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The rapid-growing prevalence of diabetic kidney disease (DKD) has become a major
burden to patient health as well as global healthcare system. It is of great clinical
importance to have prompt diagnosis and intervention of DKD. However, the
pathogenesis of DKD is extremely complicated, and there are limitations in current
diagnostic methods. The aim of the present study is to establish new models for
prediction of renal function deterioration in patient with type 2 diabetes (T2D). In
addition to reviewing recent literature about new biomarkers for the diagnosis of DKD,
we also attempted to develop new applications of routine clinical parameters, as well as
exploring the potential of novel diagnostic biomarkers, to build more comprehensive

prediction models for DKD.

Part one: using hemoglobin glycation index (HGI) as a predictor of renal function
deterioration in patients with T2D and a low risk of chronic kidney disease (CKD)
Current knowledge about predictors of CKD mostly came from individual in higher
risk stratifications. It was not clear whether these predictors could be extrapolated to
patients with low CKD risk. In a cohort of 780 patients with T2D and a low risk of CKD,
we demonstrated that HGI, which is used to describe the discrepancy between and
measured glycated hemoglobin, can independently predict renal function deterioration.
The analysis of longitudinal data also showed that HGI correlates negatively to estimated

annual change of estimated glomerular filtration rate (¢GFR).
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Part two: using visit-to-visit variability of albuminuria as a predictor of renal function
deterioration in patients with T2D.

Variation in the severity of albuminuria is a common finding in patients with diabetes.
However, the clinical importance of such phenomenon in patients with T2D was not clear.
In a retrospective cohort of 1008 patients with T2D, we developed the albuminuria
variability score (AVS) to describe the visit-to-visit variability of albuminuria in a single
individual. We found that AVS improves the discriminative power of existing models
for renal function deterioration endpoints. In another independent validation cohort of
310 patients with T2D, we demonstrated that high AVS can independently predict 5-year

renal function deterioration.

In summary, the above-mentioned findings have shed light on the improvement of
prediction models of DKD. To have a more comprehensive evaluation, the development
of future prediction model should consider predictors from aspects of background
genetics, environment factors, pathogenesis, novel biomarkers and clinical phenotypes,

so that prompt diagnosis and early intervention of DKD can be made possible.

Keywords: type 2 diabetes, diabetic kidney disease, hemoglobin glycation index,

albuminuria variability score, novel biomarkers
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w™E R €+28F % 0 202002013RINC) -

322 &iERE i g

\\\Xr

Sk SR ME LR ENR B TR R AR TR 8
10
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[Pt o fl* # 4 NGSP 2 DCCT 63 e »oik 49 & 45 % (high-
performance liquid chromatography, HPLC) | =& * & ¢ % (HLC-723 G7 HPLC
systems; Tosoh, Tokyo, Japan) ; H 44 it a‘ﬁ N U I S L R A
(Toshiba TBA-200FR; Toshiba Medical Systems Co., Tokyo, Japan) ° i j& % fiig # &h
vk & 2 Kinetic Jaffe method i 7RI % & A @ 6 Fev ik A BI040
2 (turbidimetric immunoassay) & (Tt © $-4cf § - ERX - I EFRRA -
T TN RESF L ERPERETAONZE (PR 2 TN IRpEF Y
E-ARE THRESFFEE) JEHREERF (£)-

323 & kR Btk

i e AAET AR R AN ERIT A R FR IR R RE
d i gty 25 kT 017 o b (fasting blood glucose) fo-T 35u pEde 3 ) b
PR S ANERE el B TRk e AL P N et 8 3 S 3 2 A h
id FAEREAI* AT b A ARBE TR BEME LT FORE YA
A 2 simple linear regression j# f&47 g it w & F3p 5 B2 3 ML MRl Bl 5
Wilh 4 B E (%)=0. 016 x =% (mg/dL)+5.138 (R2=0.270; P<0.001)
(5828 7 e kB M Sdefehn LB dplch T RNEREH 8 1 4 Y
e (2 A EE) 3 —0.145 (-0.517-0332) « HdeE TP deE A S Mk d
AT SO SRR SEE PR TS YEE R S

324 F RAREBHLE
do gt F R A TR 130 oK A0 4PIRR AT 80 F oA A AR

SRR R RES PR AEZFRLR Y ek F G ORY BARRA N

11
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(sulfonylurea) # 2Lm fipfk % &7 § % 4 ia i858 H| (glinide) » PRI L& 5 F & * 3%
5 2% & :EA (insulin secretagogue) ;4o 4 4e HPORIRT R $ - Sh i
| (angiotensin converting enzyme inhibitor, ACEI) ~ = ¥ % 4 % X %8 2 ¥7 8
(angiotensin receptor blocker, ARB) &' fiz #|fk 35 4+L#| (aldosterone antagonist) ° B4
TEAFRYTF - S PR F PR G AILER o AP e
BT r it fiE > 2 B MBI THORR G o g NP R o

P RASR P TRRFERS B o R TRR S T o 2 S R TR

CT O (e R FECE BB A T USRS S B ERAN BT EAZE 40% )

PIF i ¢ E B A2 ARTE T BESS - 1563 - BT &
SRE TR R R T A A B ER LR ES R EET RS AN 2T
2 2.1 mL/min/1.73 m*° ; @ KDIGO B|#Z T % /pEF & T% >5
mL/min/1.73 m? 2% 5 T a0 Beid T F 2o A b i en & 0 ART R nEsh K BhAL
TH L () THETHRRESFEET % >3ml/min/l.73m? ; (2) TinE

SIMREFEEE T >5mL/min/1.73m? ; 3) THET AR RESIGEE
T >3mL/min/1.73m? > P B X OTHSMRE S 8 # <60mL/min/1.73m? ;
(4) THoEFTHRREF Y ET% >5ml/min/1.73m? - ® X T NI REF
&8 & <60 mL/min/l.73 m* 5 (5) E®d Fv i (SRR v BV E >

300mg/g ) 2 5 2 (6) KDIGO & MALTHoph e §

3.25 3tz

ALY R R BEE G AV NER G REDRERER Y =
Bk ow o e N R R o u i £ 8 ] Mann - Whitney U 2y 2
EARFT e 2 a3 E LA TR 5 logrank test B # ¢0 Kaplan—Meier 2 &7 5 @

R % ghenh M v B2 multivariate Cox proportional hazard models & 7355 o #i-

12
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Ut IR % B3k 02 Schoenfeld residual & (7 # 7 4osf R IE § iz & W BB R
W25 P AN Y B HIEAR S PR 4P (R & % ¥k (time-varying covariate) &2 o
F3 4 R #* linear generalized estimating equation (GEE) i2 i& {7 -4 4 s B T
SIREF G E BRI E RB LM a4t 0 2 F e bant 2o 4
AP R R P B <005 > Bl E B HIE R A mPE auE E T

Stata 14.0 (StataCorp LP, College Station, TX, USA) :& {7

331 A5 # R B BT K

Ky p;_’rﬁz}ﬁ—%’lé’#—é’i 411 =3 2 369 =4 M HEzd@agy i (w
AEEE ) ) B 59.9(53.1-66.4/21-85) & o H i BipEF A ch? i (m A E)
B 73(55-7.6) # o gt F G AEBATHANL 5 o fpRT KL LR ik
@ B L F B EERTE L BRRIFERRE > RS LR T R4k
(body massindex, BMI) % #Eitn ¢ F#cie ; H 5 3o B~ @ * L5 F 4 0 0EH

LG RBAOR G R 2T F - n RS F - FERIMR K SRR a0 B R

°m
AL EL RIS BEE T H A AR B B G0l G G

PlakxrLd -

332 AEBs LR BRI EET A R chIp RN A

BT U E 0 LG 258 (33.1%) gt K AP TI0E THRET & A
7% >3ml/min/1.73m? avngk s ek 2P 5 87(11.2%) =5 % hT SizkiRiE

28 ® <60 mL/min/1.73 m?> ; A &3 Tise

L
31

TURABTEEET >
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mL/min/1.73 m? 2z 3#5% 4% Bhen gt ¥ H & 7 183 (23.5%) = # ¥ 5 65(8.3%) i
BB T SNIRE S 5 E & <60mL/min/1.73m? o 2}%—?{ ¥ 3 475(060.9%) A

A0 EEY Fd fodm G 669(85.8%) il TR B G F o b BAmR K AT

-

.

=R G B AR 2}%—%{ ABcE EEF S EERAA 6 o 2 Kaplan-Meier #3375
il end FF RERNE 9 o R ML LR B Y B LR B e
_@E'J‘,f\ TEEY v fjl(si;ﬁ%}‘i P2 T pES ey @48 F <60mL/min/1.73
m?) MR BB b GIORE B AESR % (95% RERRF) PR
B4 T RITE KRG T R NE 2 A4 - FEF RS FEE o frdH 2
2 obEZ PRl X B8 iE2e# (glucagon-like peptide-1 receptor agonists, GLP-1 RA)
3% 2 AR BT REE s PN kd A AR W A K
FAEdplce R R FORI-] SRR T R R R R 2 4 - F
B B E v el A S ,%ﬁfjﬁé\%tb BB DR P AT M E R
et o B AR E THE TR REF R ETE >3
mL/min/1.73 m? e b %t (95% &R ) & 1.43(1.11-1.82) ; & 5| Tio0E §
HIHREBFREETE >3ml/min/l1.73 m? o 2 AT HBIREFEEE <60
mL/min/1.73 m? ede b ' vt (95% R EF ) 5 1.78 (1.15-2.75) ; 5B A M
BES EE DT R 3 BT F - L FRA F - FERAM R ARILETR D
®F S JURA R TR EF R X EE ML e A A E TS
1 558 % ek %t (95% B R B )A B 5 1.44(1.12-1.85) 2 1.90(1.22-2.95) »
W2 BN Pk g (95% B EE) AU S 1.53(1.19-1.97) 2 1.86(1.20—
2.90) > @ AH 3 B kgt (95% R ER ) AIA u L 1.87(1.32-2.63) %
2.12 (1.14-3.93) o 4pf3t M =2 fE it #F, e o EZ R #F, b (Rl e S
SREF B EE T > 5 mL/min/1.73 m? ek g (95% 3 SRR ) 5
1.53 (1.15-2.06) ; #3|T0E T kB 55 &7 % >5mb/min/l.73 m> > ¢
BB ASIRRESF G E B <60 mL/min/1.73 m?> e b v (95% 13 SRR 5

14
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1.89(1.14-3.15) : b AR B B u LT R - Fo B T4 -0 ¥
54 F - PEFIM R I ETR R I RA R T TN B HE B L
dFw B R R 1 WY ket (95% BHERR) A NG 1.56
(1.15-2.10) %2 2.05(1.22-3.43) »*+ % 2 H4 7 chh gt (95% i &) A W
3 1.62(1.20-2.08) % 2.05(1.23-3.44) > @ &% 3 H8¢ hh syt (95% 12 4R
) RAE G 1.98(1.31-2.99) 2 237(1.15-4.88) - I Fa Ak dplicke
e CA Bt EREZ RETRBR G B ek et (95% RHRER) Z
121 (1.04-1.41) 5 g AF g Eds o PMFEL 32 BR -T2 -0 4
B4 & - PEEIER A SPLETRI R Y IR Y TSRS B B2 A
¢ Ew A B A 1 0 2 0 3 NP kgt (95% BRI ERR) A
ul % 1.20(1.03-1.40) > 1.20(1.03-1.41) % 1.05(0.86-1.30) -
dRTNRRESF R ES TRBEATF L ST R CHEEPREE Y
AR RSE R (N ERAT L AT ETSRRES Y BT
0.9mL/min/1.73m? - & UTE M T T E 5 D RAT RBRINT AR REF Y &
BT R B FYEBGTNRIRES R B wARTI N T IET R gy
e Al b ) PRSI T WA R AT B )T O RO M
cEME g B e R keI IO ETNRpEFREETE >3
mL/min/1.73 m?> > THEFT LB REF E ET% >3 ml/min/1.73 m? ® &% T
HREFEEE <60 mL/min/1.73 m? » THEFTLHFREFEEETE >5
mL/min/1.73 m? > %2 TH0E T U REF FE BT % >5Sml/min/1.73 m2 ¥ & ¥
THIRE S FEE <60mL/min/1.73m? Pk %t (95% HHE R )A Y 5 1.39

(0.88-2.19) » 2.66(1.22-5.79) » 1.83(1.03-3.27) % 3.23(1.27-8.20) -

3334 kAR HBATHRRESF G F EFRRN AL THY M

15

doi:10.6342/NTU202302707



T

$Ha TALE F e GEE A 75 % M7t A B8 © R 15w e A i 4y i
SRS EFTE ERRRCE LM B ] 22 3 ERTSRRES
BRI rp M i (95% AR ) 4wl s —0.828 (—1.424—0.233) £
—0.982 (—1.840——0.123) ° % 42 & 79 F-v PR e om _'%'}%W;fﬂﬁc IR e e

TUNRRESF B H AR RIRNE 10 cH BT I A&KY R e d
w i E MRy 1 B 3 EFTNRIRES B EenIE R T R AR e

BoApB 1 o

it

Pk Atde o REEE O Rdp 0k e R AR A BT M0 2 TR LB TR B
%%2y%%%&ﬁ%ﬁﬁ£ﬂoﬁéﬂ#ﬁﬂﬁAmmMEwwp;Sﬂg
BAv ik pE IR GRE 0 T RRUEBL ¢ TATRL AR ORRRT R E

f
ORI R A £ BB B AT TR L AR et F g e

.
B
=

AT RENENL S o AT RS R ASERE L R
2B RAADEL BB ik R A R AT R TR TR
e F A FARNTRRFZ - 05 hF RS FE L LR ke E
%T’%ﬁ%%ﬁﬁ%ﬁﬁitﬁ%%ﬁ?ﬁﬁﬁﬁﬂkoﬁﬁﬁﬁﬁ%@ﬂﬁ}
BOERET R R faE S TR BAE L § R R LR M A S
25 % o gk Yo jpgst ADVANCE #7 (BBt d 27¢ indk 72% » 2 A (2§F
6.4-8.2% ) AFTE Htu K AR & F A ARFR Lo J AR F B g
BElCF BT A AR F m B RS 0 T g T A ALY B

R A m R AR DT BB AR TR AERT AN E D
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ARBET . VBRI Fie- BT BT o

EAFTY O FARE A&éﬁaﬁuc—*ﬁ AL v SRw T RE T AT
LB HE VL G A BRRMEEEL GG 80.1% ~ T47% ~ 84.6% 2 T18.7% -
a9 RBRERETH N E KRR T RO AF 2 ﬂ],a}g%);’ﬁﬁﬁv:;gﬁé H

L

J4:

2$1%0$£$§ﬁﬁ#ﬁﬁ’é}é@%éiiﬁﬁﬁﬂ?ﬁﬁ%ﬁ%;
Ao e® 2 ABAHET O RFTHEFG RIS ERIES 0 FRG RGO

el
=

CAEFL AT FF2 INLF oA ATHR ALY O RBE &

FAET gL @2 ERIE L9 9 g 4 ARETRRR S (F T ARipiE
FEEZ Y v RBRERES) DR R RS THROS T T LRR
v BRI B <30mg/g vk EF AR IpEmRE 1 £ 83 E R sinkigiE
F i B BRI AL AR TT&%EE«M TodNF R ERT A F AR
an 3
oo B HPE S 2 ARRRT AL REFROTA

WEA e F iR R B B h iR Y e o A

AFTY A B SIE  BONRNT Y 0L BB TRR B & TS 0 2
AW EE TRk T AT TR TR AR 2 o e A MR OR B
PR RRATT 2 P e PR 0 - R E AR H R R e TS
FIEi sl s A3 -3k BFAHE 24 A2 2REL 2 F & Py
FKE 2R FOf L R HTRAL DY AL RE o EHT LR 2
FECIEEFEREVR IR L B E RS FRIETT AL KA A

GEREGRE 3 RCAAEE R T L as VR R e

s
‘m‘L
&

REBORE DAL L H S A WL ET R SRR B2 AL
S A AR g BOH A R B (e k B TROR & TFIS S ) SR 4 AT

Z o R RS Sl E S B AIR G AR OB S ¢ F T 7% ) F

R R A AR B A ) R F - R A o A F AR

;)‘g‘_;llj% B He s d R AFEES o EFEETE 2 ]{[]j\ ““;‘32}%4—]1;.@

Tﬂ&
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Pl A 2 AF B F Al XM ROORF L S F A dp BTE R 4 R e T e

AEE AR P EGAFELL  SREF PR O] K Ep

BMA T AFTRET & R R A ET R SR T RO R 0% 2
7}%}?}[% REFTHAFEPRRE- AP PP R BTHFP 6T Y j\%

%éﬁji@‘ﬁ@t&ﬁ’ "z +Z PE'}:P’MX—TL _—%.}#ﬁ;}ﬁ&mi@_ky% % -A_,g«ﬁ&_-l;[ IpL

PR G REDRT 22
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Frd EHEY R0 RARARES T 2 WBA

e BT A it 2353 2

41 ¥ &

hodn i 6 G REER AR S BB TR R G R iR R e - o e B 2
RO ARER A TAER- BHAT FRPENEE TG AR DI X 0 T

C A P BB RN TR 3 2 KRR e e BVCELERLY B E AR R
2 HE %58 E 5 30 mg/g (3.39 mg/mmol) 12} > F i A R AKehd Fv Ak
TokA o AARKRIREY v LR LEGFRAL DRANR 2TE K H
@SR RORBLE R BR SR FS 00 AT G Rl PRt AR
#1122 (homeostasis) ¥ H F % 4 P> PR BB I ER PP oo
B hE R R e B R (Visit-to-visit variability, VVV) > 22 i 14§ i B
Uk goagpahe VA F USRI ERER S R PRER
oo PRFERSS FEFRSRGES FFH T A S YR KRR
a 3-v "2 7 fE (Low-density lipoprotein cholesterol, LDL) % £ & > RIS R &E 5
B R R R L ARRE T 200 R RO HERE R AT RFRE S
I A ARENTH A THEE AP THRRB O KT M T AR HN 8L S
F 2 AR RS T BRARENRAP cm AT AL P, - S22
FITes @ % o o REBERERFR 2 RSP RY9 k9 JEBE ¥
BAREFATNE 2 AL R T 2
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42 B

421 R & dud >

AELRRBROE SE O FTHES AA DERFEY SR 2 1
WAp R - 3EXPLR - > W22 h Fod REHEFRERFRHS P 4R
YU W AR ENT 340 G E Y 2008 & 10 7 3 2018 &£ 9 7 R iéi%%‘f“’ S
LRI EHO TG e~ BB S B RER (Diabetes Shared Care Network) i
FREIFNEZ LR a 3 EXFFT Pz TFERY e REHRERERES
2 AR ETH A B 2R 4 o A (R 2010 &£ 11 7 3 2020 &
2B e - PR BT HRAL S e AL 28 2 WA
RRFBrmse f - da Sl » FEFTLE2RETHRBRHBE T TG
CKD-EPI 2583 ¥ en®5ipkiip S & ¥ €3 + *° 60 mL/min/1.73 m*> -~ ¥ S48
v Few BVCEEFL B F )Y 339 mg/mmol ;A FHHDEFARAE=Z 2L n
AR AR TR R E 2 SRR RNE 1L P RREME AT
(Declaration of Helsinki) & R > # A G 7 2L R ¢ hF P2 #0283 R

Wi (5 & %F%P T RIEL R ¢ PoaF 5L 202002013RINC %2 201107004RC )-

422 #ERIE 2 FTHch

HREae N2 RgEe fhdh g §AURR-E- 2 E2 B - S
Firhta t®27 g Wi~n@§ﬂ% FE DR B ERE LR
Bz g 8 /] PFen#gE ik > % 3 & National Glycohemoglobin Standardization
Program (NGSP) % Diabetes Control and Complications Trial (DCCT) & 3 sk
A0k 470% Bl EHET & & % (HLC-723 G7 HPLC systems; Tosoh, Tokyo, Japan) ; #
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rend gtk TR A # 4 47 k2 {7 (Toshiba TBA-200FR; Toshiba Medical
Systems Co., Tokyo, Japan) ° w j% % Jii ¥ ek K& 1 Kinetic Jaffe method &

TR E_ ;™ f]'\/li’é I 2] m/ﬁ%&ﬁ]” g b /%/z‘1€—f’f’}ﬁ%§

423 ¢ 36 RBERHA

v

TR MRERSS AT b REBERER AT AR ST A0
AR EL LS FUBFREA 2R I FRE NG fd REE AR
# ~ (albuminuria variability score, AVS) o H & 5 @ f- BAATH g B R
Boded HivRpRt B4 2 (AUACR) ¥ > AZiE - TlclE (@ g * 8 Mt w =0 )
FoErih et Bl (R 12 ) i@ 2 i d o & Rl H 0 i BRE IR Y B
BOEVURLERIL A B IOARH Y Fd R AR A GREE L0 LREHRE R
Boded HEVVRAFLE L R R ERE o A RTRAT YIS 0 B A B[R A 2

3.39mg/mmol ~ >5.65mg/mmol ~ >8.48mg/mmol % >11.30mg/mmol - i #-

9

o Rk gk Biehd 3od R B R Y BEELS S RHAEE MR
& i 5 A 12 AUROC (area under the receiver operating characteristic curve) ;2 & +* #
L BT RS R BREhEEN A 4 o h BB Y o R S Fd W A S
A4 T B BE R Foo BOVEER B A BARY R E G b9 RREAH
Lo dmih s B ARG LR AR R o 5 0 B - F R R Ripihae i po gL
Bor ¥ idshme & mﬁuc AR v BRI @ % R (il (coefficient of

variation, CV) eh® = #cs 2 B %8 Gz MR Gies 2o

424 P 3 THRE FHREE

&r’%@éc‘ﬂ’“ﬁ’:ﬂtﬁ*’ﬁfﬁﬂ’%?i“v? 130 % & 4r > 4F5R R <20 80 ¥ f A4 > g 4
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SRR R REF PR TALT R LBV o R F R HfRE A 2R
/R A% 6 F AR DAL ARG F R Y % g R A REGER e d e F T &
PR i SR AT ARl b F SR 4 B X R PR SO A I E R SR B 0 RIAR LA
AR T - RS A - FEEIM A AETH o A SO By RRER
f A e B STIRIF PR Y Fed BRI BT AR TR 5 R R
BRI B 0E A AR S i B RER RS TEBD T oo k=
2R Fev BCRRER BB TH K 0 PR F R Fod BOUELET B K
S A o

Group-based trajectory modeling (GBTM) &_#* *t & 7 58w T AL T 6 2 48

Fuens gz WMo my LRI i o el 22 A9 TUERT B Y B
ABF (R Fw@ L) PBRTUARERSF G ERFAET DT F o St
AARRETSTHZEE T (B 13 ) pz T NHERT Y EE T

BEE2 ¢ (e A EE) A u s —0.1(-0.7-1.1) ~ 22(-3.2—0.6) ~ % —54
(-7.0—4.1) mL/min/1.73 m> - %@ HRF G 5 E RGBT » T 2 Pig T f
FUR AR S E N RER B A X FFOTUARBERS B HE M 60

1ﬂMM&Bm2’ﬁﬁ&ﬁ@wﬁT%%%4%6ﬁ’ﬁﬁééﬁ$%§%°

425 3tk

Riga

Y AR R Y e A RS N RO SN P Bk
2R AN E o e endicie £ B0t o] * Mann-Whitney U 2 2 (7o
AR Y o7 A R 4% multiple logistic regression j# kFEiE B £ M6 B
BOAREE R A ET PRk BRSBTS linear regression 2 ki
L ARTRR S HHETUR BRI GE EE TR EHPE R FE MG R
§ORRERASHEE S i E o P hREE Y T LRI L log
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rank test 7 ¢ Kaplan-Meier 2 K& {7 8 & Mo Fvd RERERFA O3 HE A4
B *& v B] 2 multivariate Cox proportional hazard models i {73+ & o % logistic
regression £ Cox proportional hazard models # » %-4r 3 cE d ~ fhw] ~ 4T E
ip@t EFFHRA LT3 BB AT R*TF -0 g5+ 5 -FEHM AR
A TR ERF G HEE M L d F S R Fd BCEER E S SRR Y Y
PR R R v SRR L A AR R S b 9
T HENME o A7 4 B I integrated discrimination index!''? % concordance
statistics A 17— M= B3 4 » BN S EMIER A DR o R E DR P E
<0.05 RIARARL 5 B F 538 1 ehd & o 53 8 onif B £ Stata 14.0 (StataCorp LP,

College Station, TX, USA) & {7

431 F g 1 BRTRR F ik

Pt 2 i por T 1008 i gtef tH EdGY (w2 R FH)
5 60(53-67/21-90) f ; B P i (v A FE) & 7.3(5.6-7.6) £ ;i
Bicigeen? e (w4 gE) B 8(6-9) G E Y B 0 KRB RM A BF
F500 o BB Rv REBRMAAEEG S08 o B AP AT 310

P
(had

\\\Xr

fef D B ESY e (2 4 EE /) 5 63(56-69/25-85) f i ik HIPF
Fehd g (w4 2§E) 5 5.4(25-85) & ; gHisides 17 &3 H ¢ ¢ Fd %
BRMEAL 0/20/40/60 i die (FAY) &% 256(83)/31(10)/20(6)/3 (1)
AoEd hed REBRAMAA I 16T G B Bl sk P BTG Fed SR
PRMAEE B9 b9 RRBRBA EFAUT 256 2 54 4 o wrf Fhok gk
BEHTHFA 8 BRTERPF LIRS 2 AP - FFHEFPEER
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RV RE R 5 RERE S IER | RECT Uk Saa VR SR Mkl 0 SO IR
RSN SR AT R T R PR S D T
BBE A9 v RRRE RS BE DT R R Y R0 BVYRER B
2B B GORE RS NG v RRBRMAAS B T2 B
B d AR EHEY AR R RRBAFS Y TR - L FES E -mER S
SLIEETA D F B oA Y o F i v RBERFAL BHEHE T U

WHGE By Fev ﬁ'\z%ﬁ}iﬁf/v\ PEBFLE o

432 ¢ F-9 [ R RFAFERE2L 72

BRI R T PR AR Y ey SRR B AR B A
FEME B0 RRARF A Y o BHREBF L DB (FA) L 9 0@
EAFARLES Y TURERS X EE SRR v HURERY B BN
9 RS BB R A LR EBEY 4 5 AUROC A 355 % 0] 7]t &
10 o d s ad 2 i e AR 9 Fed SRR ER B AR Y (w4 E)
% 0.7 (0.2-2.6) mg/mmol - #)4 >3.39 mg/mmol ~ >5.65 mg/mmol -~ > 8.48
mg/mmol % >11.30mg/mmol & *» B35 e v RERRMFA A FILEF

ZEH B od 3 [ A w9 hv fj"\ R };ﬁf&’mv’ BT A F :L:—ff\,,;z 9
Fov BUELATL B X B oty 8hd > 339 mg/mmol w P # 2 3 >5.65 mg/mmol -
>8.48 mg/mmol # >11.30 mg/mmol 7 § $:85% % Bhengiw] 4 & 4 B Tt

Friew Fed BAURLERI AL R o B & >3.39mg/mmol ;@ d gt 0 e

g

B RRBAMA LY BhE 167 TR A B LK T REBAHA B g
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433 ¢ 30 RBRAAFA HFRY Benip i

EfoaE P oy A B 1% multiple logistic regression 2 k A 458 30
FREREBRF AR D Fo BV B R Gl PR N B el 4
FEERIRE 14 AR Fo RERRF AL L F Y B KRR RS B
AN ERTFFEETE - FUR BRI FEIELETE TURBRTFEE
1+ 60 mL/min/1.73 m? T 5B RS b B @ A B E AR T ' L Y 40% P
Jook Bt (95% R R) Aul s 1.73(1.23-243) ~ 556 (2.70-11.48) ~ 2.83
(195-4.12) & 5.53(2.44-12.53) 5 'SRA DI 25 500 (95% BT F) A 9l
5 1.84(1.23-2.76) ~ 5.70(2.28-14.25) ~ 2.61(1.63-4.16) % 6.44(2.15-19.26) o
AR Ao R R Y Bed B B R Gl F A B PTG AT S ER
F i B B3 60mL/min/1.73 m? iRk X BEE T I Eu 4 L B oo #d Fv k%
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Table 1A Population with diabetes mellitus and prevalence of diabetes mellitus in Taiwan from 2005 to 2014.

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 P value
Residents (10%) 2277.0 2287.7 2295.8 2303.7 2312.0 2316.2 2322.5 2331.6 2337.4 2343.4 <0.001
Total DM (10%) 132.6 141.2 150.5 159.9 170.0 179.9 189.8 199.9 210.3 220.1 <0.001
Women (10%) 65.4 69.4 73.9 78.3 83.0 87.7 92.5 97.4 102.3  106.9 <0.001
Men (10% 67.3 71.8 76.6 81.6 86.9 92.1 97.3 102.6 108.0 113.1 <0.001

Residents (10%), 20-79 y/o 1648.6 1665.1 1680.6 1699.1 1715.3 1732.5 1747.6 1762.9 1778.7 1793.5 <0.001
Prevalence (%), 20—79 y/o 7.15 7.45 7.71 8.04 8.41 8.76 9.10 9.49 9.81 10.10  <0.001
Standardized Prevalence (%) 4.57 4.76 4.93 5.13 5.37 5.59 5.81 6.06 6.26 6.45 <0.001

Residents (10%), 0—19 y/o 584.9 575.4 565.1 551.1 539.6 523.2 511.4 502.7 490.4 479.5 <0.001
Prevalence (%), 0—19 y/o 0.08  0.09 0.10  0.10 0.11 012  0.12 0.13 0.13 0.14  <0.001
Standardized Prevalence (%) 0.03 0.03 0.03  0.04 0.04 0.04 0.04 0.04  0.05 0.05 <0.001

Aged DM (%), =65 y/o” 48.9 48.9 49.0 49.0 48.5 48.3 48.6 48.9 49.5 50.3 0.134
Women (%)° 53.0 53.4 53.8 54.0 53.8 53.8 54.1 54.6 55.4 56.3 <0.001
Men (%)° 44.8 44.5 44.4 44.2 43.5 43.1 43.2 43.5 44.0 44.6 0.272

Prevalence of DM in the aged 29.64 30.60 31.80 33.01 33.98 35.43 36.92 38.17 39.16 39.93 <0.001
population (%)°

Prevalence in women (%)° 31.55 32.40 33.50 34.52 3541 36.73 38.06 39.14 39.98 40.56 <0.001

Prevalence in men (%)° 27.70 28.74 30.01 31.39 32.44 34.00 35.65 37.07 38.22 39.21 <0.001

@ Numerator is population with DM who are aged =65 years, and denominator is total population with DM.

5 Numerator is aged women (men) with DM, and denominator is total population of women (men) with DM.

€ Numerator is women and/or men with DM aged =65 years, and denominator is total population of women and/or men aged =65
years.

71 % g Sheen Y-J, etal. J Formos Med Assoc 2019;118 Suppl 2:S66-73.
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Biomarker Validation  Sample size  Type of  Specimen Advantages
study diabetes
design
NGAL CC 112 2 Urine Indicator of glomerular hyperfiltration
KIM1 CC 112 2 Urine Indicator of glomerular hyperfiltration
NAG CC 434 1 Urine Baseline level predicts development of DKD
CcC 946 2
8-oxodG PC 396 2 Urine Baseline level predicts development of DKD
Pentosidine CC 434 1 Urine Baseline level predicts progression of albuminuria
TNFR1/2 RC 628 1 Serum Baseline level predicts development of advanced CKD
RC 410 2

NGAL: NGAL: neutrophil gelatinase-associated lipocalin; KIM1: kidney injury molecule 1; NAG: N-acetyl-B-(D)-glucosaminidase; 8-0xodG:
8-0x0-7,8-dihydro-2’-deoxyguanosine; TNFR: tumor necrosis factor receptor; CO: case-only; CC: case-control; PC: prospective cohort; RC:

retrospective cohort; GFR: glomerular filtration rate; DKD: diabetic kidney disease; CKD: chronic kidney disease.
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Type of Specimen ~ miRNA expression
diabetes
1 Urine Decreased Increased
miR-323b-5p, miR-221-3p, miR-524-5p, miR- miR-214-3p, miR-92b-5p, hsa-miR-765, hsa-
188-3p miR-429, miR-373-5p, miR-1913, miR-638
1 Urine Decreased Increased
miR-155, miR-424 miR-130a, miR-145
Urine miR-29 expression positively correlated to the severity of albuminuria
Blood Reduced expression of miR-let-7a
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Specimen  Panel

Application

Plasma

Plasma

Serum

Urine

Plasma &

urine

Plasma

Fatty acids

C10:0, C12:0, C14:0, C16:1n-9, C16:0, C18:2, C18:1n-9, C18:1n-11,

C18:0, C20:4, C20:5, C20:3, C20:2, C 20:0; C22:6
Phospholipids

C18:2-LPC, C16:0/18:1-PE, pC18:0/20:4-PE, C18:0/22:6-PI,
C18:0/18:0-PS, dC18:0/20:2-SM

y-butyrobetaine, SDMA, azelaic acid, MID 114, MID 127
3-hydroxy isovalerate, aconitic acid, citric acid, 2-ethyl 3-OH

propionate, glycolic acid, homovanillic acid, 3-hydroxy isobutyrate, 2-

methyl acetoacetate, 3-methyl adipic acid, 3-methyl crotonyl glycine, 3-

hydroxy propionate, tiglylglycine, uracil
Plasma: histidine, butenoylcarnitine

Urine: hexose, glutamine, tyrosine

P-cresol sulfate, phenylacetylglutamine, myoinositol, pseudouridine,

urate

Diverse profiles in different stages of
DKD

Diagnosis of DKD

Diagnosis of DKD

Reduced expression in DKD patients

Addition to the original predictive model
improved risk estimation for albuminuria
progression

Predicting progression toward ESRD

LPC: lysophosphatidylcholine; PE: phosphatidylethanolamine; PI: phosphatidylinositol; PS: phosphatidylserine; SM: sphingomyelin; SDMA:

symmetric dimethylarginine; MID: metabolite ID; DKD: diabetic kidney disease; ESRD: end-stage renal disease
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Total Low HGI High HGI
N =780 N =390 N =390
Age, years 60 (53-66) 60 (54-67) 59 (52-66)
Duration, years 9 (6-14) 9 (5-13) 10 (7-15)*
Male, n (%) 411 (53) 201 (52) 210 (54)

BMI, kg/m?

SBP, mmHg

DBP, mmHg
Hypertension, n (%)
Fasting glucose, mg/dl
HbAIc, %

HbA ¢, mmol/mol
HbA ¢ quartiles, n (%)

1

24.8 (22.6-27.3)
130 (120-140)
76 (70-81)
487 (62)
130 (113-147)
7 (6.6-7.6)

53 (49-60)

195 (25)

24.4 (22.5-26.6)
127 (120-136)
76 (70-80)
230 (59)

131 (114-147)
6.6 (6.3-7.0)

49 (45-53)

185 (47)

56

25.6 (22.7-28.0)*
130 (120-140)
78 (70-82)
257 (66)*
129 (110-148)
7.5 (7.1-8.2)*

58 (54-66)*

10 (3)
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HGI

Creatinine, mg/dl
eGFR, ml/min/1.73 m?
TC, mg/dl

LDL-C, mg/dl

HDL-C, mg/dl

TG, mg/dl

Use of medications, n (%)

Insulin secretagogue
Metformin
Thiazolidinedione

a-glucosidase inhibitor

195 (25)
195 (25)

195 (25)
~0.145 (-0.517-0.332)
0.9 (0.8-1.0)

83 (73-95)

174 (154-196)

93 (77-109)

46 (39-53)

107 (77-154)

525 (67)
673 (86)
163 (21)

25 (3)

131 (34)
60 (15)
14 (4)
~0.517 (-0.768—0.318)
0.9 (0.7-1.0)
84 (74-95)
174 (157-195)
92 (78-108)
46 (39-54)

107 (77-158)

249 (64)
331 (85)
69 (18)

11 (3)

57

64 (16)
135 (35)
181 (46)
0.332 (0.070-0.875)*
0.9 (0.8-1.0)
83 (73-95)
175 (151-197)
93 (76-110)
45 (39-53)

107 (77-150)

276 (71)*
342 (88)
94 (24)*

14 (4)
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DPP-4 inhibitor

SGLT-2 inhibitor

GLP-1 receptor agonist
Insulin

B-blocker

Calcium channel blocker
RAAS blocker

Diuretic

Statin

Anti-platelet agent

42 (5)
0 (0)
2(0.3)
124 (16)
68 (9)
128 (16)
300 (39)
33 (4)
340 (44)

109 (14)

19 (5) 23 (6)
0 (0) 0(0)
0 (0) 2(0.5)
27 (7) 97 (25)*
34 (9) 34 (9)
60 (15) 68 (17)

136 (35) 164 (42)*
13 (3) 20(5)

158 (41) 182 (47)
60 (15) 49 (13)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HGI, hemoglobin glycation index; eGFR, estimated glomerular

filtration rate; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride;

DPP-4, dipeptidyl peptidase 4; SGLT-2, sodium-glucose cotransporter 2; GLP-1, glucagon-like peptide 1; RAAS, renin-angiotensin-aldosterone

system.

Data are shown in median (25th—75th percentile) or number (%).
*Significantly different (P <0.05) from the low HGI group.
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Visit
1 2 3 4 5 6 7 8 9
Average eGFR
decline rate >3
ml/min/1.73
m?/year
Low HGI
Number atrisk 390 350 322 303 250 228 209 166 59
Event number 40 28 19 11 5 4 2 2 0
High HGI
Number atrisk 390 317 293 279 228 205 183 151 42
Event number 73 24 14 17 7 8 3 2 0
Average eGFR
decline rate >3
ml/min/1.73
m?/year and
resultant eGFR <60
ml/min/1.73 m?
Low HGI
Number atrisk 390 384 375 372 312 283 252 189 64
Event number 6 9 3 2 6 3 1 2 0
High HGI
Number atrisk 390 370 364 355 296 261 236 193 47
Event number 20 6 9 6 7 4 1 2 0
Average eGFR
decline rate >5
ml/min/1.73
m?/year
Low HGI
Number atrisk 390 352 336 324 270 249 229 181 64
Event number 38 16 12 3 2 2 1 1 0
High HGI
Number atrisk 390 320 302 294 247 222 200 164 47
Event number 70 18 8 5 4 2 1 1 0

Average eGFR
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decline rate >5
ml/min/1.73
m?/year and
resultant eGFR <60
ml/min/1.73 m?
Low HGI
Number atrisk 390 385 381 377 318 288 258 196 67
Event number 5 4 4 0 7 2 0 1 0
High HGI
Number atrisk 390 370 364 358 302 269 244 199 51
Event number 20 6 6 3 4 2 0 1 0
Onset of
Macroalbuminuria
Low HGI
Number atrisk 390 390 389 389 322 298 266 201 67
Event number 0 1 0 44 7 14 30 81 59
High HGI
Number atrisk 390 387 384 384 325 294 265 215 53
Event number 3 3 0 34 10 10 22 108 49
Progression of
CKD risk
Low HGI
Number atrisk 390 351 321 294 226 182 142 100 29
Event number 39 30 27 59 34 31 29 52 28
High HGI
Number atrisk 390 335 302 271 198 162 125 &9 16
Event number 55 33 31 60 29 33 24 59 16
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Low HGI (reference) High HGI P value
Average eGFR decline rate >3 ml/min/1.73 m?/year
Crude HR 1 1.43 (1.11-1.82) 0.005
Model 1 1 1.44 (1.12-1.85) 0.004
Model 2 1 1.53 (1.19-1.97) 0.001
Model 3 1 1.87 (1.32-2.63) <0.001

Average eGFR decline rate >3 ml/min/1.73 m?/year and resultant eGFR <60 ml/min/1.73 m?

Crude HR 1
Model 1 1
Model 2 1
Model 3 1

Average eGFR decline rate >5 ml/min/1.73 m?/year

Crude HR 1
Model 1 1
Model 2 1
Model 3 1

1.78 (1.15-2.75)

1.90 (1.22-2.95)

1.86 (1.20-2.90)

2.12 (1.14-3.93)

1.53 (1.15-2.06)

1.56 (1.15-2.10)

1.62 (1.20-2.18)

1.98 (1.31-2.99)

0.009

0.004

0.006

0.017

0.004

0.004

0.002

0.001

Average eGFR decline rate >5 ml/min/1.73 m?/year and resultant eGFR <60 ml/min/1.73 m?

Crude HR 1

Model 1 1

61

1.89 (1.14-3.15)

2.05 (1.22-3.43)

0.014

0.006

doi:10.6342/NTU202302707



Model 2

Model 3

Onset of macroalbuminuria

Crude HR

Model 1

Model 2

Model 3

CKD risk progression

Crude HR

Model 1

Model 2

Model 3

1

2.05(1.23-3.44)

2.37 (1.15-4.88)

1.17 (0.98-1.41)

1.15 (0.96-1.39)

1.21 (1.01-1.46)

1.02 (0.81-1.29)

1.21 (1.04-1.41)

1.20 (1.03-1.40)

1.20 (1.03-1.41)

1.05 (0.86-1.30)

0.006

0.019

0.082

0.129

0.040

0.845

0.015

0.022

0.019

0.612

Model 1: Adjusted for baseline age, sex, BMI, hypertension, use of RAAS blocker and use of diuretic.
Model 2: Adjusted for baseline age, sex, BMI, hypertension, use of RAAS blocker, use of diuretic and eGFR.
Model 3: Adjusted for baseline age, sex, BMI, hypertension, use of RAAS blocker, use of diuretic, eGFR and

HbA ¢ quartiles.
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Development cohort Validation cohort
Low AVS High AVS Low AVS High AVS
n =500 n=>508 n=256 n=>54
Age, years 60 (53-67) 60 (53-68) 63 (56—69) 64 (57-70)
Male, n (%) 281 (57) 246 (48)* 151 (59) 25 (46)
Duration, years 10 (7-15) 9 (6-14) 13 (10-18) 13 (9-19)
Follow-up period, years 7.4 (6.5-7.8) 6.6 (4.7-7.5)* 54(4.9-54) 54(4.9-5.4)

BMI, kg/m?
SBP, mmHg

DBP, mmHg

Hypertension, n (%)

Smoking status, n (%)

Smoker

Ever-smoker

24.5 (22.4-26.7)
130 (120-140)
75 (70-80)

311 (62)

60 (12)

79 (16)

25.6 (23.1-28.4)*
130 (120-140)*
80 (70-85)*

369 (73)*

59 (12)

78 (15)

63

24.2 (21.9-26.2)
129 (120-135)
75 (69-80)

182 (71)

30 (12)

47 (19)

25.9 (23.3-27.7)*
133 (128-140)*
77 (70-85)

49 (91)*

6 (11)

8 (15)
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HbAI, %

eGFR, ml/min/1.73 m?
UACR, mg/mmol

TC, mmol/L

LDL-C, mmol/L
HDL-C, mmol/L

TG, mmol/L

Use of medications, n (%)
Insulin secretagogue
Metformin
Thiazolidinedione
a-glucosidase inhibitor
DPP-4 inhibitor
Insulin

B-blocker

7.0 (6.5-7.5)
81 (72-93)
1.0 (0.7-1.7)
4.6 (4.0-5.1)
2.4 (2.0-2.8)
1.2 (1.0-1.4)

2.7(1.9-3.7)

345 (69)
427 (86)
118 (24)
13 (3)
17 3)
65 (13)

38 (8)

7.2 (6.6-7.9)*
84 (71-96)
2.1 (0.9-6.0)*
4.4 (3.9-5.1)*
2.4 (1.9-2.8)
1.1 (1.0-1.3)*

3.1 (2.1-4.6)*

337 (66)
449 (88)
94 (19)*
18 (4)
45 (9)*
122 (24)*

59 (12)*

64

7.0 (6.6-7.5)
90 (76-97)
0.9 (0.6-1.7)
4.2 (3.6-4.6)
2.5 (2.0-2.8)
1.2 (1.0-1.3)

2.9 (2.1-3.9)

168 (66)
218 (85)
4(2)
5(2)
34 (13)
47 (18)

41 (16)

7.1 (6.5-8.0)
84 (65-99)
6.2 (2.5-11.7)*
4.1 (3.5-4.8)
2.4 (2.0-2.7)
1.2 (1.0-1.3)

3.5 (2.2-5.7)*

35 (65)
44 (81)
1(2)
0 (0)
8 (15)
14 (26)

12 (22)

doi:10.6342/NTU202302707



Calcium channel blocker
RAAS blocker

Diuretic

Statin

Antiplatelet agent

80 (16)
199 (40)
18 (4)
193 (39)

78 (16)

130 (26)*
223 (44)
28 (6)
235 (46)*

91 (18)

53 (21)
115 (45)
17 (7)
122 (48)

54 (21)

20 (37)*
37 (69)*
2(4)
22 (41)

14 (26)

AVS, albuminuria variability score; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated

glomerular filtration rate; UACR, urine albumin—creatinine ratio; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol; TG, triglyceride; DPP-4, dipeptidyl peptidase 4; RAAS, renin-angiotensin-aldosterone system.

Data are shown in median (25th—75th percentile) or number (%).

*Significantly different (P <0.05) from the low AVS group.
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) ] ) Resultant eGFR <60 Over 40% decline in
Declined eGFR Rapidly declined eGFR . 5 .
ml/min/1.73 m eGFR from baseline
AVS by AUACR >3.39
mg/mmol
Below median (n = 50 64 (13) 9(12) 44 (9) 7 (1)
0)
Above median (n = 50 103 (20) 47 (9) 109 (21) 37(7)
8)
AVS by AUACR >5.65
mg/mmol
Below median (n = 56 75 (13) 13 (2) 56 (10) 10 (2)
3)
Above median (n = 44 92 (21) 43 (10) 97 (22) 34 (8)
5)
AVS by AUACR >8.48
mg/mmol
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Below median (n = 56
3)

Above median (n = 44
5)

AVS by AUACR >11.30

mg/mmol

Below median (n = 65
4)

Above median (n = 35

4)

75 (13)

92 (21)

94 (14)

73 (21)

13 (2)

43 (10)

21 (3)

35 (10)

56 (10)

97 (22)

79 (12)

74 (21)

10 (2)

34 (8)

16 (2)

28 (8)

AVS, albuminuria variability score; eGFR, estimated glomerular filtration rate; UACR, urine albumin—creatinine ratio.
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2 10 FH MY 39 RERARF S B EPFREEED S 5 AUROC #1715 %

AUROC SE 95% ClI

Declined eGFR

AUACR >3.39 mg/mmol 0.7734 0.0188 0.7366-0.8102

AUACR >5.65 mg/mmol 0.7734 0.0189 0.7363-0.8106

AUACR >8.48 mg/mmol 0.7734 0.0189 0.7363-0.8106

AUACR >11.30 mg/mmol 0.7744 0.0189 0.7373-0.8115
Rapidly declined eGFR

AUACR >3.39 mg/mmol 0.8344 0.0254 0.7845-0.8842

AUACR >5.65 mg/mmol 0.8343 0.0249 0.7855-0.8831

AUACR >8.48 mg/mmol 0.8343 0.0249 0.7855-0.8831

AUACR >11.30 mg/mmol 0.8262 0.0279 0.7715-0.8808
Resultant eGFR <60 ml/min/1.73 m?

AUACR >3.39 mg/mmol 0.8537 0.0160 0.8222-0.8851

AUACR >5.65 mg/mmol 0.8513 0.0163 0.8195-0.8832

AUACR >8.48 mg/mmol 0.8513 0.0163 0.8195-0.8832

AUACR >11.30 mg/mmol 0.8472 0.0172 0.8135-0.8808

Resultant eGFR decline >40% from baseline

AUACR >3.39 mg/mmol 0.8283 0.0327 0.7643-0.8924
AUACR >5.65 mg/mmol 0.8259 0.0311 0.7649-0.8870
AUACR >8.48 mg/mmol 0.8259 0.0311 0.7649-0.8870
AUACR >11.30 mg/mmol 0.8064 0.0376 0.7328-0.8800
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AUROC, area under the receiver operating characteristic; SE, standard error; CI:

confidence interval; UACR, urine albumin—creatinine ratio; eGFR, estimated glomerular

filtration rate.
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11 0 b2 (P o e 7 R IERI TG H L RS M BRES] 4 o AUROC 2 :2igf2 &

) ] ) Resultant eGFR <60 Over 40% decline in
Declined eGFR Rapidly declined eGFR . 5 .
ml/min/1.73 m eGFR from baseline
AUROC
Model 1 0.6887 0.7746 0.7531 0.7811
Model 2 0.7754 0.8166 0.8550 0.8311
Model 3 0.7837 0.8478 0.8644 0.8511
Model improvement
(Model 2 vs. Model 3)
Absolute IDI 0.0099* 0.0237** 0.0200** 0.0290**
Relative IDI 6.75% 17.57% 7.42% 31.23%

eGFR, estimated glomerular filtration rate; AUROC, area under the receiver operating characteristic; IDI, integrated discrimination improvement.
Model 1: age, sex, BMI, smoking, hypertension, use of RAAS blockers, HbA .

Model 2: Model 1 + eGFR + mean UACR + an increasing trend in UACR
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Model 3: Model 2 + AVS

* P <0.05; ** P<0.01
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#2012 T EBHEKAETHRERT Y EETIORH @

SLR MLR
Regression coefficient (95% CI) P value Regression coefficient (95% CI) P value
AVS groups
Low (Reference) (Reference)
High —1.294 (-1.568——1.019) <0.001 —0.955 (—1.238—0.673) <0.001
Age —0.026 (—=0.040—0.013) <0.001 —0.062 (—0.077—0.046) <0.001
BMI —0.046 (—0.082——0.009) 0.014 —0.035 (—0.071-0.001) 0.057
eGFR —0.020 (—0.030——0.010) <0.001 —0.045 (—0.056——0.034) <0.001
UACR —0.010 (—0.013—0.007) <0.001 —0.005 (—0.008—0.002) 0.001
Hypertension
No (Reference) (Reference)
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Yes —0.751 (—1.053—0.450) <0.001 —0.377 (—0.731—0.023) 0.037

Use of RAAS
blocker

No (Reference) (Reference)

Yes —0.403 (-0.692—0.114) 0.006 —0.009 (—0.347-0.329) 0.958

AVS, albuminuria variability score; BMI, body mass index; eGFR, estimated glomerular filtration rate; UACR, urine albumin—creatinine ratio;

RAAS, renin-angiotensin-aldosterone system.
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MDRD 2 ;b
TUHTRRES B EE =175 X & iR A (mg/dL) Pt x Eds (F) 00

X 1212 (405 24 ) % 0.742 (405 %+ 1)

CKD-EPI 23t

Thskip#F e E =141 X [ @prk R (mg/dl)/xs 1 3 ¢ f) E]°
X [ Foi ek A (mg/dl)/x & 1 & ¢ gt @] x 0.993°% x 1.018
(4rid~H) x 1.159 (43 2 1)

7z k=09, 0=-0411

LMz k=0.7,0=-0.329

5l * g Levey AS, etal. Ann Intern Med 1999;130(6):461-70. %

Levey AS, et al. Ann Intern Med 2009;150(9):604—12.
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Time A Time A

Visit 3 — O

Visit 3 —

Visit 2 —| Visit 2 — O
Prediction model

Visit 1 — [ O O O Visit 1 —| O <:‘|> O

> >

Risk factor 1 Risk factor 2 Risk factor 3 Value Risk factor 1 Risk factor 2 Risk factor 3 Value
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RN E R N R R NauE AR

Model development cohort

4,139 subjects with diabetes followed
in the out-patient clinic between
October 2008 and September 2018
Median number of visits: 8

Validation cohort

354 subjects with diabetes in the novel

CKD biomaker

study between

November 2011 and February 2020
Number of visits: 17

Subjects were excluded due to: N Subjects were excluded due to:

1. Not T2DM: 199 < »| 1. NotT2DM: 41

2. Baseline ¢GFR <60 ml/min/1.73 m?: 719 2. Basclinc eGFR <60 ml/min/1.73 m?: 2

3. Baseline UACR =33.9 mg/mmol: 529 3. Baseline UACR >33.9 mg/mmol: 0

v A
[ 2,692 subjects with T2DM ] [ 311 subjects with T2DM }

Subjects were excluded due to : Subjects were excluded due to :
Without a consecutive follow-up of at least 3 N ™ Without a consecutive follow-up of at least 3
years: 1,684 years: 1

A 4

h

A

[ 1,008 subjects with T2DM

)

310 subjects with T2DM ]

AUACR = 3.39 mg/mmol selected for AVS calculation after AUROC evaluation
Calculating AVS according to the UACR measured in all visits

Calculating AVS according to the UACR measured in the first six visits

\L 4 A N
Subjects within low AVS Subjects within high AVS Subjects within low AVS Subjects within high AVS (= 20)
n =500 n= 3508 n=256 n=>54
v v A 4
[ Logistic regression for the odds ratios of study endpoints } [ Cox proportional hazard models for the 5-year hazard ratio of study endpoint }
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The mean (95% confidence interval) changes in eGFR of the stationary (white circles), declined (black circles),
and rapidly declined (white squares) eGFR trajectory groups in the model development cohort.
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The predictive average annual changes in eGFR at low (white circles) and high (black circles)
AVS levels in the model development cohort.
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A Je - - o
(A) 1.00 + — o o
0.90
0sol Low AVYS —e— High AVS
1 P=0.0002
0 1 2 3 4 5 6

Years of follow-up

Number at risk
Low AVS 256 255 255 255 254 253 253 252 251 248 155 3

High AVS 54 54 54 53 53 50 50 50 47 42 30 1

(B) 1.00: L o e O O,
0.90+
0 80: —o— Low AVS —e—— High AVS
41 P=0.0037
0 1 2 3 4 5

Years of follow-up
Number at risk
Low AVS 268 267 266 265 265 264 262 255 254 0
High AVS 41 41 40 38 38 38 38 35 34 0
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i

Group-based trajectory modeling (GBTM) 3% 7 3 /&

The GBTM of eGFR was performed using a censored normal distribution, with the
censors set at values well beyond the range of any data values (minimum eGFR = 0
ml/min/1.73 m? and maximum eGFR = 150 ml/min/1.73 m?). A repeated trajectory
analysis was performed by gradually increasing the number of groups. The Bayesian
information criterion (BIC) was used to estimate the number of trajectory patterns. The
number of groups with the highest BIC was considered the appropriate one. After the
number of groups was decided, each group of trajectories was further tested as linear,
quadratic, or cubic to confirm the accurate graphical shape of change in eGFR by
selecting the highest polynomial order to best characterize each trajectory group. The
fitness of the trajectory models was diagnosed using the following criteria: (a) an average
posterior probability >0.7; (b) an odds of correct classification >5; and (c) a close
correspondence between the estimated probability and the proportion assigned according

to the maximum posterior probability assignment rule.
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1 AR Type 1 diabetes (T1D)

¥ 2 AW ROR Type 2 diabetes (T2D)
J e X e Susceptibility

< BB fR Cardiovascular disease

Har F OB i Cerebrovascular disease

¥ BRI R

Peripheral arterial occlusive disease (PAOD)

AR e RS %

Retinopathy

B P B o % Diabetic kidney disease
S % Neuropathy
B2 F %R Chronic kidney disease (CKD)
A3 TR End-stage kidney disease (ESKD)
F Nephron
FSkzk Glomerulus
ke Podocyte
Y= Mesangium
T Renal tubule
¥ 1 A4 - FF5 = FEEFY | Sodium-glucose cotransporter 1 (SGLT-1)
F2AB-FERER ﬁ i# F-v | Sodium-glucose cotransporter 2 (SGLT-2)
F 3 A4 -3 LR Sodium-hydrogen exchanger 3 (NHE-3)
R B Juxtaglomerular apparatus (JGA)
Rpo Macula densa
Tl g T skshw a4 Tubuloglomerular feedback (TGF)
b2 Renin
n FERAF Angiotensin
» 3R] B PR Afferent arteriole
ks R R Efferent arteriole
AL N Hyperperfusion
AR B g Hyperfiltration
I Oxidative stress
AN Advanced glycation end products (AGEs)
5~ p% Polyol
& RhE Hexosamine
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#-v geps C Protein kinase C (PKC)

e 3|A) 24 & FF Transforming growth factor B (TGF-p)
=LA E TS Vascular endothelial growth factor (VEGF)
e % Interleukin (IL)

R 3R 7 B Tumor necrosis factor (TNF)

EELED S Cytokine

7R Basement membrane

0 S pE Proteoglycan

2 S Albumin

I Y Albuminuria

Tl g R T e Tubulointerstitial tissue

HI R Hyalinosis

B Fibrosis

A v Sclerosis

EAEC T Biomarker

Hmﬁﬁ ik Creatinine

3k /_J:/fé—@—f’ 'n' TT 1=

Estimated glomerular filtration rate (¢GFR)

Efihi’ 0og-v BIURL AR B

Urinary albumin-to-creatinine ratio (UACR)

%% 3y C

Cystatin C

m R R

Intra-individual variability

v:‘*’\:1 e n IfP Eﬂﬁa 30 B iE

2§ b

Neutrophil gelatinase-associated lipocalin (NGAL)

"Jv 1 AT G A+

Kidney injury molecule 1 (KIM1)

N-¢ (D)5 A i § W7

N-acetyl-B-(D)-glucosaminidase (NAG)

8-k § 5 KB

8-0x0-7,8-dihydro-2'-deoxyguanosine (8-oxodG)

~ RE Pentosidine
> FIRERE B A 4T Genome-wide association study (GWAS)
FopL B g Epigenetic modification
¥y s Al Single nucleotide polymorphism (SNP)
? oA Methylation
et ¥+ pa MicroRNA (miRNA)
LERRYY ] Exosome
0 Fuy Proteomics
R Metabolomics
LE S Peptide
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v o2 B
Wite d F Hemoglobin A1 (HbA¢)
T iad Mean blood glucose

iR A

Hemoglobin glycation index (HGI)

B PR Ap K 492

High-performance liquid chromatography (HPLC)

L gk

Turbidimetric immunoassay

7

Fasting blood glucose

Ry fib i 8

Sulfonylurea

LA DAL G|

Insulin secretagogue

R EEET T et

Angiotensin converting enzyme inhibitor (ACEI)

i F R4 % % M A

Angiotensin receptor blocker (ARB)

Az B ik 350 Aldosterone antagonist

PR AP ik Bk Time-varying covariate

LHTEpk Body mass index (BMI)

SRl RS R Glucagon-like peptide-1 receptor agonists (GLP-1
RA)

R Homeostasis

5l PR R

Visit-to-visit variability (VVV)

MR B R

Low-density lipoprotein cholesterol (LDL)

Mo P & o PR GE

Diabetes Shared Care Network

i Fu KRR A A

Albuminuria variability score (AVS)

¥R Gk Coefficient of variation (CV)
ERTHG Acute kidney injury (AKI)

96

doi:10.6342/NTU202302707




® 4% F P

1. Lin CH, Chang YC, Chuang LM. Early detection of diabetic kidney disease:
Present limitations and future perspectives. World J Diabetes. 2016 Jul
25;7(14):290-301. doi: 10.4239/wjd.v7.114.290. PMID: 27525056; PMCID:
PMC4958689.

2. Lin CH, Lai YC, Chang TJ, Jiang YD, Chang YC, Chuang LM. Visit-to-visit
variability in albuminuria predicts renal function deterioration in patients with
type 2 diabetes. J Diabetes Investig. 2022 Jun;13(6):1021-1029. doi:
10.1111/jdi.13761. Epub 2022 Feb 16. PMID: 35100497; PMCID: PMC9153848.

3. Lin CH, Lai YC, Chang TJ, Jiang YD, Chang YC, Chuang LM. Hemoglobin
glycation index predicts renal function deterioration in patients with type 2
diabetes and a low risk of chronic kidney disease. Diabetes Res Clin Pract. 2022
Apr;186:109834. doi: 10.1016/j.diabres.2022.109834. Epub 2022 Mar 18. PMID:

35314255.

97

doi:10.6342/NTU202302707



