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Introduction
Sodium-glucose cotransporter-2 inhibitors (SGLT2is)
have emerged as an effective therapy for improving
outcomes in diabetic and nondiabetic kidney disease
(1,2). Clinical trials have demonstrated the benefits of
SGLT2is for secondary prevention of adverse cardio-
vascular (CV) effects in patients with established ath-
erosclerotic disease and/or heart failure with reduced
ejection fraction (3–7). It is imperative for clinicians to
assess the use of SGLT2is in medically eligible patients
and prescribe these agents when appropriate.

Despite the overwhelming evidence of the benefits of
SGLT2i therapy, the prescription rate remains dismally
low, particularly among patients most likely to benefit
from cardiorenal protective effects (8). Several poten-
tial factors contribute to low SGLT2i prescription rate,
including prescriber hesitancy, treatment inertia, and
high drug cost. In this article, we review clinical indi-
cations for SGLT2i use, therapeutic and adverse
effects, and our approach to handling concomitant
medications.

Clinical Indications for SGLT2i Use
The use of SGLT2is is clinically indicated in the

following circumstances.

1. Type 2 diabetes mellitus (T2DM) and albuminuric
kidney disease (albuminuria of $200 mg/g of cre-
atinine plus eGFR of 25–90 ml/min per 1.73 m2). In
the CREDENCE Trial, canagliflozin decreased the
primary cardiorenal end point by 30%, compared
with placebo, in patients with diabetic kidney disease
(1). In the DAPA-CKD trial, dapagliflozin reduced the
primary cardiorenal end point by 39%, compared
with placebo, in patients with diabetic and nondiabetic
kidney disease (2).

2. Nondiabetic albuminuric kidney disease (albumin-
uria $200 mg/d plus eGFR of 25–75 ml/min per
1.73 m2). In the DAPA-CKD trial, a third of the
patients did not have T2DM, and the cardiorenal
benefits of dapagliflozin were similar among patients
with nondiabetic and diabetic kidney disease (2).

3. T2DM with CV disease. In the EMPA-REG and
CANVAS trials, empagliflozin and canagliflozin

demonstrated a 14% reduction in the primary end
point of major adverse cardiac events in patients with
a history of CV disease (3,4). In DECLARE-TIMI,
dapagliflozin reduced the risk of CV death and
hospitalization for heart failure by 17% in patients
who had, or were at risk for, atherosclerotic heart
disease (5).

4. Heart failure with reduced ejection fraction. In the
DAPA-HF trial, dapagliflozin reduced worsening of
heart failure and CV death by 26% in patients with
an ejection fraction of #40% (6). In the EMPEROR-
Reduced trial, empagliflozin reduced the primary
outcome of CV death and hospitalization for heart
failure by 25% in patients with an ejection fraction of
#40% (7).

5. T2DM and hyperglycemia. Several professional so-
ciety guidelines recommend using SGLT2is as either
first-line therapy or as an add-on therapy to metfor-
min for themanagement of hyperglycemia in patients
with T2DM (9–11).

Once the appropriate clinical indications are identi-
fied, patients should be screened for conditions that
increase risk for adverse effects of SGLT2is. Such con-
ditions include cognitive impairment, advanced age,
limited mobility, recurrent urinary tract infections
(UTIs), indwelling Foley catheter, neurogenic bladder,
poor genital hygiene, solitary kidney, bilateral renal-
artery stenosis, immunosuppressive therapy, and his-
tory of diabetic ketoacidosis (DKA). Patients with these
underlying conditions must be assessed on an individ-
ual basis, weighing the risks and benefits of SGLT2i
therapy. The safety of SGLT2is have not been estab-
lished in kidney transplant recipients, or in pregnant or
lactating women.

Therapeutic and Adverse Effects of SGT2is
SGLT2is cause glucosuria and moderate natriuresis

by blocking the sodium-glucose cotransporter-2 in the
proximal tubule, causing reduction in BP, blood glu-
cose, proximal tubule workload, and weight. SGLT2is
confer CV, renal, and metabolic benefits, although the
precise underlying mechanistic underpinnings remain
to be fully elucidated.
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Before initiation of SGLT2is, the patient’s BP, volume
status, and blood-glucose control must be assessed. SGLT2is
must not be initiated in patients who are hypotensive/
hypovolemic. In patients who are hypotensive, the antihy-
pertensive medications, including diuretics, may need to be
stopped or reduced to restore normotension. If the patient is
hypervolemic/hypertensive, then SGLT2i therapy can be
initiated without adjusting the dose of other antihyperten-
sive medications. If the patient is euvolemic/normotensive
then the antihypertensive agents, including diuretics, may
need to be reduced or stopped if the BP decreases. The BP-
lowering and natriuretic effect of SGLT2is is modest, result-
ing in a reduction of systolic BP of approximately 3–5 mm
Hg (Figure 1). In the SGLT2i CV and kidney outcome trials,
patients were required to be on the maximally tolerated
dose of renin-angiotensin system (RAS) blockers before
randomization to the SGLT2i or placebo groups. A similar
strategy to continue RAS blockers must be adopted in
clinical practice. Monotherapy with SGLT2i is reasonable
in patients who are unable to tolerate RAS blockers.
SGLT2i therapy can cause an acute drop in eGFR; how-

ever, the decline in eGFR is subsequently attenuated
with continuation of SGLT2i therapy. In the absence

of hemodynamic instability or an alternate cause of AKI, the
initial decline in eGFR of up to 30% after SGLT2i initiation is
likely due to reduction in intraglomerular pressure. It may
be difficult to distinguish whether the decline in eGFR is due
to the hemodynamic effect of SGLT2i or due to AKI. Peri-
odic monitoring of the kidney function over 2–4 weeks can
help in distinguishing these two entities because the decline
in eGFR due to the hemodynamic effects of SGLT2is is
typically not progressive. In the absence of hemodynamic
instability, SGTL2is do not increase the risk of AKI. In fact,
an overall reduction in AKI has been observed with SGLT2i
use (12).
Prescriber hesitancy due to concern for hypoglycemia can

be decreased by following a simple SGLT2i initiation strat-
egy (Figure 1). Patients already on glucose-lowering agents
require assessment of current glycemic control, along with
the underlying risk factors for hypoglycemia. Glycemic
control is typically determined by hemoglobin A1C
(HbA1C) levels, but patients with CKD, liver disease, eryth-
rocyte disorders, and those with frequent hypoglycemic
episodes can have falsely low HbA1C values, rendering
the test unreliable. In such cases, fructosamine levels, self-
monitored blood-glucose readings, or continuous glucose-
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Figure 1. | Algorithm to assess BP, volume status and glycemic control at the time of sodium-glucose cotransporter-2 inhibitor (SGLT2i)
initiation.
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monitor data must be used. In most nonpregnant adult
patients, an HbA1C target of ,7% is reasonable, but for
those at high risk of hypoglycemia, a less-stringent HbA1C
target of ,8% can be used (13,14).
The risk of hypoglycemia is not increased in patients only

taking metformin, dipeptidyl peptidase 4 inhibitors, glucagon-
like peptide-1 receptor agonists, and thiazolidinediones;
hence, these agents do not require dose adjustment at the
time of SGLT2i initiation. On the other hand, insulin, sul-
fonylurea, and meglitinides increase the risk of hypoglyce-
mia and require dose adjustment at the time of SGLT2i
initiation in patients with optimal glycemic control or those
already experiencing hypoglycemia. In such patients, sul-
fonylurea/meglitinides must either be stopped or the dose
must be decreased by 50%, and insulin doses—particularly
the rapid-acting (bolus) insulin for patients on a traditional
basal-bolus insulin regimen—must be reduced by 10%–20%.
Patients only using basal insulin can have their doses re-
duced by 10%. A stepwise dose-reduction strategy of insulin
doses is preferred, rather than complete discontinuation, to
mitigate the risk of DKA. Patients who are above their
glycemic target without frequent hypoglycemia, should
not require dose adjustment of other antiglycemic agents
at the time of SGLT2i initiation. All patients should be
counseled on the risk, identification, and treatment of
hypoglycemia. It is worth noting that SGLT2is have not
been shown to cause hypoglycemia in patients without
diabetes (2,6).
In the SGLT2i trials, the absolute risk of DKA in T2DM is

low, but the relative risk of DKA associated with SGLT2is
has been two to 11 times higher compared with placebo
(1,3–5). The DKA associated with SGLT2is can be euglyce-
mic (blood glucose of ,250 mg/dl) and its diagnosis is

established by the presence of a high anion gap metabolic
acidosis and ketonemia. The absence of hyperglycemia can
cause a diagnostic delay; any patient on SGLT2is with symp-
toms of DKA, such as nausea, vomiting, and abdominal pain,
should be evaluated for euglycemic DKA. The pathogenesis of
SGLT2i-induced euglycemic DKA is thought to be due to
SGLT2i-induced suppression of insulin, an increase in gluca-
gon, and masking of hyperglycemia due to enhanced gluco-
suria (15). It is important to note that DKA has not been
observed in patients without diabetes in the large SGLT2i
trials.
Patients must be counseled to monitor their BP, weight,

and blood glucose at home when initiating SGLT2is (Ta-
ble 1). SGLT2is must not be initiated or continued in patients
who are hypovolemic. Patients must be advised to hold
SGLT2is when their oral intake of food and water is re-
stricted due to a planned surgery or due to an underlying
illness to prevent DKA, hypovolemia, and hypotension—
this is also referred to as the “sick-day rule.”
SGLT2i therapy must be initiated at the lowest recom-

mended daily dose (10 mg empagliflozin, 100 mg canagli-
flozin, 10 mg dapagliflozin, or 5 mg ertugliflozin). SGLT2i
titration to a higher dose is not necessary for maximal
cardiorenal benefits (3). Although a higher dose of SGLT2i
can be used to improve glycemic control, it is important to
recognize that the glucose-lowering effect of SGLT2i
declines at lower eGFR. On the basis of the evidence from
CREDENCE and DAPA-CKD trials, once the SGLT2i ther-
apy is initiated at the recommended level of eGFR, it can be
continued until the patient initiates dialysis therapy.
Due to its glucosuric effect, SGLT2is increase the risk of

genital mycotic infections by three- to four-fold in patients
with diabetes. The vast majority of the SGLT2i-related

Table 1. Handout for patients when initiating sodium-glucose cotransporter-2 inhibitor therapy

It is recommended that the patients follow the recommendations stated below and must contact their provider if they have any
questions or concerns

Increase in urine output
You may notice an increase in your urine output after starting this medication
Monitor your weight at home

BP
Monitor your BP at home because this medicine may lower BP
Inform your doctor if your BP is too low, or if you experience light headedness or dizziness

Blood glucose
Monitor your blood glucose level at home because this medicine may lower blood glucose
Inform your doctor if your blood glucose is low

Follow the “sick-day rule”
Do not take this medicine on days that you are unable to eat because you are feeling sick due to fever, infection, poor appetite, nausea,

vomiting, or diarrhea
You can resume the medicine once you are able to eat and drink
If you continue to feel sick, then call your doctor because you may need to have blood tests to rule out diabetic ketoacidosis

Stop themedication 3–4 d before a scheduled surgery that requires you to be “nothing bymouth” (meaning you are instructed to not
eat or drink anything for several h before your surgery)

Avoid very low carbohydrate and keto diets because they may increase the risk of diabetic ketoacidosis
Wound on your feet or legs
If you notice a wound, ulcer, or skin breakdown on your feet or legs, then hold this medicine and inform your doctor

Burning or pain during urination
If you experience pain or burning on urination, then inform your doctor because you may need further evaluation

Redness or itching in the genital area, or foul-smelling vaginal or penile discharge
Keep the genital area clean
If you notice redness or itching in the genital area, or foul-smelling vaginal or penile discharge, then inform your doctor; you may

need a cream or oral medication to treat an underlying infection
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genital mycotic infections are treatable with topical antifun-
gal agents or a single oral dose of fluconazole, and do not
necessitate discontinuation of SGLT2i therapy. Clinicians
must counsel the patients regarding maintenance of genital
hygiene (Table 1). It is not known if SGLT2is increase the
risk of genital mycotic infections among patients who are
nondiabetic.
Fournier gangrene is a serious medical condition, and it

remains unclear whether SGLT2is increase the risk of Four-
nier gangrene or not; however, it is worth noting that such
an association has not been observed in the any of the large
SGLT2i clinical trials.
SGLT2is do not increase the risk of UTIs; however, their

use in patients at high risk for UTIs, such as those with an
indwelling Foley catheter, recurrent UTIs, or neurogenic
bladder, has not been studied.
SGLT2is and their association with bone fractures and

lower-extremity amputation remains weak because this
association was only been observed with the use of canagli-
flozin in the CANVAS trial, and not in the other large
SGLT2i trials.

Conclusions
SGLT2is offer cardiorenal protection for patients with and

without T2DM. Using a simple strategy for assessing the
risks and modifying antihypertensive, diuretic, and antigly-
cemic agents can mitigate the potential adverse effects of
SGLT2is. With the growing evidence for safe use and renal-
protective effects of SGLT2is, nephrologists nowhave a ther-
apeutic agent to combat the pandemic of diabetic kidney
disease.
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