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Introduction
Sodium Glucose Co-Transporter 2 inhibitors (SGLT2i), which
include canagliflozin, dapagliflozin, empagliflozin and
ertugliflozin, are insulin-independent oral
antihyperglycaemic medications that uniquely reduce
glucose reabsorption in the proximal convoluted tubules
of the kidney resulting in glycosuria and natriuresis. These
drugs are effective in the treatment of any stage of type 2
diabetes, as they can be used in states of insulin resistance
and beta-cell dysfunction. There are a number of different
SGLTi available worldwide (see Table 1). In Pakistan, we
currently have dapagliflozin and empagliflozin licensed by
the Drug Regulation Authority of Pakistan for use in
diabetes. This paper aims to summarize unconventional
non diabetic uses of SGLT2i that shown promising results.1

Use of SGLT2 inhibitors in Diabetes
The 2019 guidelines from the American Diabetes
Association recommend lifestyle modifications and
metformin as first line treatment to reach target HbA1c in
patients with type 2 DM; if these therapies fail to achieve
goal then existing comorbidities should be considered
including cardiovascular disease, congestive heart failure,
chronic kidney disease and obesity to guide the decision
for treatment. SGLT2i are recommended as preferred
adjunct therapy in these four conditions, if the patient has
an adequate estimated glomerular filtration rate (eGFR)4-7

as SGLT2i have demonstrated multiple beneficial effects

along with glucose lowering in a number of clinical 
trials.5-7

Sodium Glucose Co-Transporter 2 (SGLT2) is an essential
protein primarily responsible for physiological glucose
reabsorption. It is responsible for 90 percent of glucose
uptake from proximal renal tubules, with SGLT1
reabsorbing the remaining 10%. Inhibition of SGLT2 results
in blockage of this glucose reabsorption mechanism,
causing glycosuria and resulting lowered blood glucose
levels.8 A distinct benefit with their use is that their glucose
lowering effect is independent of beta cell function or
insulin sensitivity thus carrying low risk for hypoglycaemia
as well as potential for use in Type 1 Diabetics (approved in
Europe, rejected in the US by FDA).9 Since their
introduction into clinical practice in 2013, SGLT2i  drugs
have demonstrated improved glucose control, reduced
blood pressure, significant reductions in HbA1c, and
weight loss in persons with type 2 diabetes. 

Recent studies assessing the effects of SGLT2i on associated
cardiac and renal disease in diabetic patients have shown
cardiovascular risk reduction, decreased heart failure
mortality and renal protective effects.10-12 EMPA-REG
OUTCOME was the first trial on the renal benefits in these
drugs—published in 2016—showing that empagliflozin
was associated with a slower progression of chronic kidney
disease and fewer renal complications in type 2 DM
patients with high cardiovascular risk.10 EMPA-REG also
demonstrated reduced cardiovascular complications with
empagliflozin, with a 38 percent risk reduction from
cardiovascular-related deaths in type 2 diabetics.11

Dapagliflozin demonstrated reductions in cardiovascular
hospitalizations and deaths in the DECLARE-TIMI trials.12

Due to the success of SGLT2i in these settings, they are
being considered for their potential cardiovascular benefits
in nondiabetics as well.  

SGLT2i and Cardiovascular Outcomes
All SGLT2i have demonstrated significant risk reduction in
hospitalization for heart failure13 yet a class effect on major
cardiovascular events (in studies so far) has not been seen.
According to the DAPA-HF trial, dapagliflozin lowers the risk
of worsening heart failure and cardiovascular related death
by 26 percent in patients with pre-existing heart failure
with a low ejection fraction, when compared to placebo;
regardless if the patient has diabetes or not.14 The positive
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Table-1: List of available SGLT2i worldwide and their respective year of approval by the
US Food and Drug Administration (FDA) and European Medicines Agency 
(EMA)2,3

SGLT2i Body of Approval for Diabetics Year of Approval

Dapagliflozin FDA 2014
EMA 2012

Canagliflozin FDA 2013
EMA Pending

Empagliflozin FDA 2014
EMA 2014

Ertugliflozin FDA 2017
EMA 2017



results of the DAPA-HF trial allowed for the dapagliflozin
(Farxiga - AstraZeneca) to be the first SGLT2i to be approved
by the US Food and Drug Administration (FDA) for use in
nondiabetic heart failure patients with reduced ejection
fraction.15 Along with this, a recent study found that
canagliflozin and empagliflozin showed a larger reduction
in heart failure risk than other drugs for type 2 diabetes.16

SGLT2i drugs are believed to be useful in the setting of
heart failure due to it being a diuretic and the resulting
volume reduction; however, there is still more research to
be done to see the other effects these drugs have in the
setting of heart failure. More trials looking at the effects
SGLT2i on the cardiovascular system are currently
underway, to DELIVER trial with results available in 2021 is
assessing at dapagliflozin’s effects on patients with heart
failure but preserved ejection fraction.1,17

Kidney disease
Dapagliflozin has shown beneficial effects on the renal
system, with studies suggesting that it has a role in
decreasing hyperfiltration, albuminuria, and tubular injury
in both diabetic and non-diabetic patients. SGLT2i cause
natriuresis and increased sodium delivered to the macula
densa activates tubuloglomerular feedback which results
in intraglomerular pressure reduction due to constriction
of the afferent arteriole, and decrease in the glomerular
filtration rate. Studies have shown that these drugs are
associated with decreased urinary proximal tubular injury
biomarkers and reduction in inflammation and fibrosis
formation, further suggesting its direct effects on the
kidney.18 This has led to the approval of SGLT2i worldwide
for the expanded indication of reducing risk for end-stage
renal disease in diabetic patients with chronic kidney
disease.15

There is also promise with the combination therapy of renin
angiotensin system (RAS) blockers and SGLT2i in non-
diabetic patients with proteinuria, as RAS blocker therapy
can be insufficient in many patients, leading to worsening
kidney function - as there would be a reduction of the
glomerular filtration rate, and subsequent inhibition of the
RAS.19 In current non-diabetic rat and mice models, results
have been seen to vary. Other theories regarding the
renoprotective effects of SGLT2i are attributed to a
decrease in blood pressure, weight loss, and glycaemic
control. Clinical trials are required to determine if the renal
benefits of dapagliflozin are independent from the
antihyperglycaemic effects.18 One trial was stopped earlier,
in March 2020 by AstraZeneca; The Dapagliflozin And
Prevention of Adverse outcomes in Chronic Kidney Disease
(DAPA-CKD) Phase III trial for dapagliflozin in patients with
chronic kidney disease (CKD) with and without Diabetes
type 2 demonstrated overwhelming efficacy and benefits

earlier than originally anticipated.

Obesity
These drugs may have a role to play potentially as obesity
treatment independent of diabetes as well. When used
alone, the glucose/calorie loss in the urine is not enough
to off-set food intake and yield significant weight loss.
However, a number of studies have shown that when
SGLT2i are taken adjuvantly with other agents that reduce
appetite, there is a greater reduction in body weight. GLP1-
RA coupled with SGLT2i have demonstrated moderate
weight loss in the range of 4.5-5.7kg in patients without
diabetes.20 A clinical trial also showed meaningful
reductions in body weight in obese non-diabetic patients
when on canagliflozin and phentermine either in
combination or each drug alone.21

Other benefits
SGLT2i may also have a unique role in the prevention of
early stage, well-differentiated lung adenocarcinoma and
precancerous lung lesions, as recent studies have shown
SGLT2 expression and activity in these tumours.
Canagliflozin was seen to have a role in increasing survival
rates in mice by limiting glucose supply in these cells.
Modified PET scans were used in the study to assess the
activity of SGLT2, which has the potential to be useful in
diagnosis of early lung cancers. However, the study had
limitations concerning the fact that the therapeutic effects
of canagliflozin were reversible due to upregulation of
SGLT2. Along with this, the results of the study cannot be
attributed to the knockout of SGLT2 in the cancer alone,
and survival rates can be due to lowering of blood glucose
rather than the inhibition of glucose uptake in the
tumour.22

Adverse effects
SGLT2i may cause the following adverse effects, although
rare. There is an increased risk of genital tract infections and
lower limb amputation with the use of SGLT2i. Genital tract
infections are seen twice as many times in patients taking
SGLT2i when compared to placebo groups, but many of
these cases were seen to be manageable.7 The CANVAS trial
found that canagliflozin increased the risk of lower limb
amputation by 97%; however, empagliflozin had no such
associations.1 Volume depletion may contribute to
decreased circulation in the distal artery beds, leading to
increased risk for amputation. Genitourinary infections may
occur due to glycosuria, warm/moist environment and
decreased immunity in diabetics (mild/moderate
infections); however, most patients did not require the
need to discontinue medicines and were manageable.1
Patients with lowered eGFR (<30 mL/min/1.73m2) should
not be started on these drugs, and if eGFR declines, then
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therapy should be discontinued as the efficacy and safety
of empagliflozin have not been established in patients with
severe renal impairment.

Conclusion
SGLT2i uniquely reduces glucose reabsorption in the
proximal convoluted tubules of the kidney resulting in
glycosuria and natriuresis. The indications for their use
continue to expand rapidly from patients with diabetes to
heart failure and CKD, with others likely to be added in the
future.
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Table-2: Available SGLT2i in Pakistan.

SGLT2i licensed for use in Pakistan
Formulation and dose Frequency

Dapagliflozin 5mg Once a day
Dapagliflozin 10mg Once a day
Dapagliflozin 5mg in combination with metformin 850mg Twice a day
Dapagliflozin 5mg in combination with metformin 1000mg Twice a day
Empagliflozin 10mg Once a day
Empagliflozin 25mg Once a day
Empagliflozin 12.5mg in combination with metformin 500mg Twice a day
Empagliflozin 12.5mg in combination with metformin 850mg Twice a day
Empagliflozin 12.5mg in combination with metformin 1000mg Twice a day
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