in patients with
hereditary podocytopathies, alport syndrome,
and FSGS: a case series to better plan a
large-scale study. Cells 2021; 10:1815. Doi:
10.3390/cells10071815.

Marup FH, Thomsen MB, Birn H. Additive
effects of dapagliflozin and finerenone on

38.

39.

40.

41.

42.

43.

albuminuria in non-diabetic CKD: an open-
label randomized clinical trial. Clin Kidney J
2024; 17:sfad249. Doi: 10.1093/ckj/sfad249.

Heerspink HJ, Jongs N, Chertow GM,
Langkilde AM, McMurray JJ, Correa-Rotter
R, et al. Effect of dapagliflozin on the rate of
decline in kidney function in patients with
chronic kidney disease with and without type
2 diabetes: a prespecified analysis from the
DAPA-CKD  trial.  Lancet  Diabetes
Endocrinol 2021; 9:743-754. Doi:
10.1016/S2213-8587(21)00242-4.

Liu J, Cui J, Fang X, Chen J, Yan W, Shen
Q, et al. Efficacy and safety of dapagliflozin
in children with inherited proteinuric kidney
disease: a pilot study. Kidney Int Rep 2022;
7:638-641. Doi: 10.1016/j.ekir.2021.12.019.

Tisdale RL, Cusick MM, Aluri KZ, Handley
TJ, Joyner AK, Salomon JA, et al. Cost-
effectiveness of dapagliflozin for non-
diabetic chronic kidney disease. J Gen Intern
Med 2022; 37:3380-3387. Doi:
10.1007/s11606-021-07311-5.

Sharma A, Ferreira JP, Zannad F, Pocock SJ,
Filippatos G, Pfarr E, et al. Cardiac and
kidney benefits of empagliflozin in heart
failure across the spectrum of Kkidney
function: Insights from the
EMPEROR-Preserved trial. Eur J Heart Fail
2023; 25:1337-1348. Doi: 10.1002/ejhf.2857.

Rosul MM, Bletskan MM, Ivano NV,
Korabelschykova MO, Rudakova SO.
Clinical effectiveness of empagliflozin in
patients with heart failure. Wiad Lek 2023;
76:645-650. Doi:
10.36740/WLek202303130.

Hammad H, Shaaban A, Philips MV, Fayed
A, Abdelaziz TS. Effect of sodium—glucose
transporter 2 inhibitor empagliflozin on
proteinuria and kidney function progression
in patients with non-diabetic



44,

45,

46.

47.

48.

The Reno-protective effect of SGLT-2 inhibitors in non-diabetic patients. A comparative review 385

glomerulonephritis: a pilot  superiority
randomized controlled trial. Int Urol Nephrol
2023; 55:2321-2326. Doi: 10.1007/s11255-
023-03539-8.

Packer M, Anker SD, Butler J, Filippatos G,
Pocock SJ, Carson P, et al. Cardiovascular
and renal outcomes with empagliflozin in
heart failure. N Engl J Med 2020; 383:1413-
1424. Doi: 10.1056/NEJM0a2022190.

Zannad F, Ferreira JP, Pocock SJ, Anker SD,
Butler J, Filippatos G, et al. SGLT2
inhibitors in patients with heart failure with
reduced ejection fraction: a meta-analysis of
the EMPEROR-Reduced and DAPA-HF
trials. Lancet 2020; 396:819-829. Doi:
10.1016/S0140-6736(20)31824-9.

Judge PK, Staplin N, Mayne KJ, Wanner C,
Green JB, Hauske SJ, et al. Impact of
primary kidney disease on the effects of
empagliflozin in patients with chronic kidney
disease: secondary analyses of the EMPA-
KIDNEY trial. Lancet Diabetes Endocrinol
2024; 12:51-60. Doi: 10.1016/S2213-
8587(23)00322-4.

Park CH, Lee B, Han M, Rhee WJ, Kwak
MS, Yoo TH, et al. Canagliflozin protects
against cisplatin-induced acute kidney injury
by AMPK-mediated autophagy in renal
proximal tubular cells. Cell Death Discov
2022; 8:12. Doi: 10.1038/s41420-021-00801-
9.

Cherney DZ, Charbonnel B, Cosentino F,
Dagogo-Jack S, McGuire DK, Pratley R, et
al. Effects of ertugliflozin on kidney
composite outcomes, renal function and
albuminuria in patients with type 2 diabetes
mellitus: an analysis from the randomised
VERTIS CV trial. Diabetologia 2021,
64:1256-1267. Doi: 10.1007/s00125-021-
05407-5.

49.

50.

Levey AS, Inker LA, Matsushita K, Greene
T, Willis K, Lewis E, et al. GFR decline as
an end point for clinical trials in CKD: a
scientific workshop sponsored by the
National Kidney Foundation and the US
Food and Drug Administration. Am J Kidney
Dis 2014, 64:821-35. Doi:
10.1053/j.ajkd.2014.07.030.

Liu H, Sridhar VS, Lovblom LE, Lytvyn'Y,
Burger D, Burns K, et al. Markers of kidney
injury, inflammation, and fibrosis associated
with ertugliflozin in patients with CKD and
diabetes. Kidney Int Rep 2021; 6:2095-2104.
Doi: 10.1016/j.ekir.2021.05.022.



