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HbAlc 4B (47 #E B =0.415.0.215, = 0.149, -0.077,P <0.05) ,250HD fy LT M FH £ Ca.HbAlc PTH P (45 8 =
0.250, -0.149. -0. 155, -0.130,P <0.05) , 2 BIFEIRAE A Z VitD 3 24 . VitD A R4 FPG HbAlc KEHEF VitD b=
H(P<0.05) , MEATFHEF VD R Z 4 (P <0.05), VitD B4 . VitD R R4 Y PTH K FEHAEF ViD 53 4 (P <
0.05) ; =ZH[A] tPINP B-CTX .OC X B £ F (P >0.05), £it 2 BIHERMKBE K IEH AR B-CTX ,0C 250HD 1% ,PTH F}
T 5 H AR M ST F 25O0HD (AR 4k 5 32 B 00KE AR 04 520

K 2 BUBEIRIA B AT R 5 B AL

A study of biochemical bone turnover markers in type 2 diabetes mellitus
LI Wei' , KONG Zhuo’, WANG Zhixin' , WANG Hong', DENG Wei'"

1. Department of Endocrinology, Jishuitan Hospital, Beijing 100035, China

2. Department of Clinical Laboratory, Jishuitan Hospital, Beijing 100035, China

* Corresponding author; Deng Wei, Email; dengwei95@ 163. com

Abstract: Objective To investigate the biochemical bone turnover markers in patients with type 2 diabetes mellitus ( T2DM ).
Methods A total of 822 subjects with T2DM were enrolled in this study as the study group ( T2DM group), and 821 healthy
subjects were selected as the control group. The levels of bone turnover markers between the two groups were compared, including
serum calcium (Ca), serum phosphorus ( P), alkaline phosphatase ( ALP), total procollagen type | amino-terminal propeptide
(tPINP), B isomer of the C-terminal telopeptide of type I collagen ( B-CTX ), osteocalcin ( OC), 25 hydroxy vitamin D
(250HD) , and parathyroid hormone (PTH). In T2DM group, the relationship between the bone turnover markers and levels of
glycosylated hemoglobin { HbAlc), fasting blood glucose ( FBG), diabetic duration, and age were analyzed. According to the
levels of 250HD, T2DM patients were divided into 3 subgroups, sufficient vitamin D ( VitD) group ( =20 ng/mL ), insufficient
VitD group ( =12 ng/mL but <20 ng/mL) , and deficient VitD group ( <12 ng/mL). The levels of bone turnover markers among
3 subgroups were compared. Results Compared with control group, T2DM group had lower levels of 3-CTX, OC, 250HD, and
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higher levels of PTH (all 2 < 0.05). In T2DM group, the multiple linear regression analysis showed that OC was correlated with
tPINP, B-CTX, PTH, and HbAlc (standard 8 =0.533, 0.256, 0. 163, and -0. 127, respectively; all P < 0.05), B-CTX was
correlated with OC, tPINP, HbAlc and age (standard 8 =0.415, 0.215, -0.149, and -0. 077, respectively; P < 0.05), and
250HD was correlated with Ca, HbAlc, PTH, and P (standard 8 =0.250, -0.149, -0.155, and -0. 130, respectively; P <

0.05). The analysis in subgroups showed that compared with deficient VitD subgroup, sufficient VitD subgroup and insufficient
VitD subgroup had lower levels of FBG, HbAlc¢, and PTH, and higher levels of calcium (all P < 0.05). There were no

significant differences in the levels of tPINP, B-CTX, and OC among 3 subgroups. Conclusion Compared with normal people,

patients with T2DM have lower levels of B-CTX, OC, and 250HD, and higher levels of PTH. The change is independent of levels

of 250HD and is affected by blood glucose metabolism.
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H#%
WA 5T 4 4 Ca P ALP 2 tPINP 2 % 04011
R (P>0.05,03 1,3 2);m T2DM 49 B-

CTX.0C 250HD 7k - ¥ & F %
PTH /K TXAHRA (P <0.05, L% 2)

K1 FHTTRNRIGRFR LB (5 £5)

ARZH (P <0.05),

Table 1 Clinical data of the two groups ( ¥ *s)
o111 N AT FPG Ca P i HbAlc
A (%) (mmol/T.) (mmol/T.) (mmol/T.) (5) (%)
T2DM 2 822 56.8 +14.0 7.70 £3.02 2.30+0.12 1.16 £0.25 5.58 +1.81 8.25£2.33
XT HR AL 821 55.8 +14.2 4,77 +0.93 2.31+0.10 1.17 +0. 26
t i 1.522 26.52 -0.571 -0.979
Py 0.128 <0.001 0. 568 0.328
R2 PIARTN R ERRREWHE (R £5)
Table 2 Bone turnover markers of the two groups ( x *s)
ALP tPINP B-CTX 0C 250HD PTH
i
(IU/L) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (pg/mL)
T2DM 2 64.54 £18.59 39.37 +17.15 0.39 +£0.22 12.80 +5.28 14.26 £7.24 40.40 £17.00
XF 828 63.30 £18.28 40.35 £18.18 0.41 +£0.19 14.73 £6. 40 17.61 +7. 80 37.06 +15.47
t{E 1.331 -1.123 -2.018 -6.638 -8.974 4. 177
P{E 0.183 0.262 0. 044 <0.001 <0.001 <0.001
E# 40 ~ 150 15 ~52 <0.58 14 ~ 46 20 ~40 15 ~65
e ’

2.2 T2DM £H %4 ] 9 43 #r

Xf T2DM B 58 5% G i B AR R bRt 7 2 &R
BIH 5341 8 78 : OC 1 £ Z 5 Kl & 4 tPINP, 8-
CTX .PTH HbAlc (%5 B8 =0.533.0.256.0.163 | -
0.127,¢ = 16.417,7.926, 6.069, - 4.704, P <
0.05) ;250HD [ R ¥ HE E 4 Ca.HbAlc PTH,
P(#5#E B=0.250, -0.149 -0.155, -0.130,¢ =
6.292, —3.783, —3.918, - 3.267,P <0.05); B-
CTX Wy FZmE R A OC (PINP HbAlc 4 (15
#EB =0.415.0.215, - 0.149, - 0.077,+ = 8. 980,
4,722, -4.436, -2.353,P <0.05);PTH () T E ¥
iR &= A OC tPINP 250HD Ca P(454E B =0. 418,
-0.205. -0.177, -0.083, - 0.192,7 =7.206, -

R3 T2DM BEAFLEER

3.548 , -4.285,-3.548  -4.717,P <0.05),
2.3 T2DM BHEANFLEAZT D KT AHEE LR
“E A4 2 D(vitamin D, VitD) % 240 . VitD A JE4H
) FPG ., HbAlc 7k F ¥ (% T VitD §t Z 40 (P <
0.05) ;VitD 35 2 4H () FPG {K F VitD A 24 (P <
0.05),P41 HbAlc TR ZF (P >0.05, 3% 3),
VitD 75 /220 . VitD A JEH B Ca KEH 5 F VitD i
ZH(P<0.05),VitD £ 245 VitD A 2411 Ca
TABEZF(P>0.05,0L%3), VitD 78 £ 4, VitD
LB PTH K F-#44% T VitD 5 Z 4 (P <0.05);
=4 [A] tPINP B-CTX .0C LH B 2% K (P >0.05, I
x4,

D ACEWAIRKEREE(x +5)

Table 3 Clinical data of the subgroups with different vitamin D levels in T2DM patients ( ¥ = s)

21 9 N iR FPG Ca P iR HbALc
(%) ( mmol/L) ( mmol/L) (mmol/L) (4E) (%)
VitD 7 i 41 152 58.4£12.6 7.19+2.68x%* 2.33£0.11" 1.13 £0.18 5.73 +1.58 8.30£2.17*
VilD A~ 220 291 56.8 £13.6 7.61 £3.10° 2.320.11" 1.17 0. 19 5.67 +1.67 8.54£2.20*
VitD it = 4 379 56.1+14.8 7.96 3. 06 2.27 +0.12 1.17 0. 31 5.45+1.98 9.30 +2.42
F{H 1.382 3.777 18. 043 1. 696 1.766 10. 140
PAE 0.252 0. 023 <0.01 0. 184 0.172 <0.01

TR 5 VItD BkZ 45" P <0.05; 5 Vith R 24 P <0.05
Note: compared with deficient VitD subgroup ™ P < 0. 05; compared

with insufficient VitD subgroup”P <0. 05
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R4 T2DM BEAFgEER D KFEHBFHHRIFED LT (5 £5)

Table 4 Bone turnover markers of the subgroups with different vitamin D levels in T2DM patients ( ¥ *s)

ALP tPINP B-CTX 0C PTH
451
(1TU/1) (ng/mL) (ng/mL) (ng/mL) (pg/mL)

VitD 7 4 64.63 £20.23 37.19 +16.55 0.37 £0.20 12.77 £4.90 33.35+13.39"
VilD R 4H 63.52 £16.99 40.25 £17.00 0.39 +0.21 13.31 £5.08 35.35+14.09°
Vith =4 65.29 £19.08 39.58 +17. 46 0.40 +0.22 12.43 £5.56 39.85+16.73

F 1 0.748 1. 638 1.336 2.269 12. 691

P 0.473 0. 195 0.264 0. 104 <0.01

.5 VD Bt 24 3R " P <0.05; 5 VitD A 24 %P <0.05

Note: compared with deficient VitD subgroup * P <0. 05; compared with insufficient VitD subgroup” P < 0. 05

3 g
WATIR FFE B A, 1 BB R A B E K BMD &

WAL, H& &M OP i &R K H 48% F|
72% ', % F T2DM H %, BMD 3 5 | (% 2 A A8
1 45 5 B AR SCER 34 B iRGE  H I R A 5T R B B R
B EEITERRER R RN REZ . H
HAHURERED T ARBgE & 3, T2DM A B84
gl 5 T OE W B, Horp B-CTX ., 0C ,250HD
K- 9 AR , PTH 7K F-F1 %5 , T Ca P ALP J tPINP ¢
B AR . AR BB B TTHLL A 5 A PR 2L ]
HARL AT FEESE T SRR T AR
KA [Ca(PO,),(OH), ), J5H EEH 1 RR
JiE o tPLNP Sy bt 40 B R e i) 1 780 e I 3R 5 1 |
R e =, e s BEE -2 B8E LR
W 7B B BRGNS ;T B-CTX MR T 28 Jie o fit 4K
B REPH Y EM S RE ~ERE LR T
M AR A OC 2 o AR 40 M Wk, TR
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JE B O ML i S5 0wl vk W R S E Ak, 2
HRTR % AR B R 3645 . L Ca & P
RMRNESE F 5 mARE WIE L, —E B E Lk
MTIRNIE B R A MEES, &= PTH J 1,
25 W etk % D[1,25-(OH),VitD ] g3 5>,
AL T2DM ABE B RASEBE# AR L B 2=
SR E L R ICE B . XTTRRE B TR
T ML B AR PN 7 A 3 2 A R SR AL LR T, B AR
B 2E-6(1IL6) B IRIEH 75 R AEH T £,
X R AT DL A A0 M B, T B0 R A

T A T 2 R LA SE R R A B A T A
SRR, T OB RS, AR
TR TR T R S B 4 SR A A, T T2DML 8 355 47 7
T 05 R 4 AR O TS L TR 0 L o
T B BRI 2 0B 455 U /0 i R B e R s IRl
Jie 85 25 T 10 ) LB O B DR T 4B B 0 7 e A
FHT, 24 1B 05 2 4000 /b AR T v I, JEG R R P
SR E TR A0 M S R R I 40 B o B T
6 141 70 3R T 40, W 5 17 7 KR 6 0 P-4 6 2R R B
BT 40 MR 3 m 28 ot B 22 B 5 B KN
(PPARy ,Wnt TGF-B,0OPG/RANKL ) 4] B B ]
FRT MR B MR, SRR RET
R 150200 4 T2DM R I0ME R I R B I i 2
FEREI R P HE D, BB B AR 45 B R
BN, I LRGBS o 45 T 4 T R0, o I 4 vk
RIS, 30 PTH 43 6, 45 3 5, v 1 a8, 1%
Pk 2 1 AT AL T IE AR
1,25-(OH),VitD f&H 250HD i i iT 40 M £k b
& 25-F2 Ak K B 3T S /N L B AR B AR R 1a-32
AT TG 2 B A 7 A, 790 385 7 Ak P 44 45 % R4 . M 7R
FAf 1,25-(OH), VitD B4k 2 D 54 E a8
B30 AR, S S SN A E D
SEARGE Ay 5 AR B T X Bl ) O M, AR R N A
T A B R, U AR KL, DT R T
o B4k, 1,25-(OH),VitD & PTH 4 A, If
Y e AR 40 P ] A PR T 0 2, M T 5 ) B T
R WM, 4 LS OE B R A L B F
5, T 250HD Bk A2 5 4 B9 S R P9 S 4 o R
D REFER A B AR D o BTG SR 6 IR O R
250HD K IR, 3% 5 BE 15 K B BF 5T 45 AN, %
Ve T BE 50 PR B 3 B S AN s | omE AR T 25
LA s i B D IR SN E M % 5
Sh AL A BESE B AR gE AR D B Z AR B R R R Y
SR Z 2P ARG RIS B8 ,250HD K F-
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HH 4. A7 200 Ak i 20 85 G B0 A OG5 ), [ B 9 R
250HD /K F Bt 47 4> )2 69 T2DM W 46 43 #r R & 7w
VitD 72 [ 41\ VitD A 2 4 Y s 4 g UL F VD
Sz, UL EE R T2DM 3 250HD KEZF T
K3 1 A K S B9 B . T 25OHD 7K S B AR 2 51
#1,25-(0H), VitD BT B, W J5 # B9 Bk 0 0 2 i
HEW Y Ca P AWK >, 51 A2 4% & M PTH F+& & OP,
WA G — LR IA Ry, T2DM A8 35 09 B AR 5 2
HTF4EEZR D w5l &, {8 4 0F 55 I 4 53 4
78, AR 250HD K- T2DM # 4 B-CTX & OC T
WEMEZSR R T2DM A#E K B-CTX K 0C &4k
Al B 7 T 250HD K7 A8 AL, 181 U3 43047 B =% 3%
) A AT B R

2 RUME PR B B E B AHE B-CTX 0C 250HD
WA, PTH 87 ; H g A8l 57 F 250HD (49748 4k 5 37 %)
MR ARE 0 o LR Y2 By T2 35 IR, A AT
RPN GRIT BB R, Tk — L b
TR BAR R 2 UM PR A B A EEE
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