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ABSTRACT

Patients with type 2 diabetes (T2D) have a significantly higher risk of developing cardiovas-
cular diseases such as myocardial infarction, heart failure, and stroke. Current anti-diabetic
drugs are highly effective for managing hyperglycemia. However, most T2D patients are still
at high risk for cardiovascular disease. Over the past decade, many studies have assessed the
efficacy of anti-diabetic drugs in regards to cardiovascular disease outcomes in T2D patients.
However, despite the effective glycemic control of these drugs, they failed to show significant
benefits that impact the morbidity and mortality of cardiovascular disease (CVD). In recent
years, anti-diabetic drugs, developed with other mechanisms, have shown significant results
for improving the risk of CVD. In addition, sodium glucose cotransporter 2 inhibitors have
shown promising results that impact CVD outcomes in several trials. This article will review
the cardiovascular outcomes and possible cardioprotective mechanisms of sodium glucose
cotransporter 2 inhibitors.

Keywords: Sodium-glucose co transporter 2 inhibitors; Cardiovascular outcome;
Cardioprotective mechanism
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o W 745t ol = RSk AT A Mol L} 12 F T 22 Au Aol e 5.0/3t 9
A 7N &ahE HolA] 253l

W% 22 7jlo] L8 F9 T ol 5 AlEe Aol thstol ela 217l 1A &
= Hol ZAE50] 9l3l=d, thix 2] Q1 2FA|| 2 liraglutide (Liraglutide Effect and Action in Diabe-

tes: Evaluation of Cardiovascular Outcome Results [LEADER] trial),! semaglutide (Trial to Evaluate
Cardiovascular and Other Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes
[SUSTAIN-6] trial),? empagliflozin (Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients-Removing Excess Glucose [EMPA-REG OUTCOME] trial),? canagliflozin
(Canagliflozin Cardiovascular Assessment Study [CANVAS] program)* 5-°] It} o] & 5 sodi-
um-glucose cotransporter 2 inhibitors (SGLT 2 S A A= 7418 A2 G o o 3
20 A% FYZ R oheh 4 AT Y BT AT B0 FYHQ BTE BT

SGLT2 A A= A9 T A = (proximal tubule)ol] 2 2| $F F2 st =2 +~8
I 9] sodium-glucose cotransporter 2.5 & A| 5} AbLA| 0| A of 2l o] F ol L2 ThA
A& 2w S oAl ghets Bhato) A7)0t W 278 A ol wkeh xbo] 7} 9oL}, SGLT2
o &t AA| & E5}o] 5150] 60-80 go] EEFS F71E 2 Hlo & ujZs}A 5t AEHS
Sholo A0 20] o |2 7} 5l Qe £ 2 o]o] 17| H31 o]o] wre} A F YFE Lpett
o s AL o] k. 2h8of o]5 Fot st EItE SHiE= Ao L]-E]—‘J'E]— 2 =wolAe
g71 oAl o] A A ol tieh axkel, 1 7kt 713 ol thsho] sl A} gk,

SGLT2 AN[H2] Mz He 47 Zat

1. Empagliflozin

EMPA-REG OUTCOME %= SGLT2 A A1 empagliflozin®] A& dgh Axpg 2
P2, e AT 28 oY HAE U A Aol 4T 28 1
Q& 7ol siEsl= 7,020 9 A2 Gt AE thd 2 2| empagliflozin 10 mg/day ==
25 mg/day= oIt o o 2t-S vl w3k FARQ] t 2t A2 3.1 50 Sl S wf A
U WO R U A, ATAN, HEEE FHhe A YR YN AN EE 5

AH 02 795t =0l A 7§ 8HS B X Th(hazard ratio [HR], 0.86; 95% confidence interval
[CI], 0.74-0.99; p=0.04 for superiority). H| & A 74 M1} &5 2} A%to] S E S A S
A 0 2 {O|5tA| o] A= Zotl ot AR 02 IeH S 35%, T Ao = QIgh
APEE-E 38%, DA AFGE-S 32% A 5= ZHE BRIt 519 24 (subgroup analysis)
oA, o]23t A RH o = Qlgt A&, AF T Ao = QS AFYE 7N Ext= 7| AR

79] 54k of wof A glo] LrehLE 20 2 W ek

2. Canagliflozin

Canagliflozin<> CANVAS program ALE <t Nl
TolMe A A u9d Tl Al 29 T $AH 10142788 2R X8, 2T
O 2 Lol A A 0 2 188.2F 59t canagliflozin®t ¢] kS H] w5 th. A AT} cana-
gliflozinZ A A0 2 QIS AN, A2, HEF5S ol & LA A RE 22

https://doi.org/10.12997/jla.2018.7.1.21 292



Journal of
Lipid and
The Mechanism of SGLT2i's Cardioprotective Effect Atherosclerosis

https://e-jla.org

ofl vl A -2 51A oflsh= 23S X 9 th1,000 person-year B B4 26.9% vs. 31.57; HR,
0.86; 95% CI, 0.75-0.97; p<0.001 for non-inferiority; p=0.02 for superiority). A| 2] Zof 4] A&
Ao = QIS AFY-S F-2f oAl A 7] A= ZoF 2 U (1,000 person-year & 'Y 11.6
™ vs.12.8; HR, 0.87; 95% CI, 0.72-1.06) A F-74 0 2 Q13 1 -3 33% /-2 51 A| 74l st= A
O 2 UEIGTE A7) Atoll A oA A3t Hedsto] okx] Aet 913 9] 71 7hs/do] B
%2101} (1,000 person-year & HAY 6.3% vs. 3.4, HR, 1.97; 95% CI, 1.41-2.75) ©] 21 ©] SGLT2
AA A AA M 3522 UebE 4= = AP U] = HEohA] 2t

3. Dapagliflozin

Dapagliflozin®] 7% 213 1B/ 4 A5 wEep 24 Za7F ExE vprt Qlote &
Ao A= F 9,339, 1 FollA] dapagliflzin 2| S 5,9368 2 (6,668 person-year) tHZE
3,404 (3,882 person-year) A1+E H|ul BA5}ATh B Lo A] dapagliflozine 5L
T AP E-S ZHA(HR, 0.77; 95% CI, 0.54-1.10) Al 7]= AP S B oLt SAZ
I8 3}ol g HolAlE alsich

o m> F
A Ml oo

2017'd 2 E H CVD-REAL (Comparative Effectiveness of Cardiovascular Outcomes in New Users
of SGLT-2 Inhibitors) Nordiac 7= EF4 real-world data A2 3552 SGLT2 A A E
= Zosto] Attt o] Aol A= empagliflozin, canagliflozin 9FA| = 35131 A TF
Ol 542 dapagliflozin AMEAFS /2 2 SFo] SGLT2 AA|A|7F A A 9/ 2 ollAl Al2dd &
=W gato] A Aghn sk AFEE, olghe 7ol =Ro] E=7HE Eelstithe
SGLT2 JA|A| = EF G kA of] v|sto] A A gk wad st AP 714 (HR, 0.53; 95% C,
0.40-0.71), 2 A& A2 T E ZFA(HR, 0.78, 95% CI, 0.69-0.87), 1| Al HH o2
15t 9] 918 7l Al (HR, 0.70; 95% CI, 0.61-0.81; p<0.0001 for all)ofl &2}2] Q1 71 © 2 Lhelytch,
2018\ HFE ¥ CVD-REAL 2 Aol A = 0p7}A] 2| dapagliflozin®] 718 Bo] AFR-E| 11, &=
Felo] th4 ;L3 Foll A2 sGLT2 A AN 9] A A 4 &S FRlshk i 72 3o A
SGLT2 JAA = 7122] AFFE(HR, 0.51; 95% CI, 0.37-0.70), A2 0 2 Q15 Q] A& (HR,
0.64; 95% CI, 0.50-0.82) ¥9t ofu] 2} A 74 A (HR, 0.81; 95% CI, 0.74-0.88)1} =] &3 (HR,
0.68; 95% CI 0.55-0.84; p<0.001 for all) ¥ & 7 Aol = G312 9] -& g5l chu

A2 dapagliflozin®] A& A ghol| 0] x]= YFE &RIst7] YsH B/ F2H iz
Q1 DECLARE-TIMI 58 (Dapagliflozin Effect on CardiovascuLAR Events)©] 201917 &
Stol| 13y F-ofl .

o
13

4. 7|E} SGLT2 MM A7 X HEHEM AR

ol Al AFE-EQ] TF2 SGLT2 AAA| ] 49 A717E o= 28y, dEe e
O} ipragliflozin ¥} -2 L8 ofAl= i HleHE Ao A7 Axprt 23t o] &7 &
H 87} ek 2016 HEH HEFEA oA SGLT2 HAIAl= F2 A E 3 A& 2hAY(relative
risk [RR], 0.84; 95% CI, 0.75-0.95; p=0.006), A BT Agto 2 gk AFH(RR 0.63; 95% CI,
0.51-0.77; p<0.0001), A1 %A (RR 0.65; 0.50-0.85; p=0.002), L& A AFFE(RR 0.71;
0.61-0.83; p<0.0001)°1 A R &t 7HH E3HE B o, HEF HAY 912 S7HRR, 1.30;
95% CI, 1.00-1.68; p=0.049)5H= 71 © & JEbtTh 2 o] Lo A] oFA) 7he] Ao AvfA| &,
APSE 7d2] 2bol = ZRIE] 2] QA TH(all P<43%).

https://doi.org/10.12997/jla.2018.7.1.21 23



Journal of
Lipid and
The Mechanism of SGLT2i's Cardioprotective Effect Atherosclerosis

https://e-jla.org

2017'd0)| 213t Hgk2 Aol A= & 81719] A, 37195 2] EAE2 td o2 Ha 89F
< SGLT2 HANAE AFE-RE AHHE HAI5kQITh: o] EAJ0llA sGLT2 A Al|A= A AHY
E(OR, 0.72; 95% CI, 0.59-0.86; p<0.001), A @+ Agto & QI AFFE(OR, 0.67; 95% CI,
0.53-0.84; p=0.001), A -7 2]F (OR, 0.67; 95% CI, 0.51-0.87; p=0.003) 5ol A 213+ & 7}

A &3 B ik ohgk A7 A (OR, 0.89; 95% CL, 0. 74—1.09; p=0.29), = &F 2 LI =] 3]
& HF2H(OR, 1.09; 95% CI, 0.87-1.37; p=0.47) 50l &= 2| ¢ 20| = K o|#] ektct, oFA| Z+2}
o 2 B3| BFS ufoll = empagliflozinTF Z 4| /\]":”"% WA oA f-2m|gt Aol & BT,
dapagliflozin®] 7% A AFYE 9@ 571 Fd= B oY SAA o2 {o|5hA] = Ut
(OR, 2.15; 95% CI, 0.92-5.04, p=0.08).

POTENTIAL MECHANISM

A HOk% sGLT2 AA|A = 1 FFoll AgElol At GEHeGHER
o] Ut} 27]°ll= sGLT2 AAA 9] o] 2§ &3t A 7N *% %‘E‘& U538 7HAdol
o|5t Zogt of A Zlth.# 5} A Tk EMPA-REG OUTCOME A0l A= SGLT2 9 A|A| 2] A}-& %

7|58 A A A a3 urEREaL, A 734 Rk ok 2k A Rl it B &
A= AT o] = sLGT2 A AA 2] E3HE S F/g7d e 7HAl ol ook Ao 2 ARyt of o9
Al AdtEoltt.

r&ﬂ
nz
> ek

J
rk&"
iy

EMPA-REG OUTCOME -2} CANVAS Program-2 SGLT2 A A 2] A% B & § 3} S A] Ho
FJch A% Al Aol D] Z]+= SGLT2 AA|A| 2] A &hof] Tt 7] 42 o 2] B &atA| H5] A 9l
A %1l o] & Tes] E Ao et atE Rt H 7| = of P} # A= SGLT2 JA|AE A
S W &g 4 91% AMAE, S TGN, Y 2E AT LA, At ol A 9] dhojzt
(hyperfiltration)2] 7HH o] HEH 02 28351905 7Hed & 117 oH Holok g}, upabA]
A A A= AL = sGLT2 AN A E 53 A B g 1ko] 7hsgt 7] ol tisto] & T ZRA
5| A R == 57

H

1. Systemic metabolic effect

2R t) 2 & 1591 EMPA-REG OUTCOME®| U} CANVAS Program®] 495 B X 83
oz 7he] Wi G M 4 0] 2fol = 0.6%S Z1HeHA] 2kor o] 7]& 9] B oA,
ol & &9] dipeptidyl peptidase-4 QA|A| 2 2] 55 R3PSt ALof| A o] -7 37| 2}o] 7}
UA] ettt o] = EF oFA) 7]8ke] Aqto| A=, H e A 2o E Eeta Ad v Ag
g }o] thslo] R-oJ 3t 2o] & B o] ] 2]tk 3 SGLT2 A A of] o 3 A d T A g Al
Bt 28 27|58 E Yegt oy, @9 7iAdol of g A Ag Ay E 72 4d o] A
o Foflof Yehdthe e 23l DG AR = A E i FRhol A9 B WA oFsk 91l
Apehes son 50 g njo] Euf T FF 7 Aol o3t 1R K 7] ofgnt

r°l' bl r>J

Thek SGLT2 SJAAN7F th2 G ekAQl Qledl A EQ 44| ElotEedy2, 13 l‘zd 7]
gh kA oF LR E = 2, o] & A7 AU e ZEgE 22 YR o] 5 Fafl &
M SGLT2 YA A= T G2 R 2 HjE3l= 7| 1S Bolth= ot} o] 2{dt T &

9] zo]= ol &J 3t 5/ (glucotoxicity) 2Fo] 2 o] o] H 4= Q) EP Z2] Yol Aol 12 n
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EF e glotof| A ZHAFSHE (superoxide) Q] Z7FE o] o] A 2 o] 2t AbStA E | A (oxidative
stress)'= Al 8T olUje} 42 ARIOIA % 28 5}e] Suo] 244733 B of]at o] 4
o] AHA BTt e AvkE ok 5 uhebA] sGLT2 JA A S F3 Fe] 9 H%%, gol oJgt =
Xe ekatstol AlAbo] &8 ZHAlTF ko] ZAFA S Aa)o] ofue 7] ohak 4 9lr}.

Ol

\'1

TERF SGLT2 HAA| o] ARE-2 AUlof| A = thAl ARt AFSHE S5l A H Al EA 9
1

o8& Z7HAIRICEHS olefR AEAL FRHOR AT AR Bt M, Aot X
Eguche GEHQ oAU 02 ALGE 4 YO vfur o] 23 ALY st AT E

@A BE] A, =0l 1 ek

SGLT2 JAAH & AHE o 2N, AME 55 xxFo] HiES F- 251, o]+ I&9]
el 211% a2 oloj Rt a8 o]t A F At F2 AW Z 9] Zhaof 791
g5 %1 b} gl 0 0131 StAF, &

=
o oo 78] A EDOM%lENdﬁﬂﬂﬁﬂaq—iq o Ui 5
egtchel A% 29 B9 avh Algoleta 2 4 zick»

SGLT2 JA|A| 2| B A] 8AFe] Z+4 LDL-Z8| AHE U HDL-ZE| A 29| 27} Bzt
chsolzist 24t Wl S AHE o] Hat= AE T A 1 #edo] 1S 4 AZe
L Rlojgtal B 7= o), 1 A4 A| = HEohA Bha] 2| ] o8- /JEloltt,

2. Hemodynamic effect
EMPA-REG OUTCOME 9175 t/d 2.2, SAH 245 &5l oAl AHg & ®igket of 2] 2| &
% olujeh 2| £/ A1al e A8 9l 740k 7V WS Pl € Ko=) WOk ATl A
= Holo] 8- A N FE, = 4 -8 (hematocrit) 2 &Y 4 (hemoglo-
bin)] 2717} 714 DA E B A2 Btk sGLT2 A A AF] A] Hol= Ald i Ao
S 54 90 510 .2 A /e of215 WA sk, & Al el o
1w2t83} ol S8 Heke) 74, W U] 83 e] 714 Solthm o]
o] AotH Gty e}l A 2 SH(preload)2t & F-5}(afterload) & =]

ZHAA 7| s A2 5 22 0 20 AbA HEHS 80|51A| 5Fof AlAE

- = E‘:__.
A7)0 o] 213 28-S B oFAlol o3 B Lhehd 4+ g WA 4 Uk

_r‘U_‘
rE-. ﬂ
j.?_l'.
o [r
>,
o3l
N
or

22, SGLT2 JA A AF-g-ofl o3t AT
= UERGARE SGLT2 QA A 2] &
G e A 47 R EE 2] k2 AR S R 7 Ad o) =t

Zolcts

o] gl Bxpoll A
@ 2ol ol 2ol

HE aHsliord

ol 2] Y/ Aol Al sGLT2 A A= 571, ol &7] EY Ast _—é—_J_].
olg|st A Aot anvto g AP A BT FItE

piy

}ol'
fol
KN
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oA AL G AN, BY A5 A7 BB AF M Eh2 o]of 7|6 sGLT2
oA s} o] B A7kl BRBHgIThs EF 7] E AN B ASAE A BT YR
H Boks W53 9ol ofd AH 3t o 2 2102 treht oLt soLr2 AA AR Al
o= HE% 913 WA 9lo] R2Iul @ Aol & HojFx] afgickns

SGLT2 QA A AF& 0 & QI3t o] &3} 3t AlEH 0 & Q13 9]l AF & 7 Alojl 2], 7HA
O = 7]of% £ %l% o= EO‘EJr » EP“F o] EEoj| A & Jefsfof & Aol Ql=t], 7|&
oy 84 d4ad ‘ﬁv‘f—(net sodium) eS|

-r

'
ol
o
38,
l:J
o
T g
R
|o
fu
rO
r°"
ﬁ
ftfo
:\é
rx

o= Ald ma}OE QI A}UP Hﬁﬁkxl
Y& o Yoz the SGLT2 0411111]7} 7|1Ee 72X Olhxﬂl—} EJobA| = o] &=
Hog Z8st 2 9l Ex o W 7lx]7} ok WA sGrT2 A A /\}Qoi lek &
3} Etoll = WAPA Q) A 4 57, 5 A AA ] AR olojA 4] ekgtrhe
Ch. B3 218 91| 7F 29 Al = o] 7] whEof] @ Al TARLA] = H Qo] GFFS Fo] EA
(afferent arteriole) ?] 45-& RS0} AbA| o 2HE- ZHAAIA AFEA W 4 & FAa
4 3 (Fig. 1), EJOFA = o] Aol A B 4= Ql= g} QA 2] F717) 9l 2358

stiche Holchs

i
o
—LJ
Hm
i)

g

r

> oft o of
By 12 O oY oy 1:01:

o

Normalization of
glomerular filtration rate constriction

A

Afferent arteriol 4—{ Tubuloglomerular feedback

SGTL2 inhibition in
proximal tubule

,

Increased sodium delivery
to macula densa

1 Glucose
& sodium
delivery

‘ ‘ Glycosuria & Natriuresis

Fig. 1. Reduction of glomerular filtration rate by SGLT2 inhibitors.
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obed AUle] @i £US E8 1R 28Nl EF FH A4 wak AEB A3
EERREEREER R

e

3. Hormonal effect

SGLT2 HAAH| o] AF&-2 ThFst T2 2 HEHE of7|sSith, S 2 29| ’HshH= A7 22 ofiof|
o] 32 TS 7|thst7] = o 2 U, SGLT2 A A AHE- 2 2 QI of 2] et s

of 283 4 SIrk. SGLT2 AAAE W o) 82 7, Wk ke, E WS S0l H2 Q)
3l| renin-angiotensin-aldosterone system (RAAS)S 23] E/JSHA|7|= A0 2 YElHTE+
ook G oA Add ARk 192l 59| the= 7|20 angiotensin-converting
enzyme A A = type 1 LA L84 84 A S AFESIIL Q= H97t Hong
SGLT2 HA|A| 7} type 2 RFA] @ ®ll 212 4=8-4]| o QFA] @ Bl Al172] 2/ Shof|at 2H-8-51of A F:
9}, 74 E7HE 9L s Aol Yk

SGLT2 JAA| AHE- T A o] 84 v 25-0] Z7t= A A 9| & 7ol S 835t
g5 D o2 Hol=t|, ol sGLT2 AA|A| ARG 22 QIR o &= matef A= of 3l A
o2 A=} 5}A 7 SGLT2 A A AHE-S E5f 3] B 2 Al AFo] A (tubulointersstitial)
9] 7|5 0] o2 EE 2 olo||l(EPO) £H] T7F=E o|ofA, HE - &4 W E-go] T7tstU=
Jolet i A2} glckes

Systemic metabolic effect

’ Hemodynamic effect

Glucose flux to excretion
Glucose toxicity
Oxidative stress

Ketones

Body (fat) mass

Plasma uric acid

S = = > = — —

HDL-cholesterol

% Diuretic effect
Hemoconcentration
Blood pressure
Pre-load & After-load
Natriuresis

Vasoconstriction of afferent arteriole

— % > — — %

Glomerular filtration rate

Hormonal effect

Direct myocardial effect

% Selective activation of renin-
angiotensin aldosterone system

1 Erythropoietin
1 Glucagon

(Pre-clinical evidence)

%  Changes in the ion homeostasis of
myocardium

| Myocardial inflammatory response

SGLT 2i

Fig. 2. Possible mechanisms of cardioprotective effect via SGLT2 inhibitors.
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SGLT2 A AA AR Al A = ZH A 0 =2 3% LA ol A 2271 Zu|7t Z75HA

&= o= oA A7 5ol 84 dehS T 4tk B E QUA|Fhe gt =
NS Ao T o] 8-& &ol5HA st £ &5HS7 ]‘(motropy) 1 Algka~2Z7} (chrono-
tropy) 4 &2 Fethal Be Al E Slehs 2 o gito] thsiA= 22h

= JHS 3
FE =ho] 511 qlt}. o] Zo] T =& ot gt 5 T 2Eo ate A
317] olgd 1, Bt @2 A7} Wa g ojof g A
4. Direct myocardial effect
SGLT2 AAA|7F A 2ol 21 2182 4 leA o e B
ol Ao EAA| tosze T gt L AghE 4~ QU ﬁPXlE'_} = %%
Toll A, sGLT2 AA|7F A2 Uol M o) UEF,» A 5o §F= F1L, 0l &
Alzzoll 23 A& 4 Atk 7hs/doll thsto] st uhrl ok, of22] 214 218
gEatA] r ot Al ol A o] Fatelag 9l o SHE-G A Aol dhosho] A
of gt Ho g5 HIS Zlol2t Be A= Qlth shA| R o] 52 /g TAl ol A
o AFER 7] Aol tisiM = Boh g2 A7 228 Zlo|th

O o>

e ol e

> Hr >

[©)

|

Z2E

SGLT2 A A| = 7] 22| B i ofAof] H]ste] -t g3 Ao 7 B8 BRI, o]

St G h= ofA| o] A|Y Zutoll AR 2R1E 4= ATt o] 2{ gt autol| thgt 7] M2 A A

= 2RI Abol, that 3 of Apo), T2 Zof| o] o] Fo] HghH o2 A-gsto] 75
of HEddetdn

3710 2 1 olrk(Fig. 2). 5} AT A} 71A] o] st 7] Ho] 2 2H85
Folgt Zpo] & Hol=7tol| s M= i &stA Brei A A St

[¢]

Hu
o>
i
)
iy
rot
4o

ol F2 Z-8oh= et 7o gt A+ E o %
FARUSY, SAbol| A SGLT2 A A AHEC = 7Y 2 &

JE) 0 AE T A A 9ol sl Fste A2d Tt Aol A = fAFeE &3t
5 Sof sl 5] = F 2 ZA7HE 4 S Zo|th,

1S}
-]
r\'Ll
ol
ol
2
2
=
e
rk&
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