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ABSTRACT

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are a class of novel oral anti-hyperglycemic agents which are
increasingly used in clinical practice. SGLT-2 inhibitors improve glycemic control and cardiorenal outcomes, promote
weight loss, and reduce blood pressure. Randomized controlled trials have demonstrated that SGLT-2 inhibitors reduce
proteinuria and delay progression of kidney disease in patients with albuminuria. However, whether SGLT-2 inhibitors
have similar benefits in patients with nephrotic-range proteinuria has not been well established. Evidence to date has
been limited to case reports, case series and secondary analyses of randomized controlled trials. This is the first
comprehensive review on the effectiveness of SGLT-2 inhibitors for the treatment of patients with nephrotic-range
albuminuria or proteinuria. Overall findings support a likely beneficial role of SGLT-2 inhibitors in reducing proteinuria
and delaying chronic kidney disease progression in patients with nephrotic-range proteinuria.

LAY SUMMARY

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors might be a promising agent in non-diabetic kidney patients with
proteinuria. Lowering proteinuria may help to improve kidney disease patients’ outcome by slowing kidney disease
progression and decreasing the risk of new cardiovascular events.

Keywords: albuminuria, diabetic kidney disease, diabetic nephropathy, nephrotic-range proteinuria, SGLT-2 inhibitors

Received: 4.4.2022; Editorial decision: 17.8.2022

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

52

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfac189
https://orcid.org/0000-0002-9805-9523
https://orcid.org/0000-0002-1297-0675
mailto:mkanbay@ku.edu.tr
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


SGLT-2i in nephrotic-range proteiuria 53

INTRODUCTION

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are among
themost prescribed oral antidiabetic agents globally [1, 2]. These
agents have beneficial effects that extend beyond glycemic con-
trol and include weight loss, protection against major cardiovas-
cular events, blood pressure reduction and delaying chronic kid-
ney disease (CKD) progression [3].While reduction in proteinuria
and long-term nephroprotective effects have been established
in patients with microalbuminuria [urinary albumin:creatinine
ratio (UACR) 30–300 mg/g] and macroalbuminuria (>300 mg/g)
[4, 5], the potential use of SGLT-2 inhibitors in patients with
nephrotic-range proteinuria (NRP) was first described in a De-
cember 2017 case report of nephrotic syndrome secondary
to type 2 diabetes mellitus (T2DM) successfully treated with
tofogliflozin [6, 7].

Multiple hypotheses have been proposed regarding the
mechanisms underlying the nephroprotective effects of SGLT-
2 inhibitors including a reduction in renal hyperfiltration via
tubuloglomerular feedback, reduced proximal tubule sodium re-
absorption, decreased energy consumption by proximal tubu-
lar cells, protection of proximal tubular cells from glucotoxic-
ity, enhanced erythropoiesis, improved mitochondrial function,
reduced oxidative stress, and decreased autophagy, podocyte
injury and renal inflammation (Fig. 1) [8–11]. Furthermore, in
murine models, SGLT-2 expression was observed in podocytes
and SGLT-2 inhibitors exhibit antiproteinuric effects, limiting
podocyte dysfunction [12, 13]. From a clinical translation point of

view, single cell transcriptomics have detected low-level expres-
sion of the SLC5A2 gene encoding SGLT-2 in human podocytes
both under control and diabetic conditions [14, 15].

Nephrotic syndrome is defined by the constellation of NRP,
hypoalbuminemia, edema and hyperlipidemia. The proteinuria
threshold that defines NRP varies between studies but typically
refers to ≥3500 mg of proteinuria per day. Diabetic kidney dis-
ease is the leading cause of NRP, butminimal change disease and
membranous nephropathy usually cause nephrotic syndrome
while focal segmental glomerulosclerosis (FSGS) may cause NRP
or nephrotic syndrome [16]. Nephrotic syndrome is associated
with significant morbidity including infection and thromboem-
bolic events [17], and carries with it a high risk of progression
to end-stage kidney disease (ESKD). Therefore, there is interest
in examining whether the benefits of SGLT-2 inhibitors on kid-
ney outcomesmay be extended to the high-risk population com-
prised of patientswithNRPwith orwithout nephrotic syndrome.
In this review, we summarize and critically appraise current
evidence on the use and effectiveness of SGLT-2 inhibitors in
patients with NRP.

MATERIALS AND METHODS

A literature search of PubMed/Medline, Web of Science and
Google Scholar was performed in February 2022 using the
following keywords: ‘proteinuria’, ‘albuminuria’, ‘nephrotic
range proteinuria’, ‘massive proteinuria’, ‘nephrotic syndrome’,

Figure 1: Postulated mechanisms for the beneficial effect of SGLT-2 inhibitors in patients with nephrotic-range proteinuria.
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‘UACR’, ‘urine albumin-creatinine ratio’, ‘UPCR’, ‘urine protein-
creatinine ratio’, ‘sodium-glucose transporter 2 inhibitors’,
‘SGLT-2 inhibitors’, ‘gliflozin’, ‘canagliflozin’, ‘dapagliflozin’, ‘em-
pagliflozin’, ‘ertugliflozin’, ‘ipragliflozin’, ‘luseogliflozin’, ‘re-
mogliflozin’, ‘sergliflozin’, ‘sotagliflozin’, ‘tofogliflozin’, ‘diabetic
nephropathy’ and ‘chronic kidney disease’. The title and abstract
of each study were independently reviewed by each author to
evaluate suitability for inclusion in this study. For completeness,
reference lists of each study included were manually evaluated.

Inclusion criteria were studies evaluating the effects of SGLT-
2 inhibitor therapy in patients with NRP published in a peer-
reviewed journal in English. Studies not considered original in-
vestigations (i.e. systematic reviews, meta-analyses, editorials
and commentaries) were excluded.

RESULTS

A total of nine clinical studies comprised of seven case re-
ports/series and two secondary analyses from randomized con-
trolled trials evaluating the use of SGLT-2 inhibitors in a total of
592 patients with NRP were included (Table 1) [6, 18–25]. Study
protocols and patient characteristics were heterogeneous, mak-
ing comparison between studies challenging. The underlying
cause of kidney disease in patients included in this analysis was
predominantly T2DM [6, 18, 20, 22, 24, 25], while three studies
included patients with FSGS [19, 21, 23], three studies included
patients with various of etiologies of nephrotic syndrome [6, 18,
19] and one study included pediatric patients with Alport syn-
drome and Dent disease [21]. Two studies included in this review
were secondary analyses of randomized controlled trials in di-
abetic kidney disease [24, 25]. Significant difference in terms of
estimated glomerular filtration rate (eGFR) of the participants,
ranging between 30 and 105 mL/min/1.73 m², has been observed
across individual studies. Methods for proteinuria quantifica-
tionwere heterogeneous and included 24-h urine collection, and
urine albumin-creatinine ratio, and were reported in varying
units including g/m², mg/g, mg/mmol, mg/dL or mg/L. The term
‘nephrotic range proteinuria’ was not uniformly used in all stud-
ies and the threshold for NRP varied between studies but gener-
ally was at least UACR ≥2200mg/g corresponding to≥3500 mg of
proteinuria per day.

SGLT-2 inhibitors and proteinuria in patients with NRP

All studies reported varying reduction in proteinuria with SGLT-
2 inhibitor treatment (Fig. 2). In the first case report in a patient
with T2DM, a 76% reduction in proteinuria from 10.8 to 2.6 g/day
over a 24-week follow-up period with tofogliflozin was observed
[6]. Another case report also observed a 51% decrease in protein-
uria from 7.8 to 3.8 g/day 4 weeks after initiating empagliflozin
[20]. Imai et al. reported a 29% decrease in proteinuria from 7.0
to 5 g/day after 3 months [18]. Combination treatment with an
SGLT-2 inhibitor, glucagon-like peptide-1 (GLP-1) receptor ago-
nist, and angiotensin receptor blocker reduced proteinuria by
55%, from 13.2 to 5.9 g/day over 15 weeks [22].

In a secondary analysis of the Empagliflozin, Cardiovas-
cular Outcomes, and Mortality in Type 2 Diabetes (EMPA-
REG OUTCOME) trial which included 112 patients with T2DM
at high cardiovascular risk, albuminuria outcomes were re-
ported as sustained reduction by ≥30% or ≥50% from baseline
and absolute reduction below 1000 mg/g (partial remission) or
500 mg/g (complete remission) [24]. In this study, NRP was de-
fined by UACR ≥2200 mg/g and a complete remission of NRP to
<500 mg/g occurred in one in six participants, while partial re-

mission of NRP to <1000 mg/g UACR occurred in over 30% of pa-
tients and was more likely with empagliflozin compared with
placebo [hazard ration (HR) 2.31; 95% confidence interval (CI)
0.98−5.42]. A sustained UACR reduction of ≥30% was more fre-
quent in those with NRP compared to those without (P-value
for interaction .03) occurring in 76.5% of patients with NRP on
empagliflozin compared with 42.9% on placebo (HR 2.30; 95% CI
1.34–3.93). Moreover, a sustained ≥50% reduction in UACR oc-
curred in 58.8% of those with NRP taking empagliflozin in com-
parisonwith 26.2% on placebo (HR 2.48; 95% CI 1.27−4.84),which
was similar to patients without NRP [24].

A post hoc analysis of the CREDENCE trial evaluated 506 T2DM
patients with NRP (UACR ≥3000 mg/g, which equates to a urine
protein creatinine ratio of≥5000mg/g) treatedwith canagliflozin
versus placebo. Three patient groups with different baselines of
UACR (<1000, 1000–3000 and ≥3000 mg/g) were compared and
the relative reduction in albuminuria was lower in patients with
NRP (14% reduction in those with NRP versus 31% in patients
with UACR <1000 mg/g and 29% in patients with UACR between
1000 and 3000 mg/g, P-heterogeneity = .03), whereas the ab-
solute reduction was larger in patients with NRP (341 mg/g in
those with NRP compared with 163 mg/g in patients with UACR
<1000 mg/g, and 355 mg/g in patients with UACR between 1000
and 3000 mg/g) [25].

In another randomized double-blind placebo-controlled
cross-over study conducted on 58 participantswith non-diabetic
CKD with measured GFR over 25 mL/min/1.73 m² and 24-h uri-
nary protein excretion of 500 to 3500 mg, namely the DIAMOND
trial, dapagliflozin treatment for 6 weeks had no statistically sig-
nificant beneficial effect on proteinuria [26]. It is important to
emphasize the consistent results of dapagliflozin treatment on
proteinuria on subgroup analysis including sex, kidney diagno-
sis, baseline proteinuria level, systolic blood pressure and body
mass index, while statistically significant difference has been
observed in subgroup analysis depending on the baseline mea-
sured GFR value [26]. Dapagliflozin treatment leads to statisti-
cally significant decline in participants with baseline GFR over
60 mL/min/1.73 m2 compared with the patients with measured
GFR below 60 mL/min/1.73 m 2 [26]. Therefore, it is crucial to as-
sess the effects of SGLT-2 inhibitors on proteinuria in accordance
with the baseline measured GFR value of the patients in future
studies since it appears to be independent variable.

In one case report of FSGS,UACRdecreased 61%after 1month
(5100 to 2000mg/L) and 37%after 9months (984 to 618mg/mmol)
of empagliflozin therapy [19]. Similarly, dapagliflozin reduced
proteinuria by 33% at 4 weeks and 23% at 12 weeks in nine chil-
dren [21]. In two patients with FSGS, SGLT-2 inhibitors decreased
UACR by 84% from 4900 to 805 mg/g at 11 months in patient
1, and there was an 18% reduction from 2719 to 2233 mg/g at
3 months in patient 4 [23].

SGLT-2 inhibitors and kidney function in patients with
NRP

Studies reported an association between SGLT-2 inhibitors and
various measures of kidney function (change in eGFR, sustained
≥40%–50% eGFR decline, a composite outcome of doubling of
creatinine, kidney replacement therapy or renal death) (Table 2)
[21, 24, 25].

In a single patient diagnosed with rapidly progressive dia-
betic kidney disease, treatment with an angiotensin receptor
blocker, SGLT-2 inhibitor and GLP-1 receptor agonist proteinuria
was reduced by 55% and eGFR increased by 4.3 mL/min/1.73 m2

over 15 weeks, supporting a potential role for combination



SGLT-2i in nephrotic-range proteiuria 55

Ta
b
le

1:
C
h
ar
ac

te
ri
st
ic
s
of

st
u
d
ie
s
in

p
at
ie
n
ts

w
it
h
n
ep

h
ro

ti
c-
ra
n
ge

p
ro

te
in
u
ri
a.

D
ru

g/
d
os

ag
e

B
od

yw
ei
gh

t
(k
g)

B
lo
od

p
re
ss
u
re

(m
m
H
g)

A
u
th

or
St
u
d
y
d
es

ig
n

N
u
m
be

r
of

p
at
ie
n
ts

M
ea

n
ag

e
(y
ea

rs
)

G
en

d
er

SG
LT

-2
in
h
ib
it
or

s
B
as

el
in
e

m
ed

ic
at
io
n
s

C
om

or
bi
d
it
ie
s

B
as

el
in
e

Fo
ll
ow

-u
p

B
as

el
in
e

Fo
ll
ow

-u
p

Im
ai

et
al
.

[1
8]

C
as

e
re
p
or

t
1

48
F

D
ap

ag
li
fl
oz

in
(5

m
g/
d
ay

)
D
iu
re
ti
c

Ty
p
e
2
d
ia
be

te
s,

H
T
N
,

h
yp

er
ch

ol
es

te
re
m
ia

85
–9

0
75

15
3/
87

16
2/
87

Ta
n
ak

a
et

al
.

[6
]

C
as

e
re
p
or

t
1

54
M

To
fo
gl
ifl
oz

in
(2
0
m

g/
d
ay

)
D
PP

-4
in
h
ib
it
or

s,
R
A
A
S
bl
oc

ka
d
e,

st
at
in
,d

iu
re
ti
c

T
2D

M
,H

T
N
,

h
yp

er
ch

ol
es

te
re
m
ia

92
.2

80
.4

15
0/
94

13
0/
84

Sj
u
ls

et
al
.

[1
9]

C
as

e
re
p
or

t
1

28
M

Em
p
ag

li
fl
oz

in
(1
0
m

g/
d
ay

)
R
A
A
S
bl
oc

ka
d
e,

d
iu
re
ti
c,

PC
SK

9
in
h
ib
it
or
,s

ta
ti
n

FS
G
S,

ST
EM

I,
h
yp

er
ch

ol
es

te
re
m
ia

–
–

14
7/
88

–

Li
u
et

al
.[
21

]
C
as

e
re
p
or

t
9

10
.4

5M
/4
F

D
ap

ag
li
fl
oz

in
(1
0
m

g/
d
ay

≥
30

kg
)

R
A
A
S
bl
oc

ka
d
e

A
lp
or

t
d
is
ea

se
(n

=
5)
,D

en
t
d
is
ea

se
(n

=
1)
,F

SG
S
(n

=
1)

34
.9

(m
ea

n
)

–
–

–

Li
et

al
.[
20

]
Sy

st
em

at
ic

re
vi
ew

1
67

M
Em

p
ag

li
fl
oz

in
R
A
A
S
bl
oc

ka
d
e,

d
iu
re
ti
c

T
2D

M
–

–
–

–

M
or

in
o
et

al
.

[2
2]

C
as

e
re
p
or

t
1

30
F

C
an

ag
li
fl
oz

in
(5
0
m

g/
d
ay

)
R
A
A
S
bl
oc

ka
d
e,

G
LP

-1
an

al
og

u
e

T
2D

M
75

.6
67

.6
12

0/
92

11
6/
75

B
oe

ck
h
au

s
et

al
.[
23

]
C
as

e
se

ri
es

2
25

M
Em

p
ag

li
fl
oz

in
or

d
ap

ag
li
fl
oz

in
(1
0
m

g/
d
ay

)

R
A
A
S
bl
oc

ka
d
e,

im
m
u
n
os

u
p
p
re
ss
an

t
FS

G
S,

IB
D
,H

T
N

–
–

–
–

63
M

Em
p
ag

li
fl
oz

in
or

d
ap

ag
li
fl
oz

in
(1
0
m

g/
d
ay

)

R
A
A
S
bl
oc

ka
d
e

X
LA

S/
FS

G
S,

H
T
N
,

h
ea

ri
n
g
lo
ss

–
–

–
–

R
u
gg

en
en

ti
et

al
.[
24

]
R
an

d
om

iz
ed

C
on

tr
ol

Tr
ia
l

Em
p
ag

li
fl
oz

in
70

62
.7

47
M
/2
3F

Em
p
ag

li
fl
oz

in
(1
0
or

25
m
g/
d
ay

)
R
A
A
S
bl
oc

ka
d
e

(n
=

61
),

B
et
a-
bl
oc

ke
rs

(n
=

48
),
d
iu
re
ti
cs

(n
=

39
),
ca

lc
iu
m

ch
an

n
el

bl
oc

ke
rs

(n
=

32
),
st
at
in
s

(n
=

57
)

T
2D

M
(n

=
70

),
co

ro
n
ar
y
ar
te
ry

d
is
ea

se
(n

=
46

),
st
ro

ke
(n

=
21

),
p
er
ip
h
er
al

ar
te
ry

d
is
ea

se
(n

=
25

),
h
ea

rt
fa
il
u
re

(n
=

8)
,

d
ia
be

ti
c

n
ep

h
ro

p
at
h
y
(n

=
42

)

–
–

14
6/
79

.2
–



56 Z. Kalay et al.

Ta
b
le

1:
C
on

ti
n
u
ed

D
ru

g/
d
os

ag
e

B
od

yw
ei
gh

t
(k
g)

B
lo
od

p
re
ss
u
re

(m
m
H
g)

A
u
th

or
St
u
d
y
d
es

ig
n

N
u
m
be

r
of

p
at
ie
n
ts

M
ea

n
ag

e
(y
ea

rs
)

G
en

d
er

SG
LT

-2
in
h
ib
it
or

s
B
as

el
in
e

m
ed

ic
at
io
n
s

C
om

or
bi
d
it
ie
s

B
as

el
in
e

Fo
ll
ow

-u
p

B
as

el
in
e

Fo
ll
ow

-u
p

C
on

tr
ol

42
61

28
M
/1
4F

Pl
ac

eb
o

R
A
A
S
bl
oc

ka
d
e

(n
=

30
),

B
et
a-
bl
oc

ke
rs

(n
=

25
),
d
iu
re
ti
cs

(n
=

20
),
ca

lc
iu
m

ch
an

n
el

bl
oc

ke
rs

(n
=

25
),
st
at
in
s

(n
=

27
)

T
2D

M
(n

=
40

)
C
or

on
ar
y
ar
te
ry

d
is
ea

se
(n

=
32

)
St
ro

ke
(n

=
14

)
Pe

ri
p
h
er
al

ar
te
ry

d
is
ea

se
(n

=
13

),
h
ea

rt
fa
il
u
re

(n
=

9)
,

d
ia
be

ti
c
ki
d
n
ey

d
is
ea

se
(n

=
25

)

–
–

14
8/
81

–

Ja
rd

in
e

et
al
.[
25

]
R
an

d
om

iz
ed

co
n
tr
ol

tr
ia
l

50
6a

60
a

20
4
Fa

C
an

ag
li
fl
oz

in
(1
00

m
g/
d
ay

)o
r

p
la
ce

bo

In
su

li
n
(n

=
36

4)
,

su
lf
on

yl
u
re
a

(n
=

11
4)
,b

ig
u
an

id
e

(n
=

24
7)
,G

LP
-1

re
ce

p
to
r
ag

on
is
t

(n
=

19
),
D
PP

-4
in
h
ib
it
or

(n
=

65
),

st
at
in

(n
=

33
1)
,

an
ti
th

ro
m

bo
ti
c

ag
en

t
(n

=
26

1)
,

R
A
A
S
bl
oc

ka
d
e

(n
=

50
5)
,

B
et
a-
bl
oc

ke
r
(n

=
20

),
d
iu
re
ti
c
(n

=
26

1)
a

T
2D

M
(n

=
50

6)
,

h
ea

rt
fa
il
u
re

(n
=

86
),

ca
rd

io
va

sc
u
la
r

d
is
ea

se
(n

=
26

4)
,

re
ti
n
op

at
h
y

(n
=

26
1)
,

n
eu

ro
p
at
h
y

(n
=

27
6)

a

–
–

14
3/
80

(m
ea

n
)a

–

F:
fe
m
al
e;

M
:m

al
e;

H
T
N
:h

yp
er
te
n
si
on

;D
PP

-4
in
h
ib
it
or

:D
ip
ep

ti
d
yl

p
ep

ti
d
as

e-
4
in
h
ib
it
or

;R
A
A
S
bl
oc

ka
d
e:

re
n
in
-a
n
gi
ot
en

si
n
-a
ld
os

te
ro

n
e
sy

st
em

bl
oc

ka
d
e;

PC
SK

9
in
h
ib
it
or

:P
ro

p
ro

te
in

co
n
ve

rt
as

e
su

bt
il
is
in
/k
ex

in
ty
p
e
9
in
h
ib
it
or

;
ST

EM
I:
ST

-e
le
va

ti
on

m
yo

ca
rd

ia
li
n
fa
rc
ti
on

;I
B
D
:i
n
fl
am

m
at
or

y
bo

w
el

d
is
ea

se
;X

LA
S:

X
-l
in
ke

d
A
lp
or

t
sy

n
d
ro

m
e.

a
M
ea

n
n
u
m

be
r
of

ca
n
ag

li
fl
oz

in
-t
re
at
ed

p
at
ie
n
ts

an
d
co

n
tr
ol

gr
ou

p
.



SGLT-2i in nephrotic-range proteiuria 57

Figure 2: (A) Differences in proteinuria (g/day) between pretreatment and posttreatment. The follow-up period for each study is indicated in brackets [6, 18, 20, 22]. (B)
Differences in UACR (mg/g) between pretreatment and posttreatment in two patients from Boeckhaus et al. and one patient from Sjuls et al. Additionally, data from

subgroup analysis of the CREDENCE trial of canagliflozin in patients with T2DM are presented. The follow-up period for each patient is indicated in brackets [19, 23, 25].
(C) Difference between pretreatment and posttreatment in mean proteinuria (g/m²) of eight patients from Liu et al. [21]. The follow-up period is indicated in brackets.

therapy [14]. Another patient with FSGS treated with an
SGLT-2 inhibitor experienced an increase in eGFR from 74 to
104 mL/min/1.73 m² at 11 months and a second patient with Al-
port syndrome and FSGS eGFR was 41 mL/min/1.73 m² at base-
line and 39mL/min/1.73 m² at 3 months. An acute dip in eGFR at
12 weeks compared with baseline was observed in nine children
with FSGS, consistent with a hemodynamic effect seen in other
studies [21].

The most robust evidence for the use of SGLT-2 inhibitors
derives from secondary analyses of the EMPA-REG OUTCOME
and CREDENCE randomized controlled trials. In the EMPA-
REG OUTCOME trial, empagliflozin was associated with a 50%
reduction in the composite kidney outcome of doubling of
serum creatinine, kidney replacement therapy or renal death
in patients with NRP, with no difference compared with those
without NRP (P-value interaction .87). Patients with NRP were
at high risk for worsening kidney function with the com-
posite kidney outcome occurring in 20.6% treated with em-
pagliflozin in comparison with only 1.4% in patients without
NRP. Participants with NRP on empagliflozin treatment expe-
rienced an acute dip in eGFR similar to those without NRP
[24]. Annual mean eGFR decline was attenuated to a greater
extent in patients with NRP (–4.2 mL/min/1.73 m² on em-
pagliflozin versus –10.2 mL/min/1.73 m² with placebo, corre-
sponding to a between-group treatment difference of 6.0 (95%
CI 2.9–9.1 mL/min/1.73 m²) compared with that in those with-
out NPR (between-group treatment difference of 1.6 (95% CI

1.3–1.9) mL/min/1.73 m² per year: +0.3 mL/min/1.73 m² per
year with empagliflozin versus –1.3 mL/min/1.73 m² per year
in placebo; P-interaction = .005) [24]. The risk for sustained de-
cline in eGFR ≥40% was reduced by 55% with empagliflozin in
patients with NRP, which was not different from patients with-
out NRP. In patients with NRP, extrapolating eGFR slopes in-
creased the projected median time to ESKD from 5 to 10 years.
The attenuation in annual mean eGFR slope was more pro-
nounced in those with NRP compared with those without NRP
(P-interaction = .005) [24]. Additionally, it is important to empha-
size that approximately 80% of the participants are already on a
medication that acts as renin-angiotensin-aldosterone system
blocker.

A subgroup analysis of CREDENCE by albuminuria category
investigated the effect of canagliflozin on eGFR slope in patients
with T2DM. Higher UACR was associated with higher rates of
kidney and cardiovascular events. However, the benefit was con-
sistent across the range of albuminuria levels (<1000mg/g, 1000–
3000mg/g,>3000mg/g). Thus, canagliflozin reduced the primary
composite outcome of ESKD, sustained doubling of serum crea-
tinine and renal/cardiovascular death by 37% (HR 0.63; 95% CI
0.47–0.84) in those with NRP (P-heterogeneity = .55). Further-
more, canagliflozin reduced kidney-related adverse events, in-
cluding acute kidney injury, in patients with NRP (HR 0.49; 95%
CI 0.36–0.68; P-heterogeneity= .003). Canagliflozin decreased the
annual eGFR decline in every albuminuria category. The annual
eGFR decline differed by baseline UACR (P-heterogeneity = 0.04)
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Table 2: Characteristics of case studies featuring identifiers of kidney function.

Proteinuria

Author Baseline Follow-up GFR (mL/min/1.73 m²) Plasma albumin (g/dL) Follow up (months)

Imai et al. [18] 7.0 g/day 5.0 g/day – 2.0 3

Tanaka et al. [6] 10.8 g/day 2.6 g/day 89.991 2.4 6

Sjuls et al. [19] 984 mg/mmol 618 mg/mmol 30 1.2 9

Liu et al. [21] 2.86 g/m² (mean) 1.795 g/m² (mean) 105 (mean) 3.5 ± 0.7 (mean) 3

Li et al. [20] 7.8 g/day 3.8 g/day 62 – 1

Morino et al. [22] 13.2 g/day 5.9 g/day 20 2.1 4

Boeckhaus et al. [23] Patient 1 4.9 g/day 0.80 g/day 74 – 11
Patient 4 2.72 g/day 2.23 g/day 41 – 3

Ruggenenti et al. [24] Canagliflozin 3.53 g/g – 60.3 ± 19.5 (mean) 3.84 ± 0.47 (mean) 28
Control 3.68 g/g – 63.6 ± 23.5 (mean) 3.75 ± 0.45 (mean) 23

Jardine et al. [25] 3.89 g/ga 3.55 g/ga 53a – 31

aMean number of canagliflozin-treated patients and control group.

in a nonlinear fashion. The largest annual decline in eGFR
slope was observed in patients with UACR ≥3000 mg/g on
placebo (8.92 mL/min/1.73 m2), and it was reduced by 28% with
canagliflozin treatment [25]. Similar to the previous study, most
of the patients were already on a medication that acts as renin-
angiotensin-aldosterone system blocker.

DISCUSSION

The role of SGLT-2 inhibitors in patients with microalbumin-
uria and macroalbuminuria has been well-established. How-
ever, there is limited information on the outcomes of SGLT-2 in-
hibitors in patients with NRP. The studies included in this review
suggest that SGLT-2 inhibitors may successfully reduce protein-
uria and prevent CKD progression in patients with NRP, although
outcome measures were variable across studies.

The impact of SGLT-2 inhibitors on proteinuria was variable.
While 12 patients experienced complete resolution of protein-
uria [23, 24], other patients continued to have NRP at follow-up
[18–20, 22, 24]. Differences in proteinuria reduction may be
attributable to heterogeneous underlying disease etiologies,
proteinuria severity, variable follow-up duration and method
of proteinuria quantification. Despite our findings suggesting
reduction in proteinuria and preservation of kidney function in
both diabetic and non-diabetic participants, most participants
had underlying diabetic kidney disease. Therefore, future stud-
ies evaluating the effectiveness of SGLT-2 inhibitors in other
etiologies of NRP are needed. Only 12 participants did not have
diabetic kidney disease and these included patients with FSGS,
Alport syndrome and Dent disease. Consistent with findings
from randomized controlled trials, additional proteinuria re-
duction with SGLT-2 inhibitors was observed on a background
of renin-angiotensin-aldosterone blockade [6, 19, 21, 22, 24]. The
predominant SGLT-2 inhibitor prescribed was empagliflozin,
although all agents demonstrated reduction in proteinuria.
However, contradictory findings also exist in the literature
[27]. When the effect of SGLT-2 inhibitors was explored across

varying levels of proteinuria, patients with UACR >3000 mg/g
demonstrated the highest absolute but lowest relative reduction
in albuminuria [25]. Similarly, differences in terms of protein-
uria as outcome may be attributable to the differences among
studies in terms of the baseline eGFR values of the participants
as shown by few clinical studies [20, 26]. A study that evaluated
pediatric patients [21] provided evidence not available from ran-
domized controlled trials as pediatric patients were excluded.

It should be noted that the DAPA-CKD trial was not included
in the present analysis, although it included patients with a
wide range of glomerular disease and 1484 of the participants
had UACR >3000 mg/g consistent with NRP. In DAPA-CKD no
heterogeneity was observed between patients with UACR ≤1000
or >1000 mg/g; however, secondary analyses have not been
specifically performed in patients with NRP. However, a pre-
specified analysis in 104 biopsy-confirmed FSGS patients, a com-
mon cause of NRP, with a median UACR of 997 (interquartile
range 736–2290 mg/g) did not observe a significant reduction in
the rate of eGFR decline, although albuminuria reduction was
observed and albuminuria reduction is associated with chronic
eGFR slope.

Limitations to this study include the low total number of pa-
tients, varying study quality, variability in proteinuria measure-
ment, different durations of follow-up, and low representation
of diverse etiologies of nephrotic syndrome which limits gener-
alizability beyond diabetic kidney disease. Additionally, the dif-
ferences between the effects of SGLT-2 inhibitors on NRP may
partially be attributable to the eGFR of the patients included in
individual studies. Nevertheless, this is the first study to com-
prehensively review the role of SGLT-2 inhibitors in patientswith
NRP and supports a promising therapeutic role for these agents
in this population, although larger dedicated studies for patients
with NRP will be required in the future.

In conclusion, SGLT-2 inhibitors significantly decrease albu-
minuria and proteinuria. Thus, NRP patients might benefit from
them in terms of kidney disease protection. However, clinical
experience with SGLT-2 inhibitors in patients with NRP is scarce,
as patients with NRP or with certain types of glomerulonephritis
were excluded from some clinical trials, with kidney outcomes
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and pre-specified subanalyses not always addressed this popu-
lation. Despite these limitations, the present analysis supports
that the kidney protective effect of SGLT-2 inhibitors extends to
patients with NRP, at least for patients with diabetic kidney dis-
ease. A prospective study should be planned to evaluate the kid-
ney and heart protective effect of SGLT-2 inhibitors in patients
with NRP due to diabetes or glomerulonephritis.
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