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Research progress on the application of bone turnover markers in diabetes
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Abstract: With the increasing prevalence of diabetes and osteoporosis in China, diabetic osteoporosis has become an important
cause of disability and mortality in patients with diabetes, which seriously affects the quality of life of patients and is a heavy burden
to individuals and society. Type 1 diabetic patients have lower bone mineral density and increased fracture risk, whereas type 2
diabetic patients often have normal or increased bone density, but still increased risk of fracture, which cannot be explained by dual
energy X-ray bone density measurement. With high sensitivity, strong specificity and good stability, bone turnover markers have
been widely studied in diabetes in recent years, including bone alkaline phosphatase (BALP), procollagen 1 N-terminal peptide
(PINP), type 1 collagen protein C-terminal crosslinking peptide ( CTX), osteocalcin (0OC), osteoprotegerin ( OPG) and
deoxypyridinoline (DPD). Bone turnover markers can reflect the specific changes of bone resorption and bone formation, reflect
bone strength, and reflect the changes in bone mass much earlier than bone mineral density (BMD). A large number of clinical
studies have found that they provide new approaches for clinical early detection and diagnosis of diabetic osteoporosis, as well as
fracture risk assessment in diabetic patients. Combined monitoring of bone turnover markers and BMD and more comprehensive and
reasonable assessment of bone turnover could enable timely identification of the high risk population, and early diagnosis and
treatment of diabetic osteoporosis patients, therefore play a role in fracture prevention. This paper reviews the resecarch progress on
bone turnover markers in diabetes.
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B R, ERBREBE. KEEUE
B RY B EE, N DOP 2K AR 4 T
R

1 WEFENERERERNRITRES

BRREERE LMASBRBELERR, 2
BRAAH 32T L ABERERK ", EEAQH
ER BERFIEBRAMENBRREZEH
B, RARPRAERR, 1 BERE (type 1
diabetes mellitus, TIDM) B Z MW B F FE E B &
g H BB A S R AL AE A RR R R 48%
~T72%" . St F 2 B R (type 2 diabetes
mellitus, T2DM) B85 , B HEH & BERIATHE
REMAS X ARE N, BERTREHR,
T2DM & & k2% B R e v A XS B B
BTFYEEAR, LB RN ENRERTKX20% ~
60% ",

2 BHBRREY

B % B k3 & Y ( bone turnover markers,
BTMs) ) R BALAXHHWRB(FIEEER) ™
Y, EBHEESETER T LK. RBE®, RGBS
PR R —EEYE. EANEEBRREY
MERWAREY, TE AR E HRE S TR
BT ARI T8, JE B AR BB 4 M T 3h KB R i e
MRy, T ERMEME™ Y. BTMs #93I
ERAGG/N REEMSERES, ANEEHRE
B RBEFERER  BARRERE FERE, 2
LW B R AE , YW B RS 2 T R, TR B T
RS % 2
2.1 ¥RBERFED
2.1.1 I & R M % B8 B8 ( serum alkaline
phosphatase , ALP ) 1 & 55 ¥ B% B8 B¥ ( bone alkaline
phosphatase ,BALP) : ALP i i 7K f# 8% g £ 5k T Al
BRI B (R BT, A R TR,
EEBNREHOTNBERNIER. BEE25E
PTHAHE GG, BHEANRBENRREE,
BALP AABRFHNEHALAKRRE, IBK ELEZE N
BALP, #:% )5 AZ4c ) BALP BE4E &8 14 hn 2 51 4 5¢,
SEEESEM, EV S EREHEX, BALP
ABHESER, CEBFRBEEER D ZM
A,

2.1.2 1 RIEj B R & 2 K % B Bk ( procollagen 1 N-
terminal peptide , PINP) F1 1 &I #ij i JF ¥ B 7K v BT Ak

(procollagen 1 C-terminal peptide, PICP):90% L\ I
MEREFREM [ BBEAR, | BBTERIES T R
FIA A, R B AR MR R GA M Z K,
X Z AR E AR RSB R EO S #E, ™
4 PINP 1 PICP, it PINP #1 PICP Ju 7 I ®
BEMERMEL, —HKEARRER | HERE
BN, B B IE K, & PICP,PINP 2B 1 &
MG EMEmRE N BRZHRRNE R, R
REBERENFEF MR BHNIEIT . Zhang FHLE
FH, BERAMNEABA PINPEHEBERKTFEENE
@,

2.1.3 &% K (osteocalcin, OC) : B X th B H
My, ERARETERER, KBSV RTHEERE,
EERE KRG ERN, IREFER T K OCHE
e ok, B A I, W %€ 1L OC, — J5 I A & IR
BREHBHTESE, BEERBEE ERBRKETER,
LERGAR, P OCKFEAR, RZU TR, &
BENFEDRESFEEETLER MHFEE
MBI A BESE R, WHEKRRET LA E
RN A0 A 35 AR A (B0 a4k, AT R R
ARl R R AR D RE A B R M R R AR R
o

2.1.4 B{#3 & (osteoprotegerin, OPG) : OPG FI 4
M A ¥ kB 324K 7 1L N ¥ (RANK) 2 i 98 35 58 [
FREZRBEH LG, R FHAR™4, OPC B—F
AEERER, B MEIREARERS 5
16, 3% & % B . RANK F27 T 5 & 40 I Al k&
4 2 M, RANKL &2 H Mk — B &, OPG/RANK/
RANKL ARG EBHE RN EBEYPEEEXREEY
YU, RANK 5 RANKL M E 4 & H 0B A
4346, T OPG i@ i 5 RANKL S48  HIER S
RANK f%58 , AT 30 1 8% B 40 M 19 T2 B &% 434k, 40
HERE T, BrREERAEY AR S OPG A
RANKL 7K ¥ 5 BMD @ fa M6, JF B R # L L5 A
TE AR,

2.2 EREREIFEY

2.2.1 7k BE Bk ( pyridinoline, PYD ) F Jii 4 tt, & ok
( deoxypyridinoline ,DPD) : PYD #11 DPD Z7E F I &
PR b, = LR T BY R R 4T 4 43 T H LB TR
HeENSTEREEY, EREREHOEN. H%
B MM IE S AT PYD F1 DPD 1B T B J J 4F 4 P i
FYRMAL, RGP EABHERENR D HS, BA
ZREEW, ERRERKH—-MERERT . B
BHARDBE T F£W, R DPD/Cr 2 X & Wi %k & &
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RHRMENZH R TEEERN, 2R BREREN
7 MU B
2.2.2 1 ®EEEDG C AMWZBAK (type 1 collagen
protein C-terminal crosslinking peptide, CTX) 1 1 &I
BIEER N K53 B BK (type 1 collagen protein N-
terminal crosslinking peptide, NTX) : CTX #i NTX &
BB S TE B OB AR R AR T A R R,
BB WL A BB I L. NTX AN CTX 7 IfiL 75
FRB AR, EMEFRKEZEREET
R EMEWBE K, 24h JRAP NTX . CTX 7] L%
REBHEZHEW, ZHRENT WG LN,
Bouzid K %™ ANy, e B B B E A 25, W
& CTX W ALP BALP 5 5 & iy R B BE F s S ik
2.2.3 Hiil A 8 R Yk B R B (tartrate-resistant acid
phosphatase, TRACP ) : TRACP FTEHEEHKER
B E5ERFPEBRT LRY M. TRACP #
BEMOFR S5a F 5b WAWE, Sk ANBE 4
Je TRACP & TRACP5b, B il 7& *f TRACPSb fH&
WMEMBSEHRER, BHARG (FHEF/DE)
WK 2 F B M TRACPSh ¥R E A+ &, ML 3K+ 1Y
TRACP 7K 3 B JZ Bt 8 B 40 B 05 B & e 8 R
AP, Mm# TRACPSb B KB A FHLE ALK
BREENEENARBERETEBNEH T
AP, MERESFEFHARERNENR,2 FHRE
TR 2.5% #XF R IX T M 5.8% , 5 TRACPSb
KEREMX, 4 REW, TRACPSD o] Al T & AU
S w B
2.3 TIDM 5 BTMs

TIDM B % B W AR, B B mi #h B & 37 XL B 3
LTRSS B RO, BRERE A X —
BWTE BT IA N, TIDM 9 ALP BALP 53EHRHA
AHBREES,H OC KFEFRE™, —FaF
22 B ERER AT BR Y, H iR AL,
TIDM ) 25 ¥4k 4 & D3.0C Ml CTX /K9] B F%
{%. {H IR 3 M 8 & (parathyroid hormone, PTH) |
4% PICP BALP #l DPD £ &It ¥ L RABEE R
PBAEWIRFEN,TIDM 2 H 0C(28.4 +16.4 VS
41.2 +14. 6ng/mL,P =0.005) #1 BALP(51.3 +118
VS 61.7 £10. 6U/L,P =0.006) 7K Y- % fg & %+ B 41
BB R

%tF TIDM B, R H R F FRR 5 IREE
E EENPRENEHEFEVABRTERRRA,
RS L I B R I PR O S 18 Mk I B th B
BOBEETEMERMGEFRYREN KX 4E4ER D

MR , SBEER M KN B REB BT R
B& 384 ; FIET , TIDM TR BE RN EE S BRER
E-BESERESEHEAKEAET 1(insulin-like growth
factor 1,IGF-1) W™ EHZ , B E R H BRI
TIDM B & & RSP WEEN ALY RIS
H kit € 4k Y B (GPx) | i & 4k Wy s L 6 B 3R
SVCT2 %3k F &, TIDM /M RB % W 8 TR,
Mok, TIDM B HRER R ERES WAL EE
BERURTIERE .
2.4 T2DM 5 BTMs

T2DM B EF W B EE LB SR TLE/, 7T 68
5 T2DM & BBk FREAE X, BIEN—
FRF3E 20 S st AL AE 1L, T2DM 8 0C 7k
FREFMK(4.06 £1.97 VS 9.62 +£3.29 ng/mL,P
<0.001), —TEWEHRER, T2DM S5iE8
RiREEAML, TRACP(1.39 £0.99 VS 1.85 +0. 81
UI/L, P <0.05) ,CTX (0.20 £0.12 VS 0.33
0. 15ng/mL,P <0.05) P& ; BALP (14.83 +6.5 VS
12.96 £6. 73 pg/mL,P =0. 11) L0C(1.48 +£1.25 VS
1.45 +1.2 ng/mL,P =0. I KFEAER. BF
Brax £ B, T2DM B9 & B #E % (PINP, P <
0. 001) F1& % Y #5 #% (CTX, P <0.001 ) B FFEK.
. BF5E & B T2DM @ OPG K FE &I >,

T2DM BEZA G E METT SBEEEA IR,
45 By BESEMNRP REHS, VLR FREF
5 5 166 1 45 %AV I B 4R E FROIR S5 AR Dh BB T o, R B
S LE PRI OR A4S B Sh RO, B RS, B EBEET
R, SRR R A A A s T (5 4k P
He it 2 B 8 2 L 2 K 7= 9 (advanced glycation end-
products, AGEs) , % 58 & B fa mVEF'®' . AGEs
H M BT LR B B B R R F A %6 (IL-
6) JHIEIRFE P T-a (TNF-a) B, 5X & B F 7
A 4 TS 40 L AR, S BB R W3 i T, OPG/
RANKL R4 W e F4£ T T2DM w B3 &"" . 0h
BRI, T2DM 3 B 5% e i 5% i T BE 2 & g
BAE Wnt 3 3 BB E B ROKEAH 0 OPG
Mok AR R TR, 76 T2DM B BES & 4
WA, R A AT R, R R
BT RN AL, T B A B 95 B f0 B R M T RES
B A L% T2DM & HIERE, [ BS B K&, B8
BEAESBEEEEAMX, 5K NTX Wi EIE
xR,

3 BER®E®RS BTMs
— s KB, 4 BRI T2DM IEH A E H
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R E (51 #]) 5% R 4% F 57 (diabetic nephropathy,
DN)BEZE(MEHEHRA 40 I, IKKEELORA
28 B, FThRE R 44 20 B)) BB % E K& BTMs, 5 R
BR2S5BEAE DB AEERAEARARSE, &
DN 45 4 [ i & ' 2h BB A9 AL B i R AR (P <0.05) .
DN £4 OC X PINP MR FEXKHEARLA(P <
0.05), DN 4 CTX ¥/ FEFBEHRLA(P <
0.05), KEHEARARBIIRALAETNUE
FEAHKTEFTOEARA(P<0.05), itk
BE#%F T2DM B E U REZEH TR, HE 2RO E
EZHIME,PINP.OC.CTX .25 B44E K D3 FF
RGHE bR % U R B DN BB H B
24k

DN 24 RS 1Y £ B3 il & JF R AE , DN B /hBK
U EE AN N, 25 BAEAE R D3 B AN,
BRBAESEELAKERTBAH, BE T/
RIS IRER B B TR, B/ANE W5 R W Th e
MR, 5 B EALEESEMGE R ERIRE R
BEAHEH - MEERE,SIE -RIMEES
R R A, TR B R e

4 FEBEEHS BTMs

4.1 BRRBESRBITHYS BTMs

W iR R 5 BWRIT A Y E BRI M R
18 51 7 ( glucagon-like peptide, GLP) K& — ik & K
-4 3413 ( dipeptide peptidase - 4 inhibitors, DPP-4
mEAD . BRERESZEBEEBX, EI8ER
RESEZARGESERREREY SN, GLP-1,
GLP-2 DA R 7 B Bk ( gastric inhibitory polypeptide,
GIP) B ERBAEFRNBRAL. BFHKRARE
BEMRE MR 9 H GIP #1 GLP 7 {e ik &
EZEMFEE, HERERHE, GIP BEAT LUE N 55 R
K BB EREERARBMME CLP X E R/
H—FHE R E ™, GLP-1 32 k3¢ B % B 498
A A i/ GLP-1 Z 4R /N R B T8 & 4 i
R, AT E A R EALBRE M i, GIP fl
GLP-2 xt-B W& W A e # il /5 A, GLP-1 W 12 ia) 4
KB FEERKEERRREREYERN ., B
BREERAVTEZALIBPHEFEENMA,
Henriksen %) 7546 2 J5 18 2 B9 B F 1 41 R R & Bk
J&, ZB CTX KF T K. OC A N3 fn, R B A &
BRx BT R EL A e . BUEMT RS KR
R SR DPP4 W R BE S LW,
DPP-4 1 38 W 7] SE & GLP-1 #9 1 A i [a], Ho % &

R LT GLP-1 WIEM, HFEXESWR
B, DPP-4 411 i 30 7T LA B 6 B RO B E B B 3T K

[50]
d'A o

4.2 SEE B FERIZEEG (sodium glucose
transporters 2, SGLT2) M #1715 BTMs

' 3 5 G R A B R B B (SGLT2) X 4
W HEAT B R, SGLT2 7276 F il v & B3, AT St 57
FREFHHEREEEZHARA, 4 90% 8 H
Hj¥EEd SGLT2 #Z A EH#F A MK, SGLT2 #p
51 79 BT 38 2 3R 5 I P 45 5 B R EE AR UK 7, DA T B Wi
BEUXEMBHOXEK, BRTEER, A
SGLT-2 3 i 7] 5 Z R{ A A8 LL &, m¥E 85 LA & 25
B4 E D3 KR B B SR, T g RR AL
BM PTH KPR ZRIFAAR M, ML ZRESR
2 T, Taylor 2142 Y SGLT2 141 ) AT ¢
FRE=EAF ., AR SGLT2 i 77| & i i
WL /ANE LA B - A R a2 B
R HE , A\ S B REL AR I R BiE . MK
H T R BB AT 42 g FOIR 35 AR PTH 3 3 M\ T 3 38
o

5 fiTE#MM S BTMs

38 A T W R AR {5 B PR AL BRBOB L, B
A AEBE R T2DM B35 5 -6 5 I8 MLAE , 33X 564K 3t
FIT R YA IE T R BB IR E R IER .
EWRRE, S RMITRGYEITH RN E
AR L, T2DM 5B 5 T K 2593657 /7 PINP,
CTX BB A, T EMEAMITZHIEIT 3 FLU
) T2DM St %259 3 4 LUT o fgt e Xt iR
A CTX KFEEAL, —T0REHL A 22 B X B 32
AR A T2DM B 5 R A T I 9T 12
JA 55Xt AL BALP .OC f1 CTX R EER,

6 BEHBHZAHFS BTMs

HoBRBEEESHRBHEERE, EELME
FABREBMENIGT. — T BB RN,
FA BT £ B BR 9916 97 B9 T2DM BE B IR NTX K 1
ERBEZE DRTFHEEHBRMED ; 5HAERR
FIYE YT B9 T2DM B E M H , X CTX NTX .BALP #&2
THH™ , AERRRY, EREREFBITH
T2DM & & ) NTX 7K T F%, {8 BALP KT B
A JTE R — BB SR, T2DM BEfF
BRI HAA R TR R EES,
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BRBENERERFENRES — B
BR R WAL EZXE, TIDM A
T2DM B E BB RGN EM S0 E AR, W
BEXEBEERAETLTEEHEES R EN
XES BRI B E B RGA R BTRAR. XK,
s BTMs {1 PINP.CTX.0C.25 B4 A E D3 &
IGF-1 Bl N AR R RE R E TREL .
W B R BB 4 R 5 (B 4% B e Z M F7 e AR K
SR, LW BTMs 5 RRXRANEERZE,
AR S AR BB R E R R R R
TR [B] SR I % B R B R L B 1) R SRR G
FFEmML, U FEREARRNEERS Y
WEHESBTMs, E2H ABNITEERE, BR
B BPW . RIAsT DOP B, Bipi&ir. BRT, A
R BTMs WEREREFE EHEEBEASE —,H
O e 1 B Y 7 B I BRANELR 5 28, 7T J& BTMs
RIBRET, 45 5 R 76 M R BB 2 7P, X %t B ¥R DOP K
B EXEE, B2,D0P CARNRITLALE
F 4 R 160, 9 SR R 2 4T KB B B 3% i, BTMSs
HEATIRET DOP & 3112 Wi F T 8Ol B9 2 7
®.
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