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Emerging Trends in Diabetes: An Update on the
Role of Sodium-Glucose Co-Transporter 2 Inhibitors

Desiree Seguna, Stephen Fava

The incidence of type 2 diabetes mellitus continues to rise
world-wide, highlighting the need for better treatment of this
condition. The last few decades have seen the emergence of

several new anti-diabetic agents. Sodium-glucose co-

transporter 2 (SGLT2) inhibitors are novel oral hypoglycaemic

agents that have only recently been added to the local

government formulary list. We hereby discuss the mechanism

of action of this oral class of agents and highlight their role and
indications in clinical practice. This review provides a detailed
summary of the available cardiovascular outcome trials and
how these recommendations have been included in the most
recent international guidelines. Finally we highlight the adverse
events and contraindications of this class of agents and
discuss possible future roles for SGLT-2 inhibitors.
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Diabetes poses an ongoing threat to health and
economy. According to the International Diabetes
Federation (IDF), the estimated prevalence of type 1
(T1D) and type 2 diabetes (T2D) in people aged 20-79
years has risen from 4.6% of the global population in
the year 2000 to 9.3% in the year 2019."

The treatment of T2D is challenging, with early
diagnosis and access to appropriate care being
pivotal to the management of the disease and
prevention of secondary complications. T2D is
characterised by progressive B-cell failure requiring
intensification of treatment. Sodium-glucose co-
transporter 2 (SGLT2) inhibitors are novel oral
hypoglycaemic agents that block the SGLT2 co-
transporter located in the proximal renal tubule.

Consequently, these agents lower serum glucose by
enhancing its excretion and by blocking its
reabsorption from urine. The results are improved
glycaemic control and reductions in blood pressure
and weight. The glucose-lowering activity of SGLT2
inhibitors is proportional to the ambient glucose
levels and the estimated glomerular filtration rate
(eGFR). Therefore, greater losses of glucose take
place in patients with hyperglycaemia, whereas in
patients with euglycaemia the response to treatment
is attenuated leading to a lower incidence of
hypoglycaemia.

As with any novel treatment, their safety profile
remains under rigorous assessment. At present,
concerns have arisen around the risk of amputation,
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diabetic ketoacidosis (DKA), acute kidney injury (AKI),
urinary tract infections (UTIs), bone fractures and
cancer. It is hence important that patients are
carefully selected based on pre-existing risk factors
and foreseeable benefits of treatment.

CLINICAL BENEFITS & INDICATIONS

The sodium glucose co-transporter 2 is expressed in
the renal proximal tubule where it reabsorbs ~90% of
the filtered glucose load.? SGLT2 receptor inhibitors
are novel glucose-lowering agents which improve
hyperglycaemia by promoting renal excretion of
glucose. Their glucose lowering effect is non-insulin
mediated and is limited by the filtered load of
glucose and the osmotic diuresis that ensues.?

Their usefulness in clinical practice can be described
in terms of their various outcomes.

Glycaemic Efficacy

SGLT2 inhibitors have modest glucose-lowering
effects. Meta-analyses comparing them with placebo
found that SGLT2 inhibitors reduced HbA1c by up to
an additional 0.7%.3%A systematic review showed
that the combination of metformin plus SGLT2
inhibitors lowered HbA1c by a Ffurther 0.61%
compared with metformin alone.”

Weight Loss

The resulting glucosuria results in a net loss of 200-
300 kcal/day.® A reduction in body weight follows
the depletion of hepatic glycogen stores, as well as
the water loss resulting from the accompanying
osmotic diuresis. In the longer term, loss of
mesenteric and subcutaneous adipose tissue further
contributes to weight loss.® A meta-analysis
comparing SGLT2 inhibitors with  placebo,
demonstrated a mean weight reduction of 2.99 kg at
two years in the SGLT2 inhibitors group.® Compared
with metformin monotherapy, the combination of
metformin and SGLT2 inhibitors resulted in an
additional weight reduction of 2.0 kg.”

In insulin-treated patients, the addition of an SGLT2
inhibitor decreased the total daily insulin
requirement, mitigating the insulin-associated
weight gain." The combination of insulin plus
dapagliflozin was associated with a weight reduction
of 0.9-1.4 kg, compared to insulin plus placebo, which
resulted in weight gain.™

The DEPICT-1"° and DEPICT-2'2 (Dapagliflozin
Evaluation in Patients With Inadequately Controlled
Type 1 Diabetes) trials, evaluated the long-term
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safety and efficacy of dapagliflozin as an adjunct to
insulin in patients with inadequately controlled type
1 diabetes (T1D). Compared with placebo,
dapagliflozin led to significant reductions in total
daily insulin dose requirements, HbA1c and
weight.’® Dapagliflozin became the First oral
medication approved by the National Institute for
Health and Clinical Excellence (NICE) as an adjunct to
insulin, for the treatment of inadequately controlled
T1D in adults with a BMI =27 kg/m2'* However, in
November 2021 NICE withdrew this licence.

Cardiovascular Outcomes

Atherosclerotic Cardiovascular Disease (ASCVD)

Following concerns of a higher risk of myocardial
infarction (MI) conferred by rosiglitazone', the US
Food and Drug Administration (FDA) issued a
guidance for industry to perform cardiovascular
outcomes trials (CVOTs) for new drugs intended to
improve glycaemic controlin T2D.** In line with this, a
number of long-term prospective CVOTs have
subsequently been undertaken and published.

The EMPA-REG OUTCOME trial (Empagliflozin
Cardiovascular Outcomes and Mortality in Type 2
Diabetes) assessed the effect of empagliflozin vs
placebo on cardiovascular outcomes in patients with
T2D and established ASCVD. Empagliflozin reduced
the risk of major adverse cardiovascular events
(MACE) (a composite endpoint of death from
cardiovascular causes, non-fatal MI and non-fatal
stroke) by 14%, cardiovascular death by 38% and all-
cause mortality by 32%. Unlike glucagon-like peptide-
1 receptor agonists (GLP-1RA), the reduction in the
risk of MACE with empagliflozin was almost
exclusively accounted for by the effect on the
cardiovascular death component, as empagliflozin
did not reduce non-fatal Ml or non-fatal stroke.

In the CANVAS Program (Canagliflozin Cardiovascular
Assessment Study and Canagliflozin Cardiovascular
Assessment Study - Renal), treatment with
canagliflozin significantly reduced the risk of MACE
(cardiovascular death, non-fatal MI and non-fatal
stroke), which was recorded in 269 vs 31.5
participants per 1,000 patient-years of the
canagliflozin and placebo groups, respectively.
Treatment with canagliflozin was, however,
associated with an increased risk of amputation (6.3
vs 3.4 participants per 1,000 patient-years)."” In the
CREDENCE (Canagliflozin and Renal Endpoints in
Diabetes with Established Nephropathy Clinical
Evaluation) trial, treatment with canagliflozin was
again associated with a lower composite risk of



cardiovascular death, non-fatal MI, or non-fatal
stroke.'®

The DECLARE-TIMI 58 study (Dapagliflozin Effect on
Cardiovascular Events Thrombolysis in Myocardial
Infarction), assessed the effects of dapagliflozin vs
placebo on cardiovascular and renal outcomes in
patients with T2D and established ASCVD or multiple
risk factors for ASCVD." Dapagliflozin was non-
inferior to placebo with regards to MACE
(cardiovascular death, non-fatal MI and non-fatal
stroke), but reduced a composite of cardiovascular
death and hospitalisation for heart failure. This was
largely driven by a lower rate of hospitalisation for
heart failure as there was no difference in
cardiovascular death between the groups. Compared
with the EMPA-REG OUTCOME trial'® and the
CANVAS Program'’, the DECLARE-TIMI 58 trial had a
lower fraction of participants with established
ASCVD and a greater proportion of patients with
multiple risk factors for ASCVD, possibly partly
explaining the differences in ASCVD outcomes.” In a
sub-analysis of the primary trial, dapagliflozin
decreased cardiovascular outcomes.?®

The VERTIS CV trial, compared ertugliflozin to
placebo in patients with T2D and prevalent CVD
disease. Ertugliflozin was associated with a reduction
in hospitalisation for heart failure but was non-
superior to placebo with regards to death from
cardiovascular causes, non-fatal MI, or non-fatal
stroke.?'

Heart Failure

A reduced incidence of heart failure has been
reported with the use of
empagliflozin,’®?? canagliflozin'’, dapagliflozinand
ertugliflozin.?’

In EMPA-REG OUTCOME trial, treatment with
empagliflozin was accompanied by a 35% reduction
in hospitalisation for heart failure when compared
with placebo. Similarly, the CANVAS Program'” and
DECLARE-TIMI 58 trial"reported reductions in rates
of hospitalisation for heart failure of 33% and 27%
with canagliflozin and dapagliflozin, respectively.
Additional data from the CREDENCE trial with
canagliflozin, showed a 39% reduction in
hospitalisation for HF.'®

The majority of patients in all of these study
populations did not have HF at baseline (rates of HF
10-14%).2*> However, a subsequent report from the
EMPA-REG OUTCOME trial confirmed that
empagliflozin consistently improved HF outcomes in
patients with and without a previous history of HF.??
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The DAPA-HF study (Dapagliflozin and Prevention of
Adverse Outcomes in Heart Failure), was conducted
in patients with pre-existing heart failure (New York
Heart Association [NYHA] class Il, lll, or IV) and an
ejection fraction of <40%. Fifty-eight % of
participants did not have a history of T2D. Over a
median of 18.2 months, the primary outcome (a
composite of worsening HF  necessitating
hospitalisation or intravenous therapy, or
cardiovascular death) occurred in 16.3% vs 21.2% of
participants in the dapagliflozin and placebo group,
respectively. This effect was consistent, irrespective
of the presence or absence of T2D.*

The EMPEROR-Reduced trial compared the effects of
empagliflozin with placebo in patients with HF and a
reduced ejection fraction (HFrEF), with or without
diabetes and who were already on standard care for
HF. Over 16 months, the primary outcome event (a
composite of hospitalisation for worsening HF or
cardiovascular death) occurred in 19.4% vs 24.7% of
patients in the empagliflozin and placebo group,
respectively. This effect was consistent irrespective
of the presence or absence of T2D. Compared with
placebo, empagliflozin also reduced total HF
hospitalisations and adverse renal outcomes.?

The DAPA-HF?* and EMPEROR-reduced? trials,
extend the benefits of SGLT2 inhibitors in patients
with HFrEF but without diabetes. The exact
mechanisms underlying the reduction in HF
hospitalisations with SGLT2 inhibitors remain to be
elucidated but cannot only be explained by the
modest glucose, weight and blood pressure lowering
effects of this class of drugs.

The EMPEROR-preserved trial looked at the effect of
empagliflozin on morbidity and mortality, in patients
with or without T2D and HF with preserved ejection
fraction (HFpEF).2* Empagliflozin brought about a
reduction in cardiovascular death and hospitalisation
for heart failure in patients with HFpEF, regardless of
the presence or absence of T2D.%

In the VERTIS CV trial, rates of hospitalisation for
heart failure were lower with ertugliflozin compared
to placebo, at 2.5% vs 3.6% respectively.?'

Renal Outcomes

Initial data on canagliflozin from the CANVAS
Program suggested a beneficial effect of
canagliflozin compared with placebo on progression
of albuminuria and a composite of reduction in eGFR,
need for renal replacement therapy or death from
renal causes.” These findings did not, however, reach
statistical significance. Subsequently, the CREDENCE



study was designed to specifically assess the effects
of canagliflozin on renal outcomes in patients with
T2D and albuminuric stage 3 chronic kidney disease
(CKD)."®* Compared with placebo, canagliflozin
showed a risk reduction of 30% in a composite renal
endpoint of a) end-stage kidney disease (dialysis,
transplantation, or a sustained eGFR of <15 mL/min/
1.73 m?), b) doubling of serum creatinine, c) or death
from cardiovascular or renal causes. The trial was
stopped early due to conclusive evidence of efficacy.

The EMPA-REG OUTCOME trial, showed that
compared with placebo, empagliflozin reduced the
risk of incident or worsening nephropathy (defined as
a composite of urine albumin creatinine ratio (UACR)
> 300 mg/g, doubling of serum creatinine, end-stage
renal disease [ESRD], or death from ESRD) by 39%."

In the VERTIS CV trial there was no statistically
significant reduction in the composite renal endpoint
(renal replacement therapy, doubling of serum
creatinine, death from renal causes) in the
ertugliflozin group. However, the trend was similar to
that seen with other SGLT2 inhibitors.?’

In the DECLARE-TIMI 58 study, the renal outcome (a
composite of a sustained decrease of 40% or more in
eGFR to <60 mL/min, new ESRD, or death from renal
or cardiovascular causes), occurred in 4.3% and 5.6%
of patients in the dapagliflozin and placebo group,
respectively.”

The DAPA-CKD trial investigated the effect of
dapagliflozin on renal outcomes in patients with CKD,
with or without T2D. The primary outcome (a
composite of sustained decline in eGFR of =50%,
ESRD, or death from renal or cardiovascular causes),
occurred in 9.2% vs 14.5% of patients in the
dapagliflozin and placebo group, respectively.?® This
trial suggests a role for SGLT2 inhibitors in reducing
renal outcomes in patients with, as well
as without T2D.

ADVERSE EVENTS &
CONTRAINDICATIONS

Amputations

The CANVAS Program reported a two-fold risk of
lower limb amputations (mainly toe and midfoot) in
the  canagliflozin group  compared  with
placebo.” Those most at risk had a previous history of
amputation, peripheral vascular disease, or
neuropathy. The CREDENCE trial, however, showed
no  significant  increase in lower limb
amputations.'®Likewise, a post hoc analysis of the
EMPA-REG OUTCOME trial, showed no increased risk
of lower limb amputation.?
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A pharmacovigilance study using the WHO global database
of individual case safety reports (VigiBase), reported an
increased risk of toe amputations with canagliflozin,
empagliflozin, and dapagliflozin (proportional reporting
ratios 7.09, 4.96, and 2.62 respectively).® In view of these
concerns, SGLT2 inhibitors should be avoided in high-
risk patients.

Diabetic Ketoacidosis (DKA)

SGLT2 inhibitors—associated DKA, has been reported
in patients with both T1D and T2D.*' It may be
accompanied by euglycaemia, in which case delayed
recognition often ensues. Serum or urine ketones
should be checked in patients taking SGLT2 inhibitors
presenting with nausea, vomiting, malaise or a
metabolic acidosis.

In a review of patients with T1D taking SGLT2
inhibitors, 5% developed DKA while 10% developed
ketosis.?' In patients with T2D, DKA rates ranged from
0.16-0.76 events per 1,000 patient-years.??3* The
CREDENCE trial, reported an increased risk for DKA at
2.2 events per 1,000 patient-years in the canagliflozin
group, compared with 0.2 events per 1,000 patient-
years with placebo.®The risk of DKA is higher
amongst patients who have been on SGLT?2 inhibitors
for >52 weeks and in those aged =60 years.>*

The FDA issued a warning for SGLT2 inhibitors-
induced DKA and recommends stopping temporarily
before planned surgery.’®*  The Scottish
Intercollegiate Guidelines Network (SIGN) also
recommends temporary withdrawal in high-risk
patients including those with low endogenous insulin
secretion, states of increased insulin requirement
(alcohol ~ misuse, illness or surgery) or
dehydration.® The European Medicines Authority
(EMA) recommended listing DKA as a rare adverse
reaction.3¢

Hypoglycaemia

Since the effects of SGLT2 inhibitors are independent
of pancreatic B-cell function, this class of agents pose
a low risk of hypoglycaemia. However, when
combined with hypoglycaemic agents such as insulin
or insulin secretagogues, SGLT2 inhibitors may then
potentiate the risk of hypoglycaemia.* A meta-
analysis found no difference in hypoglycaemia risk
between metformin and SGLT2 inhibitors
monotherapy.’

Genitourinary Tract Infections

An increased incidence of genitourinary tract
infections has been reported with SGLT2 inhibitors,
with odds ratios ranging from 3.21 (95% Cl, 2.08-4.93)
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for dapagliflozin 2.5 mg to 5.23 (95% Cl, 3.86-7.09) for
canagliflozin 300 mg.>” This did not, however,
translate into a higher risk of serious or upper urinary
tract infections.?® A previous history of genital fungal
infection conferred a higher risk of same with
dapagliflozin.®

Following 55 reports of Fournier’'s gangrene, the FDA
issued a warning on necrotizing fasciitis of the
perineum in patients taking SGLT2 inhibitors.*°

Hypotension

Studies with SGLT2 inhibitors have reported
significant reductions in both systolic and diastolic
blood pressures of -4.0 mmHg (95% Cl, -4.4 to -3.5)
and -1.6 mmHg (0.88-3.5 mmHg) respectively.*' Initial
reductions in BP are likely secondary to the osmotic
diuresis and subsequent reduction in intravascular
volume.® Long-term reductions in BP are likely to
result from inhibition of the renin-angiotensin
aldosterone system or from the accompanying
weight loss.”? This effect is augmented in older
patients and in patients on diuretics, ACEls or ARBs,

resulting in an increased risk of symptomatic
hypotension.*
Acute Kidney Injury

From March 2013 to October 2015, the FDA received
101 reports of AKI in patients on dapagliflozin and
canagliflozin, some of which necessitating
hospitalisation and dialysis.** Around 50% of cases
occurred within one month of commencing
treatment and discontinuation led to improvements
in eGFR in most cases. It is unknown whether patients
had pre-existing CKD. An analysis by Nadkami et
al. did not report an increased risk of AKI with SGLT?2
inhibitors use.*

Renal function should be assessed prior to
commencement of treatment and should be
monitored thereafter. SGLT2 inhibitors should not be
used for the treatment of hyperglycaemia in patients
with an eGFR <45 mL/minute/1.73 m?*¢ Cautious use
is warranted in high-risk patients with HF, liver failure,
evidence of hypovolaemia or patients taking
diuretics, NSAIDs, ACEl or ARBs.*

Bladder Cancer

There is no long-term safety data on the effects of
the glucosuria accompanying SGLT2 inhibitors. There
was a suggestion that some SGLT2 inhibitors may
increase the risk of bladder cancer, particularly
empagliflozin. These findings did not, however, reach
statistical significance.* Initial data on dapagliflozin
hinted to a possible increased risk of bladder and
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breast cancer*®, however, data from the DECLARE-
TIMI 58 trial did not support this finding."

Bone Fracture

There is conflicting evidence on the incidence of
fractures with SGLT2 inhibitors therapy. In the
CANVAS Program, fracture rates were 26% higher
with canagliflozin compared with placebo.'” However,
the CREDENCE trial did not show significant
differences in rates of fracture between canagliflozin
and placebo.'®A meta-analysis found similar fracture
rates with canagliflozin, empagliflozin and
dapagliflozin, at around 1.59% vs 1.56% in controls.
The events, however, did not reach statistical
significance.*

Use of canagliflozin has been associated with
increased bone turnover markers and decreased total
hip bone mineral density.**° Falls resulting from
secondary hypotension may contribute to fracture
risk."”

GUIDELINE RECOMMENDATIONS

In the light of the compelling evidence provided by
the CVOTs, the American Diabetes Association (ADA)
and the European Association for the Study of
Diabetes (EASD) issued a 2019 update on the
“Management of hyperglycaemia in type 2
diabetes”.’" In its statement, the ADA/EASD
recommended the use of SGLT2 inhibitors (or GLP-1
receptor analogues) in patients with T2D and
established ASCVD.>' The ADA/EASD further stated
that the level of evidence for SGLT-2 inhibitors in T2D
was greatest in patients with or without established
ASCVD, but with HFFEF (EF <45%) or CKD (eGFR 30 to
<60 mL/ min/1.73 m? or UACR >30 mg/g (and
particularly >300 mg/g).*"

In patients with T2D and HF (particularly those with
HFrEF), SGLT2 inhibitors are recommended in order
to reduce HF, MACE, and CV death.>" In patients with
T2D and CKD, SGLT?2 inhibitors are recommended to
prevent CKD progression, HF, MACE, and CV
death.’ The ADA/EASD recommends initial
treatment with lifestyle therapy and metformin,
unless contraindicated or not tolerated.>” This should
be followed by the addition of an SGLT2 inhibitors (or
GLP-1 receptor analogue) with proven cardiovascular
benefit, independent of HbA, 5" Use in patients at
high risk for amputation or with foot ulcers should
only take place following careful, shared decision-
making and comprehensive foot care education.’

The 2020 consensus statement by the American
Association of Clinical Endocrinology (AACE) and the
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American College of Endocrinology (ACE), states that
in the presence of ASCVD (established or at high risk
for), CKD stage 3, or HFrEF, SGLT2 inhibitors (or long
acting GLP-1 receptor analogues) with proven
efficacy may be preferred over metformin as initial
therapy, irrespective of glycaemic control.>

According to SIGN, SGLT2 inhibitors with proven
cardiovascular benefits can be added to metforminin
patients with T2D and established ASCVD.?

NICE recommends the use of SGLT2 inhibitors as
monotherapy in adults with T2D when metformin is
contraindicated or not tolerated and lifestyle
interventions fail AND only if a DPP-4 inhibitor would
otherwise be prescribed AND a sulfonylurea or
pioglitazone is not appropriate.>3

PRESCRIBING PATTERNS

Following the emergence of compelling evidence
from CVOTs, many international bodies have updated
their guidelines to clearly define the role of novel
agents in the management of T2D.5"5?

Metformin, alongside lifestyle interventions, remains the
preferred initial choice of therapy, unless
contraindicated or not tolerated.®*">* Prescribing trends
for metformin are hence unlikely to change. On the other
hand, prescriptions for sulfonylureas have decreased
substantially from 53% in 2010 to 29% in 2017.%°

In selected high-risk patients, 2020 guidelines
recommend SGLT2 inhibitors or long-acting GLP-1
receptor analogues, independent of glycaemic
control.°"*? We hope that this will translate in
increased and earlier prescribing of these
medications in clinical practice. It is important to note
that when combined with insulin or sulfonylureas,
SGLT2 inhibitors may potentiate the risk of
hypoglycaemia.* Therefore, the combination of
SGLT?2 inhibitors and insulin should be accompanied

by a reduction in the total daily dose of insulin
prescribed.” Given the modest glycaemic effect of
SGLT2 inhibitors, it is very unlikely that their use will,
however, allow complete cessation of previously
established insulin therapy.’

LOCAL PERSPECTIVE

SGLT2 inhibitors have recently been added to the
Maltese government formulary list for use in T2D
patients with an HbA1c between 7% and 10% despite
treatment with metformin, sulfonylurea or
repaglinide. Patients must have either established
ASCVD, HF or CKD (defined as diabetes with micro/
macroalbuminuria or an eGFR <60 mL/min/1.73m?, or
both) OR a body mass index (BMI) >30 kg/mé?in
patients who need to lose weight or in whom weight
gain minimisation is necessary.>®

FUTURE DIRECTIONS

SGLT2 inhibitors have demonstrated a clear benefit in
patients with cardiorenal disease, however, they are
associated with only modest improvements in
glycaemia. They are costly and long-term safety
implications of glucosuria are unknown. Monitoring
for peripheral vascular disease, urogenital infections,
hypovolaemia and decline in renal function, needs to
be ongoing.”’

Evolving data has suggested a role for SGLT2
inhibitors in the treatment of patients with
HFrEF?#?> or CKD?® but without diabetes. The
EMPEROR-preserved has furthered our knowledge
into the role of SGLT2 inhibitors in patients with or
without diabetes and HFpEF.?¢ Future studies are
needed to understand the role of SGLT2 inhibitors in
patients with T2D but without established
cardiorenal disease.
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