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Associations of serum 25-hydroxyvitamin D; with bone metabolic
markers and fracture risk in elderly patients with osteoporosis®

Kang Yan-hua, Zhu Zong-lin, Chen Jing-qing, Zhang Shao-hong
[Department of Clinical Laboratory, Jinjiang Municipal Hospital (Shanghai Sixth People's Hospital Fujian
Hospital), Jinjiang, Fujian 362200, China]

Abstract: Objective To analyze the associations of serum 25-hydroxyvitamin D, [25(OH)D,] with bone
metabolic markers and fracture risk in elderly patients with osteoporosis. Methods A total of 106 elderly patients
with osteoporosis admitted to our hospital between January 2022 and October 2024 were selected as the observation
group. Additionally, 81 healthy individuals who underwent health check-ups at the same hospital during the same
period were selected as the control group. Serum levels of 25(OH)D,, beta-CrossLaps (B-CTX) and total procollagen

type 1 N-terminal propeptide (TPINP) were compared between the observation group and the control group, and
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Pearson's correlation analysis was performed to assess the relationship between serum 25(OH)D,; levels and those of
B -CTX and TPINP. Patients in the observation group were followed up for one year and classified into an
osteoporotic fracture (OPF) group and a non-OPF group based on whether they had sustained an osteoporotic
fracture. Serum levels of 25(OH)D,, p -CTX and TPINP were compared between the two groups, and the
multivariable general logistic regression analysis was performed. Receiver operating characteristic (ROC) curves
were plotted to assess the predictive value of serum 25(OH)D3, -CTX, TPINP levels, and their combination for
OPF. Results The 25(OH)D, levels in the observation group were lower than those in the control group, whilst
B-CTX and TPINP levels were both higher in the observation group than in the control group (P < 0.05). Pearson
correlation analysis revealed that 25(OH)D, levels were negatively correlated with B-CTX levels (r = -0.450, P =
0.000) and TPINP levels (r = -0.410, P = 0.000). The 25(OH)D; levels in the OPF group were lower than those in
the non-OPF group, whilst B-CTX and TPINP levels were higher in the OPF group than in the non-OPF group (P <
0.05). The multivariable general logistic regression analysis indicated that high 25(OH)D, levels [OAR = 0.799
(95% CI: 0.642, 0.994) ] were a protective factor against the development of OPF in patients with osteoporosis (P <
0.05), whilst high B-CTX levels [OAR = 51.449 (95% CI: 5.418, 488.578) ] and high TPINP levels [OAR =1.262
(95% CI: 1.109, 1.435) ] were both risk factors for the development of OPF in patients with osteoporosis (P < 0.05).
The ROC curve analysis indicated that the combined detection of these three markers demonstrated high predictive
performance for OPF in patients with osteoporosis, with a sensitivity of 78.1% (95% CI: 0.600, 0.907) and a
specificity of 93.2% (95% CI: 0.849, 0.978). Conclusion Reduced serum 25(OH)D, levels and elevated $-CTX and
TPINP levels are risk factors for OPF in elderly patients with osteoporosis, and the combined detection of these
three markers demonstrates high predictive efficacy for OPF.

Keywords: osteoporosis in the elderly; fractures; serum 25-hydroxyvitamin D,; bone metabolic markers
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OPF4l 32 17.63 +2.98 123036  69.53+7.59
JEOPF4lL 74 20.37 +3.10 0.87+024  5891x6.14
1l 4234 5.113 7.599
P{E 0.000 0.000 0.000

# (P<0.05), B-CTX/KV-E[OR = 51.449 (95% CI
5.418,488.578)]  TPINP /K F- 5 [OR = 1.262(95% CI.:

1.109, 1.435) 13098 i ba 3 & 4= OPF Ay fia i
HZE (P<0.05)., W3,

2.5 Mi%&25(0H)D,.p-CTX. TPINP R HEE &#&
M+ OPF B FuiM (&

ROC Hii 28 45 S & W, 25(0H)D,. B -CTX,
TPINP G ) 1 5T B A 8 35 & A OPF 3 i i)
T A, AU R 78.1% (95% CI: 0.600,
0.907), #SME R 932% (95% CI: 0.849, 0.978).
WL 4 1,

&3 25(0H)D,.B-CTX.TP1NP g0l OPF & 4 i % B & —#% Logistic B I3 Hr &%

e b s Wald x*{H P OR/H 2%
A ald '
" TR R
25(()H)D3 -0.225 0.112 4.062 0.044 0.799 0.642 0.994
B-CTX 3.941 1.148 11.773 0.001 51.449 5.418 488.578
TPINP 0.232 0.066 12.538 0.000 1.262 1.109 1.435
®4 IE25(0H)D,.p-CTX . TPINP K EEL &+&MT N OPF HIZTEE 47
sk —_ AUC 95% C1 b 95% C1 P 95% CI
=4 T EE——— IR o ————— 1557 o
TR IR TR R TR R
25(()H)Dx 17.050 ng/mL 0.747 0.641 0.853 53.1 0.347 0.709 87.8 0.782 0.943
B-CTX 1.065 pg/L 0.784 0.678 0.890 75.0 0.566 0.885 81.1 0.703 0.893
TPINP 65.615 pg/L 0.864 0.786 0.942 71.9 0.533 0.863 87.8 0.782 0.943
"é 0.919 0.851 0.988 78.1 0.600 0.907 93.2 0.849 0.978
I — ., HATIm RS = K A R ) KRS i F B,

3
B
—25(0H)D,
—B-CTX
0.2 5 —"%PlNP
%%932
00 L L L L
0.0 0.2 0.4 0.6 0.8 1.0
15
B 1 ImiE25(0H)D,.3-CTX. TP1NP B E Bk & # Ml
OPF#JROC #h %k
3 iit
OPF J& & 4F i 0T i A f8 3 e ™ JE Y 0T R RE 2

KLtk , B 5 OPF #H G 1% S B4 b K A FHAILIRIG
B E A O TR R T B AL 4 A0 LAY
ML7E B-CTX . TPINP J&PPAl X —iof A8 1 A% 00 Wi PR 4
Br o, B-CTX /K F+ & B R e i W i 3 5"
TplemU—'ﬁﬁiﬂ*éﬁiﬂ’@yjﬁE%"dﬁﬁa‘é AR I S B
JE KA 5 B BT B b B8 R 2 MO A e R
L TPINP7J(—TF/5:\FI‘EZﬂ|% i 25(0H)D, A
SURPEAG AL A 2 D B IR S 1 & br i, 256
) BRI R A R R R R A AR R A
B 20 0 Ak S B R R AN e R A R R
TS B W A B A o 2 1T 25(0H)D, 7K -k
ZHORNER, W RECE R E IR B RIR,

T 388 08 R A B OPF & A= RUEE M, [Rlef,
KA T fiE 5 B—CTX . TPINP /K F AR,
[Fi) 52 W) 4B T s S8 B 3T B ™, Xy

- 116 -



4

4 101

A

¢ AR TUBAR AR A 0L 25724k AE 3R D KT 58 AR bR B 9 KU 14 R B

ARHFFE H 0 = 3 B S K OPF A9 110 47 (i $2 44%
T E A B ISR

NI R I o O = o T < e
25(0OH)D, K- fif 25K T ft e X6 B4, i L ¥ B—CTX
TPINP 7K T B o T g e A HBF , iX — 25 S el 1
B BN R A R AR B AR A A iy DO
{0 B 8 5 i it T3 5 °F4, 25(0H)D,
T AT A f TS RS R A e D U A
HE A5 2 Fp B AR E™ . B, HOK P b F I E
Bl A R 8 B W WObR 35 ) B-CTX 5 B B s )
TPINP 0 4 +5 75 1F % /K F o 18 5T B w28 A
25(0H)D, filt = , S 3ES AR iy, BRIk AR
T, BEEFSRK; NRAEERAR, PR
Ja AP A, o R A S A T
Yo S H s, YEW IS TPINP . B-CTX KT+,
A FEE R EA, ARG R RN, miE
25(0H)D, 7K - 5 B-CTX . TPINP K-S A%, ¥
— B EIE T 4825 28 D xR i g g v YY)
I, AHIESE WAL F] OPF 4H J8 47 1ML 25(0H)D, /K- 12
FALTAEOPF 4L, Wil B-CTX . TPINP /K- 3%
m FAEOPF A, 7 B AR ZE 0L 5 5 3 XU %% D) AR
o WA FHLEIT 5 L 25(0H)D, 28 F5 4k S i L 2
1.25(0H),D, 5, 7T 55 1 20 i S B B 40 M iy 4 1
e R D Z RS G, i P RANKL/OPG 15 538
i NN 21 i = 1 0 R A R i N1 A =4
W, 3% AT BE S S BT B-CTX KFF M B 4% 0 B 4%
Z—; [AEF, 1,25(0H),D, 7R BEAE HE A1 40 i A B i
RS ERIEE A, I Wot/B—catenin % {5 5
T %R ) S A BT, DA (2T TPINP A %
(8T B 2 (A E R A2, LT TPINP K-
Th 5 AR BB B R W R A0 AR T A
EIEE W mr B R, RO R R S B R
M MY BRAER R, g R DB
I ALY/ EROE O & S e R F
HR 25 BRI R KO- T, IR AN OO B 2
JiL, T LA A A e IR A A, i
i RN ON T RS AN B o = i o N
IEAh, PR 25(0H)D, K- REARET, - B i iz ih 5
IR VIR AZ B, B8O e/ 2 2, ik
HAFIEF B RSB WERE, RAFRE R
LR RPN, ZHE — i Logistic [ IH 43 #1 i — 43R

W1, I3 25(0H)D, K F-FEAIK . B-CTX 5 TPINP 7K F
ThvE B RS B & OPF (Al Sr fa e R R, %
WS e T R A R AR 2R L ™ AR R R I KT
SRy I PRORS 500 1 < T XU B, R 3 1 R 1 A
Y124 bR 7 ROC #2820 B 45 SR AE 52, 1L 3 25(0H)D,
B—CTX . TPINP 7K =35 56 A A 0 XoF 2 4F- - ot i
HBH R OPF A B i, FLAR 4% — 5
Kl 48 b5 o I35 25(0H)D, /K F S e 4k 2 & D & I
RS BB AR U 2 3 AL B —CTX A E B W Ao
TPINP FAEHTE TG, 3 T8 55 50 B AN [R] 4t
B B A LR S MK . BRE N A
B F S BB AR IR ES M B T S B 2 4 L ST
IRAETEAL A B b 0 48 B 78 12 W S B
TR P A JRIBR .

EN S RUN R S A = S TR N SRR (3 N
N IR =R N VT (=R 1 B D s O = TN
B B S0, WA T I35 25(0H)D, /K SEFEAK 5 B-CTX
TPINP 7K T e 02 & 4F B o i s S8 o B A 3L Y
O FRIE, B = F BRI OPF LA 45 i i) Fi
RCRE A PR B BT M B B T KU P A B AL T
S AW AR ARG RIS K 1L 25(0H)D,
B-CTX . TPINP 7K-F-HE A Ko I 40 A 247 B T i b ff
HHE VAR R, AR BR KT RS o R
SRR SN N B2 R % N e B 1 S (=
G0 3k e 5 R A A A AL AR 4R R R D AR IR 25 2R
HERPE, IR PRI T 45 & B AR IS | SERb PR |
FH 25 50 A5 G IR AR B 256 I, 3k S 50 A 61 48 Bk
B R BRYE T, A E T ATy ik
1) i 177 B Vs AE 1) 2 U 6 45 SR AR e MRS i, ROk
AR Z il . REEAREIFSY, SRS A A
T AT IR, JEEI T AR AL T B BE T T 58 LA
FEAR 2 Ui D 125

£ X X H

[1] AR, S, BRI, %5 . 1990—2021 4E T [F B s A 9% 1
FHAEIE RO ATT]. v T 4595, 2024, 43(12): 33-37.

[2] BEVESC, XL X6, 55 . ML AR . N ERR T AR S
AR BTBUAAAE 287 DXA H 5 BE 2501 5 3/ KOG i 4 iy 151
MAET]. h R E 2E4R, 2024, 34(24): 1-7.

[3] PICCIRILLI E, CARIATI I, PRIMAVERA M, et al. Augmentation
in fragility fractures, bone of contention: a systematic review[J].
BMC Musculoskelet Disord, 2022, 23(1): 1046.

[4] SHEN L, GAO C, HE T, et al. Validation of a Self-assessment tool

< 117 -



FpIE AR ek

#

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

for osteoporosis and vertebral fracture primary screening in
elderly men[J]. J Evid Based Med, 2025, 18(3): €70045.

FLEET J C. Differences in the absorption and metabolism of
vitamin D,, vitamin D;, and 25 hydroxyvitamin D[J]. J Steroid
Biochem Mol Biol, 2025, 249: 106718.

XU J, GUO Y Q, GUO S H, et al. Divergent associations of
inflammatory markers with bone turnover markers in elderly
patients with osteoporotic fractures[J]. Sci Rep, 2024, 14(1):
24907.

« T E AT BTBAME ST 7 18 B 20230 TAEL, o E 225
SRR BUAL A3 2%, T BEY T (At ] PR s Al ik 2 i
BRAN SR> 23, % PR AR B B AME 127 18 T (2023) )],
A 5 A SRR, 2023, 16(10): 865-885.

ZHU C B, ZHOU P, LU K, et al. Sex differences in the
relationship between parathyroid hormone and uric acid in
osteoporotic fracture patients: insights from a retrospective cross-
sectional study[J]. 16:
1621971.

SHIEH A, KARLAMANGLA A S, GOSSIEL F, et al. Estimating
net bone formation relative to resorption using reference bone
turnover markers[J]. J Clin Endocrinol Metab, 2025, 110(8):
€2544-e2552.

MONNERAT S, REFARDT J, POTASSO L, et al. An increase in

Front Endocrinol (Lausanne), 2025,

plasma sodium levels is associated with an increase in osteoblast
function in chronic SIAD[J]. J Clin Endocrinol Metab, 2023,
108(10): €1027-¢1033.

CHEN C, WHITE DL, MARSHALL B, et al. Role of 25-
hydroxyvitamin D; and 1, 25-dihydroxyvitamin D, in chicken
embryo osteogenesis, adipogenesis, myogenesis, and vitamin D,
metabolism[J]. Front Physiol, 2021, 12: 637629.

B, M, TOE DY, A RO R IR BT A 1 4k
A3 D KA A B, 2025, 38(4): 352-357.

BUAE, O, X2, A5 B BB A B LT L RNA-92a-3p
25 R R DK AR BRI DG FR B B4 & AR B 14
TRMHHE D). FREET), 2025, 60(5): 531-535.
RILLAERTS K, VERLINDEN L, DOMS S, et

comprehensive perspective on the role of vitamin D signaling in

al. A
maintaining bone homeostasis: Lessons from animal models[J]. J
Steroid Biochem Mol Biol, 2025, 250: 106732.

ZHANG W, ZHOU X, HOU W, et al. Reversing the imbalance
in bone homeostasis via sustained release of SIRT-1 agonist to

promote bone healing under osteoporotic condition[J]. Bioact

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

Mater, 2022, 19: 429-443.
BINEL, 250, By L, 45 . 428 )51 T i JB 3 I DPP-4 .
UA. P, 25(0H)D, /K816 K e i AR An A AR S L[]
R EEF, 2024, 35(3): 372-375.
HE Q, QIN R, GLOWACKI J, et al. Synergistic stimulation of
osteoblast differentiation of rat mesenchymal stem cells by leptin
and 25(OH)D; is mediated by inhibition of chaperone-mediated
autophagy[J]. Stem Cell Res Ther, 2021, 12(1): 557.
hEAR, B AR . B R BB A L BT R G e CT R % E
T B2 # X% ifiL 55 BALP . IGF1. 25(OH)D, 7K F-Kill & X [J].
E CT MIMRIZ%7E, 2023, 21(11): 164-166.
e, ke, BB, % VEE T IRIEE- SRS B
T & B 1ML 7% B-CTX . Crosslaps 52 Wi [J]. Hi 4 i 5 26 24 1),
2025, 43(2): 41-44.
PR, SRAife, EALZE, 55 B s AT BT AL 1L B-CTx
PINP /KB X [J). Ak ~4 2%, 2024, 13(11): 1978-1981.
AKIMBEKOV N S, DIGEL I, SHERELKHAN D K, et al.
Vitamin D and phosphate interactions in health and disease[J].
Adv Exp Med Biol, 2022, 1362: 37-46.
WANG J, MEI L, HAO Y, et al. Contemporary perspectives on
the role of vitamin d in enhancing gut health and its implications
for preventing and managing intestinal diseases[J]. Nutrients,
2024, 16(14): 2352.
TUCKEY R C, CHENG C Y S, LI L, et al. Analysis of the
ability of vitamin D,-metabolizing cytochromes P450 to act on
vitamin D, sulfate and 25-hydroxyvitamin D, 3-sulfate[J]. J
Steroid Biochem Mol Biol, 2023, 227: 106229.
ZRH, N, JK2E, S5 i 25(OH)D, . IGF-1 A 2 BE Xt 4
ZJE 1AL B B A KA E R TENAN(E[T]. AR A o AR R
(FFIE ), 2025, 19(1): 90-95.
ReT7, WAk, v i A . B B A AE SR 25-(OH) VitD, 15 b & ¢
TEZ TR AE AR TE (D], AR v B2 25 0 241, 2023, 39(8):
881-884.

(EFHST %)

A5 g BRAEAE, ARTAK, BREETS, 45 . B BN R A
IV 25- 8484 25 D, K- 5 85 AR 46 b K g 3 KU 1) 5% 3R
72 [7]. o E B AR AR, 2026, 36(10): 113-118.

Cite this article as: KANG Y H, ZHU Z L, CHEN J Q, et al.

Associations of serum 25-hydroxyvitamin D, with bone metabolic

markers and fracture risk in elderly patients with osteoporosis[J].
China Journal of Modern Medicine, 2026, 36(10): 113-118.

118 -



