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Abstract

With societal development, the issue of population aging is becoming increasingly severe. Osteo-
porosis (OP) has emerged as a critical public health problem both in China and globally. Osteopo-
rosis is a systemic skeletal disease characterized by reduced bone mass and deterioration of bone
tissue microarchitecture, leading to increased bone fragility and a consequent elevated risk of frac-
tures at the hip, spine, and other sites. Osteoporotic fractures represent the most severe complica-
tion of OP. Among these, hip fractures, often termed the “last fracture” in one’s lifetime, are asso-
ciated with exceptionally high rates of disability and mortality. The pathogenesis of osteoporosis
is not only related to the decline in bone mineral density (BMD) but is also closely associated with
an imbalance in bone turnover. Currently, the measurement of BMD using dual-energy X-ray ab-
sorptiometry (DXA) is the gold standard for diagnosing osteoporosis. However, it has inherent lim-
itations, such as being a lagging indicator, and fails to reflect the dynamic process of bone turnover.
In contrast, biochemical markers of bone metabolism, such as urinary calcium, can dynamically
reflect the balance between bone resorption and formation. These markers can compensate for
the shortcomings of BMD measurements, serve as a complementary tool for osteoporosis diagno-
sis, and hold unique value in predicting and assessing fracture risk. This review synthesizes exist-
ing evidence on the relationship between urinary calcium, other bone metabolic markers, and the
risk and severity of osteoporosis and osteoporotic fractures. It explores their clinical application
potential and limitations, aiming to provide a reference for subsequent research and clinical prac-
tice.
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BEE N ZEAL IR, B BT BAs O o v [ 5 2 FEANG AN T e (7 02 ) 2, He ik 2, H Al
o R R R B LR 9000 JI[1], HH R AR N B R RA P 4T I SRR RO 18.9%, o Lotk R o R
SEwi[2], ARk FUGAMGE AN B i 2 12, 1 ik K R E b N, RO s H 2t 1 & (3]
B RGN E B B L B3 ™ B ) I ROIE i A2 B R R PR P 3 B AR AR 1 i 2 LR AT BB AL (4]
T REL I DD 3 o I S 3 S5 A 0 3T R i SR AR B T v e e EE R, AT B R O T A
RTINS, ARE BRI RE > o, WA I RN N —E T
HAE—F NI TR EIE 20%~24%, HHRFERIT 50% [5], XAMCFEEF LERE N, mHEHBS
W, 75 AR S IR . Tvt 21 2050 48, Fe B o mi A 1k 3 (R0 A 14 BI85 ) PO 4 609 ) ke 45
i 600 J3[6]. IXLELERBIERY], B FGAE R PT AN 1B 0 SRR, A & i
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12. BEGEREER

WHO IEFIXURE X 5 2 I 5 MRS (DXA) U 1 3 B2 (BMD) & 4 i 2 W i R FA 1 S hE[ 7], 1H
5% B (BMD) 2 FasdRbr, HmIRMEAG SR EB]. BEERRE N KIHMERE, % BMD A2 )R
BRI WA HERS, 5 oR AL R O™ B 0], PRI B X K TN RE A IR, ARE A&, ARE
e PG ORI o FK, B TUBRAL B BB RA T 3 R A 5 B e R B A7 AR S DD &R, BMD ANRESE
SR X — A A AR [10], e B Ao RAS I, B3R 20 A 3 1 WA = KT RS 4 PR TR
WA, FECHERSNELL], EEEENRE MR, BMESHEOR, SR ERN2], E AR
i BMD CANE LA TP SR B3 KU EAh, B % B (BMD) RN e % & Bt A= 0% 2RI Je
B, BRI 7 E R AR A S BN 18], HRTE BUsa RS A CA R RIR T %E, 2
W R4 FRAX T H DAL B AU B 4R PR ARG TR 2K FRAX & [ i F A 3 XGRS T T2 5,
geRg I F AL PPN ARRTFE R E IR, AP T 8 E W BRus sy
(BTMSs)& B HH AR 84, Mg A HRES, 2B Jr XU T (AR S A G R 3R . KB UR WK BTMs
5 FRAX B BMD 45, el B4R g I A (A RE 77, IX U] =34 BeRs oRAME LA AE OB, A
ORI a3 S AR R BT IR . X B AR 2 2 FRAX TR A it
TR G VRS S o 2, TR 75 R B N Z TR, Rem @ NI4T 7028, R4 K45 R4 T
e fE N — DA DB AR AR (BTMSs), X T b fa AU ELAH G BTMs B0 I ARERE— 24T 254
BT, WPUE REANGTT, TR NREAT A T HUE IR & .

13. BRIEEEY—ah7SsEn

B AU A AT AR 2 FE TR L B PR R o] LIRS B 1, A2 B e 490 ik 2w il B 200 R AR Rl 4 7= A 1 A
=, eSS SR AR BN A AR AT AR [14] o AR HAE BRAE F Al i AR AR 2 A RR, B TRk
B ) SR B WSO 0 o T RObR 50+ I W s i A P 5 P B T J 8, Qe P ol 2 ol ER B (B AL P)
| )55 N i TR (PANP) B 452 (OC) %5 . BRSPS S : S WLRH v 240 By 1 2 B RS 2, | BRI
J& C 35k (CTX) N mBE(NTX)ZE[15], Bbah, FRAS(UCa)VE N —Fh 5 TIRBURABR ML S br, Bk
T B TR ON L5 58 15 B, A RSO M ) TR 3 2 B M FR AR [16] . S5 S AR EL, B AR R b
MRALE T e B R I AR, FIEE & B3 R R BB P s, R B R
HHT KB BINEE IERESES NG TT R, 8507 ZRE g RS 2. 1B R —HBhE e,
H AR AR e ST S W B 4 K DR AR [17], 2 B B A PR B RS O S T T, R
(BMD)HJEEA T .

14, BRIBENEERETR

HAUHE MRS, HA O R R, RIRE 40 S 0B RIS R 4 A S TR
BT FE[18] 0 XA L FEGERF T B 8 O UIRGE BB TR AL A R o B AR 32 B =R A U ) 52 i 1)
HAMRIE TG40, RS 5ERIGIRE: 2) REskiE T mF4aRs 58l iE: 3)
i PR SRR T A B T T B A, T T BE R A M UBRER SZ A AN R T 0 [19] o AR T R R
X = PP AL [R] 2 5 I 52 B WU 57 A S5 4 25 A BN A P R, 3 — a4 A e o £ e
S, EAITIE I B KR4 D 2 B i B LR B s AN AT, I 2 AME 5 4 SRR I A LR R R 4
MRS E[20] . BRI R AT 40 N i e R VIR e e R [21), S R BB R SGE R K Tl TR R, =
PURER, WIERA: 1) A2 EMEERZ MRG0 A0 R W R, B A0 s M 3
R 2) HUIRSEIRIDRE TURE: HUR 55 IRIBCR (PTH) 80t i, 1 FE SR A 40 3) k423K D k= 25(0H)D3
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P BRI R AN A, PTH AR Ty, Al fedt Bkl 280l Bk [22]. MRS SORH I
WS ETRRIG, BREEEER, BEERAESE, WILFERA: 1) S pes o S
TR, BTERAE SIEEIR[23]s 2) KU AIRE R R AR I B I G, R R AR AR R T
[24]; X PR AAG MY BB REAN A, (H A2 BR[O S i 52
PEREAR,  REMT A E BB S g e 3T o

2. BRBHEIRSBRBERMEH

B R G RA T R ERAA ™ IR RORE, Hek A G B AU R AT AR O, RS N R AR S
17 1 2 R AR S HAh B AR bR ) SE S S s B AR AR, AN R 2 R 5B o A XU i R T
THE ALK B [25].

21 RESE5FREREER

PREG(UCA) 20 B R FE L 45 88 7 i, 3 LA 24 /NN PR HEHE (24 h UCa) B /= 47 i R 45 /UL AT
FAB(UC/Cr) AT B [26] o JREG TR IR IS 03, JRES/KT BB 1 5 WG 405 ey H A e, R 42
BT R AR P ADIRES o TR R ERIE T RSO B WS AN @A, — 7 T e B A B RSO
W ARV R I, RS MR R BONIIL, B85 B R st o 5 R N MR R, M i & B RS, o
— A i B NER PRI N IR, B S TR NE R RS E R, A SO BRI B v, i
AP AT P4 U B PR A A, T S EUR SR G . R RESHEES I, KRB, Y
FRIMAS 7K, R 55 I S5 R 2 T AR 3l i 86 R A R, X it — 2D S 80s meia[27]. 51—
JHIEHEREHOT, MU S S 4e R e — AN R KT, (W R & P AN it 2 5 iz 8
W Thae s, o emm RS IR /K F[28] .

o R R SR RS HEIEE: > 250 mg/24 h (Ztk)/> 300 mgl24 h (1) JRESFH s A B SfE
F, H— RS sien g Rk 20, BRIOEE, slEaEREEA, BEE TR, B
W, EREENEE, E BB AR DB P T USSR ORI N s He PR AT T v i £ A A R XU [29]
JEAN AR BRI 7T 2, (A2 iR 1R A B A P ST M T (5, 40 Rull A1
Arrabalmartin (2015) 7% — I SL46 H 4 4448 J5 10 b B s As & I m S IR B EEOR 40%, B R IR
A I PR A5 5 HE o 18.8% [30], Abdalbary Mohamed A1 EIHusseini Amr (2023)ZEWF 7 i HY, SRAS TH e
AT LA A AT 3507 () B 5 B YRR, H PR BRI AR S 0GR B VR IR A G, B AT PR A IR
B R A T S [31] . L5 EATR, FEFCEE AT, RS R L A L Bk R AL
B, MU AT A TSI R IE 7 B M MR ARER, HI55 7 & s KA 1 e
2.2. ;&S5

I35 (Ca) M5 B (P) /& F K A 1 EZE R Sy, KPR e E AR RS, MAMERFE
2 FEU B S MR S B R [32] o ILTE £ B I E Y8 DN (2.25~2.75 mmol/L), MR K2
PORYEAE R D SR Z B HRF IRV GEGE, SECE TN, BEEERE R, S Rt
T KU 7 [33] [34] 5 L7 A A9 1 5 1 Y8 B R (0.81~1.45 mmol/L), I iE Rk FE TH i th & T3 i1k,
SECEERD, SEIET R R [35]. MIEESBEKTZE ke PTH 4E4E 5= D I 259 LA R RS FR AR
PR A 2
2.3. W EELRS

ol ol BRI (AL P) 21 T2 B Y G B, HL 5 7 F) T (B-ALP) & TR B A (R S M A=t i 2 —
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TEB RS Ak I 2 e A6 DGR F , BRI 5K B R (2025) 7E — T9 G T [ B IR ik A 3 (1 T A i 5 i 1
135 T-ALP K-V 525 3 10 H 5 L AR b B T gihs KOS I 52 S 25 ARG, R AN 1 B P A8 P [
RICT A 51 5 5 5 5035 U R [36] » X — 4 R W VE DR M T iy 5 P i AR R, i B R
IER, B3 KU A KRG -

24. BIEE

HAG T B AR R, RENE S E DI REAE AR, MR E BT S B RN EE
FE R R R AR R B A, AR AR B [37]s A 2R 1A /K ST Bl L S e A B R T,
HH R FR K AR B B R 2 T B, R RORCR FEAIR[38], 22 TR FTUE W] 45 3 KT T R
HSLER R R, BRI S 58 % R EAT[39]. B R TR 2 LI S 4 LR 2 T
5 Syt K. SN K IGR-1 KPR in & U AH 9% [40] -

25 $EED

YA 3 D R NRE S R B, F ORI A B B RN, TE N
25(0H)Ds+ 25(0H).D, A% 0o Th B S 112 32k figy a8 45 WSO AR 38 1 O A A (] B 36 5 JUL PR g it [41] 5 I i
25(0H)D MZK P 2144 3 D /KRG bridE, JCIHAEE B B P AP BRI B R A R & e
K #[42].

2.6. BRRFIRME

FROR 55 IR R 2 HH R S5 IR 4 WA i), RS sd s A F T B i i 1 DA 4 RF LB A5 e e, B Rk
B NS A T BE[43]. Rejnmark Lars 1 Ejlsmark-Svensson Henriette 7£#F 5t 1 26 B K 1 2 7%
Tid @ PTH 2 S80S ik, wWUECS IR, JCHER U RIS % E TR E NRELZ TSR
RYEPE B RN B T I R AR [44] o FE IR X IESE AAE— TS LA 9 R o A P i T R85 FROIR 5% i
BRI R m TR R, RHIR S IR 2 T aes i, g o T E e, s,
SECEREER, ARTEGINE TR X[45] .

27. B AR ESEIBEKRK(TPINP)

TPINP HEAE K, & | BRSSPI iEYE, HACFS RE st BRIEE K
HEEFRRIEMR, REEERMEEA, TPINP /KFRHARIERE AL, & PTG R & [46]. R
R, REEEFAPIRE TPINP 2 MRt T 2597 30 e B AR PR [47]

2.8. | B RPEMREFHI(B-CTX)

B-CTX ;e & al g | TR R Pe 2k e e e B, HoKT S8l a AR i P I R B R 2 1E
MR, RBBURNERhrEmZ —, HACPTE S8 3 X £ 52 EAHR[48].
3. REERE
3.1 BES5EE

MiE NI, NRRINUA S = &g 888D, & s QRO W, &R Eadr R
AR HORESR KRN, A XLEE X B 2R ROe 5 v (DX A) I = & % & (BMD) B /& 24 i 12 Wi & iR 5 A ) 4 b i,
{E B AT 52 (6038 N F 0 PR 0567 S5 e AT IR o, i 25 R R S Bk I BB AR X — Bl A I 7
BREAEHETER, FEEBI T RE SRR S R, 185 AE T B RS BN — K
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BLIRIHE AR, AR IHAS 2 A 2 Wi R RA AR o

3.2. ZIPMRE

LR EpriR, DURES AR, A5 CTXPINP 78 A I BRI A AR S, CBONE BBRAAE & 3T
PSR T BRI BB T AR GUR N T VA J B L (BMD) I SRR, RN T A1 o i e e
WS T RIESE . AR S S Wrs R IS, SEiS W Nl &e, S iy 52
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TR A R E B TR (0 FTS B2 B o P 1 3 P DU TN 5 4% OR A B2 AR o (HAG 222 22
WETERIGUEIX — 4518, IS R AR 25 R A DA B AR 6 BOSRAE v S N P IR PR ISE P, A It e [ A 4
BRI (041 52 gk BRI RE TR AROR B BRI TR A2 i Rt 1 T 28 A vh Al RS TR
¥ 2 OB AT RS TN PRI e, B 45 B 2 5 (BMID) e PR RURG: DR 6 R B AR AR AL AR R 2 TR 2, LA
SR B JFUBRAN K BT BRA VB S AT S RS HE A U0 AN T 1, R 2% SRR 1X — i i SR K LK
A IE DR
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