
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors 
have shown benefits in both chronic heart failure 
and kidney disease, regardless of the presence  
of diabetes. These benefits are being recognised  
in evolving guideline recommendations for the  
use of SGLT-2 inhibitors for these conditions and 
subsidised availability on the PBS. GPs have an 
opportunity to incorporate SGLT-2 inhibitors early in 
the management of patients with heart failure and 
chronic kidney disease to improve outcomes.

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are 
an established therapy for the management of type 2 
diabetes. In more recent years, their benefits beyond 

glucose lowering have been shown. Reductions in heart failure 
hospitalisation and renal benefits have been consistently 
reported in type 2 diabetes outcome studies, leading to studies 
in patients with heart failure and chronic kidney disease, which 
have reported clear benefits regardless of the presence or 
absence of diabetes. This article outlines the pivotal studies 
that have helped establish the benefits of SGLT-2 inhibitors 
beyond glycaemic control and the associated adverse effects 
that need consideration. 

What are SGLT-2 inhibitors?
SGLT-2 inhibitors inhibit the reabsorption of glucose in the 
proximal tubule of the kidney, thereby lowering blood glucose 
levels by increasing its excretion in the urine. Sodium excretion 
is also increased, leading to natriuresis and osmotic diuresis. 
Additional mechanisms have been proposed to explain the 
benefits of SGLT-2 inhibitors in patients with cardiovascular 
disease, including reduced inflammation, oxidative stress and 
arterial stiffness, decreased uric acid levels, increased erythro-
poietin levels and beneficial effects on cellular energetics. Reduc-
tions in intraglomerular pressure may also contribute to the 
renal benefits of SGLT-2 inhibitors.1 

What is the evidence?
Diabetes 
Australian guidelines recommend the use of SGLT-2 inhibitors 
as second line-therapy, after metformin, for the management of 
adults with type 2 diabetes, with modest reductions in glycated 
haemoglobin (HbA1c) levels (0.4 to 0.8%) reported in clinical 
trials.2 Trials of SGLT-2 inhibitors in patients with type 2 diabetes 
associated with cardiovascular disease or cardiovascular risk 
factors reported benefits beyond their glucose-lowering effect, 
including reductions in heart failure hospitalisations and 
deterioration of renal function.3-5 A meta-analysis of placebo- 
controlled trials of SGLT-2 inhibitors in patients with diabetes 
reported a 22% relative risk reduction in cardiovascular death 
or heart failure hospitalisation and a 38% relative risk reduction 
in a composite renal outcome comprising worsening estimated 
glomerular filtration rate (eGFR) or creatinine level, end-stage 
kidney disease, kidney death or cardiovascular death.6 These 
findings have led to trials of SGLT-2 inhibitors in patients with 
heart failure and chronic kidney disease (Table 1).7-14

Heart failure
Two landmark studies in patients with heart failure with a reduced 
left ventricular ejection fraction (LVEF) of 40% or below (HFrEF) 
showed a reduction in heart failure hospitalisations and cardio-
vascular death regardless of diabetes status.7-8 The large placebo- 
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in Heart Failure (DAPA-HF) trial evalu-
ating the efficacy of dapagliflozin 10 mg 
daily in addition to standard heart failure 
treatments, including renin angiotensin 
system inhibitors, beta-blockers and 
mineralocorticoid receptor antagonists, 
showed a 26% relative risk reduction in 
cardiovascular death or worsening heart 
failure in patients randomised to receive 
dapagliflozin.7 

The subsequent Empagliflozin Out-
come Trial in Patients with Chronic Heart 
Failure and a Reduced Ejection Fraction 
(EMPEROR-Reduced) reported a sig
nificant reduction in cardiovascular 
death or heart failure hospitalisations in 
patients randomised to receive empag-
lif lozin 10 mg daily compared with 
placebo on top of similar background 
therapy.8 These findings were confirmed 
in a meta-analysis combining the 
DAPA-HF and EMPEROR-Reduced stud-
ies that reported a 14% relative risk reduc-
tion in cardiovascular death and a 31% 
relative risk reduction in heart failure 
hospitalisations.9

Recent studies have also reported 
clinical benefits of SGLT-2 inhibitors in 

patients with heart failure associated with 
either a preserved LVEF of 50% or more 
(HFpEF), or a mildly reduced LVEF of 41 
to 49% (HFmrEF). The Empagliflozin 
Outcome Trial in Patients with Chronic 
Heart Failure with Preserved Ejection 
Fraction (EMPEROR-Preserved) achieved 
its primary endpoint, with a 21% relative 
risk reduction in cardiovascular death or 
heart failure hospitalisations in patients 
randomised to receive empagliflozin 
10 mg daily compared with placebo.10 This 
benefit was mostly driven by a 29% relative 
risk reduction in heart failure hospitali-
sations.10 The Dapagliflozin Evaluation 
to Improve the Lives of Patients with 
Preserved Ejection Fraction Heart Failure 
(DELIVER) trial also achieved its primary 
endpoint, with an 18% relative risk 
reduction in worsening heart failure or 
cardiovascular death.11 A subsequent meta-
analysis showed that the benefits of dapag-
liflozin and empagliflozin were maintained 
across the broad range of LVEF.12 

Chronic kidney disease 
A meta-analysis combining five studies 
evaluating SGLT-2 inhibitor use in patients 

with diabetes who were at high risk of 
cardiovascular events (either because of 
documented cardiovascular disease, 
multiple cardiovascular risk factors or 
chronic kidney disease), reported a 38% 
relative risk reduction in the progression 
of kidney adverse outcomes.6 

In the Dapagliflozin and Prevention 
of Adverse Outcomes in Chronic Kidney 
Disease (DAPA-CKD) trial, patients with 
chronic kidney disease, with or without 
diabetes, were randomised to either 
dapagliflozin 10 mg daily or placebo.13 
Chronic kidney disease was defined as an 
eGFR of 25 to 75 mL/min/1.73 m2 and a 
urinary albumin to creatinine ratio 
(uACR) of 500 to 2000 mg/g (22.6 to 
565 mg/mmol). A 39% relative risk reduc-
tion in a sustained fall in eGFR, end-stage 
kidney disease, or death from cardio
vascular or renal causes was reported in 
the cohort receiving dapagliflozin, and 
the magnitude of benefit was similar 
regardless of diabetic status.13 

The Study of Heart and Kidney Protec-
tion with Empagliflozin (EMPA-KIDNEY) 
trial included patients with an eGFR  
of  20 to 45 mL/min/1.73 m2 or an eGFR of 
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TABLE 1. SUMMARY OF SGLT-2 INHIBITOR CLINICAL TRIALS BEYOND DIABETES MANAGEMENT7-14

Study name Condition SGLT-2 inhibitor Outcome 

DAPA-HF7 HFrEF Dapagliflozin 10 mg daily •	 CV death or worsening HF: 26% relative risk reduction 

EMPEROR-Reduced8 HFrEF Empagliflozin 10 mg daily •	 CV death or HF hospitalisations: 25% relative risk reduction 

Meta-analysis (DAPA-
HF and EMPEROR-
Reduced)9

HFrEF SGLT-2 inhibitors •	 CV death: 14% relative risk reduction 

•	 HF hospitalisations: 31% relative risk reduction

EMPEROR-Preserved10 HFpEF Empagliflozin 10 mg daily •	 CV death and HF hospitalisations: 21% relative risk reduction 

DELIVER11 HFmrEF Dapagliflozin 10 mg daily •	 Worsening HF or CV death: 18% relative risk reduction

Meta-analysis12 HFrEF, 
HFmrEF, 
HFpEF

SGLT-2 inhibitors •	 Benefits of dapagliflozin and empagliflozin were maintained across 
a broad range of LVEF

DAPA-CKD13 CKD Dapagliflozin 10 mg daily •	 Sustained fall in eGFR and end-stage kidney disease, death from 
cardiovascular or renal causes: 39% relative risk reduction 

EMPA-KIDNEY14 CKD Empagliflozin 10 mg daily •	 Progression of kidney disease or death from CV causes: 28%  
lower risk 

Abbreviations: CKD = chronic kidney disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate; HF = heart failure; HFmrEF = heart failure with mildly reduced ejection 
fraction; HFrEF = heart failure with reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; LVEF = left ventricular ejection fraction; SGLT-2 = sodium-glucose 
cotransporter-2.
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45 to 90 mL/min/1.73 m2 with a uACR of 
at least 200 mg/g.14 Patients treated with 
empagliflozin 10 mg daily had a 28% 
lower risk of progression of kidney disease 
or death from cardiovascular causes 
compared with those treated with pla-
cebo, regardless of the patient’s diabetic 
status. Patients in the empagliflozin 
cohort were also 14% less likely to be 
hospitalised for any cause.14 

Guideline recommendations
The number of clinical trials published 
since the Guidelines for the Prevention, 
Detection, and Management of Heart 
Failure in Australia 2018 has prompted an 
updated ‘evidence to practice’ consensus 
statement on the current pharmacological 
prevention and management of heart 
failure.15,16 This consensus statement, 
published in August 2022, recommends 
an SGLT-2 inhibitor (dapagliflozin or 
empagliflozin) for all patients with HFrEF, 
HFmrEF and HFpEF.16

Recent international heart failure 
guidelines provide recommendations for 
the use of SGLT-2 inhibitors in patients 
with heart failure. Both the European 
Society of Cardiology (ESC) and American 
Heart Association (AHA)/American  
College of Cardiology (ACC)/Heart Failure 
Society of America (HFSA) heart failure 
guidelines recommend using SGLT-2 
inhibitors, in conjunction with standard 
heart failure therapies, for patients with 
HFrEF to reduce the risk of heart failure 
hospitalisations and death.17,18 Further-
more, the AHA/ACC/HFSA heart failure 
guidelines recommend an SGLT-2 inhib-
itor for patients with HFpEF to reduce 
heart failure hospitalisations and cardio-
vascular mortality.18

Current international guidelines for 
chronic kidney disease largely focus on 
the role of SGLT-2 inhibitors in patients 
with diabetes.19 Although they acknowl-
edge the evolving evidence, recommen-
dations beyond that of patients with 
diabetes are not specified. The UK Kidney 
Association recommends SGLT-2 inhib-
itors for patients with type 2 diabetes and 

an eGFR 25 mL/min/1.73 m2 or higher if 
their uACR is 25 mg/mmol or more and 
attributed to diabetic nephropathy, or 
they have established coronary disease 
or stable symptomatic heart failure.20

Current indications for SGLT-2 
inhibitors in Australia beyond diabetes
Based on the clinical data described above, 
recent indications for SGLT-2 inhibitors, 
regardless of diabetes status, have been 

TABLE 2. CURRENT INDICATIONS FOR SGLT-2 INHIBITORS, INDEPENDENT OF 
DIABETES STATUS

Therapeutic Goods 
Administration 

Pharmaceutical Benefits Schedule (PBS)* 

Heart failure (HF) indications

Dapagliflozin HF with reduced LVEF, 
as an adjunct to 
standard of care 
therapy

•	 Symptomatic HF (NYHA II, III, IV) 

•	 Documented LVEF ≤40% 

•	 Receiving optimised guideline-directed 
medical therapy including beta-blocker and 
either (unless contraindicated or not 
tolerated):

	– ACE inhibitor
	– ARB
	– ARN inhibitor

•	 Must not be receiving treatment with another 
SGLT-2 inhibitor

Empagliflozin HF independent of 
LVEF, as an adjunct to 
standard of care 
therapy

•	 Symptomatic HF (NYHA II, III, IV)

•	 Documented LVEF ≤40% 

•	 Receiving optimised guideline-directed 
medical therapy including beta-blocker and 
either (unless contraindicated or not 
tolerated):

	– ACE inhibitor
	– ARB
	– ARN inhibitor

•	 Must not be receiving treatment with another 
SGLT-2 inhibitor

•	 Pending listing for HF with mildly reduced or 
preserved LVEF

Chronic kidney disease (CKD) indications

Dapagliflozin Proteinuric CKD (CKD 
stage 2 to 4 and uACR 
≥30 mg/g)

•	 Diagnosed kidney disease for at least 
three months

•	 eGFR between 25 to 75 mL/min/1.73 m2

•	 uACR between 200 to 5000 mg/g

•	 Taking ACE inhibitor or ARB for at least 4 
weeks (unless contraindicated)

•	 Must not be receiving treatment with another 
SGLT-2 inhibitor

•	 Must discontinue treatments before renal 
replacement therapy (dialysis or kidney
transplant)

Abbreviations: ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ARN = angiotensin receptor 
neprilysin; eGFR = estimated glomerular filtration rate; HF = heart failure; LVEF = left ventricular ejection fraction;  
NYHA = New York Heart Association; uACR = urinary albumin to creatinine ratio.
* Refer to the PBS website for full details (https://www.pbs.gov.au).
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approved in Australia. The TGA and PBS 
listings are summarised in Table 2. Dapag-
liflozin and empagliflozin are listed on 
the PBS for patients with symptomatic 
chronic heart failure (NYHA classes II, 
III or IV) with LVEF 40% or below. 
Empagliflozin has been recently approved 
by the TGA for the treatment of sympto-
matic heart failure independent of LVEF 
as an adjunct to standard of care therapy 
and has received an out-of-session 
approval for PBS listing for patients with 
heart failure and a mildly reduced or pre-
served LVEF. Dapagliflozin is approved 
by the TGA and recently listed on the PBS 
for CKD. Eligible patients must have an 
eGFR of 25 to 75 mL/min/1.73 m2 and a uACR 
of 200 to 5000 mg/g (22.6 to 565 mg/mmol) 
inclusive before initiating treatment with 
this drug. 

Prescribing considerations and 
adverse effects of SGLT-2 inhibitors
SGLT-2 inhibitors have been shown to 
reduce the risk of cardiovascular death 

and hospitalisation in people with heart 
failure and chronic kidney disease. How-
ever, GPs need to be aware of the 
increased risk of adverse events with 
SGLT-2 inhibitor use. These include 
ketoacidosis, volume depletion and 
hypoglycaemia, especially if used in 
addition to insulin or sulfonylureas. 
Important factors and potential adverse 
effects that need to be considered before 
prescribing SGLT-2 inhibitors are out-
lined in Table 3.7,8,13,18,21,22 

After initiating an SGLT-2 inhibitor, a 
transient decrease in renal function may 
occur. If renal function continues to 
decline despite correction of other causes, 
therapy should be discontinued. 

Urinary tract infections are listed as 
an adverse effect of SGLT-2 inhibitors; 
however, recent large, randomised control 
trials have not reported a significant excess 
risk compared with placebo.8,13 Cases of 
Fournier’s gangrene, an acute necrotic 
infection of the scrotum, penis or perineum, 
have been rarely reported. Suspected 

urogenital infections should be treated 
promptly to reduce the risk of progression 
to urosepsis or pyelonephritis and patients 
educated on the signs and symptoms of 
infection as well as on appropriate genital 
hygiene measures.

Patients with reduced oral intake due to 
acute illness or those undergoing periods 
of fasting may require temporary cessation 
to reduce the risk of ketoacidosis.18,21 Discuss 
sick-day management with all patients and 
consider a written sick-day plan at the point 
of prescription. An example of sick day 
advice can be found on the Queensland 
Heart Failure Support Service website 
(https://www.health.qld.gov.au/__data/
assets/pdf_file/0022/1154380/SGLT2- 
inhibitor-Patient-Information.pdf). GPs 
can also refer to their local guidelines for 
perioperative advice regarding patients 
prescribed SGLT-2 inhibitors. General 
advice can be found on Australian and 
New Zealand College of Anaesthetists 
(ANZCA) website (https://www.diabetes-
society.com.au/downloads/20220726 

TABLE 3. PRESCRIBING CONSIDERATIONS AND ADVERSE EFFECTS OF SGLT-2 INHIBITORS7,8,13,18,21,22

Risk Consideration Recommendation

Type 1 diabetes or a prior 
history of ketoacidosis

•	 Increased risk of ketoacidosis •	 Seek specialist advice before prescribing

Renal impairment •	 Recommendations vary depending on the product (Figure)

•	 A transient decrease in renal function may occur after 
initiation of an SGLT-2 inhibitor

•	 Repeat monitoring of renal function

•	 Discontinue therapy if renal function continues 
to decline despite correction of other causes

Urogenital infections •	 Listed as an adverse effect of SGLT-2 inhibitors 

•	 Increased risk of mycotic infections, usually mild

•	 Fournier’s gangrene has been reported, rarely 

•	 Educate patient on signs and symptoms and 
appropriate genital hygiene 

•	 Treat promptly to prevent systemic infection and 
to reduce the risk of progression to urosepsis or 
pyelonephritis 

Reduced oral intake, for 
example during periods of 
acute illness or periods  
of fasting

•	 Increased risk of ketoacidosis •	 May require temporary cessation to reduce the 
risk of ketoacidosis

•	 Ensure sick day management is discussed at 
time of prescribing and consider written sick 
day plan if appropriate

Volume depletion •	 Due to natriuretic/diuretic effect of medication •	 May require reduction in diuretic doses before 
initiation, depending on patient's volume status 

Hypoglycaemia •	 Increased risk if used in addition to insulin or 
sulfonylureas

•	 May require dose adjustment of insulin/
sulphonylureas

Abbreviation: SGLT-2 = sodium-glucose cotransporter-2.
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%20ADS%20ADEA%20ANZCA%20
NZSSD_DKA_SGLT2i_Alert_Ver%20July 
%202022.pdf).

An increased incidence of lower limb 
amputations was observed in a trial of 
canagliflozin in patients with type 2 
diabetes and a high cardiovascular risk; 
however, canagliflozin is not available 
in Australia.4 Additionally, these find-
ings have not been observed in other 
studies evaluating the safety of SGLT-2 
inhibitors.7,8,13

Conclusion
The evidence beyond the glucose-low-
ering benefits of SGLT-2 inhibitors is 
now well established. International 
guidelines have included these drugs as 
part of first-line management for heart 
failure with a reduced or preserved 
LVEF, in addition to standard therapy, 

regardless of diabetic status. Given the 
outcomes of trials in patients with 
chronic kidney disease (DAPA-CKD and 
EMPA-KIDNEY studies), it is likely that 
future guidelines will also recommend 
SGLT-2 inhibitors in patients with protein-
uric chronic kidney disease, regardless 
of diabetic status. �   MT
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Figure. Traffic light guidance for SGLT-2 inhibitors in type 2 diabetes and heart failure, including current indications, use in renal impairment and 
contraindications/important precautions. Red = stop treatment; yellow = treat with caution; green = safe to treat.
Abbreviations: CKD = chronic kidney disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate; HFpEF = heart failure with preserved ejection fraction;  
HFrEF = heart failure with reduced ejection fraction; SGLT-2 = sodium-glucose cotransporter-2; TGA = Therapeutic Goods Administration.
* Australian Drug Evaluation Committee Category D.
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