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Abstract 
The sodium and glucose co-transporter inhibitors type 2 (SGLT2) comprises a new class of hypog-
lycemic drugs to control type 2 diabetes mellitus, in an attempt to add new non-existing benefits 
to the so far arising classes. Regarding this new class of drugs, represented by dapaglifozin, canag-
lifozin and empaglifozin, it is important to highlight the benefits brought by these medications to 
combat hyperglycemia with insulin-independent mechanisms that are beyond glucose reduction, 
such as cardiovascular events prevention, reduction in HbA1c, weight loss and blood pressure lo-
wering. Recently, a relevant study (Empa-Reg) brought hope and set the spotlight on the preven-
tion of cardiac events among diabetic patients, which is the main cause of mortality within this 
group. However, despite coming out as a good treatment option, SGLT2 inhibitors are under con-
stant clinical research and, as a new drug, it should be carefully carried out regarding the 
long-term effects of glycosuria and other possible side effects, such as the observed increase in the 
incidence of bladder, breast cancer and bone fractures, which require further studies. Therefore, 
these compounds might represent a landmark approach for the treatment of diabetes. 
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1. Introduction 
Diabetes mellitus (DM) is a heterogeneous group of metabolic disorders that cause hyperglycemia as a common 
effect, which is a result from defects in insulin action, secretion or both. A DM epidemic is underway in the 
world. In 1985, it was estimated that 30 million adults had diabetes; this number has grown to 135 million in 
1995, reached 173 million in 2002, and it is expected to reach the impressive number of 300 million patients by 
2030 [1]-[5]. Several studies look after a better understanding of the medical treatment of type 2 diabetes. 
Therefore, launching new classes of drugs on this market is essential, to help improve the metabolic profile and 
the quality of life of diabetic patients.  

Among new classes of drugs that have recently emerged worldwide it is worth to focus on a thorough descrip-
tion of the “sodium and glucose co-transporter inhibitors type 2” (or simply “SGLT2”), being present in Brazil 
the Dapagliflozin [4] [6]. Regarding this new class of drugs is important to highlight the benefits brought by this 
medication to combat hyperglycemia with insulin-independent mechanisms that are beyond glucose reduction, 
HbA1c reduction, weight loss and lowering blood pressure. It shows to be beneficial when combined with other 
oral antidiabetic agents or even insulin when diet and exercise fail in reducing HbA1c [7]. 

2. Pharmacological Treatment of Diabetes 
Pharmacological treatment of type 2 diabetes mellitus depends on the stage of the disease, the targets to be 
reached and comorbidities, such as insulin resistance mechanisms, gradual failure of beta cells, the multiple me-
tabolic disorders and micro and macro vascular repercussions that accompany the natural history of the disease. 
Metformin, excluding its contraindications and if is well tolerated, it is the pharmacological agent of choice to 
initiate treatment of type 2 DM. Depending on glycemic control one second oral agent becomes necessary. Sug-
gested classes of drugs may be: sulfonylureas, DPP-4 inhibitors, GLP-1 analogues, insulin and glitazones.3 A 
new class of drugs recently arrival to the market are the sodium and glucose co-transporter inhibitors (SGLT2), 
in the kidney, which also act in reducing glycated hemoglobin and also contributes to weight loss and low blood 
pressure [1] [6] [8]. 

2.1. SGLT2 Inhibitors (Sodium and Glucose Co-Transporters Inhibitors Type 2) 
The SGLT2 inhibitors is independent of insulin action, are effective in reducing glycated hemoglobin, reducing 
from 0.5% to 1.5%, promotes weight loss, a low incidence of hypoglycemia, complements the action of other 
antidiabetic agents and can be used at any diabetes stage. On the other hand, their side effects, such as recurrent 
urinary tract infection, genital infection, increased hematocrit, fall in blood pressure requires its use in selected 
patients [3] [4] [9]-[12]. The kidney plays an important role in glucose homeostasis, not only in gluconeogenesis, 
but also the glucose reabsorption filtered through all SGLTs called carriers. Approximately 180 grams of glu-
cose per day in a healthy adult is filtered and most of this reabsorbed by SGLT, with 1% being excreted in the 
urine. The SGLT are a family of membrane proteins that are responsible for glucose transport through the brush 
border membranes of the renal proximal tubule and throughout the intestinal epithelium [3]-[5] [13]. While there 
are several different types of SGLTs, the two most studied are the SGLT1 and SGLT2. Specifically in kidney, 
SGLT2 is predominantly expressed in the anterior segments of the proximal tubule and is responsible by the 
reabsorption for over 90% of the filtered glucose, whereas SGLT1 is located in the distal segments, absorbs the 
remaining. The SGLT2 has become the focus of a great deal of interest in the field of SGLTs inhibitors regard-
ing type 2 diabetes, by blocking the filtered glucose reabsorption and glycosuria leading to improvements in 
glycemic control. They are also associated with the loss of calories, providing the potential for weight loss. A 
rare genetic condition that serves as a model for SGLT2 inhibition is familial renal glycosuria. In this disorder, it 
is not detrimental to the operation of SGLT2 is SLCA2 secondary mutation of the gene, leading to daily urinary 
excretion up to 100 grams of glucose [3] [4] [9]-[16]. When the isolated proximal tubular cells from patients 
with normal glucose tolerance and type 2 diabetes have been exposed to hyperglycemic environment, cells of 
patients with type 2 diabetes expressed significantly more protein SGLT2 and GLUT2, resulting in glucose up-
take which was three times higher than in controls [4] [5] [17]. 

1) Dapagliflozin 
Dapagliflozin (Forxiga®; BristolMyers Squibb, New York, NY, USA; AstraZeneca, London, United Kingdom) 

was the first SGLT2 inhibitor submitted to FDA (December 2010). However, on January 19th, 2012, the FDA 
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refused approval of dapagliflozin and issued a response letter requesting “additional clinical data to allow a bet-
ter assessment of the benefit-risk profile” for dapagliflozin. This includes ongoing clinical trial data and may 
require information from new clinical trials. This decrease in approval occurred largely due to concern a sign of 
cancer, especially breast and bladder. Although animal studies dapagliflozin show no evidence of cancer this 
does not exclude the possibility that elevated levels of glucose in the bladder accelerated growth rate for 
pre-existing cancers. In clinical trials, most of the patients who had bladder cancer, hematuria had, indicating 
that some cancers were probably preexistent [3] [7] [14] [18]-[26]. In November 12th of 2012, the European 
Commission approved the use of dapagliflozin of 10 mg once a day in type 2 diabetes to improve glycemic con-
trol as monotherapy, when diet and exercise alone do not provide adequate glycemic control in patients which 
the use of metformin is considered inappropriate due to intolerance. Dapagliflozin 10 mg once a day was also 
approved in Europe and combined with metformin therapy, a sulfonylurea (SU) or with insulin (±oral antidia-
betic [OADs]), in conjunction with diet and exercise, when these agents do not provide appropriate glycemic 
control. Dapagliflozin of 2.5, 5, 10, 20 and 50 mg was investigated in Phase III studies; however, only the re-
sults of the doses of 5 mg and 10 mg were presented as being the most relevant doses and more likely to be used 
clinically [3] [4] [23] [24]. Dapagliflozin has an extensive study program Phase III development, which eva-
luated both the efficacy and the Agent security from a wide range of type 2 diabetic monotherapy, combining 
therapy with metformin, SU, pioglitazone, metformin and SU, metformin and sitagliptin and as adjunct therapy 
to insulin (with or without antidiabetic agents). Phase III studies of dapagliflozin also investigated in special 
populations such as those with renal impairment (estimated glomerular filtration rate [eGFR] 30 to 59 ml/min/ 
1.73 m2) and those with documented cardiovascular disease and hypertension [3] [4] [23] [24]. Phase III studies 
have shown that results dapagliflozin was effective in reducing the glycated hemoglobin (HbA1c) as a mono-
therapy, double and triple therapy with oral agents, as well as with the combination therapy with insulin, with or 
without oral hypoglycemic agents. Throughout all Phase III studies, dapagliflozin 5 mg and 10 mg once a day, 
resulted in significant reductions in HbA1c compared to placebo and active comparator. After 12 and 24 weeks 
of therapy, HbA1c was decreased by −0.72% and −0.77% with 5 mg dapagliflozin and −0.85% to −0.89% of 10 
mg dapagliflozin, in type 2 diabetic patients inadequately controlled with diet and physical exercise alone, com-
pared to placebo (−0.18% to −0.23%; p = 0.001). Fasting glucose reductions were apparent in the first week and 
continued to decrease significantly with 5 mg and 10 mg of dapagliflozin in the twelfth week compared to pla-
cebo (−1.05 and −1.17 mmol/L versus −0.33 mmol/L; p = 0.005 and 0.002, respectively), and the twenty-fourth 
week compared to placebo (−1.34 and −1.60 mmol/L versus −0.23 mmol/L; p = 0.0005 and 0.0001, respective-
ly). Although not statistically significant after 12 and 24 weeks of treatment, a higher proportion of patients 
treated with 5 mg and 10 mg of dapagliflozin reached an HbA1c target of 7%, compared to placebo (40% - 44% 
and 51% - 52% versus 32%; p = not significant). After 102 weeks of treatment, 5 mg and 10 mg of dapagliflozin 
demonstrated clinically significant reductions compared to placebo, in both HbA1c (−0.71% and −0.61% to 
−0.17%) and GJ (−1.08 mmol/L, −1.50 mmol/L, from −0.38 mmol/L). A greater number of patients achieved a 
goal of HbA1c of 7% with 5 mg and 10 mg of dapagliflozin compared to placebo (34.4% and 26.2% versus 
19.4%) [3] [12] [14] [16] [23] [24]. In a 24-week trial 597 patients with non controlled type 2 diabetes (HbA1c 7% 
- 10%) in glimepiride monotherapy were randomized to dapagliflozin or placebo. The mean reduction of HbA1c 
to placebo versus all dapagliflozin groups 2.5, 5, and 10 mg statistically significant (0.13% versus 0.58%, 0.63% 
and 0.82%, respectively). This was associated with significant reductions in fasting plasma glucose, postprandial 
plasma glucose and body weight with 5 mg and 10 mg of dapagliflozin compared to control groups, or, 1.18 
mmol/L and 1.58 mmol/L, versus 0.11 mmol/L (21.2 mg/dL, and 28.4 mg/dL versus 1.98 mg/dL); 1.78 mmol/L 
and 1.94 mmol/L versus 0.33 mmol/L (32.0 mg/dL, and 34.9 mg/dL versus 5.9 mg/dL); and 1.56 kg and 2.26 kg 
versus 0.72 kg, respectively. At the end of the study, 30.3% in the 5 mg dapagliflozin group and 31.7% in the 10 
mg dapagliflozin group had achieved its goal of HbA1c of 7% versus 13% in the placebo group. 4, 5, 11 Patients 
with uncontrolled type 2 diabetes or with high doses of insulin (50 UI/day) and in use of oral sensitizers were 
randomized to 10 mg or 20 mg of dapagliflozin per day or placebo for 12 weeks. A basal insulin dose was re-
duced by 50% in all three groups. The groups of 10 mg and 20 mg of dapagliflozin showed a reduction in 
HbA1c of 0.61% and 0.69% in comparison with an increase of 0.09% in the placebo group. The mean fasting 
plasma glucose increased by 0.98 mmol/L (17.8 mg/dl) and 0.13 mmol/L (2.34 mg/dl) in the placebo 3 group 
and in the 10 mg of dapagliflozin group, respectively, but decreased by 0.53 mmol/L (9.54 mg/dl) in 20 mg da-
pagliflozin group. Reductions in postprandial blood glucose with dapagliflozin were also dose-dependent, i.e. 
1.90 mmol/L (34.4 mg/dL) in 10 mg group and 2.32 mmol/L (41.9 mg/dL) in 20 mg dapagliflozin group in 



B. de S. Faustino et al. 
 

 
90 

comparison with an increase of 1.03 mmol/L (18.7 mg/dL) placebo group. The urinary excretion of glucose was 
1.5 g/day in placebo group, compared with 83.5 g/day and 85.2 g/day in 10 mg and 20 mg dapagliflozin groups, 
respectively. There was a greater reduction in total body weight in 10 mg and 20 mg of dapagliflozin groups 
compared to placebo group, in other words, 4.5 kg and 4.3 kg versus 1.9 kg, respectively [3] [13] [14] [17]. In 
addition to lowering glucose, SGLT2 inhibitors have several effects that could be beneficial for patients with 
metabolic syndrome, such as reducing body weight, decreasing blood pressure (more systolic compared with 
diastolic), and the positive effects in lipid profile. Additionally, significant reductions in uric acid have been re-
ported which may possibly indicate a decreased risk of cardiovascular events. Regarding the benefit in blood 
pressure levels, all studies of SGLT2 inhibitors to date demonstrated significant reductions in blood pressure 
with greater reductions observed in systolic blood pressure (−1.66 mmHg to −6.9 mmHg) than diastolic (−0.88 
mmHg to −3.5 mmHg). The effects on blood pressure were not dose related and were no accompanied by any 
noticeable changes in heart rate or blood pressure increases and/or syncope. The analysis of the Phase IIb studies 
with empagliflozin also showed greater decreses in systolic blood pressure of 13.4 mmHg to 17.0 mmHg among 
a subgroup of patients with baseline systolic blood pressure >140 mmHg compared to the overall population. 
This information is supported from the results of a study with dapagliflozin which also demonstrated more pro-
nounced effects on blood pressure in patients with an initial systolic blood pressure >140 mmHg. These reduc-
tions in systolic blood pressure did not correlate with the change in body weight or glycemic control, suggesting 
that the antihypertensive effects of empagliflozin and other SGLT2 inhibitors are independent of HbA1c or the 
reduction in body weight. However, controversy around the use of SGLT2 inhibitors produces long-term reduc-
tions in blood pressure arising on the basis of results of a long-term study (102 weeks) of dapagliflozin. This 
long-term study showed some initial reduction of blood pressure seen at 24 weeks; however, it does not control 
the variations of the use of antihypertensive medications, which becomes a major limitation for the findings of 
the investigation [4] [23]. 

2) Canagliflozin 
Canagliflozin (Invokana®; Janssen Pharmaceuticals, Inc., Titusville, New Jersey) was the first SGLT2 inhibi-

tor submitted to FDA (approved on 29 March 2013). 
Therefore, more five postmarketing studies were requested by the FDA: 1) a cardiovascular outcomes trial; 2) 

an enhanced pharmacovigilance program to monitor for malignancies, cases of pancreatitis, severe hypersensi-
tivity reactions, photosensitivity reactions, liver abnormalities, and adverse pregnancy outcomes; a bone safety 
study; and two pediatric studies under the Pediatric Research Equity Act. 

The most frequent side effects of Canagliflozin are vulvovaginal candidiasis and urinary tract infections. It is 
associated with a diuretic effect, so it can cause a reduction in intravascular volume leading to orthostatic or 
postural hypotension. This may result in symptoms such as dizziness or fainting, more frequent in the first three 
months of therapy [4] [27]. 

 Phase III study results demonstrated that canagliflozin was effective in reducing HbA1c in monotherapy, 
double therapy and triple therapy with oral agents, as well as in combination therapy with insulin, with or with-
out Oral antidiabetics. Throughout all Phase III studies, canagliflozin 100 mg and 300 mg once daily, both re-
sulted in significant reductions in HbA1c compared to placebo and active comparator with reduced somewhat 
larger with canagliflozin 300 mg once a day [4] [27]. 

After 26 weeks of treatment, canagliflozin 100 mg and 300 mg once a day significantly reduced HbA1c 
(−0.77% and −1.03%, respectively) in type 2 diabetic patients inadequately controlled on diet and exercise as 
compared to placebo (0.14%, p < 0.001). Fasting blood glucose was also significantly decreased by −1.50 mmol/L 
to −1.90 mmol/L with both doses of canagliflozin (placebo = 0.50 mmol/L; p < 0.001), resulting in a greater 
proportion of patients achieving the HbA1c target of 7% compared with placebo (44.5% to 62.4% versus 20.6%; 
p < 0.001). Among those who carried out a post-meal tolerance test, canagliflozin improved beta-cell function 
indices. Both doses significantly reduced plasma glucose levels during the glucose tolerance test, in contrast to 
small increases observed with placebo. Treatment with canagliflozin also resulted in substantial increases in in-
sulin secretion rate sensitivity and beta-cell glucose function, in contrast with light decreases with placebo. 
However, C-peptide concentrations were almost identical before and after treatment in all groups [4] [27]. 

The effectiveness of canagliflozin was sustained when added to metformin. Canagliflozin 100 mg or 300 mg 
once daily added to metformin has been found not being less than the glimepiride and the combination of met-
formin and canagliflozin 300 mg once per day provided greater reductions in HbA1c compared to glimepiride 
(−0.93% versus −0.81%; 95% CI: −0.22, −0.02). Numerically greater reductions in fasting glucose levels were 
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observed after 52 weeks at both doses of canagliflozin compared with glimepiride (−1.35 mmol/L of −1.53 
mmol/L versus −1.02 mmol/L), and while canagliflozin showed sustained decreases throughout the treatment 
period, there were increases with glimepiride after 18 weeks. Although achieving higher reductions in HbA1c 
and fasting glycemia with canagliflozin, a similar proportion of patients achieved a HbA1c less than 7% with 
canagliflozin or glimepiride when added to the metformin (53.6% - 60.1% versus 55.8%, respectively). Canag-
liflozin 100 mg or 300 mg once daily added to patients not controlled on metformin and a SU showed significant 
reductions in HbA1c (% −0.85% to −1.06 vs. −0.13%, p < 0.001) and fasting glucose (−1.01 mmol/L to −1.69 
mmol/L versus 0.23 mmol/L; p < 0.001) compared to placebo. A higher proportion of patients treated with ca-
naglifozin achieved an HbA1c of 7% when evaluated against placebo (43.2% to 56.6% versus 18.0%, p < 0.001), 
as adjunctive therapy with metformin and a SU and fewer patients required rescue therapy (1.3% to 1.9% vs 
12.8%, p < 0.001). By comparing canaglifozin 300 mg once daily in combination with metformin and SU to si-
tagliptin, besides metformin and a SU, canaglifozin 300 mg had a greater reduction in HbA1c compared to si-
tagliptin 100 mg per day after 52 weeks (−1.03% vs. 0.66%, respectively, 95% CI: −0.50, −0.25), and the reduc-
tions in fasting glucose (−1.66 mmol/L vs. −0.33 mmol/L canaglifozin against sitagliptin, respectively; p < 
0.001). In addition, more patients treated with canaglifozin 300 mg once daily has reached an HbA1c of 7% rel-
ative to sitagliptin 100 mg per day (47.6% versus 35.3%), or when added to metformin and a SU. A subset of 
study patients compared adding canaglifozin, metformin and a SU relative to placebo were included in the anal-
ysis, demonstrating that both doses of canaglifozin markedly reduced plasma glucose during the test, while the 
placebo only resulted in slight decreases. However, as was seen in the subgroup of patients that underwent to-
lerance test in canaglifozin monotherapy study, the C-peptide levels were almost equal before and after treat-
ment as canaglifozin was added to metformin and SU. In addition, both doses of canaglifozin showed increases 
beta cell sensitivity to glucose in contrast to a slight decrease in sensitivity observed with placebo [4] [27]. 

3) Empagliflozin 
Empagliflozin (Jardiance®; Boehringer Ingelheim Pharmaceuticals, Inc. (BIPI)) was the third SGLT2 inhibi-

tor submitted to FDA (approved on 04 August 2014) [4]. 
Empaglifozin is also on current studies regarding associations with metformin, sulfonylureas, pioglitazone, 

and insulin. For example, empagliflozin and linagliptin (Glyxambi®) was approved on 02 February 2015 as an 
adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes (T2D) when both empag-
liflozin and linagliptin are appropriate treatments [4] [5]. 

Empaglifozin is approved for treating type 2 diabetic patients, but not for type 1 patients, those with diabetic 
ketoacidosis, and individuals with severe renal impairment, including end-stage renal failure [4] [5]. 

Phase III studies with empaglifozin showed that the drug was effective in reducing HbA1c in monotherapy, 
double therapy, and in triple therapy with Oral Antidiabetics. The fasting glucose levels also decreased signifi-
cantly from −1.69 mmol/L to −1.54 mmol/L with both doses of empaglifozin compared with metformin (1.44 
mmol/L). The effectiveness of empaglifozin remained when added to metformin. Decreases in HbA1c were 
similar for both doses of empaglifozin, and better than with sitagliptin (HbA1c with empaglifozin 25 mg per day 
were significantly greater than HbA1c with sitagliptin (FG = −0.68 mmol/L). The effects of empaglifozin 10 mg 
or 25 mg per day added to metformin were sustained through 90 weeks and provided greater reductions in 
HbA1c compared to sitagliptin (−0.34% to −0.63% vs. −0.40%). Numerically higher decreases in fasting glu-
cose levels were observed after 90 weeks with both doses of empaglifozin when measured against sitagliptin 
(−1.18 mmol/L of −1.76 mmol/L versus 0.87 mmol/L) and these effects were maintained throughout the period 
of treatment [5] [28] [29]. 

After 12 weeks of the study, during which glucose-lowering therapy was to remain unchanged, the adjusted 
mean differences in the glycated hemoglobin level between patients receiving empagliflozin and those receiving 
placebo were −0.54 percentage points (95% CI, −0.58 to −0.49) in the 10-mg group and −0.60% (95% CI, −0.64 
to −0.55) in the 25-mg group. The adjusted mean differences in the glycated hemoglobin level between patients 
receiving empagliflozin and those receiving placebo were −0.42% (95% CI, −0.48 to −0.36) and −0.47% (95% 
CI, −0.54 to −0.41), respectively. Over the course of weeks, the differences were −0.24% (95% CI, −0.40 to 
−0.08) and −0.36% (95% CI, −0.51 to −0.20) [29]. 

2.2. EMPA-REG: Effective Cardiovascular Prevention on Diabetes 
On September 27, 2015 the New England Journal of Medicine published the results of a randomized, multi- 
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centered clinical trial involving 7020 diabetic patients using 10 mg or 25 mg of Empaglifozin, compared to pla-
cebo, during 3.1 years. The primary outcome was death due to cardiovascular disease (which is the most rele-
vant concern of a diabetologist, because of its high prevalence among diabetic patients), and other events such as 
non-fatal MI, non-fatal stroke, and unstable angina [29]. 

Death due to cardiovascular disease happened in 490 of 4687 patients (10.5%) using empagliflozin, compared 
to 282 of 2333 patients (12.1%) in the placebo group (hazard ratio for empagliflozin was 0.86; 95.02% confi-
dence interval, 0.74 to 0.99; P = 0.04). No significant between-group differences in the rates of myocardial in-
farction or stroke were found, but in the empagliflozin group there were significantly lower rates of death from 
cardiovascular causes (3.7%, vs. 5.9% in placebo group; 38% relative risk reduction), hospitalization for heart 
failure (2.7% and 4.1%, respectively; 35% relative risk reduction), and death from any cause (5.7% and 8.3%, 
respectively; 32% relative risk reduction) [29]. 

Over the course of the study, empagliflozin, as compared with placebo, was associated with small reductions 
in weight, waist circumference, uric acid level, and systolic and diastolic blood pressure with no increase in 
heart rate and small increases in both LDL and HDL cholesterol [29]. 

These convincing results, overcoming all previous expectations, put Empaglifozin in the spotlight of cardi-
ovascular risk prevention, in a parallel impact as Metformin at the UKPDS did before. As a new drug, attention 
must be given to possible side effects still not known. But the evidence is strong and convincing, and diabetic 
patients were in need of a medication with such a profile [29]. 

3. Important Side Effects 
FDA Warnings 

1) Bone Fractures 
As of 09 September 2015 FDA released a drug safety communication regarding the increased risk of bone 

fractures associated with the use of Canagliflozin and Canagliflozin + Metformin as an association. Fractures 
may appear as early as 12 weeks after start of the drug. Canagliflozin was also reported to be associated with 
decreases in bone mineral density at the hip and lower spine. It is important to inform patients about this risk, 
especially in those at risk of bone disorders. This specific risk has not been reported with Dapagliflozin or Em-
pagliflozin [29]. 

2) Diabetic Ketoacidosis 
On 15 May 2015 FDA issued a warning that SGLT2 Inhibitors were associated with Diabetic Ketoacidosis, a 

disorder usually seen before only in type 1 diabetic patients. This came as a surprise to clinicians, as Ketoacido-
sis was never reported before in such an association with type 2 diabetes—cases of hyperosmolar hyperglycemia 
are the usual clinical presentation [29]. 

This condition was associated with all 3 available drugs of this class: Dapagliflozin, Canagliflozin and Em-
pagliflozin. The signs and symptoms described were: dyspnea, nausea, vomiting, abdominal pain, confusion, 
and unusual fatigue or sleepiness. 20 cases were reported between March 2013 to June 6, 2014, meaning that it 
is not a rare condition [29]. 

3) Urinary Tract Infections and Genital Infections 
SGLT2 Inhibitors are associated with recurrent urinary tract infection and strongly associated with genital in-

fection. 
The mechanism of action that leads to an increased amount of glucose in urine leads to higher rates of fungal 

genital infections of the SGLT2 inhibitors, with a higher proportion in women than men (7.4% to 25.0 % and 2.5% 
to 8.3%, respectively). These genital mycotic infections were mild to moderate in severity, usually treated with 
antifungal therapies prescribed by health professionals or even own treatment, and 1% led to discontinuation of 
therapy. Among the male population under study with canagliflozin, uncircumcised men had a higher risk of 
developing genital infections (e.g., balanitis/balanoposthitis). In women, genital mycotic infections consisted of 
vulvitis, vulvovaginal candidiasis, vulvovaginal mycotic infection, vulvovaginitis. There was also a higher pre-
valence of not dose-related infections of the urinary tract (UTI) (from 2.9% to 13.3%) compared to placebo, who 
responded to standard therapy, and appeared similarly with sitagliptin or pioglitazone, and only 1% resulted in 
discontinuation of therapy. Both UTIs and genital infections occurred in the first year of therapy and had a low 
rate of relapse, 3%. By further looking for discontinuation of therapy in patients treated with dapagliflozin, all 
interruptions due to genital infections or UTIs occurred within the first year of therapy without interruption in 
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the second year of treatment [3] [4] [10]. 
Canagliflozin: studies show that after 12 weeks of treatment, no obvious differences in conversion from nega-

tive baseline urine bacterial culture to positive culture were observed in canagliflozin group vs. sitagliptin/pla- 
cebo group (4.8% vs. 3.7%, respectively; P = 0.76) [27];  

Empagliflozin: A 12-week study in 408 treatment-naïve patients with poorly controlled T2DM reported UTIs 
in 1.2% of those receiving empagliflozin, and 1.2% and 1.3% of those taking placebo and metformin, respec-
tively. Mycotic genital infections were reported in 0.8% and genital pruritus in 1.2% of patients receiving em-
pagliflozin, and 0% for placebo and metformin. The proportions of patients who had adverse events, serious ad-
verse events, and adverse events leading to the discontinuation of a study drug were similar in the empagliflozin 
group and the placebo group. Genital infection was reported in a higher percentage of patients in the pooled 
empagliflozin group [29]. 

4. Conclusion 
The inhibition of SGLT2 is emerging as a common sense and also as an elegant mechanism for delaying di-
abetes attack in patients who were treated with conventional medicines. These drugs seem to have similar bene-
fits and risks within the class, including significant reductions in HbA1c and fasting glucose and an increased 
risk of certain types of infections. The most intriguing, perhaps, is its ability to positively influence other impor-
tant factors, including body weight, blood pressure, lipids and uric acid. Older agents have typically been filled 
with unfavorable effects on body weight (SU, thiazolidinediones, insulin), on the cardiovascular system (SU and 
TZDs) and lipids (TZDs). There are still unanswered questions about the possible risk for cancer, the durability 
of these agents, and how its favorable metabolic profiles will influence the risk of micro and macro vascular 
disease. The SGLT2 inhibitors have an independent action of insulin, are effective to promote weight loss, have 
a low incidence of hypoglycemia, complement the action of other anti-diabetic agents, and can be used regard-
less of diabetes duration. In this era of obesity, an oral medication that promotes weight loss would be a wel-
come addition to the arsenal of diabetes. However, due to the side effects of repeated urinary tract infections, 
genital infections, increased hematocrit, and decreased blood pressure, patient selection appears to be important. 
Despite being a promising medication, SGLT2 inhibitors have many ongoing clinical trials, and should be ob-
served regarding the long-term effects of glycosuria and other potential effects, especially given the observed 
increase in the incidence of bladder cancer, breast cancers and bone fractures. This new class represents a prom-
ising approach for the treatment of diabetes. 
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