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Abstract

The Committee of Clinical Practice Guidelines of the Korean Diabetes Association revised and updated
the 7th Clinical Practice Guidelines in 2021. Intense multifactorial intervention including adequate
control of glycemia, blood pressure, and low density lipoprotein cholesterol level and use of antiplatelet
agents has been shown to reduce cardiovascular risk among patients with type 2 diabetes mellitus. In
these recent guidelines, sodium-glucose cotransporter-2 inhibitors (SGLT2 inhibitors) and glucagon-like
peptide 1 receptor agonists (GLP-1 RAs) with proven benefits were recommended in patients with heart
failure and/or atherosclerotic cardiovascular disease (ASCVD) as mono- or combination therapy. SGLT2
inhibitors such as dapagliflozin, empagliflozin, and ertugliflozin were recommended preferentially
in patients with heart failure. In those with ASCVD, treatment including SGLT2 inhibitors such as
empagliflozin and dapagliflozin or GLP-1 RAs such as dulaglutide, liraglutide, and semaglutide as a
combination therapy was recommended.
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A= SGLT29AA(dapagliflozin, empagliflozin, er-
tugliflozin}& ¢80 2, SA4HIEES 0] Q= 4
2= 38 99 A] SGLT299AAdapagliflozin, empagli-
flozin)tt GLP-15-8A41 284 (dulaglutide, liraglutide,
semaglutide)& ZEol= ZS AalstAtHFig. 2) [4]. T4
ARG 0| Q= 9= SGLT2Y9AIAl(dapagliflozin, em-
pagliflozin)& A% &2 U5, GLP-15-84 1284
(dulaglutide, liraglutide, semaglutide)& t+20.& 34
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709 cardiovascular outcome trial (CVOT)o] =S
tH(Table 1). ©] 5 EMPA-REG OUTCOME (Empagli-
flozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus Patients-Removing Excess Glucose
trial)@} VERTIS-CV (eValuation of ERTugliflozin effl-
cacy and Safety CardioVascular outcomes trial)= o
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=)L, DECLARE-TIMI 58 (Dapagliflozin Effect on
Cardiovascular Events—Thrombolysis in Myocardial
Infarction 58) 41%%t 473t d#dgto] = &
ZATH7-9]. xFEL™Q! 3 point major adverse car-
diovascular events (MACE: B|X|®g%] A4, BX|Y
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Algorithm 1 | Initial therapy

p
Comprehensive lifestyle modification (including education and monitoring) }
o

Q. :
\_) Is severe hyperglycemia (A1C > 9%) accompanied by any Algorithm 3
symptoms of hyperglycemia (polydipsia, polyuria, weight loss, etc.)? Injectable therapy with insulin

Q’ Algorithm 4
Is there any comorbidities such as HF2, eASCVD®, or CKD¢? .
Comorbidities

Q' Algorithm 2
(Current A1C) - (Target A1C) >1.5% ? or A1C>7.5% ? S
Combination therapy

()
""i

Early combination therapy ]

Other (Algorlthm 2)

Is A1C achieved at target ? @

Maintain current therapy
Adjust or change medication(s) if there are hypoglycemia,
side effects, or contraindications.

Fig. 1. Treatment algorithm in patients with type 2 diabetes [4].

Adapted from the article of Hur et al. (Diabetes Metab ] 2021;45:461-81) [4] in accordance with the Creative Commons At-
tribution Non-Commercial (CC BY-NC 4.0) license.

HE heart failure; eASCVD, established atherosclerotic cardiovascular disease; CKD, chronic kidney disease; eGFR, estimat-
ed glomerular filtration rate.

“Particularly HF with reduced ejection fraction (HFrEF, clinical diagnosis of HF and left ventricular ejection fraction <
40%). "A history of an acute coronary syndrome or myocardial infarction, stable or unstable angina, coronary heart disease
with or without revascularization, other arterial revascularization, stroke, or peripheral artery disease assumed to be ath-
erosclerotic in origin. eGFR < 60 mL/min/1.73 m’ or urine albumin creatinine ratio > 30 mg/g.
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Algorithm 4 | Comorbidities

[ Comprehensive lifestyle modification (including education and monitoring) ]

N N

Heart failure? Atherosclerqtlc cardiovascular Chronic kidney diseasec
diseaseb

Q. (Current A1C)-(Target A1C) > 1.5%?
or A1C>7.5%?

Q

Q. (Current A1C)-(Target A1C) > 1.5%?

Q. (Current A1C)-(Target A1C) > 1.5%?

orAl1C>7.5%? orA1C>7.5%?

SGLT2id SGLT2id + Met SGLT2i® + Met SGLT2i® SGLT2i® + Met
SGLT2id + Met SGLT2id + Other GLP-1RAf + Met SGLT2i¢ + Met GLP-1RAf + Met
Met (TZD'\ZASEL%E?;M) TZDE+ Met Met Met + Other
L(TZD: coC:ttr:;:iication)J L(TZD: cgttg?nrjication)J Met +Other L Other J L Others J
Others

Follow-up

(o

@) Is A1C achieved at target? )

Maintain current therapy Choose medications with proven benefits of CV or kidney
Adjust or change medication(s) if there are hypoglycemia, or add on medication with different mechanisms of
side effects, or contraindications. action without contraindication

Fig. 2. Treatment algorithm in patients with type 2 diabetes and heart failure, atherosclerotic cardiovascular disease, or
chronic kidney disease [4].

Adapted from the article of Hur et al. (Diabetes Metab ] 2021;45:461-81) [4] in accordance with the Creative Commons At-
tribution Non-Commercial (CC BY-NC 4.0) license.

SGLT2i, sodium-glucose cotransporter 2 inhibitor; Met, metformin; TZD, thiazolidinedione; GLP-1RA, glucagon-like pep-
tide-1 receptor agonist; CV, cardiovascular.

“Particularly HF with reduced ejection fraction (HFrEF, clinical diagnosis of HF and left ventricular ejection fraction <
40%). History of acute coronary syndrome or myocardial infarction, stable or unstable angina, coronary heart disease with
or without revascularization, other arterial revascularization, stroke, or peripheral artery disease assumed to be atheroscle-
rotic in origin. ‘@GFR < 60 mL/min/1.73 m’ or urine albumin creatinine ratio > 30 mg/g. ‘Dapagliflozin, empagliflozin,
ertugliflozin. “Dapagliflozin, empagliflozin. ‘Dulaglutide, liraglutide, semaglutide. #Pioglitazone.
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Table 1. Summary of cardiovascular and renal outcome trials with sodium-glucose cotransporter 2 inhibitor in type

2 diabetes
EMPAREG  CANVAS  DECLARETOMI  (pppevcr  ypgmiscy

Patients enrolled (n) 7,020 10,142 17,160 4,401 8,246
Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Ertugliflozin
Median duration of 3.1 24 4.2 2.6 3.0

follow-up (y)
Mean baseline HbAlc (%) 8.1 8.2 8.3 8.3 8.2
Mean duration of diabetes (y) NA 13.5 11.0 15.8 13.0
Baseline prevalence of 99 72 41 50 100

CV disease/HF (%)
Baseline prevalence of 10 14 10 15 23.7

HF (%)

MACE outcome,
HR (95% CI)

Hospitalization for HF or
CV death, HR (95% CI)

CV death, HR (95% CI)

Fatal or nonfatal MI,
HR (95% CI)

Fatal or nonfatal stroke,
HR (95% CI)

All-cause mortality,
HR (95% CI)

HF hospitalization,
HR (95% CI)

Renal composite endpoint,

HR (95% CI)

0.86 (0.74~0.99)

0.66 (0.55~0.79)

0.62 (0.49~0.77)
0.87 (0.70~1.09)

1.18 (0.89~1.56)

0.68 (0.57~0.82)

0.65 (0.50~0.85)

0.54 (0.40~0.75)

0.86 (0.75~0.97)

0.78 (0.67~0.91)

0.87 (0.72~1.06)
0.89 (0.73~1.09)

0.87 (0.69~1.09)

0.87 (0.74~1.01)

0.67 (0.52~0.87)

0.60 (0.47~0.77)

0.93 (0.84~1.03) 0.80 (0.67~0.95) 0.97 (0.85~1.11)

0.83 (0.73~0.95)

0.98 (0.82~1.17)
0.89 (0.77~1.01)

1.01 (0.84~1.21)

0.93 (0.82~1.04)

0.73 (0.61~0.88)

0.53 (0.43~0.66)

0.69 (0.57~0.83)

0.78 (0.61~1.00)

Not reported

Not reported

0.83 (0.68~1.02)

0.61 (0.47~0.80)

0.70 (0.59~0.82)

0.88 (0.75~1.03)

0.92 (0.77~1.11)
1.04 (0.86~1.26)

1.06 (0.82~1.37)

0.93 (0.80~1.08)

0.70 (0.54~0.90)

0.81 (0.63~1.04)

EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients-Removing Excess
Glucose trial; CANVAS, Canagliflozin Cardiovascular Assessment Study; CANVAS-R, CANVAS-Renal; DECLARE-TIMI 58, Da-
pagliflozin Effect on Cardiovascular Events—-Thrombolysis in Myocardial Infarction 58; CREDENCE, Canagliflozin and Renal End-
points in Diabetes with Established Nephropathy Clinical Evaluation; VERTIS-CV, eValuation of ERTugliflozin effIlcacy and Safety
CardioVascular outcomes trial; CV, cardiovascular; HE, heart failure; MACE, major adverse cardiovascular events; HR, hazard ratio;

CI, confidence interval; MI, myocardial infraction; NA, not available.
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Table 2. Summary of cardiovascular outcome trials with glucagon-like peptide-1 receptor agonist in type 2 diabetes

ELIXA LEADER REWIND SUSTAIN-6 PIONEER-6
No. of patients 6,068 9,340 9,901 3,297 3,183
Drug Lixisenatide Liraglutide Dulaglutide Semaglutide SQ  Semaglutide oral
Median duration of 2.1 3.8 5.4 2.1 1.3
follow-up (y)

Mean baseline Alc (%) 7.7 8.7 7.2 8.7 8.2
Baseline ASCVD/HF (%) 100 81 31 72 85
Baseline HF (%) 22 18 9 24 NR

MACE outcome’,
HR (95% CI)

CV death, HR (95% CI)

Fatal or nonfatal MI,
HR (95% CI)"

Fatal or nonfatal stroke,
HR (95% CI)"

All-cause mortality,
HR (95% CI)

HF hospitalization,
HR (95% CI)

Renal composite outcome*

1.02 (0.89~1.17)

0.98 (0.78~1.22)
1.03 (0.87~1.22)

1.12 (0.79~1.58)

0.94 (0.78~1.13)

0.96 (0.75~1.23)

0.84 (0.68~1.02)

0.87 (0.78~0.97)

0.78 (0.66~0.93)
0.86 (0.73~1.00)

0.86 (0.71~1.06)

0.85 (0.74~0.97)

0.87 (0.73~1.05)

0.78 (0.67~0.92)

0.88 (0.79~0.99)

0.91 (0.78~1.06)
0.96 (0.79~1.15)

0.76 (0.62~0.94)

0.90 (0.80~1.01)

0.93 (0.77~1.12)

0.74 (0.58~0.95)

0.98 (0.65~1.48)
0.74 (0.51~1.08)

0.61 (0.38~0.99)

1.05 (0.74~1.50)

0.86 (0.48~1.55)

0.79 (0.57~1.11)

0.49 (0.27~0.92)
1.18 (0.73~1.90)

0.74 (0.35~1.57)

0.51 (0.31~0.84)

1.11 (0.77~1.61)

0.85 (0.77~0.93)  0.64 (0.46~0.88)  0.64 (0.46~0.88)

ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results; REWIND, Researching Cardiovascular Events with a Weekly Incretin in Diabetes; SUSTAIN-6,
Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes; PIONEER,
Peptide Innovation for Early Diabetes Treatment; ASCVD, atherosclerotic cardiovascular disease; HF, heart failure; MACE, major

adverse cardiovascular events; HR, hazard ratio; CI, confidence interval; CV, cardiovascular; MI, myocardial infraction; NR, not re-

ported.

*MACE outcome is a composite of CV death, MI, or stroke. "The risk estimates and 95% Cls for SUSTAIN-6 is for nonfatal MI (ex-
cluding fatal MI) or nonfatal stroke (excluding fatal stroke). The effect estimates for the composite endpoints of fatal or nonfatal

MI and fatal or nonfatal stroke were not available in the primary manuscripts. “The renal composite outcome reported in a recent

meta-analysis was a composite of the development of macroalbuminuria doubling of serum creatinine, a > 40% decline in eGFR,

development of end-stage kidney disease, or death due to renal causes. For SUSTAIN-6, the renal composite was persistent macro-

albuminuria, persistent doubling of serum creatinine with an eGFR < 45 mL/min/1.73 m® need for continuous renal replacement

therapy.

264

https://doi.org/10.4093/jkd.2021.22.4.259



ox

Ho
r

j I'(d The Journal of Korean Diabetes

cular Events with a Weekly Incretin in Diabetes) A7
9] B¢ LukAQl Gt A9 population®] £ 7}
Z; & drdstantal 7= AL Q] o] ] AE 8.
SHA wHsto] GLP-15-8A12H-8AIE Agdae 190
O 271A] gtjsto] s & S A2 Ao 2 AZE
H 2ol ool 3 A2 SGLT2YAA |2} A = -
2} Gty SEAtoll A 1 HTY] oS oA T AIA
of gt 7141 =217} E 85lth= Zlolt

202149 A=AelA = A5-Ade TRt B9 A
o] ASHE SCLT2YAIAIE Z3RT A 7s A Iesies

1=d, oli= SCGLT2YAIAIE Gt At 7]& HE vl
AR} AFEQlo] SRt QnlE Al itk

o] L= 20199~2020 T3 SGLT22AA| ] A%
#H A90 DAPA-HF (Dapagliflozin and Prevention of
Adverse Outcomes in Heart Failure), EMPEROR-RE-
DUCED (Empagliflozin Outcome Trial in Patients

Ilg_{%o{

el

il

[¢]

with Chronic Heart Failure and a Reduced Ejection
Fraction) A7+ 275 7|§E0 2 sl ik & AT wF 3
Ik A3glo] NYHA class 11, 111, = 1Ve] 41540] Q)
, ATEEC] 40% ookl AR S-S te 2 SH3L
11, primary outcome®l AF-HO = QI3 Y E= 4E
SO = IRt AFFO] YR-AEE 25% F2loHAl HAAIFT
(17,18]. wehA], AFEEo] Aad AFA SApolA AFHA
O 2 QIgk oyt AEH AFTES 717 S8l da-
pagliflozin &2 empagliflozing G3Fg4 4L} B E Y]
ARG |79} FHsHA 94 ARSIt dale Adstitt 4
Z}Ect

olggt A ATE WO 2 = A9 F=(U.S. Food
and Drug Administration)olA+& 28939 x4
A& o]ejo] AEEC| HAEH AFA AE HHO = da-
pagliflozing A4}, empagliflozin SAESHAEH
Agho] Q= 29y SAtolA AgTEgo = QIS AP

2 GaA717) Aol A8 % ks 2S5l = Aol

R

www.diabetes.or.kr

XN,
gk
)
—_

40 mm Hg "%k, 27129 85 mm Hg v|Tko]ch
HHeE ety $Ak= S 130/80 mm Hg

o>
ok
r
i)
(©]
ol

rio
il

=)
)
o
u
rr b
i)
st
P
filo
K
)
ol
&
K
ek
o
o
o
ot
oft
‘:(_4
ok
e

,d
:

o e
o

i
i

e

By

19

s

il

>,

oo

st

4
)

)

. o

&

0

)

i

st ool

=R
)
m

H

rO
X ¢
8
2]
)
rlel
fo
P
19
=,
=,
T
¢
N
ko
>
0
ofo
2
5y

=,
X,

gy
e e
i
k-l
S
Ko
S
Y
18
i
U
5
r
PN
i)
)
L)
N
O
&3
rr
oM,
o
>

fru
v
ru
N
)
ftjo
N
R
il
il
il
1o
:
0
fo
E
ftfo
o)
o
_?L
i
r'O
D)
lo

B

2l

)

2l

1
i

12

o

T

AA Lt PR LA 8 AR A 2] -8
. @Yol 160/100 mm HegE z4sl+= 7

g3} A AeFE 24 o3 HE&8

i
o
_0|£
N
il
i)

§

2
o
ox
i)Y

e &
o 1l
f

i
K
ot
&

2

AETEE] AP E BrkeP| fldl B A
S wjot o]% ujd 13] ol EF ¥ E¥AHE, HDL
(high density lipoprotein) SHAHE, /A%, LDL
(low density lipoprotein) ZE|AHE-S S43ic} 2|29
T S AE9EESo] Q= 45 LDL ZE4H1E 100
mg/dL "9k AE#Ego] Sl= 4%+ 70 mg/dL vIRt
olct. Eoh FFRke, FGAFA & 60 mL/min/1.73
m’ vgh, JuhE St 42 wAA7] £40] AU, 18Y,
T4, wsadsete] 27 S (dAE 554 HRt, of

A} 654 vIeh) S HEJAE s ol 7ML Sl B¢

265



Focused Issue

2021 SeE M= R|E: 22 el

LDL 28 AHEE 70 mg/dL u[fo.2 %
LDL S AHES B4 EES $AC = slal, EEHA|
B3t 3L FEARE S LDL SHAEHES W] 93
AEHE S AAoFER ARSI FHyiekE & (maximum

tolerable dose)9] AEIEIC 2 DL S AHE EH A9

¢
H
N
Y
ofy
N,
>
iy o
k
_?L
2
(o
>4
r o)
5
~{
ek
)
BN
o)
Ir
1o

iz =
AR}el2 9150 ohATULL 100 mg)e] AH§-2 Tl

% Sk

20219 ooty els] o] iy

=
A3k ARBS ) AR AL FUE B9 Aol

ok
)
Fu
N,

N
=2,
>
fr
o>,
i
=)

435 % dapagliflozin, empagliflozin, ertugliflozin &
O] SGLT2AIAE -AA 0 & sk, F473sH g
AgHE FHRE 4% 884 A AdHololo] YFH em-
pagliflozin, dapagliflozin 2] SGLT29AIA] &2 du-

laglutide, liraglutide, semaglutide 5<] GLP-15=-841%}

266

REFERENCES

1. Park JH, Ha KH, Kim BY, Lee JH, Kim DJ. Trends in car-
diovascular complications and mortality among patients
with diabetes in South Korea. Diabetes Metab J 2021;45:
283.

2. Gaede P, Lund-Andersen H, Parving HH, Pedersen O.
Effect of a multifactorial intervention on mortality in type
2 diabetes. N Engl ] Med 2008;358:580-91.

3. Korean Diabetes Association. 2021 Clinical practice
guidelines for diabetes. Seoul: Korean Diabetes Associa-
tion; 2021.

4. Hur KY, Moon MK, Park JS, Kim SK, Lee SH, Yun J§, et
al. 2021 Clinical practice guidelines for diabetes mellitus
of the Korean Diabetes Association. Diabetes Metab ]
2021;45:461-81.

S. American Diabetes Association. 9. Pharmacologic ap-
proaches to glycemic treatment: Standards of Medical
Care in Diabetes-2021. Diabetes Care 2021;44(Suppl 1):
S111-24.

6. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A,
Delgado V, et al.; ESC Scientific Document Group. 2019
ESC Guidelines on diabetes, pre-diabetes, and cardiovas-
cular diseases developed in collaboration with the EASD.
Eur Heart J 2020;41:255-323.

7. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E,
Hantel §, et al.; EMPA-REG OUTCOME Investigators.
Empagliflozin, cardiovascular outcomes, and mortality in
type 2 diabetes. N Engl ] Med 2015;373:2117-28.

8. Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck

https://doi.org/10.4093/jkd.2021.22.4.259



ox

Ho
r

j kd The Journal of Korean Diabetes

S, Masiukiewicz U, et al.; VERTIS CV Investigators. Car-
diovascular outcomes with ertugliflozin in type 2 diabetes.
N Engl ] Med 2020;383:1425-35.

9. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET,
Cahn A, et al.; DECLARE-TIMI 58 Investigators. Da-
pagliflozin and cardiovascular outcomes in type 2 diabe-
tes. N Engl ] Med 2019;380:347-57.

10. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL,
Furtado RHM, et al. Comparison of the effects of gluca-
gon-like peptide receptor agonists and sodium-glucose
cotransporter 2 inhibitors for prevention of major adverse
cardiovascular and renal outcomes in type 2 diabetes mel-
litus. Circulation 2019;139:2022-31.

11. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bo-
naca MP, et al. SGLT?2 inhibitors for primary and second-
ary prevention of cardiovascular and renal outcomes in
type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet 2019;393:31-9.

12. McGuire DK, Shih W], Cosentino F, Charbonnel B,
Cherney DZI, Dagogo-Jack S, et al. Association of SGLT2
inhibitors with cardiovascular and kidney outcomes in
patients with type 2 diabetes: a meta-analysis. JAMA Car-
diol 2021;6:148-58.

13. Arnott C, Li Q, Kang A, Neuen BL, Bompoint S, Lam

CSD, et al. Sodium-glucose cotransporter 2 inhibition for

www.diabetes.or.kr

the prevention of cardiovascular events in patients with
type 2 diabetes mellitus: a systematic review and me-
ta-analysis. ] Am Heart Assoc 2020;9:e014908.

14. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P,
Mann JF, Nauck MA, et al.; LEADER Trial Investigators.
Liraglutide and cardiovascular outcomes in type 2 diabe-
tes. N Engl ] Med 2016;375:311-22.

1S. Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Laksh-
manan M, Pais P, et al.; REWIND Investigators. Dulaglu-
tide and cardiovascular outcomes in type 2 diabetes (RE-
WIND): a double-blind, randomised placebo-controlled
trial. Lancet 2019;394:121-30.

16. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jédar E,
Leiter LA, et al.; SUSTAIN-6 Investigators. Semaglutide
and cardiovascular outcomes in patients with type 2 dia-
betes. N Engl ] Med 2016;375:1834-44.

17. McMurray JJV, Solomon SD, Inzucchi SE, Keber L, Kosi-
borod MN, Martinez FA, et al.; DAPA-HF Trial Commit-
tees and Investigators. Dapagliflozin in patients with heart
failure and reduced ejection fraction. N Engl ] Med 2019;
381:1995-2008.

18. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ,
Carson P, et al.; EMPEROR-Reduced Trial Investigators.
Cardiovascular and renal outcomes with empagliflozin in

heart failure. N Engl ] Med 2020;383:1413-24.

267



