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Summary

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a
new class of drugs that reduce blood glucose levels by
increasing urinary glucose excretion. On top of the glu-
cose-lowering effect, they offer cardiovascular and renal
benefits, the mechanisms of which are probably pleiotrop-
ic and include blood pressure reduction, volume depletion,
weight loss and several metabolic effects (such as lipoly-
sis and synthesis of ketone bodies). SGLT2 inhibitors are
currently indicated in Europe and the USA, as first- or sec-
ond-line treatments of type 2 diabetes mellitus (T2DM)
in patients with established cardiovascular disease, high/
very high cardiovascular risk, renal disease or heart fail-
ure. The use of dapagliflozin has recently been extended
to patients with heart failure without T2DM, as new emerg-
ing data show benefits in this population. Despite an over-
all favourable safety profile, attention has to be paid to the
increased risk of euglycaemic diabetic ketoacidosis and
genital mycotic infections, as well as lower limb amputa-
tions and fractures, which have been inconsistently asso-
ciated with SGLT2 inhibition. For the moment, cost relat-
ed data for the Swiss setting is lacking but corresponding
analyses from abroad suggest cost-effectiveness. Despite
their numerous favourable cardiorenal implications, many
physicians remain hesitant to use SGLT2 inhibitors. In this
article, we present an up-to-date narrative literature review
of the physiological mechanisms of action, current indi-
cations, therapeutic utility and side effects of SGLT2 in-
hibitors.
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Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are
primarily a new class of glucose-lowering drugs. Today,
dapagliflozin, canagliflozin, empagliflozin and er-
tugliflozin have all been approved for the treatment of type
2 diabetes mellitus (T2DM) by the European Medicines
Agency (EMA), the US Food and Drugs Administration
(FDA), and Swissmedic for combination therapy, most-

ly with metformin, or monotherapy in the case of met-
formin intolerance. This pharmacological class has also
been shown to consistently improve cardiovascular out-
comes in patients with type 2 diabetes mellitus (T2DM)
with concomitant cardiovascular or chronic kidney dis-
ease, the reason why SGLT2 inhibition is now also ap-
proved for the treatment of these patients [1–4]. More
recently, dapagliflozin has also been shown to reduce car-
diovascular endpoints in patients with heart failure with re-
duced left ventricular ejection fraction (HFrEF) indepen-
dently of the presence of T2DM [5]. As a consequence,
dapagliflozin has been very recently approved by
Swissmedic and the FDA for treatment of HFrEF [6].

Altogether, the large body of evidence from cardiovascular
outcome trials in patients with T2DM, including overall
more than 43,000 study participants, indicates broad appli-
cation of these pharmacological agents in T2DM, which
affects 6.9% among males and 4.4% among females of
the Swiss population [7]. Furthermore, evidence from 4774
study participants with stable chronic HFrEF suggests that
SGLT2 inhibition should be applied in every patient with
HFrEF, and thus in almost 2% of the Swiss population [8].

However, SGLT2 inhibitors are only infrequently pre-
scribed; the reasons may be a lack of familiarity, and
knowledge of the indication, prescription modality and
side effects [9].

In this article, we therefore present an up-to-date summary
of current knowledge on SGLT2 inhibition, reviewing
physiological mechanisms, evidence in literature, current
indications, practical considerations for initiating the treat-
ment and side effects.

Physiological mechanisms

The SGLT2 is a sodium-dependent glucose transport pro-
tein, located in the proximal part of the proximal tubule
of the nephron and involved in ~90% of glucose reabsorp-
tion from the primary urine back into the systemic circu-
lation [10]. The remaining glucose is mostly reabsorbed in
the distal part of the proximal tubule of the nephron, by the
SGLT1 transporter [10].
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Diabetes is associated with glomerular hyperfiltration and
upregulation of SGLT2 expression, which results not only
in increased reabsorption of urine glucose, but also sodium
and water retention because SGLT2 couples glucose reab-
sorption with sodium co-transport [10, 11]. This decreases
the urine volume and activates the tubuloglomerular feed-
back mechanism at the level of the macula densa result-
ing in glomerular hyperfiltration. Inhibition of the SGLT2
therefore not only improves glycaemic control in all stages
of T2DM simply by inducing glycosuria but also increases
natriuresis. Primary urine flow subsequently increases, re-
sulting in deactivation of the tubuloglomerular feedback
mechanism mediated by vasoconstriction of the nephron
afferent arteriole. As a consequence, glomerular hyperfil-
tration and hydrostatic pressure in the Bowman’s space de-
crease. The latter is a hallmark of kidney dysfunction in
diabetes and one of the main causes of diabetes-associat-
ed albuminuria [11]. These beneficial changes not only re-
store the disturbed glomerulotubular balance in diabetes

but, overall, improve renal function in the long-term [4]
(fig. 1).

Glucose-lowering effect
SGLT2 inhibition furthermore results in significant im-
provement of glycaemic control [12] and significantly re-
duced glycated haemoglobin (HbA1c) [13]. In fact, an av-
erage reduction in HbA1c of 0.5 to 1% was consistently
observed among all patients [14] and greater reductions
have been described in patients with a baseline HbA1c of
>8% [15]. This may suggest an increased risk of hypogly-
caemia, however, the proximal tubule retains its glucose
reabsorption capacity via the action of the SGLT1 when
the filtered glucose load falls below ~80 g/day [11]. This
explains why major hypoglycaemic events were rare and
not more frequent in non-diabetic patients in the DAPA-
HF study (4/2368 vs 4/2368 study participants) and is in
line with the observation that clinically relevant hypogly-
caemic events in the T2DM cardiovascular outcome tri-

Figure 1: The pleiotropic effects of sodium-glucose cotransporter 2 (SGLT2) inhibition. SGLT2 inhibition may provide its cardioprotec-
tive and renal protective effects via several pleiotropic mechanisms: (1) SGLT2 inhibition attenuates primary proximal tubular hyperreabsorp-
tion in the kidney in diabetes, increasing/restoring the tubuloglomerular feedback signal at the macula densa ([Na+/Cl−/K+]MD) and hydrostatic
pressure in Bowman’s space (PBow). This reduces glomerular hyperfiltration, beneficially affecting albumin filtration and tubular transport work
and, thus, renal oxygen consumption; (2) by lowering blood glucose levels, SGLT2 inhibitors can reduce kidney growth, albuminuria and in-
flammation; (3) SGLT2 inhibitors have a modest osmotic diuretic, natriuretic and uricosuric effect, which can reduce extracellular volume
(ECV), blood pressure, serum uric acid levels and body weight; (4) SGLT2 inhibition reduces insulin levels and the need for therapeutic and/or
endogenous insulin, and increases glucagon levels. As a consequence, lipolysis and hepatic gluconeogenesis are elevated. These metabolic
adaptations reduce fat tissue/body weight and hypoglycaemia risk, and result in mild ketosis, potentially having beneficial effects on both the
renal and cardiovascular systems. White text boxes indicate affected variables; grey text boxes indicate processes that link SGLT2 inhibition to
the reduction in glomerular filtration rate (GFR). Green arrows demonstrate consequences; red arrows indicate changes in associated vari-
ables (increase/decrease). Reprinted by permission from Springer, Diabetologia, [Vallon V, Thomson SC. Targeting renal glucose reabsorption
to treat hyperglycaemia: the pleiotropic effects of SGLT2 inhibition. Diabetologia. 2017;60:215-25], copyright 2016.
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als were most often associated with insulin or sulfonylurea
treatment [5, 12].

Blood pressure-lowering effect
SGLT2 inhibition has been associated with beneficial vas-
cular effects based on arterial vasodilation and improved
endothelial function, which, combined with increased na-
triuresis and osmotic diuresis, can explain lower systemic
blood pressure ) and reduction of afterload [16]. These ef-
fects have been described with each of the four previous-
ly mentioned SGLT2 inhibitors regardless of T2DM pa-
tients’ baseline blood pressure value [17]. The magnitude
of blood pressure-lowering seems modest (about 3–4 mm
Hg for systolic blood pressure and 1–2 mmHg for dias-
tolic blood pressure [18]). However, study participants had
either normal or well-controlled blood pressure when in-
cluded into studies with SGLT2 inhibitors. In fact, greater
blood pressure-lowering may be achieved in patients with
higher blood pressure values [17]. Interestingly, SGLT2 in-
hibitors seem to restore a physiological blood pressure fall
during sleep, changing the blood pressure circadian rhythm
from a non-dipper profile (absence of nocturnal drop in
blood pressure) to a dipper profile (nocturnal drop in blood
pressure of 10–20%) [19]. This is all the more interest-
ing since the non-dipper profile is associated with greater
cardiovascular risk [19]. Moreover, the decrease in blood
pressure and plasma volume is not associated with a rise
in heart rate, suggesting an absence of secondary sympa-
thetic activation. In accordance, recent experimental and
clinical studies showed that SGLT2 inhibition reduces the
sympathetic tone, probably via an indirect effect [17]. In-
deed, it has been described that reduction in body weight
results in a reduction of leptin stimulation and a decrease
in the activation of the sympathetic nervous system [20].
It remains unclear to which extent these effects contribute
to the favourable cardiovascular and renal outcomes of
SGLT2 inhibitors.

Volume depletion
SGLT2 inhibitors increase natriuresis and osmotic diuresis
resulting, in a decrease of the circulatory volume by almost
7% [21]. This is of particular interest in heart failure since
preload and left ventricular filling pressures will decrease
[22]. However, SGLT2 inhibition reduces volume overload
not only by intravascular volume depletion but also by re-
duction of interstitial fluid volume, and the latter effect can
even exceed the contraction of the intravascular volume
mediated by loop diuretics or thiazide analogues [23]. This
probably contributes to the modest elevation of haemat-
ocrit (2–4%) that has been observed on the biological lev-
el with all four SGLT2 inhibitors. Another explanation
of the elevation of haematocrit could be an increase of
erythropoietin production induced by SGLT2 inhibitors,
the exact mechanism of which remains unclear [24]. All
this may in fact explain the beneficial effects on cardio-
vascular endpoints, even in heart failure patients present-
ing with euvolaemia, who are at risk of developing acute
kidney dysfunction due to prerenal hypovolaemia when
treated with traditional diuretics [16]. Other differences
between SGLT2 inhibitors and classic diuretics include
electrolyte abnormalities, such as hypokalaemia and hypo-
magnesaemia, which are not commonly found with SGLT2
inhibitors [25], and metabolic abnormalities, such as hype-

ruricaemia, since SGLT2 inhibitors favour hypouricaemia
via increased urinary uric acid excretion [10]. Although el-
evated uric acid levels have been associated with worse
outcomes in patients with cardiovascular diseases [26], the
clinical significance of hypouricaemia mediated by SGLT2
inhibition remains to be elucidated.

Weight loss
SGLT2 inhibitors usually induce a 2 to 3 kg decrease in
body weight 24 to 52 weeks after treatment initiation [27].
This is in the early phase largely related to increased na-
triuretic and osmotic diuresis, as described above; howev-
er, the negative caloric balance from glycosuria also re-
duces visceral and subcutaneous fat [11]. The latter has
been associated with reduction of systemic inflammation
and decrease of cytokine production such as tumour necro-
sis factor-alpha (TNF-α) originating from visceral fat de-
posits [16]. Accordingly, SGLT2 inhibition has recently
been shown to reduce fatty liver content and improve liver
biological markers in patients with T2DM and non-alco-
holic fatty liver disease [28].

Dapagliflozin was also shown to reduce epicardial fat mass
and systemic TNF-α plasma levels after 6 months of treat-
ment, which is of importance since TNF-α released from
the epicardial adipose tissue has been shown to decrease
myocardial function by paracrine and vasocrine interac-
tions [29].

Metabolic effects of SGLT2 inhibition
SGLT2 inhibition has been related to favourable metabolic
effects, especially in diabetic patients as compared with
non-diabetic patients [30]. One important hypothesis to ex-
plain the favourable effects of SGLT2 inhibition in HFrEF
and on cardiovascular endpoints is based on increased he-
patic synthesis of ketone bodies (mainly of beta-hydrox-
ybutyrate), enabling the failing cardiomyocyte to switch
from less efficient beta-oxidation for energy production to
more efficient glucose oxidation [31]. However, we have
to acknowledge that ketone blood levels are variable;
therefore, inter- and intra-subject variability accounting at
least in part for the changes observed cannot be excluded
[32]. Finally, some evidence suggests that SGLT2 inhibi-
tion may exert beneficial effects on the insulin pathway by
reducing insulin resistance in target tissues (e.g., adipose
tissue or the liver), and preserving insulin secretion capac-
ity via protection of pancreatic beta-cells against glucose
toxicity, thanks to mechanisms independent of urinary glu-
cose secretion [33]. Further studies are needed to clarify
these issues.

Other favourable effects of SGLT2 inhibition
In heart failure and in particular in diabetic cardiomyopa-
thy, upregulation of sodium-hydrogen exchanger (NHE)
1 has been incriminated in the increase of cardiomyocyte
cytoplasmic sodium and calcium levels [34]. SGLT2 in-
hibition, which blocks cardiomyocyte NHE 1 activation
through an unknown mechanism, results in a reduction of
cytoplasmic sodium levels and a subsequent mitochondrial
calcium level increase [35]. The latter improves the meta-
bolic efficiency of the mitochondrion and consequently
cardiac contractility and global heart function [36]. How-
ever, SGLT2 inhibition likewise improves endothelial
function [37], attenuates myocardial fibrosis [38] and in-
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creases erythropoietin levels [39], which may also con-
tribute to the cardiovascular benefit. Cardiovascular and
renal benefits of SGLT2 inhibition are summarised in table
1.

Clinical evidence from cardiovascular and re-
nal outcome trials

Type 2 diabetes mellitus
Evidence for the favourable effects of SGLT2 inhibition in
patients with T2DM derives from three large, multicentre,
randomised, double-blinded and placebo-controlled out-
come trials investigating predefined cardiovascular end-
points (CVOTs), and a fourth one is underway.

The first one, the EMPA-REG OUTCOME trial, investi-
gated in 7020 T2DM patients with overt cardiovascular
disease the effect of empagliflozin on a primary combined
endpoint of cardiovascular death, non-fatal myocardial in-
farction and non-fatal stroke [1]. Empagliflozin was asso-
ciated with a decrease of the primary outcome (hazard ra-
tio [HR] 0.86, 95% confidence interval [CI] 0.74–0.99; p
= 0.04; number needed to treat [NNT] 62/3 years), main-
ly driven by a significant reduction in cardiovascular death
(HR 0.62, 95% CI 0.49–0.77; p <0.001; NNT 45/3 years).
Other results in favour of empagliflozin included a signifi-
cant reduction of death from any cause (HR 0.68, 95% CI
0.57–0.82; p <0.001; NNT 38/3 years) and a significant re-
duction of hospitalisation for heart failure (HR 0.65, 95%
CI 0.40–0.85; p = 0.002; NNT 72/3 years), with an early
separation of Kaplan-Meier survival curves, suggesting an
effect of the drug starting early-on, and illustrating the ear-
ly effect of the pleiotropic actions described above. More-
over, although all patients had atherosclerotic cardiovas-
cular disease, they had a broad risk spectrum for
cardiovascular risk, with the beneficial effects of em-
pagliflozin being consistent across the broad range of car-
diovascular risk [40].

The second CVOT, the CANVAS Program study integrat-
ed data from two trials, the CANVAS (Canagliflozin Car-

diovascular Assessment Study) study, which intended to
show cardiovascular safety with the intention to get FDA
approval, and the CANVAS-R (Canagliflozin Cardiovas-
cular Assessment Study - Renal) study, which intended
to study the effect of canagliflozin on albuminuria [2].
In total, these studies included 10142 T2DM patients suf-
fering from either cardiovascular disease (65.6%) or high
cardiovascular risk (34.4%). This study applied the same
combined endpoint of major adverse cardiovascular events
(MACE) as the EMPA-REG OUTCOME trial. The main
result included a significant reduction of the primary out-
come in favour of canagliflozin (three-point MACE, as de-
fined above: HR 0.86, 95% CI 0.75-0.97; p = 0.02), but the
components of the three-point MACE taken alone were not
significant. Besides, in contrast to the EMPA-REG OUT-
COME trial, all-cause mortality was not significantly re-
duced (HR 0.87, 95% CI 0.74–1.01). This may be part-
ly explained by a different study population, as 65.6% of
the participants of the CANVAS Program had a history of
cardiovascular disease versus 100% in EMPAREG-OUT-
COME. Still, canagliflozin use was associated with a sig-
nificantly reduced rate of hospitalisation for heart failure
(HR 0.67, 95% CI, 0.52–0.87; p <0.001).

The most recent CVOT, the DECLARE-TIMI-58 (Da-
pagliflozin Effect on Cardiovascular Events-Thrombolysis
in Myocardial Infarction 58) investigated dapagliflozin
versus placebo in 17,160 patients [3]. Unlike the two pre-
vious CVOTs, it included only 40.6% of patients with an
established cardiovascular disease and 59.4% of T2DM
patients presented only with cardiovascular risk factors.
Dapagliflozin did not reduce the MACE rate, most likely
because almost 60% of study participants were without
overt cardiovascular disease. However, dapagliflozin sig-
nificantly lowered the composite outcome of cardiovascu-
lar death or hospitalisation for heart failure (HR 0.83, 95%
CI 0.730.95; p = 0.005; NNT, 111/4.2 years), and this ef-
fect was mainly driven by a substantially lower rate of hos-
pitalisation for heart failure (HR 0.73, 95% CI 0.61–0.88;
NNT 125/4.2 years), whereas there was no effect of cardio-
vascular mortality.

Table 1: Benefits, side effects and incidence rates of side effects associated with the use of sodium-glucose cotransporter 2 (SGLT2) inhibitors.

Benefits Side effects Incidence rates of side effects

Blood glucose-lowering effect Genitourinary infections, mainly mycotic genital infec-
tions

Male
– C: 34.9 p/1000 p-y
– E: 5%
Female
– C: 68.8 p/1000 p-y
– E: 10%

BP-lowering effect Hypotension C: 26 p/1000 p-y
E: 5.1%

Weight loss Acute kidney injury C: 3 p/1000 p-y
D: 1.5%
E: 1.0%

Left ventricular filling pressures reductions, pre and af-
terload reductions

Risk of hypoglycaemia when associated with insulin or
sulfonylurea

C: 50 p/1000 p-y
E: 27.8%

Reduction of rates of MACE, CV mortality and hospitali-
sation for HF

Euglycaemic diabetic ketoacidosis C: 0.6 p/1000 p-y
D: 0.3%
E: 0.1%

Improved renal outcomes
– prevention of albuminuria
– slowing of renal function decline

Amputations, mainly toe and metatarsal bones (only
with canagliflozin)
Low risk of fractures (only found with canagliflozin

C: 6.4 p/1000 p-y
C:15.4 p/1000 p-y

CV = cardiovascular, HF = heart failure; MACE = major adverse cardiovascular events, defined as the composite of cardiovascular death, non-fatal myocardial infarction and non-
fatal stroke; PAD = peripheral arterial disease; p/P-y = patients/1000 patient-years Incidence rates of side effects are based on the CANVAS-Program [2], DECLARE-TIMI 58 [3]
and EMPAREG-OUTCOME [1] trials. They are expressed as number of patients for 1000 patient-years for canagliflozin (C), as percentages for dapagliflozin (D) and empagliflozin
(E).
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A fourth CVOT, the VERTIS CV (eValuation of ER-
Tugliflozin effIcacy and Safety CardioVascular outcomes,
Clinicaltrials.gov identifier: NCT01986881) is underway
to compare ertugliflozin versus placebo in T2DM subjects
with established cardiovascular disease [41].

In a meta-analysis of the three CVOTs, SGLT2 inhibitors,
as a drug class, significantly reduced the risk of MACE,
mainly in patients with established cardiovascular dis-
eases. In addition, this meta-analysis confirmed a reduction
in the composite outcome of cardiovascular death or hos-
pitalisation for heart failure, providing further evidence
that empagliflozin, canagliflozin and dapagliflozin feature
common pharmacological class effects in patients with
heart failure that were initially unexpected [42].

Since all of these CVOTs showed that SGLT2 inhibitors
may have beneficial effects in patients with T2DM and
chronic kidney disease, the CREDENCE (Canagliflozin
and Renal Events in Diabetes with Established Nephropa-
thy Clinical Evaluation) trial was launched, comparing the
effects of canagliflozin with placebo on a renal primary
composite outcome (end-stage kidney disease, doubling of
the serum creatinine level, or death from renal or cardio-
vascular causes) [4]. All 4401 participants with T2DM and
chronic kidney disease had an estimated glomerular filtra-
tion rate of 30 to <90 ml/min/1.73 m2 (eGFR) and a ratio
of albumin (mg) / creatinine (g) >300 to 5000, and were
on maximum tolerated renin-angiotensin-aldosterone sys-
tem antagonist treatment at baseline. In these study partic-
ipants, canagliflozin treatment was associated with a sig-
nificant reduction of the primary composite outcome (HR
0.70, 95% CI 0.59–0.82; p = 0.00001; NNT 22/2.5 years).

Evidence for beneficial effects in heart failure
Subanalyses of the EMPA-REG OUTCOME, CANVAS
and DECLARE-TIMI-58 trials suggested consistently that
SGLT2 inhibitors may be particularly beneficial in patients
with HFrEF [42–44]. This potential benefit was confirmed
for dapagliflozin in the recently published pivotal DAPA-
HF (Dapagliflozin And Prevention of Adverse-outcomes
in Heart Failure) trial, which compared dapagliflozin with
placebo in study participants on optimal standard heart
failure therapy [5]. A particularity of this trial was that
more than 50% of participants did not have T2DM among
the 4744 patients with existing chronic HFrEF (left ven-
tricular ejection fraction ≤40%) and an eGFR ≥30 ml/min/
1.73 m2. Non-diabetic participants were equally distributed
between the two study groups and dapagliflozin was asso-
ciated with a significant reduction of the primary outcome
(a composite of heart failure-related hospitalisation, ambu-
latory urgent visit for heart failure decompensation, or car-
diovascular death), with a HR of 0.74 (95% CI 0.65–0.85;
p <0.001; NNT 21/18.4 months). Interestingly, findings in
patients without T2DM were not different from those with
T2DM, indicating that dapagliflozin has benefits in HFrEF
management independent of the T2DM status.

The DELIVER (Dapagliflozin Evaluation to Improve the
LIVEs of Patients With PReserved Ejection Fraction Heart
Failure, Clinicaltrials.gov identifier: NCT03619213) trial
is underway to investigate the effects of dapagliflozin ver-
sus placebo in the management of heart failure with pre-
served ejection fraction (HFpEF), using the same primary
endpoint as the DAPA-HF trial [41]. However, and despite

high hopes that SGLT2-inhibition is beneficial in HFpEF,
post-hoc preliminary analyses from the DECLARE-TIMI
58 study suggest that SGLT2 inhibition had no effect on
cardiovascular mortality in HFpEF patients although still
decreasing the incidence of hospitalisation for heart failure
[45]. Nonetheless, a reduction of the incidence of hospital-
isation for heart failure is relevant because of its long-term
impact on survival, but this is clearly beyond the time-
frame of a normal CVOT [46, 47]. Also, several other on-
going trials are exploring the effects of SGLT2 inhibitors
in different settings (acute decompensated heart failure,
chronic HFrEF and chronic HFpEF with and without
T2DM), using various clinical and biological endpoints
[41].

Side effects

Genitourinary infections
Genital mycotic infection (mainly vulvovaginitis in
women and balanitis in men) is the most common side ef-
fect described for SGLT2 inhibitors [48]. In a large meta-
analysis involving 36,689 patients, canagliflozin, da-
pagliflozin and empagliflozin were associated with a
higher risk of genital mycotic infections than placebo, with
odd ratios (ORs) ranging from 3.21 (95% CI 2.08–4.93) for
dapagliflozin to 5.23 (95% CI 3.86–7.09) for canagliflozin
[49]. Most infections are mild and easily treated with local
antifungals [9]. For urinary tract infections, only da-
pagliflozin was associated with an increased risk (relative
risk 1.21, 95% CI 1.02–1.43) but most were not severe
[50]. The FDA has also reported cases of necrotising fasci-
itis of the perineum (Fournier’s gangrene) [51]. These data
were recently challenged by a large propensity score-
matched study, including a total of 235,730 patients: com-
pared with dipeptidyl peptidase-4 (DPP-4) inhibitors and
glucagon-like peptide-1 receptor agonists (GLP-1 RA),
SGLT2 inhibitors were not associated with higher risks of
urinary tract infection (HR 0.96, 95% CI 0.89–1.04 and
HR 0.91, 95% CI 0.84–0.99, respectively) [52]. Nonethe-
less, patient information, education and self-monitoring
are paramount.

Euglycaemic diabetic ketoacidosis
Euglycaemic diabetic ketoacidosis (EDKA), defined as a
triad of normal glycaemia (<11 mmol/l), increased anion
gap metabolic acidosis and ketonaemia or ketonuria, has
been described in patients taking SGLT2 inhibitors [53].
Its incidence is low (~0.5 patients per 1000 patient-years)
[54]. It is thought to be favoured by the ketone-based me-
tabolism induced by SGLT2 inhibitors [10] and precipi-
tation by additional factors, such as fasting, dehydration,
discontinuation of insulin therapy, surgery, infections or
excessive alcohol intake has been reported [55]. EDKA
should be suspected in cases of nausea, vomiting or
malaise, with serum ketones rapidly obtained and SGLT2
inhibitors discontinued. Because of the risk of severe ED-
KA, use in type 1 DM is contraindicated [56].

Acute kidney injury
There have been concerns regarding an increased risk of
acute kidney injury associated with SGLT2 inhibitors, be-
cause of their natriuretic properties and effects on tubu-
loglomerular feedback [57]. In particular, the FDA issued

Review article: Biomedical inteligence Swiss Med Wkly. 2020;150:w20341

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 5 of 10



warnings regarding the use of canagliflozin and da-
pagliflozin in June 2016 following 101 cases of acute kid-
ney injury [58].

A recent meta-analysis of the four CVOTs described above
suggests the risk of acute kidney injury may actually be de-
creased (RR 0.74, 95% CI 0.66–0.85; p <0.0001) via reno-
protective effects of SGLT2 inhibitors, the exact mecha-
nisms of which are only partially understood [59]. We have
to keep in mind that participants in randomised trials often
receive close medical attention and follow-up, and it is un-
known if this may have contributed to lowering the risk of
acute kidney injury . However, regular follow-up for moni-
toring of kidney function, in particular in patients with con-
comitant diuretic treatment or diarrhoea, and adaptation of
diuretic drug dose during heat waves should decrease the
risk of acute kidney injury. Furthermore, discontinuation of
SGLT2 inhibition is recommended in the case of planned
surgical interventions.

Lower limb amputations
Only canagliflozin was shown to be associated with an in-
creased risk of lower limb amputations, predominantly toe
and metatarsal bones (6.3 vs 3.4 patients per 1000 patient-
years in the active vs placebo groups of the CANVAS trial)
[2, 60]. The risk was not dose-dependent and seemed to be
increased in patients with previous lower limb amputations
or with severe peripheral arterial disease [9]. Whether em-
pagliflozin or dapagliflozin may be more suitable in at-risk
patients remains to be shown. Regardless of the SGLT2 in-
hibitor used, patients should be regularly followed up for
manifestations of peripheral artery disease.

Fractures
An increased risk of fractures has been reported with
canagliflozin in the CANVAS trial (HR 1.26 95% CI
1.04–1.52) but was not found in the CANVAS-R trial [60].
Most fractures were nonvertebral. Empagliflozin and da-
pagliflozin have not been found to be associated with the
same risk [48]. Possible mechanisms include an increased
risk of falls due to volume depletion and orthostatic hy-
potension, and change in bone density [48].

Side effects of SGLT2 inhibitors are listed in table 1.

When and how to prescribe SGLT2 inhibitors?

The most recent available guidelines were published in
2020 by the American Diabetes Association (endorsed by
the American College of Cardiology) and reflect the new
evidence from CVOTs, with a special emphasis on early
consideration of cardiovascular risk, heart failure or chron-
ic kidney disease [61].

In patients with newly diagnosed T2DM and established
cardiovascular disease, or at high / very high cardiovas-
cular risk, the guidelines recommend using SGLT2 in-
hibitors (empagliflozin, canagliflozin or dapagliflozin) or
GLP-1 RA as second-line treatments to reduce cardiovas-
cular events, metformin remaining the first-line therapy
[61].

In patients with T2DM and heart failure or chronic kidney
disease, the SGLT2 inhibitors empagliflozin, canagliflozin
and dapagliflozin are recommended as the preferred sec-

ond-line treatments (after metformin) to lower the risk of
heart failure hospitalisation or renal impairment [61].

In patients who do not belong to the these categories and
whose HbA1c remains above target in spite of metformin
therapy, SGLT2 inhibitors are on par with other drug class-
es (GLP-1 RA, DPP-4 inhibitors, thiazolidinediones) as
second-line treatments [61].

Swiss guidelines from the Swiss Society of Endocrinology
and Diabetology are mostly similar to the American ones,
and recommend using SGLT2 inhibitors in combination
with metformin in patients with T2DM and established
atherosclerotic cardiovascular disease or at high cardiovas-
cular risk [62].

The current indications of SGLT2 inhibitors in patients
with T2DM and established cardiovascular disease, high
cardiovascular risk, heart failure or chronic kidney disease,
are summarised in figure 2.

European Society of Cardiology guidelines are slightly dif-
ferent in that SGLT2 inhibitors are recommended before
metformin initiation in patients with T2DM and cardiovas-
cular disease, high cardiovascular risk or heart failure [63].

In May 2020, dapagliflozin was further approved by the
FDA and Swissmedic for all patients with heart failure pre-
senting with a New York Heart Association (NYHA) II
to IV functional class, with or without diabetes [6]. Ex-
actly how and when to use dapagliflozin with regard to
the already available heart failure treatments remains to be
elucidated; however, consistently with the DAPA-HF trial,
SGLT2 inhibition is certainly beneficial when HFrEF pa-
tients are already on stable optimal medical treatment.

Practical considerations about SGLT2 inhibitors initiation
are presented in table 2.

Epidemiological and economic considerations

Diabetes is a major health issue worldwide, with Switzer-
land being no exception. The prevalence of diabetes in
Switzerland in 2016 was estimated to be 6.9% among
males and 4.4% among females [7]. Owing to population
ageing and the rising prevalence of obesity, it is likely that
the overall prevalence of diabetes will continue to grow in
upcoming years. Furthermore, diabetes management con-
stitutes an immense economic burden: total health care
costs attributable to diabetes were estimated to be CHF 2.5
billion in 2011 [65]. More recent data for Switzerland are
not available in literature, but between 2012 and 2017, the
expenditure attributed to diabetes in neighbouring France
was reported to increase by 2.3%/year [66], and it is likely
that Switzerland followed a similar trend.

Heart failure is another growing global health concern,
with an estimated prevalence of approximately 2–4% of
the adult population in developed countries, rising to ≥10%
among people aged 70 or more [8, 67]. By extrapolation
of these data to Switzerland, the projected number of peo-
ple living with HFrEF is somewhere between 85,000 and
170,000. Apart from mortality, heart failure is associated
with significant comorbidities, impaired quality of life,
considerable hospitalisation costs (heart failure is one of
the leading causes of hospitalisation [68]) and use of med-
ical resources [46]. In the United States in 2012, heart fail-
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ure alone was estimated to be responsible for health ex-
penditures of around USD 31 billion [69]. No data are
available in the Swiss setting.

Because SGLT2 inhibitors are potent drugs in T2DM and
heart failure, analysis of their cost-effectiveness in these
particular settings is interesting. Unfortunately, few studies
addressing this subject are available. A recent systematic
review of literature found SGLT2 inhibitors to be cost-
effective when compared with insulin, thiazolidinediones,
sulfonylureas and DPP-4 inhibitors [70]. In Switzerland, if

we take the example of dapagliflozin 10 mg, the price na-
tionwide for 28 pills is CHF 69.50 (approximately EUR
66), with an estimated annual price of CHF 906.60 (EUR
862). Because of the significant improvements in terms of
cardiovascular protection in patients with T2DM and re-
duction of hospitalisation risk in those with heart failure,
this drug may be extremely cost-effective, with a signifi-
cant reduction of health expenditures and use of medical
resources.

Figure 2: Current indications for SGLT2 inhibitors in patients with type 2 diabetes mellitus and established cardiovascular disease, high car-
diovascular risk, heart failure or chronic kidney disease.ASCVD = atherosclerotic cardiovascular disease; CKD = chronic kidney disease; CV =
cardiovascular; CVD = cardiovascular disease; CVOTs = cardiovascular outcomes trials; DPP-4i = dipeptidyl peptidase 4 inhibitor; eGFR = es-
timated glomerular filtration rate; GLP-1 RA = glucagon-like peptide 1 receptor agonist; HF = heart failure; SGLT2i = sodium–glucose cotrans-
porter 2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione. Excerpt from the American Diabetes Association [Pharmacologic Approaches to
Glycaemic Treatment: Standards of Medical Care in Diabetes—2020, American Diabetes Association, 2020]. Copyright and all rights re-
served. Material from this publication has been used with the permission of American Diabetes Association.

Table 2: Practical aspects of sodium-glucose cotransporter 2 (SGLT2) inhibitor prescription.

Canagliflozin
(Invokana®)

Dapagliflozin
(Forxiga®)

Empagliflozin
(Jardiance®)

Ertugliflozin
(Steglatro®)

Swissmedic year of approval January 2014 August 2014 December 2014 October 2018

Initial dose (maximum dose) 100 mg o.d.
(300 mg o.d.)

5 mg o.d.
(10 mg o.d.)

10 mg o.d.
(25 mg o.d.)

5 mg o.d.

Administration Before first meal Morning without regard to food

Price in Switzerland CHF 66.95
(30 tablets)

CHF 69.50
(28 tablets)

CHF 74.20
(30 tablets)

CHF 65.95
(28 tablets)

Renal dosage adjustments Caution is warranted when the eGFR is below 45 ml/min/1.73 m2, while an eGFR below 30 m/min/1.73 m2 or dialysis are absolute con-
traindications for SGLT2 inhibitors [41].

Initiation requirements Assessment of BP, volume status and renal function
– Correction of hypovolaemia before SGLT2 inhibitors initiation [48]
– Dose adjustment of BP-lowering drugs and diuretics, if necessary [48]
In patients with insulin therapy or other glucose-lowering treatment at baseline (sulfonylurea or glinide), consider:
– Lowering daily insulin dose by 20%
– Reducing daily sulfonylurea or glinide dose by 50% (or discontinuing them if already on a minimal dose) [64].

Patient information, counselling
and self-monitoring

– Genital hygiene
– Orthostatic hypotension
– Close glycaemic monitoring in patients with other antidiabetic therapies
– Regular foot examination
– Symptoms of EDKA [12]

BP = blood pressure; EDKA = euglycaemic diabetic ketoacidosis; eGFR = estimated glomerular filtration rate; o.d. = once daily
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Conclusions

SGLT2 inhibitors are a new class of drugs currently indi-
cated for T2DM management. Although numerous stud-
ies have shown benefits on cardiovascular and renal out-
comes in patients with T2DM and cardiovascular diseases,
or at high / very high cardiovascular risk, the multiple
mechanisms by which they protect cardiovascular and re-
nal functions are still under investigation. Indications are
rapidly changing: the FDA and Swissmedic have very re-
cently granted the approval of dapagliflozin in patients
with heart failure, including those without T2DM. As such,
diabetologists, but also general practitioners, cardiologists
and nephrologists are expected to become more involved
in SGLT2 inhibitors initiation and management, in collab-
oration with other health care providers.
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