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Table 1. Charateristics of the studied patients with DM (n=73)
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Table 2. Correlation coefficeince between mCcr and serum
cystatin C, serum creatinine, eCcr in the three

populations
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Fig 1. Correlation between measured creatinine clearance (mCcr) and

serum cystatin C (A) serum creatinine (B) eCcr (C) in whole diabetic
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Fig 2. (A) Nonparametric ROC curve for the diagnosis accuracy of
reduced renal function for GFR less than 80 mL/min of serum cystatin C
and serum creatinine in whole diabetic patients. Area under the curve
were 0.706 for serum cystatin c, 0.624 for serum creatinine. (B)
Nonparametric ROC curve for the diagnosis accuracy of reduced renal
function for GFR less than 60 mL/m in serum cystatin C and serum
creatinine in whole diabetic patients. Aréa under the curve were 0.791

for serum cystatin ¢, 0.683 for serum creatinine ———--—-—==—=—————— 18
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Fig 4. (A) Nonparametric ROC curve for the diagnosis accuracy of
reduced renal function for GFR less than 80 mL/min of serum cystatin C
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0.798 for serum cystatin ¢, 0.725 for serum creatinine. (B) Nonparametric
ROC curve for the diagnosis accuracy of reduced renal function for GFR
less than 60 mL/m in serum cystatin C and serum creatinine in
albuminuria patients. Area under the curvé were 0.873 for serum cystatin

¢, 0.738 for serum creatinine ———=——=—=~—=——————m— 20

= i -
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Fig 6. (A) Nonparametric ROC curve for the diagnosis accuracy of
reduced renal function for GFR less than 80 mL/min of serum cystatin C
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ABSTRACT

Usefulness of Serum Cystatin C in evaluation of Renal

Function in Diabetic Patient

Lee, Sung-hyun
Advisor : Prof. Moon Dae-soo, MD
Department of Medicine ,

Graduate School of Chosun University

Backgroud : Diabetic nephropathy is most common complication in
the DM patients. In clinical practices, the glomerular filtration rate
(GFR) is often estimated from serum creatinine. Serum cystatin C
have shown to be a better parameter .fqr diagnosis impaired of renal
function as a potential new marker of GFR in diabetes patients.
Method : Serum cystatin C and serum creatinine (sCr) were
measured in 73 (34 males, 39 females) DM patients to evaluate their
usefulness in diabetic patients. The results were compared with
creatinine clearance, which was measured (mCcr) and estimated with
Cockroft-Gault formular (eCcr).

Results : The overall correlation coefficient for the reciprocal of

serum cystatin C (r=0.637) was superior to that of the reciprocal of a



serum creatinine (r=0.516). With a cutoff value of 60mL/min, receiver
operating characteristic (ROC) plot demonstrated that the area under
the curve (AUC) of serum cystatin C (0.79) was greater than that of
serum creatinine (0.67). and so, serum cystatin C showed higher
sensitivity for detecting decreased glomerular filtration rate than did
serum creatine (86%, 77% respectively)

Conclusion : These finding suggest that serum cystatin C is superior
to serum creatinine as a marker of GFR measured by correlation or

mean ROC-plot AUC in diabetic patients.
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2003 9¥RE 2004d 2¥ 7p7 MdTgw Hdd ddd A T
WHO criteria o we} 3x¥o=z 3 wol XNa5Q Fa} 733& gL
2 %t AT AT 3T AN SHIARTFT & IR
o] 30mg/24hr o} LRU=ZF E]
Img/dL TRk 21702 Uit A ST dHELE 304
A 87THE HFYole 59401, dY HE

89, 28 TxHo] 65Woz FAsHo Aot A EFL g o
(Table 1).

g% Cystatin Co FaAE 317 Hsl) Aty ¥ AZ2HA A AE
WA AHES FollA 5 o] gle AL 80H S AMUZTLE AL
stolon) dzTe] AEELE 21494 6942 HFrhels 40401z, Y
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1) 8% cystatin C & ¥4 Fdolgd 53

¥4 cystatin C & N Latex Cystatin C kit (Dade Behring Diagnostics,
Marburg, Germany)& ©]-&3}d %@5] 24539 particle-enhanced
immunonephelometric immunoassay WHoZ A9tk A3 A1g 80
Fog FE 92 F4AY HE 0.50-0.93 mg/L (0.72+0.106 mg/L) ©]
Ach. d34 FAgolelds} & F#olElde Jaffe-methodE AMR3H= Hitachi
7600 Analyzer (Hitachi co., Tokyo, Japan)E ol&38}9] Azl A=
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QB w =428 N Antiserum to Human Albumin (Dade Behring, Marbur

g, Germany) kitZ o]-€3t4 immunonephelometric ¥ o2 A3 th

2) EAE

EARNE 57] 98l SPSS (AESE, 10133 AHgsac. 2 AE
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Receiver operating characterivstic (ROC) £4& €& ©d area under
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D AA gy FAT (n=73)

AR Dy Sabgols 7 PAEEe AnA HeE AHEd ¥4 A
o}lE] e 0.54-8.39 mg/dL, 8% cystatin C¥ 0.42-5.45 mg/L, mCcr&
0.69-147.3 mL/min®] M2 Eis o] k. FF Cystatin C, 2% Ao}
B, eCerel H7x A Ee} mCere] 4TS FARMoE H7H BUdS
W Zb ZE®F mCer®l BBAFE 742 0.637, 0.516, 0.83524 2v|l=
AABAS BoFa QokFig. 1, p<0.000).

mCcro] 80 mL/min o|&t2 ZAdE A7|5AMYHNE AT IDd A&
EE ROC curveZ #4138 A1 AUCE %74 cystatin C7} 0.706, E3 =
olgjdo] 0.624 olRew], 84 cystatin C2 UPEY Eol=E& ztZ 80%.
50%% 1, B3 FelotEldo NPES} EolTe 62%, 50%= AA cystatin
C7t o & UAEE 22tk 60 mL/min °|3t2 Z4E 2A7]5AGSENE
2% 243 HAEZE ROC curveR A3 A3} AUCPE @3 cystatin C
7} 0791, WA Azioleldol 068302 TAlY Axg % mEoH WA
cystatin C 7} o} ¥ 38 B3 o0 &H cystatin C&F B3 Adoted g
NAEE 86%. 77%0)8. Eolmx 50%, 40%2.2 AA] A cystatin C}
WREs} Hol=rt i & g@g Boln IrkFig. 2).

rf

2) ¥RYILZFol gl B BT (n=47)

o1 =9 AlA 7t FAgEe] Adge 94 ol
Eldo] 0.62-8.9 mg/dL, 83 cystatin C¥ 0.42-5.45 mg/L, mCcre
0.69-138.7 mL/min Y9 #E 2t eCer®t dA cystatin C, 3 =
ZotEl R e mCerst 22t ¢ 4BAL B9om 2 AE9} mCerd) 4@

AsE 22 0.697, 0.715, 0.697°]1tk. (Fig. 3, p<0.000).



mCcre] 80 mL/min ©]3t2 #AHE A7|FAsdHE AEE G
EE ROC curve® #43% A3} AUCE ¥ cystatin C7} 0.798, ¥4 3
#olE]do] 0.725 ojglen, A cystatin Co V=S EBols 7z
80%, 57%Ax, ¥% AdclEldy VALY BolkE 71%, 57722 B3
£ ®3%th mCero} 60 mL/min ©}8}
JEEE ROC curveZ 43}
Z3 AUCE 8% cystatin C7} 0.873, 8% =g oleldo] 0.7380]%10o0
% cystatin Co] VHRE=Y Fol=& 92%, 60%°H, B4 A#olelde
68% ,60% = Al B cystatin C7} o] & g& JEFATHFig. 4).
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3) @3 Fd#olEldel 1 mg/dL PleHel FuBAE (n=35)

9% ZeolEdel B4 Fu@Ae 84 Aol de 054-0.97
mg/dL., &% cystatin C& 0.42-2.00 mg/L, mCcr& 32.42-147.31
mL/min®] BHE B3tk eCer, B4 cystatin C, @4 Awloteld o AAE
¢t mCero] AB4& HAENos Hdouteu] 94 cystatin C(p<0.066)
oF IA AzolE] I (p<0.889)& mCerit %ﬁ]@'?—iii o g ARdE Hol
A kten eCer® mCerto] a7t 04288 AR o8t AU S
Vel ol (Fig. 5, p<0.05).

mCcro] 80 mL/min ©l3t2 T4 " 7|54 HE 423 gy ot
EE ROC curve® ¥AM% A3} d% cystatin CoF &% Fzolelde] AU
= Z+7E 0.533, 0.438 ojlon, o= 71Ee2 78 @A cystatin C ¥
Bt BolEE 247} 57%, 55%a, B3 F#olede] RpEs} Solxk
52%, 55%A™. mCerol 60 mL/min ¢}32 ZAi® A7l5AHS A&

l

T A3 ALEE ROC curveR ¥A3 ZAx 3 cystatin C €3 3
doteld el AUCE Z7 0.661, 0.484011om olwo] ¥ cystatin Co
DS} Folee 83% 45%°10), B3 Adolelde 58%, 40%2 JA
A cystatin C7F o 22 %2 ez AckFig. 6).



V. zk

£ A7e dxd AT g

de] AHgET e ¥4 FdolEld®y Aol MdE JEL ¥ cystatin
Ce} vlmgtez A A cystatin C 9o IAH HF&Ad) 3

AT olE 93 2443 2B AE 0183 mCers FHI Y ofF 7]
To2 7t AZE #H78H Y mCer 80 mL/min®t 60 mL/min®] F71A 4
AE AAs] 4 GACdA Y AR7IFEAE AEANE 4 AR URE
9} EolxE pslo] Hlmatd ot 84 cystatin CE mCer 60 mL/ming]
AxolA Hrsle w 1% 86%"E e mCer 80 mL/ming] ¥
A o e AREQ 80%E BT, vidde] ¥ Fejolgue 7))
A Mo APR=} 42 77%9 6295 o] Zawia AATol ¥
cystatin C7F 27137 HARA 3 Fyoleldrd o #8F A0z A
ARk =g, IR =258 B @x B mCer 80 mL/mind
AX A BA cystatin.Co AZE7} 80%4H mCer 60 mL/ming <o)

d92%9] RIZEE Ho A4 gxw 3T Bu o 52 97

1

MY 52 278A5ed F4HoR

=2 ¥d
% 94 FziotEdol 1 me/dl v P BAENA mCorm 27 o)
obEld, WA cystatin CUel ABAFE FAGY ol 90w eCortt
ol(r=0.428, p<0.05) BAEA 2ol B9l AUASE Uehach ST, A
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cystatin Cot 74 Feolelde] U =e 247t 57% 9 52%8 ¥OE 3o
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] 7] w2l gto] =8 sHeAel ok 22 A8, FAY T
L FAYSF e Yol A, BFAE 13T C&G FAE 0|83 2

AT H23H eCord TFato] ARgaTh . olAF A% A3t
7b dgdE F3 Zdoted grel AAY &Y v kel A
cystatin C7} eCerg thalaj Al o] 485 AL Aot Zduy FxdqA F
% cystatin Coll gt o] AFE = 51l
Harmoinen %€ GFRo] A AAolAYG zF 723 28 Duwsial 47
W idoz °'Cr-EDTA ¢ 94 Zzoleld, 83 cystatin CE M2 ¥
wste] 84 cystatin C7F Z#olEIYREY ¢ 2 WURZ(92% vs 67%)%%
Eol%(67% vs 91%)E B 8F cystatin C7} AEZAIZA F&3lttn
F3131 k. Perlemoine $9& t1¥ 99 GFRES 7HA1 e Iy 3}
B804S 3ATLR Whrold BAE An Zxd AATAN FH cystatin
C (86.8%)7F 83 A olEA(77.4%)8 T} B & UAEE Holy, &1
=5 B IuIAZAME Y FeolEld(86.8%)°] A cystatin C
(68.4%)ET B & RMAEE 2on, 84 Fgoteldo] FAA I
o} PAcystatin C (90%)0] A A olEW(80%) BT} T & UPEE
Hol 53] g3 Zeoleldol HA duBalTel 83 cystatin C7b
A9 7bA7b Fobn FAsiodch. 283, Shimizu 578 A7 5@
Az ol 22 aAE= d4 cystatin C A Fuotelde HFL v
wapd =Y, EHcystatin C7F @H I oleldRTt x7)o) F718gom A
A7 271FAREAN Agole i o Sty &8 v,
Oddoze SVMe 2703715 Z4AE ¥ 4099 FuuBAE Uyos
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B-2 microglobulinoll 8} z+z} 0.905, 0.780, 0.8382A1 I3 cystatin C
7} BF2 AZEC vl o G835 AB7 opigta wR G o2 A, 4
ATz vlt} v AANE Hols AL AUt Agxe ztolo] o
AN Heg AyziEch
Cystatin C7} £ X E7F € F A& A2 2AF13kDa)e] A3 s}
wi glo] AbFAe] oJE AREFA ZHAL, olE FHAAVE house
keeping gene typel 2 34t FHM LA LAFFE FYE7] wEo) o)
A AEZAM 2HE T3] WEolth. o2 Yygoz Ioleld e A}
Aol Mgt dej@d ¥ olet SYAHARHANME BolgEd ol 53] H-2
LA AgA cimetidineS H-8§A] cimetidineol ZHH=® #7012 A
AA Zdgozn Axdoa Aoteld 28]E Aals=d ol o)&
CGeim#tg ¥of ol g, zt X1 g9l Wols A58 of I3 Cystatin
= WA ¥olrt 25%, 7N Wolst 75%0]1 F#otEd Y] /ATt Wol
T 93%, /WA Wole 7%= A ¥ A cystatin C7F 3 Fgoleldrnt:s
AB7Vse At 27IJdsted YoM e o F83 A EolA|wt AU
o7t €3 Aeloleld Bt ©) FolA olu] APd AFAsle WzE 27
shedl glolMe €4 FdolEldol o 22 Aoz ARIR?. B A7)
M= olo] 3 F#Holeldo] F7lE Aol D cystatin C= 3 Az
ol A U S 2o, 27 HA0] EHA AL B3 ¥y 7

dlobEidol 1 mg/dL mIRk FAFoME P cystatin C7F o 2 23

Shd

i

2

oot Ay

@)

£ H3th £ dFA 83 cystatin CE intraassay, interassay CVgtol
27k 3.30%, 3.88%% Bl 949 AWME myes ZAF Hb (<8
g/L), bilirubin (<488 ul), triglyceride (<23 mmol/L), rheumatoid factor
(<200 KIU/L), myeloma paraprotein (<41 g/L)5¢] Sdo| <& e

A FE A0 B3 HAT. cystatin C= 19799 H Lo FrmAue

2 1
o

o]g3te] FAHF o]F 19949l particle enhanced turbidmertic
immunoassay (PETIA)Y| o8] 933 A53}5)o) ko] AA) ZQo) 7}
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Table 1. Charateristics of the studied patients with DM(n=73)

Mean SD
Age (years) 59.75 (30-87) 13.76
HbA1C (%) 9.01 (4.5-17.2) 2.68
mCcr (mL/min) 58.45 (0.69-147.3) 33.86
eCecr (mL/min) 63.7 (8.7-138.7) 31.21
Serum Creatinine (mg/dL) 1.48 (0.54-8.39) 1.48
Serum Cystatin C (mg/L) 1.28 (0.42-5.45) 1.07

Abbrevation: mCcr, measured creatinine clearance: eCcr, estimated creatinine

clearance
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Table 2. Correlation coefficeince (r) between mCcr and
serum cystatin C, serum creatinine, eCcr in the three

populations.

Correlation coefficeince with mCecr D

Whole diabetic patients

serum cystatin C 0.637 <0.00

serum creatinine 0.516 <0.00

eCcr 0.835 <0.00
Albuminuric patients

serum cystatin C 0.715 <0.00

serum creatinine 0.624 <0.00

eCcr 0.697 <0.00
DM patiens with Cr<lmg/dL

serum cystatin C 0.314 <0.06

serum creatinine 0.024 <0.88

eCcr . 0.428 <0.05

Abbrevation: mCcr, measured creatinine clearance; eCcr, estimated creatinine clea

rance
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Fig 1. Correlation between measure creatinine clearance (mCcr) and
serum cystatin C (A) serum creatinine (B) eCcr (C) in whole diabetic

population.
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—-—- Cystatin C ---- Cystatin C
—— Creatinine — Creatinine
1.00 1.0 .
.75 =
> > e
2 5
2 50 2 w0
g (%]
) ol
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Fig 2. (A) Nonparametric ROC curve for the diagnosis accuracy of
reduced renal function for GFR less than 80 mL/min of serum cystatin C
and serum creatinine in whole diabetic patients. Area under the curve
were 0.706 for serum cystatin C, 0.624 for serum creatinine. (B)
Nonparametric ROC curve for the diagnbsis accuracy of reduced renal
function for GFR less than 60 mL/m in serum cystatin C and serum
creatinine in whole diabetic patients. Area under the curve were 0.791

for serum cystatin C, 0.683 for serum creatinine.
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patients (n=47).
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reduced renal function for GFR less than 80 mL/min of serum cystatin C
and serum creatinine in albuminuria patients. Area under the curve were
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Nonparametric ROC curve for the diagnosis accuracy of reduced renal
function for GFR less than 60 mL/m in serum cystatin C and serum
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serum cystatin C, 0.738 for serum creatinine.
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Fig 6. (A) Nonparametric ROC curve for the diagnosis accuracy of
reduced renal function for GFR less than 80 mL/min of serum cystatin C
and serum creatinine in DM patients with: Cr < 1lmg/dL . Area under the
curve were 0.533 for serum cystatin C, 0.438 for serum creatinine. (B)

Nonparametric ROC curve for the diagnosis accuracy of reduced renal

function for GFR less than 60 mL/m in serum cystatin C and serum
creatinine in DM patients with Cr < 1lmg/dL. Area under the curve were

0.661 for serum cystatin C, 0.484 for serum creatinine.
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