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SGLT2 inhibitors have emerged as a key disease-modifying therapy to prevent the progression of chronic

kidney disease (CKD). These agents prevent decline in kidney function through reduction in glomerular

hypertension mediated through tubuloglomerular feedback independent of their effect on glycemic con-

trol. The proliferation of clinical trials on SGLT2 inhibitors has rapidly expanded the approved clinical

indications for these agents beyond patients with diabetes mellitus (DM). We review the current in-

dications for SGLT2 inhibitors in patients with and without diabetic kidney disease, including new evidence

for use in patients with heart failure with or without reduced ejection fraction, stage 4 CKD, and chronic

glomerulonephritis. The EMPA-KIDNEY trial was recently stopped early for efficacy suggesting that SGLT2

inhibitors may soon be indicated for patients with CKD without albuminuria. We review practical con-

siderations for prescription of SGLT2 inhibitors, including the anticipated acute decline in estimated

glomerular filtration rate (eGFR) on initiation, initiating the lowest dosage used in clinical trials, volume

status considerations, and adverse event mitigation. Combination therapy in patients with DM may be

considered with agents, including glucagon-like peptide-1 receptor agonists (GLP-1-RAs), novel mineral-

ocorticoid receptor antagonists, and selective endothelin receptor antagonists to reduce residual albu-

minuria and cardiovascular risk.
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I
n 2008, the US Food and Drug Administration
mandated that new glucose-lowering therapies un-

dergo cardiovascular outcome trials (CVOTs).1 This
led to the approval of SGLT2 inhibitors, of which
4—canagliflozin, dapagliflozin, empagliflozin, and ertu-
gliflozin—are available in North America, whereas
sotagliflozin, a dual SGLT1 and SGLT2 inhibitor, is
approved in Europe, and other specific agents are avail-
able in Japan.

SGLT2 inhibitors have revolutionized the treatment
of patients with type 2 DM (T2DM) with established or
at risk for atherosclerotic cardiovascular disease
(ASCVD) and patients with diabetic kidney disease.2–5

The beneficial effects from SGLT2 inhibitors are
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apparent shortly after drug initiation suggesting
mechanisms independent of glycemic control.6 On the
basis of emerging evidence, SGLT2 inhibitors are now
transforming the management of heart failure and CKD
in patients with and without T2DM.7–9 Despite these
proven clinical benefits, the mechanisms of benefit
from SGLT2 inhibitors have not been fully elucidated.
Nephrologists now play a key role in prescribing
SGLT2 inhibitors as nephroprotective agents in our
effort to reduce the global burden of kidney disease.
We will provide an overview of SGLT2 inhibitors, their
current indications and practical considerations in
prescribing these agents.
Systemic Effects and Mechanisms of Action

SGLT2 inhibitors have been found to reduce hemo-
globin A1c (HbA1c) by 0.6% to 1% in patients with
T2DM and preserved renal function.10,11 This effect is
primarily mediated by glucosuria resulting from
blockade of the SGLT2 channel predominantly local-
ized to the S1 segment of the proximal convoluted tu-
bule, which is responsible for >90% absorption of
1463
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filtered glucose.12 The resulting glucosuria can exceed
100 g/d in individuals with T2DM and 50 to 60 g/d in
nondiabetics. The glucose-lowering effect of SGLT2
inhibitors is attenuated in patients with eGFR <60 ml/
min per 1.73 m2 and minimal when eGFR is <30 ml/min
per 1.73 m2.13 Caloric loss from glucosuria typically
results in 1 to 3 kg weight loss,14 most of which is
fat,15,16 and greater weight loss is observed in patients
with higher baseline HbA1c.17

Mechanisms of Action for End-Organ Protection

SGLT2 inhibitors are associated with a sustained
modest reduction in systolic blood pressure (BP) of
approximately 3 to 6 mm Hg and diastolic BP of
approximately 1 to 2 mm Hg.18,19 BP lowering is
mediated through natriuresis and associated plasma
volume contraction,20 reduction in arterial stiffness,21

and improvement in endothelial function.22 Reduction
in BP is generally observed irrespective of hyperten-
sion status23 and is also achieved in patients with lower
eGFR level.24

In patients with diabetes, decreased sodium delivery
to the macula densa results in increased proximal
tubular sodium reabsorption and afferent arteriolar
vasodilatation by tubuloglomerular feedback leading to
glomerular hypertension and hyperfiltration.25 The
primary mechanism by which SGLT2 inhibitors are
thought to be nephroprotective is through increasing
distal sodium delivery and inhibiting tubuloglomerular
feedback resulting in afferent vasoconstriction and
reduction in intraglomerular pressure.26,27 A marker of
this reduction in intraglomerular pressure is the
reduction in albuminuria, which is largely independent
of concomitant changes in metabolic parameters or
eGFR.28

Other putative mechanisms through which SGLT2
inhibitors may be beneficial include reduction in in-
flammatory mediators, including interleukin-6, nuclear
factor-kB, and profibrotic factors, such as transforming
growth factor-ß.24,29 In addition, by conserving energy
required to reabsorb the filtered load of glucose and
associated sodium, SGLT2 inhibition may attenuate
renal hypoxia and is simultaneously associated with a
rise in hematocrit level.24,30,31

SGLT2 Inhibitors and Potassium

Hyperkalemia is a frequent clinical challenge in the
care of patients with CKD and may prohibit uptitration
of renin-angiotensin-aldosterone system (RAAS) in-
hibitor blockade. SGLT2 inhibitors may enhance
kaliuresis by increasing distal delivery of sodium and
stimulating aldosterone.25 In CREDENCE, which
included patients with T2DM and CKD on RAAS
blockade, canagliflozin reduced the incidence of
hyperkalemia (K $ 6.0) by 23% without causing
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hypokalemia (<3.5 mmol/l) and the need for new po-
tassium binder usage in those treated with canagliflozin
by 22%.32

Dual SGLT1 and SGLT2 Inhibitors

Sotagliflozin is the first dual SGLT1 and SGLT2 inhib-
itor and is approved in Europe for both type 1 DM and
T2DM. It has been postulated that SGLT1 inhibition
delays intestinal glucose absorption and reduces post-
prandial glucose levels.33–35 Furthermore, SGLT1 con-
tributes to distal proximal tubular glucose reabsorption
following SGLT2 inhibition when tubular glucose
concentrations are increased, which may result in
additional glucosuric effects in patients with more
advanced CKD.36 In the SCORED trial, 10,584 patients
with T2DM, eGFR 25 to 60 ml/min per 1.73 m2 with or
without albuminuria were enrolled. However, this trial
ended early at 16 months because of loss of funding.
The primary end point (cardiovascular death, heart
failure hospitalizations, and urgent heart failure visits)
was reduced by 26% with sotagliflozin despite the
relatively short trial duration (hazard ratio [HR] 0.74,
95% CI 0.63–0.88).37 In the SOLOIST-WHF trial,
initiation of sotagliflozin before or shortly following
discharge reduced cardiovascular hospitalization or
death and urgent heart failure visits.35 SGLT1 inhibi-
tion may result in increased rates of diarrhea, and the
additional benefit of SGLT1 blockade to SGLT2 inhi-
bition is not yet fully understood, although sotagli-
flozin does reduce hyperglycemia even in patients with
CKD stage 4.38

Current Indications for SGLT2 Inhibitors

Indications for SGLT2 inhibitors have expanded based
on growing evidence from randomized controlled trials
and fall broadly into the following 5 categories: gly-
cemic control/metabolic risk, reduction in ASCVD,
heart failure, diabetic kidney disease with albuminuria,
nondiabetic CKD with albuminuria (Table 1).

Kidney Outcomes From CVOTs

CVOTs including EMPA-REG OUTCOME, CANVAS,
DECLARE-TIMI-58, VERTIS CV, and SCORED revealed
the benefit of SGLT2 inhibitors in improving cardio-
vascular outcomes in patients with T2DM with varying
risks for ASCVD.2–5,37 On the basis of the results of
CVOTs, the Kidney Disease: Improving Global Out-
comes 2020 Clinical Practice Guideline for Diabetes
Management in Chronic Kidney Disease now supports
SGLT2 inhibitors or metformin as first-line treatment
for T2DM for glycemic control.39,40

Secondary analysis of renal outcomes from CVOTs
was the first to suggest potential benefit in patients
with kidney disease. In EMPA-REG OUTCOME which
included 7020 patients with T2DM with established
Kidney International Reports (2022) 7, 1463–1476



Table 1. Current indications for SGLT2 inhibitors
Indication Criteria Kidney function

Congestive heart failure � NYHA classes II–IV
� Elevated NT-proBNP
� All ejection fractions

� eGFR >20 ml/min per 1.73 m2

Glycemic control or metabolic risk � Type 2 diabetes mellitus
� First-line for glycemic control (along with

metformin)

� eGFR $60 ml/min per 1.73 m2

� Anticipated HbA1c Y: 0.6%–0.9%
� Anticipated weight Y: 2–3 kg

� eGFR 45–59 ml/min per 1.73 m2

� Anticipated HbA1c Y: 0.3%–0.5%
� Anticipated weight Y: 1–2 kg

� eGFR < 45 ml/min per 1.73 m2

� Anticipated HbA1c Y: minimal
� Anticipated weight Y: 1–2 kg

Reduction in ASCVD � Type 2 diabetes mellitus
� Established ASCVD or high risk for ASCVDa

� eGFR $ 30 ml/min per 1.73 m2

Diabetic kidney disease � Type 2 diabetes mellitus � eGFR $25 ml/min per 1.73 m2

� UACR 200–5000 mg/gb

Nondiabetic kidney disease � Etiology of kidney disease: ischemic ne
phropathy, IgA nephropathy, FSGS, chronic
pyelonephritis, chronic interstitial nephritis

� No immunosuppression in prior 6 mo

� eGFR $ 25 ml/min per 1.73 m2

� UACR 200–5000 mg/gb

ASCVD, atherosclerotic cardiovascular disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate (CKD-EPI); FSGS, focal
segmental glomerulosclerosis; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; UACR,
urine microalbumin-to-creatinine ratio.
aAtherosclerotic cardiovascular disease is defined as ischemic heart disease, ischemic cerebrovascular disease, or peripheral artery disease. High risk for atherosclerotic cardio-
vascular disease is defined as age $55 years in men and $60 years in women and one or more of the following risk factors: hypertension, dyslipidemia (LDL >130 mg/dl or use of lipid-
lowering therapies), or tobacco use.
bThe EMPA-KIDNEY trial was stopped early for efficacy and included patients with diabetic kidney disease and nondiabetic kidney disease with eGFR 20 to 45 ml/min per 1.73 m2

regardless of UACR or eGFR 45 to 90 ml/min per 1.73 m2 with UACR $200 mg/g; however, results have not yet been presented or published.
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ASCVD and enrolled patients with eGFR $30 ml/min
per 1.73 m2, the renal composite outcome of end-stage
kidney disease (ESKD) and doubling of serum creati-
nine was lower with empagliflozin (HR 0.54, 95% CI
0.40–0.75), with a reduction in ESKD (HR 0.45, 95%
CI 0.21–0.97) and doubling in serum creatinine (HR
0.56, 95% CI 0.39–0.79).4 As a consequence of the
reduction in intraglomerular hypertension and other
protective pathways discussed previously, albumin-
uria decreases by 30% to 50% regardless of baseline
albuminuria within the span of weeks in response to
SGLT2 inhibition. For example, in EMPA-REG
OUTCOME, patients taking empagliflozin had a
reduction in albuminuria of 7% in those with nor-
moalbuminuria, 25% with microalbuminuria, and
32% with macroalbuminuria, which was sustained
when measured at follow-up at 164 weeks.28 On
stopping these agents, albuminuria increases within
weeks suggesting a contribution from underlying
hemodynamic mechanisms.

In the CANVAS Program, which enrolled patients
with T2DM with high cardiovascular risk and eGFR
>30 ml/min per 1.73 m2, the renal composite outcome
was also lower with canagliflozin (HR 0.53, 95% CI
0.33–0.84).3 DECLARE-TIMI 58, which only included
patients with T2DM with established or multiple risk
factors for ASCVD and eGFR >60 ml/min per 1.73 m2,
similarly favored SGLT2 inhibitor use, which reduced
the composite renal outcome of sustained eGFR decline
Kidney International Reports (2022) 7, 1463–1476
of $40%, ESKD, or renal death (HR 0.53, 95% CI 0.43–
0.66).2 Despite the positive outcomes, CVOTs were not
powered for kidney-related outcomes and patients with
CKD comprised <30% of the study cohorts but
informed subsequent dedicated trials for patients with
kidney disease.41 In VERTIS CV, ertugliflozin was
associated with preservation of eGFR decline by >0.75
ml/min per 1.73 m2 per year with greater benefit in
reducing heart failure hospitalizations in those with
more advanced CKD.5,42–44 In SCORED, which included
patients with CKD with eGFR 25 to 60 ml/min per 1.73
m2, a secondary kidney end point was not significantly
different between sotagliflozin and placebo (HR 0.71,
95% CI 0.46–1.08), although the trial was terminated
early and likely not of a sufficient duration to detect
these differences in composite end points.37

CKD Trials

CREDENCE and DAPA-CKD are seminal randomized
controlled trials which specifically evaluated the effect
of SGLT2 inhibitors on a primary kidney end point and
ultimately provide the strongest evidence for use in
patients with CKD (Table 2). CREDENCE included 4401
patients aged $30 years with T2DM with albuminuria
(microalbumin-to-creatinine ratio [ACR] 300–5000 mg/
g), eGFR 30 to 90 ml/min per 1.73 m2, HbA1c 6.5% to
12%, on maximal tolerated RAAS blockade. The trial
was stopped early after a median follow-up of 2.62
years because of benefit found in the interim analysis.
1465
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The primary composite of doubling of creatinine,
ESKD, and death from renal or cardiovascular causes
was reduced by 30% with canagliflozin. Benefit was
consistent across renal end points with lower risk of
doubling serum creatinine (HR 0.60, 95% CI 0.48–0.76)
and ESKD (HR 0.68, 95% CI 0.54–0.86). Decline in
eGFR was lower in the canagliflozin group (�3.19 ml/
min per 1.73 m2 per year) in comparison to �4.71 ml/
min per 1.73 m2 per year in the placebo group. This
finding was observed despite only modest changes in
blood glucose, weight, and BP. Extrapolating between-
group differences in eGFR loss to the average 63-year-
old patient from CREDENCE with an eGFR of 56 ml/min
per 1.73 m2 would result in a delay in progression to
ESKD by as much as 15 years.45

DAPA-CKD enrolled 4304 adults with both diabetic
and nondiabetic kidney diseases with eGFR 25 to 75 ml/
min per 1.73 m2, ACR 200 to 5000 mg/g on maximal
tolerated RAAS blockade and followed participants for a
median of 2.4 years.8 Dapagliflozin reduced the primary
composite outcome of sustained decline in the estimated
GFR by>50%, ESKD, and renal or cardiovascular death
by 39% with a number need to treat of 19. Importantly,
the effects of dapagliflozin were similar in patients with
T2DM (HR 0.64, 95% CI 0.52–0.79) or without T2DM
(HR 0.50, 95% CI 0.35–0.72). All individual components
of the renal end point had benefit with the risk of ESKD
reduced by 36% and 50% eGFR decline reduced by
47%. The risk for hospitalization for heart failure or
cardiovascular was reduced by 29% similar to previous
CVOTs. The participants had a mean baseline eGFR of 43
ml/min per 1.73 m2, and the slope of eGFR decline from
baseline to 30 months was�2.86 ml/min per 1.73 m2 for
dapagliflozin and�3.79 ml/min per 1.73 m2 per year for
placebo, resulting in a between-group difference of 0.93
ml/min per 1.73 m2 per year (95% CI 0.61–1.25). Both
CREDENCE and DAPA-CKD represent a strong win for
the field of nephrology, collectively revealing impres-
sive benefit of SGLT2 inhibitors on hard renal end points
in patients with CKD with albuminuria regardless of
diabetes status.

From a safety perspective, similar to CVOTs, a higher
incidence of genital mycotic infection (GMI) noted was
also observed, although reassuringly, no increase in
serious volume depletion, hypotension, or hypoglyce-
mia was observed in CREDENCE or DAPA-CKD.8,46 In
CREDENCE, the incidence of diabetic ketoacidosis
(DKA) was higher with canagliflozin treatment,
although absolute rates were low (2.2 vs. 0.2 per 1000
patient-years). In DAPA-CKD, no cases of DKA were
reported with dapagliflozin treatment; however, all
patients should receive counseling regarding “sick
day” medication management upon SGLT2 inhibitor
prescription.
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SGLT2 Inhibitors in Heart Failure

Subsequent to the consistent benefits in heart failure
hospitalization risk reported in CVOTs,2–4 in patients
with established heart failure with reduced left ven-
tricular ejection fraction (#40%), a reduction in the
composite of heart failure hospitalizations or cardio-
vascular death was observed in both DAPA-HF and
EMPEROR-Reduced, independent of diabetes status.7,47

The DAPA-HF trial compared dapagliflozin with pla-
cebo in adults with heart failure with left ventricular
ejection fraction #40%, elevated N-terminal pro-brain
natriuretic peptide, and eGFR $30 ml/min per 1.73 m2

on a background standard of care. The primary com-
posite outcome of cardiovascular death, heart failure
hospitalization, or urgent heart failure visit was
reduced by 26%. In EMPEROR-Reduced, which
included adults with chronic heart failure left ven-
tricular ejection fraction #40%, New York Heart As-
sociation II to IV, elevated N-terminal pro-brain
natriuretic peptide, on appropriate heart failure ther-
apy with eGFR >20 ml/min per 1.73 m2, dapagliflozin
reduced the primary composite outcome by 25%. The
composite kidney outcome ($50% sustained decline in
eGFR, ESKD, and renal death) was reduced with
dapagliflozin (HR 0.71, 95% CI 0.44–1.16). Annual
change in eGFR was �3.10 ml/min per 1.73 m2 in the
placebo group versus �2.05 ml/min per 1.73 m2 per
year in the dapagliflozin group (95% CI �2.36
to �1.75) with no difference by diabetes status.

Historically, therapies have been lacking in pa-
tients with heart failure with preserved ejection
fraction (>40%). However, in the EMPEROR-
Preserved trial, which enrolled patients with left
ventricular ejection fraction >40% and included
patients with eGFR >20 ml/min per 1.73 m2, empa-
gliflozin reduced the combined risk of cardiovascular
death or hospitalization for heart failure (HR 0.79,
95% CI 0.69–0.90) regardless of the presence or
absence of diabetes.9 In EMPEROR-Preserved, 50% of
participants had eGFR <60 ml/min per 1.73 m2 and
had similar benefit for the primary outcome (HR 0.78,
95% CI 0.66–0.91). Similarly, consistent benefit on
heart failure end points was observed in subgroup
analysis of patients with eGFR <60 ml/min per 1.73
m2 in DAPA-HF and EMPEROR-Reduced.48 Together,
these trials provide the evidence to safely support
SGLT2 inhibitor use in all patients with heart failure
irrespective of ejection fraction, down to an eGFR of
20 ml/min per 1.73 m2. The recently completed
EMPULSE trial revealed clinical benefit with in-
hospital empagliflozin treatment among patients
admitted with acute heart failure regardless of left
ventricular ejection fraction. In this trial, empagli-
flozin was well tolerated with renal failure occurring
Kidney International Reports (2022) 7, 1463–1476
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in 7.7% in those receiving empagliflozin in compar-
ison to 12.1% with placebo.49

Real-World Effectiveness Studies

Real-world effectiveness studies have confirmed that
the benefits of SGLT2 inhibitors extend to routine
clinical practice. CVD-REAL 3, a multinational obser-
vational cohort study, assessed kidney outcomes in
35,561 patients initiating SGLT2 inhibitors propensity
matched to other glucose-lowering agents and found
that SGLT2 inhibitors reduced eGFR decline by 1.53
ml/min per 1.73 m2 per year (95% CI 1.34–1.72).
Similar to randomized controlled trials, the composite
outcome of 50% decline in eGFR or progression to
ESKD was lower with SGLT2 inhibitors.50–52 From a
safety perspective, similar to results of clinical trials,53

in real-world evidence studies, SGLT2 inhibitors
reduce the risk of acute kidney injury compared with
other glucose-lowering agents,54 potentially as a result
of improved kidney oxygenation and kidney
perfusion.55

Stage 4 CKD

The most robust evidence for use of SGLT2 inhibitors
in stage 4 CKD is a prespecified analysis of DAPA-CKD
in 624 of 4304 patients (14%) with baseline eGFR 25 to
30 ml/min per 1.73 m2. Consistent with results from the
overall trial, a 27% reduction in the primary composite
end point (50% sustained decline in eGFR, ESKD, or
kidney/cardiovascular death) was observed. Dapagli-
flozin resulted in a 28% reduction in the risk for ESKD,
with an eGFR slope decline of 2.15 ml/min per 1.73 m2

in the dapagliflozin group in comparison to 3.38 ml/min
per 1.73 m2 in the placebo group with separation of the
eGFR curves evident by 16 months. No difference in
adverse events, including renal related or volume
depletion, was noted. Furthermore, no significant het-
erogeneity by diabetes status or albuminuria was
observed. Although evidence for kidney-related end
points remains limited for patients with eGFR <25 ml/
min per 1.73 m2, it should be emphasized that SGLT2
inhibitors may be continued until patients are on
dialysis.

Patients With CKD Without Albuminuria

Meta-analysis of CVOTs has revealed that the benefits
of SGLT2 inhibitors on delaying CKD progression are
consistent regardless of baseline albuminuria.2–4,46,56

To definitively determine benefits in patients with
low eGFR and low urine ACR (UACR), the EMPA-
KIDNEY trial included adults with or without dia-
betes with eGFR 20 to 45 regardless of albuminuria or
eGFR 45 to 90 ml/min per 1.73 m2 with UACR $ 200
mg/g on maximally tolerated RAAS blockade.57 This
study enrolled 6609 patients with a mean eGFR of 37.5
ml/min per 1.73 m2. Notably, this cohort includes
Kidney International Reports (2022) 7, 1463–1476
patients with glomerular disease (n ¼ 1669) and hy-
pertensive/renovascular disease (n ¼ 1444).58 The pri-
mary outcome of this trial was a sustained $40%
decline in eGFR, ESKD, or death from renal or cardio-
vascular causes. The EMPA-KIDNEY trial was stopped
early in March 2022 for efficacy suggesting that CKD
patients without albuminuria also benefit from SGLT2
inhibitors and will soon markedly expand the popu-
lation eligible for therapy.59

SGLT2 Inhibitors in Glomerulonephritis

Although patients with glomerulonephritis most often
require immunosuppressive therapy, those who
develop CKD secondary to chronic damage or scar-
ring may share a common final pathway mediated by
hyperfiltration, which may be amenable to SGLT2
inhibition. In the TRANSLATE study, short-term
treatment with dapagliflozin did not significantly
alter renal hemodynamics or reduce proteinuria in 10
patients with focal segmental glomerulosclerosis
(FSGS).60 Similarly, the DIAMOND trial first evalu-
ated this hypothesis in patients without diabetes CKD
with eGFR > 25 ml/min per 1.73 m2 and 500 to 3500
mg/d proteinuria, including patients with IgA ne-
phropathy (n ¼ 25) and FSGS (n ¼ 11).61 Dapagli-
flozin was associated with an acute dip in eGFR on
initiation suggestive of a beneficial hemodynamic ef-
fect, but it did not result in a significant reduction in
proteinuria compared with placebo in a 6-week
treatment period, and the 17% reduction in UACR
also did not reach significance.61

DAPA-CKD was the largest trial studying use of
SGLT2 inhibitors in patients with chronic glomerulo-
nephritis (n ¼ 695) to date, although patients with a
history of immunosuppression in the prior 6 months
were excluded.8,62 DAPA-CKD included 270 partici-
pants with IgA nephropathy, of whom 254 (94%) had
pathologic confirmation by kidney biopsy. The mean
eGFR of participants was 43.8 ml/min per 1.73 m2 with
a median ACR 900 mg/g, who were followed for a
median of 2.1 years. In a prespecified analysis of IgA
nephropathy participants, the primary composite kid-
ney outcome was lower for patients with dapagliflozin
(HR 0.29, 95% CI 0.12–0.73) with a mean annual rate of
eGFR decline of 3.5 ml/min per 1.73 m2 with dapagli-
flozin and 4.7 ml/min per 1.73 m2 with placebo.
Furthermore, dapagliflozin resulted in a 26% reduction
in albuminuria in comparison to placebo. Interestingly,
the primary outcome event rate was more than double
in the placebo group (24% at 32 months), compared
with what would have been predicted for the average
DAPA-CKD patient using the international IgA ne-
phropathy risk prediction tool, suggesting a high-risk
group of participants. Nevertheless, the overall
1467
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findings were supportive of SGLT2 inhibitor use in IgA
nephropathy.63,64

For FSGS, a prespecified analysis of DAPA-CKD
included 115 individuals with FSGS, of which 105
(90%) were biopsy proven.65 The primary composite
kidney outcome did not reach statistical significance
(HR 0.62, 95% CI 0.17–2.17). However, participants
treated with dapagliflozin had 26.1% reduction in
albuminuria compared with 9.9% in placebo which
persisted after a year. Furthermore, the annual mean
rate of eGFR decline was lower in those receiving
dapagliflozin (�1.9 ml/min per 1.73 m2, 95% CI �3.0
to �0.9) in comparison to placebo (�4.0 ml/min per
1.73 m2, 95% CI �4.9 to �3.0).

Reduction in albuminuria has been used as a useful
surrogate marker in clinical trials for FSGS, and
although the primary outcome in DAPA-CKD was not
significant in participants with this condition, attenu-
ation of eGFR decline with dapagliflozin supports long-
term benefit in patients with FSGS. For example, by
modifying the eGFR slope, a hypothetical DAPA-CKD
patient with a mean baseline eGFR of 43 ml/min per
1.73 m2 would have an 8-year delay in reaching eGFR
of 10 ml/min per 1.73 m2. It may also be relevant that
FSGS is a heterogeneous disease entity, and the exclu-
sion of recent immunosuppression suggests that most
patients with FSGS in DAPA-CKD may have had sec-
ondary etiologies. In patients with both IgA nephrop-
athy and FSGS, SGLT2 inhibitors were well tolerated
with no cases of major hypoglycemia or DKA in those
receiving dapagliflozin.

In a prespecified analysis of DAPA-CKD, patients
with T2DM had a 35.1% reduction in UACR in com-
parison to 14.8% in nondiabetics suggesting attenuated
reduction in intraglomerular hypertension in non-
diabetics. However, dapagliflozin had similar effects on
kidney outcomes regardless of DM status suggesting
kidney protective effects of SGLT2 inhibitors in
nondiabetic patients may be partially mediated by
mechanisms beyond inhibiting tubuloglomerular
feedback, such as reduction in tubular workload,
increased autophagy, and anti-inflammatory or anti-
fibrotic effects.66

In both DIAMOND and DAPA-CKD,8,61 patients
were required to be on the maximal tolerated dose of
RAAS blockade. Given the positive findings from
DAPA-CKD in patients with chronic glomerulone-
phritis, in patients with IgA nephropathy and FSGS,
SGLT2 inhibitors should be considered as a component
of “conservative care” for those with proteinuria.
However, it should be emphasized that despite the
benefit of SGLT2 inhibitors in IgA nephropathy and
FSGS, these therapies should not be used in lieu of
immunosuppression when clinically indicated.
1468
Heightened vigilance for infectious complications
should also be considered in those receiving immuno-
suppression given that those receiving immunosup-
pression were excluded from clinical trials. Patients
with lupus nephritis and antineutrophil cytoplasmic
antibody vasculitis have also not been studied to date
because of the relapsing and remitting nature of the
disease processes, but future use may consider whether
there is role for SGLT2 inhibitors in those who have
achieved remission and are considered to have stable or
inactive disease.67

Adverse Effects and Mitigation

Although SGLT2 inhibitors are generally well tolerated
by most patients, clinicians should take potential
adverse effects into consideration when prescribing
these agents. Patients should be counseled regarding
potential adverse events, as the risk may be reduced
when appropriate mitigation strategies are followed.

Infectious Complications

Owing to glucosuria, SGLT2 inhibitors are associated
with a 2- to 4-fold increased risk for GMIs.68–70

Furthermore, the increased risk of GMIs versus pla-
cebo was similar across all SGLT2 inhibitors.71 A
retrospective analysis found that GMIs were most
common in the first months after initiating SGLT2 in-
hibitors and are more common in women and those
with prior GMIs.72 Strategies to reduce this risk
include counseling the patient to maintain genital hy-
giene, including keeping the genital region dry. Prior
history of GMI is not a contraindication to treatment,
and prophylactic topical treatment with antifungal
agents can be considered in high-risk individuals. If a
patient develops an uncomplicated fungal infection,
this may be easily treated with a single dose of an oral
agent, such as 150 mg of fluconazole, and discontinu-
ation of the SGLT2 inhibitor is typically not required.73

Fournier’s gangrene is an extremely rare, life-
threatening condition associated with necrotizing fas-
ciitis of perineal soft tissue. In 2018, US Food and Drug
Administration identified 55 unique cases of Fournier’s
gangrene in patients receiving SGLT2 inhibitors,74 and
a meta-analysis involving 84 trials and including
>42,000 patients receiving SGLT2 inhibitors found no
difference in the risk of Fournier’s gangrene with
SGLT2 inhibitor use.75 Although earlier studies sug-
gested that SGLT2 inhibitors were associated with
possible increased risk for urinary tract in-
fections,10,76,77 subsequent randomized controlled trials
have revealed no association.2–4,46 However, in patients
with a history of complicated or recurrent urinary tract
infections including those with chronic indwelling
Foley catheters, SGLT2 inhibitors should be used with
caution.
Kidney International Reports (2022) 7, 1463–1476
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Amputation

The CANVAS Program raised a concern regarding an
association between canagliflozin and minor and major
amputations.3 However, CREDENCE reported similar
incidences of amputation in both the canagliflozin and
placebo groups.46 A real-world meta-analysis
comparing canagliflozin and other antihyperglycemic
agents did not find any association with amputation,
and the black box warning for amputation was
removed in 2020.78 No subsequent trials have revealed
any association between other SGLT2 inhibitors and
amputation risk.79,80 In clinical practice, routine foot
care is recommended in all patients with diabetes, and
it is also important to identify patients who may have
an indication for SGLT2 inhibition on the basis of pe-
ripheral vascular disease, to reduce ASCVD risk.

Fractures

The CANVAS Program reported a link between cana-
gliflozin and increased risks of fractures.3 However, in
other studies involving canagliflozin, including
CREDENCE, no such safety signal was detected.46,81

Meta-analyses including canagliflozin, dapagliflozin,
empagliflozin, and ertugliflozin68,82,83 have found no
significant association with fracture.84

Diabetic Ketoacidosis

SGLT2 inhibitors are rarely associated with euglycemic
DKA resulting in a US Food and Drug Administration
warning in 2015. The frequency of DKA reported in
CVOTs in patients with T2DM receiving SGLT2 in-
hibitors was low,2–5 but occurred in 4% to 6% of pa-
tients with type 1 DM.85,86 Reports analyzing the US
Food and Drug Administration Adverse Events
Reporting System found a 7-fold higher rate of DKA
with SGLT2 inhibitors in patients with T2DM when
compared with dipeptidyl peptidase-4 inhibitor ther-
apy, of which 71% had euglycemia.87 The risk factors
for SGLT2 inhibitor-associated ketoacidosis include
>20% insulin dose reduction, lean body habitus,
women, surgical stress, trauma, intercurrent illness,
alcohol abuse, and patients with latent autoimmune
diabetes of adulthood.88 All patients being initiated on
SGLT2 inhibitor must be counseled regarding risk of
DKA. It is recommended that SGLT2 inhibitors be held
2 to 3 days prior to scheduled surgery. Strategies to
reduce the risk of DKA include avoiding >20%
reduction in insulin dose, careful monitoring following
insulin dose changes, and discontinuation of SGLT2
inhibitors during episodes of acute illness, vomiting,
diarrhea, or inability to eat or drink. In high-risk cir-
cumstances, monitoring of urine ketones can be
considered. Following acute illness, SGLT2 inhibitors
may be typically resumed 24 to 48 hours following
recovery.
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Practical Considerations
Accepting the Acute “Dip” in eGFR

The major mechanism by which SGLT2 inhibitors are
thought to delay CKD progression is through reduction
in glomerular hyperfiltration and tubuloglomerular
feedback. SGLT2 inhibitors are well recognized to
result in an acute transient reduction in GFR through a
reduction in glomerular hypertension analogous to the
mechanism of RAAS blockade. The dip in eGFR
following SGLT2 inhibitor frequently elicits concern
among clinicians, which may lead to inappropriate
discontinuation of an effective therapy. The urge to
discontinue the SGLT2 inhibitor because of a rise in
serum creatinine should be resisted in most patients
and efforts should be made to maintain patients on
SGLT2 inhibitors given their cardiorenal benefits. In
fact, a larger magnitude of dip in eGFR correlates with
greater long-term benefit and therefore should be
viewed as evidence of a positive hemodynamic effect.89

Furthermore, concerns regarding the incidence of acute
kidney injury with SGLT2 inhibitors have been allayed
by meta-analyses from clinical trials and propensity-
matched observational studies, which have found
that SGLT2 inhibitors are associated with lower rates of
acute kidney injury.54,56,90

It remains uncertain whether it is necessary to
monitor serum creatinine changes shortly after SGLT2
inhibitor initiation; however, it is reasonable to
monitor kidney function 1 month after initiation in
higher risk patients, including those with a history of
prior acute kidney injury, advanced CKD, or in those in
whom there is increased concern regarding volume
depletion. Traditionally, an increase in serum creati-
nine level by up to 30% from baseline is considered
acceptable. If the level rises beyond this threshold, the
patient should undergo a careful reassessment of vol-
ume status and a decision made about whether to hold
the SGLT2 inhibitor temporarily and then consider
rechallenging the patient once appropriate (Figure 1).

Consideration of Diuretic Effect and Volume Status

SGLT2 inhibitors result in an osmotic diuresis that
seems to be additive to loop diuretics. Favorable
properties in comparison to loop diuretics include a
reduction in serum uric acid and that hypokalemia or
hypomagnesemia is uncommon.91,92 Although precise
quantification of additional diuresis is challenging, in
RECEDE-HF patients with T2DM and heart failure with
reduced ejection fraction taking regular loop diuretic
and empagliflozin 25 mg daily had a mean increase in
24-hour urine volume of 535 ml 3 days after SGLT2
inhibitor initiation and 545 ml by 6 weeks.93 Corre-
spondingly, in patients on maintenance loop diuretics,
reduction in diuretic dosage should be considered with
1469



Consideration of SGLT2 inhibitor 

Type 2 Diabetes Mellitus: If eGFR > 60 ml/min per 1.73 m 2
consider decreasing insulin by 10%–20% or decreasing 

sulfonylurea dose in collaboration with Endocrinologist if 
HbA1c <7% or history of hypoglycemia 

Assess Volume Status and 
Blood Pressure

Euvolemic/Hypervolemic

Start SGLT2 inhibitor (empagliflozin 10 mg, 
dapagliflozin 10 mg, canagliflozin 100 mg, 

ertugliflozin 5 mg daily)

Continue baseline ACE Inhibitor/ARB/ARNI/MRA in 
most patients. In normotensive, euvolemic patient 

consider decreasing loop diuretic by 20%–50% and up-
titrate as required

"Sick Day" Counselling

Follow-up bloodwork (electrolytes, bicarbonate, 
creatinine) as per local guidelines in 1 mo–3 mosa

Expect up to 30% increase 
in serum creatinine

>30% increase in 
serum creatinine 

Re-assess blood pressure and volume status, 
and consider reducing diuretics, liberalizing 

fluid intake, or holding SGLT2 inhibitor

Hypovolemic

Decrease blood pressure medications, 
reduce diuretic agents 20%–30%, and/or 

liberalize fluid intake

Start SGLT2 inhibitor when 
euvolemic

Figure 1. Proposed algorithm for SGLT2 inhibitor initiation. *Consider earlier bloodwork in higher risk: stage $3B CKD, prior episode(s) of acute
kidney injury, or at risk for volume depletion. ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; ARNI, angiotensin
receptor-neprilysin inhibitor; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; MRA, mineral-
ocorticoid receptor antagonist.
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SGLT2 inhibitor if they are not volume overloaded on
clinical examination. This should also be considered in
patients initiating medications with even modest
diuretic effects, including mineralocorticoid receptor
antagonists or angiotensin receptor-neprilysin in-
hibitors. Patients taking SGLT2 inhibitors may be at
risk of volume depletion, during episodes of acute
illness associated with nausea, vomiting, or diarrhea.
Correspondingly, patients should be provided with
sick day advice, whereby patients are advised to hold
their SGLT2 inhibitor until resolution of symptoms.
Some patients including those with heart failure may
require liberalization of fluid intake if they are euvo-
lemic when initiating SGLT2 inhibitors.

Specific Agents and Dose Considerations

In clinical trials, a dose–response relationship has not
been observed for cardiorenal outcomes. Therefore,
patients may be initiated on the lowest SGLT2 inhibitor
dose available: canagliflozin 100 mg daily, dapagliflozin
1470
10 mg daily, empagliflozin 10 mg daily, or ertugliflozin
5 mg daily.

Combination With GLP-1 Receptor Agonists

Although SGLT2 inhibitors offer a clear benefit in
slowing progression of CKD, GLP-1-RAs also have
cardiorenal benefit in patients with diabetic kidney
disease. The GLP-1-RA agonists are optimal agents for
patients with established ASCVD and act by increasing
glucose-dependent insulin secretion, decreasing
glucagon secretion, and delaying gastric emptying.94

GLP-1-RAs are an established disease-modifying treat-
ment for T2DM with known beneficial effects on gly-
cemic control, weight loss, BP control, and reduction in
cardiovascular events. The proposed mechanisms of
benefit on kidney disease progression include natri-
uresis through inhibition of proximal tubular NHE3-
dependent sodium reabsorption and reduction in
albuminuria by decreasing renal inflammation or anti-
oxidative effects.95,96
Kidney International Reports (2022) 7, 1463–1476



Table 2. Characteristics of participants in SGLT2 inhibitor trials that specifically recruited patients with CKD
Characteristics CREDENCE46 DAPA-CKD8 SCORED37 EMPA-KIDNEY58

Number of participants 4401 4304 10584 6609

Mean age (yr) 63 61.8 69 63.8

Female (%) 1494 (33.9) 1425 (33.1) 4754 (44.9) 2192 (33)

UACR (mg/g)
Median (IQR)

927 (463–1833) 949.3 74 (17–481) 412 (94–1190)

eGFR (ml/min per 1.73 m2)
mean (SD)

56.2 (18.2) 43.1 (12.4) 44.5 37.5 (14.8)

eGFR categories (%)

$45 ml/min per 1.73 m2 3035 (69) 1782 (41.4) 5116 (48.3) 1424 (22)

$30–44 ml/min per 1.73 m2 1191 (27.1) 1898 (44.1) 4655 (43.9) 2905 (44)

<30 ml/min per 1.73 m2 174 (3.9) 624 (14.5) 813 (7.8) 2280 (34)

Prior DM (%) 4401 (100) 2888 (67.1) 10,584 (100) 3039 (46)

Baseline RAAS inhibitor (%) 4395 (99) 4224 (98.1) 9365 (88.5) 5613 (84.9)

Primary kidney disease (%)

Diabetic kidney disease 4401 (100) 2510 (58.3) 10,584 (100) 2057 (31)

Ischemic/hypertensive nephropathy 687 (16) 1445 (22)

Glomerular disease 695 (16.1) 1669 (25)

IgA nephropathy 270 (6.3) 817 (12)

Focal segmental glomerulosclerosis 115 (2.7) 195 (3.0)

Membranous nephropathy 43 (1.0) 96 (1.0)

Minimal change disease 11 (0.3) 14 (<1)

Other glomerular disease 256 (5.9) 547 (8.0)

Unknown 214 (5) 630 (10)

Other 198 (4.6) 808 (12)

CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate (CKD-EPI); IQR, interquartile
range; RAAS, renin-angiotensin-aldosterone inhibitor; UACR, urine microalbumin-to-creatinine ratio.
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On the basis of available data, SGLT2 inhibitors are
clearly favored for preventing progression of CKD
(with or without cardiovascular disease) and in patients
with heart failure.39,40 In comparison, GLP-1-RAs may
be preferred in patients with obesity/obesity-related
complications or established ASCVD including stroke,
particularly given that SGLT2 inhibitors have not been
found to reduce the incidence of stroke.97

On the basis of complementary mechanisms of action
and metabolic effects, the combination of SGLT2 inhi-
bition plus GLP-1-RA therapy is an attractive option to
enhance weight loss and reduce major adverse cardio-
vascular events in selected patients. Data on combina-
tion therapy have, however, been sparse. The
DURATION-8 study evaluated the use of SGLT2 inhi-
bition (dapagliflozin) and GLP-1-RA (once-weekly
exenatide), which reduced HbA1c <0.4%, but found
an additive BP reduction (4.2 mm Hg). An additive
effect on weight loss was also observed in AWARD-10,
which studied the GLP-1-RA dulaglutide versus pla-
cebo in patients already on SGLT2 inhibitors with 0.9
kg additional weight loss,98 although SUSTAIN-9
found that semaglutide superimposed on SGLT2 inhi-
bition resulted in 3.8 kg of additional weight loss and a
reduction of HbA1c of 1.42.99 In EXSCEL, a post hoc
analysis which evaluated the combination of SGLT2
inhibitors and once-weekly exenatide, improvements
in all-cause mortality and major adverse cardiovascular
Kidney International Reports (2022) 7, 1463–1476
events were observed in addition to a nominal signifi-
cant improvement in preventing decline in eGFR in
comparison to patients not on SGLT2 inhibitors.100

Although SGLT2 inhibitors are preferred to delay
progression of CKD, patients with residual albuminuria
may benefit from the addition of a GLP-1-RA to reduce
this risk further. Furthermore, GLP-1-RA may be use-
ful in low eGFR settings, where SGLT2 inhibitor or
RAAS blockade titration is not possible. In clinical
practice, patients with T2DM may have indications for
both agents, and sequential prescription can be
considered. The ongoing FLOW trial (NCT03819153)
will determine whether the GLP-1-RA semaglutide
delays CKD progression in T2DM patients with eGFR
50 to 75 ml/min per 1.73 m2 and UACR 300 to 5000 mg/
g or eGFR 25 to 50 ml/min per 1.73 m2 and ACR 100 to
5000 mg/g on a background of RAAS blockade.

Combination With Mineralocorticoid Receptor

Antagonists and Endothelin Receptor Antagonists

The nonsteroidal, selective mineralocorticoid receptor
antagonist finerenone exhibits beneficial effects on
reducing fibrosis and inflammation and was found in
the FIDELIO-DKD trial to reduce albuminuria, CKD
progression, and cardiovascular events in T2DM pa-
tients with eGFR 25 to 60 ml/min per 1.73 m2 and
UACR 30 to 300 mg/g or eGFR 25 to 75 ml/min per
1.73 m2 and UACR 300 to 5000 mg/g. The FIGARO-DKD
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trial further revealed similar benefit in a broader pop-
ulation including stages 2 to 4 CKD with moderately
elevated albuminuria (30–300mg/g UACR) or stages 1 to
2 CKD with severely elevated albuminuria (300–5000
mg/g). A recent subgroup analysis of DAPA-CKD in
229 patients found similar safety and effectiveness in
reducing kidney end points with combination therapy
with SGLT2 inhibitors and mineralocorticoid receptor
antagonists, although further studies on added benefit
of combination therapy are needed.101

The SONAR trial evaluated the selective endothelin
A receptor antagonist atrasentan in adults with T2DM
with eGFR 25 to 75 ml/min per 1.73 m2 and UACR 300
to 5000 mg/g on maximally tolerated RAAS blockade
carefully selected to have 30% reduction in UACR and
no clinically significant fluid retention during an
enrichment period. The composite kidney end point of
sustained doubling in serum creatinine, ESKD, or kid-
ney death was reduced by 35% with atrasentan treat-
ment.102 However, in this study, only 1.4% of the
cohort was on an SGLT2 inhibitor and the benefit
conferred by combination therapy with SGLT2 in-
hibitors remains unclear.

Conclusion

SGLT2 inhibitors have emerged as a key therapy to pre-
vent progression of CKD in patients with albuminuria
with or without diabetes including patients with IgA
nephropathy, FSGS, and heart failure. Although the in-
dications for SGLT2 inhibitors have expanded rapidly,
data remain scarce in transplant recipients or patients
with ESKD and future studies should evaluate their safety
and effectiveness in these populations.103–105 Nephrology
has entered an exciting era in the development of novel
therapeutics for our patients. Although SGLT2 inhibitors
were found to have cardiorenal benefit, there remains a
large unmet need to reduce remaining risk in patients
with CKD. Novel mineralocorticoid receptor antagonists
and selective endothelin A receptor antagonists have
been found to be effective treatments for diabetic kidney
disease, and future studies will be required to evaluate
benefits with combination therapywith SGLT2 inhibitors
to reduce residual albuminuria and further reduce car-
diovascular risk.101,106
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