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Abstract

Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease characterized by immune-
mediated injury of the small intrahepatic bile ducts. Long-term clinical follow-up has shown that, in
addition to hepatic involvement, a proportion of patients gradually develop reduced bone mass or
osteoporosis. In the past, clinicians often regarded skeletal complications as a late manifestation of
advanced disease and typically initiated evaluation only after fractures occurred or when patients
had progressed to end-stage liver failure. However, recent clinical researches indicate that abnor-
malities in bone metabolism may occurred while hepatic function remains in a compensated state.
These observations suggest that bone impairment does not only rely on terminal hepatic insuffi-
ciency. In recent years, both basic and clinical research have revealed the role of bile acid signal in
this pathogenic process. Bile acids are now recognized not only as mediators of lipid digestion and
absorption but also as signaling molecules that regulate metabolic homeostasis and immune re-
sponses through receptors such as FXR and TGRS5. In patients with PBC, cholestasis alters bile acid
composition and sustains a state of low-grade immune activation. These changes may influence
bone remodeling through modifications of the intestinal microenvironment and activation of in-
flammatory pathways. Several cohort studies have reported that the prevalence of osteoporosis and
fractures is higher in individuals with PBC than in the general population. Notably, the magnitude
of this increased risk does not appear to parallel liver disease stage in a strictly linear manner. Dur-
ing routine follow-up, clinical teams tend to focus primarily on assessment of hepatic disease pro-
gression and pay less attention to skeletal status. In some centers, intervention is considered only
after a substantial decline in bone mineral density has been documented. This approach may delay
the identification of patients at elevated fracture risk in earlier stages. Incorporating bone metabo-
lism-related parameters into standard follow-up protocols could facilitate earlier recognition of
skeletal vulnerability and enable more timely preventive strategies.
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TEJF R MR IR 2 (PBC) KA B A2 o, I RO A AR SR R E IR Az 1] 2R TR AR AR
1 A K 3 138 J UG WEAil 1 EASL 2017 4F R AT PBC i AR SE B A 5 IH VTR R P b . SE 22 T &1 4
e R B AR T T2 38 AN T R AR XU A R 2 B9 97 HAR[1]; AASLD 2018 4457 [R5 1 A Ak N 2 7 Tl S 40 J2
HRE (2] AHELZ T, (g ) A AN RS BT L, HI 3R AE Z 2 pE ViR b 5 85 S5 Thre da
PRSI A B . SEPR TAE, % PPN E T MO E i = R U 1 ] 2R 4

PR B, B MR R N I B R A B BURAREE R B, e I RAR S R A, T AR i
R Z R R E T . BT EERUR, BRERNEHE TREHR G . SFRRAEMIEE T, 5
MBS ORI R EHREDN, A BBV, X E R RS T R R B R

1M REA: 2 ANBERT 7887, PBC A3 B S /D Mo 3 A B i T — M ABf . Guafiabens 255 PG 3t
FAct PBC i HIREWTHI O 7 o, MEARE 3T ARMEICE 3 S B R B I R R AN 11.2%. 12.2%5
20.8%, HAHIARU™ E AR 5P S AHOC[3]. 7E— TR T 9 [E GPRD H4f B ) =i 14 A 51 i 72
PBC B R AATATHEA B T AR 29488 0 100% (HR = 2.03, 95% CI 1.70~2.44), 355 37 KU 5 535 T
A (HR =2.14,95% CI 1.40~3.28) [4]. — Tji%fi 4 4= [F B0 iF FeIL g N 3980 BIREAS, JFRHEGERS. Mal k%
R & I ESIRE N R . SR, B2 1B A#E, PBC BEAEfTEAL L A H 3 X B N4 60% (aHR =
1.6,95% CI1 1.5~1.7), ‘B i BiAa & 31 (0 RS 2130 100% (aHR = 1.9, 95% CI 1.7~2.0) [5]. JEHH— Tk T
5 1] 4 ] g R B 3 P2 ORI it — DA s, fEREAERS . R de s, A RN R L2 M & HER,
PBC 1} 5 MfatE B #r i Sr A 55 (aHR = 1.63, 95% CI1 1.20~2.22). Herfr, 8 Fr XU E T+ 58 B 2 (aHR =
2.23)[6]. HAFERERIZ, KSR LI T WM, SR RERER . EPE RmmiasT. ELE
B JE R R D KPS IR A N RIS ZE R . B RIS FE R AR i S Ge vl A5 AR
MAEAE . BT ARFESCHRIEYE JIEA—, PBC 5 OP [ F 56 24575 5N 2R 55 (1 B i PO 7 s 44y
Mk AT 3 — IR IE o

FET IR A PE TR A DG RBRAA I, AATTAEAT B S B TR SR AS IRV T 4 A 3 A JE DA S S 2
BE 2 555 £ FE N DR RE[7]-[9] X Pl AR PR AE SR 0} T~ 2 AR BT A AL 2B 3 1 B IH 2 R PR IS i — e 38
o A, FREEOLT AR AE R PBC BN BIGARIG . G0tita, BMERFIhaedia T4
XA RS ~ A HH I AR R I, 508 7 A6 8 1) FEE A B i 2085 PR 2800 MR N IR 2 5%~10% [4] [10]
R—ZRRn, B E R AEMASCE, T AR T R B 2 E B .

G RBEV AT IR, KPR WIFATR 2R E “ERaREEREm” KR, —BERELR
YRR IR TO M, MIE4EA R D AP RIIE T, ARR EIE Db s, R A
1, AF Al DUE R A AL O R B AFNE BN o FREEMR B JOREIR S LR TR (5 S ek s, 8-
VRAEH 9 7 OARRE R A .

W R AR AR A 98 (PBC)AH G TR BAMN AR “ WS IE AR ™, S5 (Gt I B3 2 3 4 e S D I
IR o WRIRMEERIA, 50 38 TE A 2 2R AR B, B IR K O 3 38 i A KU
TR AT TR . BT B AT R R S R T G AR ST RIOZ IR, AEH IR Vs ik R g
AR REVEAY, K BT SIS RO R T
2. BBitEgs . MEBHRREIGSRIERE

1E PBC AR HLEI AL el v, BB S 22 A B AR AR Ak RO FFF N B, 0 90 el R B4
W IO A AR B VR . SR, BEAE XTARYTRRAE WD # S R IR AR R, L OA TR R aiE SN
HATER B =Y. 2 DR TR, ASFREYT R AE 2R oAU R 4% K o g% B 25 AR P 5 L5 5
SFfath. Kk, PBC AR IMHERIE AR S A RIS S BN R EE, BHRERY KA
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8] (4 SR A7 DR R DR 52 AR S e PR 3 o P R G PR S5 W B BB AR, IRV R S RS O 2 R A
JHREFERR, T E AR AR A IR AT BRAL T-X — 2 15 S i M 4 2 .

TESIRBERE S, NBE S SR S BOEITHRISZ B, AV BRAE A SRR AR . BRI
FR AT EiAt, I 5 IRGAR BR LA 456 8 50 B BUIR R /0 A 7R R AR 0% o 3B o0 I R 98 4R
RNV BG5S 2 (R B OGHe . i, A e O T 0t 9 7 08 M R DR AR P s S R R B, 1T i e iR
TR KP 5 IEHE B 2% B2 2 RO OG o5 — TN FE 887, IRRIR I R LU A A 1 i b XU B9 A 5K,
PR BRAL B AL FT e E AR A P2 AR RE e . ERARINAE B M AN RE I R R DG R, (HIXEREE BN “ Ryt
1R - A7 SRR T AN ZE TS+

fE£4rF )21, FXR (Farnesoid X Receptor)5 TGRS #INAZ BT RN F1E TR R 2K, AR
B, FXR FRAE 20 A7 b R 4 e v v FE SR 4, 8 RS 4 i % B 58 ot 240 B o 7 T e B8 ek [ 11
T H R TR R, FXR JERIE /N R T B s B i DI Re IR S IR 12], #27% FXR Af
e 5 E RS . AAMEIIN R, fE—E &M, FXR Bahilnl {22k e #H OCHE R (41 Runx2.
ALP)JFIE[13], AHILAEA BB oA S5 A 1) BARAE LRI A et — 2B W . i TGRS &, %24 AE
G 200 S B v A T A b A O R & [14] 0 #8770 BRI 7T s, TGRS B0 Al il g cAMP A1 55 5l
PR JORE R R 15], FFAE RIETT 5¢ PR E /A0 A — @ e[ 16]. SRT, IXRUEHE 2 KUF T 5250
A, HAEMYEIR VA FAEL PBC ABFH ) SEbnfE FHARFE Mk = R IIE . 255 DA SL 50 S EE Al 51 45
B, ATUAHEN, IRV RS2 A4S S R T el S el S i ThRe, S5 EEEREE. HTRE
fath 2, &%t PBC e AFER BLEL > FUESE AR IR, AR DCHLEHEWT 5 75 56 2 Im PR -5 e A 5 m LA
WESE

BRSARAGE T 40, B R R R T N B i B A 1 B A R BEAE X PBC i B AR BPIR S B 7 d2 s,
Fog BB 22 RN TE R B e 4 2 PR AL 23 . 8 0 /DEAHIE Fe 4k i, PBC S MLIE B TE b
VB R PERE R 85 F) AT AR BRI, TR bR ST E R IR B2, SR E A 2]
REAEIT 3 B rh 4R AT o X 5 B Al 5 i DK Bl 1) e i RO B SR BRAA A AE — 8 22 5, SRRV TR
E5RE A RE R TS5 EE TR

FEMEIRBURASTS, I B A R i) e 38 ] R sz i i 107 76 B s ) B LA R, TS AR VA R4 AR R
W= R TR, B4 3K D 5443 K IR N RE[17]. R, B e S5 AR
WHAH TR bR A8k . B4R D KRR RS T I B RS A i 4i e Th g, T4EA= 3 K A2 W v] G52 &
BB R AR SO B T [ 18] A IR BER A RRERAFAE, TTReX i E4E e A B

MIX—FEARTE, BRI R A A O I AR S EL IR &, B0V IR AR 7. H RTERR PBC
NFE EENHNERUIAA IR, A CaEWRE RN, HTRESEN. B8 58 DS 7R
W2 S IR AT REAFAESS XAE o AHECTET AT — R, W2 RGRTIE N LSS, Hvr s fen
BRI AR .

3. BEEETEREPHXRER

FERHVT B RN, i AU IRV T BRGNS 45 M tb 3 B, R ERACE . SR 5B REr
HEMA[19][20]. Frild “Bp - 507, R E RS A L nTiE I 2 2 m AL s B AR . WIgUH
RN J5 48 B R AT B AN TR A, G BG4 AN S e I BRI R 3 24514, 17T RE 5% FXR.
TGRS A5 S NIFRUS . S UGFIIT, [ g B 28 40 SR A T P B e D BR AR B H1 55 5 B B 1)
e, FFUENTRIER FRIAKE, MifiiEid RANKL/RANK/OPG 4] #5255 B i 30 -

76 PBC B 5N, MRS B M S SUS A I AE . RMERFIhRe MR B RS, M ol

—_
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e, KA

ME B E R . XMIRIER, B BRSO kR, Th RS miEE SRR
Gk RAERER RNX— AR, BEEFRESRTHMACEANET ARG Z8E. “W- &
B BV ST REAESS PBC AH G AR R IR AR .

IAESR, ZIAET 16S rRNA W7 (ST HI A7 5T e, PBC % Wil i 45 M AA 7 — e AR FE s
XECHE I 2 /AR, 45 R 2 [RIINEAE — 8 i, Rk 8o, 55505172 (short-chain
fatty acids, SCFA )= BiAH I [0 TR B = B R B4, T 350 23 V8 7R A2 28 AR G B RE LU BT [21]. S A WAL MER 2] PBC
NBEH S 5 IR PN B A R = B AR . IR R IR, BRF S5 M 8 A v] R s mm IR BRI “ A 27
REJT, MITE— @B bR MR BRI AN RS2 AR S AN g o O bl e AN, H AR T IRV PR AR
10 5B 5 B 2 TB) ELE R R R B s AT A PR

FRENRITIR, JUHE TR, FEYEReg b B B I e B S 15 S0 928 e S R HEAE F [22]0 JiEA K s Pt
Ui R, SCFA /KPR IR REHI 55 1 7 BERsThfe, 145 £ B (lipopolysaccharide, LPS)& i A M AH 4 15
SHENAEIR[23]. LPS Al Toll-like receptor 4 (TLR4)IEEEIE NiF R AEF 5, FErT et &AE R 138
. CHZIH IR, TLR4 (S TIlE vl 52m RANKL #5 R il & A 7 i #E[24]-[26]. #AT,
H AT WSk Z 7F PBC R5 57 ANBEH RG0ITAh “ W BE-LPS-TLRA-F R~ 52 BLm B IO\ aI i 78, DR AR ML
AT A L T AR AR HE T

MWL FERRE, IELE PBC AHICE A & M IS AT ge i R 2210, BlanmE a2, 0
TR TRE ) T B DL B IR PR SOREAS 5 NS . AN, H BT SGUEYE 2 5k B R W7 D00 5% sl R it s 06
PRI FT, 1% PBC 7 NI AIBE U5 SERMP A B TR« ZEARRIIEIY B, Wil 5 AR 2 8] R AH
RKAMIAEHRE, A RAER— PR TP LR .

4. REBRESEERLABHNREMEKR

TERR R 18 5 BB A B R (S 50 R, PBC 11 G2 5 RS T REAL) F B AR i U8 4 f 2 25 i [
. PBC {ERN—FiLLE 5 Fufe I N ARZCRFIE RS AR IR A MBS R AU S 5 N /MR
PR, WAEA S R4 —E . AT AR, PBC BEAFE T AR LM, JuHE Thi F
Th17 R SHE5E[27] 28], FHFAIHMIE] TNF-a. IL-6+ IL-17 £ &AEF 77K FFHEi[29]. EiR i iioR,
TEM A B, RVE I ThRRFR AR AR AR 8, AU AT RE4ERFTEARE S TR LIRAS

HHLIAEF LN, HARSKET el S E s 2 M shS P . Sk R0 2 Fhdgi -1
A 30 2 Ik — PR SERR I PRHF IR Y], TNF-ay IL-6 & IL-17 %{ 4 5771 1f RANKL
ik, FRIE— 8 A T IR B G0 M o B B @ B TR . R, TEARME A B R R, B
SR SRS S T RETE — B L2 HE SR Aid, HEfoT PBC R A 2R 1
KV B 2 P L I A I it L AT AR R R

RANKL/RANK/OPG #ilil 2 I\ e G N2 5 B RSO FE R OGS 7 1Al o EVEIRES T, %
YA AT B RANKL 3Rk, B0 i 40 iR 1[0 58 FLAE RS OPG /K1, 3E 1M o 5 A i 4 i Fr A= 4
G PE[30]-[32]0 A LSS TR TTHLHIAE 28 KGR O R 55 B B S i AR 212 Rk, R SRR AR
THVERRAE 5 (PBC) & B P (1 B AR PR S it fE ,  H AT IR BERMTI AR B = .

8P 9 XA R S M R I 2 AR ARAE, HFARRIR T2 IS S8R . B8 1 s R
B UL PR o MR B AU 3R L JULI T R 90 2 5O B IR 2 (R D BT LB 777, BT T 4 T vy o g
FaAS o BLAh, SOREA S AT RE T4 A /i VY K Re S ARUINE S A% T, W1 55 i 20 B AR A SRR e )5 R
SR, A IESE 2 UR T RE W WS MR 7T, X PBC ABERI KA 17 A B a5 5 R b 78

FENGPRBE VT ST, AR FE e G AT AT B Z R S PR I R B, R AIE FR B v e A R I 9 42 B
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2, BELTIEHESHGENA, FEOZWEREME AP R 52X, Fw# T Rl 2 RaE
BERE, e P T R B R N, A DG B B AR IR AR AR AL C R SR IN [A]

CREBAWI IR, PR A PBC MCH FRBLRA AR HLIR S AT BEd i 2 DR 3 2 I 2% 14
AR, MARR TSI T HEETRE SR IEMIA S AL WA AR SR AR
£, BRFEEE 2T R RO LA B

5. IR SERR P R EEEME i S DL SCRR 5

FERRA R AT . B B U S e i SRR = N, OF 25%EY LR IER PBC nlRgfk
BEEAR R . SR, 7EH W BE U, XL 2 T 1A RS SR I 22 HE 2 (R AN 58 A B . H AT PBC
MBS B AT AR R AE AR AL B . AR dEbdE e PR OGS Ry, OISR 23 5 AR AR A0 IR B [1RE RO A —
o HIhRetabs 2 DR B VPG 1, TR R A I i R R R K AT . TR
PSR AR AT B0 R AT B BT, X IR RIRS 225, AT Re s m i B R A R 42 . B
BB, /DAL T I IR R e e 2 AT B AT

[, A Rl 2 LR B I SO A%, N EEES g, T ARG 3 AR I R 1 s A i 42
BE AT A PR . ERARFE B G WO A7 AE Fa 6 R 36 1) AR AT 25 FEA I, H R T S 2R A FE AR AR AL I3
(B U fid AW o 308 53 B S SR AL o, 1 PG S0 3 B 2 B O A R AE AN A X AP AE 22 57, FE SR
BA 1) H e RS 65 2 S AR ) LU 298 40%~60% o SRV LR LU DRI 50 1 111 57, 3R 24 SR i (g
e IE S B rR AT A S T2 1)

H H AT ARBE VSRR, B = BRI FH H R0 I0FE bR BB Wi AR S XU (1 S 57 . ALP
FRZT R SEFRAR DL SRR D K PESHAE R A S EREAE— E R, HEIERKLES, X
SE R bR AR B A R — I S PP A AL 4 FRAX F1[33]0 IX A3 % FEARI 5 PBC i 30 B VS 2
[E) ik Z R GBI -

WeAh, ]2 BT B U5 e HE AR RS D REAR DG AR AL R I OGRS te AR . B, RSP
Rl B bR YW PINP. CTX) [34], DA 7B EEEERAR A . BRAE AW SO R, B #bs &
VIR I BT % R, (BIX — IR AE PBC AR A e MU a frilt— DR R Pk, FRAX P4
WA S A AR TR AR — 275, F TR AW 31 KB [35]. FESERRN IR, 67 A& B iz g
TS B PH SR i LAASLA

TEBATREVIR R R, R MR M REAE & (PBC) B 2 IR T RHEAT KIARE Vs, B 5 e
STERAE A JE T P 0 Wb B RS TR FH 297 BRARARGT I P A, i (B XU A 4 3 LATE SR Bl
TR R RIS I H S 2R E R U R AR RV R, B Bh T AR R
HA I .

AT, A 00 15 2R 5 08 5 1052 1 TR A o R I o 5 REAE S IUBE VT F, 456 % 2 (BMD)
DSE - FATbR EADBTMS)RE I 11 AR RS PP A TR R 42 AU 2 P AN [0 SR 3 AT 2 2 0 2 £ A,
B AR T35 B BNV E B T v AU AT (R AR o SR, E 2SS & SRR AE A [R 2 R Ry 7 IR 58 T i ml 471
FRAR 382 b S HH2 T AR 2, AT R g — 5 I PR S B 5 B o0 T LA™ VT A

6. IFREER R
6.1. EZ&EFRETM

FEJFURAERRAERRE 2 (PBC) B KB AR, BROGERTAIE RS, X @ BERZS AT F VAL 7R
HAEEE . AR, % PBC B E500 I BRI AT B8 BLE & T B sl S A n . [
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e, KA

I, 7ER12 PBC Ja, W BT —IREEAE B M REVPAL, DL T AR R I AE AR AS .

FLLBVEAL N 2538 H 5 H % ¥ (bone mineral density, BMD)Jl &, [F]i 45 & B FFEw . M. AR
. BEAEE AT S RAALRESFIRIRAE S, B RS ZEA T8 HIr . Ak, arks il s ss . B, 25-5 4k
43R D DU i e bn B, AR & VA B AR 0 o

6.2. BEERBEISN

X R AL T IRV s B B 1, B 12 SRR A IREEE, DR T R
s, XMV, 468 HErR SN PINP. CTX) MBI, W aEA B T 3 550 &
HAS R R R BAh, M 25-R 48R R D LS JOE SRR IS T N B 2 E AR bR, R T4 A
Fr A AR -

6.3. EMEEAR S EELI

PBC BH LI RIEE . B IOIRE SR TT Z 8 J7 MAFEV MR E R, IR B 2R XS IR 2 30
—ERFE. WAV TRR, WA IRKRRHE T G52 FEECE ST XS AR oG . EREV R, X T
FAAE LN RGO B, T 2% RIE FE AR i 2 B R A RIRG, s 12 4> F AT — Ik BMD Pl

1) FEAAAEMLL R T (W1>2 mg/dL BUCEEZFF4E Tt ) EL ALP > 1.67 x ULN H ARIA AN Z pr ik
i) PBC &

2) AR BN BAGIE IR SRR 2 3 T A Ak BB A R A 1) B [ 7]- (9]

3) IfiE A E AR T 35 /L, HIMBRARE TE6 N H N>5%)8 BMI < 18.5 kg/m?, 25(0OH)D 7K
PRSI T 20 ng/mL (50 nmol/L)[¥) & [7]-[9];

4) GHERE(65 D). LA JE(HARKS1 ) KB K AEMEVEE P I6 E#5[33];

5) AR U E R ERs > 5 mg/R, (EHIEE >3 AN H) [36]. KIARIRFIE ST IEK (R A BE B
FERFFEAL >3 A H) [37]808 IRV BRES & 571(=>3 N H) [381VRIT I & .

7. &

A GEIT R AR 5 BB O S A S 8 1 S B R S A i . B RTSST PBC MG H
REFF VIR EZED T RGi4k. 2T IR, PBC EHH BB FoE 9T KETE T, (HIE
TE AL H AR — R AT S, W B e i ool . RIS st 2 7 R SO IRES I EE S R . X
PO ERATI/E BRAR B R BRAA BT, ANFEJR PR T Mo 8 72 R B DhRe 2 v b B, 1 58 i ) T4 AN A 9
o A I R R RS T R AR R

EERS, AR — E RN R R AR R, MEREEE R RER T 58 % E R
PIREFL, 28y EAEREWTIZE, KIBEVT R B = o 5 e bs EMEN A R IR 52 M id %
FIE LS e WRERFAEAE PBC i NBEH IS (B AR R, B 2B g g . IAT R PP T A (n
FRAX)JRARESX PBC #4711 IE,  HAEZ N HE A 0 T R i 12 A7 A A gk — 25 B

Ja S SN S TARTHIENR 2 2, 5 S AT RE A BE Ui A S, BhAS W IE % (BMD). B
Wb EYI(BTMs) B AH VT RR T FTEARFAE, T BB AR G A= Wb 6 5 8 3 e PR 465 S5 22 18] Fr ek e 8] SR 5
Zo [FIEF, £FXF FXR. TGRS VA& Th17 (S5 @K TE PBC B B HIRIA R T 0 B b, ¥
SRy o8 BB e 4 S A T LR A OCHEIE I . e IRt b, A AEIRAR . IR IR RSFIE, W
ZHFELREVPANNESS, FFAEM ST IO UE AR Hhont TN AS 8 VAT VPAL, R HESDIE IR R F A A% O B8 AR

g LR, 5T PBC MHSCH JBAA IR 70 IEAE R A AR, R (1) B B VPN 5% [ AR AR s
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5GBS DB RAE T TR IR 2 AL T S S Im Ry B ),
L IR LR TR ARV AR . BEE RTIE VRO UE DS AR R R, A R B AR R AT S
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