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A B S T R A C T

The sodium-glucose co-transporter 2 inhibitors (SGLT2 inhibitors) are newly introduced adjuvant antidiabetic
medications that block the reabsorption of glucose in the area of proximal tubule of the kidney. In this review,
we pointed out all the beneficial (promises) and unwanted (perils) effects of SGLT2 inhibitors recorded in the
groups with diabetes mellitus and animal models for developing risk benefit idea. After reviewing sufficient
literature we also put forward the diseases those can be the novel indications of SGLT2 inhibitors. Review also
revealed that besides Type 2 diabetes (T2D), SGLT2 inhibitors are likely to be used for the treatment of heart
failure (HF), nonalcoholic steatohepatitis (NASH), chronic kidney disease (CKD), hypertension, obesity etc.
SGLT2 inhibitors mitigate numerous complications that may worsen the intensity of diabetes mellitus. Most of
the benefits resulted from the use of SGLT2 inhibitors modify the quality of life of person with diabetes towards
improvement. But there is also controversy that SGLT2 inhibitors elicit several unwanted effects like cancer,
bone fracture, amputation risk etc. However, the standardization of this drugs class for the treatment of new
indication can be ensured after thorough investigation with a view to generating sufficient data for better un-
derstanding.

1. Introduction

Common symptoms of diabetes were first observed more than 3500
years ago. Aretaeus of Cappadocia recorded excessive urination, thirst,
and wasting of the flesh and limbs into the urine, this disorder was
named diabetes which means “a flowing through” (Diamant and
Morsink, 2013). T2D afflicts more than 380 million people throughout
the world which is considered as a prominent cause of terminal stage
kidney disease. It also endangers cardiovascular disease by aggravating
relevant risk factors. It is also presumed that a number of patients with
diabetes will die from cardiovascular disease (Gallo et al., 2015). In
T2D glucotoxicity results in apoptosis of β-cells which in turn di-
minishes β-cell mass thus the disease is responsible for reduced gene
transcription, biosynthesis, and supply of insulin (Chao and Henry,
2010). Currently used agents for the treatment of diabetes possess nu-
merous side effects that conceal the benefits from blood glucose low-
ering effects. For instance, gastrointestinal upset is a common side ef-
fect of metformin, glucagonlike peptide-1 (GLP-1) receptor agonists and
dipeptidyl peptidase-4 inhibitors are likely to be associated with nausea
and vomiting. Thiazolidinediones (glitazones) cause edema and weight
gain. Sulphonylurea exacerbates myocardial infarction and heart

failure. Sulphonylurea or insulin may promote hypoglycemia and
weight gain (Gallo et al., 2015; Chao and Henry, 2010). The concept of
SGLT2 inhibitors developed when French chemists separate phlorizin in
1835 from the root bark of the apple tree. This agent caused glycosuria,
normalized both fasting and postprandial glucose level, phlorizin also
restored the insulin resistance activity to normal. But the agent was not
further proceeded due to its propensity for poor intestinal absorption
and prompt β-glucosidase degradation (Chao and Henry, 2010). Re-
cently marketed SGLT2 inhibitors have additional advantages over
conventional agents for treating the condition of T2D. SGLT2 inhibitors
manifested weight loss, renoprotective effects, cardiovascular risk re-
duction, and blood pressure reduction etc (Avogaro et al., 2018). In
contrast, study reported that SGLT2 inhibitors may have a link to
genital infection, cancer, ketoacidosis, acute kidney injury, electrolyte
disorders, lipid metabolism abnormalities, skin reactions, amputation
risk, and bone fractures (Filippas-Ntekouan et al., 2018).

In this review, we tried to put together all the favorable and un-
favorable effects of SGLT2 inhibitors from the up to date published
studies. In addition, we also tried to surmise the attribute of SGLT2
inhibitors that can be extrapolated as future treatment options for
morbidities other than diabetes.
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2. Search methodology

We confined our study search between 2009 and November 2018
with a view to congregating updated information from studies of last
decade. Nonetheless, relatively most recent published works were used
to set up the manuscript. We emphasized on using the information from
various renowned journals like Nature family journals, The lancet, The
New England journal of medicine and rest of the journals are indexed in
either PubMed, Scopus, Sci, Sci Expended or Medline. Primarily, we
used google scholar site for selecting articles according to the order of
relevance, secondarily, sci-hub site was used for downloading the se-
lected articles. Keywords used for searching articles by google scholar
were SGLT2 inhibitors, SGLT2 inhibitors latest update, SGLT2 in-
hibitors and cancer etc. We also looked into the references of down-
loaded articles to import the pertinent information of interest.

3. Promises

All promises of SGLT2 inhibitors are outlined in Fig. 1.

3.1. Antihypertensive effect

Study reported that twenty-seven randomized controlled trials
(RCTs) were conducted involving 12,960 participants to evaluate the
effect of SGLT2 inhibitors on hypertension. This study suggested that
SGLT2 inhibitors markedly decreased both systolic blood pressure
(mean difference, −4.0mm Hg; 95% confidence interval) and diastolic
blood pressure (mean difference, −1.6mm Hg; 95% confidence in-
terval) from baseline (Baker et al., 2014). It is assumed that SGLT2
inhibitors may cause mild osmotic diuresis, this results in increased
urine output backed by diminished reabsorption of water in the kidney
(Basile, 2013). Study also reported that SGLT2 inhibitors displayed a
steadfast small reduction in blood pressure (BP). In patients with dia-
betes, co-transportation of sodium and glucose results in decreased
natriuresis due to enhanced glucose reabsorption in the milieu of the
proximal tubule. Therefore, it is explored that SGLT2 inhibitions cause
a direct natriuretic effect which results in reduced blood pressure
(Garcia-Ropero et al., 2018). Another study reported, the sodium-

hydrogen exchanger (NHE3 isoform) is explicitly abundant in the renal
apical surface, which causes for the maximum sodium reuptake fol-
lowing filtration in the glomerulus. SGLT2 inhibitors have been shown
to inhibit NHE3 to turn natriuretic effects (Packer, 2017).

3.2. Weight loss

Study reported that the 2.5% weight reduction is achieved with
SGLT2 inhibitors in the intensive treatment arm when compared to
control group. Clinical trials conducted on T2D also revealed significant
weight reduction with SGLT2 inhibitors, it showed 1.7 kg or 2.4% re-
duction of weight compared with placebo. Significant weight reduction
is demonstrated during the first week of the treatment with SGLT2 in-
hibitors that may be associated with osmotic diuresis (Van Bommel
et al., 2017; Lambers Heerspink et al., 2013). Loss of glucose facilitated
by SGLT2 inhibitors is also responsible for the reduction of weight loss
(Cefalu and Riddle, 2015). Dual-energy X-ray absorptiometry postu-
lated that the weight reduction was primarily associated with diminu-
tion of fat of the body other than fluid or lean tissue loss (Bolinder et al.,
2014; Madaan et al., 2016).

3.3. Cardiac safety

The EMPA-REG OUTCOME was assumed to be the first trial to
disseminate cardiovascular safety about empagliflozin. This trial de-
monstrated that empagliflozin possessed a notable reduction in all-
cause mortality, mortality due to cardiac disease, and heart failure
hospitalizations compared with placebo (Scheen, 2016a; Zinman et al.,
2015; Fitchett et al., 2016). The CANVAS program conducted with
canagliflozin also revealed a similar cardiovascular benefit to the
EMPA-REG OUTCOME trial but patients, in this case, demonstrated
lesser cardiovascular (CV) risk than those treated with placebo. A meta-
analysis trial conducted with dapagliflozin on 9339 patients demon-
strated multifactorial benefits on CV risk factors (Avogaro et al., 2018;
Sonesson et al., 2016; Neal et al., 2017).

3.4. Renoprotective effect

The EMPA-REG OUTCOME trial attributed that empagliflozin de-
creased the advancement of the renal disease. 44% significant risk re-
duction was conceded for doubling serum creatinine level on the other
hand 55% significant risk reduction was achieved for want of kidney-
replacement treatment in the empagliflozin treated group when com-
pared with group of placebo. Patients treated with empagliflozin group
also manifested lower risk of occurring microalbuminuria (Garcia-
Ropero et al., 2018; Wanner et al., 2016). The CANVAS program
showed associated benefit possibly derived from the use of canagliflozin
against the advancement of albuminuria (hazard ratio, 0.73; 95% CI,
0.67 to 0.79) and the combined effect of a continuous 40% decrease in
the calculated glomerular filtration rate, the necessity for kidney-re-
placement therapy, or death from kidney related causes (hazard ratio,
0.60; 95% CI, 0.47 to 0.77). The cross-over trial that adopted post hoc
analysis reported that dapagliflozin contributed to decrease in albu-
minuria by 44% (95% CI, 30.3%–54.8%) (Garcia-Ropero et al., 2018).

3.5. Improvement of pancreatic β-cell function

A 4-week pilot study investigated β-cell function after the therapy
conducted with a SGLT2 inhibitor, ipragliflozin in Japanese individuals
predisposed with T2D. The disposition index elevated meaningfully
both at 4 weeks (p < 0.001) and 5 weeks (p=0.008) compared to
baseline. Study concluded that disposition index derived from an oral
glucose tolerance test (OGTT) was significantly developed after treat-
ment for four-weeks with ipragliflozin in Japanese people enduring
T2D. Study also reported that the uplift of β-cell performance achieved
by a single starting dose equivalent to that achieved after 28-day

Fig. 1. Schematic presentation showing all the favorable effects of SGLT2 in-
hibitors and signs indicate the increase and decrease of the mentioned term
or state respectively.
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chronic treatment (Takahara et al., 2015). Deletion of SGLT2 in hy-
perglycemic db/db mice resulted in improved function of pancreatic β-
cell. It contributed to 60% rise in β-cell mass and reduction in β-cell
death (Jurczak et al., 2011).

3.6. Reduction of serum uric acid (SUA)

Study reported that SGLT2 inhibitors abate the serum uric acid
(SUA) level. To expatiate the process involved in reduction, SUA and
the urinary excretion rate of uric acid (UEUA) were examined following
the oral route ingestion of luseogliflozin, a SGLT2 inhibitor, to healthy
subjects. Analysis revealed a decrease in SUA, and a negative connec-
tion was noticed between the SUA level and the UEUA. Study suggested
that SUA declined as a result of the rise in the UEUA (Chino et al., 2014).
Hyperuricaemia contributed to the development of gout, stones in the
kidney and cardiovascular disease. The post hoc investigation of pooled
data derived from phase III studies that linked four placebo-controlled
groups explored the effect of SGLT2 inhibitor canagliflozin on SUA le-
vels in patients predisposed with T2DM and in a subset of patients
suffering from hyperuricaemia. At week 26, canagliflozin 100 and
300mg demonstrated a ∼13% recrease in serum uric acid compared
with placebo. Majority of patients in the hyperuricaemic group
achieved a serum uric acid level of< 360 μmol/l (∼6mg/dl) with both
canagliflozin 100mg (23.5%) and 300mg (32.4%) compared with
placebo (3.1%) (Davies et al., 2015). Tofogliflozin, a sodium glucose co-
transporter 2 inhibitor significantly decreased SUA level in patients
with moderate HbA1c levels (Ouchi et al., 2018).

3.7. Lipid lowering effect

Canagliflozin caused a mean 8% increment in plasma levels of low-
density lipoprotein (LDL) cholesterol compared with placebo. However,
this negative role was compensated by other beneficial lipid lowering
effects, such as raise in high-density lipoprotein (HDL) cholesterol and
reduction in triglycerides (TG) (Scheen, 2016b). Treatment with da-
pagliflozin also contributed to increase in total cholesterol and HDL-
cholesterol and a reduction in triglycerides (Basile, 2013). SGLT2 in-
hibitors revealed a small increase in plasma LDL and HDL cholesterol
and a decreased in plasma TG. The ratio between LDL and HDL was
found unchanged. The mechanism that SGLT2 inhibitors deploy for
contributing to these changes in lipid is not clearly understood (Abdul-
Ghani et al., 2016).

3.8. Amelioration of hepatic diseases

Study demonstrated that the luseogliflozin, a SGLT2 inhibitor
ameliorated the conditions aggravated by the development of non-al-
coholic steatohepatitis (NASH). Treatment with luseogliflozin atte-
nuated hepatic weight enhancement with lipid accumulation and in-
crease in serum alanine aminotransferase in mice pretreated with
nicotinamide and streptozotocin (NA/STZ) (Qiang et al., 2015). The
effect of ipragliflozin was evaluated on choline-deficient L-amino acid-
defined (CDAA) induced NAFLD in mice, the rats showed hepatic tri-
glyceride (TG) accumulation, mild inflammation and fibrosis five weeks
after feeding. Ipragliflozin was found to exert preventive activity on
liver fibrosis which was evident by a noticeable decrease in fibrosis
score and content of hydroxyproline. Study concluded that ipragliflozin
obstructed the fibrosis and hepatic TG accumulation in CDAA-diet rats
(Hayashizaki-Someya et al., 2015). An eight-week treatment with ca-
nagliflozin attenuated hepatic steatosis in Western diet fed melano-
cortin 4 receptor-deficient (WD-fed MC4R-KO) mice. But the same
treatment after 20 weeks resulted in the devolution of fibrotic liver in
WD-fed MC4R-KO mice. After a year the treatment with canagliflozin
significantly lessened the count of abnormal liver growth in WD-fed
MC4R-KO mice (Shiba et al., 2018). Canagliflozin has been found to
decrease serum alanine aminotransferase (ALT), aspartate

aminotransferase (AST), alkaline phosphatase (AP) and γ-glutamyl
transferase (Leiter et al., 2016).

3.9. Effectiveness in cancer

Canagliflozin was found to obstruct proliferation of cells and clo-
nogenic survival in prostate and lung cancers. It was effective when
used alone or combined with ionizing radiation and chemotherapeutic
agent (Villani et al., 2016).

4. Perils

This part cited all the potential unwanted effects resulted from the
use of SGLT2 inhibitors in various scientific studies.

4.1. Ketoacidosis

Study reported that euglycemic ketoacidosis might occur frequently
in individuals with diabetes and received treatment with SGLT2 in-
hibitors. 13 occurrence of ketoacidosis were linked to mild hypergly-
cemia or normoglycemia in nine subjects who received treatment with
the SGLT2 inhibitor canagliflozin. Seven among these nine subjects,
who displayed 11 incidences of ketoacidosis, had type 1 diabetes mel-
litus (Peters et al., 2015). Study also revealed two cases of euglycemic
ketoacidosis in subjects with T2D and who were receiving treatment
with the SGLT2 inhibitor dapagliflozin (Hine et al., 2015). Depending
on 28 reported cases of ketoacidosis in July 2015 in Japan, manu-
facturers revealed the postmarketing reports concerning adverse events
of six SGLT2 inhibitors (ipragliflozin, dapagliflozin, luseogliflozin, to-
fogliflozin, canagliflozin, and empagliflozin) during their tenure in the
market (Ogawa and Sakaguchi, 2016). Ketoacidosis in diabetes is likely
to occur in various conditions like T2D, during retardation of insulin
dose, severe acute illness, dehydration, surgery, extensive exercise, low-
carbohydrate diets, or excessive alcohol intake etc (Goldenberg et al.,
2016).

4.2. Risk of cancer

A meta-analysis consists of 46 randomized controlled trials (RCTs)
reported 80- cancer cases among 34,569 individuals with T2D. Study
also stated that SGLT2 inhibitors were not associated with overall
cancer risk during study period. SGLT2 inhibitors might increase the
risk of cancer in obese patients with BMI ≥30 kg/m2. It was reported
that empagliflozin might increase the bladder cancer risk, although it
was not clearly confirmed (Tang et al., 2017). The carcinogenic potency
of canagliflozin can be attributed by the presence of testicular tumors,
pheochromocytomas and renal tubular tumors in rat models (De Jonghe
et al., 2014).

4.3. Risk of infection

Systematic review along with meta-analysis assessed the impact of
SGLT2 inhibitors upon genital infections and urinary tract infections
(UTIs) in T2D patients. In 77 randomized controlled trials (RCTs) there
was no significant deviation in UTIs between SGLT2 inhibitors and
control, risk ratio (RR) 1.05, (95% CI, 0.98 to 1.12) but SGLT2 in-
hibitors showed the increased risk of genital infections, (RR 3.30, 95%
CI, 2.74 to 3.99) (Liu et al., 2017).

4.4. Bone fractures

SGLT2 inhibitors have the potential to change calcium and phos-
phate homeostasis and thereby increase bone fracture risk (Scheen,
2016b). A pooled analysis reported that there was a roughly 30% in-
crease in bone fractures among patients received canagliflozin in eight
clinical trials conducted for 68 weeks. 9.4% and 6.0% incidences of
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bone fracture were accompanied by treatment of 10mg and 5mg da-
pagliflozin respectively after 104 weeks of follow-up (Taylor et al.,
2015).

4.5. Hypoglycemia

Hypoglycemia is manifested when SGLT2 inhibitors are adminis-
tered along with sulfonylureas but is not likely to occur with metformin
or insulin. Hypoglycemia is not an event of SGLT2 inhibitors as a drug
class (Filippas-Ntekouan et al., 2018). But empagliflozin may induce
hypoglycemia if combined with sulfonylurea or insulin (Reddy and
Inzucchi, 2016).

4.6. Electrolyte imbalance

SGLT2 inhibitors contributed to small rise in serum concentrations
of magnesium, potassium and phosphorus. Recently published CANVAS
trial suggested that small increase in serum phosphorus may have
contribution for the reduction of bone density and thereby bone frac-
ture. Nonetheless, recent meta-analyses did not relate the impact of
SGLT2 inhibitors to bone fractures (Filippatos et al., 2018).

4.7. Risk of amputations

The CANVAS trial programme showed that canagliflozin unlike
dapagliflozin or empagliflozin increased the risk of amputations by two
times. Among 66 adverse event reports analyzed by FDA up to March
31, 2017, canagliflozin was responsible for the 57 or 86% adverse
events (Fadini and Avogaro, 2017). Among affected patients 71%
showed the amputation risks at toe or metatarsal levels. This risk was
higher in patients with predisposition of peripheral vascular disease or
in individuals who carried history of an antecedent amputation (Neal
et al., 2017). Studies clarified that the fact of amputation is related to
the use of canagliflozin only. The process of pathogenicity is not clearly
understood. So it should not be considered as the class effect of SGLT2
inhibitors (Monami et al., 2017).

4.8. Acute kidney injury (AKI)

FDA received 100 reports about acute kidney injury (AKI) cases as
of October 2015 those were found to have link to the use of SGLT2
inhibitors. Majority of patients recovered from AKI, 11 of them devel-
oped chronic kidney disease and four became deceased. It is suggested
to withstand the use of these medicaments in patients who are dehy-
drated, receiving treatment with NSAIDs or radiocontrast agents. The
mechanism involved in the process of renal injury with SGLT2 inhibi-
tion is not clearly understood. However, increase in uric acid in urine
both by crystal-dependent and crystal-independent mechanisms and
activation of the gene that encodes aldose reductase are indicated
(Hahn et al., 2016). Although one recent study reported that there is
there is no evidence for an enhanced risk of AKI with the use of SGLT2
inhibitors. In addition, canagliflozin and dapagliflozin, is likely to be
hazardous for the high-risk population and AKI is not related to any
inherent nephrotoxicity of SGLT2 inhibitors (Nadkarni et al., 2017).

4.9. Skin related events

Serious generalized rash, erythema, urticarial, eczema drug erup-
tion were likely to be seen within 2 weeks of SGLT2 inhibitors ad-
ministration. Animal study suggested that ipragliflozin possessed higher
risk for skin reaction, it might be due to excessive accumulation of
ipragliflozin and its metabolites in skin (Yabe et al., 2015). A case re-
port revealed the development of severe pruritus during the treatment
accompanying canagliflozin. Inception of treatment with pioglitazone/
metformin fixed combination and cessation of canagliflozin helped re-
mission of pruritus (Vasapollo et al., 2018).

5. New treatment possibilities

Fig. 2 represents the new treatment possibilities with SGLT2 in-
hibitors.

5.1. Treatment of heart failure (HF)

The number of agents those lower glucose in plasma for treating
patients with coexistence of diabetes and heart failure are very narrow.
Glucose lowering medications with favorable impact on heart failure
are elusive rather few may have noxious impact on the condition
(Fitchett et al., 2016). SGLT2 inhibitor empagliflozin could reduce the
CVD risk by providing hemodynamic effects than metabolic effects.
Primary major cardiac events like CV death, nonfatal heart attack and
nonfatal stroke were minimized by 14% with the treatment of empa-
gliflozin. Empagliflozin also contributed to 35% reduction in hospita-
lization due to heart failure. It can be an opportunity to assess the drug
in individuals with reduced left ventricle (LV) function or congestive
heart failure (CHF) with or without diabetes (Abdul-Ghani et al., 2016).
Currently EMPATROPISM trial is evaluating the efficacy as well as
safety concern of empagliflozin in individuals without diabetes. If the
result becomes promising, it can be considered for the treatment of
heart failure independent of diabetes (Garcia-Ropero et al., 2018). SGLT
2 inhibitors cause very lower level of hypoglycemia, it can benefit the
patients with heart failure (HF) in the absence of diabetes because they
lessen plasma volume expansion, ameliorate natriuretic and diuretic
processes and shift cardiac metabolism towards favorable effects
(Martens et al., 2017).

5.2. Treatment of hypertension

Study data suggests that SGLT2 inhibitors possess remarkable re-
duction in blood pressure, although the actual mechanism is not clearly
elucidated (Maliha and Townsend, 2015). Although SGLT2 inhibitors
have not been approved for hypertension, these agents may help
achieve BP goal within 7–10mm Hg (Oliva and Bakris, 2014).

A 12 week study demonstrated that 25mg dose of empagliflozin
contributed to the 24 h reduction of systolic and diastolic BP, 4/2mm
Hg than placebo. There are many possible mechanisms adopted by
SGLT2 inhibitors to cause antihypertensive effects e.g. osmotic diuresis,

Fig. 2. Schematic presentation showing new treatment possibilities with SGLT2
inhibitors.
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mild natriuresis, weight loss and nitric oxide release (Majewski and
Bakris, 2015). Studies consistently showed that canagliflozin had po-
sitive effects on BP including one study that revealed improvement in
hypertensive condition irrespective of the presence or absence of other
antihypertensive medicaments like ARB, ACE inhibitor, and/or diure-
tics (Townsend et al., 2016). Ongoing researches related the mechanism
of SGLT2 inhibitors with the pathophysiology of nephropathy in pa-
tients with diabetes and diabetes-related hypertension, they also allude
for the novel drug target for the treatment of hypertensive conditions
(Martens et al., 2017).

5.3. Treatment of chronic kidney disease (CKD)

Chronic kidney disease (CKD) is generally based on the estimation
of the glomerular filtration rate (eGFR) and is being diagnosed by a
reduction of GFR by 40% for more than 3 months. Study on people with
T2D and CKD with SGLT2 inhibitor canagliflozin showed an acute re-
duction in eGFR with subsequent eGFR stabilization. This effect was
related to the significant and dose-dependant reduction in albuminuria
(Breyer and Susztak, 2016). SGLT2 inhibitors are effective in mitigating
renal hyperfiltration and consequently restrict the progression of
chronic kidney disease (CKD). In addition, SGLT2 inhibitors reduce
intraglomerular pressure, hypertension and uric acid levels which are
potentially beneficial for patients with CKD without diabetes (Zanoli
et al., 2015).

5.4. Treatment of nonalcoholic steatohepatitis (NASH)

Nonalcoholic steatohepatitis (NASH) has been a global burden.
Amylin liver NASH model (AMLN) mice represent various features of
human NASH like steatosis, inflammation, liver fibrosis, obesity and
insulin resistance. Ipragliflozin, a SGLT2 inhibitor improved pathogenic
condition by reducing insulin resistance and lipotoxicity (Honda et al.,
2016). Empagliflozin alone or in combination with linagliptin inter-
venes the development of NASH and possesses anti-steatotic and anti-
inflammatory effects (Jojima et al., 2016). Study clearly demonstrated
that SGLT2 inhibitors including luseogliflozin showed favorable effects
on NASH accompanying diabetes mellitus. This study concluded that
the therapeutic benefit of SGLT2 inhibitors may be exploited for the
treatment of NASH in human suffering from T2D (Qiang et al., 2015).

5.5. Treatment of obesity

SGLT2 inhibitors, enhance glycosuria by inhibiting glucose re-
absorption in the renal proximal tubule. Consequently they accelerate
urinary glucose excretion and ameliorate hyperglycemic condition.
These drugs have the ability to reduce 300–400 kcals energy per day
(Kusminski et al., 2016). Chronic administration of dapagliflozin in
mice dose-dependently increased the hyperphagia but reduced the body
weight by 4% at highest dose compared with control. But if the hy-
perphagia was prevented it could result in 9% weight reduction
(Devenny et al., 2012).

6. Discussion and conclusion

Risk and benefit estimation and evaluation are very important for
any novel drug class. Because it is indicative to the safety concern that
ultimately plays role for the acceptance and consequently establishment
of novel drugs by conventional health care setting. Ideally SGLT2 in-
hibitors are a type of medications that are designed to barrier un-
controlled glucose reabsorption in the proximal convoluted tube of the
kidney. SGLT2 inhibitors offers a number of clinically meaningful
benefits (pleiotropic effects) in patients with T2D. An ideal medicament
for diabetes mellitus should sustain the blood glucose level within the
normal body range at the same time it should attenuate the group of
hazards that a patient with diabetes pass through in real life. Various

studies have cleared that SGLT2 inhibitors have favorable effects on CV
and renal system in individuals with T2D. At the same time, there are
also some drawbacks that exist with the use of these novel drugs. On the
other hand, any individual severe effect of any of these molecules
cannot be considered as a class or core effect. In fact, all members of
SGLT2 inhibitors generally do not possess identical form of effects
under similar study conditions. Alongside any specific SGLT2 inhibitor
that has undesirable effect in any particular state may produce favor-
able effect in another state. The fact of bone fracture is more pro-
nounced with the treatment of canagliflozin and dapagliflozin and ca-
nagliflozin also aggravate the risk of amputation. On the other side the
CANVAS program and EMPA-REG OUTCOME trial have expressed that
canagliflozin has favorable CV effects. Likewise EMPA-REG OUTCOME
trial also revealed that empagliflozin contributed to favorable effects on
CV outcome. But empagliflozin may have link to the bladder cancer
progression although the issue is not clearly elucidated.

Each of the SGLT2 inhibitors has their individual advantages and
disadvantages and drug from this class should be selected for any in-
dividual depending on various adjoining factors related to patients with
diabetes e.g. status of complications other than diabetes, physiological
status, sex etc. As per literature review seemingly SGLT2 inhibitors have
the propensity for developing new treatment options for ailments be-
yond diabetes including heart failure, chronic kidney disease, steato-
hepatitis, hypertension and obesity. It is critical to conjecture the im-
pact of SGLT2 inhibitors on the course of cancer and gout due to lack of
suitable data. In addition, the issue of cancer is yet to be solved because
study resulted in ambivalent outcome in different cases. Link of SGLT2
inhibitors to cancer can be defined after conducting studies for long
period of time involving large sample size. Moreover, hyperuricemia
may contribute to the development of gout but there are many other
factors e.g. obesity, sex, age, family history, diet etc. those may have
strong relationship for the development of gout. Perhaps there are more
other options that may effectively target gout. Besides, almost 70% uric
acid is excreted into urine and the excretion of uric acid is primarily
rely on the performance or function of the kidney. However, rigorous
and in depth investigations are essential to support and ascertain the
use of SGLT2 inhibitors in any of the above mentioned novel indica-
tions.
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