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Pharmacotherapy of Diabetes Focused on Stroke

Young-Sang Lyu, MD, Jin-Hwa Kim, MD, PhD, Sang-Yong Kim, MD, PhD

Division of Endocrinology and Metabolism, Department of Internal Medicine, Chosun University Hospital, Chosun
University School of Medicine, Gwangju, Korea

Cardiovascular disease, including stroke, is one of the major causes of death in diabetes. Numerous studies have long
suggested reducing macrovascular complication such as ischemic vascular disease through intensive glycemic control, but
none was successful proving the effect of glycemic control. Recently, new possibilities in cardiovascular disease reduction
have been proposed through cardiovascular safety trials of newly developed anti-hyperglycemic agents. The purpose of this
review is to introduce the traditional and newly developed anti-diabetic medications and review their effects regarding
cardiovascular outcomes mainly focusing on stroke.
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11(2.6% vs. 1.8%; HR 1.35, 95% CI 1.04-1.76, p=0.02), H]Z]
A9l HEFO WAL o wollA on] e Ael7) WEEA] eksk
tH1.3% vs. 1.2%; HR 1.06, 95% CI 0.75-1.50, p=0.74). Action
in Diabetes and Vascular disease: Preterax and Diamicron-modi-
fied Release Controlled Evaluation (ADVANCE) ¥1°1 &JA] A28
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B3 FARG O R S |A ZAR a5 o] UAL A8
A, 9, &, AAE 15% Awo] grfollA] vepd 4= glon,
S 500 mg®] AEFOARE AT Stke B SO
S ehskel 4= glom, I Wol ARBE L Q= AR A
O] Ao & FARE-S Faslel 4= Qlrk HEZET] AREA] F
o] A 4171 Ask Al WExZERI] Aje] F4E 4
7] wol] A At Al ARgol FEofljof gt ARt of
FHgo] 30 mL/min/1.73 m® vqto]d AR Z=uielal, 30-45
mL/min/1.73 m*¢l 9ol AlEA AR 4= gl o]
AR Fol Tt FHARFo R IRFSIE S shal AR Folle 5]
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Q727 glo] Foll F49] TR QA A7 A Aol
O 22 A v} Aol HER S Rolalgle 1) o
o] jato] wage] GulBo] 27T : ATHR 139, 95%
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qu_
LES A ol T FRFOE AEol BHsAY A
2 gd Wt ofete 7F—“°1 wob Agge] A =2d
et weh olelt Sol AEALAS] AHS-E FHER o
L} 13k vEo)AY o2 AR SHleks A AR ok
Tk BOR Alsto] ofZ Hhol] JFE F 4 9lo] HES A
Seol A Ae) ZASES ek

2
-
Y
30,
fr 4

o
9 =
ﬁ

O:::‘

O

rir

1o

3) Y2 €Y= (meglitinide)

HZEElUE AlE SFA|Z repaglinide, nateglinide, mitiglinide
7F A sfiollA AREE AL Sk FRA 08 HEQ A9 ThE
U 28713 Blszste] QlER1o] HIENZE A=6te] Qlad &
HIE SUA7|= o 28 AlZto] B2 a1(15-304) & 2R AR
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24 A ge Adds WA o Sloks Aol /o, i 4
A 38] Folsfof Frhe ThlE A o= Adek & A<D of
Al % repaglinider= F==2 ZHollA] TiARE7] izl A 24t
A 85 o] FaA| vk AFo] Adnk dEaaAel 2 371
A2 Hiszsh| el Wims WA Adgo] T o= 3

of o] dasith

4) EJol&T|d ] -2(thiazolidinedione)

ElolEE|dt]e Ao oA pioglitazone} lobeglitazone©]
AR AN GEEa a1 ) OFE7]A-E peroxisome pro-
liferator-activated receptor (PPAR)-y ZALRIZ|] EAIA| 2 A5}
AN & ARtde AAlete] I Aot avkE vehd
o} olelol ARzl A FAE ZTMIA B et
FEE A7), AEA] Y| oft] 32U (adiponectin) @] 2
S7PIA 21 el WIS o|al I W ARIRES o] ARk
Aol AR a-gAdo] ASEAL ek Gty ghAloflA] Qe
A AMke AR H3E Sk FUTE Aol of2fgh 2R 1HC.
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£ QIBlo] I ARgel APl 448 Haspls Aow
M| QIR A8 AR U5 ot AP 91
el 2 HHeE WA A4S FBelnl, Argom e

oo} Al7)s0] Aok FANANE AT 4= 9lont FRbE 4=
e HE & aLesto] ARgstolof gtk
ElofSe|dr] 2 tiatid M 995 Fste] tidd S
Y S YR ofEolck thi FARR] thAR] Prospective
Pioglitazone Clinical Trial In Macrovascular Events (PROactive)
¢toll Al pioglitaozones: FoI3t ollA] thastol] Bsto] o} ¢t
A1 T= Alo] Ofgt AP Bl ulAEA Q] A w50
O] %(HR 0.84, 95% CI 0.72-0.98, p=0.027)7} ZHA=Icy” E=5t
lclizr W}”P" o gk 8h9] A AellA 7] HEF
e 2ol A pioglitazone ARG Al EF-2] A<
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A o] 719¥o] gl ShjolA THRRE]R] 019}
olfet At AFE ulEO R HT Insulin Resistance Intervention
after Stroke (IRIS) 77} AL o] = 2L sldu]==
ot} Yapgsi@Al 7ol Sli= ehRlellA] ob2] e ARt

ol¢=¥l A3} (Homeostasis Model Assessment of Insulin
Resistance [HOMA-IR] index”} 3 o]4h)o] =2 A& gifez
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95% CI 0.62-0.93, p=0.007)5 H3c}. E3F At 7|7F 5 9]
WAbo] pioglitazone Folziol A el Hlae] 50% ol 7t
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A9l g0 w N A 277 Qe Dslasol
Gk YEB] WS (AT B4 18 UoA 8
ARe] Kol ol BT ARAL Sl S Gk ol
PROactive AL ER1E 8O & pioglitazoneS FojHkS-
oA St 3.6 kgl AT T7Kvs. HlEat 0.4 kg; p<0.001) Bl
AR oFsjol Sfat AREE] Z76% vs. TR 4% p=0.007)
7} ZelEgick weba golEddr]2S New York Heart
Association (NYHA) class 11T oJ4}e] AlE.Z o] 9l= Slxjo]|A 4]
F710lo] 41e] SRAo] 7 Hge) FFs o] Qe A
A gfoll A= ARGl F=efstoiof itk Il Fake 5=
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5) G2 FTA|TOAGAA (o-glucosidase inhibitor)

oo Aol EAleH: Z4eliag 54
A g o192 TR Soblel U g
FAEEE She 93 Ttk dulERaAtepe A
I =L ENERE RS PSS P
2 AQUA A% FHe WRE A4S B o A oM
acarbose, voglibose 50| Q1o T3l AF7F wWol Als dot
Fdo] ofgl A% o £2 avs & 4 L A Ad
o] A7) uiell A A=A w2 FARLOIA SEskAl AF
934 50k 26l 47l Al Bl ) 8
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Ko AL B 5o PRt S4FOR acarbose TH= vogli-
bose7} "e‘ﬂéﬁi*lﬁlow‘is % o Adgo oAsio] 43}
7|4 Bzkgo| Atk 18 33] AA} A] Eojgljo} sk vl A5
g /WA a3 $55 AER Fols AREo] AL okE 59
Shfolek.

6) HHE 2o A4 A4 (dipeptidy] peptidase-4 inhibitor)

A E(increting> XL HAE A TEEO0R Mo
239 2ol Bolell Qlgele] st o] Pofaitt. 91
HY|ElS- gastric inhibitory polypeptide (GIP)2} glucagon-like pep-
tide-1 (GLP-1)0] glom o] F A28 Gitd ShxfoflA] dele]
H[5lo] GLP-19] @ 5ot B/wer} Has o] glol wH o]
o5 o83t Amro] AT AL qlrk Q1A EE el
HHH] S7REE ofye} Qlelo] Ao yhofto] AdA ¢
A FEEen FrlEAE offet Avks dF 2wkl
oleron Agg. napd Aol e A9 dd Hnjs &
ek gron Bo] T2 A9 Qe BulE e el
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291 Ago AT WS Ha0k 4+ U S At
E3F Hge] At Bofsto] AR P Bl u

A0 718 Bk wulg gl wabel dgel 7
25 veh] Fiek olololE 919} Aol Wl SES Lol
4% @ge] Z/12 Eahl|a A] Joliol AHgsto] 482 g

NA AE A7 BH”l arks welk”

olHE gy ]HE]—O]-X{]-4Q4111]Z]—“:— a7gollA] ERlE QA Es &
a5l ojHEd fﬂ‘E]E]—O}Zﬂ-4 (dipeptidyl Peptidase-4, DPP-4) &
22 oalo] QladRle] B4 S Rol e71H0R A
ZAof| =8 ok oFA9 X“”W” L oA Bk 4
F Aol 2ol o 2 AuE nol} 3Rokuel g e
T s Al aYE Helrh v 8o g ARRES)

2 v O ey ofRa HSePl GEHEAAE 0608% 4
HE QIR §% St S 9]
$: A ok Aol ek 20714
ok 1— 40] /\]_
& 27112 ol 9100} Felufells 9859] el 2 el
oMA4AAE ZAEle] Sl
clnE g AE ol 4ol ARl $4 olF BT QA
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Saxagliptin Assessment of Vascular Outcomes Recorded in

o
o,

Patients with Diabetes Mellitus-Thrombolysis in Myocardial
Infarction 53 (SAVOR-TIMI 53) -t Ald7Has) dhAo] 93]
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o,

mi m]o

E7b o g BE WFOR saxagliptin®] A QFEA
Stobnia} A8 Qtolek AWH o ARt Al F4 A
A Al sl e b e w A gito.

izl wiste] WAEC] F7I8HA] 2ot the ofz=o] H]
sto] QMRS [ISHAT & ‘ZlEKHR 1.00, 95% CI
0.89-1.12, p=0.99 for superiority; p<0.001 for noninferiority). 1
2 ol &3] 53t AR saxaliptin Fojo| A AREHOR <
g dedeo] hatol wisto] frolaiAl S7ISIATHHR 1.27, 95%
CI 1.07-1.51, p=0.007). H]s=3F A]7]o] 2% Examination of

Cardiovascular Outcomes with Alogliptln versus Standard of
Care in Patients with Type 2 Diabetes Mellitus and Acute
Coronary Syndrome (EXAMINE) #7M= 90 o]y FAAIAFE
WEgron Aug Ay Py B thoR Siof o
alogliptin®] A& ¢PAAE Yobr 314} et 71 A3} alog-
litpin- saxagliptin®} U7 [R| 2 28 AFIRPAS 2714714
ket Ry o] At M vRIZIAR EAA R Rt &}
0]‘:_ 040421/}- AIHX%QE oJs} 0]0 %o] 57]_5].‘— 76]*63:% H
(HR 1.19, 95% CI 0.90-1.58, p=0.22). o]&]a} of|=5}#] H:3t
Gol ofAlte] HAIAQ! AMQIA| oFA ALf-o] AnQlA]
glout oj=AEo)oFH(Food and Drug Administration, FDA)o]|
Ae AR EAfIME 7] T 71ROl Age SEekES
Aa1gt Arefo]ct. Trial Evaluating Cardiovascular Outcomes with
Sitagliptin (TECOS) 9A+- 9JA] APTAE W] $Her} =2
et 304 919 o) sigliptin®] AT QPSS A
G, A} A9l F0 AEBAIO] GlolA] T A7} ukvh
A= HASE dsdems dauA tigt e Eelst
%ICHHR 0.98, 95% CI 0.88-1.09, p<0.001 for noninferiority).”
e ore] F giels Tl ARAow dlat Jaee 25
A] QFTHHR 1.00, 95% CI 0.83-1.20, p=0.98). 7} 2ol 2
% CArdiovascular Safety and Renal Microvascular Outcome
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with Linagliptin in patients with type 2 diabetes at high vascular
risk trial (CARMELINA) 1= linagliptinE’J OHAAS dolE I
A A AT, 9 AT PR 8 ASRAS E
7N Z1A] 9A8EOH(HR 1.02, 95% CI 0.89-1.17, p=0.74), AFA
o7 o3t Qe EIF ZVIA7]|A] USITHHR 0.90, 95% CI
0.74-1.08, p=0.26).37 A2 AHE 47}x]0] ALS Z3}5}0]
2 o chge et Ml4cl Al AEE) 28 S7IIA
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+(saxagliptin, alogliptin)}> 4J5-80] P Shajolxl= A&
SHSHEE Sh= Alo] Frh

e g e v -4 AIAl = 1A EE-S Foto] Slsdl Hh
= ST 2 o] ofEA o R AgetuR o R
© AgEE F6A= gt T3 AIRH] Qs SRjolA &
ofstoi e Fert Bl A] QP2 O fA|Eo] o] ofAl7E A
FAlofEHe] 60 mL/min/1.73 m® wlgkel - HRtow §oks
7reFsto] ARESE 4~ 9lom, 13 linagliptin, gemigliptin, ten-
eligliptin® 27| AA Aol e 85 24 glo] ARge 4= Q
T o] Gitk. wed] AR SiEAel EA mont A
JPsgel lalol oF Alslo] ofeie W48 Al vl

PASHA AT 4= Sl efAlolTk

7) UES-EZE2554A-2941A|(sodium-glucose co-trans-
porter 2 inhibitor)

AAIE Esto] ol 2 A0 tiE g ok
Al ool EAsHE UERF- L3554 (sodium glu-
cose cotransporter, SGLT)o|| 2Ja}o] o]5:o|=]a1 90% o] ER
22 (SGLT-2)E E5t o|Folfin). ity 2h4t
oM 27l Weko Qlsto] A ofashs Ergo] ol
AL gHAoR et e B AgsHl "otk of#gt 71
ol gslo] UEF-Zed355A-29A1A4| (SGLT-2 inhibitor)
UEF-EZEG3s8A4-28 Az or dAste] :2ede] A
T AL iES S7HIA 39 A adkE Helk et
SEtego] HiEE A S oF 288 keal®] oflUAIE Ao R HijEet
OwA et 3 kg Ao Al 4 AVME Ho|il &AM UER
s oA e ke vrebdlick E=3E ALf] Qledlat
TR A7 07 AETES oA = ARle] slom AW
S HiER QIS Ee 40 TR Qkavle] WS ST
et

P4l CRE ol A4S A} DR AR e E- R
SEEAR2AAA ] AE PAS Bl SAgh et ¢
AAl8lo] Z18)%]Qlc). Empagliflozin  Cardiovascular Outcome

of [

Event Trial in Type 2 Diabetes Mellitus Patients-Removing Excess
Glucose (EMPA-REG) ¢I-1+= empagliflozin®] 4183 oHAAlS:
Sob] Slsto] AaElglon] Yit) SRt Mz 2 A
TARAL] WS a7l Auts Bk d7e] 93} Avigl
NBHATOR QUG AP, AN, HEFS TSR a4
derpde] EC] FolotA A=A HHR 0.86, 95% CI
0.74-0.99, p=0.04), M= AQ10] ofgt APE Tt FofsAl A4

JIEHHR 0.68, 95% CI 0.57-0.82, p=0.001). o]&{gt = A
From QIRh ke At 8 A9l Aow HrhH
(HR 0.65, 95% CI 0.50-0.85, p=0.002), A4 Moy LS5
upe osle] ot S7lol o] PHE) Canaglifiozin
Cardiovascular Assessment Study (CANVAS) ¢4t 7+ Y E
F- 2GS ETEA29AA ABQ! canagliflozin®] A S|
QPAS FoluiA) sl 9] el vhbAR e AEn
A ARG o] frofsiAl AAEFCr(HR 0.86, 95% CI
0.75-0.97, p=0.02), HFH R QIgt Jh&0] A} FEe|A A
FHE|QTHHR 0.67, 95% CI 0.52-0.87).” 1&ju} Al Mot
w0] Aol QlolH 42 119%, 13% Fhrhs A4S Bge.
AR ol g A 9kt Dapagliflozin Effect on
Cardiovascular Events (DECLARE) ¥ dapagliflozin®] A&
T g WA Sistel AuE AvE Fa AEe)
wgol ol GAHAL ESGOLHR 093, 95% CI
0.84-1.03, p=0.17) A0 Qlat Apgolut A5Ao] oJh
AYL {95k AAAATHHR 0.83, 95% CI 0.73-0.95,
p=0.005).
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BN B EGEEA20AA 0] AMEA] X
2 WEF f880] on] A F7Rika BaskIchER 130,
95% CI 1.00-1.68, p=0.049)." SGLT-2 JA|A|2] AL=A] o]y 2}
8o ofste] Folo] BEERA HEFY SRIAe] B7He 4 9
ohe 7ML AAEIglont o) sl EMPA-REG 79| 319)
FAOA HEE sk 715 ok, webd WEF
oAe] UE G- EEGTESEA-20A4 Agol Tt FAA)
A A7 Bad Aow Az,

F50] AR} Y A9 BT} Fhasie Aol
£0] 60 mL/min/1.73 m® (Y% oFA1= 45 mL/min/1.73 m?) w]t
olwl AN 9k, 754 oAl B4 SIEA O HAsA|
Rt woRE AvoR Eeg wio] S5k e &
2 A7) 799] 7187k S7bEcks Zlolt i Ao
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ZI LA E| =-1-7-A 1A (glucagon-like peptide-1 receptor
agomst)

FRARGAIY SRR TR d el ol )40l A}
A QAP 7Rke R sk o 8WoR A ARk
£ajo] TR AAloITk. Wt B AAe] A 2RI
HE=-19] EF st vl S7FHAl E olof] wket de] 4
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Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) $17-= o]0 Aldakasto] I
AF QF T} =2 ARE G FAE JAFO 2 liraglutide?]
A QPYAE obi i} gt iolch” Liraglutide AME<ofA]
Za ABAe) o] izt o] 13% Solal Baslgon
(13.0% vs. 14.9%; HR 0.87, 95% CI 0.78-0.97, p=0.01) HE <lo]|
Ok APY "R A 15% S8 AR ATH8.2% vs. 9.6%;
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9) Ql<&H(insulin)
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Figure 1. Available combination therapy of oral antihyperglycemic agents in patients with type 2 diabetes mellitus. DPP-IV inhibitor; dipeptidyl
peptidase-1V inhibitor, SGLT-2 inhibitor; sodium-glucose co-transporter 2 inhibitor.
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Figure 2. Antihyperglycemic therapy algorithm for adult patients with type 2 diabetes mellitus by The Korean Diabetes Association.* SGLT2i;
sodium-glucose co-transporter 2 inhibitor, TZD; thiazolidinedione, SU; sulfonylurea, DPP4i; dipeptidyl peptidase-4 inhibitor, GLN; glinide

(meglitinide), GLP-1RA; glucagon-like peptide-1 receptor agonist, AGI; a-glucosidase inhibitor. *GLN can be used as dual therapy with

metformin, TZD, AGI, or insulin or can be used as triple therapy with metformin and AGI, metformin and TZD or metformin and insulin.
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Figure 3. Management of hyperglycemia in type 2 diabetes; a consensus guideline by the American Diabetes Association and the European

Association for the Study of Diabetes."

GLP-1 RA; glucagon-like peptide-1 receptor agonist, CVD; cardiovascular disease, SGLT2i;

sodium-glucose co-transporter 2 inhibitor, eGFR; estimated glomerular filtration rate, HF; heart failure, CKD; chronic kidney disease, CVOT;
cardiovascular outcome trial, CV; cardiovascular, DPP4i; dipeptidyl peptidase-4 inhibitor, TZD; thiazolidinedione, SU; sulfonylurea.
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