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INTRODUCTION: 
Prevalence of diabetes is increasing globally and approximately 425 
million adults (20-79 years) are living with diabetes; by 2045 this 
number will rise to 629 million. In low- and middle-income countries 

179% of adults were living with diabetes.  In the United States alone, 
more than 100 million adults are now living with diabetes or 
prediabetes, according to a new report released by the Centers for 
Disease Control and Prevention (CDC). An estimated 23.1 million 
people (7.2%) of the US population had diagnosed diabetes. Type 2 
diabetes mellitus (T2DM) accounts for 90%–95% of cases of diabetes 

2diagnosed in adults.

DIAGNOSTIC CRITERIA FOR DIABETES:
American Diabetes Association (ADA) diagnostic criteria for T2DM 
is: a fasting plasma glucose (FPG) level 126 mg/dL (≥7.0 mmol/L), or 
a 2-hour plasma glucose level 200 mg/dL (≥11.1 mmol/L) during 75g  
anhydrous oral glucose tolerance test (OGTT), or a random venous 
plasma glucose of 200 mg/dL (11.1 mmol/L or higher in a patient with 
symptoms of hyperglycemia or hyperglycemic crisis. Glycosylated 
hemoglobin, A1C (HbA1c) level of 48 mmol /mol (>6.5%) is a cut off 
point for the diagnosis of T2DM, but A1C <6.5% does not exclude 

3diabetes diagnosed using glucose tests.  Prediabetes is dened as A1C 
4levels ranging from 5.7% to  6.4%, are at risk of diabetes.  

DIABETES THERAPEUTIC GOALS: 
Current recommendations for treatment of diabetes focus on 
improving diet and exercise, followed by monotherapy with an 
antihyperglycaemic agent (AHA). Adverse effects of oral 
hypoglycemic drugs i.e. hypoglycemia, weight gain and edema limit 
their use.  A key therapeutic goal of treating metabolic syndrome and 
T2DM is improving glycaemic control. Hyperglycemia is strongly 
associated with increased risk of microvascular complications, 
including retinopathy and nephropathy. Every 1% decrease in A1C is 

4associated with about 35 % reduction in microvascular complications.  
The American College of Physicians (ACP) has updated guidance 
statements regarding HbA1C targets for non-pregnant adult patients 
with T2DM.   The treatment goals should be based on the benets and 
harms of pharmacotherapy, patient preferences, the patient's general 
health and life expectancy, treatment burden, and costs of care. The 
aim of hypoglycemic treatment in T2DM should be to achieve an 
HbA1c level between 7% and 8%. If a patient with T2DM achieves an 
HbA1c level <6.5%, clinicians should consider de-intensifying 
pharmacological therapy. In patients with T2DM aim should be to 
minimize symptoms related to hyperglycemia. Clinicians should avoid 
targeting a specic HbA1c level in patients with a life expectancy of 
<10 years due to advanced age (80 or older) because the harms 

5outweigh the benets in these patients.

TREATMENT STRATEGIES FOR T2DM:
Multiple agents are available for the treatment of DM, but being a  
complex disease and intolerance, contraindications, or ineffectiveness 
of certain drugs for individual patients, still there is a requirement  for 
novel antihyperglycemic agents (AHA). Currently, the American 
Association of Clinical Endocrinologists (AACE) includes the 

following oral agents for the treatment of T2DM in their  glycemic 
control algorithm: metformin, sulfonylureas, meglitinides, 
thiazolidinediones (TZDs), dipeptidyl peptidase-IV (DPP-4) 
inhibitors, alpha-glucosidase inhibitors, colesevelam, bromocriptine, 

6and the newest class of SGLT 2 inhibitors.  

ROLE OF SODIUM GLUCOSE COTRANSPORTER 2 
INHIBITORS IN DIABETES:
SGLT 1 is primarily located in small intestine, but also in kidney, 
trachea, heart and colon. In kidney SGLT 2 is expressed in S1 and S2 

7 , 8segments of the proximal convoluted tubule (PCT).  In 
normoglycemic adults, 180 mg of glucose is ltered per day in 
glomerulus and 80-90% is reabsorbed by SGLT 2 in the PCT; and in 
people with diabetes reabsorption of glucose is enhanced by increased 
expression of SGLT 2. This reabsorptive activity of SGLT 2 is also 
independent of action of insulin.  This suggests that kidney plays an 
important role in maintenance and progression of hyperglycemia in the 
diabetic patients; and the low-capacity sodium glucose co-transporter 

9(SGLT1) reabsorbs the remaining 10%–20%.  Patients with diabetes 
have an upregulation of SGLT2 and absorb excess amounts of glucose 
that would be excreted normally by healthy individuals. Therefore, 
inhibition of SGLT2 provides a novel mechanism for control of 
hyperglycemia in patients with diabetes, enhancing urinary glucose 

10excretion and promoting a natriuretic and diuretic action.  This unique 
mechanism of action results in decreased blood glucose levels and 
weight loss (via glucose excretion), and reduced blood pressure (via 

11osmotic diuresis and decreased intravascular volume).

Inhibition of renal glucose reuptake was conrmed to reduce blood 
glucose levels; therefore, several SGLT2 inhibitors, also called 
gliozin drugs, have been developed as novel treatments for type 2 
diabetes mellitus (T2DM), and canagliozin was the rst SGLT2 

12inhibitor to be approved for use in the United States in 2013.  
Phlorizin, which is extracted from the root bark of apple trees in 1835, 

13is the rst nonselective SGLT inhibitor.  Currently 3 dugs of this class 
have been approved by the US Food and Drug Administration (FDA) 
and European Medicines Agency  (EMA): canagliozin, dapagliozin 
and empagliozin with several others in global or regional 
development e.g. ipragliozin, ertugliozin, remogliozin, 

14lusegliozin, tofogliozin and sotagliozin.    SGLT2 inhibitors are 
expected to have various effects, including weight loss, blood pressure 
reduction, improvement in pancreatic and renal functions, and 

15 reduction in serum lipid levels, as well as hypoglycemia.  SGLT 2 
inhibitors share a similar pharmacokinetic prole being prodrugs, with 
a rapid oral absorption, a long elimination half-life thus once daily 
dose, and extensive hepatic metabolism via glucoronidation to inactive 
metabolites; and a low renal elimination thus contraindicated in 

16 patients with severe chronic kidney disease (CKD).

It is well known that T2DM is an important basis for the development 
of ischemic heart disease and CKD, and is simultaneously one of the 
factors in the progression of these diseases. There have been very few 
reports describing that treatment with conventional antidiabetic agents 

17prevents the progression of these complications.  Ipragliozin is an 
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Diabetes is common worldwide, affecting millions of people, with signicant systemic complications. Many 
pharmacological approaches are available to treat, including insulin and antihyperglycemic agents. Sodium glucose co-

transporter 2 inhibitors are a novel approach in the management of type 2 diabetes and such agents have been approved by for clinical use since 
2013. But SGLT 2 inhibitors use is associated with serious and signicant adverse drug reactions. The US FDA warnings have been recommended 
on labels of canagliozin and dapagliozin. Long term clinical studies have been conducted to evaluate the safety and efcacy of SGLT 2 
inhibitors. Purpose of this review is to elaborate usefulness of SGLT 2 inhibitors in management of type 2 diabetes mellitus with a focus on safety 
in different populations affected by the disease.
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orally bioavailable, next generation, SGLT2-selective inhibitor 
received rst global approval in January 2014 for T2DM treatment. 
Ipragliozin was associated with signicant reductions in body weight 
and was well tolerated in clinical studies.  Because of its mechanism of 
action and efcacy, safety of ipragliozin might be compromised in 

18patients with renal impairment (RI).

EFFICACY OF SGLT 2 INHIBITORS: 
Efcacy of SGLT 2 inhibitors as monotherapy, add on therapy to oral 
hypoglycemic drugs and in combination with insulin has been 
established in randomized controlled trials (RCTs). A1C reduction 
with SGLT inhibitors ranges from 0.5-1%, depending upon the dose, 

19,20severity of diabetes and other patient-specic factors.   Because of 
their insulin independent action they may be useful at all stages of 
T2DM. Risk of hypoglycemia is rare, but may occur when SGLT2 I is 
used in combination with exogenous insulin or an insulin 

21secretagogue.  SGLT 2inhibitors also cause a sustained reduction in 
systolic and diastolic BP because of their osmotic diuretic effect; and 
weight loss by their glycosuric effect especially in patients with higher 

22baseline BMI.  Empagliozin signicantly reduced cardiovascular 
death in patients with T2DM and high cardiovascular risk (EMPA-

23REG OUTCOME).  Recently (Oct. 2018) US FDA has approved 
canagliozin to reduce risk of heart attack, stroke or cardiovascular 
(CV) death in adults with T2DM and established CV disease. Based 
upon CANVAS Program, canagliozin is the rst AHA, having such a 

24therapeutic indication. 

SAFETY OF SGLT 2 INHIBITORS:
stAACE was the 1  professional organization to add SGLT 2i to their 

thtreatment algorithm for T2DM in 2013. They are placed as 5  line 
thagent for monotherapy, 4  line agent for dual therapy in addition to 

rd 25metformin, and 3  line in triple therapy.  They are generally well 
tolerated, but with some associated disadvantages i.e. an increase in 

26urogenital infections (increased risk of genital mycotic infection).  
FDA has warned regarding risk of urinary tract infections leading to 

27urosepsis and pyelonephritis with SGLT2inhibitors,  and decrease in 
estimated glomerular ltration rate (eGFR) leading to decreased renal 

28,29function.  FDA has warned on labels of canagliozin and 
dapagliozin regarding acute kidney injury, but this warning does not 
apply to empagliozin which is associated with a slow progress of 

30kidney disease (EMPA-REG OUTCOME).

They can cause postural hypotension and dizziness especiaaly in the 
elderly and those taking loop diuretics. Canaozin can increase rate of 
bone fracuters, FDA has issued a warning for decreased bone mineral 

31density (BMD) and increased bone fracture risk.  SGLT 2 inhibitors 
increase serum phosphate levels increasing parathyroid hormone 
(PTH) and broblast growth factor (FGF) which promote 
phosphaturia and antagonize vitamin D metabolism decreasing 1,25 

32dihydrovitamin D levels.  Dapagliozin and empagliozin do not 
33carry bone fracture risk warnings.

CANagliozin cardiovascular Assessment Study (CANVAS) and 
CANVAS-Renal (CANVAS-R), data analysis showed an increased 
risk of lower extremity amputation, mainly of the toe and middle of the 
foot, with canagliozin. The amputation rates were 5.9 and 2.8 per 
1000 person-years with canagliozin and placebo, respectively, in 
CANVAS, and 7.5 and 4.2 per 1000 person-years with canagliozin 
and placebo in CANVAS-R. Based on these ndings, and the US 
prescribing information reects an increased risk of amputation in 

34patients with high risk of CV events or a history of CV events.  No 
imbalance in the risk of amputation in patients with high CV risk was 
reported in the completed EMPA-REG OUTCOME study of 

35empagliozin.  

Diabetic ketoacidosis (DKA) a life threatening triad of hyperglycemia 
(blood glucose > 250 mg/dL), metabolic acidosis & presence of 
ketones in urine or plasma, has been reported in T2DM patients who 

36were being treated with dapagliozin or ipragliozin montherapy.  
SGLT2 inhibitors lower serum glucose levels by increasing urinary 
glucose excretion, which in turn reduces insulin secretion from 
pancreatic β-cells. The decline in circulating insulin levels results in 
decreasing the anti-lipolytic activity of insulin and consequent 
stimulation of production of free fatty acids (FFA), which are 

36converted to ketone bodies by β-oxidation in the liver.

 Empagliozin is licensed as monotherapy when metformin is 
inappropriate and in combination with other glucose-lowering drugs, 

including insulin, for the treatment of adults with T2DM. The dose of 
insulin or a sulfonylurea may be lowered to reduce the risk of 
hypoglycaemia after adding empagliozin. Treatment with 
empagliozin should not be initiated in patients with impaired renal 
function (eGFR <60ml/min/ 1.73m2); measure renal function before 
and at least annually during treatment. No dose adjustment is 
recommended for people with hepatic impairment, though 
empagliozin is not recommended when hepatic function is severely 
impaired. No dose adjustment for age is required but patients aged ≥75 
are at increased risk of volume depletion and empagliozin is not 

37recommended for patients aged ≥85.

Tofogliozin, a highly selective SGLT2 inhibitor, has been approved 
38in Japan for the treatment of T2DM.  Clinical trials have shown that 

tofogliozin, when used as monotherapy or in combination with oral 
antidiabetic agents, signicantly decreases A1C, fasting plasma 
glucose (FPG), body weight and systolic and diastolic blood pressure 
in patients with T2DM, while maintaining a low risk of 

39hypoglycaemia.

SGLT 2 INHIBITORS IN FIXED DOSE COMBINATION WITH 
DPP-4 INHIBITORS:

By inhibiting the degradation of glucagon-like peptide-1 (GLP-1), 
dipeptidyl peptidase-IV (DPP-4) inhibitors promote insulin secretion 
and suppress glucagon secretion. Because the mode of action is 
dependent on the glucose concentration, DPP-4 inhibitors have a low 
risk of causing hypoglycemia.  SGLT2 inhibitors reduce urinary 
glucose reabsorption by inhibiting SGLT2, lower plasma glucose in an 
insulin-independent manner and help to alleviate glucose toxicity. 
They are also expected to improve insulin resistance by alleviating 
glucose toxicity and decreasing body weight. The independent 
mechanisms of action of these drugs and the low risk of hypoglycemia 

40,41provide support for combination therapy as a therapeutic option.  
Consequently, xed-dose combinations of a DPP-4 inhibitor and an 
SGLT2 inhibitor were launched in the USA and Europe e.g. 

42,43linagliptin/empagliozin and saxagliptin/dapagliozin.  

A randomized, placebo-controlled, double-blind, multicentre trial 
examined the efcacy and safety of teneligliptin or placebo added to 
canagliozin therapy for 24 weeks in Japanese patients with 
inadequately controlled T2DM. Teneligliptin was associated with 
signicant improvements in glycaemic control, including A1C, FPG 
and postprandial plasma glucose, compared with placebo. Moreover, 
greater proportions of patients in the canagliozin + teneligliptin  
group achieved A1C <7.0% or <8.0%. These improvements were 
consistent with those observed in earlier clinical trials in which 

44teneligliptin was added to AHA other than SGLT2 inhibitors.

SGLT2INBITORS IN CLINICAL TRIALS:
In a study, treatment with ipragliozin for 24weeks was associated 
with signicantly greater improvements in glycaemic control and 
body weight in the ipragliozin group than in the placebo group in the 
overall cohort, and in patients with mild RI. In patients with moderate 
RI, the improvements in glycaemic control were not signicantly 
greater in the ipragliozin group than in the placebo group. The 
improvements in glycaemic control in patients with mild RI and the 
reduction in body weight in patients with mild or moderate RI were 

45apparent by week 4 of treatment and were maintained at week 52.  A 
randomized, double-blind, placebo-controlled study on long-term 
efcacy and safety of ipragliozin treatment in patients with type 2 
diabetes mellitus and renal impairment: showed that ipragliozin 
signicantly improved glycemic control and body weight in T2DM 
patients with mild RI, but not moderate RI.

PLACE OF SGLT2 INHIBITORS IN T2DM THERAPY: 
SGLT 2 inhibitors are a new therapeutic option for patients with T2DM 
that will facilitate the recommended current management guidelines. 
The average A1C reduction that could be achieved with SGLT2 
inhibitors would be expected to be in the range of 0.5–1.0%. However, 
other factors are also important in the management of T2DM, 
including weight reduction and the need for well-tolerated treatment 
with a low risk of hypoglycemia, in addition to the convenience of 
once-daily oral dosing. In addition, SGLT2 inhibitors offer other 
potential benets, including BP reduction, CV risk reduction, and 

46possible renal protective effects.

SGLT2 inhibitors are generally well tolerated, but attention must be 
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paid to the possible risk of serious adverse events, including 
dehydration, development of DKA, serious UTIs, and bone fractures, 
as well as the risk of less serious but more common adverse events such 
as genital mycotic infection. These possible risks must be carefully 
weighed against the potential benets for each patient. Patients should 
be encouraged to drink plenty of water and maintain good hygiene 
habits, and to contact a health care provider if symptoms of 
dehydration, genital mycotic infections, or UTIs occur. Patients should 
know the common symptoms of DKA i.e. nausea, vomiting, 
abdominal pain, tiredness, breathing difculty, and patient should stop 
taking SGLT 2 inhibitors if such symptoms arise; and to manage in 

26, 36inpatient settings.

SGLT2 inhibitors being a new class of AHA, with several questions 
remain about their place in clinical practice. With a strong evidence of 
a reduction in CV risk with empagliozin in patients at high baseline 
risk of cardiovascular (CV) events in the EMPA-REG OUTCOME 
trial; could results of the study be applied to a larger population  
meeting  the study inclusion criteria.  There are serious adverse events 
associated with SGLT2 inhibitors, in magnitude and of clinical 
importance the T2DM patients, and FDA warnings regarding their 
prescription have been communicated.  The ongoing research will 
further elucidate the future role of SGLT2 inhibitors in the 

47management of patients with T2DM.

CONCLUSION:
On the basis of the efcacy demonstrated in clinical trials, SGLT2 
inhibitors are recommended as second- or third-line agents for the 
management of patients with type 2 diabetes. Benecial effects on 
kidney disease progression, cardiovascular and all-cause mortality, 
and hospitalization for heart failure have also been demonstrated with 
SGLT2 inhibitors empagliozin and canagliozin. These medications 
have shown signicant reductions in HbA1c (0.5%–1.0%) when used 
as monotherapy or in combination therapy. Improvements in weight, 
blood pressure, and lipid parameters, major cardiovascular events, in 
adults with T2DM,  have been demonstrated. The primary safety 
concerns of increased genital mycotic infections and limitations based 
on renal function are expected based on the mechanism of the drug. 
These novel medications represent a new option for dual and triple 
therapy for T2DM or can be used as monotherapy in patients who 
cannot tolerate rst-line options.

REFERENCES:
1.  International Diabetes Federation< https://idf.org/52-about-diabetes.html>
2.  Centers for Disease Control and Prevention. <https://www.cdc.gov/diabetes/ 

pdfs/data/statistics/national-diabetes-statistics-report.pdf>
3.  American Diabetes Association. Classication and diagnosis of diabetes: standards of 

medical care in diabetes-2018. Diabetes Care. 2018; 41 (Suppl 1): S13-S27.
4.  Brunetti L, Kalabalik J. Management of type-2 diabetes mellitus in adults. P T. 2012; 37 

(12): 687-96.
5.  Qaseem A, Wilt TJ, Kansagara D, et al. for the Clinical Guidelines Committee of the 

American College of Physicians. Hemoglobin A1c targets for glycemic control with 
pharmacologic therapy for nonpregnant adults with type 2 diabetes mellitus: a guidance 
statement update from the American College of Physicians. [published online March 6, 
2018] Ann Intern Med. doi:10.7326/M17-0939.

6.  Garber AJ, Abrahamson MJ, Brazilay JI, et al. AACE comprehensive diabetes 
management algorithm 2013. Endocrine Practice ,19 (2):327-36.

7.  Wright EM, Loo DD, Hirayama BA. Biology of human sodium glucose transporters. 
Physiol Rev 2011; 91:733-94.

8.  Mudaliar S, Polidori D, Zambrowicz B, Henry RR.Sodium-glucose cotransporter 
inhibitors : effects on renal and intestinal glucose transport: from bench to bedside. 
Diabetes Care 2015; 38: 2344-53.

9.  Nisly SA, Kolanczyk DM, Walton AM.Canagliozin, a new sodium-glucose 
cotransporter 2 inhibitor, in the treatment of diabetes. Am J Health Syst Pharm. 2013; 70 
(4): 311-19.

10.  Mather A, Pollock C. Glucose handling by the kidney. Kidney Int 2011; 79 (Suppl 120): 
S1-S6.

11.  Daniel S Hsia, Owen Grove, William T Cefalu. An update on SGLT2 inhibitors for the 
treatment of diabetes mellitus. Curr Opin Endocrinol Diabetes Obes. 2017; 24 (1): 73-
79.

12.  Invokana (canagliozin) new FDA drug approval <https://www.centerwatch.com>
13. Ehrenkranz JR, Lewis NG, Rahn CR, Roth J. Phlorizin: a review. Diabetes Metab Res 

Rev 2005; 21:31-38.
14.   Abdul-Ghani MA, Norton L, Defronzo RA. Role of sodium-glucose cotransporter 2 

(SGLT 2) inhibitors in the treatment of type 2 diabetes. Endocr Rev. 2011;32:515–531.
15.  Seufert Jochen. SGLT2 inhibitors – an insulin-independent therapeutic approach for 

treatment of type 2 diabetes: focus on canagliozin. Diabetes Metab Syndr Obes. 
2015;8:543–54.

16.   Nair S, Wilding JP. Sodium glucose cotransporter 2 inhibitors as a new treatment for 
diabetes mellitus. J Clin Endocrinol Metab 2010; 95: 34–42.

17.  Araki E, Tanizawa Y, Tanaka Y, et al. Long-term treatment with empagliozin as add-on 
to oral antidiabetes therapy in Japanese patients with type 2 diabetes mellitus. Diabetes 
Obes Metab. 2015;17: 665–674.

18. Poole RM, et al. Ipragliozin: rst global approval. Drugs. 2014; 74 (5): 611-7.
19.  Vasilakou D, Karagiannis T, Athanasiadou E, et al. Sodium glucose cotransporter 2  

inhibitors for type 2 diabetes; a systemic review and meta-analysis. Ann Intern Med 
2013; 159: 262-74.

20. Yang XP, Lia D, Zhong XY, Shen HP, Huang YL. Efcacy and safety of canagliozin in  
subjects with type 2 diabetes:systemic review and meta-analysis. Eur J Clin Pharmacol 
2014; 70:1149-58.

21. Rosenstock J, Jelaska A,  Frappin G, et al. Improved glucose control with weight loss, 
lower insulin doses, and no increased hypoglycemia with empagliozin  added to 
titrated multiple daily injections of insulin in obese inadequately controlled type 2 
diabetes. Diabetes Care 2014; 37:1815-23.

22. Bolinder J, Ljunggren O, Kulberg J, et al. Effects of dapagliozin on body weight, total 
fat mass, and regional adipose tissue distribution in patients with type 2 diabetes mellitus 
with inadequate glycemic control to metformin. J Clin Endocrinol Metab 2012; 
97:1020-31.

23.  Zinman B, Wanner C, Lachin JM, et al. Empagliozin, cardiovascular outcomes, and 
mortality in Type 2 diabetes. N Engl J Med. 2015;373: 2117-28.

24.   M e g a n  B r o o k s .  C a n a g l i  o z i n  ( I n v o k a n a )  g e t s  F D A n o d  f o r  C V 
protection.<https://www.medscape.com/view article/904201>

25.  Usiskin K, Kline I, Fung A, Mayer C, Meininger G. Safety and tolerability of 
canagliozin in patients with type 2 diabetes mellitus: pooled analysis of phase 3 study 
results. Postgrad Med 2014; 126: 16–34.

26.  Nyirjesy P, Sobel JD, Fung A, et al. Genital mycotic infections with canagliozin, a 
sodium glucose cotransporter 2 inhibitor, in patients with type 2 diabetes mellitus: a 
pooled analysis of clinical studies. Curr Med Res Opin 2014; 30: 1109-19.

27.  US Food and Drug Administration. FDA drug safety communication: FDA revises 
labels of SGLT 2 inhibitors for diabetes to include warnings about too much acid in the 
blood and serious urinary tract  infections [Internet] .  Available from 
http:www.fda.gov/Drugs/Drug Safety/ucm475463.

28.   Cefalu WT, Leiter LA, Yoon KH, et al. Efcacy and safety of canagliozin versus 
glimepiride in patients with type 2 diabetes inadequately controlled with 
metformin(CANTATA-SU): 52 week results from a randomized, double-blind, placebo-
controlled phase 3 non-inferiority trial. Lancet 2013; 382: 941-50.

29.  Jabbour SA, Hardy E, Suggg J, et al. Dapagliozin is effective as add-on therapy to 
sitagliptin with or without metformin: a 24-week, multicenter, randomized,double-
blind, placebo-controlled study.Diabetes Care 2014;37:740-50.

30.   Wanner C, Inzuchhi SE,  Lachin JM, et al. Empagliozin and progression of  
cardiovasacular disease  in type 2 diabetes. N Engl J Med 2016;375:323-34.

31.  US Food and Drug Administration. Invokana and Invokamet (canagliozin); drug safety  
communication: new information on bone fracture risk and decreased bone mineral 
d e n s i t y  [ I n t e r n e t ] .  Av a i l a b l e  f r o m  h t t p s : / / w w w. f d a . g o v / S a f e t y / 
MedWatch/Safetyinformation/SafetyAlertsfor Human Medical Products/ucm461876.

32. Taylor SI, Blau JE, Rother KI. SGLT2 inhibitors trigger downstream mechanisms that 
may exert adverse effects upon bone. Lancet Diabetes Endocrinol 2015; 3: 8-10.

33.  Wanner C, Toto RD, Gerich, et al. No increase in bone fractures with empagliozin in a 
pooled analysis of more than 11,000 patients with type 2 diabetes (Abstract0. J Am Soc 
Nephrol 2013; 24 (Suppl.): ATH-PO452.

34.  Se Hee Min, Jeong-Hwa Yoon, Seokyung Hahn,Young Min Cho. Comparison between 
SGLT2 inhibitors and DPP4 inhibitors added to insulin therapy in type 2 diabetes: a 
systematic review with indirect comparison meta-analysis. Diabetes Metab Res Rev 
2017; 33: e2818.

35.  Silvio . Inzucchi, Hristo Iliev, Ergon Pfarr, Bernard Zinman. Empagliozin and 
assessment of lower-limb amputations in the EMPA-REG OUTCOME trial. Diabetes 
Care 2018; 41 (1): e4-e5. 

36.  Editorial. Euglycemic diabetic ketoacidosis induced by SGLT2 inhibitors: possible 
mechanism  and contributing factors. J Diabetes Investig 2016;7(2):135-8.

37.  Zinman B, Wanner C, Lachin JM, et al. Empagliozin, cardiovascular outcomes, and 
mortality in Type 2 diabetes. N Engl J Med. 2015;373: 2117-28.

38.  Tanizawa Y, Kaku K, Araki E, et al. Long-term safety and efcacy of tofogliozin, a 
selective inhibitor of sodium-glucose cotransporter 2, as monotherapy or in combination 
with other oral antidiabetic agents in Japanese patients with type 2 diabetes mellitus: 
multicenter, open-label, randomized controlled trials. Expert Opin Pharmacother. 
2014;15:749-766.

39.  Ikeda S, Takano Y, Cynshi O, et al. A novel and selective sodium glucose Co-transporter-
2 inhibitor, tofogliozin, improves glycemic control and lowers body weight in patients 
with type 2 diabetes mellitus. Diabetes Obes Metab. 2015;17: 984-993.

40.  Dey J. SGLT2 inhibitor/DPP-4 inhibitor combination therapy- comlementory 
mechanisms of action for management of type 2 diabetes mellitus. Postgrad Med. 2017; 
129 (4): 409-20.

41.  Li D, et al. SGLT2 inhibitor plus DPP-4 inhibitor as combination therapy for  type 2 
diabetes mellitus: A systemic review and meta-analysis. Diabetes Obes Metab. 2018; 20 
(8): 1972-76.

42.  V. Woo. Empagliozin/linagliptin single tablet combination: rst-in-class treatment 
option. Int J Clin Pract. 2015; 69 (12): 1427-37.

43.  Steve Chaplin. Qtern: DPP-4 and SGLT2 inhibitor combination for type 2 diabetes. 
Prescriber 2017 (April): 47-49.

44.  Takashi Kadowaki, Nobuya Inagaki, Kazuoki Kondo, et al. Efcacy and safety of 
teneligliptin added to canagliozin monotherapy in Japanese patients with type 2 
diabetes mellitus: A multicentre, randomized, double-blind, placebocontrolled, parallel-
group comparative study. Diabetes Obes Metab. 2018;20:453–457.

45.  Chieh-Hsiang L, Kyung WM, et al. Efcacy, safety and tolerability of ipragliozin in 
Asian patients with type 2 diabetes mellitus and inadequate glycemic control with 
metformin: results of a phase 3 randomized, placebo-controlled, double blind, 
multicenter trial. J Diabetes Investig. 2016; 7 (3):366-73.

46.  Kashiwagi A, et al. A randomized, double blind, placebo- controlled study on long-term 
efcacy and safety of ipragliozin treatment in patients with type 2 diabetes and renal 
impairment: results of the long-term ASP1941 safety evaluation in patients with type 2 
diabetes with renal impairment (LANTERN) study. Diabetes Obes Metab. 2015; 17 (2): 
152-60.

47.  Trujillo J M, Nuffer W A . Impact of Sodium-Glucose Cotransporter 2 Inhibitors on 
Nonglycemic Outcomes in Patients with Type 2 Diabetes. Pharmacotherapy 
2017;37(4):481–91.

8  INDIAN JOURNAL OF APPLIED RESEARCH

Volume-9 | Issue-1 | January-2019 | PRINT ISSN - 2249-555X


