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The prevalence of type 2 diabetes mellitus continues to increase in many Asian countries,
with possible contributing factors, such as younger-onset disease, diabetes development
at lower body mass index, higher visceral fat accumulation and poorer B-cell function,

among Asian populations. Sodium—glucose cotransporter 2 inhibitors have been shown

*Correspondence
Norlela Sukor

Tel: +60-3-9145-6087
Fax: +60-3-9173-7829
E-mail address:
drlela2020@yahoo.com

to confer favorable effects in type 2 diabetes mellitus patients, such as improved glycemic
control, weight and blood pressure reduction, and importantly, cardiorenal benefits.
Sodium—glucose cotransporter 2 inhibitors are generally well-tolerated, and have a well-
defined safety profile based on evidence from numerous clinical trials and post-marketing
pharmacovigilance reporting. To our knowledge, this review is the first to provide a

comprehensive coverage of the adverse events of sodium—glucose cotransporter 2
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mellitus populations.

doi: 10.1111/jdi.13915

inhibitors, as well as their management and counseling aspects for Asian type 2 diabetes

INTRODUCTION

Diabetes in Asian populations

In 2019, the International Diabetes Federation estimated that
162.6 million (9.6%) and 87.6 million (8.8%) of the adult popu-
lation (aged 20-79 years) in Western Pacific and South-East
Asia regions have diabetes, respectively’. By 2045, a combined
total of 365 million adults in both regions are expected to have
diabetes, representing a staggering rise by 45.4% versus the year
2019'. China has the highest number of adults with diabetes in
the world (116.4 million)'. Singapore, the United Arab Emi-
rates, Malaysia and Saudi Arabia, meanwhile, are among Asian
countries with high national prevalence of diabetes, with 14.2,
154, 16.8 and 18.3%, respectively'. In 2019, the number of
diabetes-related deaths in Asia reached approximately 2.5 mil-
lion, with a total of $US170.3 billion being spent for diabetes-
related health expenditure’.

The Asian diabetes phenotypes

The Asian type 2 diabetes mellitus population is characterized
by several unique phenotypes that distinguish them from white
patients’. These include having a higher predisposition to devel-
oping diabetes at a lower body mass index; higher central obe-
sity and visceral adiposity leading to increased susceptibility to
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insulin resistance; and poorer beta B-cell function that further
compounds impairment in insulin secretion” . Furthermore,
Asian type 2 diabetes mellitus patients have a higher prevalence
of young-onset diabetes™. As high as one in five Asians are
diagnosed with diabetes before the age of 40 years™. With
longer diabetes duration and prolonged exposure to glucolipo-
toxicity, these patients have a higher possibility of developing
cardiovascular (CV), eye and renal complications, as well as
worse glycemic control, as compared with late-onset diabetes
patients®. These phenotypes place Asian patients at a much
elevated risk of diabetes-related adverse outcomes, and at a
younger age’.

SODIUM-GLUCOSE COTRANSPORTER 2 INHIBITORS IN
TYPE 2 DIABETES MELLITUS MANAGEMENT
Sodium—glucose cotransporter 2 inhibitors (SGLT2i) represent
the newer class of oral glucose-lowering agents for type 2 dia-
betes mellitus™’. SGLT2i work by reducing renal glucose reab-
sorption, thereby inducing glycosuria™*. In a study on rodent
models of diabetes, it was also found that SGLT2i acts on o-
cells, and reduces blood glucose levels by suppressing hepatic
glucagon signaling through downregulation of the hepatic glu-
cagon receptor”.

On SGLT2i treatment, durable blood glucose-lowering, as
well as improvement in both B-cell function and peripheral
insulin sensitivity, have been observed in type 2 diabetes
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mellitus patients. Furthermore, SGLT2i are associated with
weight loss and a decrease in both systolic and diastolic blood
pressure (BP)>*”°. Large CV outcome trials in type 2 diabetes
mellitus have also provided compelling evidence of SGLT2i in
reducing the risks of adverse CV and kidney events in patients
with multiple risk factors or with established CV disease or
chronic kidney disease (CKD)'* . Subsequent heart failure
(HF) outcome trials showed that SGLT2i were effective in
reducing CV death or HF hospitalization in patients with HF
across a broad spectrum of ejection fractions, regardless of
whether they have diabetes at baseline'” '®. In addition, the
renoprotective benefits of SGLT2i, which had been previously
confirmed in diabetic nephropathy patients®’, are now extended
to the non-diabetic CKD population®'.

The latest guidelines by the European Society of Cardiology,
Kidney Disease: Improving Global Outcomes and American
Diabetes Association on the management of type 2 diabetes
mellitus have recommended that the choice of glucose-lowering
medications should be prioritized based on the presence of
atherosclerotic CV disease, HF or CKD, as well as the existence
of risk factors that fuel the development of such diseases™ *°.
SGLT?2i as a result are now placed high on the recommended
treatment algorithm, along with glucagon-like peptide-1 recep-
tor agonists’>*. Similarly, recent updated guidelines in several
Asian countries have elevated the importance of assessing the
presence of risk factors or established cardiorenal diseases in
selecting appropriate anti-diabetes medications, with SGLT2i
being elevated to at least second-line therapy after met-
formin®® .

After these developments, it is anticipated that SGLT2i use
will continue to rise globally, including in Asia®*. Concerns,
nevertheless, remain on several adverse events associated with
SGLT?2i therapy”'. It is therefore essential to constantly take the
safety aspects of SGLT2i therapy into consideration. In most
Asian countries, five SGLT2i, namely, canagliflozin, dapagliflo-
zin, empagliflozin, ertugliflozin and luseogliflozin, have been
approved for clinical use in type 2 diabetes mellitus patients’.
Ipragliflozin has been approved to be used in Korea and
]apan32. Another SGLT2i, tofogliflozin, thus far is only available
in Japan’. The present review intends to provide contemporary
discussions on the safety aspects of SGLT2i therapy from the
Asian type 2 diabetes mellitus population perspective. Impor-
tant counseling points to address common adverse events asso-
ciated with SGLT2i will also be deliberated to provide guidance
on how Asian patients might derive the best outcome from
SGLT?2i with minimal safety concerns.

ADVERSE EVENTS RELATED TO SGLT2I

In general, SGLT2i are well-tolerated, and the incidence of their
adverse events was similar to that of other anti-diabetes agents,
including metformin, sulfonylurea (SU) and insulin®*,
Adverse events that have been reported in the literature for
SGLT2i treatment include genital infection (GI), urinary tract
infection (UTI), volume depletion, bone fracture, renal
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impairment, lower limb amputation, hypoglycemia and diabetic
ketoacidosis (DKA)***. SGLT2i adverse events and their rele-
vant counseling points are summarized in Table 1.

Genital infection

Overview and risk factors

Diabetes itself is a predisposing factor for GI both in women and
men. This is further aggravated by poor glycemic control
and hyperglycemia-associated immune dysfunction®>”'. Women
and men with diabetes are two- and threefold more likely to
develop vaginitis and balanitis, respectively, due to Candida albi-
cans compared with those without diabetes®®>". Other forms of
GI in uncontrolled diabetes patients might be manifested by bac-
teriuria associated with glycosuria and increased adherence of
Escherichia coli to uroepithelial cells. Risk factors that predis-
pose to GIs include poor hygiene, immunosuppression, preg-
nancy and uncircumcised men, as well as antibiotic,
corticosteroid or oral contraceptive use”". Prior history of chronic
or recurrent GIs also predisposes to subsequent infection™.

As SGLT2i induce sustained glycosuria, it is not unexpected
that the most common adverse event is GI**>. The increased
glucose load in the urinary tract might promote fungal growth
and interfere with the body’s immune responses”>”. The over-
all GI incidence associated with SGLT2i was previously shown
to be 4-6%, as compared with 1% with placebo™. Subsequently,
large cardiovascular outcome trials (CVOTs) found that GI was

. . 10,12,13,1
more common in the SGLT2i group versus placebo'®">'>",

. . - . 433,52
with a higher incidence in women than men .

Rates in Asian type 2 diabetes mellitus populations

A similar trend was observed in Asian type 2 diabetes mellitus
populations. In a study involving 1,326 Asian patients, GI was
more common in patients taking empagliflozin 10 mg (3.4%)
or 25 mg (2.3%), as compared with placebo (09%)%. In
another phase III study of an Asian population where the
majority of the population was Chinese (n = 393), GI was
reported in 0.8%, 3.1% and 4.5% of patients receiving placebo,
and dapagliflozin 5 and 10 mg, respectively’”. GI was also
reported in 2.1% of studied Japanese patients taking luseogliflo-
zin in combination with other oral anti-diabetes medications™.
Most cases resolved spontaneously or with antibiotic treatment,
with no patient discontinuation reported as a result of GI**, A
post-marketing surveillance study evaluating the safety of ipra-
gliflozin in elderly Japanese patients (STELLA-ELDER;
n = 7,170) reported that 1.45% of patients complained of non-
serious GI”°. Bashier et al.”® meanwhile reported three GI cases
out of 371 Emirati patients receiving dapagliflozin, all of which
were resolved with a single dose of topical anti-mycotic agents
and none required discontinuation of dapagliflozin.

Management and counseling point

Despite being common among SGLT2i users, including those
who are Asian, GI tends to occur early in patients recently ini-
tiated on SGLT2i, particularly in those with high baseline
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Table 1 | Safety profile of sodium—glucose cotransporter 2 inhibitors in Asian type 2 diabetes mellitus populations

Adverse event

Potential risk factors

among SGLT2i users

Rates in Asian type

2 diabetes mellitus populations’

Management and counseling points
for patients

Genital infection (Gl)  ®
[ )

[ ]

[ ]

[ )

[ ]

Urinary tract hd
infection (UTI) d

[ )

[ ]

[ ]

Fournier gangrene ®
[ ]

[ )

[ ]

[ ]

[ )

Volume depletion o

Poorly controlled diabetes

Poor hygiene
Immunosuppressed

History of chronic or recurrent Gl
Uncircumcised men

Pregnancy

Poorly controlled diabetes

Elderly

Women

History of chronic or recurrent UTI
KUB structural defects

Poorly controlled diabetes
Obesity

Smoking history

Liver or renal failure
Alcohol abuse
Immunocompromised

Elderly
Use of loop diuretics, ACEis/ARBs

® Moderate renal impairment

AKl or renal
impairment

Elderly

Hypovolemic

Pre-existing renal impairment

Use of loop diuretics or nephrotoxic
drugs such as NSAIDs, amphotericin
and radiocontrast agent

Dapaglifiozin®:

® 5mg:3.1%
® 10 mg: 45%
® Placebo: 0.8%

Empagliflozin®®;

® 10 mg: 34%
® 25 mg: 23%
® Placebo: 0.9%

SGLT2i vs Placebo™:

HR of 1.01 (95% Cl 0.67-1.54)
SGLT2i vs control®®:
HR of 093 (95% Cl, 0.68-127)

Not available

Canagliflozin®®:

® 100 mg: 0.4%
® 300 mg: 0%
® Placebo: 0%

Dapagliflozin®;

None reported in 5 mg, 10 mg
and placebo

Empaglifiozin®':

® 10 mg: 40%
® 25 mg: 54%
® Placebo: 3.3%

Luseogliflozin®

None reported in 2.5 mg and placebo

Dapagliflozin®:

® 5 mg: 1.0%

® 10 mg: 24%
® Placebo: 1.6%
Empagliflozin';
® 10 mg: 57%
® 25 mg: 5.8%
® Placebo: 5.7%
Luseogliflozin®*

® 25 mg: 76%
® Placebo: 7.6%

® Maintaining good personal hygiene
® SGLT2i discontinuation is not required

in mild-to-moderate cases

® Use of antifungal therapy to treat Gl
® Avoid SGLT2i if patients have

recurrent Gls (>4x /year)

Maintaining good personal hygiene

Maintaining good glycemic control
SGLT2i discontinuation is not required

® Standard UTI treatment is sufficient

® Ensuring good glycemic control

Maintaining good personal hygiene

Adequate fluid intake during exercise,
fasting period or hot weather

® Monitoring volume status and BP
® Use SGLT2i with appropriate diuretic

doses

Renal function assessment before
SGLT2i initiation

Close monitoring among those with
high risks of adverse renal events
Adjust loop diuretic dose and avoid
nephrotoxic drugs

Withhold SGLT2i temporarily during
acute illness

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 1. (Continued)
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Adverse event

Potential risk factors
among SGLT2i users

Rates in Asian type
2 diabetes mellitus populations’

Management and counseling points
for patients

Bone fracture

Lower limb
amputation

Hypoglycemia

Diabetic ketoacidosis

Poorly controlled diabetes

Use of thiazolidinediones and SSRIs
Elderly

Post-menopausal women
Volume-depleted

Renal impairment

Peripheral or autonomic
neuropathy

History of amputation
Peripheral vascular disease
Neuropathy

Diabetic foot ulcer

Concomitant use of insulin or SU
Irregular meals

Alcohol intake

Elderly

Strenuous exercise

Renal impairment

® LADA, type 1 diabetes and long-
standing type 2 diabetes mellitus

® Presence of precipitating factors

eg, intensive exercise, prolonged

fasting, acute iliness, infection, CV

events and surgery

Inappropriate insulin withdrawal or

dose reduction during SGLT2i

initiation

SGLT2i vs control®®:
HR of 160 (95% Cl, 048-5.29)
Empaglifiozin®':

® 10 mg: 46%
® 25 mg: 24%
® Placebo: 3.1%

Canagliflozin®;
None reported in Japanese patients
Dapagliflozin®:

None reported in 5 mg, 10 mg
and placebo

Empaglifiozin®:

® 10 mg: 0.1 per 100 patient-year
® 25 mg: 0 per 100 patient-year
® Placebo: 0 per 100 patient-year

Dapagliflozin®;

® 5 mg: 08%
® 10 mg: 0.8%
® Placebo: 1.5%

Dapagliflozin vs SU in fasting Muslims
during Ramadan™:

HR 0.24 (95% Cl 0.09-068)
Ipraglifiozin®®*”:

None reported in 50 mg, 100 mg and
placebo

SGLT2i vs DPP-4 inhibitor*:

HR 0.96 (95% CI 0.58-1.57)

SGLT21*:

0.72 cases per 1,000 person-years in
Singapore

® Cautious use of SGLT2i in patients
with high fracture risk

® Consider all risk factors before SGLT2i
initiation

® Routine foot and wound care

Adequate hydration

Lower insulin or SU dose when used
together with SGLT2i

Continuously monitor blood glucose
and risk factors

® Muslim patients should take SGLT2i
post-sunset meal during Ramadan

Address and treat appropriately the

precipitating factors during SGLT2i

therapy

Discontinue  SGLT2i 72 h  before

metabolically stressful events

® Avoid inappropriate withdrawal or
dose reduction of insulin

® Avoid SGLT2i in type 1 diabetes

Presented data should not be treated as a direct head-to-head comparison, as study design and population might differ between trials. ACEj,
angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; BP, blood pressure; Cl, confidence interval; CV,
cardiovascular; DPP-4, dipeptidyl peptidase-4; Gl, genital infection; HR, hazard ratio; KUB, kidney, ureter, bladder; LADA, latent autoimmune diabetes
in adult; NSAIDs, non-steroidal anti-inflammatory drugs; SGLT2i, SGLT2-inhibitors; SSRI, selective serotonin reuptake inhibitor; SU, sulfonylurea; UTI, uri-

nary tract infection.

hemoglobin Alc (HbA1c) levels™. Most patients only had one
GI event in which it is usually self-limiting and resolves over
time**. GI is typically mild-to-moderate in intensity, and very
rarely leads to the need for SGLT2i discontinuation

4,50,57

Furthermore, GIs can be managed with standard therapy and
good personal hygiene®’.

To prevent GI, patients should be advised to maintain good
perineal hygiene, in which the genital area should be washed
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after each toilet visit with water and mild soap if required*. For
uncircumcised men, the prepuce should be retracted before
washing, and the use of alcohol or acidic-based cleansing agents
are highly discouraged®. For GI treatment, patients should be
made aware of available over-the-counter anti-fungal oral treat-
ment or cream that can be locally applied intravaginally by
women and directly to the penis by men"*®. The South Asian
Federation of Endocrine Societies recommended that SGLT2i
should be avoided if patients have a history of recurrent Gls
(>4 times a year)4.

Urinary tract infection

Overview and risk factors

Similar to GI, people with type 2 diabetes mellitus are already
at a higher risk of developing UTI*’. Various studies showed
an almost twofold higher incidence of UTIs in patients with
diabetes than in patients without diabetes® . Increased risk of
UTI in type 2 diabetes mellitus patients could be attributed to
several reasons. Higher urinary glucose level might promote the
growth and uroepithelial adherence of UTI-causing bacteria®"°".
Furthermore, hyperglycemia could lead to immune system
impairment and incomplete bladder clearance due to auto-
nomic neuropathy, all of which would enhance the risk of UTI
in people with diabetes’. Among type 2 diabetes mellitus
patients, the prevalence of UTI is higher in women, the elderly,
those with poor glycemic control or those who have long-term
complications, such as nephropathy and cystopathy®'.

The association between the incidence of UTI in patients
with diabetes and the use of SGLT2i has also been evaluated.
Pooled safety analyses from placebo-controlled studies suggested
that UTIs were more common in patients receiving SGLT2i***,
Among SGLT2i users, there seems to be a higher incidence of
UTI in women, elderly patients and those with poor glucose
control or with a prior history of chronic or recurrent
UTIs*>®. The increased risk of UTI associated with SGLT2i
was postulated to be secondary to glycosuria, which might facil-
itate bacterial growth in the lower urinary tract™. UTI cases
reported among SGLT2i users were mainly mild-to-moderate
in intensity, and rarely lead to discontinuation of the drug™.
Several reports of serious cases, including urosepsis and
pyelonephritis, requiring hospitalization among patients receiv-
ing SGLT2i, have also been described, however any causality
has not been established®>®*. It is important to keep in mind,
however, that the incidence of such severe infections is no les-
ser in people without diabetes than in those with diabetes®.

In contrast, large CVOTs did not show significant imbalance
in UTI between SGLT2i and placebo groups'*'>">, The observed
discrepancy could be attributed to the fact that data from pooled
safety analyses were largely based on identified symptoms in the
phase III development programs for SGLT2i rather than results
of laboratory tests for infection’. A meta-analysis by Dave
et al®® involving a large USA insurance-based dataset of
>200,000 type 2 diabetes mellitus patients followed for up to
15 months showed no significant difference in the risk for either

REVIEW
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severe or outpatient-treated UTI between SGLT2i and two other
glucose-lowering agent (dipeptidyl peptidase-4 inhibitors and
glucagon-like peptide-1 receptor agonists) users™.

Rates in Asian type 2 diabetes mellitus populations

Data from Asian studies seem to be consistent with findings by
Dave et al®® A meta-analysis on 17 randomized controlled trials
(RCTs) with Asian type 2 diabetes mellitus patients (n = 2,660)
showed no significant increase in the risk of UTI in SGLT2i users
as compared with placebo (hazard ratio [HR] of 1.01, 95% confi-
dence interval [CI] 0.67-1.54)”". Another meta-analysis focusing
on 33 RCTs involving almost 8,500 East Asian patients also
showed similar findings (HR 0.93 vs control; 95% CI 0.68—
1.27)*. Together with favorable safety in terms of UTI shown in
three CVOTSs that enrolled 5,104 Asian patients'>'>"?, all avail-
able data from RCTs thus far offer important reassurance for
patients and physicians in Asia when it comes to UTL.

Management and counseling point

Type 2 diabetes mellitus patients who are taking SGLT2i
should be made aware and reassured by physicians that the
UTI risk might be increased by diabetes itself’’. At worst, the
earlier data showed that the increase in risk from SGLT2i is
small®**, If symptoms occur, they should consult their physi-
cians. In the event of confirmed UTI diagnosis, they usually
respond to standard treatment, and SGLT2i discontinuation is
not required”. Although UTI is deemed as a non-serious
adverse effect, it might still potentially affect patients’ quality of
life and their adherence to SGLT2i treatment®.

Fournier gangrene

Overview and risk factors of adverse events

Fournier gangrene (FG) is an extremely rare, but progressive,
bacterial necrotizing fasciitis of the perineum that can be poten-
tially fatal’. Preceding events for FG include perianal or scrotal
abscesses or pressure ulcers. Uncontrolled diabetes, along with
obesity, smoking, liver or renal failure, alcohol abuse and
immunocompromised state, are well-known risk factors for
FG™*%, It is thought that FG-causing pathogens spread from
the skin or intestine rather than from the urogenital tract™.

Rates in Asian type 2 diabetes mellitus populations
In 2018, the US Food and Drug Administration (FDA) issued a
warning of reports of 12 FG cases in patients taking SGLT2i"’.
These cases are rare in the context of 1.7 million SGLT2i users
in the USA”’. The number increased to 55 in 2019 (data from
US FDA Adverse Event Reporting System)”'. At the time of
writing, there were very limited reports on the occurrence of FG
among Asian type 2 diabetes mellitus patients taking SGLT2i,
suggesting that FG is rare and uncommon in Asian populations.
In view of the FDA warning, the incidence of FG was evalu-
ated in the large Dapagliflozin Effect on Cardiovascular Events—
Thrombolysis in Myocardial Infarction 58 (DECLARE-TIMI
58) trial (n = 17,160), whereby no significant imbalance was
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observed between dapagliflozin (one case) and placebo (five
cases) groups'”. In the Evaluation of Ertugliflozin Efficacy and
Safety Cardiovascular Outcomes (VERTIS-CV) trial, FG was
neither observed in the ertugliflozin group nor in the placebo
group'®. A recent meta-analysis carried out by Silverii et al.”?
on 84 RCTs (n = 69,573) also did not detect an increase in the
risk of FG in the SGLT2i group versus the comparator group
(HR 041, 95% CI 0.09-1.82).

Management and counseling point

It remains important to continuously recognize that diabetes
itself is a risk factor for developing FG; however, this condition
is still rare among patients with diabetes”. Nevertheless, the
nature of this infection warrants vigilant surveillance among
SGLT2i users. Similar to GI and UTI management, physicians
must emphasize the importance of good personal hygiene
among SGLT2i users, especially those with poorly controlled
diabetes and with concurrent presence of other aforementioned
risk factors™. A high index of suspicion is critical to detect FG
early to minimize potential morbidity and mortality among
SGLT2i users’". In the event where it is diagnosed early, FG
can be treated with fluid resuscitation, immediate broad-
spectrum antibiotics and urgent surgical debridement, while
SGLT2i should be withdrawn™.

Volume depletion
Overview and risk factors
Volume depletion-related effects with the use of SGLT2i do not
cause serious adverse outcomes. Even if present, they are usu-
ally mild-to-moderate in severity and are dose-related*””. Tt is
thought that osmotic diuresis induced by the glycosuric effect
of SGLT2i might lead to intravascular volume contraction and
adverse reactions, such as ambulatory or systolic BP reduction,
dehydration, hypovolemia, orthostatic hypotension and syn-
cope™®* **7 Patients who are elderly (aged >65 years), receiv-
ing loop diuretics, taking angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, or having moderate
renal impairment tend to have a higher incidence of volume
depletion-related adverse reactions while taking SGLT2i.%* **”
Despite these, the large outcome trials that enrolled patients
across a broad kidney function spectrum, having mild-to-severe
renal impairment at baseline (lowest estimated glomerular filtra-
tion rate [eGFR] was 30 mL/min/1.73 m?), showed no signifi-
cant difference in symptoms related to volume depletion in the
SGLT2i groups versus placebo'''>'°. Reassuringly, heart failure
with reduced ejection fraction and advanced CKD patients who
are at much higher risk of mortality and hospitalization did not
showed a significant imbalance in serious adverse events related
to volume depletion in the Dapagliflozin and Prevention of
Adverse Outcomes in Heart Failure (DAPA-HF), Empagliflozin
Outcome Trial in Patients with Chronic Heart Failure with
Reduced Ejection Fraction and Dapagliflozin and Prevention of
Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD) tri-
als regardless of their baseline glycemic status'®***",

http://wileyonlinelibrary.com/journal/jdi

Further analysis in the DECLARE-TIMI 58 trial showed that
volume depletion events increased with increasing age, with
incidence rates of 5.6, 7.8 and 14.9 cases per 1,000 person-years
in age-groups <65, >65 to <75 and >75 years respectively
(P < 0.0001)"®. However, these volume depletion events were
balanced between dapagliflozin and placebo regardless of age,
suggesting minimal concern of volume-related adverse reactions
in elderly patients receiving dapagliflozin’®. Similar analysis in
the Empagliflozin Cardiovascular Outcome Event Trial in Type
2 Diabetes Mellitus Patients- Removing Excess Glucose
(EMPA-REG OUTCOME) trial showed that the frequency of
volume depletion events was similar between empagliflozin and
placebo in the age groups of <65 and >65 to <75 years”. A
greater proportion of these events occurred in patients aged
>75 years taking empagliflozin (6.8% vs 57% in placebo),
although, understandably, by virtue of its inclusion criteria,
patients in this age group would have a much lower eGFR”.

Rates in Asian type 2 diabetes mellitus populations

Detailed examination of Asian populations suggests that the
incidence of volume depletion with SGLT2i use was relatively
low. A pooled analysis of phase I-III clinical trials showed
comparable rates of volume depletion events among East Asian
patients receiving empagliflozin 10 mg, 25 mg and placebo
(0.8-1.4/100 patient-years)*™*. The subanalysis of Asian popula-
tions (n = 1,517) in the EMPA-REG OUTCOME trial, how-
ever, showed a slight imbalance in volume depletion, with
reported incidence rates of 4.0%, 54% and 3.3% in the empa-
gliflozin 10 mg, 25 mg and placebo groups, respectively. How-
ever, the percentage of such events was still considerably low,
and did not culminate in an increase of study drug discontinu-
ation*'. Consistent with the above, early studies of other
SGLT2i in Asian populations did not find any increase or a
very slight increase in adverse events related to volume deple-
tion in the SGLT2i groups, with an overall incidence rate that
did not exceed 3% of the studied patients>>**042>38081,

Management and counseling point

To prevent volume depletion, SGLT2i users are recommended to
maintain adequate fluid intake, especially during exercise, and
particularly for Asian patients, during fasting periods or hot
weather”, Assessment of volume status and BP, adjustment of
diuretic dose and monitoring for hypotension are advisable when
patients are initiated on SGLT2i**. This is particularly important
among Asian patients living in the hot weather climate and,
hence, exposed to the risk of dehydration*. The use of diuretics
together with SGLT2i in frail elderly patients should be treated
with caution®. No dose adjustment for SGLT2i thus far has been
recommended for elderly patients’. In hypovolemic or hypoten-
sive patients, SGLT2i use should be delayed until volume status
and BP are corrected®”. Thiazide can be continued in euvolemic
and normotensive patients, but for patients who are taking the
more potent loop diuretics, they are recommended to half the
loop diuretic dose with close follow up®*.
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Acute kidney injury and renal impairment
Overview and risk factors
Evidence from the large outcome trials have shown that
SGLT2i reduced the risk of worsening renal outcomes in type 2
diabetes mellitus patients®. Remarkably, renoprotective benefits
of SGLT2i appear to be consistent across the renal continuum,
encompassing a population for whom the majority have pre-
served kidney function, as seen in DECLARE-TIMI 58, to those
with a relatively higher proportion of renal impairment, as
observed in the EMPA-REG OUTCOME, Canagliflozin Car-
diovascular Assessment Study (CANVAS Program) and
VERTIS-CV trials, as well as to patients who have established
nephropathy, such as that shown in the Canagliflozin and
Renal Events in Diabetes with Established Nephropathy Clinical
Evaluation (CREDENCE) and DAPA-CKD trials'®'>'*132!,
The risk of acute kidney injury was also shown to be signifi-
cantly lower in the SGLT2i group versus placebo based on the
pooled analysis of large outcome trials (HR 0.75, 95% CI 0.66—
0.85; P < 0.0001), hence allaying earlier concern that SGLT2i
might cause deterioration in renal function secondary to diure-
sis through development of volume depletion and initial acute
eGFR reduction®*®, The acute eGFR drop by 4-6 mL/min/
1.73 m” on SGLT?2i initiation is usually transient, followed by a
progressive recovery with renal function stabilization, all of
which are due to the hemodynamic effect of SGLT2i***. In
studies of patients with moderate-to-severe renal impairment
receiving SGLT2i, transient eGFR reduction and subsequent
stabilization were not followed by an increased risk of renal-
related adverse events and acute kidney injury'"*>*”. This sug-
gests that renal safety of SGLT2i does not differ substantially
according to the CKD stages.

Rates in Asian type 2 diabetes mellitus populations

In the Asian subanalysis of the EMPA-REG OUTCOME trial,
a comparable incidence rate of acute kidney injury was
observed across all treatment groups (5.7-5.8%), consistent with
the overall results*'. Further analysis showed that Asian patients
with CKD (eGFR <60 mL/min/1.73 m?) had a higher fre-
quency of renal-related adverse events consistent with acute
renal failure, volume depletion and hyperkalemia than the non-
CKD patients®. Nevertheless, the frequency of these events was
well balanced between the empagliflozin and placebo groups®.
Meanwhile, a 24-week pooled analysis of eight phase IIb/III tri-
als comparing dapagliflozin 5 mg, 10 mg and placebo in Asian
populations (n = 1,453) did not show an increase in adverse
renal events, such as renal impairment, eGFR decline, increased
creatinine levels and renal failure (1.0%, 2.4% and 1.6% respec-
tively)*’. Similarly, luseogliflozin 2.5 mg showed no increase in
adverse events affecting renal functions in Japanese population
(7.6% vs 7.6% in placebo)*.

Management and counseling point
Notwithstanding the renal safety and benefits of SGLT2i, it is
advisable to assess patients’ renal functions before initiation of
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these agents®. Although trials evaluating SGLT2i in patients with
eGFR >20 mL/min/1.73 m” are currently ongoing, SGLT2i
should not be started in patients with eGFR levels below the rec-
ommended threshold stated in the local product monographs
that might vary across different Asian countries®. Close moni-
toring among elderly, hypovolemic or renal-impaired patients is
essential, as they might be more susceptible to developing renal-
related adverse reactions®* **. They should seek medical advice
immediately if they have reduced food intake (e.g., due to acute
illness or fasting) or increased fluid losses (e.g., due to vomiting,
diarrhea or excessive heat exposure)®>**, In these instances, tem-
porary discontinuation of SGLT2i might be required®>**, Caution
should be exercised if a patient is already taking loop diuretics or
other nephrotoxic drugs, such as non-steroidal anti-
inflammatory drugs, amphotericin and radiocontrast agents®.

Bone fracture

Overview and risk factors

Despite having normal or elevated bone mineral density, type 2
diabetes mellitus patients have an increased risk of bone frac-
ture”® . Type 2 diabetes mellitus complications (e.g., retinopa-
thy, autonomic dysfunction and nephropathy), hypoglycemia
and the use of certain medications (e.g., thiazolidinediones and
selective serotonin reuptake inhibitors) might contribute to
bone fracture by increasing the fall risk and impairing the bone
remodeling process”™ °%. Previous meta-analyses showed a sig-
nificant positive association between type 2 diabetes mellitus
and hip, vertebral or foot fractures” .

Previously, increased risk of fracture was shown in those tak-
ing canagliflozin based on the CANVAS Program trial, with a
HR of 1.55 (95% CI 1.21-1.97)". The reasons underpinning
such finding were still unknown, but it was thought that
SGLT2i might increase proximal tubular reabsorption of phos-
phate into the bloodstream, thereby leading to increased levels
of parathyroid hormone and fibroblast growth factor-23"*
Increased parathyroid hormone level might enhance bone
resorption, thus augmenting the risk of fracture, while increased
fibroblast growth factor-23 has been associated with bone dis-
eases, such as rickets and osteomalacia’.

In contrast, no significant imbalance in fracture risk was
observed in the EMPA-REG OUTCOME (HR 0.98, 95% CI
0.76-1.25) and DECLARE-TIMI 58 trials (HR 1.04, 95% CI
0.91-1.18)'>". The dedicated renal outcome trial of canagliflo-
zin, CREDENCE, showed differing data from the CANVAS
Program, whereby no significant difference was found in the
rate of fracture (HR 0.98, 95% CI 0.70-1.37)"". At this juncture,
there is no clear explanation underlying this discrepancy, but
CREDENCE data, nevertheless, was reassuring and consistent
with other SGLT2i trials. In congruence with findings from
EMPA-REG OUTCOME, CREDENCE and DECLARE-TIMI
58, a large meta-analysis by Tang et al”> evaluating 38 RCTs
involving >30,000 patients showed that SGLT2i were not signif-
icantly associated with an increased risk of fracture in type 2
diabetes mellitus patients.
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No bone fracture cases were reported in the Survey of Ipragli-
flozin Treatment in Elderly Type 2 Diabetes Patients (STELLA-
ELDER) study evaluating long-term safety of ipragliflozin in
elderly Japanese patients™. An Asian-specific subanalysis in the
EMPA-REG OUTCOME trial reported that the rate of fracture
was similar in the empagliflozin 10 mg, 25 mg and placebo
groups (4.6, 2.4 and 3.1%, respectively)*’. A meta-analysis by
Yang et al®® also provided a reassuring finding, as increased
fracture risk was not observed among SGLT2i users in the East
Asian populations (HR 1.60, 95% CI 0.48-5.29).

Management and counseling point

An expert consensus statement from India opined that there
was insufficient evidence to suggest causality between SGLT2i
therapy and increased risks of bone fracture and osteoporosis
in patients with type 2 diabetes mellitus™. It was nevertheless
recommended that SGLT2i should be used with caution in
patients with high fracture risk, such as those who were elderly,
post-menopausal women, having prior history of CV disease,
impaired renal function or volume depleted®. These patients
must be counseled appropriately on the potential factors that
might increase bone fracture risk before SGLT2i initiation.
With or without SGLT2i, it remains important to recognize
that type 2 diabetes mellitus patients, especially those with
peripheral or autonomous neuropathy showing orthostatic
hypotension, have a high risk of fracture’”".

Lower limb amputation

Overview and risk factors

Diabetes is inherently a risk factor of amputation, particularly
in patients who have previous ulceration, prior amputation,
vascular insufficiency, infection, peripheral neuropathy, CV dis-
ease or on renal replacement therapy’””. According to the
World Health Organization, amputation in individuals with
diabetes is 10-fold more common than those without dia-
betes”. Adler et al'® reported that for each percentage
increase in HbAlc, the risk of amputation increases by 44%
and 18% in type 2 diabetes mellitus and type 1 diabetes
patients, respectively. Lower limb infections, diabetic foot ulcers,
peripheral arterial disease and gangrene were the most common
medical events associated with the need for amputation'®".

In the CANVAS Program, a small proportion of the total
10,142 studied patients, 1.8% (n = 187) were reported to have
atraumatic lower extremity amputations, whereby the majority
of the reported cases (71%) were of minor amputations affect-
ing the toe and transmetatarsal'”>. Among these cases, the risk
of amputation was approximately twofold higher in the canagli-
flozin group (HR 1.97, 95% CI 1.41-2.75), especially in those
who had a history of amputation, peripheral vascular disease
and neuropathy'®'%”. The reason behind the increased risk of
lower limb amputation with canagliflozin is yet to be estab-
lished, although volume depletion and reduced tissue perfusion
might have contributed to the risk”>'%>'%*,
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In contrast, the CREDENCE trial did not detect a significant
difference in the rate of amputation between the canagliflozin
and placebo groups''. It was unknown if the differing finding
on lower limb amputation between the CANVAS Program and
CREDENCE was attributed to different study populations and
protocol or due to chance''. Yet, the result from CREDENCE
offers reassurance, and is consistent with those of the EMPA-
REG OUTCOME and DECLARE-TIMI 58 trials, which
reported no increased risk of amputation with empagliflozin
and dapagliflozin, respectively'>'®.

Rates in Asian type 2 diabetes mellitus populations

Available data on Asian type 2 diabetes mellitus patients thus
far seem to suggest that the incidence of amputation associated
with SGLT2i is rare. A pooled analysis of phase I-1II studies in
East Asian patients found that the rates of lower limb amputa-
tions between those treated with empagliflozin 10 mg, 25 mg
and placebo were 0.1, 0 and 0 per 100 patient-years, respec-
tively**. Similar pooled analyses for dapagliflozin and ipragliflo-
zin carried out on patients whose majority were of Asian origin
(>80%) did not observe any lower limb amputation events®%,
There were also no reports of amputations in clinical trials of
canagliflozin involving Japanese patients”. Matthews et al.'”
pointed out in their detailed examination of the CANVAS Pro-
gram that Asian ethnicity was associated with a far lower risk
of amputations versus their non-Asian counterparts (HR 0.32,
95% CI 0.17-0.61), which in part, helps to explain the rare
occurrence of SGLT2i-associated amputation among Asian pop-
ulations.

Management and counseling point

It remains important, nevertheless, that physicians should take
careful medical history of patients to minimize the risk of lower
limb amputation. Certain intrinsic risk factors, such as prior
amputation, peripheral vascular disease, neuropathy and dia-
betic foot ulcers, could increase the risk of amputations with or
without SGLT2i**7**'””. Guidance from the US FDA and
European Medicines Agency include advising physicians to
remind patients of routine foot and wound care, adequate
hydration, and to always monitor for any infection, new pain,
tenderness, sores or ulcers on their legs'””'%®, Tt is imperative
to consider the overall net clinical benefits with SGLT2i in
patients having high risk of amputation as lower limb artery
disease could increase the risk of developing severe coronary
artery disease and premature mortality™.

Hypoglycemia

Overview and risk factors

Hypoglycemia remains a common major concern in type 2
diabetes mellitus patients receiving glucose-lowering therapy, as
it could place patients at risk of injury and death'®. Given their
insulin-independent mechanism of action, SGLT2i on its own
should not induce nor increase the risk of hypoglycemia, as
compared with other conventional anti-diabetes agents’””. The
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sustained blood glucose-lowering by SGLT2i might eventually
result in reduced renal glucose filtration and diminished glyco-
suria, hence explaining the low hypoglycemia risk associated
with this agent™''®. Large CVOTs further backed this notion,
whereby the risk of hypoglycemia was found to be similar
between patients treated with SGLT2i and placebo, plus hypo-
glycemia is uncommon in patients without diabetes'®'>'>">,

Rates in Asian type 2 diabetes mellitus populations
In general, the occurrence of hypoglycemia with SGLT2i among
Asian type 2 diabetes mellitus patients is relatively low and
well-tolerated®. In 24-week studies involving Asian patients
inadequately controlled with metformin, no hypoglycemic event
was shown in both the ipragliflozin and placebo groups®*.
Hypoglycemia was also uncommon among Asian drug-naive
patients treated with placebo, and dapagliflozin 5 and 10 mg
(1.5, 0.8 and 0.8%, respectively), with no study discontinuation
reported due to hypoglycemic event’. Seino et al”* showed
that luseogliflozin addition to other oral agents, such as SUs,
biguanides and dipeptidyl peptidase-4 inhibitors, for 24 weeks
among a Japanese population did not cause any severe hypo-
glycemic events. Hypoglycemic events, if present, were mild
and patients recovered rapidly on food or oral glucose intake™.
The low hypoglycemia risk of SGLT2i confers several notable
advantages to Asian type 2 diabetes mellitus patients. Working
adults with early-onset diabetes might benefit from SGLT2i
therapy, as the concern of hypoglycemia impacting their work-
ing capacity is minimal®. Furthermore, as fasting is a common
practice in Asia, particularly among Muslims during the Rama-
dan month, SGLT2i safety is essential in view of the potential
risk of hypoglycemia and dehydration due to fasting”. In a
study carried out in Malaysia during Ramadan (n = 110), dapa-
gliflozin 10 mg was found to be safe among fasting Muslim
type 2 diabetes mellitus patients with significantly lower hypo-
glycemic events versus those taking SUs (HR 0.24, 95% CI
0.09-0.68; P = 0.002)".

Management and counseling point

Although the risk of hypoglycemia is low as monotherapy, such
risk is higher if SGLT2i are to be taken together with insulin or
insulin secretagogues, such as SU**. Hence, a lower dose of
insulin or SU might be required to reduce the risk of hypo-
glycemia when used in combination with SGLT2i**. For
patients with HbAlc <8.5% initiating SGLT2i, it is recom-
mended that their daily insulin doses are reduced by 20%,
whereas SU dose should be halved or stopped''’. In contrast,
patients having HbAlc >8.5% should maintain their insulin or
SU dose'"". Regardless of their baseline HbAlc, patients taking
SGLT2i are recommended to self-monitor their blood glucose
and adjust their insulin/SU dose according to their glycemic
control''". During Ramadan, the Malaysian clinical practice
guideline has recommended that SGLT2i should be taken post-
sunset (evening) meal with no dose adjustment to reduce the
hypoglycemia and hypovolemia risks among fasting Muslim
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patients”. Physicians should pay attention if their patients are
elderly, having irregular meals, consuming alcohol and engaging
in strenuous exercise, as well as comorbidities, such as renal
impairment and loss of insulin secretion, all of which could

increase the risk of hypoglycemia''®.

Diabetic ketoacidosis

Overview and risk factors

SGLT2i CVOTs have shown that the incidence of DKA was
low in patients either receiving SGLT2i or placebo, although
DKA appears to be more common in the former'"”. The con-
cern regarding SGLT2i-associated DKA was initially raised by
the US FDA communication in 2015, which highlighted 20
euglycemic DKA cases among SGLT2i users, requiring emer-
gency room visits or hospitalization while showing slightly
increased blood glucose level <11.1 mmoL/L (<200 mg/dL)"**.

It is thought that SGLT2i-associated euglycemic DKA might
occur through several mechanisms. The insulin-independent
glucose-lowering action of SGLT2i might reduce dependency
on pancreatic B-cell insulin secretion, thereby reducing the cir-
culating insulin level'"®. As such, anti-lipolytic activity of insulin
decreases, which stimulates production of free fatty acids that
are in turn converted to ketone bodies in the liver'"”. In addi-
tion, it was postulated that potential stimulation of glucagon
secretion by SGLT2i in response to reduced insulin secretion
might also contribute to the overproduction of ketone
bodies' .

In an analysis of 17,596 patients taking canagliflozin, DKA
and its related events occurred at a low frequency, and were
only reported in 12 patients, whereby six of them were found
to have latent autoimmune diabetes of adulthood, GAD65 anti-
body positivity or type 1 diabetes''®. Indeed, the FDA acknowl-
edged that some of the DKA cases were reported in type 1
diabetes patients''”. There had been an increase in off-label use
of SGLT2i among these patients, possibly due to its favorable
insulin-independent action and weight loss benefits''”. How-
ever, SGLT2i use was not approved in type 1 diabetes patients
by the FDA, as their safety and efficacy have not been fully
established at that time''*. Nevertheless, it is noteworthy that
the use of dapagliflozin as an oral adjunct treatment to insulin
in type 1 diabetes adults has been approved in Japan in light of
newer evidence of its safety and efficacy’'® "', Ipragliflozin has
also been approved to be used in type 1 diabetes and no
reported cases of DKA were noted'>.

In response to the FDA communication, the American Asso-
ciation of Clinical Endocrinologists and American College of
Endocrinology released a position statement on the association
of SGLT2i and DKA'®. It was concluded that DKA occurs
infrequently in patients taking SGLT2i, and the risk—benefit
ratio favors continued use of these agents'>’. American Associa-
tion of Clinical Endocrinologists/American College of
Endocrinology experts also agreed that most SGLT2i-associated
DKA occurred in patients with diabetes who are insulin defi-
cient, such as those with latent autoimmune diabetes of

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

175

J Diabetes Investig Vol. 14 No. 2 February 2023



REVIEW
Davidson et al.

adulthood, type 1 diabetes and long standing type 2 diabetes
mellitus'>. These DKA events can be precipitated by stressful
physical, metabolic and medical conditions, such as intensive
exercise, prolonged fasting, serious infection, myocardial infarc-
tion, stroke and surgery'*’. Inappropriate withdrawal of insulin
or insulin secretagogues during SGLT2i initiation is also a risk
factor for the development of euglycemic DKA''>'*,

Rates in Asian type 2 diabetes mellitus populations

The risk of SGLT2i-associated DKA remains a considerable
concern among Asian type 2 diabetes mellitus patients owing
to their high association with B-cell dysfunction'**'*. Never-
theless, available evidence suggests that DKA is infrequent in
Asian populations. In the EMPA-REG OUTCOME trial, DKA
was not reported in Asian patients treated with empagliflozin
10 mg and 25 mg, as opposed to one placebo patient*’. There
were also no confirmed DKA cases among those treated with
placebo, ertugliflozin 5 and 15 mg in the 26-week VERTIS Asia
study'?. Insulin-treated Japanese patients who had gradual
reduction of the mean daily insulin dose by —2.14 U/day (95%
CI —3.74, —0.54) did not experience DKA while taking dapagli-
flozin for 36 weeks'?’. Hence, these data suggest that DKA risk
in type 2 diabetes mellitus patients can be mitigated should
SGLT2i be properly used as indicated.

Real-world data on Asian patients receiving SGLT2i offer
further insight on the occurrence of DKA in this region. Based
on the Korean Health Insurance claim database, the risk of
hospitalization for DKA was not increased in SGLT2i users ver-
sus dipeptidyl peptidase-4 inhibitor users (HR 0.956, 95% CI
0.581-1.572; P = 0.996)*®. Meanwhile, the Health Sciences
Authority of Singapore recorded a cumulative reporting rate of
0.72 SGLT2i-associated DKA cases per 1,000 person-years®.
None of these cases were fatal, suggesting that DKA incidence
among SGLT2i users was infrequent”. The majority of
reported DKA cases (>71%) occurred within 180 days of
SGLT2i initiation, in women or in long-standing type 2 dia-
betes mellitus patients, all of whom with known precipitating
factors, such as acute illnesses and infections, as well as insulin
dose reduction or cessation™.

To date, there are no head-to-head studies comparing the
adverse events of SGLT2i in Asian versus Western populations.
However, in a recent publication on the DAPA-HF trial investi-
gating the efficacy and safety of dapagliflozin compared with pla-
cebo in heart failure with reduced ejection fraction patients in
Asia compared with the non-Asia region, it was shown that, in
general, the proportions of adverse events were similar. However,
not all adverse events were collected in that trial'*®. In other clini-
cal trials that did gather all adverse events, the rate of genital fun-
gal infection was reported to be lower in Asian patients than in
studies carried out in other geographic regions™*”>%*»12%130,

Management and counseling point
Although DKA appeared to be low and infrequent, physicians
should still maintain clinical vigilance in regard to Asian SGLT2i

http://wileyonlinelibrary.com/journal/jdi

users, especially those who are at risk of developing DKA, and to
monitor for symptoms, such as nausea, vomiting, tachycardia,
dyspnea and abdominal pain**'*’. Addressing the underlying
precipitating factors are crucial in mitigating the risk of DKA
during SGLT2i therapy”. Patients taking SGLT2i should be
advised to seek medical advice promptly during stress periods,
such as fever, trauma, infection or surgery, as medication require-
ments might change'”. The latest FDA approval for SGLT2i
label update recommends stopping SGLT2i at least 72 h before a
planned surgery to lessen the risk of DKA post-surgery'”'. In the
case of sudden severe external stress or emergency surgery,
SGLT?2i should be stopped immediately'*>'** Tt is also pertinent
to avoid inappropriate withdrawal or excessive dose reduction of
insulin''"'*, Additionally, patients should avoid alcohol intake,
very low-carbohydrate or ketogenic diets while using SGLT2i'>.
Physicians in Asia should also be mindful that SGLT2i are not
approved for type 1 diabetes patients, with the exception for
dapagliflozin in Japan, which was approved as an adjunct to insu-
lin therapy'"”.

If a type 2 diabetes mellitus patient develops DKA while tak-
ing SGLT2i, intravenous insulin and glucose should be admin-
istered, along with assessment on anion gap, serum f-
hydroxybutyrate and arterial pH'*>. SGLT2i should not be
restarted immediately, as there could be a risk of recurrence of
DKA with continuous SGLT2i therapy'””. Should recurrent
DKA arise, it is reasonable to avoid the use of SGLT2i'*.

Other counseling points

Regardless of their multiple benefits, type 2 diabetes mellitus
patients should be continuously reminded of the importance of
adherence to dietary instructions, regular physical activity and
periodic blood glucose monitoring while on SGLT2i therapy™'**.
In addition, patients should be educated on holistic management
of both hypo- and hyperglycemia, and diabetes complica-
tions™"**,

Although there were rare reports on serious hypersensitivity
reactions, such as urticaria and angioedema with SGLT2i,
patients should be advised to immediately alert their physicians
of any signs or symptoms suggesting allergic reaction, and to dis-
continue SGLT2i until they have consulted their physicians® .

As there are no adequate and well-controlled studies, SGLT2i
are not recommended during pregnancy and breast-feeding® .
Therefore, female patients should immediately inform their
physicians if they are pregnant or planning to get pregnant or
are breast-feeding. It is not known if SGLT2i are safe and effec-
tive in children aged <18 years, although clinical trials on the
efficacy and safety of SGLT2i in type 2 diabetes mellitus
patients aged between 10 and <18 years are ongoing'**. Until
further data are available, SGLT2i use in children should be

avoided.

CONCLUSION
Cumulative evidence has shown that SGLT2i are well-tolerated.
The rate of adverse events is still reasonably low among Asian
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type 2 diabetes mellitus patients. Appropriate patient counseling
and proper selection of patients are necessary to ensure a suc-
cessful type 2 diabetes mellitus management with SGLT?2i.
Together with compelling cardiorenal benefits of SGLT2i, the
overall beneficial effects of these agents outweigh the risks
related to common adverse events of SGLT2i.
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