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INTRODUCTION 

The estimated total prevalence of type-2 diabetes in India 

in 2017 was 8.8%, with approximately 7.2 million cases.1 

Type-2 diabetes mellitus (T2DM) is a chronic progressive 

disease characterized by hyperglycemia that results from 

insulin resistance, diminished or absent insulin secretion, 

or both. Morbidity and mortality associated with diabetes 

are high, resulting from a spectrum of complications, 

primarily cardiovascular disease and nephropathy.2 

Glucose-lowering therapies with insulin-dependent 

mechanisms of action loose efficacy over time as both the 

endogenous insulin secretion and insulin sensitivity 

decrease. Critical issues encountered in the management 

of diabetes are hypoglycemia and weight gain. These 

issues are pertinent specifically to the cardio vascular 

disease afflicted and obese patients, who comprise the 

largest subgroup population suffering from diabetes.3 
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are 

the most recent class of anti-hyperglycemic agents to be 

awarded with the Food and Drug Administration (FDA) 

approval. SGLT-2 inhibitors function through a novel 

mechanism of reducing renal tubular glucose 

reabsorption, producing a reduction in blood glucose 

without stimulating insulin release.4 Other benefits may 

include favorable effects on blood pressure and weight. 

This benefit, coupled with significant glycemic and non-
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ABSTRACT 

Management of type-2 diabetes mellitus (T2DM) is challenging. The scope of existing therapies toward T2DM has 

transformed remarkably. These large assortments of therapies have produced evidence-based data. Sodium-glucose 

cotransporter-2 inhibitor (SGLT-2i) is the most recent class of oral anti-hyperglycemic agents. They are approved by 

Food and Drug Administration for the treatment of diabetes mellitus. SGLT-2i has a unique mechanism of action and 

that lower glucose independent of insulin. They reduce renal tubular glucose reabsorption, thereby lowering blood 

glucose without stimulating the release of insulin. Additional advantages involve suitable effects on blood pressure 
and weight. According to guidelines of the American Association of Clinical Endocrinologists/ the American College 

of Endocrinology 2016, SGLT-2i (in the form of canagliflozin, dapagliflozin, and empagliflozin) is one of the 

acceptable alternatives to metformin as initial therapy towards T2DM. Canagliflozin, dapagliflozin, and empagliflozin 

reduce the cardiovascular risk in comparison to placebo as the part of standard care. This review article focuses on the 

clinical trials published over the past year and specifically the metabolic aspect of SGLT-2i and the adverse effects 

related to SGLT-2 inhibitors. 
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glycemic effects that include modest weight loss and an 

incidence of hypoglycemia similar to metformin, 

dipeptidyl peptidase-4 inhibitors (DPP-4i), glucagon-like 

peptide-1 receptor agonists (GLP-1 RA), and 

thiazolidinediones makes the SGLT-2 class of 
medications an essential option for type-2 diabetes 

mellitus (T2DM) as an alternative to metformin or as part 

of dual and triple therapy. The scope of this review will 

focus on clinical trials published over the past year and 

especially the metabolic impact of this class of 

medication, the remarkable results of clinical safety trials, 

and the adverse effects associated with these SGLT-2 

inhibitors. 

MODE OF ACTION AND CLINICAL 

PHARMACOLOGY 

SGLT-2 inhibitors work by inhibiting SGLT-2 in the 

proximal convoluted tubule (PCT). SGLT-2 also prevents 
the reabsorption of glucose. This causes the excertion of 

glucose, which in turn causes improvement in most of the 

glycemic parameters.4 

Dapagliflozin is approved as a 10 mg once-daily drug, as 

monotherapy, or in combination with dipeptidyl 

peptidase-4 (DPP-4) inhibitors, sulfonylurea (SU), 

metformin, and/or insulin. Upon oral administration, this 

drug is promptly metabolized attaining the peak 

concentration in plasma within 2 hours. Dapagliflozin 

exhibit good measure (around 78%) of oral 

bioavailability. The enzyme uridine diphosphate-
glucuronosyltransferase (UGT) plays key role in the 

hepatic and renal metabolism of dapagliflozin. This drug 

has been approved for prescribtion alone for use by 

diabetic patients who cannot safely consume metformin or 

have intolerance towards metformin.5 

The oral bioavailiblity for canagliflozin is around 65%. 

The peak plasma concentration of canagliflozin is 

achieved between 1 to 2 hours upon its oral 

administration. Whereas, canagliflozin takes around four 

to five days to achieve steady state. Two enzymes i.e. 

UGT1A9 and UGT2B4 perform key role in the 

metabolism of canagliflozin. Both the enzymes undertake 
the process of glucuronidation for metabolism of 

canagliflozin. The dosage regimen of canagliflozin begins 

with 100 mg daily before the first meal of the day. In few 

diabetic patients showing inadequate response against the 

initial dose, the dosage of canagliflozin can be increased 

(up to 300 mg). In such cases, it is essential to maintain 

their renal parameters within the normal limits.6 

Empagliflozin take six days to achieve the steady state. 

However, the peak plasma concentrations can be achieved 

between 1.33 to 3 hours upon its oral administration.7 

Study by Hershon reported dose-dependent glycated 
hemoglobin reduction, upon the empagliflozin 

monotherapy regimen. This drug can be administered in 

once-daily frequency and with no relation to the meal 

timings.8  

GLYCEMIC EFFECTS OF SGLT-2 INHIBITORS 

IN T2DM SUBJECTS 

The glucose-lowering effect of SGLT-2 inhibitors is 

modest but comparable to other classes of oral 
antidiabetic medications. In placebo/active-controlled 
randomized trials, SGLT-2 inhibitors induced a mean 

reduction in glycated hemoglobin (HbA1c) of ∼0.7% 
(ranging from 0.4% to 1.1%, depending on the baseline 
HbA1c). In these studies, the SGLT-2 inhibitor was used 
either as monotherapy or in combination with metformin, 
sulfonylureas, pioglitazone, sitagliptin, and/or insulin. In a 
meta-analysis of randomized controlled trials (RCTs) 
comparing SGLT-2 inhibitors with placebo (45 studies, 
n=11,232), SGLT-2 induced a mean reduction of 0.66% 
in HbA1c [95% confidence interval (CI) -0.73% to - 
0.58%]; this effect was similar in magnitude across the 
individual studies, where diverse background therapies 
were used. In addition, when compared with active 
comparators (including metformin, sulfonylurea, and 
sitagliptin) as either monotherapy or add-on treatment (13 
studies, n=5,175), SGLT-2 inhibitors also had a favorable 
effect in lowering HbA1c [-0.06% (95% CI-0.18% to -
0.05%)].9 A meta-analysis of 12 RCTs comparing SGLT-
2 inhibitors with incretins showed significant reductions 
in HbA1c (SMD -0.22; 95% CI:-0.30, -0.14; p=0.000) 
and fasting plasma glucose (SMD-0.48; 95% CI: -0.56, -
0.41; p=0.000) with SGLT-2 inhibitors as compared to 
DPP-4 inhibitors.10 In addition, these reductions increased 
with a prolonged treatment duration from 12 to 78 weeks. 
A study by Cherukuri et al showed approximately 6 to 8 
years duration of effect for the SGLT-2 inhibitors before 
the A1c returns to baseline and, it appears to be a better 
choice over other antidiabetic medications.11 In a 24-week 
parallel-group, double-blind, placebo-controlled trial with 
patients on metformin (n=546), dapagliflozin significantly 
improved glycemic control with mean HbA1c changes of 
-0.3% with placebo, -0.67% with 5 mg, -0.7% with 10 
mg.12 In another 26-week randomized, double-blind, four-
arm, parallel-group study in which patients on metformin 
were given placebo, sitagliptin 100 mg, or canagliflozin 
100 mg or 300 mg, those given canagliflozin (100 and 
300 mg) had reduced HbA1c vs. placebo (-0.79, -0.94, 
and -0.17%, respectively). In a follow-up at week 52, 
patients are given canagliflozin 100 mg, and 300 mg 
demonstrated non-inferiority, and canaglifloz in 300 mg 
demonstrated superiority to sitagliptin in lowering HbA1c 
(-0.73, -0.88, and -0.73%, respectively).13 Canagliflozin 
provides glycaemic control, bodyweight reduction, and 
good tolerability in Indian patients with T2DM similar to 
that seen in patient populations across the world. 
Canagliflozin acts as an effective therapeutic option for 
patients with T2DM in India who may be on a range of 
background therapies. 

A meta-analysis involving five trials and 4300 
participants reported no significant reduction in changes 
in HbA1c with SGLT-2 inhibitors as compared with SUs 
(mean difference [MD] - 0.06; 95% confidence interval 
[CI] [- 0.12, 0.08]).14 Incidentally, the recent study (2019) 
undertaken by Chen et al, reported reduced incidence of 
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hypoglycemia in its study population as a consequence of 
using SGLT-2 inhibitors as an add-on to metformin. This 
observation was supported by statistical inputs in the form 
of odds ratio [OR] 0.12; 95% CI [0.07, 0.21]. Further, this 
study concluded net weight reduction of around 3.5 kg in 
its study population as a consequence of using SGLT-2 
inhibitors as an add-on to metformin.15  

Regarding the anti-hyperglycemic potency of specific 
SGLT-2 inhibitors, there is a lack of head-to-head RCTs 
comparing the available SGLT-2 inhibitors. Indirect 
estimates have been obtained from network meta-
analyses. Network analyses comparing canagliflozin, 
dapagliflozin, and empagliflozin found a tendency toward 
greater glucose-lowering efficacy of higher doses of 
canagliflozin over dapagliflozin and empagliflozin, 
respectively. Specifically, canagliflozin 300 mg reduced 
HbA1c more than other SGLT-2 inhibitors, with the mean 
difference ranging from 0.20% to 0.64%. However, the 
significance of these small differences between the 
SGLT-2 inhibitors is likely not clinically relevant. In 
diabetic patients with inadequately controlled glucose 
regulation despite high-dose insulin therapy, dapagliflozin 
may be an alternative combination choice to decrease the 
need for insulin dose and obtain an optimal HbA1c, 
fasting plasma glucose levels and weight without 
significant side effects. 

EFFECTS OF SGLT INHIBITORS ON BODY 

WEIGHT 

Obesity and particularly visceral or abdominal obesity is 

associated with diabetes, insulin resistance, metabolic 

syndrome, and increased cardiovascular risk. Weight gain 

is a side effect of insulin therapy, sulfonylureas, and 

thiazolidinediones, whereas metformin and DPP-4 

inhibitors are weight neutral. While, the GLP-1 agonists 

(most commonly the liraglutide and exenatide) are related 

with weight loss. Post-hoc pooled analysis of 10 RCTs 

involving the use of dapagliflozin in patients with T2DM 

(n=5,163) reported a significant weight loss across all 

baseline BMI categories (including those with BMI of 

18.5 to <25 kg/m2 by Lee et al.16 A recent meta-analysis 
by Wang et al. showed greater reductions in body weight 

(SMD -0.72; 95% CI: -0.81, -0.63; p=0.000) after the use 

of SGLT-2 inhibitors as compared to DPP-4 inhibitors.12 

According to the results of the randomized controlled trial 

(2018) undertaken by Perna et al, the cognitive status of 

their study population remained same after the 

combination therapy of SGLT-2 inhibitors and incretins 

for a period of 1 year. This therapy resulted in elevated 

levels of high-density lipoprotein cholesterol (+5.73 

mg/dl; p<0.01). Additionally, this combination therapy 

caused net reduction in both the body weight (close to 2 

kg; p<0.05) and BMI (-0.69 kg/m2; p<0.05).17  

CARDIOVASCULAR DISEASE SAFETY 

The impact of glucose-lowering therapy on cardiovascular 

(CV) disease in T2DM has been controversial, with some 

reports yielding conflicting and even paradoxical findings. 

In response to this ongoing discussion, in 2008, the US 

FDA issued guidance for industry that mandated the 

demonstration of CV safety in the licensing of any new 

glucose-lowering drugs. The FDA required that, for a new 
medication for the treatment of T2DM, clinical trials in 

the drug development program must rule out unacceptable 

CV risk for a composite endpoint of major adverse CV 

events (MACE), comprising (at minimum) CV death, 

non-fatal myocardial infarction, and non-fatal stroke. 

This FDA guidance has launched a new era of dedicated 

CV trials in T2DM, which are of great interest and 

clinical relevance as CV disease is the leading cause of 

death in individuals with T2DM. The SGLT-2 

empagliflozin and canagliflozin have now been shown to 

reduce cardiovascular morbidity and mortality in patients 

with T2DM and a high cardiovascular risk, according to 
two landmark RCTs (EMPA-REG outcome and canvas); 

furthermore, there are beneficial renal effects with a 

reduction of albuminuria. The ongoing DECLARE-TIMI 

58 and VERTIS cardiovascular RCTs, due for completion 

in 2019, are exploring the possible cardiovascular benefits 

and safety of dapagliflozin and ertugliflozin, respectively. 

According to a network meta-analysis of 73 randomized 
clinical trials reporting cardiovascular risk with oral anti-
hyperglycemic drugs in 101,183 patients, the relative 
risks of all-cause and cardiovascular mortality with 
SGLT-2 inhibitors were lower than with placebo, 
metformin, thiazolidinediones, or DPP-4i.18  

In 2019, a systematic review and network meta-analysis 
by Grenet involved around 175,966 patients and 34 trials 
(from 1970 to 2018). This review compared the effects of 
old and new hypoglycemic drugs in T2D, on major 
adverse cardiovascular events (MACE) and mortality. Out 
of these 34 trials, fifty percent trails included major 
population of patients with previous cardiovascular 
history. This recent systematic review summarized that in 
comparison to the study controls, the SGLT-2 inhibitors 
were related with a reduced risk of overall mortality. The 
statistical representation is done by OR=0.84 [95% CrI: 
0.74; 0.95]). And, the combination of SGLT-2 inhibitors 
with GLP-1 agonists was associated with a reduced risk 
of major adverse cardiac events. This observation was 
supported by statistical inputs in the form of odds ratio 
(OR=0.89 [95% CrI: 0.81; 0.98] and OR=0.88 [95% CrI: 
0.81; 0.95], respectively). Further, in comparison to the 
DPP-4 inhibitors, SGLT-2 inhibitors showed reduced risk 
of overall mortality. The statistical representation is done 
by OR=0.82 [95% CrI: 0.69; 0.98].19 

A network meta-analysis of 171,253 participants from 91 

randomized controlled trials assessing the comparative 

effect of these anti-diabetic agents on heart failure 
outcomes reported that, SGLT-2 were significantly 

superior to insulin (OR: 0.75, 95% CI 0.62-0.91), 

dipeptidyl peptidase 4 inhibitors (OR: 0.68, 95% CI 0.59-

0.78), GLP-1 RA (OR: 0.65, 95% CI 0.54-0.78), and 

thiazolidinediones (OR: 0.46, 95% CI 0.27-0.77) in terms 
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of heart failure risk. Furthermore, in an exploratory 

analysis among subjects with underlying heart failure or 

at risk of heart failure, the superiority of SGLT-2 was still 

significant.20 

EFFECTS OF SGLT INHIBITORS ON BLOOD 

PRESSURE 

Anti-hypertensive therapies are useful for majority of 

patients suffering from T2DM. Anti-hypertensive 

therapies regulate their blood pressure within the normal 

limits (<140/90 mmHg). 

The increased urinary glucose excretion caused by SGLT-

2 inhibitors cause osmotic diuresis and increased urinary 

frequency. This results in clinically significant blood 

pressure lowering, with a systolic BP reduction of ∼2.5 

mm Hg and diastolic BP reduction of ∼1.5 mm Hg. 
Similarly, the study composing of 12 placebo studies 

reveal that the dapagliflozin treatment (10 mg daily) 

reduced diastolic blood pressure by 0.5 mmHg and 

systolic blood pressure by 4.4 mmHg as compared to the 

placebo group at 24th week study period.21  

A recent meta-analysis compared SGLT-2 inhibitors and 

DPP-4 inhibitors as second-line drugs in patients with 

type 2 diabetes found significant reduction in SBP (SMD 

-0.30; 95% CI: -0.35, -0.25; p=0.000), and DBP (SMD -

0.26; 95% CI: -0.33, -0.20; p=0.000) with SGLT-2i.12 The 

BP-lowering effect is unique for this anti-diabetic 

medication and possibly contributes to its observed cardio 
protective effect. Interestingly, clinical studies 

demonstrated that SGLT-2 inhibition is not associated 

with an increase in heart rate, despite this consistent drop 

in BP (tentolouris, 2019). This may represent an 

inhibitory effect on the usual baroreflex-mediated 

increase in sympathetic tone that accompanies a decrease 

in BP.22 In 2019, a meta-analysis by Piperidou reported 

that SGLT-2 inhibitors reduced systolic and diastolic 

blood pressure by 4.43 mmHg (95% CI -5.24 to -3.63) and 

1.81 mmHg (95% CI -2.38 to -1.23), respectively.23 

The factors of the empagliflozin-stimulated improvement 

of vascular parameters of arterial stiffness include 

variation in both systolic 24-h ambulatory blood pressure 

and high-sensitivity C-reactive protein, and, gender and 

age of the patient. On the other hand, factors measuring 

the variation in glucose metabolism and its volume 

revealed meager impact. This meta-analysis shows 

that SGLT-2 inhibitors provoke an average reduction of 

systolic/diastolic BP 3.62/1.70 mmHg in 24-h ambulatory 

BP. This BP-lowering effect remains unmodified 

regardless of the dose of SGLT-2 inhibitor and is 

comparable with BP-lowering efficacy of low-dose 

hydrochlorothiazide.24 

EFFECTS ON LIPID LEVELS 

The treatments with SGLT2 inhibitors decrease 

triglyceride levels and increase high-density lipoprotein 

(HDL)-cholesterol levels. The meta-analysis published by 

Storgaard et al investigated the influence of several 

SGLT-2 inhibitors on serum lipids.25 The results of this 

investigation revealed an increment of levels of high-

density lipoprotein-C (n=4,698, mean difference 1.93 
mg/dl) and low-density lipoprotein-C (n=5,431, mean 

difference 3.5 mg/dl) in comparison to the placebo. This 

study also reported a depreciation in the levels of 

triglyceride levels (n=4,704, mean difference 7.8 mg/dl) 

in patients treated with SGLT-2 inhibitors. Canagliflozin 

was associated with the largest effects on serum lipids. 

Finally, in the same analysis, SGLT-2 inhibitors increased 

both HDL-C and LDL-C compared with other oral 

antidiabetic drugs (such as sulfonylureas and DPP4 

inhibitors), although triglycerides were not significantly 

decreased.25 Another meta-analysis compared SGLT-2 

inhibitors as an add-on to metformin monotherapy with 
other antidiabetics. In this meta-analysis, both LDL-C 

levels and HDL-C levels were elevated in the SGLT-2 

inhibitor group by 2.5-9% and 7-9%, respectively.26 

Another systematic review reported significant elevation 

(n=18,684, mean difference of 3.5 mg/dl) in the levels of 

LDL-C. This phenomenon is explained by the hypothesis 

that the inhibition of SGLT-2 transfers energy sources to 

lipids from carbohydrates. This is apparent due to slight 

elevated levels of ketone after the treatment with SGLT-2 

inhibitors. HDL-C levels were also increased significantly 

(n=18,684, mean difference 3.9 mg/dl). In the same 
review, treatment with canagliflozin revealed more 

promising results, whereas treatment with dapagliflozin 

could not alter levels of LDL-C or HDL-C. One possible 

reason for such result could be due to the rather small 

number of patients (n=808).27 The study undertaken by 

Hayashi et al reported the reduction of atherogenic small 

dense LDL particle levels upon intake of SGLT-2 

inhibitors. This characteristic delivers supplementary 

long-term cardiovascular protection. Increased LDL 

cholesterol found with this therapy is because of reduced 

clearance of LDL from the circulation and greater 

lipolysis of triglyceride-rich lipoproteins.28 This study 
also reveal that when the patients were medicated with 

SGLT2-i, they showed low levels of BMI (-0.69 

kg/m2; p<0.05) and weight reduction (-1.95 kg; p<0.05) 

but increased levels of high-density lipoprotein 

cholesterol (5.73 mg/dl; p<0.01). 

DECREASE IN ALBUMINURIA 

Historical studies have demonstrated that T2DM is related 

to a high risk of albuminuria due to an inflammatory 

response and oxidative stress induced by chronic 

hyperglycemia. Elevated albuminuria levels are 

associated with an incremental risk of microvascular 
complications (nephropathy, retinopathy, and neuropathy) 

and macrovascular events cardiovascular disease (CVD). 

Currently, increasing numbers of studies have shown a 

promising outcome with SGLT-2 inhibitors. Table 1 

summarizes the results of SGLT-2 inhibitors on 

albuminuria. 
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Table 1: Effects of SGLT2 inhibitors on albumin excretion rate. 

Study Subjects 
Investigation 

drug 
Comparator Weeks 

Change in albumin excretion rate 

Investigation 

drug 
Comparator Difference 

Barnett et al29 375 
Empagliflozin  

25 mg 
Placebo 52 155 79 184 

Cefalu et al30 1450 
Canagliflozin 

100/300 mg 
Glimepiride 52 0.1/0.9 0.7 0.8/1.5 

Kohan et al31 252 
Dapagliflozin 

5/10 mg 
Placebo 104 78.0/11.7 69.7 8.3/81.4 

Yale et al32 269 
Canagliflozin 
100/300 mg 

Placebo 52 117.5/96.2 15.4 132.9/111.6 

 

Along with the information presented in above table, the 

recent data also promote that SGLT-2 inhibitors cause 

reduction in albuminuria. Recently, Luo et al. performed a 
meta-analysis of 26 RCTs involving 14,929 patients to 

evaluate the effects of novel antidiabetic drugs on 

albuminuria in patients with T2DM. Pooled analysis 

suggested that SGLT-2 inhibitors were associated with a 

reduction in albuminuria compared with other 

conventional therapies or placebo (WMD - 26.23%, 95% 

CI - 35.90 to -16.56; p<0.00001).33 

THE DECREASE IN URIC ACID LEVELS 

Evidence suggests that SGLT-2 inhibitors reduce serum 

uric acid levels by approximately 1 mg/dl. Hyperuricemia 

is linked to insulin resistance, and some consider this to 
be a component of metabolic syndrome. Serum uric acid 

level, another component of insulin resistance or 

metabolic syndrome, is associated with an unfavorable 

CV endpoint. Several mechanisms have been postulated 

for the links between high uric acid levels and adverse CV 

outcomes. Hyperuricemia causes endothelial dysfunction 

with decreased nitric oxide levels at the macula densa. 

Chronic hyperuricemia causes vascular smooth muscle 

cell proliferation. It increases blood pressure through 

renal vasoconstriction by activation of the renin–

angiotensin system (RAS). The elevated uric acid level is 

associated with the development and progression of 
atherosclerosis through endothelial dysfunction and 

inflammation. Thus, a decrease in uric acid by SGLT-2 

inhibitors might be a unique property of these drugs that 

contribute to reducing CV risk. 

APPLICATION OF SGLT-2 INHIBITORS IN T2DM 

PATIENTS SUFFERING FROM RENAL 

IMPAIRMENT 

In the year 2013, the drug canagliflozin received approval 

from FDA. However, post-approval FDA has received 

more than 100 confirmed cases of acute kidney injury 

with canagliflozin (n=73) or dapagliflozin (n=28). In 
2016, the FDA warned about the risk of acute kidney 

injury for patients treated with SGLT-2 inhibitors 

including canagliflozin and dapagliflozin.  (https://www. 

fda.gov/Drugs/DrugSafety/ucm505860.htm), though 

acute kidney injury was not increased with empagliflozin 

in the EMPA-REG outcome trial or with canagliflozin in 

the canvas program. However, empagliflozin can be used 

in patients with an estimated glomerular filtration rate 

(eGFR) ≥45 ml/min/1.73 m2, whereas other SGLT-2 

inhibitors are recommended for patients with an eGFR 

≥60 ml/min/1.73 m2. The permission to prescribe SGLT-2 

inhibitors to patients with renal impairment varies 

according to an individual agent. Risk factors for acute 

kidney injury with SGLT-2 inhibitors include decreased 
blood volume, chronic renal impairment, heart failure, 

and the concomitant use of some medications (e.g., 

diuretics or RAS blockers). Furthermore, it is believed 

that the efficacy of SGLT-2 inhibitors is lower in subjects 

with a low eGFR because urinary glucose excretion in the 

presence of SGLT-2 inhibitors decreases with declining 

renal function. Of note, a recent study found that the 

effects of empagliflozin on clinical outcomes in patients 

with T2D, established CV disease, and chronic kidney 

disease were consistent across categories of eGFR and 

albuminuria. In a pooled analysis of 11 randomized 

controlled trials, dapagliflozin did not decrease HbA1c 
levels in patients with T2DM and an eGFR of 15-

45 ml/min/1.73 m2; however, it reduced blood pressure, 

albuminuria, and body weight significantly. Thus, despite 

the decrease in glucose-lowering efficacy with declining 

renal function, the beneficial effects of SGLT-2 inhibitors 

on clinical outcomes might be consistent in patients with 

renal impairment. 

ADVERSE EFFECTS AND SAFETY 

The most common adverse effect observed with SGLT-2 

inhibitors is an increment in urogenital infections, which 

occurred in 4.5% more participants on empagliflozin than 
placebo in the EMPA-REG outcome trial and was also 

more frequent in participants taking canagliflozin as 

compared to placebo in the canvas program. The study 

carried out by Wang et al involved data from twelve 

placebo-controlled clinical trials involving 

dapagliflozin.10 The published data revealed the incidence 

of clinically diagnosed urogenital tract infection to around 

4.1%, 5.7%, and 4.8%, when the dosage of dapagliflozin 

was maintained at 2.5, 5, and 10 mg per day. Whereas, in 

the placebo group, the incidence of clinically diagnosed 
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urogenital tract infection was recorded at 0.9%. This 

meta-analysis show a higher incidence of genital 

infections (OR 4.49; 95% CI: 2.96, 6.83; p=0.000) in 

diabetic patients receiving SGLT-2 inhibitors by Wang et 

al.10 Available literatures therefore recommend for not 
using SGLT-2 inhibitors towards the treatment of 

intractable or recurrent genital infection.12 

It is known that SGLT-2 inhibitors follow non-insulin-

based mechanism of action. Hence, the chances of 

hypoglycemia are nominal upon the usage of SGLT2i. 

However, when used in combination with metformin, 

SGLT-2 inhibitors may cause hypoglycemic conditions. 

A long-term (208-week) study by Nauck revealed drastic 

effects of SGLT2i on hypoglycemia. This study involved 

long-term comparison between glipizide plus metformin 

and dapagliflozin plus metformin, and further revealed 

ten-fold reduction in the prevalence of hypoglycemic 
episodes (5.4% and 51.5%, respectively). Additionally, in 

this study, the patients treated with glipizide plus 

metformin group encountered 1,191 hypoglycemic 

events, whereas, dapagliflozin plus metformin group 

encountered only 35 hypoglycemic events.34 

The rate of bone formation is slightly affected by SGLT-2 

inhibitors. SGLT-2 inhibitors usage has also been 

reported to raise the levels of bone resorption markers 

without affecting the bone mineral density. However, a 

long-term study (102-weeks) with dapagliflozin failed to 

establish any fluctuations in the levels of bone resorption 
markers, as compared to placebo when combined with 

metformin.4 Recently, a systematic literature review and 

Bayesian network meta-analysis involving 40 RCTs and 

32,343 T2DM patients showed 466 fracture cases with the 

use of SGLT-2 inhibitors. This review revealed negative 

correlation between SGLT-2 Inhibitors and the risk of 

fracture, as compared with the control group. This 

correlation is displayed as statistical inputs in the form of 

Odds ratio=1.01, 95% CI in the range of 0.83-1.23; 

p=0.91; I2 = 27%. This study further reported 

insignificant correlation between empagliflozin 

(OR = 0.78, 95% CI 0.23-2.80), canagliflozin (OR = 0.57, 
95% CI 0.12-1.90), and dapagliflozin (OR = 0.58, 95% CI 

0.13-2.00), and the risk of fracture.35 

A meta-analysis of 27 randomized controlled trials 

reported an increase in the incidence rate of peripheral 

artery disease with SGLT-2 inhibitors (MH-OR: 1.26 

[1.04, 1.52]). Although the increase of risk was 

statistically significant with canagliflozin, there is no 

reason to believe that empagliflozin or dapagliflozin 

increasing the risk of either peripheral artery disease of 

lower limb amputations. MH-OR for amputation in the 

three cardiovascular safety trials with SGLT-2 

inhibitors was 1.22 [0.59-2.52].36 

In 2019, a systematic review reported no precise 

association between interruption of SGLT2i and the 

occurrence of diabetic ketoacidosis.37 Recent study by 

Dicembrini report that the published data from the 

randomized trials used in their study do not suggest of 

harmful outcomes of SGLT-2. This study observed an 

upsurge in the prospect of UTI within the SGLT2 

inhibitors groups in comparison to the study control 

groups, having placebo or other oral antidiabetic agents.36  

PLACE OF SGLT2 INHIBITORS IN THERAPY  

The Update to the position statement of the American 

Diabetes Association and the European Association for 

the Study of Diabetes recommends the use of SGLT-2 

inhibitors as one of the second-line therapy when 

monotherapy with metformin fails.38 The AACE/ACE 

2016 guidelines state that SGLT-2 inhibitors as one of the 

acceptable alternatives to metformin as initial therapy.39 

The National Institute of Health and Care Excellence 

(NICE) has issued the recent guidance document on 

SGLT-2 inhibitors advocated empagliflozin, dapagliflozin 

or canagliflozin as a monotherapy alternative for 
managing T2DM in diabetic patients who cannot safely 

consume metformin or have intolerance towards 

metformin.40  

CONCLUSION 

The SGLT-2 inhibitors class of medications possesses 

many glycemic and non-glycemic characteristics that 

make them an important option for individualizing 

therapy in patients with T2DM. SGLT-2 inhibitors is 

generally well-tolerated, with a low incidence of 

hypoglycemia. Adverse events related to urogenital 

infections, fractures, and acute kidney injuries are among 
the most common. A key benefit of canagliflozin, 

dapagliflozin, and empagliflozin is their ability to reduce 

CV risk compared to placebo as part of standard care. 

Thus, SGLT-2 inhibitors should be considered in that 

setting with the proper recognition of the associated side 

effects. 
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