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Abstract

Objective: To investigate the effect of body mass index (BMI) on the evaluation of glomerular filtra-
tion rate (eGFR) using equations based on the cystatin C (CysC). Methods: A total of 308 healthy
people with complete medical records from January to December 2018 in our department of physical
examination were collected. BMI calculation formula is BMI (kg/m?) = body weight (kg)/[height (m)]?,
and BMI = 28 kg/m? is defined as obesity, BMI 24.0 - 27.9 kg/m? as overweight, and BMI 18.5 - 23.9
kg/m?2 as normal. Age > 40 years old is defined as middle-aged and elderly, and age < 40 years old is
defined as young people. The CKD definition and staging are based on the KDOQI standard. Serum
CysC was detected by colloidal partical enhanced immunoturbidimetry; >1.55 mg/L was defined as
elevated CysC; serum creatinine (Scr) was detected by picric acid method, and elevated creatinine
was defined as: male >97 umol/L, female > 81 umol/L. GFR (eGFR) was estimated using the Chronic
Kidney Disease and Epidemiology (CKD-EPI) equation using creatinine (CKD-EPIs.), cystatin
(CKD-EPIsyys) and the combination of cystatin and creatinine (CKD-EPIscrs¢ys), CG equation, and Chi-
na’s modified MDRD equation. Statistical analysis was performed using SPSS 22.0 statistical soft-
ware, and the difference was statistically significant at p < 0.05. Results: 1) Of the 308 healthy sub-
jects, 48 (15.6%) were women. The average age is 37 + 9.7 years old (20 + 81). The average BMI
was 24.6 * 1.5 kg/m? (21.0 - 30.1), including 6 cases of obesity, 200 cases of overweight and 102
cases normal. The average Scr was 72.5 + 11.3 umol/L (41 - 102), and serum creatinine was in-
creased in 6 cases. The average CysC was 0.81 * 0.13 mg/L (0.57 - 1.61), and CysC was increased in
2 cases. The average eGFR is estimated by the five equations respectively: eGFR (CKD-EPIscr-scys)
119.9 + 13.5 ml/min/1.73m?2, 2 cases with diagnosed CKD (0.65%); eGFR (CKD-EPIs,) 110.3+11.9
ml/min/1.73m?, 2 cases with diagnosed CKD (0.65%); eGFR (CKD-EPIss) 105.3 + 20.5 ml/min/1.73m?,
12 cases with diagnosed CKD (3.90%); eGFR (CG) 120.7 + 20.1 ml/min/1.73m?, 2 cases with diag-
nosed CKD (0.65%); eGFR (modified MDRD) 116.7 + 20.1 ml/min/1.73m?, 0 case with diagnosed
CKD (0%). 2) Compared with young people, the CysC level of middle-aged and elderly people was
significantly increased (p = 0.000), and the GFR was significantly decreased (p = 0.000) estimated
by the five equations of CKD-EPIs.scys, CKD-EPIscr, CKD-EPIsys, CG and modified MDRD. 3) Because of
the small number of obese people in the study population, we divided them into three groups based
on BMI tertiles: BMI < 24.0 kg/m2 group, BMI 24.0 - 25.3 kg/m? group, and BMI > 25.3kg/m? group.
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The results showed that CysC levels and eGFR estimated by CKD-EPIscrscys and CKD-EPIscys were not
significantly different among the three groups (p = 1.000, 0.343, 0.859, respectively). However,
among the three groups, there were significant differences in Scr levels and eGFR estimated by
CKD-EPIs. and modified MDRD (p = 0.002, 0.005, 0.001, respectively), but no difference in eGFR es-
timated by CG (p = 0.07). Conclusions: In healthy subjects, serum CysC levels and eGFR estimated by
the CysC-based equations (CKD-EPIsc-scys; CKD-EPscys) are not affected by BMI. This may be related
to the small number of obese cases in this study. The study of the relationship between CysC and
obesity requires further improvement in the diagnostic criteria for obesity such as the use of body
fat rather than BMI.
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Hit: HIHEERE(BMDIETBMNEC (CysC)AREHE B /NERIBT R (eGFR) LM . T7¥E: WERM
At ARl20184E1 H £2018F12 A M. PR ss B @R ARE308%]. BMITHEIZARBMI (kg/m?) = &
E (kg) /[ (m)]2, BMI = 28 kg/m25E SCHAERE, BMI 24.0~27.9 kg/m25E SCRHFEE , BMI 18.5~23.9 kg/m?
EMNIER. ER > 408 NP ZEN, FER < 408 ESCNFEN. CKDE XK HHKDOQIFRHE.

S AR SR 1R 5 A 2 L sl ML Cy'sC, >1.55 mg/LiE XA CysCH i SRS BRER A I 1 LT (Scr)
TYEARESCN: B >97 umol/L, & > 81 umol/L. F 8B IR RAT R F A 1EFF T A7 (CKD-EPlscr-seys,
CKD-EPIse, CKD-EPsys) CGAR. FEKEMDRDARFEHEGFR (eGFR). FISPSS22.04t i #1740t
04T, Up <0.05NZEREGTHFEEN. FR: 1) 3085/ R AEKE T, «ih4861(15.6%). FH4ER37
% +9.7%(204~81%). FHBMI 24.6 + 1.5 (21.0~30.1) kg/m?, HHEikef, E2004], BMIEH
1024, “F¥Scri72.5 + 11.3 (41~102) umol/L, HAIMYLEFAF6H]. “F5CysC 0.81 + 0.13 (0.57~1.61)
mg/L, HHCysCHE24H. 5FHARMGEN FHeGFRE HN: eGFR (CKD-EPlssys) 119.9  13.5
ml/min/1.73m2, ZKrCKD 241(0.65%); eGFR (CKD-EPIs.) 110.3 + 11.9 ml/min/1.73m2, Z#iCKD 2
$1(0.65%); eGFR (CKD-EPIsys) 105.3 + 20.5 ml/min/1.73m2, Z¥iCKD 1241(3.90%); eGFR (CGAR)
120.7 £ 20.1 ml/min/1.73m2, 2¥7CKD 241(0.65%); eGFR (i RMDRD) 116.7 + 20.1 ml/min/1.73m2,

ZWICKD 061(0%).2) 5HFEANWE, FEE A CysC/KF8H EFH (p = 0.000), CKD-EPIscr-scyss CKD-EPlscr
CKD-EPlsys. CGAT. Bt EMDRDILF A E K GFRIEH B & K (p1550.000) . 3) B THFFRABALRE
NEb, BAE=2A0EIEBMIZY N=4: BMI < 24.0 kg/m24. BMI 24.0~25.3 kg/m?#4. BMI > 25.3
kg/m24., ERER, CysCKFFKeGFR (CKD-EPlser.scys)« €GFR (CKD-EPlsoys)fE=4H 2 AL B EER (p4
#°41.000, 0.343, 0.859). {HScr/KFFeGFR (CKD-EPIs). eGFR (2 R MDRD)ZE=ABMISHHZ [HHE
BEXER(p/2750.002, 0.005, 0.001), eGFR (CGAR)SBEERREE(p=0.07). Fit: @BFEERA
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4 117 Cys C/K SEANZE T CysCA I (CKD-EPlscr.scys, CKD-EPscys) i e GFRA ZBMIFZIH . X ] B 5AHF ST AERE
BIBUDH R, CysCSHEREZ B R IFFIT & B8t — Mot AR L2 Wrbn vl L A0SR AR A T A 2 BMI.
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1. 5]

8% ' I 595 (chronic kidney disease, CKD) L& BN — A3 TA AR, fERN CKD %5 732K F0
By, HERAS TS N ERIER 2 (glomerular filtration rate, GFR)E X EE . KHWILISK, [P ohimid
F- 1f 3% WILET (serum creatinine, Scr)f2A 3% 5% GFR (estimated GFR, eGFR), 41 CG Az, MDRD 2.
TRk, FEF s B & C (cystatin C, CysC) A kAt 5 GFR #4452 K4 . CysC HARIKHI 7 T &,
FH B /NERUE IR I, AR NVE BRI i e, T B AN T LA, DR A A S
#r GFR I — AN RIUFIIEDbREY . 2012 FF 2 2B G WE 7S 4 Z3(KDIGO) 1 [1],  7EB A HAR 'S
BIESERS, 3T CysC [ GFR 5 A :NiHH ) eGFR 2 Wi fil4bih CKD B B2 & 3. Z ARSI AR
R EANER 2N, HRSSAEZRN CKD gt FAE R, JLERE W (2] [BIKH, AERER I
I3 CysC /K1, A 5% (body mass index, BMI), M0 CKD AIi A I PFAG, EE5RIFA 3
[4]. AHFEEERD BMIXTEET CysC A AL AL GFR B2 .

2. MR *x
2.1. HAIRMR

WERBEAARE 2018 48 1 H % 2018 4F 12 AR OBl 52381 @ B A\ 308 . HEMbruE: AR
PP . BRI o S ARG AT IE B, TR ELL T TR EL O L OV ZE S, i
B L AR A S s BRI A1 o AT 78 EUSR IR B B 2 A B 2R G Il v, BT W U R A2 i TRl = 1
2.2. BMI it E R EBEMBEE X

BMI i+ 5 3([5]: BMI (kg/m?) = 14 (kg)/[ & Fi(m)]%. AHRHE B R AR BERER 65 5 3L iR [6], BMI
> 28 kg/m’ 5E SUNAERE, BMI 24.0~27.9 kg/m? & SUNH#BHE, BMI 18.5~23.9 kg/m? & SUNIEH

2.3. FRRN A

A 18~40 ¥ HF4E 41~65 & ; L 66 & LU . EARMTEH, Fik > 40 B e UCNFEEN, Fik <
40 5 52 UNTHE N
2.4. CKD EX B 5HA

1% KDOQI #5#E[7]. CKD & X: "B 5 (1 I 45 M s Th e S, 45 BE2A 4G A 7 i i . R Aoy
TR ERAR G A B B GFR < 60 mI/min/1.73m?, Il KT 3 M. CKD1-5 H17r#iksvE: 1 #] GFR>
ml/min/1.73m?, 2 3] GFR60-89 ml/min/1.73m?, 3 }#l GFR30-59 ml/min/1.73m?, 4 ] GFR15-29 ml/min/1.73m?,

ik
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5 #i GFR < 15 ml/min/1.73m?.
2.5. MEIgER

2.5.1. M3& CysC (Scys) (mg/L)&:m
K IRAR RURL 1 5t % Lok, BRI 0 B b R & A A I A IR A |, AX#% 29 H 52 Hitachi 7180
A BT . Seys FiEE XA >1.55 mg/L.

2.5.2. Scr (mg/d1)#&:m)
KRR ERN . MAEFAEE A 5 > 97 umol/L, % > 81 umol/L.

2.5.3. eGFR (ml/min/1.73m?)

GFR S AXKALL F AR (B F), Hfh CG AXBH K eGFR T B 443 H A HET £ 1E
[x(BSA/1.73)]. R4 Stevenson A it H AL HA(BSA), BSA (m?) =0.0061 x EEi(cm) +0.0128 x {AHE
(kg) — 0.1529.

1) CKD-EPlsr.seys A 3[8]

: Ser < 0.7 mg/dl, CysC < 0.8 mg/L: GFR = 130 x (Scr/0.7) %% x (Scys/0.8) 3" x 0.995"% [x1.08 if black]
: Ser < 0.7 mg/dl, CysC > 0.8 mg/L: GFR = 130 x (Scr/0.7) *** x (Scys/0.8) " x 0.995"% [x1.08 if black]
: Scr> 0.7 mg/dl, CysC < 0.8 mg/L: GFR = 130 x (Scr/0.7) %" x (Scys/0.8) %" x 0.995"% [x1.08 if black]
: Scr> 0.7 mg/dl, CysC > 0.8 mg/L: GFR = 130 x (Scr/0.7) *®® x (Scys/0.8) " x 0.995"% [x1.08 if black]
: Ser <0.9 mg/dl, CysC < 0.8 mg/L: GFR = 135 x (Scr/0.9) *%°" x (Scys/0.8) %" x 0.995"% [x1.08 if black]
: Ser<0.9 mg/dl, CysC>0.8mg/L: GFR =135 x (Scr/0.9) *%" x (Scys/0.8) *™*! x 0.995"% [x1.08 if black]
: Scr> 0.9 mg/dl, CysC < 0.8 mg/L: GFR = 135 x (Scr/0.9) %" x (Scys/0.8) %" x 0.995"% [x1.08 if black]
: Scr > 0.9 mg/dl, CysC > 0.8 mg/L: GFR = 135 x (Scr/0.9) *®* x (Scys/0.8) *™* x 0.995°% [x1.08 if black]

2) CKD-EPIg, 2 3[9]

4. Scr<0.7 mg/dl: GFR = 144 x (Scr/0.7) %% x (0.993)% x (1.159 if black)

7. Scr>0.7 mg/dl: GFR =144 x (Scr/0.7) 2% x (0.993)% x (1.159 if black)

% Scr<0.9mg/dl: GFR =141 x (Scr/0.9) %** x (0.993)% x (1.159 if black)

5. Scr>0.9 mg/dl: GFR =141 x (Scr/0.9) 2% x (0.993)% x (1.159 if black)

3) CKD-EPss 22 3[8]

PB4, CysC<0.8mg/L: GFR =133 x (Scys /0.8) % x 0.996"% [x0.932 if female]

B ai#, CysC>0.8mg/L: GFR =133 x (Scys /0.8) %% x 0.996"% [x0.932 if female]

4) CG ~3\[10]: eGFR = (140 — #F#%) x f&H/72 x JJLEF(mg/dl) [x0.85 if female]

5) *FE %K MDRD 23 [11]: eGFR (ml/min/1.73m?) = 175 x [WLEF(mg/dl)] -2 x [4E#(2)] 17 x
BB =1, &t =0.79)

2.6. G ESAE

Xt RS HdE F SPSS22.0 it Ak AT Grit 2t b RAEARRAIFR I B E AL, THETURERA
TR, ESH% . B FE ANOVA J5 25T, p<0.05 AHSHE L.

3. /iR
3.1. —fRIER
308 il fiE BEfRG # H, Lotk 48 91(15.6%). 4Fifd 20 £~81 &, “FI4E#S 37 & £9.7 (20 £~81 %).

9B ¥ B O3 Y W W R
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1] BMI 24.6 + 1.5 (21.0~30.1) kg/m?, JCrhlERE 6 51, #EE 200 ], BMI 1E% 102 i, “F#5 Scr A 725 +
11.3 (41~102) umol/L, A fJLEFF+ 5 6 4], “F3 CysC 0.81 + 0.13 (0.57~1.61) mg/L, H. CysC Jti 2
B, 5 FAXMEHEK Y eGFR KWy CKD MILL# 43528 : eGFR(CKD-EPlsgr.sys) 119.9 + 135
(43.8~135.1) ml/min/1.73m*, &M CKD 2 #i(0.65%); eGFR (CKD-EPlg,) 110.3 + 11.9 (56.3~130.9)
ml/min/1.73m?, 27 CKD 2 41(0.65%); eGFR (CKD-EPlg) 105.3 + 20.5 (16.9~131.7) ml/min/1.73m?,
7 CKD 12 #(3.90%); eGFR (CG A X) 120.7 + 20.1 (51.9~187.2) mI/min/1.73m?, 2l CKD 2 #i(0.65%);
eGFR (# B MDRD) 116.7 + 20.1 (67.1~186.1) ml/min/1.73m?, 2§ CKD 0 #1(0%).

3.2. R ABE CysC KERANZEITE eGFR 15

HEENE, hZ4E N CysC /K VB & Hi(p = 0.000), CKD-EPlgy.syss CKD-EPlges CKD-EPlgeys-
CG A2, BB MDRD Tit A RMGH A GFR AE3 B & F&1% (p ¥9°4 0.000); 175> A#EHT BMI. BSA. Scr
JCHA 2 R (p 4308 0.932, 0.074, 0.925). &4 N PEEUHI B2 K TF 4 A (p = 0.000). L% 1.

Table 1. CysC level and eGFR estimated by the CysC-based equations in different age groups
& 1. TREIF# AEF CysC KFERANIENE eGFR 155

FEZFEAN=T0 HHEANN=238 p
() 51.1+10.3 328437 0.000
Z, % 2231.4% 2610.9% 0.000
BMI (kg/m?) 24.60 £1.25 24.60 £ 1.59 0.932
BSA (m?) 1.76 £ 0.05 1.74 £ 0.06 0.074
Scr (umol/L) 72.7+13.1 725+10.7 0.925
CysC (mg/L) 0.89 +0.20 0.79 +0.09 0.000
eGFR(CKD-EPlsg.sy) MI/min/1.73m? 97.1+16.4 115.0+9.3 0.000
eGFR(CKD-EPIs;;) ml/min/1.73m? 97.9+11.9 114.0+9.1 0.000
eGFR(CKD-EPlscys) ml/min/1.73m? 81.3+275 1106 £14.1 0.000
eGFR(CG A () ml/min/1.73m? 103.2+18.3 1258+17.5 0.000
eGFR(# & MDRD) ml/min/1.73m? 106.3 £ 18.0 118.9+18.6 0.000

3.3. [ BMI 4348 CysC K ERARETF(E eGFR 184

T HT 9 NBEIE AR, BATIZ =604 BMI 28 =41: BMI < 24.0 kg/m*41. BMI 24.0~25.3
kg/m* 4. BMI > 25.3 kg/m* 4. £55 27K, CysC /KT K eGFR (CKD-EPlgy.seys)« €GFR (CKD-EPlgey) 7E
— A2 A TR 25 (p 45 1.000,0.343, 0.859) . {H Scr 7KF- & eGFR (CKD-EPIg).eGFR (2 & MDRD)
FE=A BMI 23412 (84 532 2 5 (p 43 %14 0.002, 0.005, 0.001), eGFR (CG AX)7E BMI 24.0~25.3 kg/m?
415 BMI > 25.3 kg/m* 4122 [a]45 2 5 (p < 0.05), 4RI SR 2 FAEE (p=0.07). FELE 2,

Table 2. CysC level and eGFR estimated by the CysC-based equations among three groups based-on BMI
7% 2. 3 43 BMI 5348 CysC /K F R ATE Tl eGFR 55T

BMI < 24.0 kg/m? 4 n = 102 BMI 24.0~25.3 kg/m?41 n = 100 BMI > 25.3 kg/m*Zin=106 p
Scr (umol/L) 69.5+1.2 749+10 73.2+1.0 0.002

CysC (mg/L) 0.8140.01 0.81+0.01 0.81+0.01 1.000
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Continued
eGFR(CKD-EPls-scys) ml/min/1.73m? 1125+1.3 109.8+1.1 1105+15 0.343
eGFR(CKD-EPIs;) ml/min/1.73m? 113.4+0.9 1084 1.1 109213 0.005
eGFR(CKD-EPlscys) ml/min/1.73m? 104.4+2.0 105918 1056 2.2 0.859
eGFR(CG A 3X) ml/min/1.73m? 121919 1169+ 1.7 123023 0.070
eGFR(24 2 MDRD) ml/min/1.73m? 1223+21 122.1+17 1156 +1.9 0.001

4. ¥ig

AW RIS, TEENMIE CysC /K835 TH 9 A (p < 0.001), AT Scr AHX(CG 2
(. MDRD A3, CKD-EPlsy)it/Z2ET CysC ] 2 (CKD-EPlggys) BiE T ) A 2U(CKD-EPlser-seys) »
fEE R EEN GFR L EFH LT HFEA(p < 0.001), #2758 CysC BRI K TF 5, GFR [ 4E 1 K1
FEAI%, 5 30mR4s R[12] [13]—FL.

BIR CysC WA Z IR AFR BN E =5, HIERMF AR E CE5FE%. . S&.
RE . BMIAHIG . KEEARRTIEVER A [14] 0o, SIEFEREABHL, JEMEAREME CysC /K & %1
hn. Panaich %5[15] % Shankar %E[2]8F 50 KL, FERE ANREH, IIE CysC /KF5 BMI 283 EMHK,
Vupputuri S Z£[3]ff1H CysC J7#2#1 MDRD # 7t 77 B 5 eGFR £ 3~4 M| CKD Fi%, KIFER BMI
I 2 R, $RoREET CysC U] 58 FHUE E AL CKD 99 2 @l it

KA BMI #2 =437 43 H<24.0 kg/m?. 24.0~25.3 kg/m?. >25.3 kg/m? =41 . 3@ it SR 277 20047
=28 CysC HILEFEER, —HZMIET CysC AXMHHH eGFR MR & £ 5 . BORMZ (LS
CysC HHIRWE ALK I, 1iE CysC FsFlfh B S Dhee T M5 AE R /%), MAZ BMI. Lemoine S %5
[A]HIBFFEAIN 166 S IEJRER) 1~5 ] CKD &%, KRR IENEK GFR (MGFR)H1 CKD-EPlsq
CKD-EPlgeysn CKD-EPlger.seys AT H eGFR, Z5H KM MGFR 5 CKD-EPlgy.seys 2 [ 2 2 E K T
CKD-EPlg (p = 0.001), 41X} CKD-EPlg;, A1 CKD-EPlgeyss CKD-EP sy oy HER 1 &2 2 3 151 (p = 0.04 £110.03);
HATER(WC) 5 e C 2535 IEAH K (p < 0.0001), 1 4 5 5 £ (BMI; p = 0.3) 16 & % 1 2 57:(P > 0.05);
CKD-EPlgyr.seys fiifi 55 WC £ 55 von Scholten BJ ZE[ 161 7t 1 19 {5l AR £ 5 75 B 55 16 F A o 1A 2 b 3 5
5 RS 5L GFR [s2m, EARRT. ARJF 6 S HFIH *'Cr-EDTA il GFR (MGFR), [Flift i MDRD.
CKD-EPlsy« CKD-EPlgeys fil CKD-EPlggr.5eys PUFP T FETHE GFR, &5 5: AJ5 6 N AAAE RS 27 kg, mGFR
H 122 + 24 [#% 113 + 21 ml/min (p = 0.024), {HARREAAL IESG B mGFR A WL 2 M (p = 0.52).
CKD-EPIlg, 3/ 12 ml/min/1.73m?, MDRD 7}l 13 ml/min/1.73m?, p ¥ < 0.001, CKD-EPlg 3/ 2
ml/min/1.73m? (p = 0.51); CysC f#] GFR fiiH{EASZ R E 0. Madero M Z5[17]H A T CT R &
SO EARRE S IS R R, S5 R NRIEERAR I (VAT). BMI f1 WC 544 CKD #H%, At R4
AR AR R, U VAT A& K4 CKD (& UCA%ELE GFR > 60 mI/min/1.73m’ 2, 8 EF eGFRgys
< 60 ml/min/1.73m?) {1 — A BB RS K 4WUEFEH T5 5 eGFR 251, AT R Ae k(s br il 5 5
JERIEE R T oC . XEHEFLR ML CysC AP AIFE T CysC APt eGFR S g Mk fig o 4 0% R % V),
MAEAE . BMI. S2br b, &S D RERGR 2 A IR N, A 2R E[18] [19]. X5t B R FAE FH 3
B IE 2 bR vE (TR i) SR BT 7T CysC SHEEI K R, A ZALZE I BMI.

FENERE R, (M3 CysC T2 MR 1Y 2 )45 Fak /2 NE AR OC B 40 35 i) AR 35 2 ZE AT IR 7 40
SRS R, CysC KERIA, MHHKPUILIEM AU Alg S Wik, (EREIEE[20]. A IEHE R U A
[ 4H B 5 CysC [21]. Bostan Gayret O %5[22]#f 738 B, 1iLiF CysC /R NGAL. JK OPN Rl {EA#AT L
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BTk B R A A B 348 A5 . Onerli Salman D 52310158 % 8, CysC aJ LLE N —N L Cr B8 5[4 W ks
EPRAG AL )L, SRR A 1E (Mets) LG B ThAESZ 1. LA CysC AFEALY Mets 3% EGFR
MRS, TARET Cr ANMFRIE, FTREARR T EIE RN B . CysC SAEREZ F 1% R A fridk—
A SERE AT PR 70 o

R, BTN, (@A ABEME CysC KFHMET CysC A3 (CKD-EPlsy.scys, CKD-EPseys)fiti
5 eGFR A2 BMI M. CysC 5B 0] ¢ & B 7t 75 Bk — 0 Ot RERE RS Wik, B G R AR T
MmA& BMI.

KRHFRRIRIRYE: 1) FEAEAD, FEARFISWALRE B D, A 6 ] BMI > 28 kgim?, fF{Eik#
fRfars BMI Zr 2B AR AR HE 4 R s bR . 2) A R AR IX — 2 Wi IR bk B8 HERf 1 4 5« 3) eGFR &
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