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SGLT-2 inhibitors: a novelty in the treatment 
of type 2 diabetes

Mojca Lunder,1 Miodrag Janić,2 Mišo Šabovič,2 Andrej Janež1

Abstract
Sodium glucose co-transporter-2 (SGLT-2) inhibitors are the newest group of drugs for the tre-
atment of type 2 diabetes mellitus, which have been in clinical use for the past few years. They 
act in the proximal renal tubules by reducing the glucose reabsorption, the glucose then being 
excreted in the urine. Consequently, by decreasing blood glucose levels, they exert a favourable 
effect on the glycaemic control and importantly, do not increase the risk of hypoglycaemia. SGLT-
2 inhibitors also possess favourable metabolic effects, especially on weight, blood pressure and 
serum uric acid level reduction. They also slow down the progression of diabetic kidney disease. 
For some SGLT-2 inhibitors it was shown that they exert beneficial effects on the cardiovascular 
system by reducing cardiovascular events and complications through yet unknown mechani-
sms, which are subject of intensive research. SGLT-2 inhibitors rarely cause serious side effects. 
This manuscript describes the mechanism of action of SGLT-2 inhibitors, their effect on the gly-
caemic control, metabolic effects, effects on the incidence of cardiovascular disease, as well as 
the most common adverse effects and prescribing restrictions for SGLT-2 inhibitors in Slovenia.
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1 Introduction

Diabetes is a metabolic disease chara-
cterised by chronically increased blood 
glucose levels. The incidence of diabe-
tes has been increasing and has reached 
pandemic proportions. It was estimated 
that in 2017 there were 425 million adults 
with diabetes in the world. The number 
of patients with diabetes is predicted to 
rise to 642 million by 2040. Additionally, 
by 2025, the number of deaths attributa-
ble to diabetes and its complications will 
increase by 50 % (1,2).

As the available medications do not 
provide optimal glycaemic control, the-
re is a need for the development of new 
antihyperglycaemic drugs. Sodium-
glucose co-transporter 2 (SGLT-2) in-
hibitors represent a novel approach to 
the management of type 2 diabetes. They 
were approved by the Food and Drug 
Administration (FDA) and European 
Medicines Agency (EMA) between 2012 
and 2014 (3). The first SGLT-2 inhibitor 
was phlorizin, which was extracted from 
the bark of apple trees. This molecule has 
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been known for more than 200 years. It is 
a non-selective inhibitor of both SGLT-2 
and SGLT-1. Phlorizin provides effective 
glycaemic control and reduces insulin 
resistance in diabetic animals. Clinical 
use of this drug is restricted by its poor 
absorption after oral administration, as 
well as by nausea and diarrhea due to 
SGLT-1 inhibition. Its metabolic produ-
ct, phloretin, also inhibits the glucose 
transporter type 1 (GLUT-1) expressed 
in erythrocytes and blood-brain barrier. 
Nevertheless, the phlorizin molecule was 
succesfully used as the basis for synthes-
is of several selective SGLT-2 inhibitors, 
such as empagliflozin, dapagliflozin, ca-
nagliflozin and others (1).

2 Mechanism of action

In individuals without diabetes, 180 g 
of glucose is filtered by the renal glo-
merulus, daily, and virtually all of it is 
subsequently reabsorbed in the proxi-
mal tubule. Thereby the kidney prevents 
glucose loss (1,4). Once the renal thre-
shold for glucose is exceeded in healthy 
individuals, i.e with glucose levels above 
11 mmol/L, glycosuria results (5). This 
protective action of the kidney prevents 
further increase in plasma glucose and 
the associated harmful effects (6).

In the proximal renal tubule, glucose 
can be reabsorbed passively via GLUT 
transporters or actively via SGLT tran-
sporters (4,6). The latter transports glu-
cose into the cells using sodium gradient 
created by Na/K ATPase pump at the 
basolateral border of the cell membra-
nes (1). SGLT transporter has two vari-
ants: SGLT-1 and SGLT-2. SGLT-1 is fou-
nd mostly in the small intestine, kidney, 
heart and skeletal muscles, where it is 
responsible for active absorption of glu-
cose into these tissues. SGLT-2 is found 
almost exclusively in the proximal renal 
tubules, where it reabsorbs 80–90 % of 

the filtered glucose load. SGLT-1 is re-
sponsible for less than 10 % of the glu-
cose reabsorption in kidneys (4-7). It has 
been demonstrated that the number of 
SGLT-2 transporters is increased in di-
abetic patients (1). With rising plasma 
glucose concentrations, kidneys‘ SGLT-
2 expression increases, causing an in-
creased renal threshold for glycosuria. 
Additionally, this causes enhanced renal 
glucose reabsorption in proximal tu-
bules, which leads to further elevation of 
its plasma levels (5).

SGLT-2 inhibitors act by inhibiting 
SGLT-2 in the proximal tubules, the-
reby preventing glucose reabsorption. 
Increased urinary glucose excretion 
lowers its plasma concentrations, lea-
ding to efficient glycaemic control (8). 
SGLT-2 inhibitors induce urinary excre-
tion of 20–100 g of glucose and cause a 
daily loss of 90–450 kcal (4). The effica-
cy of SGLT-2 inhibitors depends on the 
plasma glucose levels: low glucose levels 
reduce their efficacy. The decrease in glu-
cose levels caused by SGLT-2 inhibitors 
in non-diabetic individuals differs from 
that in patients with diabetes. SGLT-2 
inhibitors act independently of insulin 
secretion and therefore do not cause be-
ta-cells failure nor do they increase the 
risk for hypoglycaemia (6). The mecha-
nism of action of SGLT-2 inhibitors is 
presented in Figure 1.

3 Basic antihyperglycaemic 
effects

Several previous studies have shown 
that SGLT-2 inhibitors decrease HbA1c. 
This was dependent on the baseline va-
lues: HbA1c droped by 0.51–1.45 % with 
the baseline HbA1c of 7–9.1 % (1). A 
mean reduction in HbA1c levels induced 
by SGLT-2 inhibitors was 0.69 % compa-
red to placebo (3). In the »Empagliflozin 
Cardiovascular Outcomes and Mortality 



SGLT-2 inhibitors online edition – 3

ProfeSSionaL arTicLe

in Type 2 Diabetes« (EMPA-REG 
OUTCOME) trial, empagliflozin 10 mg 
daily decreased HbA1c levels by only 
0.54 %, and empagliflozin 25 mg daily by 
0.6 % (9). Treatment with SGLT-2 inhi-
bitors was reported to reduce fasting glu-
cose levels by an average of 0.9 mmol/L 
as compared to placebo (3).

The rate of hypoglycaemic episodes in 
patients treated with SGLT-2 inhibitors 
did not exceed that in placebo groups. 
This may be due to the insulin-indepen-
dent action of these drugs. In addition, 
the effects of SGLT-2 inhibitors decre-
ase when the plasma glucose levels are 
decreasing thereby preventing hypogly-
caemia (5). The rate of hypoglicaemia 
was higher in patients taking SGLT-2 
inhibitors in combination with other 
glucose-lowering drugs that may cause 
hypoglycaemia, such as sulfonylureas 
or insulin (6). SGLT-2 inhibitors caused 

statistically less mild hypoglycaemia epi-
sodes than sulfonylureas, their rate being 
higher by 30 % in patients taking sul-
fonylureas than in patients taking place-
bo (10). A meta-analysis showed that the 
incidence of mild hypoglycaemia in the 
treatment with dapagliflozin and em-
pagliflozin was low and comparable with 
placebo (3). Figure 2 summarizes basic, 
additional favourable and adverse effects 
of SGLT-2 inhibitors (see further text).

4 Favourable metabolic 
effects

4.1 Reduction of body mass

Patients receiving SGLT-2 inhibitor 
lose 1–5 kg, which usually represents 
2–5 % of their body mass. A greater loss 
was recorded in patients with long-stan-

Figure 1: Schematic presentation of SGLT-2 inhibitor action in the renal glomerulus and 
proximal tubule. Adopted by (5).
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ding diabetes and higher baseline body 
mass (6). Lioudaki et al. found that the 
effects of SGLT-2 inhibitors on weight 
loss are dose-dependent: body weight 
loss of 1.61 kg was reported with lower 
doses, and a loss of 2.66 kg with higher 
doses. Importanlty, weight loss was asso-
ciated with a decrease in waist circum-
ference (7). Another meta-analysis de-
monstrated that treatment with SGLT-2 
inhibitors led to significant loss of body 
weight: by 1.3–2.24 kg with dapagliflozin 
and by 1.84–1.93 kg with empagliflozin. 
A statistically significant association 
between weight reduction and higher 
doses was reported for dapagliflozin but 
not for empagliflozin (11). Weight gain 
due to insulin treatment was prevented 
when SGLT-2 inhibitor was added (6).

During the initial 12–26 weeks of tre-
atment with SGLT-2 inhibitors, a fast 
body weight loss was recorded, whereaf-
ter it stopped or showed only a minimal 
decrease. Body weight reduction in the 
initial period seems to be due to the loss 
of fluid through osmotic diuresis, and la-
ter on due to the loss of body fat. Dual 
energy x-ray absorptiometry (DEXA) 
measurements demonstrated that 30 % 
of body weight loss was caused by os-
motic diuresis and 70 % of weight loss 
was attributable to loss of adipose tissue 
(mostly visceral and, to a lesser extent, 
subcutaneous tissue) (1). The most pro-
bable cause of body fat loss is a metabo-
lic shift from carbohydrate to lipid uti-
lization mediated by SGLT-2 inhibitors, 
which leads to enhanced glucose excreti-
on and the resulting relative glucose de-
ficiency (1). The effects of SGLT-2 inhi-
bitors on body weight reduction are not 
yet fully understood. A greater weight 
loss would be expected considering that 
in patients treated with SGLT-2 inhibi-
tors, up to 100 g of glucose is excreted in 
the urine per day (11).

4.2 Lowering of uric acid 
levels

Many patients with type 2 diabetes 
have elevated serum uric acid levels, 
which may be responsible for chronic 
complications of diabetes (6,12). SGLT-
2 inhibitors lower serum uric acid levels 
by 10–13 %; a greater decrease occur-
ring in individuals with higher baseline 
values (7). Therapy with canagliflozin 
normalised uric acid levels in 20–30 % 
of patients with elevated uric acid. 
Dapagliflozin also lowered uric acid 
levels, but the effect wore off after tre-
atment discontinuation. Empagliflozin 
was also shown to posess uric acid-
-lowering effect (12). The most probable 
mechanism is enhanced glycosuria with 
the resulting exchange of uric acid at the 
apical membrane of the proximal tubu-
lar cell, and increased excretion of uric 
acid in the urine, most likely due to the 
effect on the uric acid transport in the 
renal proximal tubules, e.g. GLUT-9 (12).

4.3 Effects on fat metabolism

Individuals with type 2 diabetes usu-
ally have increased triglyceride levels, 
low levels of high-density lipoproteins 
(HDL) and high levels of low-density li-
poproteins (LDL). Patients treated with 
SGLT-2 inhibitors showed mild reducti-
on of triglyceride levels and an increase in 
the HDL levels. The mechanisms respon-
sible for these changes most likely inclu-
de weight loss and decrease in glucose 
levels, leading to reduced production of 
very low density lipoproteins (VLDL) in 
the liver. Consequently, plasma triglyce-
ride levels decrease (7). In comparison 
with placebo, SGLT-2 inhibitors increa-
se HDL levels by 0.05 mmol/L, and are 
expected to reduce triglyceride levels by 
0.09 mmol/L (3). On the other hand, an 
increase in LDL levels, which is linked to 
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higher risk for cardiovascular diseases, 
is one of adverse effects associated with 
SGLT-2 inhibitor therapy.

4.4 Effects on hepatic function

SGLT-2 inhibitors decrease alani-
ne aminotransferase (ALT) levels by 
2.8 IU/L, thereby exerting a beneficial 
effect on non-alcoholic fatty liver disea-
se. Whether ALT reduction is due to the 
body weight decrease caused by SGLT-2 
inhibitors or it occurs because of their 
direct effects on the liver remains uncle-
ar (3).

5 Beneficial non-metabolic 
effects

5.1 Blood pressure reduction

SGLT-2 inhibitors were shown to si-
gnificantly reduce systolic and diastolic 
blood pressure in several studies. A lar-
ger decrease was observed for systolic 
blood pressure and this correlated with 
the active substance and dosage of the 
SGTL-2 inhibitor used. The effect on 

blood pressure did not depend on the 
degree of glycaemic control and weight 
loss (noted soon after the initiation of 
SGLT-2 inhibitor treatment). Greater 
decrease of blood pressure occured in 
patients with higher baseline systolic 
blood pressures (6,7). In their meta-a-
nalysis, Shyangdana et al. showed that 
SGLT-2 inhibitors used as monotherapy 
or in combination with metformin led to 
decreased blood pressure compared to 
placebo; i.e. to –2.6 mmHg by empagli-
flozin 10 mg/day, and to –6 mmHg by ca-
nagliflozin 300 mg/day. The same study 
showed that SGLT-2 inhibitors induced 
a mean decrease in systolic pressure of 
–3.77 mmHg and a mean decrease in di-
astolic pressure of –1.75 mmHg. It shou-
ld be emphasized that blood pressure 
reduction caused by SGLT-2 inhibitors 
was not associated with increase in he-
art rate (13). The greatest decrease in blo-
od pressure was seen in patients treated 
with canagliflozin (3).

Primary mechanisms involved in blo-
od pressure reduction seem to include 
osmotic diuresis and enhanced urinary 
sodium excretion (decreased amount of 
sodium in the body). Increased delive-

Figure 2: Overview of basic effects, additional beneficial effects and adverse effects of SGLT-2 
inhibitors. HDL – high density lipoprotein, TG – triglycerides, HbA1c – glycated haemoglobin, LDL 
– low density lipoprotein.
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ry of sodium to the macula densa with 
SGLT-2 inhibition reduces renin secreti-
on and in the long term leads to inhibiti-
on of the renin-angiotensin-aldosterone 
system with beneficial effects on blood 
pressure. The absence of heart rate incre-
ase supports this theory (7). Reduction 
of arterial stiffness is another factor con-
tributing to a decrease in blood pressure, 
as shown in young patients with type 1 
diabetes (14).

5.2 Renoprotective effects

SGLT-2 inhibitors provide renal pro-
tection by improving glycaemic control, 
reducing blood pressure, and most pro-
bably, by exerting direct effects on the 
kidney (reduction of glomerular hyper-
filtration, inflammation and fibrosis). 
Progression of diabetic nephropathy is 
associated with a gradual decrease in 
glomerular filtration rate (GFR), leading 
to reduced efficacy of SGLT-2 inhibitors. 
In patients with GFR < 45 ml/min, their 
effects on HbA1c eventually disappear, 
but they continue to exert other non-
-metabolic effects (15).

Diabetic nephropathy develops due to 
several factors. The mechanisms respon-
sible for the development of glomerular 
hyperfiltration include impaired neu-
rohumural activation (haemodynamic 
effect) and tubular factors. The former 
involves a decrease in afferent arteriole 
tone compared to the efferent one, and 
increase in intraglomerular pressure, 
leading to glomerular hyperfiltration. 
This is due to increased activity of angi-
otensin II with affinity for efferent arte-
riole constriction. Another mechanism 
involves increase in glucose burden in 
the proximal renal tubule and the asso-
ciated SGLT-2 and SGLT-1 hyperactivity 
and increased glucose and sodium reab-
sorption in the proximal tubules, with 
the resulting activation of tubulo-glo-

merular feedback because of diminshed 
delivery of sodium to the macula densa 
in the distal tubule of the nephron. As a 
result, vasodilation of the afferent arte-
riole and glomeular hyperfiltration oc-
cur. Hyperfiltration is followed by a pro-
gressive decrease in GFR. At early stages, 
hyperfiltration causes glomeruloscle-
rosis, and the compensatorily increa-
sed filtration rate in other, previously 
unaffected glomeruli, leads to sclerosis 
of these glomeruli too (1,6,15).

SGLT-2 inhibitors increase delivery of 
the filtered burden, especially sodium, to 
the distal nephron segment and macula 
densa, thereby enhancing local adenosi-
ne excretion leading to adenosine-indu-
ced constriction of the afferent arteriole. 
The resulting decrease in intraglomeru-
lal pressure and GFR has protective glo-
merular effects (15,16). Empagliflozin has 
been shown to reduce inflammation and 
decrease the level of renal fibrosis due 
to improved glycaemic control, thereby 
limiting glucose-induced impairment 
of proximal renal tubules. Also, it was 
found that the treatment with SGLT-2 
inhibitors for 24 weeks decreased urina-
ry albumin-creatinine ratio in patients 
with diabetes and albuminuria by 41 % 
compared to placebo (7). Thanks to the 
above described mechanisms, the use of 
SGLT-2 inhibitors in combination with 
angiotensine-converting enzyme inhibi-
tors has proved to be the most effective 
way to prevent progression of diabetic 
nephropathy and is superior to the use 
of a single drug (1).

5.3 Cardiovascular benefits

According to the requirements issu-
ed by the FDA in 2008, all new gluco-
se-lowering drugs should be investigated 
for their potential cardiovascular risks. 
Two such studies have been conducted so 
far for SGLT-2 inhibitors, i.e the EMPA-
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REG OUTCOME trial for empagliflozin 
and the Canagliflozin Cardiovascular 
Assessment Study (CANVAS) for ca-
nagliflozion, both in patients with type 
2 diabetes. The studies differed in that 
the EMPA-REG OUTCOME trial inclu-
ded 99.5 % of patients who had suffered 
a previous cardiovascular event, and the 
CANVAS study included only 67 % of 
such patients. The primary aim of both 
studies was to determine the effect of 
SGLT-2 inhibitors on the following three 
major adverse cardiovascular events 
(MACE): cardiovascular death, non-fa-
tal myocardial infarction and non-fatal 
stroke. The results of both investigations 
confirmed the efficacy of SGLT-2 inhi-
bitors, which decreased MACE by 14 % 
as compared to placebo. Yet, a difference 
was found between the two drugs when 
concerning the individual elements of 
MACE. In the EMPA-REG OUTCOME 
study the cardiovascular mortality 
decreased by 38 % during the study pe-
riod (3.1 years), whereas in the CANVAS 
trial by 13 % during the study period (6.0 
years). There seem to be several reasons 
for these results: different characteristics 
of the patients studied (different propor-
tions of cardiovascular patients), effects 
of other cardioprotective drugs, selecti-
vity of SGLT-2 inhibitors for SGLT-2 
versus SGLT-1 (> 2500-fold for empag-
liflozin and > 250-fold for canagliflozin), 
and statistical analysis. Also, there was a 
difference in the time to the separation 
of survival curves. Based on data of the 
EMPA-REG OUTCOME the effect was 
noted early, i.e. after three months, and 
was attributed to haemodynamic effects, 
hypothesis of changes in cardiac fuel, 
improved fat metabolism and improved 
endothelial function. In the CANVAS 
trial these results were recorded later, 
i.e.after one year, which is attributable 
to positive effects of canagliflozin whi-
ch slowed the progression of atheros-

clerosis (1,7,17-19). Importantly, in both 
groups treated with SGLT-2 inhibitors 
significanly less patients were hospitali-
sed for heart failure compared to those 
receiving placebo: 35 % in EMPA-REG 
OUTCOME and 33 % in CANVAS tri-
al (17-19). The described beneficial effects 
cannot be explained solely by the impact 
of drugs on glycaemia. It is assumed that 
the benefit is independent of glycaemic 
control, yet further studies are needed. 
In previous studies, it was shown that 
SGLT-2 inhibitors decrease plasma vo-
lume, enhance urinary sodium excreti-
on and improve the response to diure-
tic therapy. In addition, they enhance a 
metabolic shift to improved myocardial 
bioenergetics (improved balance betwe-
en oxygen consumption and work effi-
ciency with ketone bodies utilization as 
compared to glucose). An interesting 
and important cardiovascular protective 
mechanism involves the increase in se-
rum magnesium levels. The role of ma-
gnesium in protecting the myocardium 
against significant arrhythmias is well 
established (20). Thanks to their renop-
rotective action, SGLT-2 inhibitors redu-
ce the degree of renal failure in patients 
with heart failure. Beneficial effects on 
endothelial function are also important. 
Thanks to the above decribed effects, 
SGLT-2 inhibitors may be an effective 
treatment option for patients with heart 
failure with preserved ejection fraction, 
for whom no such treatment has been 
available so far (8,21).

The mechanisms underlying positive 
cardiovascular effects of SGLT-2 inhibi-
tors have not yet been fully investigated 
. Most probably, cardiac overload and 
oxygen consumption are reduced thro-
ugh lowered arterial pressure and decre-
ased arterial stiffness, which decreases 
myocardial oxygen consumption and 
improves cardiac function. In addition, 
effects of protective mechanisms invol-
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ved in SGLT-2 inhibition include body 
weight reduction, absence of stimulatory 
effect on sympathetic nervous activity, 
increase in urinary sodium excretion, 
reduction of oxidative stress, stimulation 
of glucagon excretion and other benefi-
cial effects mediated by as-yet unidenti-
fied mechanisms of action (1,7,17).

An intensive research effort is curren-
tly underway to identify these mechani-
sms. The results obtained are expected 
to significantly contribute to improved 
prevention of cardiovascular events in 
patients with diabetes.

6 Adverse effects

The rate of adverse effects associated 
with SGLT-2 inhibitors reported by lar-
ge-scale studies was similar to that fou-
nd for other groups of antihyperglyca-
emic agents. It is estimated that serious 
adverse effects occur in 1.0 % to 12.6 % 
of cases (6). The most common adverse 
effects include urinary tract infections 
(vulvitis, vulvovaginitis, balanitis and ba-
lanoposthitis). Genital infections can be 
prevented by appropriate genital hygie-
ne. Higher rates of urinary tract infecti-
ons were not documented (6). Increased 
genital infection rates were attributed to 
increased amounts of glucose in urine, 
which encourage fungal and bacterial 
growth (1). SGLT-2 inhibitors induce os-
motic diuresis with the resulting relative 
hypovolaemia, which may lead to ortho-
static hypotension, reported in less than 
3 % of patients. Using SGLT-2 inhibitors 
as an add-on to diuretics increases the 
risk for its onset (1,6). Therefore, drin-
king an extra amount of at least 500 mL 
of unsweetened fluid is recommended 
to prevent dehydration during the cour-
se of therapy (3). SGLT-2 inhibitors tend 
to increase LDL cholesterol (by up to 
10 %), a finding documented in all pati-
ents (average increase – 0.9 mmol/L) (3). 

Minimal reduction of bone tissue for-
mation, as well as an increase in bone re-
sorption markers were reported, but the-
re were no significant changes in mineral 
bone density (6). However, the CANVAS 
trial reported a 23 % increase in the rate 
of low-energy fractures, especially those 
involving the upper arm and ribs (17), 
which was attributed to a small increase 
in serum phosphate levels. It was found 
that reduced sodium reabsorption in the 
proximal renal tubule leads to increased 
reabsorption of sodium and phosphate 
through another transporter expressed 
in the proximal tubule. The net effect of 
elevated serum phosphate is enhanced 
parathormone activity and increased 
bone tissue resorption. Reduction of 
vitamin D production and calcium ab-
sorption occur for the same reason and 
lead to a decrease in bone mineral densi-
ty (20). Canagliflozin has been shown to 
cause a minimal increase in serum po-
tassium levels as well, especially in pa-
tients with impaired renal function and 
subjects who had been treated with drugs 
exerting effects on potassium levels, such 
as renin-angiotensin-aldosterone system 
inhibitors. This phenomenon was not 
documented in patients treated with 
empagliflozin or dapagliflozin. The net 
increase in serum potassium levels is the 
result of opposing mechanisms, the pre-
dominant effects being those responsible 
for potassium retention (20).

Patients treated with canagliflozin in 
the CANVAS trial showed twice the risk 
for lower limb amputation compared to 
the placebo group. A higher rate of am-
putations was documented in men and 
in subjects with previous amputation, 
neuropathy or peripheral artery disease. 
The risk for amputation was not dose-
-related. The exact cause is yet unknown, 
but it is supposed to be related to increa-
sed haemoconcentration due to osmotic 
diuresis and hypovolaemia (17,19).
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Treatment with SGLT-2 inhibitors 
was also reported to cause diabetic ke-
toacidosis. The majority of affected in-
dividuals were patients with type 1 di-
abetes who received the drug off-label. 
There were several patients with type 2 
diabetes in whom ketoacidosis was trig-
gered by a variety of factors, including 
acute disease, infection, reduced food 
and fluid intake, missed insulin dose, 
surgical procedure or alcohol consu-
mption. In some patients glucose levels 
were lower than usually noted in diabe-
tic ketoacidosis; in some of them gluco-
se levels were even within the normal 
range. Potential mechanisms underlying 
the development of ketoacidosis in pa-
tients receiving SGLT-2 inhibitors in-
clude: increased glucagon-insulin ratio, 
enhanced production of free fatty acids, 
shift from oxidative carbohydrate meta-
bolism to oxidative free fatty acid meta-
bolism, and reduced excretion of ketone 
bodies (1,22). SGLT-2 inhibitors should 
be discontinued prior to any major sur-
gery or other invasive procedure associ-
ated with potential bleeding risk in order 
to prevent the development of diabetic 
ketoacidosis. Preparation for some in-
terventions, e.g.colonoscopy, may cause 
dehydration. Also, SGLT-2 inhibitor the-
rapy should be discontinued in patients 
anticipating severe stressful physical 
activity (e.g.running a marathon). It is 
recommended to discontinue the me-
dication at least three days before the 
planned activity, i.e. at least five half-li-
ves of the drug (23). In acute situations, 
such as vomiting, urgent surgery, or 
shock, SGLT-2 inhibitors should be di-
scontinued immediately (24). However, 
no recommendations are available for 
minor investigations, especially contrast 
studies. Discontinuation of the treatment 
is suggested for patients undergoing 
contrast studies which may cause acute 
kidney injury with the resulting acidosis. 

Previous studies have shown that keto-
acidosis due to treatment with SGLT-2 
inhibitors is preventable because it could 
be anticipated and recognisable. Routine 
measurements of ketone levels in urine, 
however, are not recommended (1,22,24).

Patients treated with SGLT-2 inhibi-
tors may be at higher risk of developing 
breast and bladder cancer. No definitive 
conclusions have yet been reached be-
cause of small cohorts and because it 
was not clear whether the disease was 
present before the treatment began. 
Nevertheless, treatment with SGLT-2 
inhibitors is not advised for patients 
with bladder cancer (at present or in the 
past) (1).

7 Availability of SGLT-2 
inhibitors in Slovenia

Currently, two agents from this gro-
up, i.e. empagliflozin and dapagliflozin, 
are available in Slovenia.

Empagliflozin is a selective SGLT-
2 inhibitor. It exhibits rapid absorpti-
on and reaches peak plasma levels one 
to two hours after administration (25). 
Its half-life in plasma is 10.3–18.8 hou-
rs. The recommended dose of empag-
liflozin is 10–25 mg once daily. Current 
guidelines recommend that in patients 
with impaired renal function the dosa-
ge of empagliflizin should be adjusted 
as follows: with GFR < 60 mL/min the 
maximum daily dose is 10 mg, while 
with GFR < 45 mL/min empagliflizin is 
contraindicated or should be disconti-
nued. With GFR < 60 mL/min, the the-
rapy should not be restarted. In hepatic 
impairment, dose adjustments are not 
required, yet data on this subject are 
scarce (6,25). In Slovenia, empagliflozin, 
marketed as Jardiance, is also available in 
combination with metformin, under the 
brand name Synjardy.
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Dapagliflozin shows greater selectivi-
ty for SGLT-2 than for SGLT-1. It exhi-
bits rapid absorption and reaches peak 
plasma levels one to two hours after ad-
ministration. Its bioavailability is 78 %. 
Dapagliflozin metabolism occurs predo-
minantly in the liver and kidney via uri-
dine diphosphate-glucuronosyltransfe-
rase (UGT1A9). The recommended dose 
is 5–10 mg once daily. In hepatic impa-
irment the dose should be reduced from 
10 mg to 5 mg daily. According to cur-
rent guidelines, dapagliflozin is contra-
indicated in patients with GFR < 60 ml/
min (6,25). In Slovenia dapagliflozin is 
marketed as Forxiga; in combination 
with metformin it is available under the 
brand name Xigduo. Results from recent 
studies suggest that GFR-related restri-
ctions will be relaxed or even removed.

8 SGLT-2 inhibitor usage 
restrictions in Slovenia

Based on the world literature data 
SGLT-2 inhibitors can be prescribed as 
monotherapy or in combination with 
other glucose-lowering drugs, such as 
metformin, sulfonylureas, dipeptidyl 
peptidase 4 (DPP-4) inhibitors or insu-
lin (3).

According to the guidelines on the 
use of SGLT-2 inhibitors in the treatment 
of type 2 diabetes issued by the Health 
Insurance Agency of the Republic of 
Slovenia, they can be prescribed only in 
the folowing cases:
1. in combination with metformin or 

sulfonylurea/repaglinide, when the 
use of sulfonylurea/repaglinide or 
metformin is contraindicated, or 
when adverse effects occured;

2. in triple therapy with optimal doses 
of metformin or sulfonylurea/repag-
linide, when the doctor or the patient 
have reservations about insulin tre-
atment;

3. in combination with insulin and me-
tformin (or without metformin when 
it is contraindicated or adverse effects 
occur).

The drug can be prescribed only on 
the basis of the report and recommen-
dation provided by a specialist diabetes 
clinic (26).

9 Potential for future use

The reported beneficial effects of 
SGLT-2 inhibitors go far beyond glyca-
emic control and open up new possibi-
lities for their wider use. Diabetes is a 
disease associated with high cardiova-
scular risks. Therefore, not only good 
glycaemic control, but also appropri-
ate protection against cardiovascular 
events, is of vital importance to diabe-
tic patients. SGLT-2 inhibitors provide 
both benefits. Moreover, positive effects 
are exerted also in diabetic patients with 
a history of past cardiovascular events. 
Even more, renoprotective effects of 
SGLT-2 inhibitors are particularly wel-
come in early-stages of diabetic nephro-
pathy. Additionally, very important is 
their weigth-loss effect, considering that 
the majority of patients with type 2 di-
abetes are overweight. Therefore, ideal 
candidates for treatment with SGLT-2 
inhibitors would be overweight diabetic 
patients with high cardiovascular risk 
and early-stage diabetic renal disease. In 
view of the beneficial effects, one would 
expect SGLT-2 inhibitors to be more wi-
dely used and should be prescribed as a 
second line treatment (after metformin), 
yet their wider use seems to be limited by 
high cost. Another reason for their not 
being prescribed more frequently is that 
they have been available for clinical use 
only for a past few years, so more studies 
are needed to investigate their long-term 
effects.
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10 Conclusion

SGLT-2 inhibitors are a novel group 
of antihyperglycaemic drugs. Previous 
studies have confirmed their effecti-
veness on glycaemic control and also 
additional beneficial metabolic effects, 
particularly those associated with we-
ight loss. Additional advantage of SGLT-
2 inhibitors is that they decrease blood 
glucose levels independent of the secre-
tion and action of insulin and therefo-

re do not increase risks for hyperglyca-
emia. Empagliflozin and canagliflozin 
have been shown to provide protection 
against cardiovascular events and the as-
sociated complications. After only a few 
years of clinical use, SGLT-2 inhibitors 
have proved to be very promising antidi-
abetic agents, yet further investigations 
are required to assess possible additio-
nal effects on metabolism and potential 
adverse long-term treatment effects.
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