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Summary
Aims: Sodium-glucose co-transporter type 2 (SGLT2) inhibitors are a new class of anti-
hyperglycaemic agents in type 2 diabetes mellitus (T2DM). This review examines their 
mechanism of action and provides an overview of safety and efficacy from the main 
studies of SGLT2 inhibitors marketed in the United States and Europe, namely, cana-
gliflozin, dapagliflozin and empagliflozin.
Methods: We searched the PubMed database to identify relevant publications on the 
mechanism of action of SGLT2 inhibitors and clinical trial reports.
Results: Clinical trials in patients with T2DM have shown significant improvements in 
glycaemic control vs placebo with canagliflozin, dapagliflozin and empagliflozin: pa-
tients were more likely to reach target glycated haemoglobin levels compared with 
patients receiving placebo. All SGLT2 inhibitors also led to modest reductions in body 
weight and blood pressure vs placebo. Generally, all agents were well tolerated, with 
the most common adverse events with this class being genital mycotic infections and 
urinary tract infections. Hypoglycaemia was reported at rates similar to those seen 
with placebo, except when SGLT2 inhibitors were given in combination with insulin or 
an insulin secretagogue. Long-term outcome data are available only for empagliflozin: 
in the EMPA-REG OUTCOME study, empagliflozin demonstrated reduced risk of the 
composite end-point of 3-point major adverse cardiovascular events (cardiovascular 
death, non-fatal myocardial infarction or non-fatal stroke), primarily because of a sig-
nificant reduction in cardiovascular mortality.
Conclusions: SGLT2 inhibitors are an exciting addition to the list of available agents for 
T2DM, and may be suitable for various types of patients who need additional glycae-
mic control.

1  | INTRODUCTION

Diabetes mellitus (DM) is characterised by hyperglycaemia, and gly-
caemic control remains fundamental to the treatment of DM, espe-
cially for the prevention of microvascular complications. Since glycae-
mic control takes a long period of time to exert a beneficial effect on 
macrovascular complications, as shown by the Diabetes Control and 
Complications Trial and the UK Prospective Diabetes Study, the search 

has to continue for drugs that will not only help glycaemic control but 
also reduce macrovascular complications. Over the past few years, 
however, a number of negative results in terms of cardiovascular (CV) 
outcomes from large clinical trials have shifted the focus to other CV 
risk factors such as hypertension and hyperlipidaemia, with emphasis 
on the control of these risk factors. The importance of independent 
beneficial drug effects on CV outcomes was brought back to centre 
stage with the dramatic results from the EMPA-REG OUTCOME study, 
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which showed reduced risk of major CV events as well as reduced risk 
of all-cause mortality with the glucose-lowering drug, empagliflozin.1 It 
is possible that other drugs in this class may also exert similar effects 
but such data for these drugs are currently not available.

Long-term glycaemic control is measured by the proportion 
(%) of haemoglobin that is glycated (HbA1c), and large-scale, ran-
domised trials using various interventions in type 1 DM (T1DM) and 
type 2 DM (T2DM) have shown that every 1% decrease in HbA1c 
gives approximately 30% reduction in the risk of microvascular 
complications.2–7 Although lifestyle interventions, such as optimis-
ing nutrition and promoting physical activity, are crucial in improv-
ing glucose control and general health of individuals with T2DM, 
pharmacotherapy with glucose-lowering agents is necessary in the 
majority of these patients. Various approaches have been used, yet, 
despite the increasing number and availability of such agents over 
the past decade, glycaemic control remains suboptimal in a signifi-
cant proportion of patients.8–10 For example, data from 2007 to 2010 
US National Health and Nutrition Examination Survey revealed that 
only around half (52.5%) of approximately 1300 people with diabe-
tes achieved the recommended target HbA1c of <7.0% (<53 mmol/
mol).8 The same study reported that only 18.8% of people achieved 
the combined goals for control of HbA1c (<7.0%), blood pressure (BP, 
<130/80 mm Hg) and low-density lipoprotein cholesterol (LDL-C) 
(<100 mg/dL).8 In the face of such numbers, it may be tempting to 
feel that we cannot be expected to help all our patients achieve treat-
ment targets, but the association with improved outcomes should 
compel us to treat intensively to target.

Given the progressive and variable nature of T2DM, pharmaco-
therapy to combat hyperglycaemia often requires the use of increasing 
doses of oral glucose-lowering agents, combination therapy and, ulti-
mately, insulin to meet glycaemic goals.11 Consequently, more effective 
glucose-lowering agents are needed for the management of T2DM. The 
urgency of this need is rapidly increasing, since the global prevalence of 
DM is predicted to rise from 415 million (8.8%) in 2015 to 642 million 
(10.4%) by 2040,12 and T2DM accounts for 90%-95% of patients.13 
These facts are relevant because although the proportion of patients 
with HbA1c below 7% has increased to more than 50% in the US,8 the 
overall number of uncontrolled diabetic patients has actually increased.

Glucose-lowering agents have targeted various body organs—
including the pancreas, liver, muscle cells, adipose tissue and the 
gut—but, until now, the kidney has not been targeted despite its cen-
tral role in glucose homeostasis.14 Targeting the kidney by induction 
of urinary glucose excretion (UGE, ie, glucosuria) via the inhibition 
of sodium-glucose co-transporter type 2 (SGLT2) is an entirely novel 
approach.14 This drug class has generated, in the short time since 
its introduction, considerable interest and debate.15 In many areas 
of clinical medicine, new medications remain in the realm of special-
ists until experience is gained but, as T2DM is frequently managed in 
the primary care setting, all primary care physicians will need a good 
understanding of this drug class. This review examines the literature 
reporting studies of SGLT2 inhibitors, and discusses key aspects and 
considerations of this unique therapeutic approach to the treatment 
of T2DM.

2  | METHODS

This non‐systematic literature review was undertaken to provide an 
overview of SGLT2 inhibitors, with particular relevance to primary 
care. The PubMed database was used to search for clinical studies 
and narrative reviews, including the search term “SGLT2 inhibitor” 
and subsequently with the identified compounds available in the US 
(canagliflozin, dapagliflozin and empagliflozin). All publication types 
were considered, including case reports, since this class of agents is 
relatively recently available and case reports may therefore be rel-
evant. In addition, reference lists of retrieved articles were scanned 
for relevant publications, and this included documents published by 
regulatory authorities. For meta-analyses, priority was given to more 
recent publications, but no specific time limit was set, again because 
this is a relatively recent class of agents. The review also includes 
practical considerations for clinical practice, which aims to provide a 
clinical approach for use of SGLT2 inhibitors.

3  | ROLE OF THE KIDNEY IN 
GLUCOSE TRANSPORT

Plasma glucose is freely filtered in the kidney glomeruli, and the kid-
neys of healthy individuals will filter approximately 180 g of glucose 
per day. To prevent this valuable energy source from leaving the body 
in the urine, glucose is reabsorbed from the glomerular filtrate and 
returned to the circulation. Effectively, no glucose is excreted in the 
urine of a healthy individual.16 This extremely efficient renal glucose 

Review criteria
This narrative review was undertaken to evaluate recent de-
velopments in clinical trials with Sodium-glucose co-
transporter type 2 (SGLT2) inhibitors, a novel class of 
glucose-lowering drugs for the treatment of type 2 diabetes 
mellitus (T2DM). The PubMed database was searched for 
clinical studies and narrative reviews, focusing on the SGLT2 
inhibitors currently available in the US, namely canagliflozin, 
dapagliflozin and empagliflozin. Reference lists of retrieved 
articles were scanned for additional relevant publications.

Message for the clinic
Sodium-glucose co-transporter type 2 inhibitors alter clinical 
factors that are known to be associated with increased car-
diovascular risk in diabetes, such as persistent hyperglycae-
mia, overweight and hypertension. Results from the 
EMPA-REG OUTCOME study indicate that SGLT2 inhibition 
can reduce cardiovascular mortality in high-risk patients with 
T2DM. Further ongoing cardiovascular outcome studies will 
provide additional insight into the potential of these drugs to 
influence long-term macrovascular outcomes in T2DM.
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transport system is carried out by two types of carrier protein: the 
active (energy-dependent) SGLTs and the facilitated (passive) glucose 
transporters (GLUTs).16–18

Reabsorption of glucose from the glomerular filtrate is mediated 
by two SGLT proteins (SGLT1 and SGLT2), both of which act inde-
pendently of insulin. Reabsorption primarily occurs in the first sec-
tion of the proximal renal tubule at the brush border of cells via the 
action of SGLT2, which removes the majority (~90%) of the filtered 
glucose,16,17 while the remainder (~10%) is removed further along the 
proximal tubule via the action of SGLT1.16,17 SGLT2 has a low affinity 
for glucose but a high capacity, whereas SGLT1 has a high affinity for 
glucose but a low capacity.16,17 Reabsorbed glucose is then released 
from proximal tubular cells at the basolateral membrane into the 
bloodstream via GLUT2 and to a lesser extent by GLUT1.16,17,19

At normal plasma glucose concentrations of approximately 
100 mg/dL (5.5 mmol/L), all of the filtered glucose is reabsorbed and 
virtually none is excreted. As the plasma glucose concentration rises, 
the amount of glucose filtered by the kidney increases until a threshold 
is reached at which the renal glucose transport system is effectively 
saturated. This “saturation point” is called the transport maximum 
for glucose, or Tm glucose. In healthy, glucose-tolerant individu-
als, the Tm glucose is equivalent to a filtration rate of 260–350 mg/
min/1.73 m2.20 Any further increase in the amount of glucose filtered 
results in the excess glucose remaining in the renal filtrate and being 
excreted into the urine. The plasma glucose concentration at which 
this occurs (ie, the threshold at which Tm glucose is reached) is approx-
imately 200 mg/dL (11.0 mmol/L).21

When considering glucose handling by the kidney in people with 
T2DM, it may seem logical to anticipate increasing UGE in the pres-
ence of hyperglycaemia. However, this is not observed; instead, the 
kidneys continue to reabsorb glucose even when plasma glucose con-
centrations are high, with levels that usually exceed the Tm of healthy 
individuals. This is because mean Tm glucose could increase by up to 
20% in patients with DM vs healthy individuals,22 implying that glu-
cosuria occurs only at a further elevated plasma glucose threshold. 
One underlying explanation for this accelerated reabsorption of glu-
cose emerged with data from in vitro studies that demonstrate up-
regulation of SGLT2 and GLUT2 expression and activity in T2DM.23,24 
Irrespective of the cause of the elevated Tm glucose and diminished 
UGE observed in T2DM, the consequence of this increased reabsorp-
tion of glucose is a continuous backflow of glucose from the kidneys 
into the circulation. This backflow will occur even in the presence of 
elevated blood glucose, thus potentiating hyperglycaemia and increas-
ing the risk for diabetes-associated complications.

4  | SGLT2 INHIBITION

If SGLT2 activity works to conserve the body’s glucose stores and helps 
to maintain the plasma glucose concentration, it follows that inhibition of 
SGLT2 should have the converse effect.25 Consequently, SGLT2 inhibi-
tion could be expected to decrease the Tm glucose, instigating reduced 
glucose reabsorption from the glomerular filtrate and increased glucose 

excretion into the urine, and to cause glucosuria at a lower plasma glu-
cose concentration. In an individual with T2DM, administering an agent 
that blocks SGLT2 action effectively should result in reduced hypergly-
caemia by removing excess glucose from the body.

Why was SGLT2 selected as a therapeutic target instead of SGLT1? 
Firstly, SGLT2 enables reabsorption of the vast majority of glucose 
from the renal filtrate, so its inhibition should have a more significant 
effect on UGE. Secondly, although SGLT2 is predominantly expressed 
in the renal tubule, SGLT1 is also strongly expressed in the small 
intestine, where it has a key role in glucose/galactose absorption.16 
Consequently, inhibition of SGLT1 prevents these sugars from being 
appropriately absorbed and may allow them to pass through to the 
large intestine: this has been shown to cause severe diarrhoea and 
dehydration.16,26 A dual inhibitor of SGLT1 and SGLT2 (sotagliflozin) is 
in development. Its potency for inhibition of SGLT2 is similar to that of 
existing SGLT2 inhibitors on the market but with greater potency for 
inhibition of SGLT1.27 The rationale for dual inhibition relates to the 
role of SGLT1 as the main transporter for the uptake of glucose from 
the gut; SGLT1 inhibition is expected to reduce postprandial glucose 
levels, and further research will determine whether this approach will 
have a place in the management of T2DM.

What characteristics might then be anticipated of pharmacological 
agents that inhibit SGLT2? To begin with, as the mechanism of action 
of SGLT2 (and SGLT1) is independent of insulin, compounds that 
inhibit SGLT2 should not be influenced by beta-cell mass/function or 
the degree of insulin resistance and may even have the potential to 
show efficacy as T2DM significantly progresses. This contrasts with 
the decline in glucose-lowering potential observed with other types of 
anti-diabetes agents that are dependent on beta-cell function, such as 
sulphonylureas or glinides. In addition, inhibition of SGLT2 should not 
increase the risk of hypoglycaemia, as SGLT2 inhibition does not affect 
endogenous glucose production in response to hypoglycaemia,28 and 
does not stimulate insulin release when glucose levels decline.29,30 
Furthermore, the non-insulin-dependent mechanistic pathway sug-
gests SGLT2 inhibitors could be given in combination with any of the 
existing therapeutic classes of glucose-lowering agents, including 
insulin. Another possible benefit is the potential for SGLT2 inhibitors 
to promote weight loss,30 partly because of the reduction in available 
calories caused by UGE.

However, unwanted issues with SGLT2 inhibition could also be 
hypothesised based on their mechanism of action. As in uncontrolled 
diabetes, the continual presence of glucose in the urine may increase 
the risk of urinary tract infections (UTIs) and/or urogenital infections. 
In addition, the increase in glycosuria may induce polyuria and noc-
turia. Furthermore, as SGLT2 inhibitors act on the renal tubule, it is 
theoretically possible that these agents may also affect bone metabo-
lism, as this site is considered an important location for maintenance 
of calcium/phosphate homeostasis.31 Additionally, since there is 60% 
homology between SGLT2 and SGLT1,16 potential side effects may 
arise from any SGLT1 inhibition exhibited, such as severe diarrhoea (as 
described above). To overcome this, a candidate SGLT2 inhibitor would 
ideally be designed to be a potent inhibitor of SGLT2 and have a high 
degree of selectivity over SGLT1. In addition, it would also be orally 
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active to allow tablet/capsule formulation, alone and in combination 
with available oral anti-hyperglycaemic drugs.

5  | A BRIEF HISTORY

Years before renal glucose handling was fully characterised, early 
investigations were performed using phlorizin, a naturally occurring 
glucoside that was first isolated from apple tree bark in the early 
1800s.32 Phlorizin was observed to cause glucosuria, weight loss and 
polyuria in dogs, and was ultimately found to be a non-selective inhib-
itor of SGLT.32 Pivotal research carried out in the mid-1980s, using 
a rodent model of diabetes, demonstrated that phlorizin induced 
glucosuria and reduced hyperglycaemia in an insulin-independent 
manner without causing hypoglycaemia,29,33 most likely because 
of inhibition of SGLT2. Unfortunately, phlorizin was unsuitable for 
clinical development as a glucose-lowering agent, as it also potently 
inhibited SGLT1 and had poor oral bioavailability.34 The potential was 
nonetheless clear, and phlorizin analogues have provided the founda-
tion for subsequent generations of more selective SGLT2 inhibitor 
compounds.

As often observed in research, several initial SGLT2 inhibitor can-
didates, O-glucosides, had to be discontinued early in clinical devel-
opment, such as T-1095 and sergliflozin, which were probably discon-
tinued because of non-selective SGLT2 inhibition35 and bioavailability 
issues with the O-glucoside,34 respectively. However, the succeeding 
generation of C-glucosides has progressed through clinical research, 
and three drugs are available in the US and European Union: dapagli-
flozin, canagliflozin and empagliflozin. All are selective SGLT2 inhibi-
tors, and are dosed orally (Table 1).

6  | CLINICAL EXPERIENCE

6.1 | Indications and dosing

Sodium-glucose co-transporter type 2 inhibitors are currently indi-
cated for patients with T2DM and inadequate glycaemic control from 
diet and exercise.36–41 The recommended doses for dapagliflozin, 
canagliflozin and empagliflozin for the treatment of T2DM are shown 
in Table 1. SGLT2 inhibitors may offer additional options in T2DM as 
an oral therapy for patients with uncontrolled hyperglycaemia and, 
potentially, for patients who could benefit from weight reduction, 
but they are not indicated as weight-loss agents in their own right. 
At present, no SGLT2 inhibitor is approved for treatment of patients 
with T1DM, but the potential here is recognised, and SGLT2 inhibition 
has been evaluated in several pilot studies as adjunct to insulin ther-
apy.42–44 Concerns have been raised about a possible link between 
SGLT2 inhibition and a risk of ketoacidosis, particularly in patients 
with T1DM; this risk would need to be balanced against the need for 
additional treatment options.45

6.1.1 | Cardiovascular outcomes

The EMPA-REG OUTCOME study, published in September 2015, was 
the first dedicated CV outcome study to show that a glucose-lowering 
therapy was associated with a reduction in major adverse CV events 
(MACE) and in CV mortality in high-risk patients.1 In this double-
blind study, patients with T2DM and at high risk of CV events were 
randomised to empagliflozin (10 and 25 mg dose groups) or placebo, 
on top of standard of care therapy. Of note, about half of all patients 
were receiving dual glucose-lowering therapy, approximately 48% 

TABLE  1 SGLT2 inhibitors approved in the United States (US) and European Union (EU)

SGLT2 inhibitor Dosing Metabolism and excretion
Fold selectivity SGLT2 vs 
SGLT1108

Dapagliflozin In US,38 starting dose 5 mg once daily; can be 
increased to 10 mg once daily; not suitable for 
patients with eGFR <60 mL/min/1.73 m2

In EU,37 starting dose 10 mg once daily

Metabolised in liver and kidney
Metabolites eliminated mainly in 

faeces and also in urine109

>1200

Canagliflozin In the EU and the US,36,39 starting dose 100 mg once 
daily; can be increased to 300 mg once daily in 
patients with eGFR ≥ 60 mL/min/1.73 m2. Not 
suitable for patients with eGFR <45 mL/min/1.73 m2 

Metabolised in liver and 
kidney110

Metabolites eliminated mainly in 
faeces but also in urine111

>250

Empagliflozin In the EU and the US,40,41 starting dose 10 mg once 
daily; can be increased to 25 mg once daily (in EU, 
increase is only recommended in patients with eGFR 
≥ 60 mL/min/1.73 m2)
Should not be initiated in patients with eGFR <45 mL/

min/1.73 m2 (US) or <60 mL/min/1.73 m2 (EU). For 
patients tolerating empagliflozin and whose eGFR 
falls to <60 mL/min/1.73 m2, dose can be reduced to 
10 mg once daily (EU); no dose adjustment 
recommended in US
Not suitable for patients with eGFR <45 mL/

min/1.73 m2

Undergoes limited metabolism
Excreted unchanged in urine 

and faeces112

>2500
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were receiving insulin, 80% were receiving angiotensin-converting 
enzyme (ACE) inhibitors/angiotensin-receptor blockers (ARBs) and 
approximately 80% were receiving lipid-lowering therapies (primar-
ily with statins): altogether these data indicate a very high stand-
ard of care as background therapy in these patients. The primary 
outcome was a 3-point MACE composite of CV death, non-fatal 
myocardial infarction (excluding silent myocardial infarction) or non-
fatal stroke.1 Significantly fewer patients in the pooled empagliflo-
zin vs placebo group experienced a primary outcome event [10.5% 
vs 12.1%; hazard ratio (HR): 0.86; 95.02% CI: 0.74-0.99; P < .001 
for non-inferiority; P=.04 for superiority]. Compared with placebo, 
empagliflozin therapy was associated with a 38% relative risk reduc-
tion (RRR) in death from CV causes (3.7% vs 5.9% for placebo; HR: 

0.62; 95% CI: 0.49-0.77; P < .001); however, no significant between-
group differences were observed in the rates of myocardial infarc-
tion or stroke. Compared with placebo, empagliflozin therapy was 
associated with a 35% RRR in hospital admission for heart failure, 
and a 32% RRR in death from any cause. Additional analysis showed 
a 34% reduction in the composite outcome of hospitalisation for 
heart failure or CV death (HR: 0.66; 95% CI: 0.55-0.79; P < .001), 
regardless of the presence of heart failure at baseline.46 The mecha-
nisms underlying the observed effects of empagliflozin are unclear 
at present but could result from the reduction in hyperglycaemia, BP 
and weight associated with empagliflozin therapy,47 in addition to a 
reduction of blood volume and sodium retention and a reduction in 
arterial stiffness.48

F IGURE  1 Summary of key efficacy data with SGLT2 inhibitors used as monotherapy. Mean reductions from baseline with (A) dapagliflozin, 
(B) canagliflozin, and (C) empagliflozin. Data are from the study of dapagliflozin monotherapy for 24 weeks (54), canagliflozin monotherapy 
for 26 weeks (56), and empagliflozin monotherapy for 24 weeks (55). Numbers of patients are the number of patients randomised to each 
treatment arm. HbA1c, glycated haemoglobin; SBP, systolic blood pressure. *Morning dosing. †Evening dosing
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Several other CV safety and outcome studies are ongoing 
with SGLT2 inhibitors.49 The initial phase of the Canagliflozin 
Cardiovascular Assessment Study (CANVAS: ClinicalTrials.gov identi-
fier: NCT01032629)50 has recruited 4330 patients with T2DM and 
elevated risk of CV disease and is expected to report in 2017. The 
Dapagliflozin Effect on Cardiovascular Events (DECLARE: ClinicalTrials.
gov identifier: NCT01730534) has completed recruitment of around 
17 000 patients with T2DM and known CV disease (secondary pre-
vention cohort) or at least two risk factors for CV disease (primary 
prevention cohort). Results are expected in 2019.

6.1.2 | Renal outcomes

While CV outcomes are considered the most important complica-
tion of diabetes, microvascular complications, such as blindness and 
kidney disease, are also of critical importance. To date, clinical data 
are available only for empagliflozin from the EMPA-REG OUTCOME 
study discussed above.1 Initiation of renal-replacement therapy was 
relatively rare, but the risk was still significantly lower with empagli-
flozin, with the outcome reported in 0.6% of the placebo group and 
0.3% of the pooled empagliflozin group.51 The composite renal micro-
vascular outcome of incident or worsening nephropathy [defined 
as progression to macroalbuminuria, doubling of serum creatinine 
accompanied by estimated glomerular filtration rate (eGFR) ≤45 mL/
min/1.73 m2, initiation of renal-replacement therapy, or death from 
renal disease] occurred in 16.2% of patients in the empagliflozin group 
vs 23.6% of the placebo group (HR: 0.61; 95% CI: 0.55-0.69; P < .001). 
Empagliflozin also appeared to protect renal function from the natural 
progression expected in these patients.51 In the empagliflozin group, 
the eGFR initially dropped after starting treatment, then stabilised 
over the course of the study, and increased again after the end of 
treatment, whereas eGFR in the placebo group continued to decline. 
The results are particularly exciting given that the majority of patients 
in the study were receiving current standard of care with ACE inhibi-
tors or ARBs.

For SGLT2 inhibitors other than empagliflozin, renal outcomes 
data are therefore awaited with interest and a dedicated study 
assessing canagliflozin in the prevention (or delay) of kidney failure 
in patients with nephropathy is underway (ClinicalTrials.gov identifier: 
NCT02065791). Similar patterns of eGFR effect—an initial drop fol-
lowed by stabilisation—have been observed with dapagliflozin52 and 
canagliflozin.53 The observations on a reversible decrease in eGFR 
with SGLT2 inhibitor treatment suggest that the observed changes 
in renal function after SGLT2 inhibition may reflect changes in renal 
haemodynamics, and potentially also in intraglomerular pressure. 
This haemodynamic concept of SGLT2 in the kidneys is supported by 
data from an empagliflozin pilot study (25 mg once daily for 8 weeks) 
in patients with T1DM, in which the effect of SGLT2 inhibition on 
renal hyperfiltration was investigated.47 In T1DM subjects with renal 
hyperfiltration, short-term treatment with empagliflozin led to a sig-
nificant reduction in hyperfiltration during clamped euglycaemic and 
hyperglycaemic conditions, probably by affecting tubular-glomerular 
feedback mechanisms. In contrast, renal haemodynamic parameters 

were unchanged in T1DM subjects with normal renal function.47 
Differences in baseline renal haemodynamic function were consid-
ered mainly because of increased proximal tubular sodium-glucose co-
transport, and SGLT2 inhibition resulted in an enhanced physiologic 
effect in T1DM patients with hyperfiltration.47

6.2 | Changes in glycaemic control

Glycaemic control remains the cornerstone of treatment for T2DM, 
since it is so closely linked to the risk of complications. A range of clini-
cal trials have shown that canagliflozin, dapagliflozin and empagliflozin 
all have a favourable effect on HbA1c, with mean changes of around 
0.5%-1.0%. Data from pivotal phase 3 studies involving monotherapy 
with dapagliflozin, canagliflozin and empagliflozin are presented in 
Figure 1.54–56 These agents have also been found to be effective and 
well tolerated when administered with other glucose-lowering thera-
pies, including as add-on therapy to metformin,57–60 metformin plus 
sulphonylurea,61 pioglitazone 62,63 or dipeptidyl peptidase-4 (DPP-4) 
inhibitor,64–66 as well as in conjunction with insulin.67–69 Head-to-
head studies have shown similar improvements in glycaemic control 
to sulphonylureas.59,70,71 SGLT2 inhibitors have also been evaluated in 
Asian patients with T2DM and shown to be well tolerated and effec-
tive in these patients at the same doses used in general clinical trial 
populations.72–74

While mean HbA1c changes are essential information, in clin-
ical practice, the proportion of patients achieving the target HbA1c 
of <7.0% also needs consideration, although it will depend to some 
extent on the baseline HbA1c. In a dapagliflozin monotherapy trial, 
HbA1c <7.0% occurred in 50.8%-51.6% of those receiving dapagli-
flozin 10 mg vs 31.6%-34.6% of those in the placebo group.75 
Treatment with dapagliflozin 5 and 10 mg in combination with met-
formin led to a statistically significantly greater proportion of subjects 
achieving HbA1c <7.0% (37.5% and 40.6% vs 25.9% with placebo).76

After canagliflozin monotherapy given for 26 weeks, 44.5% and 
62.4% of subjects receiving 100 and 300 mg, respectively, achieved 
HbA1c <7.0% vs 20.6% of those receiving placebo.56 For canagliflozin 
used in active-controlled trials with metformin combination therapy, 
after 52 weeks HbA1c <7.0% occurred in 54% and 60% of subjects 
receiving 100 and 300 mg, respectively, vs 56% of those receiving the 
active comparator glimepiride.71

For empagliflozin, HbA1c <7.0% was observed in 35.3% and 
43.6% of subjects receiving empagliflozin 10 and 25 mg monother-
apy for 24 weeks, respectively, vs 37.5% for the active comparator 
group (sitagliptin 100 mg) and 12.0% for those taking placebo.55 For 
treatment with empagliflozin in combination with metformin, HbA1c 
<7.0% occurred in 37.7% and 38.7% of empagliflozin 10 and 25 mg 
groups, respectively, vs 12.5% of the placebo group.58

Sodium-glucose co-transporter type 2 inhibitors have reduced 
efficacy in patients with chronic kidney disease (CKD) because 
the drugs rely on renal function for their mechanism of action.77–79 
Studies have nevertheless shown significant changes in patients with 
moderate CKD.78,79 It is recommended that renal function is assessed 
prior to commencing SGLT2 inhibitor therapy and periodically 
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thereafter.36,38,41 The labelling information for patients with renal 
impairment for dapagliflozin, canagliflozin and empagliflozin is sum-
marised in Table 1.

6.3 | Body weight

The UGE caused by SGLT2 inhibitors will lead to a loss of calories 
and studies have consistently shown weight loss, usually of 2-3 kg 
(Figure 1A-C). A small degree of weight loss may also result from 
mild osmotic diuresis, but body composition studies have shown that 
weight loss with SGLT2 inhibitors principally resulted from reduction 
in body fat mass.59,71,80

6.4 | Blood pressure

Reductions in BP have been observed consistently in SGLT2 inhibi-
tor trials. As shown in Figure 1, mean reductions in systolic BP (SBP) 
with canagliflozin, dapagliflozin and empagliflozin have been around 
3-5 mm Hg when the drugs are used as monotherapy, and similar 
reductions have been reported for pooled analyses in a range of com-
bination therapies.37,48,81 A pooled analysis of 13 dapagliflozin studies 
evaluated the effect of treatment on BP in patients with T2DM with 
or without concurrent hypertension.82 In patients with concomitant 
hypertension, dapagliflozin was associated with a placebo-corrected 
change from baseline BP values of −3.6 and −1.2 mm Hg for SBP and 
DBP, respectively; for patients without hypertension, changes were 
−2.6 and −1.2 mm Hg, respectively. These benefits were achieved 
without an associated increase in heart rate and with a low risk of 
orthostatic reactions, with no increase in clinically registered orthos-
tatic reactions for patients receiving dapagliflozin vs placebo.

A dedicated trial of SGLT2 inhibition in patients with T2DM and 
hypertension has demonstrated statistically significant and clinically 
meaningful treatment-related reductions in both office and ambula-
tory BP in patients receiving empagliflozin.83 After 12 weeks, patients 
achieved adjusted mean differences, vs placebo, in change from base-
line mean 24-hour ambulatory SBP/DBP values of −3.44/−1.36 mm 
Hg with empagliflozin 10 mg and −4.16/−1.72 mm Hg with 25 mg. 
A further evaluation of the BP-lowering effects of SGLT2 inhibitors 
involved an agent under development, ertugliflozin, which demon-
strated significant and clinically meaningful reductions in 24-hour SBP 
(changes of −3.0 to −4.0 mm Hg) after 4 weeks of treatment, with con-
sistent reductions in daytime SBP (but not night-time SBP).84

The mechanisms underlying these reductions in BP remain to 
be fully elucidated: UGE stimulated by SGLT2 inhibition may cause 
an osmotic diuretic effect that could, at least in part, contribute to a 
decrease in BP. However, other mechanisms could also be involved 
and recent suggestions include the effects of improved glucose con-
trol, weight loss and reduction in arterial stiffness.83

6.4.1 | Serum uric acid

Given the association between hyperuricaemia and increased risk of 
CV outcomes, independently of traditional risk factors,85 the effect 

of SGLT2 inhibitors on this parameter is of interest. Dapagliflozin 
showed a reduction of up to 55 μmol/L (0.93 mg/dL) in mean blood 
uric acid from baseline to Week 24 in an analysis of four phase 3 tri-
als.86 For canagliflozin in add-on combination therapy, decreases in 
serum urate were observed after 26 weeks compared with placebo 
(−8.8% and −9.4% for canagliflozin 100 and 300 mg, respectively, vs 
0.7% for placebo),87 and after 52 weeks compared with active com-
parator (−9.9% and −10.3% for canagliflozin 100 and 300 mg, respec-
tively, vs +8.0% for glimepiride,71 and −6.5% for canagliflozin 300 mg 
vs +6.2% for sitagliptin).88 Empagliflozin also reduced serum uric acid 
vs placebo in a large pooled analysis (>12 000 patients), with mean 
changes from baseline at last measurement on treatment (the trials 
were of varying lengths) of −32.7 μmol/L (−10.4%) with empagliflo-
zin 10 mg and −36.3 μmol/L (−11.2%) with empagliflozin 25 mg vs an 
increase of 3.0 μmol/L (+0.9%) with placebo.89

6.5 | Safety and tolerability

6.5.1 | Ketoacidosis

The US Food and Drug Administration (FDA) has issued a drug safety 
communication about the risk of ketoacidosis following reports 
made to their Adverse Event Reporting System.90 Several of the case 
reports of ketoacidosis were atypical, with blood glucose levels only 
moderately raised, and the reported cases occurred in patients with 
T1DM and T2DM. All patients required hospitalisation or treatment 
in an emergency department. Subsequent to the FDA communica-
tion, published reports have suggested an association between SGLT2 
inhibition and ketoacidosis,91,92 a rare event that is possibly triggered 
by factors such as major illness, reduced food and fluid intake and 
reduced insulin dose.90

6.5.2 | Urinary tract infections and genital infections

In general, in clinical development programmes SGLT2 inhibitors were 
well tolerated and showed an overall safety profile similar to placebo. 
The most commonly reported adverse events were an increased inci-
dence of symptoms suggestive of genital infection and of UTI, which 
could both be attributed to elevated urinary glucose levels. In a sys-
tematic review, UTIs and genital tract infections were more common 
with SGLT2 inhibitors compared with placebo [odds ratio for UTIs: 
1.34 (95% CI: 1.03-1.74) and for genital infections: 3.50 (95% CI: 
2.46-4.99)].93

Across the pooled studies available, the incidence of genital infec-
tion was higher in women (vulvovaginitis) than in men (balanitis), as 
reported in the labelling information.36,38,41 Pooled analyses of safety 
data from studies of dapagliflozin, canagliflozin and empagliflozin 
reported that genital infections and UTIs occurred more frequently 
with each SGLT2 inhibitor vs placebo, although the difference in fre-
quency vs placebo was much less for UTIs.

The pooled analysis of dapagliflozin examined data from 12 ran-
domised placebo-controlled trials: diagnosed genital infection occurred 
in 4.1%-5.7% of dapagliflozin groups vs 0.9% of the placebo group,94 
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and diagnosed UTI occurred in 3.6%-5.7% of dapagliflozin groups vs 
3.7% of the placebo group.95 Similarly for canagliflozin, a pooled anal-
ysis of four phase 3 studies reported UTI in 5.9% of patients receiv-
ing canagliflozin 100 mg, 4.3% receiving 300 mg vs in 4.0% of those 
receiving placebo,96 and genital mycotic infection in 10.4% of women 
and 4.2% of men receiving canagliflozin 100 mg, 11.4% of women and 
3.7% of men receiving 300 mg vs 3.2% of women and 0.6% of men in 
the placebo group.97 While a pooled analysis of empagliflozin studies 
showed that the frequency of events consistent with genital infections 
was approximately 5% vs 1% for empagliflozin groups and placebo, 
respectively, the frequency of events consistent with UTI was simi-
lar, at 9.3%, 9.8% and 10.4% in the placebo, empagliflozin 10 mg and 
empagliflozin 25 mg groups, respectively.89

Based on the mechanism of action of SGLT2 inhibitors, one would 
expect increased rates of UTIs and genital infection. Importantly, how-
ever, clinical experience with SGLT2 inhibitors across a wide range of 
investigational studies showed that these events could be effectively 
managed. The majority of patients receiving treatment with dapagli-
flozin, canagliflozin or empagliflozin who reported such an event expe-
rienced only a single occurrence, which was usually mild in intensity 
and responded to standard treatment.89,94,95,98 Furthermore, very few 
patients discontinued treatment as a result of such an event.89,94,95,98

6.5.3 | Hypoglycaemia

Hypoglycaemia adversely affects quality of life in individuals with 
T2DM,99 and severe hypoglycaemia is associated with increased risk of 
subsequent mortality.100 As explained above, the insulin-independent 
mode of action of SGLT2 inhibitors should not lead to an increased 
risk of hypoglycaemia. This was confirmed by the recent systematic 
review of SGLT2 inhibitors, in which no increased risk of hypoglycae-
mia was observed [odds ratio vs placebo, 1.28 (95% CI: 0.99-1.65; 
I2=0%): odds ratio vs other anti-diabetes agents, 0.44 (95% CI: 0.35-
0.54; I2=93%)].93 Furthermore, severe hypoglycaemia (defined as an 
episode requiring assistance from another person) was rare and was 
mainly observed in patients receiving concomitant sulphonylurea.93

Based on studies to date, the frequency of hypoglycaemia with 
SGLT2 inhibitor therapy appears to be dependent upon the back-
ground therapy used. For example, with dapagliflozin used as mono-
therapy, no major episodes of hypoglycaemia occurred [defined as 
symptomatic episodes requiring external (third-party) assistance 
with a capillary or plasma glucose value <3 mmol/L (<54 mg/dL) 
and prompt recovery after glucose or glucagon administration].75 
Differences among individual studies were only observed when 
dapagliflozin was combined with a sulphonylurea or insulin and were 
mainly seen as an increase in minor hypoglycaemic events [defined 
as either a symptomatic episode with a capillary or plasma glucose 
measurement <3.5 mmol/L (<63 mg/dL), regardless of the need for 
external assistance, or an asymptomatic capillary or plasma glucose 
measurement <3.5 mmol/L (<63 mg/dL) that does not qualify as a 
major episode].75 A pooled safety analysis of 12 placebo-controlled 
trials (n > 4000), which included sulphonylurea and insulin back-
ground therapy, reported that hypoglycaemia (not defined further) 

was more common with dapagliflozin (11.8%) vs placebo (7.0%); the 
authors noted this was primarily because of the results of studies 
using dapagliflozin with insulin or a sulphonylurea.52

With canagliflozin, the risk of hypoglycaemia [defined as docu-
mented blood glucose ≤3.9 mmol/L (≤70 mg/dL)] and of severe hypo-
glycaemia (defined as requiring the assistance of another person, or 
resulting in the loss of consciousness or a seizure) was low among sub-
jects receiving monotherapy,56 but increased when canagliflozin was 
used in combination with insulin or sulphonylureas.36,67,87 The pre-
scribing information for canagliflozin recommends using a lower dose 
of insulin or insulin secretagogue to reduce the risk of hypoglycaemia 
when used in combination with canagliflozin.36

With empagliflozin monotherapy, the rate of hypoglycaemia 
[defined as plasma glucose <3.9 mmol/L (≤70 mg/dL) and/or third-
party assistance was required] was low and was similar to placebo.55 
The frequency of confirmed hypoglycaemia was greater for empagli-
flozin vs placebo when used in combination with metformin plus 
sulphonylurea, but none of these events required assistance.101 A 
similar rate of hypoglycaemia was reported vs placebo when empagli-
flozin was added to multiple daily injections of insulin,69 with slightly 
higher rates when empagliflozin 25 mg was added to basal insulin.68 
Accordingly, the prescribing information for empagliflozin also rec-
ommends considering a lower dose of insulin or insulin secretagogue 
to reduce the risk of hypoglycaemia when used in combination with 
empagliflozin.41

6.5.4 | Bone safety

In a study carried out in patients with T2DM and moderate renal 
impairment, bone fractures were more common in patients receiving 
dapagliflozin than in those receiving placebo (7.7% vs 0% for dapa-
gliflozin groups and placebo, respectively).77 However, in individu-
als with either normal renal function or mild renal impairment, there 
was no evidence that dapagliflozin induced bone demineralisation 
or increased fracture rates.75 Compared with placebo, no meaning-
ful changes from baseline in markers of bone turnover or bone min-
eral density were identified over 102 weeks when dapagliflozin was 
added to metformin.80 For canagliflozin, a pooled analysis of nine trials 
reported apparent canagliflozin-associated increases in overall frac-
tures (2.7%, 2.7% and 1.9% for 100 mg, 300 mg and control groups, 
respectively); this increase appeared to result mainly from an increase 
in the CANVAS study, for which only interim results are available at 
present.102 One of the studies included in the pooled analysis was a 
26-week study in older patients (aged 55-80 years), and a 78-week 
extension of this trial showed small but significant reductions in total 
hip bone mineral density with canagliflozin vs placebo.103 Based on 
these results, canagliflozin labelling in the US has been updated with 
a warning to consider factors that contribute to fracture risk before 
starting treatment with canagliflozin.36 For empagliflozin, a pooled 
analysis of more than 12 000 patients with T2DM (mean baseline age 
was 60 years) reported no increase in bone fractures with empagli-
flozin vs placebo, with bone fractures occurring in 1.7% and 1.3% of 
patients receiving empagliflozin 10 and 25 mg, respectively, and in 
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1.8% of patients receiving placebo.89 When analysed by renal function 
subgroups, no imbalance was found between empagliflozin and pla-
cebo.89 In the longer term EMPA-REG OUTCOME study, in which the 
mean age at baseline was approximately 63 years, the proportion of 
patients with a fracture was similar for empagliflozin and placebo, with 
3.9% of the placebo group, 3.9% of the empagliflozin 10 mg group and 
3.7% of the empagliflozin 25 mg group reported to have one or more 
fracture adverse events during the study.1

6.5.5 | Volume depletion

Osmotic diuresis induced by SGLT2 inhibitors could potentially pose a 
risk of hypovolaemia and associated hypotensive episodes in patients 
prone to these conditions. Volume depletion-related reactions, most 
commonly hypotension, occurred in 0.8% of subjects receiving dapa-
gliflozin vs 0.4% of those receiving placebo; no events of dehydra-
tion or hypovolaemia were observed.75 Hypotension occurred more 
frequently in dapagliflozin-treated groups than placebo groups 
for subjects who were elderly, had moderate renal impairment or 
were treated with loop diuretics.75 As stated in the canagliflozin US 
Prescribing Information, the overall incidences of volume depletion 
adverse events using pooled data from eight clinical trials were 2.3% 
and 3.4% for canagliflozin 100 and 300 mg groups, respectively, vs 
1.5% for comparator groups.36 Subgroups at increased risk from vol-
ume depletion adverse events with canagliflozin therapy included 
people aged 75 years or older, those with eGFR <60 mL/min/1.73 m2, 
and those using loop diuretics.36 Empagliflozin was not associated 
with an increased frequency of volume depletion events vs placebo, 
except with the 25 mg dose of empagliflozin in patients aged 75 years 
or older, as reported in a pooled analysis of T2DM patients receiv-
ing either empagliflozin or placebo in phase 1, 2 and 3 trials (patients 
<50 years old: 0.4% and 1.2% vs 0.8% for empagliflozin 10 mg, 25 mg 
and placebo groups, respectively; patients ≥75 years old: 2.3% and 
4.3% vs 2.1% for empagliflozin 10 mg, 25 mg and placebo groups, 
respectively).89

In terms of labelling information, dapagliflozin, canagliflozin or 
empagliflozin are not recommended in patients at risk of hypoten-
sion, such as those who are volume-depleted or who are receiving 
loop diuretics, and it is recommended that volume depletion should be 
assessed and corrected before initiating therapy.36,38,41 The EU sum-
maries of product characteristics add that caution should be used with 
patients for whom a fall in BP could be hazardous, such as patients 
with known CV disease or a history of hypotension, or elderly patients. 
Monitoring of volume status should be undertaken in patients at risk 
of fluid loss (eg, with gastrointestinal conditions).37,39,40

6.5.6 | Serum electrolytes

Hyperkalaemia can occur with canagliflozin therapy and is listed as a 
warning/precaution in the canagliflozin US Prescribing Information.36 
Hyperkalaemia is more likely to develop in patients with moder-
ate renal impairment who are taking medications that interfere 
with potassium excretion, such as potassium-sparing diuretics, or 

medications that interfere with the renin–angiotensin–aldosterone 
system.36 The canagliflozin Prescribing Information recommends 
that serum potassium levels are monitored periodically in patients 
with renal impairment and in patients predisposed to hyperkalaemia 
because of medications or other medical conditions.36 For this reason 
also, digoxin levels should be monitored with canagliflozin. No change 
from baseline in mean potassium occurred with dapagliflozin or pla-
cebo in a study of patients with T2DM and moderate renal impair-
ment (defined as eGFR ≥30 to <59 mL/min/1.73 m2).77 No increase 
in mean potassium from baseline occurred with empagliflozin or pla-
cebo in patients with T2DM and stage 2 or stage 3 CKD (defined as 
eGFR ≥60 to <90 mL/min/1.73 m2 and ≥30 to <60 mL/min/1.73 m2, 
respectively).79

Dose-related increases in serum magnesium were observed within 
6 weeks of canagliflozin initiation and remained elevated through-
out treatment, per the US Prescribing Information.36 In a pool of 
four placebo-controlled trials, the mean change in serum magnesium 
was 8.1% and 9.3% with canagliflozin 100 and 300 mg, respectively, 
vs −0.6% with placebo.36 In a phase 3 trial in patients with stage 3 
CKD (albeit including a more restricted range than typically used to 
define stage 3 CKD of eGFR ≥30 to <50 mL/min/1.73 m2) increases 
in serum magnesium were 9.1% and 14.6% for canagliflozin 100 
and 300 mg, respectively, vs no change (0%) with placebo—absolute 
values were not stated.78 The EU regulatory report for dapagliflozin 
stated that there were mean increases in serum magnesium in subjects 
with T2DM and moderate renal impairment (eGFR ≥30 to <60 mL/
min/1.73 m2) receiving dapagliflozin, but mean values remained 
within the normal range.75 Mean magnesium increased from baseline 
by 0.1 mmol/L with empagliflozin 25 mg vs no change with empagli-
flozin 10 mg or placebo in patients with stage 2 CKD (eGFR ≥60 to 
<90 mL/min/1.73 m2) and by 0.1 mmol/L with empagliflozin 25 mg vs 
no change with placebo in stage 3 CKD (≥30 to <60 mL/min/1.73 m2; 
in this study, there was no empagliflozin 10 mg group, as patients 
with stage 3 CKD were randomised to either empagliflozin 25 mg or 
placebo).79

6.5.7 | Plasma lipids

Raised levels of LDL-C are independent predictors of CV risk, there-
fore, changes in lipid profiles reported during treatment with SGLT2 
inhibition have caused some concern.104

Dose-related increases in LDL-C were observed with canagliflozin: 
pooled data from four 26-week placebo-controlled trials revealed the 
mean percentage increases from baseline in LDL-C for 100 and 300 mg 
canagliflozin relative to placebo were 4.5% and 8.0%, respectively.36 
Monitoring of LDL-C and treatment per standard care is recommended 
after initiating canagliflozin.36 No clinically significant effect on lipid 
levels occurred in the individual dapagliflozin phase 3 trials (as mono-
therapy plus as add-on combination therapy) reviewed in a recent 
report,86 and overall small mean changes in LDL-C were observed in 
patients receiving dapagliflozin (ranging from −0.5% to +9.5%).86 For 
empagliflozin, a pooled analysis of 17 randomised controlled trials and 
six extension studies reported small increases in LDL-C with placebo 
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as well as empagliflozin (mean changes from baseline were 0.1 mmol/L 
for placebo and for both empagliflozin doses; percent increases were 
not reported).89

6.5.8 | Neoplasia

The relationship of SGLT2 inhibitors and neoplasia is also being exam-
ined, following a potential signal from dapagliflozin studies. A numeri-
cal excess of cases of breast cancer and bladder cancer was noted in 
the regulatory reports for dapagliflozin,75,105 although the incidence 
rates per 100 patient-years for tumours (identified using the standard 
MedDRA query “malignant or unspecified tumours”) were similar for 
dapagliflozin (1.4%) and placebo/comparator (1.3%).52 The European 
Medicines Agency assessment stated that a causal relationship was 
unlikely,75 and with such low numbers these results could have been 
found by chance, but further data are required before a signal can be 
ruled out. In the meantime, as a precautionary measure, dapagliflozin 
is not recommended in patients being treated with pioglitazone, as 
epidemiological data suggest a small increased risk of bladder cancer 
with pioglitazone.37 For canagliflozin, the incidence of breast or blad-
der tumours was low and occurred at a similar rate across treatment 
groups (breast cancer 0.38%-0.46% vs 0.4%; bladder cancer 0.06%-
0.09% vs 0.11% for canagliflozin 100 and 300 mg groups vs non-
canagliflozin groups, respectively).98 Similar findings were reported 
for renal cell cancer events (0.06%-0.09% vs 0.08% for canagliflo-
zin vs non-canagliflozin groups, respectively).98 For empagliflozin, a 
European Medicines Agency Assessment Report noted that a risk of 
malignant melanoma and urinary tract malignancies cannot be ruled 
out but there are currently insufficient long-term data to determine 
the level of risk.106

7  | CLINICAL PRACTICE CONSIDERATIONS

Sodium-glucose co-transporter type 2 inhibition represents a novel 
therapeutic approach that has generated considerable interest in the 
diabetes community. For the first time, a glucose-lowering mode of 
action is orchestrated by an insulin-independent mechanism target-
ing an organ that, although known to play a central role in glucose 
metabolism, had been widely neglected in drug development efforts 
for T2DM. Current randomised controlled trials have demonstrated 
that SGLT2 inhibitors improve glycaemic control in T2DM by reduc-
ing HbA1c, fasting plasma glucose and postprandial glucose levels. 
Additional effects include reductions in body weight and modest 
decreases in BP, attributes that could also benefit patients with 
T2DM.

Excitement about SGLT2 inhibitors increased when results of the 
EMPA-REG OUTCOME study were reported, showing reduced risk 
of major CV events or death from any cause with empagliflozin added 
to standard of care in patients with T2DM who were at increased CV 
risk.1 This may suggest that an SGLT2 inhibitor—presumably empagli-
flozin until equivalent evidence is available for the class—would be 
considered for all patients with T2DM and a history of CV disease. 

For most patients, however, metformin will remain the first-line treat-
ment option: in the diabetes management algorithm issued jointly 
by the American Association of Clinical Endocrinologists (AACE) and 
the American College of Endocrinology (ACE) in 2016, SGLT2 inhib-
itors are listed as a therapeutic alternative for patients with T2DM 
in whom metformin is not tolerated or otherwise contraindicated.11 
The AACE/ACE algorithm also states that SGLT2 inhibitors could be 
used as add-on therapy to metformin, or in combination with two or 
three other agents, including insulin.11 The 2016 guidelines on gly-
caemic treatment from the American Diabetes Association include 
SGLT2 inhibitors as one of six therapeutic options for second-line 
therapy as add-on to metformin in patients with T2DM.107 The 
guidelines also note that SGLT2 inhibitors might be useful in patients 
with deteriorating glycaemic control by improving control and reduc-
ing the amount of insulin required. In primary care, we may be con-
sidering these agents for improving glycaemic control alongside 
benefits attributed to weight loss and BP reduction. Moreover, the 
oral, once-daily dosing of all three SGLT2 inhibitors described in 
this article supports convenience for patients, an attribute that may 
also have the potential to impact overall compliance and adherence. 
Nonetheless, although SGLT2 inhibitors reflect a novel and promising 
development, it will be the responsibility of the individual healthcare 
professional to weigh the benefits and risks of the different SGLT2 
inhibitors for their patients. Based on individualised and informed 
treatment decision-making, physicians will need to carefully reflect 
on which patients are most appropriate for initiating these drugs. 
Evidence of their long-term safety and efficacy profiles is emerg-
ing from the results of trials of up to 4 years in duration,56,57,61,80 
although information from postmarketing reports will also be of keen 
interest as these agents are used more widely in clinical practice.

7.1 | How will SGLT2 inhibitors fit into current 
treatment algorithms and practices?

For patients starting glucose-lowering therapy, metformin will be and 
remain the typical first-line agent; hence, SGLT2 inhibitors would most 
likely be considered among the options for add-on therapy in patients 
not achieving therapeutic targets with metformin with and without 
additional glucose-lowering therapies. They could of course also be 
considered as starting therapy for patients who are unable to tolerate 
metformin (eg, because of gastrointestinal side effects). In clinical tri-
als, SGLT2 inhibitors have been successfully used as monotherapy and 
as add-on therapy with metformin alone or in combination with sul-
phonylureas, thiazolidinediones, DPP-4 inhibitors and insulin. Hence, 
SGLT2 inhibitors have proven to significantly improve glucose con-
trol either alone or in dual or triple combination with other commonly 
used oral glucose-lowering agents. In addition, their potential to be 
used in patients already on insulin regimens could be an alternative to 
increasing insulin doses and/or frequency of injections. This is further 
supported by the fact that SGLT2 inhibition is independent of insulin 
secretion/activity, and may therefore play a significant role along the 
entire course of type 2 diabetes, including in those patients with long-
standing disease.
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Sodium-glucose co-transporter type 2 inhibitors are generally 
well tolerated and trials have reported few serious adverse events 
to date. Hypoglycaemic episodes were mostly mild in severity and 
their frequency was comparable to that seen with placebo. However, 
when SGLT2 inhibitors are used with other agents known to increase 
hypoglycaemic risk, such as sulphonylureas and insulin, the risk of 
hypoglycaemia may increase and the prescribing information for 
SGLT2 inhibitors recommends appropriate dose reduction of those 
background therapies. Genital infections and UTI have been consis-
tently reported with SGLT2 inhibitors and, although episodes were 
mostly mild and non-recurrent, caution is advised in patients with a 
history of such conditions.

Patients with T2DM who may benefit from SGLT2 inhibitor ther-
apy would be those who need to improve glycaemic control (particu-
larly those with concomitant obesity or overweight in whom weight 
gain often caused by other anti-diabetes therapies should be avoided), 
those who are unwilling or unable to commence injections and who 
would otherwise need to progress to insulin therapy and those for 
whom hypoglycaemia is a particular concern. Patients with advanced 
renal impairment may not be considered appropriate for SGLT2 treat-
ment and guidance is provided by the respective prescribing informa-
tion available. In patients prone to hypovolaemia, the risk and benefits 
of SGLT2 inhibitors should be cautiously evaluated. If such a treatment 
is desired, correction of the hypovolaemic status should be ensured 
before initiating the SGLT2 inhibitor, including in those patients receiv-
ing loop diuretics and those who are volume-depleted (for example, 
because of acute gastrointestinal illness).

Sodium-glucose co-transporter type 2 inhibitors alter clinical fac-
tors known to be associated with increased CV risk in diabetes, such as 
overweight and hypertension, and there is evidence from the EMPA-
REG OUTCOME study that SGLT2 inhibition can reduce CV mortality 
in high CV risk patients.1 Several CV outcome studies are ongoing and 
will provide evidence regarding the CV safety of this drug class as well 
as whether the CV benefit seen with empagliflozin is shared by other 
members of the class.
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