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The rise in comorbid conditions with type 2 diabetes requires novel drug targets which benefits not only
in glycaemic management but provide beneficial effects to other co-existing conditions too. One such drug
available in market is the sodium glucose cotransport-2 inhibitor which is known for its pleiotropic effects.
Keyword based comprehensive search was made in PubMed, Scopus and Google Scholar. Critical appraisal
of all the collected literature was done and the key findings were used. The novel class of oral anti-diabetics
act by reducing hyperglycaemia by rising urinary glucose excretion independently of insulin secretion or
action. Clinical trials have shown its effects not only in controlling glycaemic levels but other effects such
as reducing hypertension, providing cardiovascular benefits and positive renal outcomes too. Despite the
positive outcomes, a segment of adverse effects such as lower limb amputations, risk of genital infections has
set as drawbacks to bringing the drug into extensive clinical practice. This review provides an overview of the
current evidence available so far on the therapeutic potential of the sodium glucose cotransporter-2 inhibitors
for the treatment of type 2 diabetes mellitus and suggests the use of drug into practice to obtain evidences at
a large level.
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Inadequate glycemic control is one of the major
risk factors leading to diabetic complications.
The etiology of Type 2 Diabetes Mellitus
(T2DM) being intricate and multifaceted makes
the management a difficult process. Apart from
the complexity of the disease, individuals are
affected due to varying degrees to changes in
insulin resistance, insulin deficiency and genetic
variances!'. There have been advancements and
newer targets to treat the disease worldwide
but a standard therapy is not yet in picture. An
addition to surge in diabetes cases, a growing
prevalence of overweight and obesity is not to be
forgotten which worsens the disease condition!®
and has now become a serious health concern
leading to several other complications®. The
physicians of this decade are focusing on the
management of obesity which is a key strategy
in controlling diabetes. The commonly used
oral anti-diabetic agents are metformin, insulin
secretagogues (sulfonylureas and meglitinides),
alpha-glucosidase inhibitors, thiazolidinedione’s,
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dipeptidyl peptidase-4 inhibitors and injectables
like glucagon-like peptide-1 receptor agonists and
insulin preparations are used worldwide to treat
the diseasel*l.

Most of the hyperglycemic agents such as
sulfonylurea, insulin, thiazolidinedione’s and
glinides possess an adverse effect of causing gain
in weight®®, Modern practices in managing the
condition involves a combination of lifestyle and
pharmacological interventions which are aimed
towards preventing and managing glycemic levels
by ensuring sufficient glucose delivery to targeted
tissues, improving insulin resistance, augmenting
insulin secretion and blocking the recovery of
glucose from nephrons!’). In kidneys, glucose
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transport is mediated by a family of proteins called
Sodium Glucose co-Transporters (SGLT). The role
of SGLTs in maintaining glucose homeostasis has
been established by studies worldwide thereby
marking it as an important target to management
of diabetes!™. SGLT-2 inhibitors (SGLT2i) act
through a novel mechanism of reducing renal
tubular glucose reabsorption thereby producing
a reduction in blood glucose without stimulating
release of insulin. This drug proves to be
advantageous due to its ability to lower weight and
blood pressure and is said to posess reno-protective
and cardioprotective effects!®!%. SGLT2i with their
insulin-independent action regulate blood glucose
by increasing the excretion of urinary glucose!''l.
The SGLT2i have pleiotropic effects other than the
effect on T2DM which makes it a novel class of
drugs®t!.

Here, we aim to review the various aspects of
SGLT?2 inhibitors therapy in T2DM. This literature
review aims at exploring the overall effects of
SGLT-2i from its evolution to present day clinical
practice.

EVIDENCE ACQUISITION

A keyword based comprehensive desktop search
was conducted to gather the relevant literature for
the review from search databases such as PubMed,
Scopus and Google scholar. Articles published
between January 1998-December 2020 were
considered and analysed for the review writing.
Search terms like “SGLT2i”, “pharmacokinetic”,
“efficacy”, “cardiovascular safety” and generic
names of the SGLT2 is that are commercialized
worldwide (“Canagliflozin”, “Dapagliflozin”,
“Empagliflozin™, “Ertugliflozin”) were included.
Literature published in languages other than
English was excluded. All the collected literature
was critically appraised. Further, reference list of

the included studies and key reviews in the area
were scanned for additional relevant studies.
Electronic database searches were completed with
reference list and citation check.

EVOLUTION AND DEVELOPMENT OF
SGLT INHIBITOR

In 1835, a natural product called phlorizin was
extracted from the bark of Malus pumila (apple),
which possessed SGLT inhibitory activity!'?l. The
bitter flavor of phlorizin reminded the chemists
of cinchona, which was a reasonable candidate to
treat fever, infectious diseases and malaria. Later,
in the 1900s, the trials revealed that phlorizin
caused glycosuria which when administered to
the canine model produced symptoms of human
diabetes (glycosuria and weight loss) which led
to the development of phlorizin-induced diabetes
animal model™!. In the following decades, the
effect of phlorizin on renal physiology was studied
through clinical trials. In the 1970s, it was revealed
that phlorizin had a comparatively much higher
binding affinity than that of its analogs!'¥. Most in
vivo studies incorporating animal diabetic models
revealed that phlorizin significantly enhanced
insulin sensitivity!">2!. Further it was revealed
that SGLT2 comparatively has low affinity than
the SGLT1 receptor, Phlorizin inhibits both
SGLT1 and SGLT2224. Phlorizin's catalyzed
hydrolytic metabolites B-glycosidases, actively
inhibit Glucose Transporter 1 (GLUT1), which can
then hinder the absorption of glucose in various
tissues. Because of its primary involvement in the
small intestine, SGLT1 inhibition can cause many
side effects of the gastrointestinal tract, such as
diarrhea, dehydration and malabsorption!'325-27],
Table 1 summarizes the evolution and development
of SGLT inhibitors.

TABLE 1: HISTORY AND DEVELOPMENT OF SGLT2 INHIBITORS

History Development
1836 Isolation of phlorizin from bark of apple treel'?
1933 Found to block intestinal glucose absorption!™!
1938 Clear explanation on renal glucose kinetics!'¢'”]
1970 Transport systems of phlorizin concept proposed
1987 Cloning of SGLT1 inhibitor!?’ phlorizin reversed the symptoms of diabetes in rat model
1992 Cloning of SGLT2 inhibitor

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) published first report of treatment
1995 . ; s

potential of selective SGLT2 inhibitor

2013 Approval of canaglifozin (SGLT2 inhibitor) in type 2 diabetes by FDA
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The limitations of phlorizin led researchers
to discover an orally administrable drug that
does not require the use of prodrugs, leading
to the development of the novel class of
“SGLT2 inhibitors”?*. C-glucosides, owing to
their potent and precise inhibition of SGLT2,
gained prominence in the healthcare industry
and were called gliflozins!®!. United States of
America has currently licensed four SGLT2
inhibitors, namely canagliflozin, dapagliflozin,
empagliflozin and ertugliflozin for treating type
2 diabetesP%31.  Additional SGLT2 inhibitors,
including sotagliflozine and bexagliflozin, are in
the late development stage, while ipragliflozin,
luseogliflozin and tofogliflozin are licensed only
in Japant233,

LOCATION AND
SGLT RECEPTORS

SGLT1 is located on the lumina of the small
intestine with smaller amounts in other parts of the
gastrointestinal tract of humansB+*!, SGLT1 in the
gut transports glucose and galactose from the gut
lumen across the gut walll®¥. SGLT1 is also located
in the late proximal tubule of the nephrons of the
kidney. SGLT2 is located in the early proximal
tubulel?3-361,

SGLT2 proteins are expressed in proximal
convoluted tubule and in normal humans, reabsorb
about 90 % of the filtered glucoseB”. The first
stage in the mechanism is the transport of glucose
across the apical membrane of the proximal tubule
which leads to glucose accumulation within
the epithelium. The concentration gradient of
glucose between the cell and the plasma results in
the second stage of mechanism which is the net
passive exit of glucose through the basolateral

MECHANISM OF THE
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membrane towards the plasma, via GLUT2. Thus,
the two-stage process, along with the absorption
of glomerular fluid, results in complete absorption
of glucose before the filtrate reaches the end of
the proximal tubulel®®). In patients with diabetes,
the renal threshold goes above normal and SGLT2i
can reduce the threshold thereby being a renal
protectant. Fig. 1 provides a graphical illustration
of the mechanism of action of SGLT2i.

PHARMACOKINETIC CONSIDERATIONS
OF SGLT2 INHIBITORS

SGLT2i have a decent pharmacokinetic profile and
are characterized by an excellent bioavailability,
a long t,, which enables the drug to be used as a
once-daily dose, low accumulation index following
repeated administration, negligible renal clearance
and no interactions with other hypoglycaemics.
The pharmacokinetic properties of some of the
commonly used “gliflozins” are summarized in the
Table 2141-431,

MAJOR CLINICAL TRIALS
INHIBITORS

All the available anti-diabetic drugs worldwide
have data supporting the micro and macrovascular
complications while SGLT2i was an exception
as stated by American Diabetes Association
(ADA). ADA considered the discovery of
SGLT2i as serendipitous due to its extended
positive cardiovascular outcomes!*¥. After this,
several clinical trials were conducted to support
the data regarding the same and many trials are
still ongoing to explore the pleiotropic effects of
SGLT?2 inhibitors. Major clinical trials conducted
on the drugs belonging to SGLT2i class have been
summarized in Table 3.

ON SGLT2
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Fig. 1: Mechanism of action of SGLT2i"*"
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TABLE 2: PHARMACOKINETIC SUMMARY OF SGLT2 INHIBITORS

Characteristics Dapagliflozin Canagliflozin Empagliflozin Ertugliflozin
.. 2.5x10° fold
2
1.2x10° folds affinity towards 2210 folds affinity " o0 ity 2x10° folds towards

Affinity to receptors

Initial dose and
uptitration dose
bioavailability

Not altered by high-fat meals. Can
be administered irrespective of

After or before food

T

max
Protein binding

Interactions with other
antidiabetic drugs

Use in hepatic
impairment

Use in pregnancy and
breastfeeding excretion

SGLT2 than SGLT 131

No interactions®?
Start as 5 mg once daily*!

Not recommended“!

Fecal (21 %)

towards SGLT2 over
SGLT1B1

5-10 mgB" 100-300 mgt2

78 %) 65 % (300 mg)t“a

Before the first
meal of the day

food!
1-1.5 hB1 1-2 ho
91 %ol 99 %4

No interactionsi4

Not recommendedt

Category C in
pregnancy®
Renal (33 %)

Fecal (41.5 %)@

Renal (75 %)

towards SGLT2
over SGLT1B1

SGLT2 over SGLT1[™

10-25 mgt2 5-15 mgt

75 e

In the morning
with or without

90 %1

In the morning with
or without food*!

food“!
1.5 hi31 0.5-1.5 hi*1
86 %4 94 %44

No interactions® No interactions*4

Not Not
recommended®  recommended*!
Not Not
recommended*!  recommended*!l

Renal (55 %)
Fecal (40 %)

Renal (50 %)
Fecal (41 %)

TABLE 3: MAJOR CLINICAL TRIALS INDICATING STUDY TYPES/DESIGN, POPULATION, SAMPLE SIZE

AND MAJOR OUTCOMES

Trial name Drug used Objective Sarpple Stud'y Primary outcome
size  duration B i
To investigate the safety of 51.gmﬁcant reductu?n of o
I o ; : cardiovascular mortality, 32 %
EMPA-REG Empaglifozin 10 mg empaglifozin in patients with 7 ] :
6 - . 028 31y reduction of general mortality,
outcomet“! and 25 mg type 2 diabetes mellitus and . . 0 .
. . ; . in addition to a 35 % reduction of
with high cardiovascular risk e .
hospitalization due to heart failure
Benefits of reduced risk of a
To evaluate canaglifozin in composite outcome of major
Canaslifozin 100 m type 2 diabetes mellitus with adverse cardiovascular events,
CANVASH g s regards to cardiovascular risk 10142 3.6y cardiovascular death, nonfatal
and 300 mg - . . .
for major adverse cardiac Myocardial Infarction (Ml), or
events nonfatal stroke), greater risk of
lower-limb amputation
To assess the effects of the
SGL;% :z:ﬁlgzrt-cci)ﬁilsl?:zm 30 % relatively lower risk of renal
CREDENCEM™  Canaglifozin 100 mg . - . 4401 2.6y failure and death due to kidney
patients with type 2 diabetes di
LT . isease
and albuminuric chronic
kidney disease
To assess the Cardiovascular
(CV) safety of dapagliflozin in
DECLARE TIMI patients with type Diabetes Dapaglifozin reduces the relative
58] Dapaglifozin 10 mg Mellitus (DM2) and either 17 160 6y risk of major cardiovascular event
established Cardiovascular by 16 % reduced the hospitalisation
Disease (CVD) or multiple risk
factors
CVD-REAL
(comparative Any of these: Compared with therapy using other
effectiveness Dapaglifozin, To determine the association anti-diabetics, initiation of an
of em-pagliflozin, between initiation of SGLT2i 400 SGLT2i was associated with lower
cardiovascular ipragliflozin, therapy and HF or death in 0000 3y risk of death in patients with and
outcomes in canagli-flozin, patients with and without without CVD. Lower risk of heart
new users tofogliflozin or CvD failure was associated with the use
of SGLT-2 luseogli-flozin of SGLTi
inhibitorst%
423 Indian Journal of Pharmaceutical Sciences March-April 2024
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EMPA-REG OUTCOME is a cardiovascular
outcome trial on empagliflozin on patients with
T2DM prone to cardiovascular complications. It
demonstrated a decrease in the rate of heart failure
hospitalization and a reduction in cardiovascular
deaths and provides supportive data regarding
the use of empagliflozin as a long term therapy.
It also reported that genital infections were more
common in the subjects who were on the drug.
As far as renal safety is concerned, the number of
patients with acute kidney injury was lower when
compared to the placebo groups and hence it was
found to maintain renal function®!,

CANVAS was commenced to assess the
cardiovascular efficacy and safety of canagliflozin
to assess the renal protective effects of
canagliflozin another trial called the CANVAS-R
(CANVAS-Renal) was commenced which was
then later joined with the CANVAS trial to form
the CANVAS program to detect the overall
cardiovascular and renal efficacy and safety
of canagliflozin. The patients of this trial had a
reduction in the cardiovascular deaths and also a
greater risk of amputation particularly with the
CANVAS group and not in CANVAS-R group. The
renal protective effects of canagliflozin could not
be studied thoroughly by the CANVAS program,
hence it paved the way for a more specific trial
of canagliflozin on patients with kidney disease-
CREDENCE trial®",

CREDENCE was conducted on T2DM patients
with kidney disease. This research shows a
massive reduction in renal complications with a
reduced risk of end-stage renal failure. It was also
found to be safe with cardiovascular outcomes
and hence, it can be prescribed in patients with
both renal and cardiac disease. Since the trial was
stopped prematurely after 2.6 y, the study of the
effect of drugs on secondary outcomes might have
been limited. But later it was suggested that the
limitations were unlikely to have a major effect on
their findings8.

DECLARE TIMI 58 assessed the cardiovascular
outcomes of dapagliflozin in patients with
T2DM. The results revealed that it reduced the
cardiovascular complications and hospitalization
for cardiac failure. The risk of stroke, amputation,
bladder cancer and fracture associated with the drug
was low when compared to the placebo. But the
risk of diabetic ketoacidosis and genital infections
was high with the drug than with the placebo. The

March-April 2024
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renal protective effects of dapagliflozin are yet to
be studied in detail*.

COMPARISON OF SGLT2 INHIBITORS
WITH OTHER ANTI-DIABETIC DRUGS

SGLT2 inhibitors are compared with other
classes of antidiabetics which are summarized
in Table 40%¢1 There is only a slight variation
in the pharmacokinetics between metformin and
SGLT2 inhibitors. Although metformin has been
ruling, studies have shown that many patients will
not achieve their target HbAlc with metformin
therapy alone due to varied inter-individual
responses. Hence, metformin could be combined
with other antidiabetics and SGLT2i can be safe
for combining with metformin or SGLT2i alone as
a monotherapy are efficacious in people intolerant
to metforminf®. Both the SGLT2i and Dipeptidyl
Peptidase 4 (DPP4) inhibitors have varying risks
and benefits making it difficult to decide which
class is the best. But better glycaemic control has
been achieved when both the drugs are combined
and many fixed-dose combinations of DPP4
inhibitors and SGLT2 inhibitors are available now-
a-days. But the synergistic effect of SGLT2i in
combination with DPP4 inhibitors are debated®!l.
Glucagon-Like Peptide-1 (GLP-1) agonists are
very efficacious when compared to the other
class of drugs mentioned here but they offer some
serious disadvantages like lack of availability of an
orally bioavailable form due to rapid metabolism
by proteases of the mucosa of the intestine, the
variability in its chemical stability by time and
increase in pH and temperature, immunogenic
reactions associated with this drug, side effects
such as nausea and vomiting and above all, the
cost associated with it making patient compliance
an issue?!. Hence the SGLT2i can be preferred
over GLP-1 peptide agonist drugs. Sulfonylureas
on the other hand are less efficacious in terms of
glycaemic control, half-life and cardiovascular
safety when compared to the SGLT2i. Therefore
SGLT?2i are superior in all aspects when compared
to sulfonylureas!.

EFFICACY OF SGLT2 INHIBITORS
Glycemic control:

Data from trials on the drug class have shown that
reduction in a larger extent that is as an additional
improvement. SGLT2i can be prescribed as
monotherapy or as add on therapy especially in
patients who are on metformin.

424



www.ijpsonline.com

N

1yS1am Apog aonpal 03 UMouy
ale Aayy pue erwaedA)dodAy
JO YSLI 93U} YILM pajeldosse jou
ale s10jlqIyul 71795 Seasaym
[es'e elwaedA)SodAy pue utes
1yStam aJe seainjAuojns Jo
S10949 9SI9APE ulew ay |

Sasned IejndseAoLpJed
0} anp syjeap payiodai Jou
aAey pue aAlda)0.dolpied
ale s103IqIyUL 71195
SBBUSUM [g9:9SRDINIAUOJNS
YIIM PaAISSqO SL SYyeap Je)
-NJSRAOLPJIED JO YSLI pasealdu|

piSiunowe
JURDUIUSLS UL duLIn 3y} uL
pajeutw)a aJe seainjAuojns
40 say1j0geiaw AluQ U9AL
ay1 Aq pazijogelaw aJe ssnIp
a3 yjog ‘awes sy} jsow)e
SL Sasse)d Y3oq Jo Sulpulq
utajoud ay] ‘seaunjAuojns ayy
03 paJedwod UayMm SsaAl)-J1ey
8u0) 9ARY SI03LqLYUL Z11DS YL

$J0JLqIYUL Z-17DS 03 JejiuLs
IS0WIe St UYIIYM % G°1-% 0"} Aq
J1yqgH 92npaJ seaun 1Auoyns

Aeniueisgns 1ysom Apoq aonpau osje
SJI0UQLYUL Z1T9S (z512NSSL dsodLpe 1eladsIA
Apoq eJ3uad 3y} UO uolIde SIL 01 ANP 8Y 67
-0°7 Aq 3ySiom Apoq adnpai sistuoge |-d19

[g»1192Ued dl1ealdued pue sijealdued
40 )st1 83 Suisod juswieasy sprngedi] uo
sjuaiyed ul sasealout asedl) pue asejAwe Jo
S19A3] 91 *SISOP YSLY YdNS YILM PaAISSqO
aJe SullLWOA pue ‘easneu ‘SutAydws dLises

UL UOIIDNPaJ ‘S3ULISIIUL BY) pUR UdeWols ay3

uL pajenyis aJe s103dadal |-d79 ay3 aduls

[os1SBNJP JO $SB1D SIY] YIMm
MO] SL S9SBISLP JBINISeAOLPJeD JO YSLI 3y |

(ss1APOg 3Y3 UL s3uswisey pioe Aey

pue ‘sapnydad ‘spioe outwe ojul pasodwiodap PalLIdx3 e S3NIP lyddd JO Iunowe Usgle)

A12191dwod st §nup ay3 Jey) sajedipul
yotym ewseyd uL punoy aJe sajljogeiaul Jo

S]19A3] JaMO] puR ‘sad3k} U3 JO auLin ay3 UL

pa31a.10xa j0U aJe sSnup asay] ‘aseplidadopu
JeJInau pue awAzus p-asepridad 1Apnridadip

Aq Apoq ay3 ul pazijoqeiaw aJe sSnIp asay L

[zgUIWI0439W pue Su0z-e}l)51S04
Y1lM UoLleUIquIoD UL dunaseq ay3 wodj (p
/ 8W9°gy-) 9s0on§ ewse)d jeipueadisod
UL UOLIDNPaJ B SMOYS 0S| 3| ‘sdlagelpliue
13430 UIIM UOLIRULqUIOD UL UOLIdNPaL
aJow yonw sJayo pue Adessyjouow se
auljaseq ayy wod4 *(*1p/sw 9-Gz-) 9s0dM 3
ewse)d Sulise) Ul UOLIdNPAL B SMOYS OS1e 1|
*SJOILGLYUL Z17DS URY) 12949 10w yonw
SuLIayo % 88°1-% 07" 1 A19rewixoudde Aq
D1YyqH 2onpaJ systuoge apnidad L-419

le92012INSS2.d D1103SRIP pUe D11015AS
22NpaJ 03 UMOUY aJe sJoqLyul 71795
los2s18% €-7 A9 3yB1om Apoq sy npal 03
umouy| aJe s10jLqIyul 71795 93 seatsym
1eJInau 3yYsiom ale s1oliqiyul $dda

l09'ccIUBLOM Apoq aonpal

SJ1031qLyul Z17DS PUR ULWLIOJISW Yiog $129449 J9Y30

lru1Zzoll15edep yiim
J2oued Jappe)q pue isealq Aendiaed
pue ‘uotsuajodAy d1yeisoyio ‘suoryeinduwre
‘Y)@ ‘suoldajul 1oes} AJeurinolluss
UM pajeldosse aJe sioqiyul Z179S
le'sgSIIIEaIOURd YIIM sjualied ul
pajedipulesiuod aJe Ay Usoued
o13easdued Jo ysu e asod osje Asy) pue
sialyealdued Sulzijoddsu Jo diseyliowsey
1e1ej Yim pajeldosse aJe si1oqiyul ddd
[z51S9SNED AD 03 3Np Yjesp
10 sa3eJ pue suoljezijejidsoy 4H Jo a1ed sy
paonpalJ aAey A3y} ouls aA13230.1doLpaed
AoAnesedwod ade sioqgiyut Z119S
a3 SBaI9YM YSLI AD dSeaudul 0}
umouy| aJe undisore pue undisexes

[cgISISOPLOR D130e) JO Sululem
X0q ¥2®'|q 9Y3 SILLIED ULWI0) W
*1J0JWODSLP JeulWOpge pue ‘eaoylielp
“easneu U1IM pa3eldosse St ULWI0JIdW

$1224J9 9SIIAPY

»124nssaud poojq d1jo3selp pue d1)01sAs
Suonpau pue jysiom Apoq ul uotydnpal
‘sasned A 01 anp syieap ay3 sutdnpal
Aq uo112930.4d oLpJed ul jeldyauaq ade
Z119S "S19942 Suliamol-pidl) swos
pue suoliedjdwod JejndseAoIdew

pue o.o1w syuaAaid ulwIoyIaW
p1ULIN pue sadaey

3y UL Pa)eUIWLS BJe SIONqIYUL Z1T1DS
SEaJOUM UOLI3ID3S Jeingny SALde
ySnoJyy auLIn UL pagueyoun pajeutw)d
SI UIWJ0IaW “uoljepluondms diyeday
Aq pazijoqeiaw st Z179S Sealaym
J9AL] 343 ySNoJy3 30U SI UlWLI0)-1aW
JO WISOGRIdW "SI0UqIYUL ZLTDS 03
paJedwod usym UoLINGLIISIP JO SWN)OA
a8Je) e Ssey ULWI0JIdW ‘a104249Y |
"% 66-% 7'98 W0} A|9AISUSIXS
spulq 71795 seaJaym sutayoud
ewse)d 0] pulq 10U S30P ULWIOF W

Ayojes
JejndseAolpJe)

lssHOMQIYUL Z179S
a3 03 paJedwod uaym aun ut pagueyoun

UONW * [99,1193BM APOQ 12303 URY] SS9)
A)ensn aJe Aay3 pue 3sapowl aue siolqiyul
¥ddd 3Y3 JO UoLINGLIISIP JO SWNJOA 33
9 pue % 66-% G/ 40 Sulpulq utajoid e BuiAey
urpdnSeul) Jo uorydadxa ue Yiim sioliqryul
Z119S 03 paJedwod uaym 32949 sulpulq
ula104d JoMO) e 9ARY SJIOIQIYUL ddd SYL

soljaulyodeweyd

les1Y30q Y1 Usamiaq
J919we.ed cniaupjodeweyd ul dejuaro
31331 AISA © S23BDIPUL UDLUM % L7 L-%
01 Aq 2} v¥qH 9onpau sio3qLyul Z119S
sealaym % 07 Aq 9s00MS pooyq Sulisey
pue % G*| AQ DLygH S92npaJ UlWIo)IDW

SI0MQLYUL Z-17DS UeY) 13553
sLudym % £°0 Ajorewixoadde Aq o1yqH
9oNpaJ 03 UMOYS aAeY SJ01lqlyul +ddd

1043U0D DLWaedA|1D

sJo3iqly
-utL Z119S "SA seaun JAuoyns

$1031q1Yul Z119S “sA sistuose appdad |-d17

SI0JQIYUL ZLTOS “SA ULWLIOJdOW so1s1910RIRY)

O SIONQIYUL ZLTOS "SA SIONGIYUL bddd

SONYUA J1L39VIAILNY ¥3IHLO HLIM SHOLIGIHNI ZL19S 40 NOSIRIVANOD ¥ 318V1L

March-April 2024

Indian Journal of Pharmaceutical Sciences

425



www.ijpsonline.com

This is due to the similar safety profile of both
the drugs, it is said to exhibit lowering the HbA1C
which can be observed in patients who were
recently diagnosed with diabetes, lower age and
high body mass index within 5 mo (average) of
taking the drugl®%l. Of the other drugs belonging
to the class canagliflozin at a higher dose is said
reduce HbAlc and exhibit almost nil drug-drug
interactions and a higher reduction in HbAlc
levels (0.3 %-0.5 %) can be noted™*.

Weight loss:

SGLT2 inhibitors causes weight loss due to
glycosuria induced energy loss and is said to
sustain for a long timel®, despite monotherapy or
combination therapy. Evidences showed that the
weight loss are maintained upto 4 y unlike other
anti-diabetic class of drugs(®*%. Tt is also said that
the adiposity is reduced in rodent models which is
to be explored in human body.

Blood pressure reduction:

Dapagliflozin is said to possess blood pressure
lowering effects due to an anticipated diuretic like
mechanism in addition to glycemic control but
needs to be explored morel®®.

Cardiovascular outcomes:

Empagliflozin and canagliflozin have shown to
significantly reduce cardiovascular events in
individuals having cardiovascular disease which has
been established in EMPA-REG OUTCOME trial.
SGLT?2 inhibitors reduced the risk of the composite
cardiovascular outcome, hospitalizations related to
cardiovascular condition such as fatal heart failure
and myocardial infarction and no significant effect
on stroke or cardiovascular death. Thus far have
been a safe drug to be administered in patients at
risk of developing cardiac diseasel®”-6%],

ADVERSE EFFECTS
Risk of hypoglycemia:

The risk of hypoglycemia is most common and
frightening with any class of glucose-lowering
agents. The insulin-independent mechanism of
SGLT2i usually results in a decreased risk of
hypoglycemial®!. The incidence of SGLT2-related
hypoglycemiais low, exceptif given in combination
with insulin or insulin secretagogues!’*74.,

The incidence of hypoglycemia was not observed
with dapagliflozin, canagliflozin, or empagliflozin
respectively as monotherapy but hypoglycemia
was observed when any of these three drugs was
March-April 2024
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administered with insulin or sulphonylureas!>-",
As far as luseogliflozin is concerned, hypoglycemia
was not observed with both monotherapy or in
combination!’",

Risk of genital mycotic infections:

Vulvovaginitis caused by Candida species is the
most commonly occurring infection in women,
particularly in diabetic women who are at a risk of
80 % when compared to non-diabetic individualst,

The genital candidiasis in diabetics consuming
SGLT2i is observed because of the excretion
of sugars through wurine, which promotes
mycotic colonization and facilitates a favorable
environment for the growth of bacteria®. The risk
of this infection is more in women but only a few
rare events of men contracting this infection have
been observed!’?. The risk of infection was higher
even in dapagliflozin either as monotherapy or in
combination®?!. These infections may usually occur
within the first months; however risk of infection
may persist during ongoing treatment!®>*¥. These
infections are of mild to moderate severity!®.
Individuals with a history of genitourinary
infections tend to contract this infection while
undergoing SGLT2 therapy!®. The risk of genital
mycotic infection can be mitigated by hydration
and maintaining good perineal hygienel’").

Urinary Tract Infections (UTI):

The results from a systematic analysis!’?! stated
that UTI was observed in patients consuming
canagliflozin but the meta-analyses reports of
the same do not state an incidence of UTI®S,
Dapagliflozin meta-analyses stated an increase
in UTI when compared to the placebol®”:88,
But no incidence of UTI was observed with
empagliflozin®%, Uncommon incident cases of
pyelonephritis and urosepsis with SGLT2i were
reported to the Food and Drug Administration
(FDA) and their causal relationship remains a
mystery!?®l, Patients with a history of recurrent
UTI, neurogenic bladder, indwelling catheters and
paraparesis should be considered before starting
SGLT2 therapy!®!-9-92,

Hypotension:

The inhibition of SGLT2 receptors in the kidney
by the “flozins” results in a decrease of tubular
reabsorption of glucose resulting in increased
urinary glucose excretion®**. This inhibition also
increases the excretion of sodium!®). The risk of
hypotension with SGLT2i was found to be high
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when compared to other hypoglycemics®. Dosage
adjustment of “flozins” may be required in volume-
depleted patients who are on loop diuretic therapy
or thiazide therapy. Contrarily, if the patients are
not volume depleted due to other factors; SGLT2i
can be safely co-administered with diuretics as it
causes only a little synergistic effect in decreasing
blood pressure®”®l. To prevent symptoms of
hypotension, acute kidney injury and falls due to
volume depletion, it should be assessed whether
appropriate doses of hypotensive medications
affecting the Renin-Angiotensin-Aldosterone
System (RAAS) are prescribed®l.

Risk of cancer:

FDA in 2011 published an advisory about the use of
dapagliflozin and its correlation with an augmented
risk for cancer (breast and bladder)®!. Females
were observed with breast cancer and males with
bladder cancer!"”. The risk of cancer was not
observed in phase 2-3 randomized controlled trials
with canagliflozin or empagliflozin!'®-1%3],

Bone safety:

Dapagliflozin seems to have no impact on bone
development. After 50 and 102 w of use, no
substantial differences in bone mineral density
of the lumbar spine, total hip and femoral neck
were observed. However, an elevated incidence
of fracture was seen in diabetic patients with
significant renal impairment®®). A warning
was published by the FDA in 2015 regarding the
risk of fracture associated with canagliflozin.
The physicians must consider the risk for
fractures before prescribing elderly people with
canagliflozin[%-104-1061,

Several studies propose the following mechanisms
on the effect of T2DM on bone metabolism which
stated elderly diabetic patients are at higher risk of
falling correlated with peripheral neuropathy!'?!.
Increased urinary pentosidine, is linked to an
elevated risk of lacerations in patients with T2DM.
This indicates that the aggregation of complex
glycation byproducts that stiffen bone collagen
can reduce bone strength in T2DM!71 The chronic
hyperglycemia linked to single-gene mutations
in the leptin gene or its receptor causes severe
cytolipidemia-induced osteopenial®.

Amputations:

The risk of amputation is linked with diabetes
due to chronic hyperglycemia and microvascular
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complications such as Peripheral Artery Disease
(PAD), peripheral neuropathy, or the risk of
infections!!?”), Likewise, in the Announce analysis,
there was no amputation risk with dapagliflozin.
This risk was not observed with dapagliflozin and
empagliflozint!:10%1,

The publication of the CANVAS program
elucidated the risk of amputation associated with
canagliflozin for which a boxed warning was
published by the FDA. From the program, it was
evident that canagliflozin was mainly associated
with lower limb amputation the toe. The patients
with the following disease conditions were at risk
of amputation, neuropathy, ulcers and peripheral
arterial disease and previous history of amputations.
But patients without the above disease conditions
also were at risk of amputations while consuming
canagliflozin!'%),

Conflicting results have been found in numerous
observational studies. A review of more than 900
000 individuals showed that new users of SGLT2-
sulphonylurea, metformin or thiazolidinedione’s
had a two-fold risk of amputations, and a marginal
rise in incidence in contrast with DPP or GLP-1
agonists were seen!!!!],

Since the risk of amputation is not evident or limited
to canagliflozin alone, it is not recommended to
use SGLT2i in patients with ischemic extremities,
peripheral vascular disease and history of
amputation is not recommended. The physicians
must consider the risk before prescribing patients
with these drugs!!''?!,

Diabetic ketoacidosis:

Diabetic ketoacidosis may develop in patients
with type 1 and type 2 diabetes that are on SGLT2i
medications!"'%!"!| The increased levels of ketone
in the serum may be due to a decrease in insulin
requirement, increased fatty acid oxidation rate,
decreased clearance of ketones by the kidney and
stimulation of glucagon secretion.

Diabetic ketoacidosis was not observed with
canagliflozin!"® or empagliflozin!'¥l but with
dapagliflozin, the incidence was high!''3l. The
incidence of diabetic ketoacidosis was particularly
high in TIDM patients who are on SGLT2i and
comparatively less in T2DM people on SGLT2
inhibitors!''.  But T2DM people with low
c-peptide levels are at a greater risk of diabetic
ketoacidosis!''*.
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Fournier gangrene:

FDA identified 55 cases of Fournier gangrene in
the period 2013 to 2019, which recommended
the physicians to discontinue the gliflozins
in serve cases. The patients were treated with
broad-spectrum antibiotics along with surgical
debridement('®],

Pharmacoeconomics of SGLT2 inhibitors:

Pharmacoeconomic  analysis suggest  that
dapagliflozin ~ when  co-administered  with
metformin increases the overall quality of life,
with a decrease in the rate of incidence of diabetes
complications when compared to the combination
of metformin+sulfonylurea or metformin+DPP4
inhibitors making it a cost-effective treatment
alternative'”, The results of meta-analyses of
ipragliflozin as an add on to metformin apart from
lowering blood glucose in T2DM, provided other
benefits such as weight reduction, reduction in
blood pressure, reduction in Triglycerides (TG)
levels and this combination reduces the risk urinary
tract and genital mycotic infections making it a
cost-effective treatment alternative!''”). In general,
SGLT2i seem to be the most cost-effective in the
treatment of T2DM compared with other anti-
diabetics and insulin. Further studies are needed to
determine the cost-effectiveness of other SGLT2i
and the cost-effectiveness of these drugs should
also be examined in populations with renal and
hepatic dysfunction!'",

CONCLUSION

This article addressed the literature available on
the safety and efficacy of SGLT2i by comparing
these drugs with the other classes and SGLT2i
were chosen since they have been gaining
popularity for the treatment of type 2 diabetes.
ADA has recommended the use of SGLT2i for
the patient with comorbidities and history of
kidney and heart disease. SGLT2i are a practice-
changing development for people with type 2
diabetes and Chronic Kidney Disease (CKD) that
have gone from a three-pointer to an easy lay-up.
The clear and consistent benefits for kidney and
CV outcomes with SGLT2i have led to revised
treatment recommendations from many major
international guidelines. In short, SGLT2i should
be prioritized in people with type 2 diabetes and
a starting eGFR of >30 ml/min/1.73 m?to prevent
the progression of kidney disease, cardiovascular
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events, or both, especially in those with urine
albumin-to-creatinine ratio >300 mg/g (Level A
recommendation).

SGLT2i have proven efficacious in lowering
HbAlc and fasting blood glucose levels thus
delaying the disease progression of T2DM and
bringing it into control. SGLT2i with its effect
on reducing body weight have become the most
sought after treatment option for obese T2DM
people. Surprisingly its cardioprotective effects are
being discussed now making it a success. Despite
several adverse events of the class being reported,
only a few like genital mycotic infections, UTI and
fractures are more common yet mild to moderate
in intensity. Further studies on a larger population
are required to confirm the other adverse effects
associated with the drugs. Several fixed-dose
combinations of SGLT2 inhibitors with biguanides
and DPP4 inhibitors are approved by the FDA,
giving this class a very prominent position in the
treatment of T2DM.The inclusion of this class of
drug in general practice may provide efficacious
results and could bring in stringent glycemic
control.

STUDY RECOMMENDATION

Diabetes is complicated by the presence of
comorbidities-chronic conditions existing in
addition to T2DM. It is observed that hypertension,
cardiac diseases and obesity predominantly present
as comorbid condition in patients with diabetes
thereby necessitating the need for targeting
treatment in a holistic way so as to prevent severity
of the condition. This requires choosing of wise
but minimal drugs to improve the quality of life.
SGLT2i which helps control glycemic levels
serves as a potent drug in controlling glycemic
levels, hypertension, weight loss and cardiac
protectant due to its pleiotropic effects. Bringing
the drug into clinical practice as much as it is in
the literature requires more studies and awareness
in physicians especially in the South Asian region
where the prevalence of the disease remains high.
Despite the inherent limitations this narrative
review possesses, we have tried to counter
subjective bias by wide diversity of authorship
from developed and developing nations making it
non location specific and thereby makes it likely
to readers of any part of the world to derive a clear
understanding on the drug class and to implement
the drug to clinical practice for visible results.
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