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The Non-glycemic Effects of SGLT2 Inhibitor
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Abstract

Sodium glucose cotransporter 2 (SGLT2) inhibitors have recently been introduced as a new class of anti-
diabetic agents. In addition to their glycemic action, SGLT2 inhibitors also have a number of non-glycemic
effects that may contribute to renal and/or cardiovascular benefits. These include effects on tubuloglomerular
feedback in the kidney, body weight, blood pressure, and serum uric acid. Other non-glycemic effects of SGLT2
inhibitors that need to be further studied include the effects on lipid profiles, food intake, and secretion of
hormones such as leptin, incretins, and aldosterone. Also, the exact mechanisms of various non-glycemic
actions should be further studied. Additionally, SGLT2 inhibitor therapy in combination with other drugs may
have beneficial glycemic and non-glycemic effects. (J Korean Diabetes 2014;15:151-157)
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A1zFo] L9 A e (proximal convoluted tubule)2] SGLT2 9A4=} vl 2717+ oA =cH1]. ®3F SCLT1
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A2d T TA Gl sERAOA A% 2
QA2 SGLT29] Wdo] Z7}%n hepatocyte
nuclear factor (HNF)—1laol| 23 21320l 242-&

= THIAEY 2 T Fas 98-S = A
o2 oA4AZITY3,4].

A% ZB/A| 27 s Xt FE WA
e o] Z71HE Aol WAtz e 717
AAFe1A}, ek @Al I, mTOR, protein kinase C
(PKC) 5& Gdtel &4l 7t ornithine
decarboxylase (ODC)E %3t polyamine Z7}7} Al

329] Al st o]oj A AL B}l Alze] w3t
7} WAl of7]o= E3] transforming growth
factor pl (TGFB1)} cyclin—dependent kinase
(CDK) oA dull5o] o] sh= 21 o= HIItH4],
T AT AEZE o] 85 A BuoA L AL
WEEo] Ergdo) w=EEI 2t v E71EW
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Az w3l AdE =y SIRTL #a — p2l $7F —
CDK Z49] 7Ha 59 7]do] #eo] glom SGLT2
< AAehH udFof ot ZHAM B A2 w3HE
AAT = Sl ASRE YepgTH5] T L9AE
AA| T N2ST} uRZIA R e S0 SJsfiA
Aj22] ABIAE A F7F 9 A AL A S| L
Fr 2rd 2N AFAEYAY HFETHEE
o oJgh M2 AFE SGLT2 Aol 2JaljA] a6l
1 o] M o] AF st Ay Gied AE
e LPoA A4 IHIAEI 18P E2EH
FEESolu Aw3ts SV 1A 43t
o], SGLT2 oAA= o] 7149 4L JAoh= 53t
7F iek(Fig. DI7,8].

M 2o ML ntE
(hyperreabsorption)2} tubuloglomerular
feedback?| 0| &2 W™

ol A ZAl o] E = et ki
H A 2] 43 v EE doTith Egt A3
7] F7F 9 SGLT2 $7h= 259 9 YEES A&
9] S7tet o] let4], F oAl el Al A
T $7ks 991 Na—Cl-K =& f2lsH
A7 o]2]dt 7t macula densaolA ZHA|E
o] tubuloglomerular feedbacko] ZrAskal ARLA]| <]
afferent arteriole®] A& o] AFLA] Hhofi}k
(hyperfiltration)E Z@3ttH4], Tubuloglomerular
feedbackd AIA|7FO 2 AFLA|Q] afferent arteriole

o] FIAFHE @RS EER oAl S S5t
A & [9].

oA SGLT2 AA| Fofof QJafjA] o]efgt 2o
e Y 5= vk AddTet A A A2 W
o] H1%|QIrH4,8,10]. &, SGLT2 AAAI7} A=
oAl AgFE AASHE YN =TOE YEF o]
Z7Vska gE 9] 2717} macula densaollA] 7HA|EH
afferent arteriole® 4$=A|7]= tubuloglomerular
feedbacke] 2Hgdto] ALA] ZHojm}7} 7 A =0} ARt
AoAzgo] Tashy iy FEAoA empagliflozin
Folof &gt ofite] A A= id kA L el -
U= AHE Z(renin—anigotensin—aldosterone
system, ©]3} RAAS)®| oA aute} v|&3 Yty
B = lch(Fig, 1)[10].
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Fig. 1.

Potential role of sodium glucose cotransporter 2 (SGLT2) inhibitor in renoprotection for patients with type 2 diabetes.
PKCB, protein kinase C B; ODC, ornithine decarboxylase; TGFp, transforming growth factor §; CDK, cyclin-dependent

kinase.



AES WEws dFdT dake BEeho A
db/db AFeN A Al8st FEH ol A= dapagliflozin
1257 FojZd3 @4 Agoteld Xy Aot d
Aag0] Halglo] @il S {5 A7) A%
Z2A19] mesangial matrix =4, 714 443}, Id=4
M1 ANz o] Mg, A5 Aol Bl Hd, ARtA
Ed A FAR, MZZIAF QA FoeHA] a7 = 2
}E BATH13]. E SR SR Aol
BTBR ob/ob AFE o]-&ste] A QdlAl 15 T 4]
o= FYoHA nEYE Fet FrEA ng
of thgt Aol A empagliflozin HHE i 4l
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I Hgsoly g5 #A%, 22T HilsL 7
AZ1 A= AT o]eh= /iR At Tl
2 IS HloH14].

A28 G SRfof|Ad= hoflA] e tubuloglomerular
feedback®] A& Jet Qlal] SGLT2 SAA| Fof Al At
Ao Tgo] FA7INE 14~20% HE, A&H 07 FoA
11~15% AE9] 747} SA=EH9,15]. Canagliflozine
527 7F AXLE AFEA Ol ) 55 mL/min/1,73m?Q]
Aol A glimepiride®} Hmwa}l7] $JafA HZ2 10|
2713 CANagliflozin Treatment And Trial
Analysis versus SUlphonylurea (CANTATA—-SU)<1
oA canagliflozin FoJ+of| A glimepiride F¢7
ol HlBA AREA| o 2kgo] 270 = AASHATE oF
7 BEH A2 FAEUL glimepiride Folwtol A=
&R o072 7hAaste] oF 12340 vl Kt 2=
canagliflozin FoJgto|A] ARtA|ak-&o] o =2 4
H2 FA = ATH16], o= SGLT2 JAA7F A7
o] §AE A2y iR A F7H o8 AT
Ho a7} 918 73S AlARRITE

A A2y G FAfol A wHIAAEE A3a7]
(45 < A ARl 2R (60 mL/min/1,73m?)<l
7% canagliflozin 100 mg/¥ o7} 7153ty o]
of Al i THAIEES A|37] EAfol digh
canagliflozin Fo] FATFATNES 4 B4 2
o o5t oF 6/fLA AFA| o IES R
+0.7 mL/min/1,73m?o]| ¥]8§jA] Canagliflozin 100
mg/¥ T3 300 mg/Y FolTolA 2k 1.7 W
-2.2 mL/min/1,73m? AE 9] H3E BYo, JA
il e FRxto A= T} ZbzE - 19.6%, —53.1%,
83 - 44, 7%2] MsHE Ho] AREA| o i3 AFEA]|
RSt gk HART oA FaEAT gl =
A JHAEES Ho] A7) R ane] 73S B
oH17], AR AR 2RE©0] 30~50 ml/min/1,73m?
5}l AL A O E Canagliflozing 17 Foi3k
AFAdo| A= 19 & AFFA IS canagliflozin
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SGLT2 XA e =&t Fat

300 mg/Q FololAl thazel] HshA folatA u
QIEHI8), webal ALEA| olabgol Zhad BAtelA Al
R Bk v F7hA9 ARt BasAe
g5 2 melste] ALgSHE Aol 24k

10 o0&

AszL =0

2 2ol vlEjA SGLT2 oAIAl X 8= 9%
Aetta aas e Hole=d] el upaba
CFEZ| T Xt AlYH vebEA] Aub cfzte] Hs|
oF 1,74 kg (95% 4127k 1,45-2.03)2] AFSHAE
HATHI9], G FAloA SGLT2 T & Aoz
Erhujde 1Y oF 70 13 Ax ujAdEER o]of <
Stz 2 e AAT AESA o]kl g A IFart 7
g Aoz AAZITH20].

ASaE 2ARE A4 Aakso] ¢JshH CANTATA-
SU AFolA= Canagliflozin 100 mg/¥(—3.7 kg)
52 300 mg/¥Y(-4.0 kg) FAol|A] glimepiride &
oA(+0.7 kg)oll BIg|A 5254 AFHIT 251
A2E =l canagliflozin Foldtoll A= 2/3 A=Y
Asth e AR, 1/3 AEe] Asttae A%
2] 9] 229] 7tavt 7|ofstglal AaksiahaE] B
Ao A= BEA A7) gAYtk o A yst
AcH19].

A2s Gty FRoA AFHEE 4% dapagliflozin
Ao A= v g Heow AFAE 15 Y
of felsiAl Frastr] Alzkste] 24 R 7HA] A A 8]
43kglom A7 GAEE AR o] A5 E
B gQltH15,21]. Dapagliflozin Fojtol| A 2t
of Blsf s|HEHY FA(-1.52 cm; 95% Al=7:
—-2.74 ~ —0.31; P = 0.0143)9} 5% o|A4+] AE=74
S 2ol AU L(26.2%; 95% AFHA7: 155 ~
36.7. P < 0.0001) HA| FolatA| wokon 3754

oA Aol xwt uid} AlFAay AR Tae
I g AaAE B2l UM eR o] A
o)A MRI AARE &3] 7 Ahe] Wsks S35k
o] 7F A2ty zto) vlsiA o ashs A 2
A FARCR folstA = dron], B Y =
= 7] Aol ®l8} dapagliflozin FololAl 2.6 ng/

ml A3 2 A= 0.09 ng/mL 5715}
5 ot Atololl Zfo]] AekE Wlth(P = 0.0944)[21].

Canagliflozin®} dapagliflozin A4 v AF= ¢l
AW AF 4o gigk 3= canagliflozine 1Y 300
mg FoJst= 7 LFoA SGLTIE dAshs &5
T 71 4= 7] el 3% olof tigt A=
dQasf ®elr),
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Z=a| 83

oy ZEnd AFoA SGLT AAA 5ol Al A
S} tEolA Zr2e] HH e fojtt S 52 &
71EeFe] ERlE %l om(13,22,23], A1y Ty A}
of tigk g Aol A% empagliflozin Fof ol 4=
sk AFEe 9 SoiskioHis], webd ey 44
It AFgae] tislA] ofE BA7H| QA 48]
U ghaestE A7 S7beheAl F7F A5 2as) B
ol AAZ Lo Wiy ul$ TR A=
SGLT2 AAA| Folof oJs|A] e Aujdo] F7t
slHAl 2 EA4o] AEe] wx Aded TS
NAE A S271L S7toll SJaljA] ZhelAe] 2wt
v &2 F7bshchal BarE QieH24].

[

EeYst &

s

A2y gyt 118 o] FarEo] Q=
5% o142 i FAto|A =%7] deto] 140 mm
Hg oldolAY FUAE £ FoltH20]. 2+
HEtEA oA A2g i A4 SGLT2 AAA
Tz fokatell vlal =%71d%del ¢F 3.77
mm Hg (95% A&7 2.90 ~ 4,65 mm Hg) © &
3, i zoF A &3] vdjAE 4.45 mm Hg (95% 4l
Z|37F 3,18 ~ 5.73 mm Hg) ©] Yrhal Bk,
o|ek7] Fete $foktof Hlaf oF 1.75 mm Hg (95% 4l
271 1,23 ~ 2,77 mm Hg) ©] WL, tjxoF 2w+t
o H]jA+= 2.01 mm Hg (95% A&7k 1.39 ~
2.62 mm Hg) ¢ @il BstcH19],

o 749 712 obF] Z ure| A A E ANt kA
Fo] & 15 Yol Yefh= AR ol A o]
SHAA T Ao R YERF ujdZ7I= YFEA okt
[20]. SGLT2 AAA A& o AHUERF wjd=FS
TS A AFAAES B A YEE wjdse
z7] Fof 199= dapagliflozino]l &J&jA F7181H 2
U 2FA = ST FAEHA @ren[25],
canagliflozin (300mg/day) <oA= 15 U 12F
Aol 2] YEF vijde F7HER] oA UEE Hj
Aol A&KA o7 FIER = P Ao HAlTH26].
ESE Foro] 7hast Ale 52 It At
A2 glokal B s Qloi19].

Lambers—Heerspink 5[15]2 S0|2& A+E A
st A2¥ T FAE dapagliflozin (10
mg/¥), hydrochlorothiazide (25 mg/<), 18]al ¢
OO B oAl 1287 A& & YOS HEsto] A
Z, 9 84, AA o 55 RS oot M

= B3t AFLS dapagliflozin A &3
hydrochlorothiazidest H5FolA TrAst oLt
dapagliflozin 2| &A= EA-EH o] {2517
7.3% FrAsHtt, T3S dapagliflozin Fojto|A &
ZFEd 240 93 dEAHE FE7) oA Fof
T} HE AR Frekelon, e T dolA=
Hek7E glley dapagliflozin FolZoAs
NT-proBNP F%=7} &t ZS7FekieH15]. A2
NT-proBNP 5= Z7h= €A1& < erythropoietin
AF4-0] brain natriuretic peptide 4|5 S7FAIA
A BAPE Aor 5 TH[15], shARE
canagliflozin Aol = Fof 1540 G-2l5HA4 8%
|20 rastgovt 123 0= A 942
Akl HuEglom 4ol YEF sjde 15 2 1
Frof B dj2tol] vlsiA F7FekA] drhal Bl
ATH26].
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SGLTs2} RAASSHY] #Ad% Fasith 5243
oA it F ZEloJA] losartan A& oJFfA]
SGLT2 Wdo] fdagivk= Bt doH27]. §hH
familial renal glycosuria ZHAFAl&= RAASZS] &
Jo] S7tElo] Qith= Hirso] glom G kKo
Al SGLT2 AAAl Fo] A] Uast dhojute] 7h4
T o2 Yty wistel FatalAl #id—<kx] L Hl4l
e AEHE £ 4ol Frigtthal ®HaE gl
[10,28]. T3 RAAS AFetA|€F SGLT2 A AA7F 24 oF
Aol G=aW Hop AFRT ANt o 45tk
A A7t Qlong e MYATE FeliAl 2kl
o a7} SlrH10,23].
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24HHA Bt
SGLT2 oJAIA| %00 B4 % & Th shtte
H 24t SR g4 EatoltH29], P askdE
3 W WAV Qe Aadle] aate] AFSE
7MN7)3, Wi Avom e o] S7kshd @
W AR ok ghaith weba el Fvheh 4w
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AA=
Ee

o 84k Hjde o] glon SGLT2 A=
71 FaA A8 Ao 3}

SGLT2 AA 504 T 4w ZEg widera)
K4 v vl giel30]. A7kt Al
oJAF Lo A Tuseogliflozin®] A$- 14 5 mg -2 10
mg FoIA 154 H 84 FEE 1.71~1.76
mg/dL B% HAaA7le BaE Helon AA 4R
Al QAT B AR g7 ol Fdoll 71 Wkl 714
Aof| vl ofA] Fof Al Fof Fdoll= 243-279 mg/
day A= iAol S7IsdANE ol gt vl dge] St
= 7 4 ARt SRS 2A st S 29
TH30].

93 oA s A ujde] YA e FkE W
=8 AFFAIR ofitE @AM ~90%= 1Azl
Ol A] AZ4=ETH30]. A A QAR A 54
o #WoJE= uric acid transporter 1 (URATI,
SLC22A12), organic anion transporter 4 (OAT4,
SLC22A11), OATI0 (SLC22A13), GLUTY isoform 1
(SLC2A9a) So] & 9Jal losartand} salicylic
acidi= URATIS AAISCH31]. 2= 4234 GLUTY
& 2t Aol A e, Aol A GLUT9 obgl
(SLC2A9a)& 7| =dho] W= GLUT9 oF&2
(SLC2A9b)= Huho] vk En] SGLT2 AA|A0] 28]
Al A O] AN 2T Tt SIS 2
Zg-e GLUTY o}32 (SLC2A9b)oll &J3t @Ake] A&
S8 Age] 29T} el A olAsHe Ao
01741JE}[SO]. AN SGLT2 A Aol ¢35t QA ujA
9] F7tell thE 84t EAIEC] o Hofst=A]of Hish
Ae F7F d57F das) Bl @4 a4t 529 5
7he TN oblel tAESS, v Al o
Y, AEH 43 S3E wdo] 7] wiiel Bl
2 A2 FrRsto] 7= SHAIRE SGLT2 AAA| Fofof
O3t @A aAF A o] ofA|9 Aol & 4 3l
thar of AZITH32].
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A2d G Ao A canagliflozin £ A
HDL-EH2HE %8 745 5741712 LDL-
ZEAHE 25 5771 gl mhebA SAA
W s E eIt BuE Qird22,33]. vt
CKD 37] 3ol Al canagliflozin 523 Fo] QAFATE
oX+= 23] LDL S AHE =7t tidol B3|
Al W1, HDL ZE2HELS w2 A4S B8]
Dapagliflozin 9A] HDL-ZHAHE 5525 S7H4]
719 LDL =5 Z7MA171tH29]. SGLT1¥ SGLT2E

SGLT2 oxIxlel Ex=a 2zt

Z Ao AAGH= FAEL glucagon—like peptide—1
HHE Folo] XY A a3t o & Uebrd 7k
A= 11]/\]51043}[34] Y 2EHE sEHIe] 7| -t
! dapagliflozin 2]l th2 SGLT29A|
T HEhE Hol=A] &%y 24T

canagliflozin %
A el e g
f7}F ek,

27 ‘?—JEL WA vg 24 ES00A
SGLT JAA7F A Z7 A7t
7= §iek shx A= EAp A oF
wFol 2] g ‘ﬂoH*i e
o] ofslE>7 FAg
a7k eH19].
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SGLT2 A= d 238 2ollie AofA] A
shofafol efgh S ofe] 71 geflol ot 218

Edlo] A& B3 a3 98 7540l 9 01,}. A
Thil e 7FA Qo= AFF o 7 9= F=Ll 9l
epgst, AFAL, Deln 4t FERL 5 vl
2 QA Bl g 1 oo AW HEws)
22 430l de 9%, =R W}, 1gn
RAAS Ao $3Hiis) 550f ol

9l A ATHEO] Lelol T Ao Ho|n] AW Ag
of djst Qe SGLTI oat =
delH = g ATt 7)o,
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