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ABSTRACT 
 

BACKGROUND 

Type 2 Diabetes mellitus is a major cause of mortality due to its complications 

such as cardiovascular disease (CVD), stroke and end stage renal disease (ESRD). 

Sodium Glucose Co-Transporter-2 inhibitors is a new class of oral hypoglycaemics 

which impart additional benefits primarily on heart and kidney. The most 

commonly used drugs in this class include Canagliflozin, Dapagliflozin and 

Empagliflozin. However, these drugs are associated with certain adverse effects. 

This review aims to appraise the extra-glycaemic benefits and adverse effect 

profile of SGLT-2 inhibitors so as to minimize the morbidity and mortality 

associated with type 2 diabetes mellitus. 

 

METHODS 

Thorough literature search was made using search engines like PubMed, Cochrane 

library, Medline and Google scholar to retrieve articles pertaining to extra 

glycaemic benefits and adverse effects of SGLT2i. 

 

RESULTS 

Majority of studies like CANVAS, EMPA-REG and DECLARE-TIMI done on 

Canagliflozin, Empagliflozin and Dapagliflozin respectively have concluded that 

these drugs possess additional benefits like reduced risk of heart failure, positive 

effects on kidney functions, favourable effects on body weight, reduced levels of 

uric acid and reduction in blood pressure. However, these drugs are associated 

with certain adverse effects like increased risk of genital and urinary tract infection. 

 

CONCLUSIONS 

The extra-glycaemic benefits of SGLT2i on heart, kidney and other parameters like 

body weight, uric acid and blood pressure have been proven by a number of 

studies conducted over several years. Nevertheless, these drugs are associated 

with certain adverse effects like increased risk of genital and urinary tract infection 

which can be mitigated by maintaining hydration, perineal hygiene and educating 

the patient. 
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Diabetes mellitus (DM) has become a public health concern 

all over the world. Its global prevalence has increased 

significantly, reaching 9.3 % in 2019 and is further expected 

to rise to 10.2 % (578 million) by 2030. About 88 million of 

the total population with diabetes belongs to Southeast Asia 

and 77 million people solely come from India with a 

prevalence of 8.9 %. Around the world, 4.2 million people 

succumbed their lives to diabetes in 2019.1 According to the 

statistics published by the Global burden of disease, death 

rate due to diabetes increased to 50 % from 2005 to 2015 

in India.2 

About 90 % of diabetic patients have chronic type 2 

diabetes which can result in various microvascular and 

macrovascular complications such as damage to the nerves, 

foot, eye or cardio vascular disease (CVD), end stage renal 

disease (ESRD) and stroke respectively.3 Globally, mortality 

and morbidity in patients with type 2 diabetes mellitus 

(T2DM) is attributed to cardiovascular disease which is 

responsible for causing almost two-thirds of death in 

diabetics.4-7 End stage renal disease (ESRD) is another lethal 

complication of type 2 diabetes that can lead to poor 

prognosis in patients. Several studies have indicated that the 

risk of cardiovascular events is exacerbated in patients who 

were suffering from both ESRD and diabetes.8 According to 

11 year follow-up study done on 249 South Indian patients 

with type 2 diabetes, the incidence of non-fatal 

cardiovascular disease was around 5.6 cases/1000 person - 

years in these patients.9 However, another study conducted 

in India in 2009 reported deaths mainly due to infections and 

renal failure in type 2 diabetics instead of coronary artery 

disease and cerebrovascular disease, latter being the more 

common cause of mortality and morbidity in developed 

countries.10 

Regardless of the cause, the risk factors responsible for 

the development of diabetes and its complications are 

similar. These include unhealthy dietary practices, lack of 

physical activity, smoking, alcohol consumption, obesity and 

genetic predisposition. The risk is even higher in Indian 

population because of genetic susceptibility and genetic 

phenotype which is characterized by low body mass index, 

but high percentage of body fat and its deposition in upper 

body and high level of insulin resistance.11 

According to a study done in India, the most significant 

risk factor that contributed to 36 % of the diabetes daily 

adjusted life years (DALYs) in 2016 was obesity.12 Several 

studies indicate obesity as a cause of subclinical chronic 

inflammation contributing to the development of insulin 

resistance in Type 2 diabetes.13 

Sodium glucose co-transporter-2 inhibitors (SGLT2i) are 

a new class of promising anti-diabetic drugs owing to 

cardiovascular and reno-protective effects and exceptional 

pharmacokinetic and pharmacodynamics profile.14 SGLT2i 

are capable of reducing glycated haemoglobin (HBA1c) by 

0.5 –1.0 % and have favourable effects on body weight, 

blood pressure, lipid profile, arterial stiffness and endothelial 

function due to its anti-inflammatory, antioxidative, 

antifibrotic and anti-apoptotic properties.15,16 The purpose of 

this review is to appraise the mechanism of action, extra-

glycaemic effects and adverse effects of SGLT-2 inhibitors in 

order to evaluate its role in managing the risk factors and 

lethal complications associated with type 2 diabetes. 

 

 
 

METHODS 
 

 

In order to retrieve literature on extra-glycaemic effects of 

sodium glucose co-transporter-2 inhibitors (SGLT2i), 

relevant articles were searched online from search engines 

like PubMed, Cochrane library, Medline and Google scholar 

using search terms like sodium glucose co-transporter 2 

inhibitors (SGLT2i) or SGLT2 receptors, extra glycaemic 

effect of SGLT2i, type 2 diabetes mellitus (T2DM), 

Canagliflozin, Dapagliflozin and Empagliflozin. The present 

review has included randomized controlled trials, meta-

analyses and literature review on extra glycaemic effects of 

SGLT2i, adverse effects of SGLT2i and drugs like 

Canagliflozin, Dapagliflozin and Empagliflozin. The study was 

conducted in Department of Pharmacology at a tertiary care 

hospital in North India. 

 

 
 

 

RESULTS 
 

 

 

Various studies have advocated for the use of SGLT2 

inhibitors in T2DM as a first line drug either alone or 

combined with other oral hypoglycaemic agents (OHA). 

Most of the studies included in this review had patients 

of T2DM with other comorbid conditions and SGLT2i have 

shown beneficial effects on HbA1c, 3P-MACE (major adverse 

cardiovascular event. MACE, defined as a composite of 

cardiovascular death, non-fatal MI, and nonfatal stroke). 

The beneficial effects were not only limited to the reduction 

in hospitalization due to heart failure but included other 

parameters too like weight loss, improvement in lipid profile, 

uric acid and blood pressure as summarized in table 1 
 

Trials Patients 
Duration 
(in years) 

Beneficial effects 

CANVAS 10142 2.4 

- Canagliflozin resulted in reduction of SBP 
by 1.4 mmHg with 100 mg and 3.9 
mmHg with 300 mg dose. 

- 14 % reduction in the composite 3P -
MACE primary endpoint in the group 

receiving Canagliflozin. 
- Reduced incidence of HFH 

(hospitalization due to heart failure) 

EMPA-REG 7020 3.1 

- After a 12‑week treatment, empagliflozin 

showed reduction in SBP by 4 – 5 mmHg 
- Positive effects on kidney function and 

estimated glomerular filtration rate 
(eGFR) 

- 38 % reduction in risk of cardiovascular 
deaths 

- 35 % reduction in hospitalization due to 

heart failure (HFH) 

DECLARE-
TIMI 

17160 4.2 

- Dapagliflozin 10 mg reduced SBP and 

DBP by 6.83 mmHg and 2.53 mmHg at 
week 1 and by 6.73 mmHg and 2.91 
mmHg at week 2 respectively. 

- Treatment with Dapagliflozin resulted in 
a reduction in hospitalization due to heart 
failure (HFH). 

CANVAS R 5800 3 

- Canagliflozin was associated with 
increased reduction in albuminuria 

compared with placebo (− 33.2 %; 95 % 
confidence interval) over 12 weeks 

Table 1. Beneficial Extra-Glycaemic Effects of SGLT2 Inhibitors 
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Use of SGLT2 inhibitors is associated with various 

adverse effects as summarized in Table 2 

 

Trials / Study Adverse Effects Comments 

Evidence-based consensus 

on positioning of SGLT2i in 
type 2 Diabetes mellitus in 
Indians by Awdesh Kumar 

Singh et al. 

Genital tract infection 

(GTI) 
Urinary tract infection 

(UTI) 

Mycotic infection 

It is probably seen due 
increase amount of glucose 
in urine result in glycosuria. 

This can be avoided by good 
perineal hygiene and 

hydration. 

South Asian federation of 
endocrine society (SAFES) 

UTI 
GTI 

It recommends using SGLT2i 
after 3 months of GTI free 

status. Prophylactic anti-
fungal can be co prescribed 

with SGLT2i. 

Adverse effect and safety 
of SGLT2i. RCT study by 

Huilin Tang et al. 

Orthostatic hypotension 
Low blood pressure 

Decrease urine output 

Osmotic diuresis and 
natriuresis causes volume 

depletion. 

High prevalence of genital 
mycotic infection with 

SGLT2i Ajay Agarwal et al. 

Genital mycotic infection 
(25.9 %) in patients 

taking SGLT2i for first 

time whereas 12.2 % 
infections were reported 

on second time. 

No gender difference 
observed in genital mycotic 

infections. 
Past history of genital 
mycotic infections was 

significantly present in (20.7 
%) 

Baruah et al. SGLT2i 
beyond glycaemic control. 

Bone mass density 
reduction (fracture rate 

in CANVAS patients: 4.0 
% in canagliflozin group 

vs 2.6 % in placebo 

group 

SGLT2 inhibitors increase 
serum phosphate 

subsequently provoking 

secretion of parathyroid 
hormone, which enhances 

bone resorption and 

increases the risk of bone 
fractures 

Table 2. Adverse Effects of SGLT2 Inhibitors 

 

 
 

 

DISCUSSION 
 

 

Glycaemic Effects  of  SGLT-2 Inhibitors  

Normally, 180 g of glucose is excreted through the 

glomerulus every day. However, 80 - 90 % of this filtered 

glucose is reabsorbed from the kidney tubules due to the 

presence of sodium glucose co-transporter-2 present in the 

S1 segment of the proximal tubule. The remaining 10 - 20 

% of glucose is reabsorbed via sodium glucose co-

transporter-1 located in the S2 / S3 segment of proximal 

tubule.15 Sodium glucose co-transporter activity causes 

apical sodium and glucose transport across the cell 

membranes. This co-transport is driven by the energy that 

comes from active sodium extrusion through the basolateral 

sodium/potassium-ATPase. This facilitates the uptake of 

glucose against an intracellular up-hill concentration 

gradient. Once glucose enters the cells, it exits and is 

reabsorbed from the basolateral side through facilitative 

glucose transporter 2 (GLUT2).17 

In a diabetic patient, reabsorption of glucose is further 

increased by 30 % as an adaptive mechanism to prevent 

loss of energy from the body. This occurs due to the 

increased expression of SGLT2s in tubular epithelial cells 

which eventually contributes to the pathogenesis of 

hyperglycaemia and insulin resistance in patients with 

diabetes.15 However, with the development of SGLT2 

inhibitor drugs, this reabsorption can be inhibited resulting 

in increased urinary glucose excretion. This effect minimizes 

hyperglycaemia improving insulin resistance and metabolic 

parameters such as blood pressure, lipid profile, plasma 

levels of serum uric acid and ketones.15,16 It is vital to know 

how SGLT2 inhibitors contribute in improving these 

metabolic parameters as it can give an explanation for 

improved cardiovascular and renal outcomes. 

Extra-Glycaemic Effects of SGLT-2 

Inhibitors  

Effects of SGLT-2 Inhibitors on Blood Pressure 

Hypertension is one of the most significant risk factors 

contributing to poor cardiovascular and renal outcomes. 

Several studies have shown promising effects of SGLT2 

inhibitors in controlling blood pressure. This effect is likely to 

occur as a result of inhibition of reabsorption of both glucose 

and sodium from proximal convoluted tubule (PCT). This 

results in natriuresis and osmotic diuresis occurs which helps 

in reducing blood pressure. According to the EMPAREG-

Outcome trial, this change was noticed in both systolic and 

diastolic BP without causing any increase in the heart rate.18 

However, phase 3 studies suggested that significant changes 

were noticed in systolic BP i.e. 5 - 6 mm Hg drop in 

comparison to 1 – 2 mm Hg decrease in diastolic blood 

pressure.19 This finding was more evident with the use of 

300 mg of Canagliflozin as compared to other SGLT2i.20 This 

reduction in blood pressure was unrelated to the 

improvement in glycaemic control. 

Another possible explanation for changes in blood 

pressure could be due to the positive effect of SGLT2i on the 

arterial stiffness and endothelial dysfunction. Both these 

factors play an important role in the pathophysiology of 

hypertension and atherosclerosis thus increasing the risk of 

mortality due to cardiovascular outcomes.21 

 

Effects of SGLT-2 Inhibitors on Obesity 

It is another major risk factor for both diabetes mellitus and 

cardiovascular events which occurs due to the production of 

inflammatory markers. This inflammatory process is initiated 

due to the presence of oxidized LDL particles, and release of 

adipocytokines which is a key factor for inducing insulin 

resistance, endothelial dysfunction and systemic 

inflammation thus facilitating the process of atherosclerosis. 

The inflammatory markers which are associated with 

increased risk of myocardial infarction and Diabetes mellitus 

are C-reactive protein, TNF-α, IL - 6, MCP - 1, leptin and 

resistin.22 SGLT2i play a crucial role in limiting the debilitating 

effects due to obesity. Firstly, they assist in reducing the 

body weight by daily urinary excretion of about 60 – 80 g of 

glucose which leads to a loss of around 240 – 320 calories 

per day.19 Secondly, they play a key role in reducing 

oxidative stress by maintaining a balance between pro and 

anti-inflammatory adipokines.23,24 Thirdly, it has been 

observed that the use of SGLT2i is associated with a minor 

increase in HDL and decrease in triglycerides.25 

 

Effects of SGLT-2 Inhibitors on Heart 

Despite the fact that a number of studies have suggested 

beneficial effects of SGLT2i on cardiovascular and renal 

outcomes, the mechanism is still not very clear. The possible 

explanations include: 

1) Inhibition of Na / H Exchanger - Studies have shown 

that the risk of oxidative stress in heart increases if the 

Na+/H+ exchanger activity is up 

regulated.26SGLT2iinhibit myocardial Na+/H+ exchanger 

resulting in decreased concentration of sodium and 

calcium in cytoplasm and increasing the concentration 

of calcium within mitochondria. This effect has proved 



Jebmh.com Review Article 

 

J Evid Based Med Healthc, pISSN - 2349-2562, eISSN - 2349-2570 / Vol. 8 / Issue 22 / May 31, 2021                                           Page 1871 
 
 
 

to be beneficial for both the cardiomyocytes associated 

contraction and for restoring the antioxidative capacity 

of mitochondria.27 
 

2) Decreasing Cardiac Fibrosis - SGLT2i decrease the 

myocardial superoxide production which is responsible 

for stimulating the production of myofibroblast. These 

myofibroblast can result in left ventricular fibrosis thus 

impairing contractility and potentiating the chances of 

developing heart failure.28 Studies have proved that 

Dapagliflozin significantly increases the production of 

anti-inflammatory macrophages in the infarcted heart 

which decreases the likelihood of developing fibrosis.29 

 

3) Reduction of Epicardial Adipose Tissue - Increased 

volume of epicardial adipose tissue is associated with 

risk of developing coronary artery disease.30 SGLT2i 

help in reducing the epicardial adipose tissue mass and 

hence decreasing the likelihood of developing coronary 

artery disease.15 

 

4) Ketone Bodies Production - Studies have shown that 

increased production of ketone bodies reduces mortality 

associated with cardiovascular events. This is because 

oxidation of ketone bodies results in production of more 

energy that can be used by myocardium in comparison 

to the energy produced by the oxidation of glucose or 

fatty acids. Since SGLT2i excrete large amount of 

glucose, glucagon production is stimulated to 

compensate for the loss of energy. This leads to 

metabolism of fatty acids which results in the production 

of ketone bodies to fulfil the energy 

requirements.31 However, increase in ketone bodies 

may lead to diabetic ketoacidosis (DKA) which needs to 

be monitored.32 

 

5) Haematocrit (HCT) Production - Increased levels of 

haematocrit can improve the delivery of oxygen to 

tissue thereby proving to be beneficial for the function 

of heart. Studies have shown that SGLT2i can increase 

haematocrit by 2 – 4 %. This could occur either 

secondary to the loss of plasma volume or due to direct 

stimulation of erythropoiesis.33, 34 

 

 

Effect of SGLT-2 Inhibitors on Uric Acid  

Hyperuricemia is a common finding seen in type 2 diabetes 

and it is associated with increased risk of hypertension, CVD 

and chronic kidney disease (CKD).35,36 SGLT2i aid to reduce 

the serum uric acid levels by increasing the concentration of 

glucose in the proximal tubules which then competes with 

urate for the transporter GLUT9b. As a result of this, 

reabsorption of urate is decreased and it is excreted out of 

the body.37 These findings are consistent with a meta-

analysis of 62 randomized controlled trials (RCTs), 

comprising 34,941 patients with T2DM which suggested that 

treatment with a SGLT2i resulted in a significant reduction 

in serum uric acid in comparison to a placebo. This reduction 

however was minimal in patients with CKD.38  

 

Cardiovascular and Renal Trials Outcomes 

of SLGT-2 Inhibitors  

The Empagliflozin cardiovascular outcome event trial (EMPA-

REG OUTCOME) was conducted to evaluate the 

cardiovascular benefits of Empagliflozin in 7020 diabetic 

patients associated with coronary, peripheral or 

cerebrovascular disease. The results of the study showed 

that the 3 - point composite of major adverse cardiovascular 

event (3P-MACE which includes cardiovascular death, non-

fatal myocardial infarction and non-fatal stroke) outcome 

occurred in 14 % of the patients in the Empagliflozin group 

which was much less in comparison to the placebo group. 

Regarding the secondary endpoints, treatment with 

Empagliflozin resulted in 38 % reduction in death from 

cardiovascular causes, 32 % death from any cause and 35 

% hospitalization due to heart failure (HF).18 

A post-hoc analysis of the EMPA-REG OUTCOME also 

noticed positive effects of SGLT2i on kidney function and 

estimated glomerular filtration rate (eGFR).39 Moreover, a 

meta-analysis of 48 RCTs including 58,165 patients exhibited 

significant reduction in albuminuria especially in patients 

with higher levels of baseline albuminuria.40 The underlying 

mechanism could be attributed to the restoration of 

glomerular feedback by increasing distal sodium delivery or 

by improvement in renal proximal tubule oxygenation due to 

the decreased load on PCT to reabsorb glucose and sodium. 

The CANVAS (Canagliflozin Cardiovascular Assessment 

Study) Program trial was carried out on 10,142 patients with 

T2DM with either established cardiovascular disease or 

multiple cardiovascular risk factors for a period of 3.6 years. 

The study noticed 14 % reduction in the composite 3P-MACE 

primary endpoint in the group receiving Canagliflozin. In 

addition to this, it also reduced the incidence of 

hospitalization due to HF but no significant effects were 

noticed in all-cause and CV mortality. CANVAS-Renal, a sub-

study of this trial investigated the effect of Canagliflozin on 

albuminuria. The results of the study showed 27 % reduction 

in progression of albuminuria, 40 % reduction in eGFR along 

with decrease in the need for renal replacement therapy. 

These findings were consistent with CREDENCE trial.41 

DECLARE-TIMI, another study conducted to observe the 

effects of Dapagliflozin on cardiovascular events was done 

on a total of 17,160 patients with T2DM who had established 

CV disease or risk factors for the same. The patients were 

randomized in two different groups to receive either 

Dapagliflozin or placebo for a median period of 4.2 years. 

Treatment with Dapagliflozin resulted in a reduction in 

hospitalization due to HF. However, no significant change 

was noted in CV death. Regarding secondary endpoints, 

Dapagliflozin reduced the composite renal outcome by 24 % 

along with ≥ 40 % decrease in eGFR to < 60 mL / min / 

1.73 m2but no effect was seen on death from any cause.42,43 

 

 

Adverse Effects of  SLGT-2 Inhibitors  

SGLT2i have gained popularity owing to its glycaemic and 

extra-glycaemic effects. However, studies have shown that 

there are certain side effects associated with its use. One 

side effect that is particularly more common is increased 

incidence of genital tract infection (GTI) and to some extent 
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urinary tract infection (UTI).44 This occurs due to the 

increased excretion of glucose into the urine resulting in 

glycosuria subsequently increasing the risk of GTIs such as 

vulvo vaginitis in women and balanitis in men.45 Although, 

the incidence of GTIs and UTIs is more common in females 

than in males, a multicentric study done in 205 Indian 

patients for one month showed the incidence to be equal 

among both sex. Moreover, the incidence of genital mycotic 

infections was estimated to be around 25.9 % which was 

much higher than other countries. The possible explanation 

could be due to poor knowledge about genital hygiene 

practices, diet rich in carbohydrates and hot and humid 

atmosphere of the country. It is therefore recommended to 

advice these patients to increase their hydration and practice 

perineal hygienic precautions.46 The South Asian Federation 

of Endocrine Societies (SAFES) recommends to avoid the use 

of SGLT2I in patients with previous history of upper UTIs, 

complicated GTIs or resistant GTIs.44,45 However, it can be 

given after 3 months of GTI-free status. Prophylactic 

antifungal coverage can also be prescribed with SGLT2i as a 

preventive measure.44 

Another important adverse effect which is more 

commonly associated with the use of this drug in comparison 

to other antidiabetic drugs is volume depletion. This happens 

due to osmotic diuresis and natriuresis which lead to 

complications like low blood pressure, orthostatic 

hypotension, dizziness, syncope and decrease urine 

output.45,47 A post hoc analysis of phase III RCTs also 

reported a similar incidence of volume depletion-related 

adverse events with SGLT2i in Indian population.48 

Therefore, it is important to analyse volume status before 

prescribing SGLT2i to the patient.44 

Another side effect associated with their use is 

hypoglycaemia. The risk increases on concurrent 

administration of insulin or insulin secretagogues such as 

sulphonylureas. Thus, close monitoring of the patient taking 

this combination is essential.49 

Some studies also suggest that SGLT2i can increase the 

risk of bone fractures and osteoporosis. This is due to 

disturbances in serum levels of calcium and phosphate as a 

result of osmotic diuresis.50 Moreover, SGLT2i also elevate 

serum phosphate levels thereby increasing the secretion of 

parathormone which in turn increases bone resorption 

leading to bone fractures.51 These findings are consistent 

with similar studies conducted earlier. However sufficient 

data is not available to establish a causal relationship 

between the two. Regardless of this, SGLT2i should be 

prescribed with great caution in patients who are old, with 

low eGFR, are on diuretics or with a history or risk of CVD.52 

CANVAS Trial suggested that the risk of developing 

peripheral vascular disease or toe amputation was almost 

double in patients on Canagliflozin as compared to 

placebo.41 The underlying mechanism is still unknown.53 

EMPA-REG OUTCOME trial did not report any difference in 

the incidence of amputation in Empagliflozin and placebo 

treated T2DM patients. Data regarding Dapagliflozin on 

peripheral vascular disease is not sufficient.54 

Diabetic ketoacidosis is another side effect associated 

with SGLT2i and should be carefully monitored.44 

 

 

 

CONCLUSIONS 
 

 

 

There has been a tremendous rise in the prevalence of type 

2 Diabetes mellitus and mortality and morbidity associated 

with its complications in India. In this review, effects of 

SGLT2i on different parameters were analysed to assess its 

efficacy in diabetic patients. Various studies have concluded 

that the effects of SGL2i on cardiovascular and renal 

outcomes as well as other parameters such as obesity, 

inflammation, cardiac fibrosis, levels of haematocrit and 

serum uric acid seems promising. These benefits extend to 

the high-risk phenotype with visceral obesity due to the 

ability of this drug to metabolize fat mainly from the 

abdominal region. Overall, these drugs are usually well 

tolerated and can be safely used as a monotherapy or in 

combination with other anti-diabetic drugs or insulin. 

However, it is important to use it with caution in elderly 

patients and in patients with a prior history or risk of CVD, 

low baseline GFR, GTI / UTI or hypovolemia. 
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