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Abstract. - SGLT2 (sodium-glucose cotrans-
porter type 2) inhibitors are a new class of drugs
which reversibly block the glucose reabsorption
that occurs in the kidneys. Since their mecha-
nisms of action do not rely on insulin secretion,
they constitute a complementary alternative to
the classic treatment of type 2 diabetes mellitus.
A glycemic level reduction in patients who used
SGLT2 inhibitors due to the reversible block of
their transporters could be observed. Associat-
ed with this, there was a reduction in body
weight and blood pressure (BP) caused by os-
motic diuresis. Few adverse effects and low drug
interaction combined with antihyperglycemic ef-
fects are some of the benefits of these inhibitors
widely discussed in clinical trials. Patients with
history of urogenital infections or those on di-
uretics must be carefully evaluated before the
administration of these drugs. While a promising
class of drugs indicated as a treatment for pa-
tients with type 2 diabetes mellitus, SGLT2 in-
hibitors should not be prescribed for individuals
with severe renal or hepatic impairment. There-
fore, as there are only a few situations in which
they should not be indicated, the efficacy, safety
and tolerability of these inhibitors allow them to
be used in a wide range of patients. Neverthe-
less, further researches are required so that the
possible long-term risks can be studied and the
benefits associated with their use can be more
objectively elucidated.
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Introduction

Diabetes mellitus is a multifactorial chronic
metabolic disease that affects 347 million people
worldwide'. By the year 2035, this number is
forecasted to reach 592 million®. Since the preva-
lence rate of diabetes mellitus among the popula-
tion aged 20-79 years in countries like the United
States, India, Brazil and China is of 9.4%, 9.1%,

8.7% and 8.6% respectively, the disease stands as
a major world public health issue’. As the disease
progresses, cardiovascular, renal, ocular and neu-
rological complications may occur, thus reducing
patients’ life expectancy by years>.

Type 2 diabetes mellitus (T2DM) is the most
frequent form of the disease, representing 90% of
the diagnosed events. In such cases, there is a
higher tissue resistance to insulin action, which
makes the pancreas release more insulin as a
compensatory mechanism. With time, this in-
creased production becomes insufficient to keep
blood glucose at normal levels*.

T2DM is strongly related to obesity, a condi-
tion that has become more and more common
throughout the world. The accumulation of vis-
ceral fat leads to the reduction of hepatic insulin
clearance with a resultant hepatic neoglucogene-
sis*3. Therefore, as obesity is a high-risk factor
for T2DM, its control is of utmost importance®.

Whenever changes in lifestyle behaviors, such
as the practice of regular physical exercises and a
proper diet management, are not enough for the
disease control, additional pharmacological treat-
ments are recommended. SGLT2 (sodium-glucose
cotransporter type 2) inhibitors like canagliflozin,
dapagliflozin, empagliflozin and ipragliflozin are
just some examples of what is available today’”.

In the kidneys, the filtered glucose can be re-
absorbed into the blood by means of two differ-
ent transporters, namely SGLT1 and SGLT2'°.

The density of SGLT1 is higher in the distal
third (S3 segment) of the proximal convoluted
tubule of the nephron'!. It is also expressed, in
smaller quantities, in the small intestine, in the
trachea and the heart'®. Physiologically speaking,
it plays a minor role in the reabsorption of glu-
cose (10%). SGLT2, on the other hand, is dense-
ly located in the proximal third (S1 segment) of
the proximal convoluted tubule, especially in the
renal cortex, and it plays a major role in the reab-
sorption of the glucose (90%)!!.

Corresponding Author: David Feder, Ph.D; e-mail: feder2005@gmail.com 199



FA. Ribola, EB. Cancado, J.H.M. Schoueri, V.F. De Toni, V.H.R. Medeiros, D. Feder

Therefore, the reversible inhibition of SGLT2
prevents excessive blood glucose from returning
to the circulatory system, and this surplus is
eliminated through the urine. As a consequence,
glycemia is reduced in diabetic patients'?.

This review aims not only to evaluate the re-
sults of SGLT?2 inhibitors in the control of type 2
diabetes and the induction of weight loss in pa-
tients with such condition, but also to include da-
ta on its safety, efficacy and tolerability.

Pharmacokinetics and
Pharmacodynamics of SGLTZ Inhibitors

Owing to the fact SGLT? inhibitors do not de-
pend on pancreatic endocrine secretion, they can
be used in monotherapies, or co-administered
with oral antidiabetics already prescribed in clin-
ical practice!'>'>.

Some of the pharmacokinetic data of the stud-
ied medications are shown in Table I.

Although SGLT?2 is responsible for the reab-
sorption of 90% of the glomerular glucose, its in-
hibitors can only suppress 30-50% of this total.
This may occur due to the fact that these drugs
are actively eliminated/reabsorbed in the same
site where they act, thus reducing the variety of
blocked transporters along the proximal tubule'®.
Therefore, SGLT2 antisense oligonucleotides,
which suppress SGLT2 mRNA expression in up
to 80%, showed having a much greater effect on
glucose elimination in several species, such as
rats and monkeys?.

Table II summarizes the main positive and
negative aspects, confirmed or not by conducted
studies.

Adverse Effects and
Administration in Patients with
Renal and Hepatic Dysfunction

Besides weight loss, another advantage
SGLT2 inhibitors have over traditional antidia-
betic medications is the low prevalence and in-
tensity rates of adverse effects (AE). With the use
of drugs like glipizide, the occurrence of hypo-
glycemic events among patients reaches rates of
45.3%, whereas with the use of SGLT?2 inhibitors
in monotherapy, this rate stays close to placebo
levels®¢. However, many studies have revealed a
higher prevalence of genital infections (GI) and
urinary tract infections (UTI), especially among
females, when such inhibitors are administered?’.
The intensity of the reported UTIs ranged from
mild to moderate, and they were easily treated
with traditional antimicrobials.

Despite the fact most of the cases were report-
ed in patients with a history of recurrent UTIs
(17.1-21.1%), they did not seem to be dose-de-
pendent on the new class of drugs®. When it
came do GlIs, they manifested as vaginal infec-
tions, vulvovaginal mycotic infections and vagi-
nal candidiasis in females and as balanitis in
males. In patients without a history of GIs, the
prevalence was slightly higher in those who
made use of dapagliflozin in relation to the

Table 1. Main Pharmacokinetic Features of the Inhibitors. UGE: Urinary Glucose Excretion; N/r: Not reported.

Canagliflozin

Dapagliflozin

Empagliflozin Ipragliflozin

through the enzyme

Elimination
pathway

Urine and feces;
< 1% of unaltered drug
eliminated in urine'”

Approval and
development

40 countries, including
EU, USA and Japan’

Bioavailability 65%° 78%°

UGE (g/day) 51.41 40.8'

Therapeutic doses ~ 100-300 mg'” 5.0-10.0 mg'”

Binding rate with ~ 98%"" 91%"
plasma transporter

Metabolization Glucuronidation reaction

Glucuronidation reaction Glucuronidation
in inactive conjugates
O-glucoronidase (2 inactive (dapagliflozin 3-
metabolites — M5 and M7)®  O-glucuronide)'®
Inactive metabolites
eliminated in urine;

< 2% of unaltered drug
eliminated in urine'’

40 countries, including
EU, USA, China
and Russia’

> 60%'" 65%°
30.6" 90®

10-25 mg!"? 25-50 mg"’
86%"" N/r

Glucuronidation reaction
(predominantly) and  in inactive metabolites
oxidation reactions in — M1, M2, M3, M4

6 inactive metabolites'” and M6"

Eliminated through Mainly through urine
urine and feces; by inactive metabolites;
28.6% of the unaltered < 1% of unaltered drug
drug iseliminated eliminated in urine!’

in urine"’

FDA approved'® Approved in Japan®
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Table II. Positive and negative effects, confirmed or not, of SGLT?2 inhibitors. HDL-C: HDL-cholesterol.

Positive aspects

Negative aspects

Confirmed 1. Do not depend on pancreatic (3-cell functions, 1. Higher prevalence of urinary tract and
and they can be used in all stages of the disease' genital infections’
2. Cause a decrease in arterial systolic pressure?!-? 2. Increase in osmotic diuresis®
3. Have minimum hypoglycemic potential® 3. Great precaution when used in
4. Reduce arterial stiffness? patients with moderate to
5. Cause weight loss* severe renal insufficiency®!
6. Have low drug interaction with
oralantidiabetics, antihypertensives,
and inducers and inhibitors of
cytochrome P450 enzymes®-?
7. Can be used in monotherapies or
as complementary therapies along with
antidiabetics!'+!528
Unconfirmed 1. Increase in HDL-C serum levels® . Increased risk of bone fracture,

(under consideration) 2. Presumed prophylactic effect against the
accumulation of triacylglycerols in the liver
and the formation of fat clusters®

causing alterations in the homeostasis
of calcium and phosphate (secondary
hyperparathyroidism induced by
high phosphate reabsorption)*

2. Possible association between use
and the occurrence of diabetic
ketoacidosis™

placebo. On the other hand, in those with a histo-
ry of GIs, the incidence sharply increased (23-
50%) in relation to the placebo (10%). For this
reason, the administration of SGLT2 inhibitors
should be avoided in patients with this profile®.

Another aspect to be considered is the possible
relation between the use of these novel drugs and
a higher prevalence of urinary bladder and breast
cancer®. In 2012, the U.S. Food and Drug Ad-
ministration (FDA) rejected the approval of da-
pagliflozin due to the fact a study revealed 9 cas-
es of bladder cancer among 4310 patients who
received the medication versus 1 case among the
1962 patients who received placebo*'. Neverthe-
less, it is important to point out that before the
treatment, many of the diagnosed patients al-
ready presented hematuria, raising the hypothesis
of a pre-existing condition that was not triggered
by the medication®.

Additionally, despite the low occurrence and
severity of the AE experienced by patients, dys-
functions and previous or concomitant patholo-
gies may interfere with the metabolism of the
drugs. Renal failure was evaluated in order to
measure the efficacy and pharmacokinetic pat-
terns that would not be in consonance with their
normal values. From what was observed, in the
case of moderate and severe renal dysfunction,
the efficacy of these drugs was mildly reduced
and the elimination of their metabolites M5 and

M7 was of greater difficulty. However, these
compounds are biologically inactive, and they
apparently do not cause any additional organic
alterations***.

To verify the possible risks of these new drugs,
administration to patients with mild to severe he-
patic impairment (HI) was compared with the ad-
ministration to healthy individuals. First, when
the use of dapagliflozin was analyzed, a total of
24 patients (6 with mild HI, 6 with moderate cas-
es, 6 with severe cases and 6 healthy individuals)
made use of 10 mg of the medication in a single
daily dose. Maximum plasma concentration lev-
els and bioavailability showed no significant dif-
ferences in the 3 categories of HI in relation to
healthy individuals. Adverse effects were bal-
anced in the 4 groups, ranging from mild to mod-
erate intensities. On the other hand, the risk
caused by the long-term use of dapagliflozin in
patients with HI, especially in severe cases, is
still unknown due to the few number of studies
on the subject available in the literature*. A simi-
lar trial was carried out with canagliflozin, con-
sisting of 8 patients with mild HI, 8 with moder-
ate cases and 8 healthy individuals. Differences
involving the same variables from the previous
study were also minimal and not clinically rele-
vant. Interestingly, there was a slight increase in
these parameters regarding its inactive metabo-
lites (M5 and M7). This fact may indicate a re-
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duction of the biliary clearance, which justifies
the decrease of these compounds in the fecal ex-
cretion. Yet, owing to the fact they are inactive,
they showed no clinical significance. Since this
study did not include patients with severe HI, the
use of canagliflozin among this share of the pop-
ulation is not recommended*.

A single 50 mg dose of empagliflozin was ad-
ministered to 36 patients (12 healthy individuals,
8 with mild, 8 with moderate and 8 with severe
HI). Upon comparing the maximum plasma con-
centration levels and bioavailability in patients
with HI in relation to the healthy ones, it was ob-
served that, although these parameters gradually
increased according to the HI level, they did not
even double their physiological values. This
showed that the drug was well tolerated, no mat-
ter what the HI level was, with no need for dose
alteration. Six cases of AE in the healthy patients
group, three in the moderate HI group and two in
the severe HI group were reported, and all of
them ranged from mild to moderate intensity*.

Finally, when it came to ipragliflozin (100 mg
single dose), other pharmacokinetic parameters
were evaluated, like half-life time and plasma
binding rate in 2 groups of 16 patients divided as
follows: 8 healthy individuals and 8 with moder-
ate HI. There were no relevant clinical changes
when such parameters in both groups were com-
pared, neither in regard to ipragliflozin nor in re-
gard to its main metabolite M2. Both were well
tolerated in the two groups®.

FDA has recently reported a possible relation
between the use of SGLT?2 inhibitors and a high-
er occurrence of diabetic ketoacidosis. This con-
dition is characterized by an increase in the con-
centration of hepatic ketone bodies, which are
used by tissues that require energy substrate due
to a higher resistance to insulin. As these com-
pounds have an acidic property, they reduce
blood pH, thus resulting in the onset of many
symptoms. Therefore, if patients under treatment
present symptoms like tachypnea, nausea, vomit-
ing, abdominal pain, mental confusion or exces-
sive drowsiness, they should immediately request
medical assistance. In case diagnosis is con-
firmed, the treatment with SGLT?2 inhibitors must
be discontinued*#.

A total of 20 cases of ketoacidosis in patients
under treatment with canagliflozin, dapagliflozin
and empagliflozin were reported from March
2013 to June 2014. Symptoms were first noticed
2 weeks after the beginning of the therapy with
these drugs, and all of them needed to be hospi-
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talized so that their condition could be moni-
tored. Nearly half of the cases of ketoacidosis
were possibly related to acute illnesses (influenza
viral infections, gastroenteritis, UTIs and trau-
mas), decrease in food and fluid intake and a re-
duction in insulin administration. The other half,
however, did not seem to be associated with any
pre-existing condition. New studies are currently
being investigated so that these safety issues can
be better elucidated?.

Cardiovascular Outcomes Brought by
the Administration of SGLTZ2 Inhibitors

Many epidemiological and physiopathological
evidences point to T2DM as an important condi-
tion that increases the risk of cardiovascular events.
In the United States, deaths caused cardiovascular
diseases are 1.7-fold higher in diabetic than in non-
diabetic patients. Furthermore, the rates of hospital
admissions for cardiac ischemia and cerebrovascu-
lar accidents (CVA) are respectively 80% and 50%
higher in the diabetic population*’.

Endothelial injury and vascular dysfunction,
two events that occur due to the lack of glycemic
control and disturbances in the synthesis of reac-
tive oxygen species, are the primary mechanisms
responsible for the increase in cardiovascular
risks in diabetic individuals*®. They create condi-
tions for the installation of an inflammatory
process, which favors the infiltration of
macrophages in the outer layers of arteries, ex-
panding atherosclerosis, one of the microvascular
complications of the disease*®. According to a
study that included 4209 patients with T2DM
over a period of 10 years, the adequate glycemic
control prevents the imbalance of this process,
thus contributing to decrease the risk of AMI or
death by any cause®.

Given the relevance of SGLT2 inhibitors in the
treatment of T2DM, studies that evaluate the
safety features and risks of these drugs, as well
as the possible cardiovascular benefits they may
provide, are of utmost importance. Modest im-
provements in cardiovascular risk factors, like
the reduction of blood pressure (BP), body
weight and waist circumference have been de-
scribed since pre-clinical studies*’. However,
very few convincing evidences of a reduction in
mortality rate or a decrease in the prevalence of
cardiovascular diseases caused by the use of
these drugs have been shown so far®. Recently,
the number of studies on the cardiovascular re-
sults in therapies with SGLT?2 inhibitors has been
increasing significantly.
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Cardiovascular evidences observed in trials
with animals reveal that these drugs exert a pre-
ventive effect on artery rigidity, atherosclerosis’!,
coronary wall thickness, endothelial dysfunction
and alterations in cardiac superoxide levels of di-
abetic rats®>. The use of dapagliflozin in diabetic
rats also showed an alteration in calcium ion
transport to the ventricular cardiomyocytes, pro-
ducing a negative inotropic effect™.

In a report published by the Canadian Agency
for Drugs and Technology in Health in Novem-
ber 2015, nine reviews on the use of currently ap-
proved SGLT?2 inhibitors (canagliflozin, da-
pagliflozin and empagliflozin) and other antihy-
perglycemic agents (glimepiride, glipizide, met-
formin and sitagliptin) were compared in relation
to their cardiovascular effects. The results found
in this study showed that besides glycemic con-
trol, SGLT?2 inhibitors significantly reduced arte-
rial rigidity, vascular resistance and systolic and
diastolic BP>*. BP reduction is explained by the
sum of several positive effects, like the greater
diuretic action, the remodeling of kidney micro-
circulation, the reduction of artery rigidity and
the effects generated by weight loss and waist fat
reduction®.

Although the described results have been con-
firmed overall, the first studies focusing directly
on the evaluation of cardiovascular effects
brought by the administration of SGLT2 in-
hibitors are still in progress.

In November 2015 a study known as EMPA-
REG OUTCOME was published, confirming a
significant reduction in cardiovascular morbidi-
ty and mortality rate in patients on em-
pagliflozin®®. It included 7020 patients who
were followed up during a mean time of 3.1
years. The patients were divided into 3 groups,
namely placebo, empagliflozin 10 mg and em-
pagliflozin 25 mg. All recruited participants had
previous known cardiovascular disease, and
they had not received any antihyperglycemic
medication for at least 12 weeks. The primary
endpoint was defined as the occurrence of death
by cardiovascular events or non-fatal infarction
or CVA; the secondary endpoint was the prima-
ry composite endpoint plus some hospital ad-
missions due to unstable angina cases. Right af-
ter the beginning of the trial, between months 3
and 6 to be exact, some statistically significant
reductions in mortality from any cause or from
cardiovascular causes in the group on medica-
tion could be observed when compared with the
placebo group. This trend remained significant

throughout the study, so much so that at the end
of the study the primary endpoint was observed
in 10.5% of the medication group and 12.1% of
the placebo group. The reduction of deaths from
cardiovascular causes was of 3.7% for em-
pagliflozin and 5.9% for placebo (hazard ratio,
0.62); hospital admission rate due to cardiovas-
cular causes was also lower in the empagliflozin
group (2.7% vs. 4.1% placebo). Regarding the
prevalence of cerebral and myocardial ischemic
events, there were no significant differences be-
tween both groups™.

The 10- and 25-mg doses of empagliflozin re-
sulted in different metabolic effects, but the haz-
ard ratios for the cardiovascular outcomes were
similar. Therefore, the use of different doses in
clinical practice will especially depend on the
need of metabolic reduction and the prevalence
of AEs. Interestingly, the study also revealed that
47.4% of the placebo-group patients needed to
have their antihypertensive therapy complement-
ed, whereas in the empagliflozin group the rate
was only 40.6%%.

The evaluation of cardiovascular outcomes for
patients on canagliflozin is still in progress with
3 major ongoing trials: CANVAS, CANVAS-R
and CREDENCE. The 2 last ones will also ana-
lyze renal effects, and the 3 of them are expected
to be published between 2017 and 2019%°.

Nevertheless, the use of canagliflozin has al-
ready shown positive results in the reduction of
plasma uric acid concentrations in up to 13% of
T2DM patients®. The relation between uric acid
and cardiovascular risk is explained by several
mechanisms. The increase in its plasma concen-
tration induces hypertension due to a greater re-
nal vasoconstriction and the activation of the
renin-angiotensin-aldosterone system. Uric acid
also participates in the aggravation of atheroscle-
rosis by the induction of endothelial injury and
inflammation®’.

Finally, cardiovascular outcomes caused by
the use of dapagliflozin are being analyzed in a
trial known as DECLARE-TIMI 58, planned to
be published in April, 2019%. Nonetheless, BP
reduction by dapagliflozin is a known fact. In a
phase III study that compared the effects of da-
pagliflozin on blood pressure reduction in diabet-
ic and hypertensive patients, there was a differ-
ence of -4.28 mmHg between the group on da-
pagliflozin and a renin-angiotensin-aldosterone
system blocker and the group on an antihyperten-
sive alone®®. Moreover, it has been suggested that
the use of dapagliflozin can also reduce diabetic
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nephropathy progression owing to the anti-in-
flammatory remodeling of the kidney microcir-
culation, which explains the nephroprotective ac-
tion®.

Relation Between the Efficacy of SGLTZ2
Inhibitors and Weight Loss

This new class of drugs seems to act on the
two great pillars on which the conventional treat-
ment is based: glycemia reduction and weight
loss®. The former occurs as a direct consequence
of SGLT?2 inhibition, increasing urinary glucose
excretion by up to 80 g/day. This not only con-
tributes to the glycemic control, but also helps
improve possible comorbidities related to dia-
betes, like cardiovascular diseases and peripheral
neuropathies®-®3. Studies with patients who had
mean HbAlc levels greater than 8% and were
treated with canagliflozin, dapagliflozin and em-
pagliflozin revealed a reduction in those levels to
less than 7% in 64% (versus 32% placebo), 41%
(versus 26% placebo) and 32% (versus 9% place-
bo) of the cases respectively®. Regarding
ipragliflozin, a 12-week study with 50 mg daily
doses showed a reduction of 0.66% in HbAlc
levels and of 0.66 kg when compared with the
placebo group®. Other trials with dapagliflozin
and canagliflozin reported not only a reduction
of 12-32% in HbAlc levels, but also a decrease
of up to 5 mmHg in resting BP. Since both condi-
tions are commonly associated, these findings
suggest a possible benefit to diabetic and hyper-
tensive patients?63¢7,

Weight loss, on the other hand, can be consid-
ered an indirect effect resultant from the renal ex-
cretion of glucose. However, it is important to
define the etiology of this weight decrease. In
other words, it is necessary to answer the follow-
ing questions: did the caloric deficit caused by
glucose elimination induce a higher lipid catabo-
lism with a consequent body mass loss? Did glu-
cose, more concentrated in the glomerular fil-
trate, promote higher water retention in the urine,
which constituted the weight effectively lost?
Was the resultant weight loss a combination of
both factors®®®? To answer these questions, a 24-
week study comparing 2 groups was carried out:
one that made use of placebo and metformin, and
another that made use of dapagliflozin 10 mg and
metformin. The first obtained result was a more
intense polyuria in the second group, which con-
tributed to a greater fluid loss. By the end of the
study, waist circumference and fat mass index
were analyzed, and the following results were
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found: regarding waist circumference, placebo
group = -0.99 cm and dapagliflozin group = -
2.51 cm; as to fat mass index, placebo group= -
0.74 kg and dapagliflozin group = -2.22 kg. The
conclusion was that weight loss occurred due to
the confluence of both theorized factors, but each
factor prevails at different moments®s. Another
result revealed in the study was that there was a
great reduction in a visceral fat deposition; there-
fore, the use of these drugs as a prophylactic
method to treat hepatic steatosis could be of great
help®'®8. The average proportional weight loss
measured for dapagliflozin and canagliflozin
stands between 1 and 3%, while other reports
mention a loss greater than 5% of total body
maSS12’66’67.

According to the analysis of the conducted
studies, weight loss was perceptible after week 6,
a period when there was a slight increase in urine
flow induced by the osmotic diuresis®. From that
moment on, weight loss gradually slowed down,
and it was stabilized between weeks 26 and 34.
In the period that followed, there was a relative
steadiness in value, with a sporadic tendency of
weight gain®>70 In a 2-year study, which in-
volved the administration of both dapagliflozin
(2.5-10 mg) and metformin, weight loss stabi-
lization occurred around week 26, with a reduc-
tion of approximately 3.0 kg of mass over this
period of time®. In a different study, which com-
pared such parameters between empagliflozin 10
mg, empagliflozin 25 mg and metformin, stabi-
lization was observed around week 12, with a
lower average weight loss value (approximately
2.1 kg). Moreover, it is interesting to compare
this average in the monotherapy administration
of empagliflozin with the complementary met-
formin in this case. First, weight loss was 2.1 kg
as seen before, whereas, in the co-administration,
the average value was 3.3 kg. These differences
remained significant throughout the 90-week
study.

Among the analyzed SGLT2 inhibitors,
ipragliflozin showed a lower average of body
mass reduction, with mean values of -1.75 kg for
doses of 20 mg and 50 mg’'. However, on ac-
count of the short duration of the trial and the
small number of specific studies on this drug, it
is more likely that its efficacy will be better mea-
sured as new publications on the theme come
out.

Yet, new findings suggest that SGLT?2 in-
hibitors contribute to the reduction of the risk of
diabetic nephropathy*. In cases of decompensat-
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Table Ill. Selected studies comparing effects of SGLT?2 inhibitors in body measure, glycemic index and blood pressure parameters.

Study

Sample

Effects

Adverse effects

DAPA 2.5-10 mg +
metformin versus
glipizide 5-20 mg +
metformin (52 weeks)”
DAPA 2.5-10 mg +
metformin versus
glipizide 5-20 mg +
metformin (104 weeks)®
Placebo + metformin
versus DAPA 5.0 mg +
metformin versus
DAPA 10.0 mg +
metformin (48 weeks)3*

Placebo + metformin
versus DAPA 5.0 mg +
metformin versus

DAPA 10.0 mg +
metformin (102 weeks)3

Placebo + glimepiride
versus DAPA 2.5 mg +
glimepiride versus
DAPA 5.0 mg +
glimepiride versus
DAPA 10 mg +
glimepiride (48 weeks)™
Placebo + insulin

up to 30 units/day +

up to 2 oral antidiabetics
(OAD) versus DAPA
2.5 mg + insulin = OAD
versus DAPA 5.0 mg +
insulin + OAD versus
DAPA 10 mg + insulin £
OAD (48 weeks)'
Placebo + exercises and
diet (ED) versus DAPA
2.5 mg + ED versus
DAPA 5.0 mg + ED
versus DAPA 10 mg +
ED (24 weeks)®

CANA 300 mg +
metformin and
sulphonylureas versus
sitagliptin 100 mg +
metformin and
sulphonylureas

(52 weeks)®

814 patients (406 DAPA +
metformin vs. 408
glipizide + metformin)

814 patients (406 DAPA +
metformin vs. 408 glipizide +
metformin)

546 patients (137 placebo +
metformin vs. 137 DAPA
2.5 + metformin vs. 137
DAPA 5.0 + metformin vs.
135 DAPA 10 + metformin)

546 patients (137 placebo +
metformin vs. 137 DAPA 2.5 +
metformin vs. 137 DAPA 5.0 +
metformin vs. 135 DAPA 10 +
metformin)

596 patients (146 placebo +
glimepiride vs. 154 DAPA

2.5 + glimepiride vs. 145
DAPA 5 + glimepiride vs. 151
DAPA 10 + glimepiride)

800 patients (193 placebo vs.
202 DAPA 2.5 vs. 211 DAPA
5.0 vs. 194 DAPA 10.0)

485 patients (75 placebo vs.
65 DAPA 2.5 vs. 64 DAPA
5 vs. 70 DAPA 10); morning
measurement; remaining
samples were measured in
the afternoon

755 patients (377 CANA
300 vs. 378 sitagliptin 100)

Weight; kg (-3.22 vs. +1.44)
HbAlc; % (-0.52 vs. -0.52)
FPG N/r; SAP N/r

Weight; kg (-3.7 vs. +1.4)
HbAlc; % (-0.32 vs. -0.14)
FPG; mmol/L (-1; 12 vs. -0.68)
SAP; mmHg (-2.7 vs. +1.2)

Weight; kg (-0.40 vs.

-2.92 vs. -2.65) HbAlc;

% (-0,31 vs. -0.65 vs.

-0.67 vs. -0.82) FPG;

mmol/L (-0.29 vs. -0.95 vs.
-1.15 vs. -1.23) SAP reported
only for 102 weeks

Weight; kg (+1.36 vs. 1.10 vs.
--1.70 vs. -1.74) HbAc;

% (+0.02 vs. -0.48 vs.

-0.58 vs. -0.78) FPG;

mmol/L (-0.58 vs. -1.07 vs.
-1.47 vs. -1.36) SAP; mmHg
(+1.5vs. 40.7 (p =0.1111) vs.
-1.1vs. -0.3)

Weight; kg (-0.77 vs. -1.36 vs.
-1.54 vs. -2.41) HbAlc;

% (-0.04 vs. -0.41 vs. -0.56 vs.
-0.73) FPG; mmol/L (+0.14 vs.
-0.93 vs. -0.92 vs. -1.66)

SAP N/r

Weight; kg (+0.82 vs. -0.96 vs.
-1.00 vs. -1.61) HbAc;

% (-0.47 vs. -0.79 vs. -0.96 vs.
-1.01) FPG; mmol/L (N/r vs.
-0.69 vs. -0.90 vs. -0.94) insulin
dose; units/day (+10.54 vs.
-0.92 vs. -0.30 vs. -0.70) SAP;
mmHg (-1.49 vs. -5.30 vs.

-4.33 vs. -4.09)

Weight; kg (-2.2 vs. -3.3 vs.
-2.8 vs. -3.2) HbAlc; % (-0.23
vs. -0.58 vs. -0.77 vs. -0.89)
FPG; mg/dL (-4.1 vs. -15.2 vs.
-24.1 vs. -28.8) SAP; mmHg
(-0.9 vs. -2.8 vs. -1.7 vs. -2.0);
similar effects were observed
in afternoon measurements
Weight; kg (-2.3 vs. +0.1)
HbAlc; % (-1.03 vs.

-0.66) FPG; mmol/L (-1.7 vs.
-0.3) SAP; mmHg (-5.1 vs. -0.9)

Hypoglycemia; % (3.4 vs. 39.6)
UTT; % (10.8 vs. 6.4) GI;
% (12.3 vs. 2.7)

Hypoglycemia; % (4.2 vs. 45.8)
UTL %(13.5 vs. 9.1) GI;
% (14.8 vs. 2.9)

Reported only for 102 weeks

Hypoglycemia; % (5.8 vs. 3.6 vs.
5.1vs.5.2) UTL % (8.0 vs.

8.0 vs. 8.8 vs. 13.3) GI;

90 (5.1 vs. 11.7 vs. 14.6 vs. 12.6)

Hypoglycemia; % (6.8 vs. 9.7 vs.
103 vs. 11.3) UTL; % (7.5 vs.
4.5vs.7.6vs.7.9)GI;

% (1.4 vs. 52 vs. 6.2 vs. 8.6)

Hypoglycemia; % (51.8 vs.
60.4 vs. 55.7 vs. 53.6) UTI,

90 (5.1 vs. 7.9 vs. 10.8 vs. 10.2)
GL; % (2.5 vs. 6.4 vs.

9.9 vs. 10.7)

Hypoglycemia; % (2.7 vs. 1.5 vs.
0.0 vs. 2.9) UTI; % (4.0 vs. 4.6
vs. 12.5 vs. 5.7) GI; % (1.3 vs.
7.7 vs. 7.8 vs. 12.9); similar
occurrence of adverse effects

in afternoon measurements

Hypoglycemia; % (43.2 vs. 40.7)
UTT; % (4.0 vs. 5.6) GI;
% (24.5 vs. 4.8)

Table Continued
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Table Il (Continued). Selected studies comparing effects of SGLT?2 inhibitors in body measure, glycemic index and blood

pressure parameters.

Study

Sample

Effects

Adverse effects

CANA 100 mg
monotherapy versus
CANA 100 mg +
sulphonylurea

versus CANA 100 mg
+ glinide versus CANA
100 mg + inhibitor of
a-glucosidase versus
CANA 100 mg +

CANA 100 mg +
DPP-4 inhibitor
(52 weeks)?*’

CANA 100 mg +
placebo versus CANA
300 mg + placebo
(18 weeks)"?

CANA 100 mg +
placebo versus CANA
300 mg + placebo

(52 weeks)"

Placebo versus CANA
50 mg versus CANA
100 mg versus CANA
200 mg versus CANA
300 mg versus CANA
300 mg/twice a day
(x2) versus sitagliptin
100 mg (12 weeks)”’

10 mg versus EMPA
10 mg + metformin
versus EMPA 25 mg
versus EMPA 25 mg +
metformin versus
sitagliptin + metformin
(78 weeks)™

Placebo versus IPRA
12.5 mg versus IPRA
25 mg versus IPRA
50 mg versus IPRA
100 mg (12 weeks)!

thiazolidinedione versus

Metformin versus EMPA

584 patients (127 CANA
monotherapy vs. CANA +
sulphonylurea vs. CANA +
glinide vs. CANA + inhibitor
of a-glucosidase vs. CANA +
biguanide vs. CANA +
thiazolidinedione vs. CANA +
DPP-4 inhibitor)

2072 patients (692 CANA
100 + placebo vs. 690 CANA
300 + placebo vs. 690

only placebo)

2072 patients (692 CANA 100 +
placebo vs. 690 CANA 300 +
placebo vs. 690 only placebo)

451 patients (65 placebo vs. 64
CANAS50 vs. 64 CANA100 vs.
65 CANA200 vs. 64 CANA300
vs. 64 CANA 300 x2

vs. 65 sitagliptin)

659 patients (56 metformin vs.
80 EMPA 10 vs. 137 EMPA

10 + metformin vs. 88 EMPA 25
vs. 139 EMPA 25 + metformin
vs. 56 sitagliptin + metformin)

360 patients (69 placebo vs. 73
IPRA 12.5 vs. 74 IPRA 25 vs.
72 IPRA 50 vs. 72 IPRA 100)

Weight; % (-4.42 vs. -2.94 vs.
-3.97 vs. -4.03 vs. -4.42 vs.
-3.37 vs. -4.00) waist
circumference; cm (-2.76 vs.
-1.96 vs. -2.93 vs. -2.27 vs.
-3.40 vs. -3.12 vs. -3.34) HbAlc;
% (-0.75 vs.-0.96 vs. -1.06 vs.
-0.91 vs. -0.87 vs. -1.04 vs.
-1.04) FPG; mg/dL (-24.2 vs.
-29.3 vs. 32.1 vs. -26.8 vs.
-28.5 vs. -34.5 vs. -37.5) SAP;
mmHg (-3.82 vs. -4.55 vs.
-4.72 vs. -6.35 vs. -6.46 vs.
-2.84 vs. -5.45)

Weight; % CANA100/CANA300
(-1.9 vs. -2.4) HbAlc; %
CANA100/CANA300 (-0.62 vs.
-0.73) FPG; mmol/L CANA100/
CANA300 (-1.2 vs. -1.6) SAP;
mmHg (-2.3 vs. -4.1)

Weight; % CANA100/CANA300
(-2.8 vs. -3.5) HbAlc; %
CANA100/CANA300 (-0.58 vs
.-0.73) FPG; mmol/L. CANA100/
CANA300 (-1.1 vs. -1.5) SAP;
mmHg CANA100/CANA300
(-3.1 vs. -6.2) insulin doses;
units/day placebo/CANA100/
CANA300 (+4.4/-2.0/-4.3)
Weight; kg (-1.1 vs. -2.3 vs.

-3.6 vs. -2.7 vs. -3.4 vs. -3.4 vs.
-0.6) HbAlc; % (-0.22 vs. -0.79
vs. -0.76 vs. -0.70 vs. -0.92
vs. -0.95 vs. -0.74) FPG; mg/dL
(+3.6 vs. -16.2 v5.-25.2 vs
-27.0 vs. 252 vs. -23.4 vs. -12.6)
SAP; mmHg (-1.3 vs. -0.9 vs. +

1.0 vs. -2.1 vs. -4.9 vs. -3.6 vs. -0.8)

Weight; kg (-1.3 vs. -2.2 vs.
-3.1vs. -2.6 vs. -4.0vs. -0.4)
Waist circumference; cm
(-0.2vs. -3.0vs. -1.9 vs. -2.2 vs.
-2.4 vs. +0.04) HbAlc (-0.56 vs.
-0.34 vs. -0.34 vs. -0.47 vs.
-0.63 vs. -0.40) FPG; mg/dL
(-26 vs. -30 vs. -21 vs. -28 vs.
-32 vs. -16) SAP; mmHg

(+2.0 vs. +0.1 vs. -3.3 vs. -1.7 vs.
-3.0 vs. +1.8)

Weight; kg (-0.39 vs. -1.46 vs.
-1.69 vs. -1.81 vs. -2.10) HbAlc;
% (+0.50 vs. -0.11 vs. -0.47 vs.
-0.79 vs. -0.81) FPG; mg/dL
(+12.0 vs. -15.6 vs. -23.7 vs.
-34.1 vs. -46.9) SAP N/r

Hypoglycemia; % (6.3 vs.

17.7 vs. 6.2 vs. 0.0 vs. 5.6 vs.

4.8 vs. 4.2) UTL, % (1.6 vs.
4.0vs. 1.5vs 6.5vs. 2.8 vs.

1.6 vs. 5.6) GI; % female/male
(5.0/1.1 vs. 9.1/0.0 vs. 0.0/0.0 vs.
10.0/3.8 vs. 13.3/0.0 vs. 17.6/0.0)

Reported only for 52 weeks

Hypoglycemia; % placebo/
CANA100/CANA300
(48.2/59.1/57.3) UTL;

% placebo/CANA100/CANA300
(5.7/5.1716.0) GI; % placebo/
CANA100/CANA300
(2.0/10.9/12.6)

Hypoglycemia; % (1.5 vs. 0.0 vs.
1.5vs. 6.2 vs. 0.0 vs. 3.1 vs. 4.6)
UTIL % (7.6 vs. 9.3 vs. 9.3 vs.
2.5vs. 9.3 vs. 7.8 vs. 6.1) GI;
1% (1.5vs. 7.8 vs. 6.2 vs. 3.1
vs. 3.1 ¢cs 6.2 vs. 1.5)

Hypoglycemia; % (3.6 vs. 0.9 vs.
1.8 vs. 1.8 vs. 2.4 vs. 12.5) UTI,
% (3.6 vs. 3.8 vs. 9.0 vs. 6.4 vs.
12.7 vs. 12.5) GL; % (4.7 vs.
3.0vs.5.5vs.3.6vs. 1.8 vs. 0.0)

Hypoglycemia; % (0.0 vs. 0.0 vs.
0.0 vs. 0.0 vs. 1.3) UTI;

% (1.4 vs. 0.0vs. 0.0 vs. 4.1 vs.
1.3) GI; % (0.0 vs. 1.3 vs.

0.0vs. 1.3 vs. 1.3)

DAPA: dapagliflozin; CANA: canagliflozin; EMPA: empagliflozin; IPRA: ipragliflozin; N/r: Not reported; FPG: Fasting Plas-
ma Glucose; UTI: Urinary Tract Infection; GI: Genital infection.
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ed diabetes, hyperglycemia favors an increased
reabsorption of glucose through SGLT2. This re-
duces the available solute concentration in the
glomerular filtrate as it flows through the macula
densa, inhibiting the tubuloglomerular feedback
mechanism, thus resulting in a higher filtration
rate in each single nephron’. This hyperfiltra-
tion, associated with a hyperglycemic condition,
constitutes a major risk factor for nephropathy,
which affects up to 40% of diabetic patients*.
Upon administering SGLT?2 inhibitors, proximal
filtration rate is reduced, allowing for a potential
adequate modulation of the feedback, with a
probable consequent protection against this co-
morbidity”.

Table III shows the efficacy of many studies
which encompassed the main drugs here men-
tioned in relation to the placebo group and other
commonly prescribed oral antidiabetics.

Drug Interaction

Another important theme to be discussed is the
drug interaction between these new medications
and the commonly prescribed drugs used among
T2DM patients™’8. These individuals simultane-
ously use other medications associated with their
risk factors. Some examples of these drugs are
simvastatin and warfarin, for cardiovascular con-
trol; metformin, sulfonylureas and other anti-hy-
perglycemic agents; rifampin and mefenamic
acid, which are prone to alter the metabolic path-
ways of the drugs®’7.

Medications used in cardiovascular treatment,
like digoxin, simvastatin, valsartan, hy-
drochlorothiazide and warfarin did not interfere
with dapagliflozin, canagliflozin and em-
pagliflozin®*. Antidiabetics like metformin, pi-
oglitazone, glimepiride and glyburide were also
well tolerated, and no dose alterations for com-
bined therapies were made necessary?*?’. Never-
theless, the effects of rifampin, an inducer of
UGT1A9 of cytochrome P450, which is respon-
sible for the metabolization of canagliflozin and
dapagliflozin, suggest alterations in the pharma-
cokinetic properties described so far. For
canagliflozin, not only a 28% decrease in its
peak concentration was detected but also a de-
crease of 51% in its bioavailability could be ob-
served when patients made use of rifampin 600
mg/day®. Regarding dapagliflozin, the obtained
results were milder. The same dose of rifampin
caused a reduction of 22% in its bioavailability,
and a 51% increase in this parameter due to the

use of mefenamic acid, a UGT1A9 inhibitor. In
spite of these alterations, the current study does
not consider the results clinically relevant?.

Conclusions

The great amount of classes of drugs currently
used in the treatment of T2DM shows the impor-
tance of this syndrome and the difficulties found
for its adequate control. SGLT?2 inhibitors proved
to be as effective as the conventional antidiabet-
ics used for the treatment. Besides, these in-
hibitors also trigger complementary positive ef-
fects, such as weight loss and BP reduction.

Urogenital infections were the most frequent
adverse effects observed, especially among fe-
males. The intensity ranged from mild to moder-
ate with no further complications. Cases of ke-
toacidosis have recently been reported, but new
studies are required to better investigate its possi-
ble consequences. No clinically relevant drug in-
teraction with the classic drugs used for the treat-
ment of T2DM was observed. SGLT?2 inhibitors
proved to be well tolerated among patients with
mild to moderate hepatic and renal dysfunction,
but greater attention should be paid in the event
of more severe cases.

Therefore, the new drugs here discussed repre-
sent a new promising alternative, independent
from the physiologic insulin secretion mecha-
nism, for the treatment of diabetes. However, fur-
ther studies on the topic should be conducted so
that the long-term risks for patients, especially in
those with severe dysfunctions, can be analyzed.
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