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F7tske 9 o] 7 AlEE =2 AT AR FEAN, A 2 ¥ daa 22
A
A

g gNM = 7

T2 ofele, &8A Aok, 1HlE ToE A AA U
S wrgst A4t FEo] AFAeln. 53] B A5d vust 53 el
st oA @3 Frlel= A AA A5 (Real-World Data, RWD) & &-8&3 RH¢H%4
Aol destth, a9y AEAQ #EAT = e (confounding), AlXF-—¥H

H& (immortal time bias §) 5 AR AHZ Ao A7 Stk o]ef upg} &
A= AA dAAEE VIR 59 dix:Aldge]l  FIHUATH oA

AR NEAE 7Hgsta, o5 #EAF o 483k Target Trial Emulation(TTE)
& z

ARN G kAl aE Frrstad vk

2
o
g
ok
of\
3
o
do
i)
o
=
o
=
0Q
@]
@
—
=,
o
@
8
=
o
=
o
j)
—
—
)
II.
oE,
n:E
mlo
_L:
oo
ol
ol
2

g3to] 2017 9 1 € 1 4¥H
AAA H= DPP—4 AAA At AHEA F

Target Trial Emulation AAle] we} 7]& AF=S Faus] AAst 44 49



ofpy

21,714 *

s

A7 Es TF

At AR DPP—4

o] A A

}ol SGLT-2

313

7w

AAA A5t A}

ittt Target Trial

F3) 4t

S
3=

1
-

7] MAE AETFS 7)FOE Intention—to—Treat (ITT)

N

}6]'

Emulation A+ &4

2 As—treated #4& 43R

ol

AFAd: SGLT-2 JAATS DPP—4 oA A|T-of H

Aoz Ve (aHR=0.241, 95%

HAl A7)

fols

0.0261).

76% BAHC=R

A9E o
CI: 0.069-0.844, p

] Target Trial Emulation

Py B4

(€]

Al 2

R
fu

Fedchs AelA ool ek 1 A SGLT-2 o AlA

Al &= 3]

oy
o

3=, Target Trial Emulation, SGLT—22 A #], DPP—4 <A #|

[S]

2

|

A

w_.ﬁ

A

vi



A&

.

, 2023 ¥

R A 8o

il

T

25

&
&

L
fu

Al

ZORE

PR

Al
o

7}ala

=

[¢)

Sguel 30

2023).
SHELS 2012 W 11.8%°14 2022 W 14.8%=

SAA,

2022;

oyt A

A

A (EAS 9,

]

[ex
pai

oloj 4

g 2

3

9

!
il

LR

SEE

1
gt3], 2024).

o

—_—

o]
o

o

;oT

10®

st

& A

jang
g

X

Q

a1

=
-

Al FE- 7 (end—stage renal disease, ESRD) 9
7]

&4 Y (The Association of British Clinical Diabetologists & UK

e Fo gHgY=

S
7]
2024).

[e]

715 A

Ay
s

33 HlERA
N0 7

&
9o
Kidney Association,

-

]

o]
X
yAO
R
ol
™~

)

—~
fite)

e

=
o
HO

jp

—~
fite)

Jo
<7
o
~
B
‘WO

A
e

kA, A 2 ¥

ge) AbgEn

7

Metformin ©]

L

| B A 2=

X

ZF

1

Metformin



Hlw A bAsh Z2ads 7 AL glo] A AAIAC R 1A AmA=E 2y Sl
(Rena et al., 2017). ¥4 Metformin @5 QWwto gz FEI I o]
o AS7F Hol, 2 A ANEAR o8 FES

FolME SGLT-2 A#1#1&F DPP—4 SAAl= A ] 2 2k A 540t (Kalra et
al., 2021).

SGLT-2 AIA= AZelA Ex'e] AF+E Adete] dds ¥ e 7=
7AW, 48 2d felE gge Bl astE FEwa Qv FA9 wA
A E T AR AA A (real-world) ATelA= SGLT-2 JAAZ A% BHs
g3E dehdts 277 BaE vk (Heerspink et al, 2020). t5e] %4
Aol A BE g3yt BuFglou, dF #F A5 49 FDA AReA=
SGLT-2 <AAZF gy A% o d&elsd AKI fds =9 + s
L EA3t(Rangaswami et al., 2019). o]¢o] wa}, SGLT-2 AAA= A%

o mael J4 AEGY 94 Abeleld AFdt ddH dde] e

714de 7RG B#rgo] A kAol ol gy AFEEHXA|RE, SGLT-2 A A

<o AN AR BHe mdvF BuEfov, AVs Ast £R2E AAAT|AY
HZ=35Ft} (Zhao et al., 2019).
2Zou)  AdAA Y (Randomized controlled trial, RCT)& <& gi=
Byt b A owe 2E Awste A7 el (BNlF, 2022) 1y
To®

el AA A Al

o]# 3l sHAE Hstr] 93t WH O Z Target Trial Emulation ©] A2t 3o,
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2.3 AAR37&

B ATE= A 2 8 dxy 324 F 2017 d 1 € 1 9%F 2018 d 12 €

31 A7t ~aEd 717§ SGLT-2 A4l =i DPP-4 A4 Al4f
AR R Siglth v e SR s E E (NHIS-

HEALS)E 7IHFe 2 3lgiom, oo wel BE thdxt= vk 40 Al o]Ate] Adoloz
TAE AT Age] Ak

2.4 AY7E

2 AFelldE SGLT-2 SAAl 9 DPP—4 olAlAle] 2l7]sel tigh JFE
Brretrl Sdl, A okEel AeTE FHchL w7l dldshA o SAvts

EgeteE A9 VlEe AAsld. olE s =l B =Al sAE R V=

of 9= AR Atk £, ofE AFHY VIE 3 AE ol w4

=
-
&4 (AKD Aeks B2 3z 5, dld Ald el eGFR 4°%7F 30 mL/min/1.73m?



E 1L A7 i3 A4 2 A 7€ .48

T 71 U§ =2A &4 AR B3/X3
2017.01.01~2018.12.31
A9 SGLT-2 %+ DPP- A AA -
4 A A AFEA}
A 7N1E A2d dur A AW g 71F KCD #XE 78k gk
SUAZHA D
ABARNATE o] &
Tk 40 Al o)A A9l ARARNTZE
£l
(NHIS—-HEALS)
A1 ¥ 9y, 9 = 5] 7}AFE)
k& & 7MAME
A B (2 eFA)
Al %74 v A
714 eGFR < 15 SGLT—-2 <JAA Al
) (Jardiance, Forxiga
mL/min/1.73m? IRk
)
A9 71z KDIGO 2020
w@7] ARA(ESRD), T4, 75 Hrr B oA
guideline, St
Al 7ol o]y orE 7]
3 7FAF
k& AlZd 71E 3 /E W
AKI gk =2 dig Ald 34 AEAd FE UKKA guideline
eGFR < 30 vl gl 2z} A 9 2021, KDIGO 2012

mL/min/1.73m?




3. ©g4 AA

ol

2 AT 2002 UHE 2019 d7bA 9] AAAXIZIE vlolHE &85k, A2 3
T sxpo]A SGLT-2 AA|Ae} DPP—4 SAA|9] Al7]so ohst ATFS
BVt A thy 22 AT HMFES AASAU(F 2).

3.1 #AAWHESF

H oo #AA Ha4E SGLT-2 9AA W DPP—4 AAA L ALE oF=Z, AT
g d2ats SGLT—2 GAA Alqft A& DPP—4 JAA A4t AFEAT o=
TR Aol ¥xdE SGLT-2 JAA U DPP—4 oAA HE53 FAHE
FEE oy o] AAEY(E 3).
3.2 dx} A H7} (Primary Outcome)

2 oA dak fad Hrhdss A% 53 A3 (Composite  Kidney
Outcome) & A Jetqltt. Al 53 Ay= 71A A div] eGFR ¢ 30% °l 4,
ZIAA iyl g% A obEld (creatinine) & 2 Ml o] F7F 94 A& (Acute
Kidney Injury, AKD % 7] A18Z (End—Stage Renal Disease, ESRD) &S
Egkate] sttt oy d HRAxE AV AstsE THALE WPt dA4A
A

2, 7]1F FANA dEAE 2 dEAdTOME Fo 3 AxE 489 v
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£ 2.4 HF A9
g 051 w7 #3
0 = DPP—4 A A
ARG 121 i binary
1 = SGLT-2 A=A
0= "y
A 53 Az 1 =2A
Q%
(Composite Kidney (eGFR 30% SIS binary
a4 BrHAS
Outcome) Adoteld 2 v F7F, AKI, ESRD
Z Bt o] A A
0=5% vvt A<
eGFR At o % binary
1=5% ol 4%
o] x} eGFR #4 Hd & % normal
&4 F/MAS
eGFR W3} okt A ) A FAE BR 7F) categorical
0 = 0.1mg/dL m|%t Z7}
Cr %] 7} o8 binary
1 = 0.1mg/dL °]% =7}
L}o] Al normal
0= oA
A o binary
1 =34
714 R8T mg/dL normal
THF 714 eGFR mL/min/1.73 m? normal
1A FE7] d% mmHg normal
71 A A A A kg/m? normal
0= 9 Q&
1A @l {5 binary
1=y 3ls
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¥ 3.SGLT-2 9A#l#A] ¥ DPP—4 JAA F=

T ¥ FARAEIE
SGLT-2 A A Dapagliflozin 527301ATB 527302ATB 639800ATR
641400ATR
Empagliflozin 628201ATB 628202ATB 649000ATB
649100ATB 649200ATB 649300ATB
649400ATB 649500ATB
Ipragliflozin 636101ATB
DPP-4 A A Vildagliptin 500801ATB 507000ATB 507100ATB
519600ATB
Sitagliptin 501101ATB 501102ATB 501103ATB

502300ATB 502300ATR 502900ATB
513700ATB 513700ATR 524700ATR

Saxagliptin 613301ATB 613302ATB 518500ATR 518600ATR

Linagliptin 520500ATB 520600ATB 520700ATB
616401ATB

Gemigliptin 523800ATR 619101ATB 632000ATR

645000ATR 654100ATR 664600ATB
664700ATB 664800ATB

Alogliptin 624202ATB 624203ATB 630300ATB
630400ATB 630500ATB 630600ATB
635600ATB 635700ATB

Teneligliptin 627301ATB 641800ATR 641900ATR
642000ATR

Anagliptin 639601ATB 648400ATB 648500ATB
648600ATB

Evogliptin 650100ATR

13
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£ 5 9% oA 2%
TE BE FAEIE
Metformin metformin 191501ATB 191502ATB 191502ATR
hydrochloride 191503ATB 191504ATB 191504ATR
191505ATR
Insulin human insulin 170130BIJ 170131BIJ 170430BlJ
170431B1J
insulin lispro 1756330BIJ 175331BIJ 175332BIJ
175333B1J
insulin aspart 441330B1J 441331BIJ 441332BlLJ
441333BIJ 626700BI1J
insulin glargine 461830BI1J 461831BIJ 461832BLJ
484930BIJ 484931Bl1J
insulin detemir 488730BIJ
Insulin degludec 626830BIJ 626831BI1J
Statin Atorvastatin 111501ATB 111502ATB 111503ATB
111504ATB 502201ATB 502202ATB
502203ATB 502204ATB
Fluvastatin 162401ACH 162402ACH 162403ATR
Lovastatin 185801ATB
Pravastatin 216601ATB 216602ATB 216603ATB
216604ATB
Simvastatin 227801ATB 227801ATR 227802ATB
227806ATB
Rosuvastatin 454001ATB 454002ATB 454003ATB
Pitavastatin 470901ATB 470902ATB 470903ATB

15



TE BE FAEIE
ACE inhibitors  Alacepril 104201ATB 104202ATB
Captopril 122901ATB 122902ATB 122903ATB
Cilazapril 133001ATB 133002ATB 133003ATB
Enalapril 151601ATB 151603ATB
Fosinopril 163501ATB 163502ATB
Imidapril 173401ATB 173402ATB
Lisinopril 184501ATB
Perindopril 211301ATB 211302ATB
Quinapril 221901ATB
Ramipril 222401ATB 222402ATB 222404ATB
Temocapril 235002ATB
ARBs Candesartan 122601ATB 122602ATB 122603ATB
Irbesartan 177301ATB 177303ATB
Losartan 185701ATB 185702ATB
Valsartan 247101ATB 247102ATB 247103ATB
247104ATB
Telmisartan 378801ATB 378802ATB
Eprosartan 429201ATB
Olmesartan 468501ATB 468502ATB 468503ATB
Fimasartan 515201ATB 515202ATB 515203ATB
Azilsartan 662401ATB 662402ATB 662403ATB
B —blocker Bisoprolol 117903ATB 117904ATB
Arotinolol 110201ATB 110202ATB
Carteolol 124801ATB
Propranolol 219901ATB 219904ATB
Sotalol 230402ATB

16
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TE BE FAEIE
A —blocker Amosulalol 107901ATB 107902ATB
Atenolol 111402ATB 111403ATB
Betaxolol 116801ATB 116803ATB
Bevantolol 117001ATB 117002ATB
Carvedilol 125001ATB 125002ATB 125003ATB
125004ACR 125005ATB 125006ACR
125007ACR 125008ACR
S—atenolol 483101ATB 483102ATB
Nebivolol 489501ATB 489502ATB 489503ATB
S—carvedilol 662201ATB 662202ATB
Bisoprolol 117901ATB 117902ATB
Celiprolol 129101ATB
Metoprolol 193802ATB 194003ATR
Nadolol 198301ATB
Diuretics Acetazolamide 101501ATB
Amiloride 106901ATB
azosemide 112901ATB
furosemide 163801ATB
hydrochlorothiazide 170801ATB
indapamide 174403ATB
spironolactone 231101ATB 231102ATB 242001ATB
torasemide 242002ATB 242003ATB
Xipamide 249401ATB
chlorthalidone 451302ATB
indapamide 174401ATR
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4

W AT 2002 ERE 2019 d7HA S ARAIISE HolHE E86k, Al 2 ¥
=8 #xfelA] SGLT-2 <AlAel DPP—4 <

Frretaa v A4 WS ARgsielv Be FAIEAS SAS 9.4 (SAS
Institute Inc., Cary, NC, USA) & Ah&sto] Fastglon, A4 Fo4d ddS p-
value < 0.05 & 7|22 3I3lth

oft

4.1 Target trial emulation

Fzhoul g 9428 (Randomized Controlled Trial, RCT)S A& =&
BrbskE d o] RS FAT F e M AR w2 WReE FHTh
e AR el &7l A - AAA AR Qs RCT F3o] oefe 4
ol A28 E Z83F Target Trial Emulation & ZHo] tigtez dgx1 9t}
o] W A RCT AAE EWste] #@AFANME A7 F25 7HsetA st
(Admon 9, 2019)

AT E Al 2 3 G BFRelA] SGLT-2 AAAY Al7s g ads

ke e FANA QRARRCT) F 7o Wb AX EE oz BAom

o

>

il

Az #BE A3E Bud RCT 52 #2349 7149 Target emulation trial +2&

ARG FA A o2 CREDENCE, CANVAS, EMPA-REG OUTCOME %29

AG1E 7|fte g o, ZF A tidA AA 7=, H7F W, 33 7130
A

/
24% BAFD o]E B AT A wgsch wa nm ug

_ﬁ
offl

flo
%3]
(@))
-3
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E 6. & AFA FZx3 F9 RCTAHA 81 (CREDENCE, CANVAS, EMPA-REG

OUTCOME)
CREDENCE CANVAS EMPA—-REG OUTCOME
Study type A Randomized, A Randomized, A Phase III, multicentre,
Double—blind, Double—Blind, international, randomised,
Event—driven, Parallel, Placebo— parallel group, double blind
Placebo—controlled, Controlled,

Study period

Intervention

Participants

Enrollment
Primary

endpoint

Secondary

endpoint

Multicenter Study
March 2014 ~ May
2017
Canagliflozin 100
mg daily vs. placebo

patients with type 2

diabetes and
chronic kidney
disease

4,401

ESRD, doubling of
serum  creatinine,

renal or CV death

CV outcomes :
MACE,
hospitalization  for
heart failure,
hospitalization  for

unstable angina

Multicenter Study

Dec 2009 ~ Mar Sep 2010 ~ Apr 2013
2013

Canagliflozin vs. Empagliflozin 10 mg or 25
placebo mg daily vs. placebo
participants with Patients with type 2
type 2 diabetes diabetes and established
and high cardiovascular disease
cardiovascular

risk

4,330 7,020

MACE(CV  death, CV death (including fatal

nonfatal MI, nonfatal

stroke),

safety and
tolerability of
canagliflozin
Beta—cell
outcomes: HOMA-

B, proinsulin/insulin
ratio (in a non-—
insulin—treated

subset)

stroke and fatal MI),

non—fatal MI (excluding
silent ~ MI), non—fatal
stroke.

CV outcomes :

Composite CV events: CV
death, non—{fatal
MI/stroke, unstable angina

hospitalization
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E 6. &

REG OUTCOME) (A%)

AToA Fx3 FQ RCT AA 8] (CREDENCE, CANVAS, EMPA-

CREDENCE CANVAS EMPA-REG OUTCOME
Secondary Renal outcomes: Renal outcomes: Additional outcomes :
endpoint ESKD, doubling of Albuminuria Silent MI, Hospitalization
serum  creatinine, progression/regres for heart failure,
and renal death sion New onset albuminuria
Other outcomes: Glycemic outcomes: (ACR > 30 mg/g) or
all cause mortality HbAlc, fasting macroalbuminuria (ACR
plasma glucose >300 mg/g),
(FPG) Microvascular outcome :
Metabolic retinal photocoagulation,
parameters: Body Vitreous haemorrhage,
weight, blood Diabetes—related
pressure blindness, or
(SBP/DBP), lipid nephropathy (macroalbumi
profile (TG, HDL— nuria, Doubling of serum
C, LDL-C, TC, creatinine, eGFR =< 45
LDL/HDL ratio) mL/min/1.73m2, Initiation
of renal replacement
therapy or renal death
Inclusion 1. T2DM 1. T2DM with 1. T2DM
criteria 2. eGFR >30 HbAlc 7.0-10.5% 2. HbAlc of =7.0% and

mL/min/1.73m?
3. UACR >300 mg/g

2. History or high

risk of CV diseases

< 10% for patients on

background therapy or
HbAlc =7.0% and <
9.0% for drug—naive

patients at Visit 1

(Screening)
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E 6. &

REG OUTCOME) (A%)

AToA Fx3 FQ RCT AA 8] (CREDENCE, CANVAS, EMPA-

CREDENCE CANVAS EMPA-REG OUTCOME

Inclusion 4. All subjects must 3. BMI <45 kg/m2
criteria be on a stable 2. Established CVD

maximum tolerated — Age =18

labeled daily dose of

ACEi or ARB for at

least 4 weeks prior

to randomization.
Exclusion 1. T1DM, 1. T1DM, 1. Uncontrolled
Criteria ketoacidosis ketoacidosis hyperglycemia; glucose

2. non—diabetic 2. Fasting glucose >240 mg/dL

renal disease >270mg/dL at 2. eGFR

3. Renal disease baseline mL/min/1.73m2

that required 3. Renal disease that screening

treatment with required treatment 3. Liver enzyme

immunosuppressi with ULN

ve therapy or a immunosuppressive

history of chronic
dialysis or renal
transplant.

4. Uncontrolled
hypertension
(systolic BP =180
and/or diastolic BP
>100 mmHg) by
Week 2

therapy or a history
of dialysis or renal
transplant.

4. eGFR
mL/min/1.73m2 at

<30

screening

5. Serum
creatinine>1.5mg/dL
for men and

>1.4mg/dL for women

21



¥ 6. ¥ AF94 FZ3I} F2 RCT AA v (CREDENCE, CANVAS, EMPA—
REG OUTCOME) (A%)

CREDENCE CANVAS EMPA—-REG OUTCOME
Exclusion 5. potassium>5.5 6. ALT>2.0 times the
Criteria mmol/L during ULN or total bilirubin
screening >1.5 times the ULN,

6. ALT >2Xx ULN, at screening

hyperkalemia
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o]

= FHAagbelr] Y3l A4 oA (propensity score matching, PSM) <

vl P #FE FRgEe] BxE #F A wEoEx, FAEAE A9

FARE 208 e B o® 8@ th(Austing 2011). AFHFE AAE e

zAH G52 AYgYn, ol AA AqARE FHEUTE, IWHFEE SFHWETFE @
2 S %3 AEEd(D'Agostino Jr, 1998). AZHAS5E 0 oA 1

Atele] ks 7HAM, AZFEEFIE FARE didAE7E R e EN 1A 549

k= AI7F 2tk (Austin et al., 2005).

A& SGLT-2 oAl4l 2437 DPP—4 A4l 283 7+ 7]4 54
Aolg xSty Ad AP Axselr] d8 4TS WIS Agsgch
AEFAFE AET(GROUP=D ) £ 215 g5z FoHn, o], AH, 714

L BBUY, £E7 AY B, Fo AT FARIRAR, 494

o
>
>
N
53]
(X
Q
0
=

A AZE %), FQ okE (Metformin, Insulin, Statin %) AFE oJHES
sHEFoR X3t ZAAE FARFES Fd AFES WA 101 greedy

nearest neighbor WAoo 2 F3&gdon, A3EALx ztolz7F 0.1 ol Awqt

EHIES caliper 2 AFAAT. EH @ rro] oy APTel F¥ PHA
FE% Ao, SAS o d4 HolE M BEI FREL AASAL 3

=
T A R Hx HWd(ndex date)® AL, wAH olF F + b

FHEF] #8L EF3F HF o] (standardized mean difference, SMD)E %3
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&

9
7b Ao

714

Intention—to—Treat (ITT)

)

BO
jan

il
o+

4r

A8 A

R
fu

2 g,
A71H o] &&= 3t

o

S|
ax

fLe

A=}

Naive

T

°
gl

Fo %

H
gul

7]

=

=

glo]E

A

As—treated 43}

H
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£ 7. 84 79 32 AV @ BAUs 2o

T A4 a4z F84 H7t ojz} &4 H7t
[TT 7]%k FrolAlw A7, FrolAls A4,
=1
T _ .
71A =4 vl ZA2E 3] SHEE T—test
ITT 7Ixk Cox Hl#H TR GEE,
7= B4 FHAF Kaplan-Meier, Ay Z3rd (LMM),
AAR 24 Log—rank tha 22 ~E 3
Cox HldY3IRd, GEE,
As—treated &4] Kaplan-Meier, e 232y (LMM),
Log—rank o}3} 2 AE 3
F7t 4
Fhol Al A4, FrolAlw AA,
Naive 2
ZA 2~ 3 59 ¥R T—test
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27 A ok

o} AARlel,

g

ol

)

B
oy
.Lmo

JA.WO

)

A

=
[

714 A% (Baseline) % #% 2 A4 (Follow—up) 9] 417]

B T e Aol

=
7 o

3

&

=
=

Bl #24 (Chi—square, T—test) ¥ ZX28 3|7

o

AMALE 4

Z

CITT 719 3 &

(Linear

Mixed Model, LMM), 93} F=4 4174 2 (Generalized Estimating Equation, GEE),

o

Cox

Logistic  Regression), 181

3] 9 (Multinomial

XN El
==

24

=%
o

v 498 238 (Cox proportional hazards model)

4.3.3 &7} 4

%o

o|J
X
g

—
=
A

4 o AL ge

A

A %

1ol

7%

27 Al 9]

ol

A

’

7}

As—Treated 4
o] H (Naive) 2]o] o] =t}
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1) As—Treated ¥4

N
krtl
M
i

=2
o
1o
&
Mo
1%
o
v
e
é
X
|o
!
o

2) Naive #4]

Naive 242 A9 7[Eolvk BA glo] AA wvlolgE Iz &8 2407, ¢

)

g FFolA Hok 3+ 2po]E B ASEaL, Target Trial Emulation 24 A4 A - 39

2% vlw A% P IS HES= d 5H5o] vk F4ele gelAly A4,
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4.4 B4 £

4.4.1 FtolAF AA (Chi—square test)

oju

[e]
R

4 (Chi—square test)

7£]!X

Zhol Al =

[©)
o

=)
=

< 2R A 7Hg o]

%o

FAHOR

gel

7tell =, SGLT—2 A

¥ Ase WAE AolF 37

§_/\6] )

o

3}7]

T

AVE A3 DPP—4 A A AFg b

g3 Cr 0.1

)=
)

H7lo A= eGER 5% ol Z7F o

d

A

"

mg/dL o] FT7F % &

AbgH 9Lk,
#4) of 4

7} B4 (Naive

=
T

Ml ) 7}

S|
A

FEM(ITT 7)¥F 7)1 A-=

=] =] o
e A

R

5

,m_mo

-

4.4.2 SYEE T—test (Independent Two—sample T—test)

)
fite)

™

wp

X

H
Bo

oo
e

)

gt gkel Atol7t
A

3

s

!

, A

A=

3

Arel7b &

ki3

1)

o

—

o]

e
o
HH
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FREd 97 F A Ash g8 daATelMe eGRR
Had BERE WL A8 SARE T-test T AU 14 AR Ay

A A A+ DPP-4
GAANT 1 BF BaE AT PPFOEA A% o PEE FANOE
Frretsrh dlg BHe FEAATT /W /14-F4 W) F7b #4 Naive

=AM R

4.4.3 2A2E 39 (Logistic Regression)

2AAY IFRAS FE5EAFTE F A HFE 2 o)X (binary) WY o,
st o)t SHW T AR A Ths Al viAlE d3dFe FASE A 7IRelth
A 39 g, ALY 3= AR T FES 03 1 Akel9 gho® AEs)
8l 23 3+ (logit function) & AFESH, o]l& Fadl F5HF] 71 2*(log
odds) 7} HgHFel Ay Aoz undHr ¥4 Ayes 7 S5HHES9
@ #H] (odds ratio) @} e thst 95% AlFFIF(confidence interval) &2 A A& ™,
ol &g W Wiy Ak A ksl wiA= A dFEFE siAske T
g8-H

B ATolM e A FaA Bl AR 59 Ay 2 9 zkelE e
el 2AAE IAEAS AEsidv. w4 A e=v|st 95% AlFE R, p-

value & ¥/ Raste] o b &3 xolE A»RAOoR sAsiTh d A

.|_4

FEAATT 718F 71A-F4 ¥w) 3 F7F 24 (Naive w4]) ol A 3 5] STt
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4.4.4 Cox Hd99¥ 23¥ (Cox Proportional Hazards Model)

Cox BlHYE =®FHE A7F-A}A (time—to—event) HOJEHE EA37] 93+

MRS AERY Pom, 54 Allel MA@ dAdel Azl wek ofwA|
Lol BES W AE Az A wA ol RE

E
_0|Lr
rlr
>
i
o
o
_0|Lr
rlr
=
>
>,
ofo
(i
>

5% nysty, ¥ 9SS Ao 98] (hazard ratio, HR) 9] ez % st}
4918 714 (proportional hazards assumption) S 7|Wto 2 FdEHH o] F
Hlw st gF 91gn|7F AlRbe] et A st S AAZ S
T ATelM e dA FaA Bk AR 59 Ay 2 9 AelE e
A&l Cox HlHIAYE RS A8ttt #42 Index date 7| Hdl 545 U744 9
7 e wtgsto] Ao, F AT E
T AYwieE et #4 A= 919¥] (hazard ratio), 95% A3k, p—
s

value 2 AAEAL, 3f B s EHATT 78 AAE B4)3 F7F

4.4.5 Kaplan—Meier =4 % Log—rank AA

Kaplan-Meier =42 AJ7F—A}A (time—to—event) HoJEE EAg uw, EH
F4 38t WHo ), o]
=

AH7EA Abdo] A s FEWEE) S HETFHS
% 22} (censoring) ©]

=
WS Abdo]l wrAEkA] ok T
WHAS T @7 133 4 v FFES 7FYh Kaplan-Meier WS §3l 2t

Awe FE PEES AALE AART 5 Qor, T AW 1 AE FA Folt

ool Qak fEA W A% BY Ase A AEe JEew, ¥

ofAl b A AR RAES] AlE AlHem HUEeH] fl8 Kaplan-Meier
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ke VEew FIAHGen, WPE BAATT 7w AAG B3
o

=
=
24 (As—treated #4) oA ALEATt. Kaplan-Meier A2 Al7F A3t wE

A B FAES ARAoR AATo R, okAl ante] ARtA SAS Brteke
ol Zlofstich. ek AEA 1k FAIA AolE AASHY] fldll Log—rank =
g7 FFFAT Log—rank A4S F A& kel A3 54 AR BYES]

Hol=AE B o)

KR
=
qgaleh. Sg BAS WRE BAATT N AAL B R A (As-

4.4.6 GEE (Generalized Estimating Equation)

Generalized Estimating Equation (GEE, ¥4bst 4 wA2)& FY3t

el AN EAer S48 A e wRHstE dolEelA, @55 ke A

TxE  2yst] FgA AFE FAste A wHolt. ol dwks)
AYRE(GLM) S 33 ez, A e ZY2H o9z gy 5449
FHEHSF] da HFHEHed HAYd adRE FHYE F Ay FHoA A
&35 3 (linear mixed model, LMM) ¥}+= @ 3tH ) GEE & 549 X 7F4 $lo]
tekst g4 e 9w BxX FgEHE ALY ¢ gloH, #AF3 19 Aw Fxe
=] (independent), I ¥7}5 (exchangeable), ¥H|7%% (unstructured) SOo=
/\’]7( ] 5 /‘ O]

= =

= Aol e olxk fad B7F T s 54" AVl WEk Azl o A

gt

7F zpo]Z H 7 a7 Y8l GEE (Generalized Estimating Equation) & 283} th.
A& eGFR ©] 71A tiy] 5% ol sk ofF 9 ¥ Cr #3417} 0.1 mg/dL
o

=
b7k et o] ojxlstd AVls AxE FEWEeR AdAsta, HAb

d

o] A
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(Linear Mixed Model, LMM)

i

o ol Al A

Eis

d
A= A 7IMer, 1%

7 a1 8hed

I} (random

N

=]
=

¥} (fixed effects) &} @

8

R ]

"

°
=

=

=

effects)

T

sl

HAF AA(TYPE), °FAl+(GROUP), —1#]al
[e)

7F24 eGFR 4% ¢

Pk
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°©
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& AFelM = oA FaEA

e wmE A7)
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o
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dT 23

e 3vddRE e AAK Z3E HeolEHE &8sk, 2017 d 1 €
1 9%E 2018 9 12 € 31 & Atole]l SGLT-2 A4l = DPP—4 JAAZ
Agor NAE A 2 @ dd 84 44,133 45 B4 giyow At o] =
SGLT-2 oAA A k&2l A+t AHEA= 3,350 W, DPP—4 AA] AL A4t
AFEAE 40,783 o QL)

TR T Al ES AEslen, A, A1 ¥ dul B duEd

AEAZE Ad2t, 4, 714 eGFR < 15 mL/min/1.73m2, A&, @7] 234 (ESRD),

E

T, Aol o]y, UlAl, oFE AlFY 71E 3 ME olu 54 AEA(AKD Add
T+ eGFR < 30 mL/min/1.73m2Q1 A5 TAA o2 Agsidt. 1 A3, HF

BAo|= SGLT-2 AAAT 1,678 4, DPP—4 A AT 20,036 Ho] :Z3ry (3%

s skl 2 7 1,677 B FAE XIS AP

Z,:
=2 FASYE. wiAE Aol SGLT-2 9AA AFgabo] DPP—4 A A
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® 8. A9 71 48 % HF 4 A

=24 A SGLT2 (n) DPP4 (n)

AA 2 F Z7] At ¢ 3,350 40,783

A 71 1 A18 guy, i AEAS 3,350 40,783

A 71 2 714 eGFR < 15 mL/min/1.73m? 1,678 20,048
7] ARA[ESRD), A, alzo]4

AL 71& 3 ol 1,678 20,041

k& Az 71E 3 MY o]y AKI
A 71E 4 1,678 20,036
Agk W eGFR < 30 mL./min/1.73m?

HF 2H P & AT £ A - 1,678 20,036
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K

#7 2 A7 F
GRS
SGLT2 DPP4 SMD SGLT2 DPP4 SMD
66.2 = 63.8 =
1ol 62.9 £ 6.4 47.6 63.0 * 6.4 11.6
7.8 7.4
4 62.46 62.65 0.004 62.43 63.57 0.023
] 140.5 £ 140.3 = 140.5 £ 140.9 =
A gEE 0.4 0.9
46.4 43.3 46.4 42.4
714 83.1 £ 78.4 £ 83.1 £ 82.3 =
26.1 4.3
AR o] -5 17.5 18.7 17.5 18.3
o 126.1 £ 128.3 = 126.1 £ 125.7 =
NA FHW 15.0 2.9
14.2 14.9 14.2 13.5
24.8 = 25.9 £
714 Ad=AS 25.8 £ 3.3 30.4 258 £ 3.3 4.4
3.2 3.1
AdHdg 12.63 8.92 0.121 12.58 13.12 0.016
A 2.80 2.17 0.041 2.81 2.80 0.001
W A % 0.89 1.70 0.072 0.89 1.07 0.019
T4 A& 0.00 0.13 0.040 0.00 0.00 0.000
FaEA AT 0.00 0.03 0.044 0.00 0.00 0.000
Metformin 55.46 24.93 0.657 55.54 44.36 0.226
Insulin 6.79 3.68 0.127 6.80 6.56 0.009
Statin 44.70 45.01 0.006 44.72 44.72 0.000
ACE SAA 1.61 1.20 0.033 1.61 1.61 0.000
ARB 18.83 17.53 0.035 18.84 19.80 0.025
Beta blocker 10.13 7.71 0.086 10.08 8.07 0.068
Diuretics 5.72 5.39 0.015 5.66 6.62 0.040
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2. FEA:ITT 7% 714-%2 vz 24

FHEXL2  Intention—to—Treat(ITT) W2lo uwel S, 2z 9
714 (Baseline) ¢} 5%} (Follow—up) A& 2175 A% WHIE vlwste] T kA9
gy ZolgE Hrlekth. FA4ele FlelAls Ad, SHRE -4, ALY

37 #A o] AEH YTk
2.1 43 84 H7 433

2 AT ITT 7I8F 71434 wlw d¥, A% 53 Ay SGLT-2
AAAFANN 2 A, DPP—4 JAA TN 10 1 EAsIA T SGLT-2 9 A Aol A
WAE]l FoskAl wekow, FlolAly A Ay FAFoR fod ol
Aok (p = 0.0207).

ZA~Y 3l Ay, SGLT-2 JAA TS DPP—4 A A 7ol ]3] 217
A7y WA e =7F of 80% Wtem, SAAHOR Fod Ao]E BT (OR
0.199, 95% CI: 0.044-0.910, p = 0.0374) (% 10).

3, 5o ARE TAske NE dEel diE@ B4 A3 eGFR 30% ol A=
obA AAIGE EF AbA A7 T SAES Bolow, SGLT-2 AA T4
ol fFosA wokth FrolAly B4 Am, F o+ b Aol BAdew

m[i
d

I S
FostAth(p = 0.0207). & A#oteld X2 2 8 F7l= DPP—4 JAA
AFEAFTE AT 2 Aol WIS 31, SGLT—-2 AAA AFEAEAE sl Ao

BZAEA] ool EAZAHORE {23k Aol ol kodtt. FA AEAH(AKD W
7] AR H(ESRD) S F F Bl LA etk (& 11).
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® 10. & 84 B7F 2 ATT 7§ 71A4-F4 6z £4)

SGLT2 DPP4
274z / OR (95% CI) p—value
(n=1677) (n=1677)
2 (0.12%) 10 (0.60%) x? =535 0.0207
- - OR = 0.199 (0.044-0.910) 0.0374

¥ 11 A% B A9 74 358 2 vl (ITT 7|4 71A-F4 ¥z 74)

SGLT?2 DPP4
Outcome A& 2 p—value
(n=1677) (n=1677)
eGFR 30% ©] 2 (0.12%) 10 (0.60%) 0.0207
g3 Adoteld 249 o¥ F7F 0 (0.00%) 2 (0.12%) 0.1572
AKI Ay 0 (0.00%) 0 (0.00%) -
ESRD A8 0 (0.00%) 0 (0.00%) -
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2.2 o1z +&A B7F 2%

AA, eGFR ©] 714 wiH] 5% ol s A= SGLT-2 o AAT A
171 3, DPP—4 JAAFAAM 136 oz &elsEglon, 7oAy A4 A3 F &
7k Zol= EAAOR H289thH(p = 0.0361).

EA4, eGFR ©] 5% o4 A% UdAtS udo® Fy WsES vwd Ay,
SGLT-2 <oAATdM  —13.5%, DPP—-4 AAATNN -16.0%2 27}
B, SHEE (—AF AY F L 2 Aol BAHCE {FsAt(p =

0.0083).

M, eGFR W3 R4S A%, RA . R o A WER TRl
B¥E Wad 4, SGLT-2 oAA AHgATAdE 4% 9 #4 vgol &1
e wgol we Agel Ugont, AolAw AY A T E e Aot

A, @3 Zdoteld $X7} 0.1 mg/dlL oA Z7}st gjAak=te] v]&& SGLT-2
W DPP—4 QA A AFEATFolA 91 How #FEon,

AolAF A4 A% T F 2k Aoy BAHCE FolaA 2UTh(E 12)
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® 12. o)z #&EA B7F 2% (&4

SITT 718 71435 w24

SGLT?2 DPP4
Outcome A% 244 p—value
(n=1677) (n=1677)
Chi—square
eGFR 5% ©]% 57} 171 (10.2%) 136 (8.1%) 0.0361
test
eGFR 5% o) ¢ Independent
-13.5% —-16.0% 0.0083
ZraAe] P WhsE t—test
s 171 (10.2%) 136 (8.1%)
eGFR w3} Chi—square
A 1346 (80.3%) 1393 (83.1%) 0.0719
*y test
AN 160 (9.5%) 148 (8.8%)
¥4 Cr 0.1 mg/dL Chi—square
106(6.3%) 91 (5.4%) 0.2707
ol &7} test
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ZIWko 2 S EJY. A B3 Ao s = Kaplan-Meier A< 243
A A4, interval-Cox HIHF RIS ALl on, ojx Faid F7HA %+

EAo| wgl A3 323 (Linear Mixed Model, LMM), thHF3 Z x| AE

ITT 718k wHE54 A& 47, A% 53 A3 34 71545 SGLT-2

oAA ATl 12 Aoz FEt}h. Interval—Cox
PR 4 A, SGLT-2 AAATLS DPP-4 AlATel nle] 53 2%
YT DA TS oF 76% FAHLRE FoEA AT AR YERtH(aHR
= 0.241, 95% CI: 0.069-0.844, p = 0.0261).

Kaplan—-Meier AEEA M E SGLT-2 A AT DPP—-4 AAT 18]
2% B3 Aol wAEe] wtow, Ak B AR 9A o AdH= AFS
Bl AL FAHE SGLT-2 AAATeA Avtdez o =4 FAHAL,
2293 A4Y A% F ¥ 3 Aoy FAHOE fFoUTH(x® = 54280, p =
0.0198) (¥ 1) (& 13).
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2
.-E
53]
Q
©
o 0.99-
T
=3
2
S
7]
Group 0 = DPP—4 9 HIHI=Z
- -2 A=
0.98 Group 1 = SGLT-2 2 HIH
T T T T T
0 100 200 300 400

Time to Event (days)

Group 0 1

19 1. Kaplan-Meier A& 4 (ITT 7|8t FH#JZ AAE £4)
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% 13. €& 484 H

7F A% ATT 719 =432 AAE £4)

SGLT2 DPP4 A/
TE p—value
(n=1677) (n=1677) HR (95% CI)
2 B3 AR g 3 (0.18%) 12 (0.72%) - -
) HR = 0.241
Cox Hld¥ $18 &4 - - 0.0261
(0.069-0.845)
2133 #A - - x? =05.43 0.0198
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3.2 o|x+ #&A 37t A%

FA, eGFR 5% ©l S7HAF vl&] didixi= GEE #4& Asiglion, 1
A3 SGLT-2 9 AAIF+S DPP—4 oJAAlel Hl&l eGFR 5% ©]4 S7HAF Hl&9]
=

=2 AHES HAoy FAHOR F95kA &gt (Estimate = —-0.609, p =

EA4, eGFR ©] 5% o] A3t ddAE o= st LMM 4 A3, DPP-4
AR AT SGLT—2 A|ATel] wls] HFAO 2 eGFR W3l&o| oF 7.24% ¢

AA FaskeE e Below, ol FAASE fFo it (Estimate = -7.239, p

AR, eGFR W3} el digt pilFd =xx9 378A Ay, SGLT-2

AAAEE DPP—4 oAlzlel Blal eGFR F7bael £ gEo] v Ags

FostA = i (Estimate = -0.7912, p = 0.0666).

e gisiAE oF o F ol e abol7b ERlE A oSkt (Estimate = -0.2412, p
0

JA, A, g3 A#eteld X7k 0.1 mg/dL o] F7Fst oAk vl &
thsjxl= GEE #4415 Fdsgow, 1 Ay SGLT-2 9AAL+S DPP—4
AA Ao vl s Bl ta w2 AIFS HIoU EAHOR FYFAE=

oko}t}h (Estimate = 0.2543, p = 0.4376).(

FH
—
=
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® 14. o)z &4 B7F 23 ATT 719 FHEAF AAE £4)

Ag
Outcome A X 2349 p—value
(Estimate)
eGFR 5% ©]% 7} -0.609 GEE 0.0712
eGFR 5% ©l¢ Z4&Ae] H+# I -7.239 LMM 0.0042
A -0.2412 0.5710
Multinomial
eGFR #3} 94
logit
=7} -0.7912 0.0668
¥ Cr 0.1 mg/dL °)A &7} 0.2543 GEE 0.4376
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2 F7F 242 SR8 g2 A9F4g dds AAFse] #4S et
A, okl Bg A% R westel, AA A7 wEe] Jwe ang 25
$38ll As—treated A4S FHRNL, A, AT U AH 7SS dstste] AA

FZTEZ 7|Ho & 3 o] B (Naive) #4112 E3] &3 vlus 233kt
4.1 As—treated ¥4

As—treated &A1 27] AW o] -9 A okE HE A%
okl HH 7k FWo] 90 A ool AY, B AlE kAol
495 A= T (Censoring) &2 FFekdtt. dld 7)ol wel B4 S Ag st
A, SGLT-2 9AAT 725 ¥, DPP—-4 JAAT 754 o= F 1,479 Ho
E&E Y. B4 s Cox HHYE 2¥, Kaplan—Meier &34, Log—rank 774,
ALY A Fo] 2FEHATH A= Cox vlHIFIE R3F, Kaplan—Meier

AEA, Log—rank A4, 2ALY 3724 o] 23¢HATH

oE W3] A3,
£

E Aol M

4.1.1 €z 84 H7F 434

As—treated w4 7]&, A% 53 A SGLT-2 AAATNA 1 71(0.14%),
DPP—4 AATeA 3 A(0.40%) 22 Fl=Eon, FAHSRE {23t Aol
AATHp = 0.3359).

A28 37 B4 AFAE SGLT-2 JAATLS dtzdel vls] A% 23
A LA ge] W2 AFE Hyloy, BAHSE foskAE A4Sth(OR = 0.346,
95% CI: 0.036-3.332, p = 0.3562).
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Cox HIHE9Y 37 RFS T3l A 53 Abd @A 9 F7hek 49 SGLT-
2 AQAATE DPP—4 AT win] AR @A fFo] wekony, I ol
SAAoR fFolehA Edth(HR=0.346, 95% CI: 0.030-27.788, p = 0.3583).

Kaplan-Meier AEEA % SGLT-2 AAATE DPP—4 dAAT] u]s)
A% B Avte] dgEo] WA delgion, Abd wg AJEe ol FEIHX
AT AE FALS F T BEFolA AnbHo® 99% ol w2 AE &
FABG I, AP e T3] AStHow BAPQT waRa A4 A ¥ T
AL FA9 Aol SAACE FoekA] Adrh(x? = 0.9260, p = 0.3359) (19
2) (&% 15).

o

el
ftlo

=

1.00-] 4 | l
| l
2
B
[v]
Q
2]
& 099
@
2
£
=]
w
p 0 = DPP-4 2 H|HIZ
0.98 T e e
0 100 200 300 400 500

Time fo Event (days)

0

Group

a9 2. Kaplan-Meier A& 34 (As—treated £4)
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% 15. €& 424 H7F 23 (As—treated +4)

SGLT?2 DPP4 A7/
T2 p—value
(n=725) (n=754) HR (95% CI)
A% 53 AMA & 1 (0.14%) 3 (0.40%) - -
i HR = 0.346
Cox Hd 938 &4 - - 0.3583

(0.030-27.788)

2193 AR - - 2% =0.9260 0.3359
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41.2 o1& $&4 %7} A

AA, eGFR 5% ©]% 7k vl&ol diaix= GEE 45 Fdsden, 1 43t
SGLT-2 A2 DPP—4 oAlAT-el vls] F7FAF Hl&o] =

EAROCR FodA = dgkrt (Estimate = —0.3567, p = 0.5525). ®=3H A& 7+
2ol & Wk Ay FUL Ao A= FU2 o vlal AA8 02 eGFR S57FAF B &)
A e oz et (Estimate = —2.1384, p < 0.0001).

=4, 714 tiv] eGFR ©] 5% o]’ At tidatE tid ez ¢ LMM 4
DPP—4 SAAT2 SGLT-2 SAATel vl&] FAdH 0= eGFR X 4 %o
tha & ATS Hou, o] zole FAHCE foskA Fdth(Estimate = -
0.3656, p = 0.9634).

AR, eGFR W3} el gt tpiFE =ZAxY 3784 Ay, SGLT-2
AAATE DPP—4 oA Aol B8] eGFR A5vel 43 Hlgo] o %2 AT
Heou, FAHCRE {5t ¢okth(Estimate = 1.3680, p = 0.0734). Wb,
P £ g5 FAHZ fFosiA @2 oz YEtwtt (Estimate = —

196)

A, 93 Adoteld A7F 0.1 mg/dL o F7keh tidake] Hi&el s

GEE #4& 8 A3}, SGLT-2 YAAITS DPP—4 JA|A|Fo wv|s] siE
o] & AS HAoY EAFCE {Fo3tA = Lttt (Estimate = -0.9603,

49



¥ 16. o]z} +8A H7} 49 (As—treated £24)

A
Outcome A X ) AARH p—value
(Estimate)
eGFR 5% ©1’% 57} —-0.3567 GEE 0.5525
eGFR 5% ©l¢ Z4&Ae] J+# Wi -0.3656 LMM 0.9634
aa -1.7845 0.0196
Multinomial

eGFR #3} 94 )

logit
=7} 1.3680 0.0734
g3 Cr 0.1 mg/dL °]¥ F7t -0.9603 GEE 0.1318

50



4.2 Naive #4]

Naive 41> Target Trial Emulation A A& - %° a¥ v Az F
A S Flebr] S8, Hxe A4 A9 ZlFold B glol, dA dHolHAls
2945 FrEe BAolnh. i sl wet A Ts Ao

A3}, SGLT—-2 JA AT 3350 ¥, DPP—4 HAAT 40783 WO E % 44,133 ol
EFEJE. EAdE gholAly AHA, SHEE t—HAY, EALY IARA0

ARE-E S

4.2.1 42 84 H7F 45

Naive 41 71, A% 5% A= SGLT-2 AAATelA 2 1, DPP—4
AAA LA 113 Hoz e, SGLT-2 AAAITFAA FoatA e dAES
Bow, o= AR Foadtt(p = 0.0177).

2A2Y AN Ay, SGLT-2 AlAIES DPP—4 A AlAldtel Hla] A% 59

A7p AP @ =7) oF 78.5% Wekon, BAACRE Fog 2olE Kt (OR
0.215, 95% CI: 0.053-0.871, p = 0.0312) (3 17).

3, 5o ARE TAse NE dEel diE B4 A3 eGFR 30% ol A
SGLT-2 oA ATl 271, DPP—4 oA A|FelA 107 7o) wAgatelom, SGLT—
2 AdAATAAN FAHSE FosHA @& BAES HAd(p = 0.0231). FF
Adeteld FA°] 2 v F7h= DPP—4 AAAlFelA 23 11 B8, SGLT-2
AA AN = sl Abzlo] #EE A ¢ro} FAFOE Fofsk Aol gl
AU (p = 0.1692). ¥4 AEF(AKD 2 27 AFHA(ESRD) & F o EFolA
g EkA] ok Skth(EE 18).
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® 17. & +824 B7F @3 (Naive B4 23

SGLT2 DPP4 ZA %%
p—value
(n=3350) (n=40783) / OR (95% CI)
2 (0.06%) 113 (0.28%) x? =5.63 0.0177

OR = 0.215 (0.053-0.871) 0.0312

E 18. A% 5% 243 74 52 24 vz (Naive £4 Z23)

SGLT?2 DPP4
Outcome A& x 2 p—value

(n=3350) (n=40783)
eGFR 30% ©|% #4 2 (0.06%) 107 (0.26%) 5.1608 0.0231
gy Adoteld 2 wf o]

0 (0.00%) 23 (0.06%) 1.8903 0.1692
=7}
AKI Ay 0 (0.00%) 0 (0.00%) - -
ESRD A8 0 (0.00%) 0 (0.00%) - -
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4.2.2 o1& $&A B/} A

A, eGFR ©°] 714 d¥] 5% ol F7ket A= SGLT-2 9AA
AREAREOl A 171 78, DPP—4 SAAl ARgAFellA] 1,512 Wow glEglon,
SGLT-2 A AelA FoatA =& v&S Btk (p<0.0001).

A4, eGFR ©] 5% °] A% gdxwS ez HFo HekeS nudt Ay,
SGLT-2 oAAlToAlME Hid -13.5%, DPP—4 AAFoAM= -15.6%2 47}
B o, SHEE (—#F A3 SGLT-2 AAATAN Fa Fo] EAHOR
ol etAl &Skt (p = 0.0007).

AR, eGFR W3l s A%, A, FHER 9 A HFER s
Hlwdt Ay, SGLT-2 JAAlTFANME eGFR ZAaxlk ul&o] va, f4 U A%
H o] Ao e AFgS Bt FtolAly AW Ay F 7 P FE AolE
SAAC®E Foeadtt(p = 0.0002).

g, g3 Adoteld £x7F 0.1 mg/dL ©]%F F7k3k thakate] vl &S SGLT-2
AA A AbgAEOlA 106 W, DPP—4  oAAl  AbgAbelA 1,088 Wow
gl glom, SGLT-2 AATNA &% F2 Hl&S BAAN, F o 3 Aol

Ao Z FolstA] &t (p = 0.0887) (3£ 19).

of
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E 19. o)1z +&74 W7t 23 (F7HEY: Naive £4 23

SGLT?2 DPP4
Outcome A% 244 p—value
(n=1677) (n=1677)
Chi—square <
eGFR 5% ©]% 7} 171 (5.1%) 1,512(3.7%)
test 0.0001
eGFR 5% o) Independent
-13.5% -15.6% 0.0007
ZraAe] P WhsE t—test
s 171 (5.1%) 1,512 (3.7%)
eGFR #®3} Chi—square
A 1,347 (40.2%) 16,853 (41.3%) 0.0002
A} test
AN 1,832 (54.7%) 22,418 (55.0%)
g3 Cr 0.1 mg/dL Chi—square
106(3.2%) 1088 (2.7%) 0.0887
o|A} =7} test
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1. 78 23 g9

®odaE 2002 dRE 2019 d7HA S AAAIIZE UHolHE #83he,
Al 2 Fxr FAelA SGLT-2 JAIAI9E DPP—4 AIA2] 275 gt
Hlwstunap & F¢24 f#FdAqtoltt. 53], 7|E TR A7%4AE (Randomized
Controlled Trial, RCT) oA #AA1"E AHE AA AdASAHANA AHAE2AF Target
Trial Emulation(TTE) ¥¥&S& A&stlon, F Fad 1+ Al7ls Ast 2 27
254 A 93] ApolE AAE-H|oH (real-world data) 7|¥FC.E B 78ttt
A Ay, 27 okl AW VlEe® XNEae FostE  Intention—to—

Treat(ITT) WA¥E ofy, ks HE& A& oAFE WYt As—treated 4,

olr

M

a8 ¥bRe A V]| glo] MA ZIEE XTI Naive EA7A] H8Y3lo]
FHHGL ITT F4 A= SGLT-2 AAATAA 5 A% Ao Al 913 o]

DPP—4 oAlAlzel vl A4z fFostA wekor, Naive A% A

a

s g foe Aok BANYUT As-treated FHANE B oA 5
A BAN Fegels mushd Eagou, AR A% o AR

% SGLT-2 AAATS] $138 74 Hgko] #EH AU

)
o8
bt
o

BN
)
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2. A FEN Fohel e A

dA FaEA B7Fs eGFR 30% ol A4, @3 Adoteld 3¢ 2 wf F7h
4 Al&A(acute kidney injury, AKID, 7] AlX-# (end—stage renal disease,

ESRD) & sk o] Apxde] A% A9z Aodd AFd 534345 Vo=

ITT ¥4 A3, A% Bddys= SGLT-2 JAATFAM 2 A, DPP—-4
AAATANA 10 o] WSt om, FolAlw A A} SGLT-2 AAITolA
sAACE  FYstAl v WAEC] EHRIHAT(p = 0.0207). EAALEH
AR AN E SGLT-2 JAATFL DPP—4 AAT] vlaf AN Hgdzr}

A e =7F oF 80% wWakow, sAA R Fo|F AolE HIH(OR = 0.199, 95%
Cl: 0.044-0.910, p = 0.0374). W&534 7]k interval-Cox H|Z$E R
WAAAME SGLT-2  YAATS A H¢dn 248 fFel  {FoshA
wekom (aHR = 0.241, 95% CI: 0.069-0.844, p = 0.0261), Kaplan-Meier
EEA T AL @ AFHo] AdHu AE FAMol AwlHoR =7 fAHE=
Aol BEHATH (4?2 = 5.4280, p= 0.0198).

As—treated TA4NA= A HIAFY DA EO] SGLT-2 AAATAA
1 7(0.14%), DPP—4 AATZA 3 71(0.40%) 07 e o, A AbA 71
=3 Aol TAHCE fFogt Aol vERA dsith(p = 0.3359). EAAE

do

_l

AEA T Cox 3IAREY HFolA SGLT-2 JAATY 93 a Ao
#AZAE o BAF foA o= wEakA] F51el ™ (OR = 0.346, p = 0.3562; HR
= 0.346, p = 0.3583), o]x= EA A & A W Abd F RBFHog 93t

Agrow A et

Naive #AoA+= A4 A9 7]+ Qlo] AA ISTEE X

R

st
Ay, A BgdyE SGLT-2 JAATAA 2 A, DPP—4 AAAFA 113 A
WS AL, BAIH R FosHA W A E] FJAHJG(p = 0.0177). ZAAH
AR E SGLT-2 AAATE A% Hstdz vk 3o ok 78.5%

£
M

o O~ =
AeE 3

ot
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goron FAACR fFo3k zo]lE BITH(OR = 0.215, 95% CI: 0.053-0.871, p =

A w2 gz ¥38F 7)ol 2 thE ITT, As—treated, Naive #4

[3ui
—r
=2
>
)
)
-
7
A}
12
2
2
St
flo
o

PP—4 A Aol v Al EdAz Ay ¢ glo]
9o AgS Helth 4 A WA wet ade vy A4 foAdde
kol 7F o, Aol Wk d@EdTh ol SGLT-2 9AAS] AlV]|s BT

A H 2 A #EHN9SS grlEd, AT
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3. o1&+ FEA H7te] diF A

2oAFeME AVEe] WE S A EE ebstr] 98l eGFR W 3
g3 Aol (creatinine) H3te} THAHE F U] 71X X EE 7|FO0=2 F35AT.
AR, 714 dib] eGFR ©] 5% ©l% A5 odate] nl& ITT #AelA
SGLT-2 <AA+ 171 ¥, DPP—4 AIAT 13
ol FAACRE Fo&dt(p = 0.0361). UPE A (GEE) M FAZ

=
T els EEskH odstod S7HAF WlEe] w2 Aol RN (Estimate =

>
ol
o
fu
1o
o
i)
32
o
£
-
Bt
A

0.609, p= 0.0712), Naive ®AoX % A o] vhEH oz slxo] Fofu|gt
2ol E BATH(p < 0.0001). As—treated B4 olA= F71AF Bl & 207} BA A O =7
FrojebAl ekgko}(Estimate = -0.3567, p = 0.5525), A1 3} BlmelA = FU1
AA2 F7F vlEo] FU2 Bt 938k w2 Z o2 et (Estimate = —2.1384,
p»<0.0001).

A, eGFR©] 5% ©]4 4ad tdATS ez FoF WeksS vud A,
ITT EAo|x= SGLT-2 AATNA -13.5%, DPP—4 ¢
Bt A7 #FEoH, BAACE {o% aolE HAtHp = 0.0083). VL
A= LMM & &3l DPP—4 oAAwre] BHAo® oF 729 ¥ & Fax H&
Hol= ZAog Uegi, ol EAHOR 938ttt (Estimate = -7.239, p =
0.0042). WHH, As—treated ZAelAE fAFE Aol oy FAFOE
FrolatA = ekgkth(Estimate = —0.3656, p = 0.9634). Naive #4 |4+ SGLT-2
AAA T4 eGFR A Fo] FolstA Ao, SAXCEE {FogAdtt(p =
0.0007).

AR, eGFR W3t s e, fA, R 9 A ®HF

2 vlwd Ay, ITT 244 E SGLT-2 AAATAA A5 2§24 HEo)

it
4
%
2

M
b

!
I A HEe] e APl Yot FANCE oAt ehgrh W, Naive

A= Al M F 2 Aolrh BAFCE foslal(p = 0.0002), As—
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treated wAelA= SGLT-2 <AlATo] eGFR Fravtel] £33 gEo] FoatA
3o Ao Z JEYY (Estimate = —1.7845, p = 0.0196).

A, 3 Adloteld $X7F 0.1 mg/dL ol F713 iAol w&S ITT
Ao A SGLT-2 AlAl+ 106 ¥, DPP—4 AIAIT 91 Woz ##EE,
EAACE Fo% zol= AR W E B4 U As—treated ¥4 (GEE) EFollA
g FEel gk fogk Apol= ERlH A kgkow, Naive #AAE SAZAC®
ostA] A&oxrt

ool AE FTHEH, ITT FA A+ eGFR /A v]&¥ A &5 &3}

SHolA SGLT-2 AAAITe] TAHeR o3 Ve BE ads veilon,

Jo

Naive RAeIME A WY fIYS WEHoE FAT F AUtk As—
treated % WHE BAAHNE A FRAA FAD FAHels =D

=
Eetg oy, AMtAHog SGLT-2 <JAlATo] Xy a3t Alryjs W3l Rt

od
L
Ir
o
ot
o
T
i
v
=
d
rlr
e
rd
>
o
-
N
1o,
e
o
SE]
rﬂ
L
A
i)
=
-z
D
=]
L
e
10 o

59



4 Azl gg A4y

B AFodE B A= uzt Al 7R HAEHATT, As—treated, Naive

A& Agdte] SGLT-2 oAxlel DPP—4 ojAlAl b A% Hgtdste] o
avs vlaskdnh ITT A M= 27] ofAl Als 7Iee® Aa5as sk
AA meF A& ook dAIglel AA FAVIL gkl AAE BrkskaL, O A

SGLT-2 <Al#AlTe] DPP—4 AAAITe] nls] B3 A% Ay @ IS
Fo5HA HF= Z oz YElstt)

W o] Wslel e 3o WakAo] FAEEAS Falst
atoll A BAA pgolt W Ee] Aolof wWE Aol 727

HhH | As—treated 2 Naive 242 F4 oA A7 @8/ F7)
o] |

N i&
o
rr
offt
2
r 0
A
o
=
o

AT o2 EHFAY. As—treated 4

ZAoME SGLT-2 AN A 74 Aol

guEA @) ols BA daR £ 7a o

~
>,
)
4
B
)
2
=
It
i
L
2
m
i
1

Aste] 7hsdE AAFET Naive A olA = MR BAY glo] AA =

o] de] A¥= A WA F4 e zole] wmEl a¥ A7y {fodde
o7 SGLT-2 AAA7F DPP—4 <A A K.tk

< pS|
= -
N RTET B A9 ARTA R 4TS wgcks WA U e
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5. A7 ARAT 9

>
X,
IS
32
N
2
Mo
-3
[}V
o
s
>
§2
flo
=
=)
to
rO
1o
o2
ot
o
e
2
o
=
2
ok
U
5
v
il
2

S48 A% Ad AR HAF FX9 o] EAsiglon, oz Qi &4
gidell A Aleld AbEZF s He E tE Alefom A&t 53] As—
treated &AM = AAl HoF A& RS nEste] A didAE AP YF o,
olm Qe A A w7t A Eols AR TR AEEo] FAA Ao
vhold o, AapA oz SAA FAel TEakA] Xs Ao bl webA s
B A= Ao Fo7t Q). T-olA+= Marginal Structural
Model(MSM) ¢]4 G-formula 9+ #& 133 QA#HFE 7HLS A L35k Pt} o=
A zkelE A P (time—varying confounders) o] thd AW 7} EEFES A, He

=S4 AR 9 7o) Eddste] b A TR Aol ofH gyl WEolth. G-

N
=
ke
re

formula 9A] A4 3 Fxe} 215 5o ot Abd AorF Hashy, dA s
AAAM = olF TFAI717] ok ole] wel & A= 7324 AkS g sk,

FASNE A x2S AA JAddelEe A TTE 2AE 483,

4
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ABSTRACT

Comparison of Renal Function Effects Between SGLT-2 Inhibitors and
DPP-4 Inhibitors in Patients with Type 2 Diabetes
: A Causal Inference Approach Using Target Trial Emulation

Background: Randomized Controlled Trials (RCTs) are considered the gold standard for evaluating
treatment effects. However, in chronic diseases such as type 2 diabetes, long-term follow-up, ethical
constraints, and high costs often limit the feasibility of conducting RCTs that reflect real-world
clinical settings. Particularly when comparing complex treatment strategies or assessing drug effects
in specific populations, a complementary approach using Real-World Data (RWD) is necessary.
Traditional observational studies, however, are subject to limitations in causal interpretation due to
issues such as confounding and time-related biases (e.g., immortal time bias). Therefore, this study
aimed to evaluate the comparative effectiveness of drug therapies by applying the Target Trial
Emulation (TTE) framework and causal inference-based statistical methods to real-world clinical

data, simulating how a randomized trial would have been designed and conducted.

Objective: This study aims to estimate the causal effects of SGLT-2 inhibitors versus DPP-4
inhibitors on kidney function and the risk of renal complications in patients with type 2 diabetes by

applying the Target Trial Emulation (TTE) framework to observational data.
Method: Using data from the National Health Insurance Service (NHIS) health screening cohort,

we identified 21,714 individuals who initiated either SGLT-2 inhibitors or DPP-4 inhibitors between

January 1, 2017, and December 31, 2018, and met predefined inclusion and exclusion criteria based
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on previous studies in accordance with the Target Trial Emulation (TTE) framework. Propensity
scores were estimated using potential confounders, and 1:1 matching was performed to balance
baseline characteristics between the two treatment groups. The risk of renal complications was then
compared using Kaplan-Meier survival curves and Cox proportional hazards models. In line with
the principles of TTE, the primary analysis followed an intention-to-treat (ITT) approach based on
the initially assigned treatment, while a sensitivity analysis using the as-treated approach was also

conducted.

Result: The use of SGLT-2 inhibitors was associated with a statistically significant reduction of
approximately 76% in the risk of composite renal complications compared to DPP-4 inhibitors

(aHR=0.241, 95% CI: 0.069-0.844, p=0.0261).

Conclusion: This study is significant in that it applied the Target Trial Emulation (TTE) framework
to nationwide real-world clinical data, enabling causal inference comparable to that of a randomized
controlled trial within an observational study design. The findings suggest that SGLT-2 inhibitors
may be effective in reducing the decline of kidney function and the risk of renal complications in

patients with type 2 diabetes, providing practical evidence to inform future treatment decisions.

Key words: Type 2 diabetes, Target Trial Emulation, SGLT-2 inhibitors, DPP-4 inhibitors
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