
The overall risk of cardiovascular disease is doubled in
patients with type 2 diabetes and life expectancy is
reduced by an average of seven years.1 The high inci-

dence of cardiovascular events associated with diabetes,
including strokes and amputations, is a major cause of 
illness and an economic burden. There are multiple
modifiable risk factors for cardiovascular disease in
patients with type 2 diabetes, including hyperglycaemia,
hypertension, dyslipidaemia, smoking and obesity, which
combined contribute to increased morbidity and mortal-
ity.1 There is good evidence in the real-world setting that
a multifaceted approach to management improves
patients’ cardiovascular outcomes.2 Management of 
glycaemia as part of this approach remains challenging
despite numerous newer therapeutic options, and many
patients still do not achieve optimal control (HbA1c
<7.0% [53mmol/mol]). Many of the current treatments
lose their effectiveness over time, partially due to pro-
gressive beta-cell dysfunction, meaning that patients
often require multiple glucose-lowering medications and
many eventually require insulin therapy, which is associ-
ated with weight gain and hypoglycaemia. 

Several new classes of drugs have been introduced into
routine clinical care in the last decade. When the first drug
in class is launched there is interest in the mechanism of
action. For subsequent members of the class the focus is
more on comparative efficacy, safety and side effect profile.
For example, rosiglitazone was launched as an insulin 
sensitiser and data for pioglitazone showed different effects
on lipids and a better long-term cardiovascular safety pro-
file. Sitagliptin was the first DPP-4 inhibitor, lowering blood
glucose via the incretin effect. Of the subsequent members
in the class the only clear difference is with linagliptin,
which has a different route of excretion so does not require
dose reduction in patients with renal impairment. 

SGLT2 inhibitors
Sodium glucose co-transporter 2 (SGLT2) inhibitors are
a novel insulin-independent therapeutic option for
patients with type 2 diabetes. They act by inhibiting
SGLT2 in the kidneys, reducing the re-absorption of 
glucose in the proximal convoluted tubule and increas-
ing glucose excretion in the urine. Weight reduction is a
favourable outcome of SGLT2 inhibitor therapy, and the
glucose excreted in the urine equates to a net loss of
200–300 calories per day. Another advantage of SGLT2
inhibitors is the observed reduction in systolic blood
pressure which may be attributable to chronic osmotic
diuresis, glycosuria causing an increase in 24-hour urine
volumes of 107–400ml.3 Dapagliflozin, canagliflozin and
empagliflozin, which received licensing authorisation in
2014, are all licensed for use by the European Medicines
Agency, and have been shown to be effective in glycaemic
control. Given that they may also help modify other 
cardiovascular risk factors, including weight loss and
blood pressure reduction, are there any appreciable 
differences among them or is it a class effect?

Dapagliflozin
Dapagliflozin is an oral, selective SGLT2 inhibitor which 
has been the most widely studied. Pharmacokinetic and 
pharmacodynamic studies in various populations have
demonstrated predictable dose-proportional parameters.
Glycosuria is dose dependent and varies between 18–62g
daily.4 Plasma concentrations of dapagliflozin and its
metabolites are incrementally increased by declining renal
function. It has been shown that steady-state plasma con-
centrations of dapagliflozin were 4%, 6% and 9% higher in
individuals with mild, moderate and severe renal impair-
ment respectively compared to normal renal function.5

Dapagliflozin has shown to be beneficial as monother-
apy for the management of type 2 diabetes with a signifi-
cant reduction in HbA1c relative to placebo (-0.56%), a
reduction similar to metformin monotherapy.6 It also
reduced fasting plasma glucose, an effect superior to that
seen with metformin. Dapagliflozin has also been studied
as add-on therapy to metformin, as well as to glimepiride,
pioglitazone, sitagliptin and insulin, and significantly
improved HbA1c by 0.5–0.7%.7

Dapagliflozin monotherapy resulted in a loss of 2.5kg in
body weight compared to 1.2kg in metformin groups.7
When used in combination or as additional therapy to other
hypoglycaemic agents, dapagliflozin results in a similar
favourable outcome on weight, and the combination of met-
formin and dapagliflozin has the greatest benefit (3.3kg).7

Dapagliflozin causes a reduction in systolic blood pres-
sure of 2–9mmHg with no increase in the heart rate or
increase in syncopal episodes. In a pooled analysis of 12
placebo controlled studies, treatment with 10mg daily of
dapagliflozin resulted in a reduction in systolic blood
pressure of 4.4mmHg and diastolic blood pressure of
0.5mmHg compared to placebo group at 24 weeks.3

No studies have demonstrated a significant improve-
ment in lipid profile using dapagliflozin. A small increase
in HDL cholesterol with dapagliflozin (1.8–4.4% com-
pared with 0.4% placebo), and a small reduction in
triglycerides (2.4–6.2% vs 2.1% with placebo) have been
demonstrated. However, these improvements are likely to
be related to the weight loss associated with therapy,
rather than as a direct effect of dapagliflozin.8

Dapagliflozin is not recommended in moderate to
severe renal impairment, end-stage renal disease or in
patients receiving dialysis. This is not because of safety
concerns but because of a lack of efficacy. A study into
dapagliflozin and placebo in patients with moderate renal
impairment (eGFR 30–59ml/min/1.73m2) showed no
significant difference in HbA1c results between interven-
tions. This, therefore, illustrates that the efficacy of
SGLT2 inhibitors requires adequate filtered load of 
glucose through renal tubules.7

Canagliflozin
Canagliflozin at both 100mg and 300mg daily dosing has
been shown to achieve significant HbA1c reductions in com-
parison to placebo and to selected active comparators. As
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monotherapy it demonstrated a reduction in HbA1c of
0.91% and 1.17% in 100mg and 300mg daily dosing respec-
tively. It was also shown to significantly reduce fasting blood
glucose as well as post-prandial glycaemic parameters.9 The
beneficial effect on post-prandial glucose may be related to
delayed intestinal glucose absorption via SGLT1 inhibition
in addition to renal glucose excretion via SGLT2 inhibition.

Canagliflozin 100mg in addition to metformin has been
shown to be non-inferior to metformin and sitagliptin or
glimepiride combinations. However, canagliflozin 300mg is
superior to both combinations, with an additional reduction
in HbA1c of 0.73%. Studies also demonstrated favourable
outcomes as an add-on therapy to insulin, with an improve-
ment in both fasting glucose levels and HbA1c.7
Canagliflozin has also been studied in patients with 
stage 3 chronic kidney disease (eGFR >30 and
<50ml/min/1.73m2). At both doses it was well tolerated and
produced a lower but still significant reduction in HbA1c
relative to placebo (0.3% and 0.41% in 100mg and 300mg
respectively). These patients did, however, have increases in
serum urea (6–9% vs 2%) and creatinine (9–10% vs 4%)
compared to placebo which occurred in the first three
weeks of treatment and returned to baseline over time.10

Canagliflozin monotherapy, both at 100 and 300mg
doses, was associated with significant reduction in body
weight from baseline compared with placebo (2.2% and
3.3% respectively). When used as add-on therapy, with
metformin, sitagliptin and sulphonylurea individually,
there was also a significant reduction in body weight. In
addition to this, canagliflozin and insulin combination
also resulted in weight reduction with 1.9kg and 2.4kg
weight loss with 100 and 300mg respectively.7

Similarly, canagliflozin had positive effects on blood
pressure, and this improved with the higher dose of
canagliflozin. At 300mg daily of canagliflozin, there was a
5.1mmHg improvement in systolic blood pressure com-
pared to sitagliptin, and this was sustained over time.

There are varying effects on lipid profile observed with
canagliflozin. There was an increase in HDL levels relative
to placebo, with mean percentage increases ranging from
0.8–6.8% with 100mg and 0.9–8.4% with 300mg daily. 
This improvement in HDL was statistically significant in
comparison to placebo. Canagliflozin has also been
demonstrated to increase LDL cholesterol levels, and it
has been suggested that this could be an increase of up to
8.15mg/dl (0.21mmol/L) in LDL cholesterol with 300mg
daily of canagliflozin. This increase in LDL cholesterol
could translate into a 4–5% increase in the incidence of
major cardiovascular events over a five-year period. This
estimate assumes that other cardiovascular risk factors
remain stable over five years, whereas canagliflozin has
beneficial effects on blood pressure, weight loss, glycaemic
control and increases in HDL cholesterol and this may
counteract the changes in LDL cholesterol.7 Some studies
also reported reductions in fasting triglyceride levels; how-
ever, the difference was small and often not significant.

Empagliflozin
Empagliflozin is a potent and selective SGLT2 inhibitor. In
pre-clinical studies, empagliflozin was shown to have the
highest selectivity for SGLT2 over SGLT1 (>2500 fold), 
followed by dapagliflozin (>1200 fold) and canagliflozin

(>250 fold).11 Studies are ongoing but results so far have
been promising, and it has been studied as monotherapy,
and as-add on therapy to metformin and other oral agents
as well as insulin. Empagliflozin significantly decreased
HbA1c (-0.72%), fasting plasma glucose and body weight
(-1.2kg) relative to placebo in patients with type 2 diabetes.
In patients with inadequate diabetes control on oral hypo-
glycaemic agents or insulin, the addition of empagliflozin
was shown to have statistically significant reductions 
in HbA1c (0.65% and 0.6% respectively).7 Additionally,
empagliflozin significantly reduced mean daily blood 
glucose levels, body weight, and systolic blood pressure. 
The weight loss effects are superior to those seen with 
metformin and sitagliptin, and mean weight reduction for
empagliflozin is 2.1kg vs 0.9kg with metformin.12 The reduc-
tion in systolic blood pressure was significant in comparison
to placebo, and a greater reduction was seen in hypertensive
patients (>140mmHg systolic). The average reduction in sys-
tolic blood pressure was 2.6mmHg and 3.3mmHg with
10mg and 25mg empagliflozin respectively. There was no
associated increase in heart rate and the changes in blood
pressure did not correlate with weight loss or glycaemic
improvement, thus suggesting that the antihypertensive
effects of empagliflozin are independent of its ability to
cause weight loss and improve glycaemic control.13

Summary
SGLT2 inhibitors have been shown to have benefits on 
glycaemic control, as well as on cardiovascular risk factors
including weight loss, blood pressure reduction and some
effects on lipid profile. They can be used in addition to
other oral hypoglycaemic agents, or in addition to insulin,
and the main side effects are genital mycotic infections and
urinary tract infection, which can be easily treated with 
conventional treatment and respond well to this. Although
there are slight differences in the licences for each drug,
from current available data there are no clear clinical 
differences in the class among the three available drugs.
Direct head-to-head comparisons are lacking, so it is
unknown at present if slight changes in selectivity will 
translate into differences in efficacy, safety or side effect
profile. Longer-term data and cardiovascular outcomes are
awaited. Several other SGLT2 inhibitors are in develop-
ment, and it is hard to see any major clinical differences
emerging with these newer drugs, so at present we have no
great need for another SGLT2 inhibitor. 
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