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Abstract: Objective To investigate the association between serum creatinine/cystatin C ratio (CCR) and nonalcoholic fatty liver
disease (NAFLD) based on the NHANES database, and to evaluate the potential significance of CCR as an indicator reflecting the
metabolic status of the body. Methods Based on the data from the NHANES database in 1999—2004, a total of 4 217
participants were enrolled and divided into NAFLD group with 1 726 participants and non-NAFLD group with 2 491 participants.
CCR was compared between the two groups, and the association between CCR and NAFLD was analyzed. The Wilcoxon rank-sum
test was used for comparison of continuous data between two groups, and the chi-square test was used for comparison of categorical
data between two groups. The multivariate logistic regression model was used to investigate the association between CCR and

NAFLD; CCR was divided into 4 groups based on quartiles, and odds ratio (OR) and 95% confidence interval (CI) in the
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regression model was calculated with the first quartile as reference. In addition, the restricted cubic spline analysis was used to
investigate whether there was a non-linear relationship between CCR and NAFLD, and interaction items were introduced into the
Logistic regression model to perform an interaction analysis. Subgroup analyses were performed based on the stratification of
variables to investigate the difference in the association between CCR and NAFLD in different populations. Results  The non-NAFLD
group had a significantly higher CCR than the NAFLD group (Z=-4.76, P<0.01). The Logistic regression analysis showed that in model
1 without adjustment of variables, CCR was negatively associated with NAFLD (OR=0.993, 95%CI: 0.989—0.996, P<0.01), and in
model 3 with adjustment of all variables, CCR was still negatively associated with NAFLD (OR=0.986,95%CI:0.981—0.991, P<0.01).
The analysis of CCR based on quartiles showed a significant association between the increase in CCR and the reduction in the risk of
NAFLD. In model 3, compared with the individuals with the lowest quartile of CCR, the individuals with the highest quartile of CCR had
a significantly lower risk of NAFLD (OR=0.426,95%CI:0.316—0.574,P<0.01). Further interaction and subgroup analyses showed that
<0.01 and P,

interaction

the interaction between CCR and age/sex had a statistical significance (P, =0.04). The subgroup analysis based on

age showed a more significant association between CCR and NAFLD in the middle-aged population (<60 years) (OR=0.982,95%CI:
0.976—0.987) , and the subgroup analysis based on sex showed a stronger association between CCR and NAFLD in women (OR=

0.979,95%C1:0.972—0.986). Conclusion This study shows a significant negative association between CCR and NAFLD, and such

association is more significant in middle-aged individuals and women.
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Figure 1 Flow chart for study population selection
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%1 NAFLD 7 non-NAFLD 8 B 451
Table 1 Baseline characteristics of NAFLD group and non-NAFLD group

A5 Hit(n=4217) non-NAFLD(n=2 491) NAFLD(n=1726) G H P
(%) 48(35 ~ 64) 45(32 ~62) 53(40 ~ 66) 7=10.09 <0.01
P (%) ] X'=93.95 <0.01
% 2163(51.29) 1123(45.08) 1 040(60.25)
4 2054(48.71) 1368(54.92) 686(39.75)
HEBE(%) ] Y’=38.88 <0.01
<@ 909(21.56) 469(18.83) 440(25.49)
f 943(22.36) 532(21.36) 411(23.81)
>R 2 365(56.08) 1490(59.82) 875(50.70)
g 6l(%) ] Y'=21.80 <0.01
SPTEEEEA 766(18.16) 402(16.14) 364(21.09)
JEVIBEAF T AN 2523(59.83) 1542(61.90) 981(56.84)
VIS ETEA 650(15.41) 370(14.85) 280(16.22)
oAb A 278(6.59) 177(7.11) 101(5.85)
Pir[ (%) ] =193 0.38
ik 747(17.71) 425(17.06) 322(18.66)
A 1536(36.42) 909(36.49) 627(36.33)
[ 1934(45.86) 1157(46.45) 777(45.02)
BMI(kg/m*) 27.16(24.00 ~ 30.98) 24.63(22.46 ~ 26.89) 31.63(29.02 ~ 35.41) 7=61.20 <0.01
WC(em) 96.1(86.3 ~ 106.1) 88.2(81.0 ~ 94.9) 108.3(102.0 ~ 115.4) 7=67.30 <0.01
L 41(%) ] X=16.82 <0.01
g 2 606(61.80) 1603(64.35) 1003(58.11)
= 1611(38.20) 888(35.65) 723(41.89)
Wi [ (%) ] X=189.55  <0.01
g 3798(90.06) 2375(95.34) 1423(82.44)
P 419(9.94) 116(4.66) 303(17.56)
R L1 (%) ] X=71.39 <0.01
MR 2151(51.01) 1373 (55.12) 778(45.08)
DREi R 1289(30.57) 638 (25.61) 651(37.72)
AR 777(18.43) 480 (19.27) 297(17.21)
CCR 95.67(80.36 ~ 112.47) 97.95(82.64 ~ 114.66) 92.69(77.54 ~ 109.50) Z=-4.76 <0.01
GGT(U/L) 20(15 ~32) 17(13 ~24) 28(19 ~43) 7=28.61 <0.01
TG (mg/dL) 112(77 ~ 165) 89(65 ~ 125) 155(113 ~229) 7=33.88 <0.01
TC(mg/dL) 202(177 ~ 229) 197(172 ~ 224) 209(184 ~236) 7=9.53 <0.01
HDL-C(mg/dL) 51(42~62) 56(46 ~ 68) 44(38 ~53) Z=-23.55 <0.01
%2 CCR 5 NAFLD HJiB4EE 34547
Table 2 Logistic regression analysis of CCR and NAFLD
. R 1 iR 2 Y 3
= OR(95%CI) P OR(95%CI) PiH OR(95%CI) P
CCR 0.993(0.989 ~ 0.996) <0.01 0.984(0.980 ~ 0.988) <0.01 0.986(0.981 ~ 0.991) <0.01
CCR 325
01 1.000 1.000 1.000
02 0.854(0.690 ~ 1.058) 0.15 0.690(0.547 ~ 0.871) <0.01 0.682(0.526 ~ 0.885) <0.01
03 0.612(0.494 ~ 0.758) <0.01 0.417(0.328 ~ 0.530) <0.01 0.449(0.345 ~ 0.585) <0.01
04 0.658(0.531 ~ 0.815) <0.01 0.376(0.289 ~ 0.489) <0.01 0.426(0.316 ~ 0.574) <0.01

TE R 1 OR R R o TR 2 PR R AR R R AR (R WA TR LA N 2 e s AR 3 YRR 2 B RER_E VR T TC VHDL-C |
o LT DR AR LS B A 6
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Figure 2 Dose-response relationship between CCR and NAFLD
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CCR 5 NAFLD SCHE 5800 o 455K 8w L CCR 5
W MM ZE R BEAENBRA SR L (P, <
0.05) . FEARE A 53 #TH, CCR 5 NAFLD A9 CHAE
FABEH T A % (OR=0.982,95%CI:0.976 ~ 0.987) ,
M7E 60 % LA = AREH, CCR XF NAFLD #9505 55 (OR=
0.995,95%CI:0.989 ~ 1.001) o 51328 73 B 7, 72 &
P v S B B 3 (OR=0.979, 95%CI: 0.972 ~ 0.986) , 1fii 1F
PR OCHRAR X 4255 o 7E LA 41 rh By oKk WA 3] 1 25 1Y
LHAEA(P,>0.05) (£ 3),

24 BEHESHT R T ERGSRA R AR — 2, 0T
RO 3B o AR5 X B — 3 £ ] 191 (2001—2002 4F)
BB HEA T 22 BB Y Logistic [01 4347, LLIFEAS CCR 5
NAFLD Z M 0G5 (R 4) , JFHARRS R RIHEA TV 28 73 B
(5), S5, JCIH CCRAE NSRS Sk S 4 DU 4y
B2, S H] CCR /K5 NAFLD JRUS: 52 5 25 17 ] ¢
B (P1HI4<0.01) , #E—20 300 T4 AR EE . 2 E 5T
43 HT R WL, 2 IR AE A [ AF % F1PE 51 Hh A7 AE 25 7
1£ 60 % LI N AREH , CCR 5 NAFLD i #4155 (0R=0.973,
95%CI:0.963 ~ 0.984) ; TEME B AL, Lot A HEHIZ 1 1)
KBEH N i 2% (OR=0.968 ,95%CI :0.958 ~ 0.979)

3 itig

AHFFE H WEL 3] CCR 5 NAFLD 22 [6) 77 75 7 7] 56
B R AR BE Lot AR R 3 AT RE S L
E RS FZAPURI E K H R A G, CCRBGAH
JE UL PR AR U5 (e B ) B B AR AR, I I 5T S AR VA

%3 CCRY5NAFLD WA 5 F0 3 EAE A5
Table 3 Subgroup analysis and interaction of CCR and

NAFLD

AR OR(95%CI) P

AF <0.01
<60 % 0.982(0.976 ~ 0.987)
>60 % 0.995(0.989 ~ 1.001)

el 0.04
Bk 0.992(0.986 ~ 0.998)
ok 0.979(0.972 ~ 0.986)

BEmE 0.62

<fRrH 0.984(0.972 ~ 0.996)
i 0.987(0.975 ~ 0.998)
>R 0.986(0.980 ~ 0.992)

uibis 0.16

VA EFAA 0.987(0.981 ~ 0.992)
oAt A 0.982(0.967 ~ 0.997)

Pir 0.27
1% 0.986(0.975 ~ 0.997)
Hp 45 0.984(0.977 ~ 0.992)
=) 0.986(0.979 ~ 0.993)

e IiiLHE 0.64
T 0.989(0.983 ~ 0.994)
= 0.980(0.972 ~ 0.989)

B R 0.72
o 0.986(0.981 ~ 0.991)
P 0.987(0.972 ~ 1.003)

TR 0.49

AR 0.987(0.980 ~ 0.994)
BEA3: Flh 08 0.984(0.976 ~ 0.992)
R AR 0.987(0.976 ~ 0.999)

TC 0.34
<200 mg/dL 0.984(0.977 ~ 0.990)
>200 mg/dL 0.989(0.982 ~ 0.996)

HDL-C 0.53
<45 mg/dL 0.989(0.982 ~ 0.995)
>45 mg/dL 0.982(0.976 ~ 0.989)

PR ZERLAR S T B g 12

A KBFSE b & B CCR 5 I 5 Al 5 AT A
TV RE R TR, O VR Rt X A2 45 A LA R A
FYLEA 7 55 04 T S bR 54 . LA, CCR 5 H # JLR 1k
& BRI J1AH G , 3575 B4 XA L PR 5 0 g A
fRIGRE S e AE ABET , CCR 5 NAFLD 19 17 ] ¢
T B L T R 3 — AR B UL AR 2 2 A
YIRS P AR A ST 5 WL P 3R ek 9 8 B BE , CCR A
Sy JULFA S5 ik 14 TC G 7, R 08 R 2 e L A PR3 1 7
JINAS Ak, SR T I 25 AE I 1 JULEA R RSB T e, T e
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*4 CCRE5NAFLD #jLogistic [8 3447
Table 4 Logistic regression analysis of CCR and NAFLD

B T | A 2 PR 3
OR(95%CI) P1H OR(95%CI) PH OR(95%CI) P1H
CCR 0.989(0.984 ~ 0.995) <0.01 0.976(0.969 ~ 0.984) <0.01 0.981(0.973 ~ 0.990) <0.01
CCRAT3
01 1.000 1.000 1.000
Q2 0.590(0.421 ~ 0.825) <0.01 0.447(0.306 ~ 0.654) <0.01 0.537(0.347 ~ 0.832) <0.01
Q3 0.545(0.391 ~ 0.761) <0.01 0.321(0.215 ~ 0.479) <0.01 0.410(0.263 ~ 0.640) <0.01
Q4 0.545(0.390 ~ 0.761) <0.01 0.248(0.160 ~ 0.386) <0.01 0.350(0.210 ~ 0.583) <0.01

T AR 1 OR A B B 5 AR 2 R B AR RS R BT WA TR FE SN 1 2 s AR 3 A SR 2 B Rl _E R T TC (HDL-C |

25 LT B PRI AR LA DAL ek

%5 CCRENAFLDHIEASHMZEIER
Table 5 Subgroup analysis and interaction of CCR and NAFLD

GiaTe OR(95%CI) Py
A <0.01
<60 % 0.973(0.963 ~ 0.984)
>60 % 1.000(0.986 ~ 1.014)
ezl 0.02
5 0.990(0.980 ~ 0.999)
L 0.968(0.958 ~ 0.979)

TAIUIEE 9 22 A KU 7 53— IR G FIARR R 3 MR 55
FARHL AT B TR T s, o 112 0 T U e A 1519
T 59 22 HRATC A R AIF 8 TR 22— Ay B LA B 0 2 59 25 4
J2 PR R e A A 52 A, 0k — 25 UL A B3
FE20T. [l UL B S i A 4 AR AR 6 401 %)
ZH AR 3 F B M, SOUL A P 5 R v UL P R
eI AR U P D R R, S
S T 5 9 A 2 O A AT A A S — 9 B S o
HE— AT NAFLD (19 & A= KU

TE L P P LSS 3 B B4 SR b | 3 — k1 2 7 T
B 55 06 5 43 A5 AN K 1R [RS8 DDA G . CCRAE
J WL P 5 A AR PR 25 B TE A5 T, RS U 3 &
P B W7 4 A T 5 2 SR B S8 A K T AR 5 B AR A
o 262 B Lo VR D9 O 2K P A, LR T 3 B AT
TE R T DA (A R R A ) 336 ol B s 430 A1 B2 o 15
AR B PO ME B D7 L 051 A B XU AR 22 s 2% BA
PPV T L REAE I P ME RS 07 3 RO B B s DL
i 5 2R R WA, U2 RE A A S )
A5 10— A1 2 200 D PR T 9 TR, DA T A UL A 7 1
R X —1F 5T, CCR AENE I Mot Th A B i L
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