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Association between fibroblast growth factor 21 and chronic kidney disease

in individuals with prediabetes: a prospective cohort study
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(Department of Endocrinology , Sun Yat—sen Memorial Hospital ,Sun Yat—sen University)
[ Abstract]Objective : To investigate the association between fibroblast growth factor 21(FGF21) and chronic kidney disease (CKD) in
a prediabetic population by conducting a 4-year prospective cohort study among community—dwelling residents aged =40 years in
Guangzhou, China. Methods : A total of 1505 subjects who met the criteria for prediabetes and had complete baseline data were col-
lected from the 2012 REACTION cohort, and they were followed up for 4 years to observe newly—onset CKD and the changes in urinary
albumin—to—creatinine ratio(UACR) and estimated glomerular filtration rate (eGFR). Results : Among the 1 505 subjects with predia-
betes, 142 reached the diagnostic criteria for CKD during follow—up , yielding an overall incidence rate of 9.43% (95%CI=7.895%
-10.902% ). According to baseline serum FGF21 level, the subjects were divided into Q,—Q, groups, with the lowest level of FGF21 in
the Q1 group, and the Q4 group had a significantly higher eGFR than the other groups (P<0.05). After a mean follow—up time of 4
years, UACR was increased by 0.87 mg/g(P<0.001) and eGFR was reduced by 4.8 mL/(min-1.73 m*) (P<0.001). After stratification
by FGF21 quartiles, there were differences in the declines of eGFR across groups, with the lowest degree of reduction in the Q, group.

In the multivariate regression model, the serum level of FGF21 was
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significantly negatively associated with the onset of CKD. When
FGF21 was analyzed as a continuous variable in the multivariate lo-
gistic regression analysis, FGF21 was still significantly negatively
associated with the risk of CKD, which was consistent with the re-

sults of the quartile—based analysis. However, restricted cubic
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FGF21. The linear regression analysis showed that FGF21 was positively associated with UACR and eGFR. Conclusion : In this pro-

spective cohort study, FGF21 level might be potentially associated with the future risk of CKD among adults with prediabetes , while fur-

ther studies are needed to clarify related mechanisms and clinical value.

[ Key words ]prediabetes ; fibroblast growth factor 21 ; chronic kidney disease

15 P4 B I (chronic kidney disease, CKD) £ ¥,
FAEERE B AL D AR —, Y5, 2L
N CKD 8 # 2 8.5 14, B 35 9.5%; T8 [ mli A
CKD B35 H 1.3 12, R %8 10.8%" 7, CKD i &
R R N v B BT S ™ R R ) AR s Y AR TR R
L 4 R B S R DT (4 T !, e,
Rifi CKD A 2E Ji2 | £ 38 R0 I AE7 XU, T 42 PRI T XL
Btk [ BRI J& CKD I fa s R &K, ok
8 Z2 58 B, B DR T 0 5 CKD & A= % DA
KT, B T8 CKD bR sk & fa b N 24 1
CKD 1y R B i6 o AR 4 20 A A= < P 21 (fibro-
blast growth factor 21, FGF21) f& il £ 4 41 jfg A= K
T R B 5L 22—, B AE T E RS 5 4123 4y
W, 38 A 0 AE I 2 2 B AR A
PRI v 10 A AR OC i PR I 2 SR b b A7
H R /R T SRR & B, FGF21 7E CKD
)9 B A Bt AR v BT 2 0 TR R T AR AR
WF T 33 T REXT 40 2 DL E T WAk XN BE 4 4F A Rl
B BB IR 5, ST A0 b RO BT e FGF21 5
CKD IR F .

1 #AREFE
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REACTION (Risk Evaluation of cAncers in Chinese dia-
beTic Individuals: A 10Ngitudinal study) fff 53 J& [ AR 5
P I RS 2B 58 o4 3k T 2011 47 32 2016 - 7E 42 [H]
T I T Y 22 vpls A DX R R BE PR BASIBFSY L 5 18
PR o I A PR s B AR5 B IR S P TR L 1l S
KA A IE R IIOC R o TN 3 rprl 3R A X R
99164, AM5E N REACTION BAFI ) — 50T . 584
FRAE T 2012 45 A AL AFE 8 B 1 103 8 A 321k, B2
JE A 6.1~6.9 mmol/L 5% 75 ¢ I JIR 4 45 Wi 230 40 2 b ifpE
7.8~11.0 mmol/L, HARFESZFEHELGYIIATT . ARIEEGE 2 BRI
JIE 575 191 )5 2H 21 (Kidney Disease : Improving Global Outcomes,
KDIGO) 2012 4F llfy R 52 5 415 1 b 1, CKD S 4 Al 53/ ek
JE i K (estimated glomerular filtration rate , eGFR ) 5 25 Ik
F 60 mL/(min-1.73 m?) , Fl/of JR 4 & A WLEF HEAE (arinary
albumin—to—creatinine ratio, UACR) >30 mg/g, H. I it 5 %
g2 /0 34 CABISE L) 4 42 BE U5 A YOI 5 25 2R A o &
CKD /1 #1724 ) o A A bm i - (D2012 4F Bifl 15 5 8} 56 3
QFF & FidwE R T S HEBR bR AE DI T #1112

CKD; @CKD 2 Wi 5 2.l 2% ; @FGF21 & WA S 2k . fe 28
1 506 1] 3238 F 9 A 43 Hr , - BT ) 4 4F . ABFST RS &
BLE JRFE AR N 2016 4E3T & CKD 3 45 R 8 bRl 45 2016 4F
UACR & eGFR {9 EAE . RGN G0t e AR 1R LI 1.
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it} AF N G - B B R 2 BRI 2 R B
AR I3 LT o S 56 % e Y0 8 A 2R PR A o 5 3k D 8
UACR H R F1EE A 5 IRIUEF EUAE 58 . eGFR R A CKD-EPI
NGRS EHKPUTE B (homeostasis model assessment
of insulin resistance , HOMA-IR) i3 A Kl : (S5 BES R x
25 1 K )/22.5 5 B 41 I 3 BE 48 5% (homeostasis model assess-
ment of B—cell function, HOMA-B)TFE 2 K« (20 x 25 I JBk
B )75 JEMBE-3.5) o 1LY FGF21 7K F- R FH il ¢ 75 Wit
BE0 2 2 2E A7 A, 377 504 H Novus Biologicals 23 7 (5%
5 NBP2-82216, 1t ¥k : ab222506) , it 5 5 VE ™ Atk 3216 18 551
VLA o 2O AR R AU 31.2 pe/mL, RPEIE RN
31.2~2 000 pg/mL, fit PN 541t 8] 25 5 2 %4 (coefficient of varia-
tion, CV) 43 B #E 5.3% F1 10% LAY . FiA FEAR S 7E 1]
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RIR ) SRI , etk 1A F 431 FGF21 5 UACR (R4
J& ) B eGFR ML 56 F2 , A IE M 1) A% 1A 45 1 (body
mass index, BMI) F- 27054 & H il = .OGTT 2h . HOMA-
IR GEZE LB SR 8 SE4k UACR JEZE eGFR. SR A
FR 14k 57 5 R S5 IR R FGF21 5 CKD kAR Ry AR v 56
F R 44T CRE ) AR ST i L8 IR ) A 56 DG IR
farE, 2 HAE SR FRUR LA . FEA i R 4.2.2 58
N, UG 567K 7 @=0.05

PR i 01 32 AR 3, 142 1 7E 4 4 BE 7 1) 18] 3% 2 CKD 2 Wi
b e, SR K A2 %R 9.43% (95%C1=7.895%~10.902%) . 7F
1 505 BBEIRIFHTIISZ 30 o AR B4R 1L FGF21 K AR
5 79 437 B b IR B 5 40 R Q, (n=378) . Q, (n=375) . Q, (n=
376)F1Q,(n=377)4 M, BEERINZR L 7R o 2B 445k (Q,)
N TR 5P ) 3 3 s T Q, 41 (x?=5.794, P=0.016) , [ Fil
(F=5.409, P=0.020) . J& 45 & (F=5.808, P=0.016) &} ik H (F=
5.836,P=0.016) fIk% i 5 A (1 IE [ B ( F=40.770, P<0.001)
WL L4136 1 (F=6.429, P=0.011) . JR{#% & 1 7 F (Kruskal -

P
Wallis x*=8.604, P=0.003) il eGFR (F=1.848, P=0.014) ¥ &
2.1 FRA AR T A, 17 v A 2 P R [ BG40 (F=50.210,
FE REACTION BAFI Hr A4 A 1 505 BI4F #3=40 % (98 P<0.001)
®1 HRABHOELEFE N, %;x 5;M,(P,, P,,)]
st FGF21(pg/mL) IFfE Pl
Q,(n=378) Q,(n=375) Q,(n=376) Q,(n=377)
FGF21(pg/mL) (0,8.2) (8.2,38.2) (38.2,94.9) (94.9,266.0)
T 87(23.0) 116(30.9) 108(28.7) 121(32.1) 5.794 0.016
() 56.44 + 6.91 56.23 + 6.98 57.04 +7.53 57.09 + 8.04 0.108
Cus 336(88.89) 339(90.40) 339(90.16) 342(90.72) 0.447
(e =] 233(61.640) 230(61.333) 230(61.170) 206(54.642) 6.304 0.061
IEYAN 239(63.228) 227(60.533) 249(66.223) 240(63.660) 2.007 0.484
W AR 28(7.407) 31(8.267) 36(9.574) 40(10.610) 2.754 0.097
el 79(20.899) 86(22.933) 85(22.606) 95(25.199) 1.690 0.194
G (em) 157.36 £7.19 158.65 +7.37 158.26 + 7.70 158.38 + 8.05 2592 0.125
ik (kg) 59.37 +9.22 60.16 +9.55 59.96 + 9.62 60.72 +9.74 3.058 0.081
B R T S EL (kg/m®) 23.93+3.10 23.86 +3.01 23.89 +3.10 24.13 +3.01 0.807 0.369
JEEFEl Cem) 81.75+8.11 81.94 +9.05 82.41 +8.71 83.15 + 8.81 5.409 0.020
R R (em) 9436 +7.41 91.53 +7.41 94.96 +7.53 9491 +7.22 1.453 0.228
WiedE HE (mmHg) 126.90 + 15.28 128.63 + 16.66 128.38 + 16.82 129.95 + 15.17 5.808 0.016
#F9K £ (mmHg) 75.86 +9.28 76.44 +9.16 76.44 +9.76 77.61 +9.53 5.836 0.016
e B B (mmol/LL) 5.62+123 534+1.22 523+ 1.08 4.95+1.29 58.020  <0.001
“H i =7 (mmol/L) 1.45(1.06,2.04) 1.32(0.96,1.97) 1.38(1.02,1.96) 1.48(1.06,2.12) 0.043 0.836
1R 2 i 2R 11T % (mmol/LL) 1.36 £0.36 1.34+0.33 1.30£0.31 1.19+0.34 50210  <0.001
AR 8 N6 28 11 IR 1 (mmol /1) 3.41+0.96 3.25+0.95 3.18 +0.86 3.97+0.92 40.770  <0.001
25 W L% (mmol/1) 5.64 = 0.63 5.64 = 0.56 5.68  0.62 5.67+0.62 0.938 0.333
OGTT 2h(mmol/L) 8.68 131 8.75+1.18 8.59 = 1.25 8.80=1.14 0.453 0.501
Bk 218 A (%) 5.96 +0.42 5.85+0.43 5.91+0.42 6.02 047 6.429 0.011
23 MR 2 (wlU/mL) 7.8(5.8,10.6) 8.0(6.0,11.2) 7.5(5.7,10.4) 8.0(6.0,10.8) 1.011 0.315
A5G 5 (U/L) 19.0(16.0,23.0) 19.0(16.0,23.0) 18.0(15.0,22.0) 18.0(14.0,21.0) 19710  <0.001
AL (U/L) 13.0(10.0,18.0) 14.0(10.0,18.0) 13.0(10.0,18.0) 13.0(9.0,18.0) 0.706 0.401
V- R AL (U/L) 22.0(16.0,29.0) 21.0(15.0,29.0) 20.0(15.0,29.0) 21.0(15.0,29.0) 4.609 0.032
1 JLEF (mmol/L) 66.1(60.5,72.6) 67.6(61.05,77.65)  66.45(61.4,74.8) 66.1(59.2,77.2) 0.045 0.832
PR F A H (mg/L) 4.38(2.50,7.76) 4.31(2.50,8.23) 4.47(2.51,8.12) 5.15(2.75,9.63) 8.604 0.003
B R HATIR B 1.91(1.40,2.70) 2.01(1.49,2.77) 1.91(1.36,2.67) 2.07(1.45,2.74) 1.336 0.248
JiE 5 B 4H T REHE 4L 74.35(53.9,106.7)  75.91(54.4,109.8)  73.20(51.0,107.8)  76.43(54.1,107.1) 0.314 0.576
eGFR[mL/(min-1.73 m?) ] 103.0093.1,112.9)  101.4(92.6,113.9)  104.3(92.4,114.5)  105.2(91.1,119.1) 1.848 0.014
UACR(mg/g) 7.94(5.62,11.91)  7.51(5.39,10.88) 8.20(5.94,11.51) 8.42(6.21,13.46)  11.730  <0.001

SR e rp AR IE S A HIh =R A MRS R A L S A N oy SR SR AL UL PR R RS AU
B S B AT AETE B . eGFR 1 UACR 16 £H 6] Fo 488 (Kruskal-Wallis K256 ) BT UEAT T AR X RS 00 , B 400 10 858l DL AR A2 85 (DU 47 ) R o

T RIARE , 5P RIR (92 A0  JAR (E
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2.2 FGF215 CKD % 5% K% \UACR .eGFR 48 5 12 447

FEAWEFEI AN 1 505 BI% BRI AT A 52 103 v, P 3 bl
Vi44E)5 , UACR 4k 19 (8.05 + 4.31) mg/g LT % (8.92 +
5.47) mglg, ¥4 E 5 0.87 mg/g (95%C1=0.620~1.120, P<
0.001) ; eGFR 1 28119 (103.4 £ 14.7) mL/min-1.73 m*>) F
B % (98.6 = 15.3) mL/(min-1.73 m?) , - 34 [ 1 Jy 4.8 ml/
(min+1.73 m*) (95%CI=5.30~-4.30, P<0.001) (% 2) . {3
LR IMTE FGF21 KK H i AR ) 5 434 Q~Q, 4D 43 i 2,
QA NFEMFELL eGFR KT8 T A ZH (F=4.122,P=0.006 ) .
15 FCF21 WU 3 )2 5, 454 e GFR T B IR 0 4 [ 25 S L
G L(F=3.696, P=0.010) , H:H Q, 4 T R FE £z /)N
(#3) ;% 2HIH UACR Y22 AL IR & (AUACR) 2 7 EGe 14 3
M (F=1.141,P=0.331).

FE 2270 B TR | MV FGR21 5 CKD &2k 2 2%
MR LLQ, WS, Q,~Q, 1 OREAK K} 0.511(0.252~
1.011) ,0.422(0.202~0.843) .0.519(0.262~0.986) , #4245 5

X=4.342,P=0.037(F4) . &PEPIHE /R, FCF21 5 CKD &
95 AV S 4 A AR 6, LR OR (ARG S P K 06 W26 4

BEAR A — BT FGF21 5 CKD JRURS: (1) SE IR A fi P
14 log-FGF21 1F Jy itk 2578 F 4 A 22745 it logistic [l A4 , 25
H R BN 1A log B0z, CKD % A KUK F A 26% (OR=
0.742, 95%CI1=0.572~0.963, x> =5.158, P=0.023) , W % 5.
FGF21VE R AR i I, /55 CKD % Az KUK 2 0 3 ko€,
550054 AT 4 R — 5
2.3 FGF215 CKD &% R 6 3 2k X 2 547

R EITAG FGF21 5 CKD & 99 KUK 22 8] T BEAF 7 (1 E
LRMESCIK I — ] T BRI E S R AR (| 2) . TER
FIERA (] 2A) SHECE T 4RIE AR5 BMISHR AR 1 £
A HEBERL (81 2B ), B FGF21 5 CKD & Az KU A7
CLBIAELR M5 & RO FGF21 TH i, CKD & 4 R R B,
HFGF21 8 T — & M BI{A S5 , CKD %k 4= KUK AN B FGF21

A2

%2 UACRY5eGFREHKFEZ (x =)

£zt L (20124F) B2 i (20164F)  SFIARMGAE 95%ClI PE
UACR/(mg/g) 8.05 +4.31 8.92 +5.47 +0.87 0.62~1.12 <0.001
eGFR/[mL/(min-1.73m") ] 103.4 + 14.7 98.6+15.3 -4.8 -5.30~-4.30 <0.001
£3 $FGF21 E& 5 EM UACRE eGFRELIER (x = 5)
PR U4 UACR 24k UACR iV AUACR eGFR J:4k eGFR B2 i AeGFR
(mglg) (mglg) [mL/(min-1.73m?) ]  [mL/(min-1.73m*)]  [mL/(min-1.73 m*) ]
Q, (FA%) 7.94£3.9 8.95+5.1 +1.011 103.0 = 14.1 97.8+15.0 -5.202
Q, 7.51£3.7 8.42+4.8 +0.908 101.4 149 97.2+15.5 -4.197
Q, 8.20 + 4.0 8.76 £5.2 +0.562 104.3 + 14.5 99.1 £ 14.8 -5.104
Q, () 8.42+4.6 9.31x6.0 +0.893 1052 +15.2 100.1 + 15.1 -5.097
FAY 2.903 1.547 1.141 3.976 2.347 3.696
PA 0.007 0.201 0.331 0.008 0.071 0.010
%4 FGF215CKD.UACR.eGFR KN ETS#[M, (P, P,)]
£zt FGF21 PU4iz FAL LA OR(95%C1) B IER OR(95%CI)
Q, (1)

Q, 0.621(0.330,1.132) 0.511(0.252,1.011)
CKD Q, 0.433(0.211,0.836) 0.422(0.202,0.843)

Q, 0.682(0.373,1.224) 0.519(0.262,0.986)

P 0.108 0.037
£5 FGF21{EAZELETE S CKD % %X logistic B I3 4 #7

AL A OR1H 95%ClI XME PE
R IEAL T 0.781 0.623~0.984 4.502 0.034
2R AL IE A 0.742 0.572~0.963 5.158 0.023

W ca, KOS A FEAERS PRI BMI U 4s 15 H 3 =8 .OGTT 2 h i . HOMA-IR FEZRJULETF LR UACR JELR eGFR (X L2k B DO REFE bR AT

R IE LA ) O e

R 2SS )
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2.5 HA S MR P <0.01 R I A 6 P <0.01
X5 ARG T ¢
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FGF21 FGF21
A. FGF215CKDTEARAL IERCSEERY Hh 1) Ik B. FGF215 CKDTEAL IERCSHLAL Hh ) Sk
B2 FGF215 CKD % 7% RUB
U RS ZIPURE T, R AT WK
3 3 i

FGF21 J2— R 2 8 | JHFEIIE 5300 14 P9 43 WA R
VT AR B9 R S5 FEAE A AR A B DR b A 3L
EAEH :— 7, FGF21 nll i #7% FGFR1/B—Klotho
2 VAT [ A T % 2R R N el B I A B O RR,
NI S 2458 B s 55 s 11 1 ) o — T FE L 2
CKD &, FGF21 7K V- Fifi ' Dy fig B B i s , 2
AN AT A 7 B AR B T AR B 5155
B E AR AR B, 2R FGR21 78 U T & CKD
Fp 28 B H 3 £ 8O0 RMEFE C A B 100571 -1
TVt 20 L B T A OC i 51 i 288 1 1) 2278 S
R FGR21ARIR U] i 4 5y 1A AL Y C-&e it i (AC=
0.032, P<0.001) F1 i+ H 73 2% 45 % (NRI=0.191, P=
0.018) , £ 75 H: AT 1 g L 109 JXURS: 43 J 2% A b 78 A P b
AP RN, TERE DR HI I X — G BERE PE R B, O
T FGF21 5 CKD %A= XU i 5& & 58 JL-F-25 .
B FE T UK WL B A% SR AR H DR H A
T, RGEVIAN FGF21 X CKD 41 0 1 4A

H T, )C T FGF21 5 CKD & 4 (VS TE A= W10l
HA LT 44 2 53 A 5105 558 B - 75 BBk,
FGF21 i# i FGFR1/B-Klotho & & 3 1K K ¥ BV .
SR 3 v/ N TR A M B R IR T S B AR
ik B-Klotho, FGF21 5 2 45 & J& #6 £ 41 MAPK/
ERK 5 PI3K-AKT i % , il FoxO1 4% 5% 057, i 1
FELRARE W kA 5 R B AR B

FGF21, 5| EIFFF TS FGF21 /K- THa , IR 4 1
JFGR21HKHT” o HFLL & KT 1 FGF21 ] f 8
B g 105 2 A AL, (R IR AR {5 06 T R AE PTEC &
R R BRI B B A0 MR T S L CKD i
Q) RIE 5 ALY P« = W E FGF21 38 3 T I TLR4/
MyD88-NF-«B fili Jd /b TNF-o \ IL~ 1B FE 3k ; [ B 17
il NLRP3 R AE /ML %¢ | FEAIK caspase—1 1 M, Il 4%
JE YL K PTEC By 48 AE #1051, @Zpi ATy g 5 he
H QI H W A . FGF21-FGFR/B—Klotho 15 5 7] i
PGC— Lo, (R HF LML 3 24—l & P A Kbt A AL
ik HGE A M Z R AR Bl ) 2% s 7E PTEC Hhifs 4 Qi
YRR, DB I A 2 1) B 7 1R S Ak, Bl ROS ™72
AT 4E 28 CKD o0,

AHFFE A A L 2 1M T FCF21 7K P-4 e ph {5 3]
B R Q~Q, 44N DUAT 40, R DU 43 E (Q,) ATERY
5 LB 8 3 = T Q41 (2 =5.794, P=0.016) , I [F]
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ik (F=5.836, P=0.016) X% B 5 &% 1 IH [ g (F=
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0.011) SR A2 H (Kruskal-Wallis x*=8.604, P=
0.003) Fl eGFR (F=1.848, P=0.014) ¥ & T Hifl1 41 ,
T e %% 32 1 2 1 O ] s D I 1 oAt 2 (F=22.142,
P<0.001) o MR HEACHN B UL, 7819 5 Z NPTk
BT, HUAR BB FCR21 KT, I M IEHE FGF21
HOPAREE T i AR LA W RN A AR I . AR5
FRLEZ B A FGF21 5 CKD XU A “L” B 56 &, vl g



— 1498 —

FRERAFFIR 2025 F£5 50 &% 11 8 (Journal of Chongqing Medical University 2025.Vol.50 No.11 )

PR TERAR 2 P AR KR FGF21 A9 B IE AR B8 s
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PR TEAHIGY 2278 i [l H A A R W2 4B
IM¥E FGF215 CKD ZA 2 B EM MM LR, FGF21
5 CKD &A= S A 7E L7 B AE Rk e &, W B &
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PE/R FGF21 7E CKD & A= KU AZ ZE ANy . 24
FGF21 K- ik — 5 BT , LA AR 14 JRUBS: B IR L
MRS X AT RE S FCR21 LRI 2 54 %,
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IR HE 2k UACR FIFELR e GFR R IEA . eGFR
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s MR R E bRk . AR R,
FGF21 7K 76 B8 JR A L BE ik R 26 1 R 5B 3 v i T
15, B A SR U R A U A A A
FGF21 FJ A& 38 5 £ 1 8 5 2E 2% B Dy e F [, B AR
CKD &A= 3 (H AR B /INBRE 7 PR 7 1, LT g Hh 2
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B “A55 7, () s a2k A O AP L A CKD 2
SRR o FGF21 7K1 1) T e B e 1 AL X6 10
45 (PR KT ) B3R R, PRtk 5 UACR
ELIEAOG s (H Rl A FGF21 HA e g A 4 0 A9 7
L E R WIBE D TP s /> T CKD B & AR R BT LS
eGFRAULEIEARG , AP R G "R LR T
FGF21 7E341 & CKD B Be ] fig HA7 X A £ A b
YRR T, X 50RO A R 45 ie &
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= A S S AR N I eGFR 522 T [%>30%
SR K B 1R 1R DRSS 658 5 A1 D 4367 35 T 5 2.3~2.8
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T ZERAL T T S e AR, @ 12 JE k-
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JE AR R G IE T A2 N2 A g5 X
K2yl AR 24 R i R T 45 R ml 5
B (AN RR P T 0l BEAF 78R AT A%, R
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5508 PR AT IR R & A2 CKD 14 XURS: 52 70 57 17
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