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HE : B UEREEIER (CKD) EEFBF W aF45. 5. 2R TRFMEE (IPTH), 25— £4
EED. m&F%EmBERRF —23 (FGF-23) KF, BRI FiEE (baPWV ), 384t FGF-23 5 E
WARARA AR AN, FiE BT ARIER 35 Bl R (AFRB4 ), 344 CKD 1 #1. 354 CKD 2 #1. 34 41
CKD 3a #1. 33 %] CKD 3b #1. 38 #6] CKD 4 #i#= 32 #] CKD 5 & #, #n &M E e m/E AREFHHK (BMI),
hiEa ke, WEF., 45, B, 25— B4 A E D, iPTH, FGF23 KT & baPWV, ZR 3B A CKD &4 &
B 5 PR H A BMI B £ (P >0.05), 5atBaE, CKD 3a ~ 5 #1284 CKD 2 ~ 5 #1208 % & 09K 4%
JEAAFIKEFE (P <0.05); CKD &8 #6024 h ROFO R EIEH (P<0.05), CKD 3a ~ 5 #A40&F 69 f L
Bf. @Bk, iPTH K-FIh &, hiFa& g, fs5KF TR (P<0.05); CKD2 ~ 5 &) 25— AL D K
T, CKD 3a ~ 5 820 % 49 FGF-23 K-FH 3 (P <0.05); 7 R BEK-F 25— £44F D B HP7 & bt it
BAHEZF (P<0.05); 54K CKD 1 #1205 5 4L, CKD 3a ~ 5 HAZ0 % %49 baPWV Jele (P <0.05); FiA
CKD &% W foik FGF-23 5 45 (r=—-0.175, P=0.000), 25— #%4 4% D(r=-0.130, P=0.000) 2%, 5
;& (r=0.236, P=0.000), iPTH (r=0.249, P=0.000) ZiEA*X, £t CKD #F fif iPTH, FGF-23 R-F#)
TACK T 45, BRe T, KLE eGFR #9F4K, 25— #44 % D 49 F %t F iPTH #= FGF-23 R85+ 5,
F£ CKD #4521 Bp 1 0, do 8 {% A8 5 38 e,
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Association of fibroblast growth factor 23 and mineral disorder in
patients with chronic kidney disease
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Abstract: Objective To assess the serum levels of calcium, phosphate, intact parathyroid hormone (iPTH),
25-hydroxyvitamin D, fibroblast growth factor-23 (FGF-23) and pulse wave velocity (baPWV) in non-dialysis
patients with chronickidney disease (CKD) and to analyze the relationships between FGF-23 and chroic kidney
disease-mineral bone disorder (CKD-MBD) parameters. Methods Totally 34 CKD stage 1, 35 CKD stage 2,
34 CKD stage 3a, 33 CKD stage 3b, 38 CKD stage 4, 32 CKD stage 5 patients and 35 healthy subjects were
enrolled into the study. Blood pressure, body weight index (BMI), serum albumin, creatinine, calcium, phosphate,
25-hydroxyvitamin D, iPTH, FGF-23 and baPWV were measured. Results No significant difference in age,
gender among seven groups were identified (P > 0.05). CKD stage 3a-5 and CKD stage 2-5 patients experienced
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higher levels of systolic pressure and diastolic pressure respectively (P < 0.05). Urinary protein of 24 hours were

much higher than those in healthy subjects (P < 0.05). Increased serum creatinine, phosphate, iPTH, decreased

albumin, calcium were found in CKD stage 3a-5 patients (P < 0.05). The level of 25-hydroxyvitamin D decreased

in patients with CKD stage 2-5, in the mean time, the level of FGF-23 increased in patients with CKD stage 3a-5

(P < 0.05). There were significant differences in the proportion of 25- hydroxyvitamin D among 7 groups (P <
0.05). The mean baPWV was increased by declining eGFR levels (P < 0.05). The serum FGF-23 concentration was
negatively correlated with serum calcium, serum level of 25-hydroxyvitamin D (» = -0.175 and -0.130 respectively,

all P =0.000), and positively correlated with serum phosphate and iPTH (» = 0.236 and 0.249 respectively, all P =

0.000). Conclusions Increases in both serum FGF-23 and iPTH precede changes of serum calcium and phosphate

in patients with CKD. The 25-hydroxyvitamin D levels decrease earlier than the increase of serum FGF23 or iPTH,

with declining eGFR level. Increased vascular stiffness occurs in early-stage CKD.

Keywords: chronic kidney disease-mineral and bone disorder/kidney diseases; 25-hydroxyvitamin D;

parathyroid hormone; fibroblast growth factor 23

TR e — ) BB AR AL chroic kidney
disease-mineral bone disorder, CKD-MBD ) & #§ i ¥
TIRE T 5 E A o R B A 5 0 R e A2
AR MLIE A, B, B HRERIEER (intact
parathyroid hormone, iPTH ), 442 D U=, B/
g mofl. A MR REERER SR, DN
B R AL 5L Y. CKD-MBD 5.0 MU0 Fl
HAT IS IAR DG, EAEA it . ek ik B E
TR BURA1Z1 (KDIGO ) HfEfE M CKD 3 SIS 4 M it 775
PR HUIRZZIRIAE (PTH). BRVEBERRBEIGE . 25—
BRUEER DY 7E CKD BE T, B dEdni A K N+
23 ( fibroblast growth factor 23, FGF-23 ) B F S T ML
WA PTH FHi o BRI AL S35 (pulse wave velocity,
PWV ) B8 S Wl U AR B, A FH A 37
SR - ek, k- BREh bk (Ba), &1 - ER 3l ik K
B - BB B EAE I B S I 375 BT 87 110
MIEFS . B, iPTH, 25- B4R D FGF-23 7KV K
baPWV, JHETT FGF-23 5 IR FERRIGARSCME:

1 #ERSAEE

— g E A
PEHER 2016 4= 1 H—2018 4= 9 H it N R EE B
BRLCKD 1 ~ 5 Wi 206 41, Horb, Bk 125 i,
Pk 81 ) 5 AFEIE (43.67+1132) %, EHUA Beikis:
HUOMEERRE 35 GRS IRgL . b, Bk 19 ), bk
16 1] 5 4F#% (4236 £12.01) % A4 —BAHLILE 1.
PAbRE - OBEHF > 34N, WA SIS/ hekig
& ( glomerular filtration rate, GFR ) P&, TBE R
F6 B RS AL ST RE S, LS B AR A 2 S
M JRA 54 ;@ GFR<60 ml/ ( min®1.73 m’) >3 H ,

1.1

AT EBFERG ., HEBRbRE : O 20E S50 ;
Q5 A B St B IRIE TR T R 5 QA
s s @A T RS , AnfREAL . 2B PRI RS
Ol & MEH ARG BRI RE Tk 5 @A™ i) se ke i
oA REAN S s O E R, I H AL IR >10 x
10"~ /L s @EEURII S FLIN A2 5 QREAE 3 A~ H i fili
FGZEMHIFE ; OE 2B IERRIGIT &
WFRGABE B AR PR ZE A 2t
1.2 MEBEMERFE

A/ NBRUE IR (estimated glomerular filtration
rate, eGFR ) % CKD AR S1ETA/EH T2 ( chronic
kidney disease epidemiology collaboration, CKD-EPT i1,
B < 62 eGFR=144 x (Scr/0.7) " x (0.993) ™ ; >
62 eGFR=144 x (Ser/0.7) ""x (0.993) ™ ; L ¥ <
80 eGFR=141 x (Scr/0.9) ™" x (0.993) ™ ; >80 eGFR=
141 x (Ser/0.9) —1.209 x (0.993) * ; CKD 43H5EFi E
eGFR[ml/ (min*1.73 m’) ', =90} CKD 1] (CKD 1
HiZH ), 60 ~ 89 2 CKD 2 #3 (CKD 2 #i4H ), 45 ~ 59
7 CKD 3a ] (CKD 3a # 41 ), 30 ~ 44 3 CKD 3b
] (CKD 3b #4H ), 15 ~ 29 y CKD 4 #] (CKD 4
), <I158E M CKD S 8] (CKD 5 4 )., I i
25— B4k R D<20 ng/ml M=, 20.0 ~ 29.9 ng/ml Ky
A, 300 ~ 60.0 ng/ml A IEF . MES. B AL
. 18R R R U E Beckman 4> 11 30 2B 46 43 BT AX
56 8 (AU680, 3 [F Dl 3% & B /R R¢ 23 | ) 5 iPTH f&
25- FUEAE D R E SR LAk s R R (SR
BIRAT ) s WS AR E MG, 552 e B ik
m ( enzyme—linked immunosorbent assay, ELISA ) Ko
FGF23 ¥ ( 2£[H R &D Systems A ) ), KB -
i B T 25 R I A WA T A A2 3K T R A I Tk i
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HARRIE, 5F TR A K T 23 SRR T A B L A DR

4ml, HAREERE 20 min J5 L4 4 000 v/min .0 15 min, T
WS AT A —8OCIRAS AT ST A
Rk fe BP-203PRE 174 [ 1yl ik RGeS fl:
PRI 1% 598 % ( brachial-to—ankle pulse wave velocity,
baPWV ),
1.3 FIHEFE

HH 3ok SPSS 21.0 GEi b, TH AR
PR+ BRifEZE (x2s) FOR, PIALIAISECLER T
Horg B K ), Z2 A 1) 22 5 LU BOR FH B R 32 75 229340
HE— LI SR ] SNK—q #0555 THECRORA] (%)
Fon, ERH K ; R Spearman 3 # Pearson
RAFEARSSMIT, P <0.05 K2 FA G # R

2 #HR

21 BA—RIERERLER
BARPER] . AEIS AR TEHEEL (body mass index,
BMI) A, 2R TGit#E L (P >0.05), &4k
i EREF IR LR, 2R AGITEE L (P <0.05) ;
Xt b #, CKD 3a ~ 5 W4 B 3 4 0 46 15 T
f (P <0.05); 5 B4l Hh#, CKD2 ~ 5 W4l i
H WA K IE T (P <0.05); 5 CKD 134 %%,
CKD 3b ~ 5 B4 8 & e e i P <0.05 ). I3 1.
2.2 BHEMUFIRIRAIEE

EXT R A, CKD &AW E M 24 h JR A&
M 5E = T (P <0.05); CKD 3a ~ 5 20 H % 11
M 3E ILEFKF TH 8 (P <0.05) 5 CKD 3a ~ 5 120 &
FIMTE A E A T, iPTH KIS, m5KF T

W, MBKF-THE (P <0.05), 5 CKD 1 840 [b4s,
CKD 2 ~ 5 HHZLE 0 005 8 AR 22 5 g
B X (P>0.05); CKD 3a ~ 5 #I4H & F 175 WLEF /K
F-FHE (P <0.05); CKD 3b ~ 5 #4135 1Y 145 /K 7
TR, MK FETHE (P <0.05); CKD 4 ~ 5 14 #
1 iPTH /K EFHE (P <0.05) ; CKD 3a 20 #1Y
24 h JRAFE AR TR (P<0.05), W2,
2.3 &4H25- ButE D K FGF-23 K EHIELE

SXFRRA LA, CKD 2 ~ 5 W20 i 25- B4k
HZE DIKETRE, CKD 3a ~ 5 W40 B30 FGF-23 7K
F-THE (P<0.05); 5 CKD 1 4 H4s, CKD 3b ~ 5
HEBE M- g A ZDKT T (P>005);
CKD 3a ~ 5 #4110 FGF-23 /K F-FHE( P <0.05 X I
#3), BAARFIKFE 25— B4 R D BB & Ll
HEs, ZRAEGHEE L ((x’=55370, P =0.000);
25— FRAEAZR D BB LU, AEXT R e CKD U
PL20.0 ~ 29.9 ng/ml 41 /4 Hei e, Bl eGFR 7KF FFE,
25— FUEE ZE D<20.0 ng/ml HPEGN, WK 4.
2.4 &{HbaPWV HILLE

K4 baPWV HER, 2R A5 FE L (P <0.05),
5% IR K CKD1 W2 3 ) L e, CKD 2 ~ 5 WiZH &
FHHY baPWV iR, WLEE 5,
2.5 CKD-MBD £#15 FGF-23 X %547

FiA CKD H# g FGF-23 51M4s . 25- B4k
HEE D BGHE (r=-0.175 F1 -0.130, ¥ P =0.000 ) ;
5 ®%. iPTH & 1EAH 56 (r =0.236 F10.249, ¥ P =
0.000 ),

x1 BE-MIERERLEE  (xxs)

285 n B F (S, xxs) WHEE/ (mmHg, x+s) #F5KE/ (mmHg, x+s) BMI/ (kg/m’, x+s)
X HREH 35 19/16 4236 +12.01 124.18 + 12.12 78.65 +9.33 23.74+2.83
CKD 1 #41 34 22/12 40.56 + 12.32 125.10 + 13.51 82.36 + 10.32 2471 +£3.32
CKD 2 #1121 35 23/12 4261 +£11.22 132.54 + 14.52 8578+ 11.25" 2439 +3.38
CKD 3a #14 34 21/13 43.80 + 11.90 137.75£15.15" 86.19 £11.78" 2470 + 3.24
CKD 3b #141 33 20/13 43.93 +10.25 141.26 + 14.27"° 87.27 £12.36" 2472 +3.84
CKD 4 #4H 38 2117 4535+ 11.75 144.43 £16.39"* 88.96 +11.99" 24.66 +3.59
CKD 5 21 32 18/14 49.37 + 13.11 147.34+25.63"% 89.82+16.54" 2398 +4.13
X1 F 18 1.848 1.860 10.710 3.610 0.450
P18 0.933 0.089 0.000 0.002 0.842

. O5XTRA LS, P<0.05 ; @5 CKD 1 #14 [L#x, P <0.05,
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T2 FBHREWUFEROEE  (xxs)
5 . I EEA / 1375 LT / iPTH/ 145 / 1% / 24 h JRFEH /
- (g/L) ( Hmol/L ) ( pg/ml ) ('mmol/L ) (- mmol/L ) (g/24h)
popiistiel 35 43.15+2.18 67.96 + 10.36 20.15 £10.23 2.35+0.13 1.020.12 0.06 +0.03
CKD 1 i1 34 41.11 £5.13 68.55 +13.25 33.75+11.84 234 +0.12 1.09 + 0.21 2.13+1.56"
CKD 2 g 35 40.96 + 6.72 101.42 + 16.75 38.67 + 13.26 2.30+0.11 1.10+0.20 1.15+1.26%
CKD 3a {4 34 39.68 +5.96 129.68 + 17.538 "% 57.28 +18.37" 2.28+0.12 1.14£0.18 1.33+£1.29"%
CKD 3b #14H 33 38.73 +5.87" 175.65 £28.27™% 68.46 +30.55" 224 +0.09"° 1.24 £0.24"* 1.69 1427
CKD 4 121 38 38.19+6.13"  253.88+55.34"7 90.83 +56.37"% 220+0.15"" 132029 2.75+2.13"
CKD 5 i1 32 37.98+7.14% 56297 +21538"%  195.63+140.56"°  2.13+020" 1.61+0.33" 286+1.51"
F 18 3.660 146.520 34.410 11.500 24.400 15.890
P1ia 0.002 0.000 0.000 0.000 0.000 0.000
T OS5I HE, P<0.05 ; @5 CKD 1 414, P <0.05,
R3 BEAB-RFEEEDRFGF-23 KM (x+s) R5 HHbaPWVHILEE (xzxs)
) n  25- BYEAEZE D/ (ng/ml) FGF-23/ (pg/ml) 23 n baPWV
B4
oLl 35 32,68 +5.39 24.94 +7.36 R IRER 35 1192.31+243.19
CKD 1 #140 34 1250.23 +230.12
CKD1Midl 34 30.33 + 6.42 30.52 +11.43 ;
\ CKD 2 $i#H 35 1425.64 +240.74"*
CKD2#i4H 35 27.52+7.25" 36.65  12.17
CKD 3a B4 34 1515.28 +250.36 "%
4 o) @@ O
CKD3a ¥l 34 25.83 +8.01 60.37 +15.29 CKD 3b 112 3 1 634.65 + 258.41 %2
CKD 3b #3141 33 22.02+7.92"% 86.34 +23.58"% CKD 4 721 38 1 698.73 + 264.53 %2
CKD4 14 38 20.66 + 8.63"% 124.36 £ 35.14"% CKD 5 #iH 32 1710.29 +261.47"
CKD5 4 32 17.38 + 834" 17331 £ 43,53 FfA 24.300
P{E 0.000
F1ia 18.150 159.540 ‘ ‘
o OSXIEA L, P <0.05; @5 CKD 1 M4 1bi, P <
PE 0.000 0.000 0.05.
. Q5 XHRA L, P<0.05; @5 CKD 1 HI4 1k, P<
0.05, 3 itid

F4 BATENKFE 25- FB4EEZE D GIEET S L BRI L%
[ng/ml, 5] (%) ]

205 n <20.0 20.0 ~ 299 30.0 ~ 60.0
pogistiil 35 6 (17.14) 21 (60.00) 8 (22.86)
CKD 1 3141 34 6(17.65) 24(7059) 4 (11.76)
CKD 2 #148 35 9(2571) 23(6571) 3 (858)
CKD 3a 141 34 12(3529) 20(5881) 2(5.89)
CKD3bMIZH 33 13 (39.39) 20 (60.61) 0 (0.00)
CKD 4 944 38 20 (5263) 18(4737)  0(0.00)
CKD 5 41 32 25(7813) 7(2187)  0(0.00)

AW K& IAE CKD B #E Y, 1M iPTH, FGF-
23 PR SE T 55 . BErA8{k. FEE eGFR AIFE
ik, 25- F4E4EZE D W FFERF iPTH, FGF-23 /K
T o 7E CKD Ay 40 B H 00 o A Al P . 1t
i FGF-23 5145 25— ¥24EE D 275 ; 5 1wk |
iPTH 2 I1EAHK .

CKD i a3 45, 1, 25- #4848 % D KF TR,
M#% . iPTH. FGF23 VTt , SEma g APy pef G,
3 CKD-MBD. AJrJEA, KZE01 CKD i)
H MK IEH, FGF-23 Fl iPTH /KTt 5 & 2 F 1
WP AR N " SEE TS AL, 7E eGFR 1%
F 40 ml/ (min*1.73m’ ) Wf MEESHEACE RO . Stk
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WIS, 4F - ARSI A K T 23 i

PR B TR R

PRI A TR

R —3, AR LB ILAE 3 AE CKD B
M3 FGF23 j& CKD &4 5 M- 1R 2 EL I
W YbREY . SEEAEMAFR —2", CKD HRFkE
# eGFR IRFAK, FGF-23 /K-FFtm, [FAFfEA iPTH
IKETFES A 25— B4tk 2 D KERRAR 5 FGF-23 K1Y
FHE R iPTH AU B K -0 . 50007 ARE 3L,
T ERY CKD B30 B 25— 244 R D AL s
=, HBI5 5N 54.37% F1 41.26%, i ELAE eGFR 4%
FERACEFRRC I, S FEZAZER " —TgA
133 5 CKD3, CKD4 #IFE# SR /R, R
N 25- BRAEAR D KPR TR mEANY. Wi AR
TR = H W S B E & D =5 ", A

hn, 1, 25— B24irEER D = 200 R se i A
YA R D AU BB T3 PTH A B3 n ™

MG K BUTE eGFR B R fEH, 25— #ééﬁi%‘?
D MREARR T iPTH BT IR b i 7 KRR A
FEHE— PR AN R R N R o R EE I 4E4E R D
BB ATEN, LA 1, 25- 34E4E K D 1 CKD-MBD
HRAPE R

O AR CKD BE LT 25 . Hoe
PR R L2 HE, BimESEHFERNEZ —,
HIEPEF R R, FSIKAER S0 IKES T2 ] LA i
W CKD & (& RAET-FLL AT FET: "™ M 2211
— I CKD A5 8 bR B A o v, i = sh ik e 1k
VA1 T R 5 B kAR BE AT AHOG, 5 eGFR T R#AH
KM baPWV BN KRS B A e bRz —, JERAT
T2 W baPWV I 3 Jik A Ak 10 1 A 50 A A 57 16
SRR M

g5 TR, CKD B N FUAI 25- FR4E4E R D
KOV, I W ot A (A R, R TR B fE R R R
Tl CKD-MBD %A . & J Bt A B =R
Mo BRFAMEGE UE— RS AER, AR
i CKD-MBD 240 5.0 B GRS I RR &

2 % X #k:
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