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Abstract:

factor 23 (FGF23) with alterations in bone metabolism among older individuals with type 2 diabetes, and to assess

Objective To explore the relationships of circulating sclerostin (SOST) and fibroblast growth
their utility in identifying patients at high risk for osteoporosis. Methods Ninety-six elderly patients with type 2
diabetes admitted to our hospital from January 2023 to January 2025 were included. According to bone mineral
density values obtained using dual-energy X-ray absorptiometry, subjects were stratified into three subgroups:
normal bone mass (n = 32), osteopenia (n = 34), and osteoporosis (n = 30). Serum concentrations of SOST and
FGF23, together with bone metabolic indices, were compared across groups. Associations between these biomarkers
and bone mineral density at different skeletal sites as well as markers of bone formation were evaluated. Receiver
operating characteristic curve analysis was applied to determine the discriminative performance of SOST, FGF23,
and their combined model for osteoporosis. Results There were statistically significant differences in age, duration
of diabetes, and glycated hemoglobin (HbAlc) levels among the normal bone mass group, osteopenia group, and
osteoporosis group (P < 0.05). Age and duration of diabetes showed significant pairwise differences among the three
groups (P < 0.05), with gradually increasing trends as bone density decreased. Significant differences were observed
in serum SOST and FGF23 levels among the three groups (P < 0.05). Pairwise comparisons also showed statistically
significant differences (P < 0.05), with SOST levels decreasing progressively and FGF23 levels increasing
progressively. Significant differences were also found in lumbar L,, BMD, femoral neck BMD, bone gla protein
(BGP), and bone alkaline phosphatase (BALP) levels among the three groups (P < 0.05), and all indicators showed
progressively decreasing trends with declining bone mass. Pearson correlation analysis demonstrated that serum
SOST levels were positively correlated with lumbar L,, BMD and femoral neck BMD (r = 0.457 and 0.456,
respectively; P < 0.001), and were also positively correlated with BGP and BALP levels (» = 0.348 and 0.327,
respectively; P < 0.05). Serum FGF23 levels were negatively correlated with lumbar L,, BMD and femoral neck
BMD (r =-0.469 and -0.335, respectively; P < 0.05), and were also negatively correlated with BGP and BALP levels
(r=-0.305 and -0.292, respectively; P < 0.05). Increased age [OR =1. 324 (95% CI: 1.018, 1.722) ], longer duration
of diabetes [OR = 1 657 (95% CIL: 1.125, 2.442) ], elevated HbAlc [OR 6.565 (95% CI: 1.503, 28.677) ], and
increased FGF23 [OR = 1.082 (95% CI: 1.016, 1.153) ] were identified as risk factors for osteoporosis in elderly
patients with T2DM, whereas elevated SOST [OAR =0.318 (95% CI: 0.109, 0.925) ] was identified as a protective
factor. The area under the curve (AUC) for the combined detection of SOST and FGF23 in diagnosing osteoporosis
was 0.927 (95% CI: 0.868, 0.986), with a sensitivity of 90.0%, specificity of 81.2%, and Youden index of 0.712.
Conclusion Decreased serum SOST and elevated FGF23 levels are closely associated with reduced bone mineral
density and bone metabolic abnormalities in elderly patients with T2DM. Combined assessment of these two
biomarkers provides substantial value for osteoporosis risk stratification.

Keywords: osteoporosis; sclerostin; fibroblast growth factor 23; type 2 diabetes mellitus; bone metabolism;
risk prediction

LA 2 RUBE RO 2 — B W e A e e

e X 4F 2k W Uk ¥ (dual-energy x-ray
absorptiometry, DEXA ) f2& H i I K 112 Wr & i 57 #3

55 K8 56 BE A K Jo o T M0 T A MG A R AT
& A U B A N H S AR ) o B A T
AR 00 R ARE AR BT B R R B2 B
B, LB 2 R S R AR, PR A A AR BT IR A B
Fe B, 45 A AR B Sk 2 PR A R T Y

83

1 B oA, SR T 7 VA A R W B o i 5 AR sl A4
AR5 TR — 2 Ry R , AR X LA 12 o XSz A
BB A A LU0 A RN R, SR RE RS S bk
B AR S IT B0 B T A KRS B A= A T A

A EEIRRE L TR, B AL E H (Sclerostin,



FpIE AR ek

4736 &

SOST) F1 ji £F 4 4 K K - 23 (fibroblast growth factor
23, FGF23)/E 2 5 B H S 45 S ) oA il %) o
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1 W ERICEFes) BB Mf_c’ikf;‘“z’ %ﬁ;’fiﬁf’ HbALe/(%. 3 % ) ;:m“ﬂ w%;
HEIEHR A 32 62.14 = 6.28 17/15 24.68 +2.84 7.96 +3.18 7.08 £0.79 16(50.00) 16(50.00)
AR 34 65.37 £6.91 18/16 24.11+2.93 9.84 +3.57 736 0.85 19(55.88) 15(44.12)
AL 30 69.82 +7.34 13/17 23.42+2.71 12.27 £4.02 7.71 £0.92 20(66.67) 10(33.33)
FICE 10.842 0.776 2.154 12.376 4.168 1.798 10.842
PIE 0.000 0.678 0.122 0.000 0.018 0.407 0.000
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B TE 4L B LR R B 41 SOST (rzs)
KEFFGR23 K LU, & 200, R M E 5% 203 n SOST/(ng/mL) FGF23/(pg/mL)
P22 L (P <0.05) ; SOST Fll FGF23 7K - 95 4 L %58, PR 32 582+ 1.12 91.34 +19.21
XS H G E X (P <0.05), SOST 7K - bt & 25 HAR 34 521+1.09 103.57 £ 20.18
BE R [ % R FEAG , FGF23 7K - [ B 55 i F 3% 9% Tt B BBAA 30 4.63+1.18 112.69 + 23.06
Bk, F{H 8.616 8.235
23 AFNBEEASEETERBREHERLE Lo 000 000!
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L, , BMD | JK & #1 BMD . BGP Jz BALP /K- [ 45 , £ L, , BMD & & % BMD . BGP J BALP 7K °F- ¥ i 15

Tr 2200 B, 22 S A Geit o B L (P<0.05) ;%?ﬂm

W T EREER MG . W3,

%3 TEAEBZEEAREETEREBREIERILE (rzs)
2031 n JEHEL, , BMD/(g/em®) B 30 BMD/ (g/em?) BGP/(ng/mL) BALP/(u/L)
B E Al 32 1.08 +0.09 0.92 +0.07 18.46 +3.27 21.38 +4.12
H A 34 0.93 = 0.08 0.79 + 0.06 16.72 +2.94 19.84 +3.76
AL IAH 30 0.81+0.07 0.68 + 0.05 14.53 +2.68 17.21 +3.35
F18 86.374 97.215 14.682 12.953
P1E 0.000 0.000 0.000 0.000
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LIEM K (P <0.05) . IfiL{E FGF23 K-V SHEMEL, ,
BMD & %1 BMD . BGP . BALP /K -3 5 fa A X (P <
0.05) . 4275 SOST 5 FGF23 7K V78 4k, 5 15 %5 i R g
KA R m A, k4,
2.5 HEF2RINERKEE T REHRRE
Y % (Al & —#& Logistic )3 43 #7
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EESEES
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S
- SOST FGF23
L SH P 1 Pl
oA L,_, BMD 0.457 0.000 -0.469 0.000
W& % BMD 0.456 0.000 -0.335 0.008
BGP 0.348 0.006 -0.305 0.016
BALP 0.327 0.010 -0.292 0.022

BN R 25 H5 %8 XA L
Al 28 — i Logistic [1H 2087 o LUAE IS A R 8 i 72
HbAlc SOST X FGF23 Jy H A8 & , H 4RI B R

« 85 -



FpIE AR ek

4736 &

S5 #2  HbAlc .SOST % FGF23 25 L) 52 B I 52 {H Wk A .

KHEZHZE — ﬂiLoglstlc WA 587 ik, A s 5 A
AKHEBE N 005, 45 F 55, AE B I[OR =1.324

(95% CI: 1.018, 1.722)] . ¥ J7 5 96 FL 4E K. [OR =
1.657 (95% CI: 1.125, 2.442)]. HbAle F+ B[O R

6.565 (95% CI: 1.503, 28.677)]. FGF23 T} i [OR =
1.082(95% CI:1.016, 1.153) 13 & 4F 2 KB JR ik
FH B TR R 19 2 B 1K 22, T SOST T 5 [OR =
0.318(95% CI:0.109,0.925) 1 H ARy N () P <
0.05). WL.Fk5.

R5 BE2EBERFBEEBEREMXE 00 EZER % EE—# Logistic B3 2521
FIAE R b S Wald 3 {H P OR i B
AN a
- : X T I
AEHS 0.281 0.134 4.375 0.036 1.324 1.018 1.722
A DR T 0.505 0.198 6.519 0.011 1.657 1.125 2.442
HbAlc 1.882 0.752 6.259 0.012 6.565 1.503 28.677
SOST —1.145 0.544 4.425 0.035 0.318 0.109 0.925
FGF23 0.079 0.032 5.946 0.015 1.082 1.016 1.153
2.6 SOST.FGF23 KBt & 8Hr3T & B A XU B K 62.5% , 245 45 0 H 0.458 ; FGF23 2 Wi B it i A

N E
VIR KA S R o REZ & (5 IER
BRI =0, B RE M =1) , 24 ROC #h £ 3 Hr
L% SOST \ FGF23 F — 3 B A K I % 2 41 2 78 bR
o BB BB AN B2 W . 45 2R oK, SOST 2
WiF B I K Y AUC 2k 0.764 (95% CI:0.642,0.885) ,

[ AUC 4 0.745 (95% CI:0.622,0.868 ) , f A3 i 41 {2
4 107.87 pg/mL, U N 60.0% , 55 5140 81.2%,
ZPBFE RN 04125 SOST 5 FGF23 B A #6245
JE B A Y AUG 24 0.927 (95% CI:0.868 ,0.986 ) , i %
£ 90.0% , 5 S N 81.2% , 2154550k 0712, 4%
7N A R T X 2 A 2 RUBE DR R E B A B

AW N 5.67 ng/mL, BUBAE K 83.3% , F St e MmN, WK 1FEG,
%6 SOST.FGF23 BELAISHFHN & REH KR M FREE 4 47
- 95% CI 95% C1 95% C1
Ei=tan R AUC UM% RS E%
TR R R TR R
SOST 5.67 ng/mL 0.764 0.642 0.885 83.3 0.653 0.944 62.5 0.493 0.738
FGF23 107.87 pg/mL 0.745 0.622 0.868 60.0 0.406 0.773 81.2 0.704 0.902
JiEES 0.927 0.868 0.986 90.0 0.735 0.979 81.2 0.704 0.902
T 3 itig
AR 2 R BRI — Rl R UL 942 T R g
5, 5K b T S IBIR A T 3 o 4 B
5 B R R A 2R TR W TR 02 PRI RRE i N
‘ e ZFHL TP B AR BT R s
N ESR B 3 B T B2 Jiang S04 R4S 1 166 30)
L B Al 26 7 40 T ok 0 I D52 I R
00— T A IR AR 55 R R RR O 5O R A O R I Tk
pr— YIM oG o B4 NBE, B T AL 55 6 T BE e iR
E1 SOST.FGF23 RE: A EHRHUN B REH R 1 BAEEZDRW RN HFRIRAREN L
ROC Rk SN S AR SR SOST 1 FGF23 1E k8 4 B A% 15 1
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Al 3 0 2 A B K 0

AVFREE R BN, WG B % RS & IE
W) R R D KR R R EME L, KRR
£ BMD 7K - 35 32 # B A, BGP 12 BALP 7K - 7K 5[]
R B R R R B4R 2 RUBH IR B B AT AE BB
Ty Ae w55 S g AR e o I T SOST 7K F B B i P
% 52 386y B %, I 5 BMD B2 BGP  BALP &£ 1F 4 % ;
FHIZ , FGF23 7K - B B 8 /0 B W 7 i, 5 BMD K
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A OCFE LRI 22 75 5 0 BLAb, VILACA 5P & 4 45
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B A bR 7 W) KNG B AT R A O i — 20 IR
SOST 5 FGF23 75 ot i #2843 )22 B 2 285 W il vh
4 i R 1

=

=z

Z X B

i ag, X WTR, AR, 45 . 2 TR PRI AR R T R ST
AE IS4 PR 2 K Ho 5 UAER . CCr. 25(0H)D3 [{5E & [J]. Hhig
P PE AR, 2025, 27(3): 434-437.

5T, PR B, BAKE:, 55 . 40 2 RUBE IR &5 0 T BiAs B
HAT BRI FERT]. v B B AA 2R AR, 2025, 31(7): 979-985.
2T, FHSEoR, RARAE, 45 . A 2 RUBEIRIA & 0 TR f&
o DR 22 IS R (] v BT PR DR, 2024, 27(6): 849-854.
T, kA, AR, & UZHEIE CT. QCT M DXA e85
A 12 WT H RS B PR S RORE L R [9]. CT B8 5 0 A WF 5%,
2024, 33(6): 717-724.

MG, T AR, R, 4% . M3 Iisin, SOST. H,S Sy
RAG I BB AE 5 B R L B R R 08 A DG B
T (B[], BUACA: 4 B30, 2024, 24(10): 1980-1984.

T, VR A 2 BRI OB T T TL-34, LCN2,
FGF23 /K- M R [0, B 22 5 R, 2024, 21(24): 3601-
3604.

Jiao Z X, Chai H, Wang S D, et al. SOST gene suppression

(1]

(2]

(3]

(4]

(5]

(6]

(7]
stimulates osteocyte Wnt/B -catenin signaling to prevent bone

resorption and attenuates particle-induced osteolysis[J]. J Mol

.« 87 -



FpIE AR ek

#
g

Med (Berl), 2023, 101(5): 607-620.

[8] HrAERE S oo WE IR 2 434 . v [ 2 TRUME RS B VA 46 e (2020 4F
FRO[I]. AR IR 2R, 2021, 13(4): 315-409.

[9] *hHRBESAoe i BB AAFI B $h U 72 . IR R P BB AMAE 12
SR RE(2022))]. HE AR BEAE, 2023, 26(14): 1671-1691.

[10] Sharma P, Sharma R K, Gaur K. Understanding the impact of
diabetes on bone health: a clinical review[J]. Metabol Open,
2024, 24: 100330.

[11] PhESE, MR T/, 45 A E IR KR TR EO0 S 48 2 A
PR 6B S ) T A0 (2 A (], 1B BE 27, 2023, 29(8):
1372-1377.

[12] B, VRN SC, R, 25 . 84 2 BUE PR fE 35 M3 CYR61
caveolin-1 7K F- 5B JTHAAAE R SC R [T]. | AR EE2%, 2023, 44(2):
224-228.

[13] Jiang J J, Zhao C Y, Han T T, et al. Advanced glycation end
products, bone health, and diabetes mellitus[J]. Exp Clin
Endocrinol Diabetes, 2022, 130(10): 671-677.

[14] R, T, 50 EFEE AR IR A BB A E F
HMPRIR . PRACHT M4 A 2% D 72846 5 S A B[] )1 BB
BEFAR, 2025, 40(7): 905-908.

[15] ARIFLy, SRR, B, 45 BT L DX AR A BLgiRA B
ML 22 3R D KPR BB OFSELT]. b [ B A i e 8 (e 1
J5), 2023, 15(10): 41-48.

[16] Zhang Z H, Jia X Y, Fang J Y, et al. Reduction of SOST gene
promotes bone formation through the Wnt/f -catenin signalling
pathway and compensates particle-induced osteolysis[J]. J Cell
Mol Med, 2020, 24(7): 4233-4244.

[17] Liu D, Yang H Y, Liao Q R, et al. Circulating FGF-23 is
associated with increased risk of osteoporosis and fractures in
hemodialysis patients: a prospective observational study[J]. Int J
Clin Pract, 2024, 2024(1): 1070492.

[18] Adhish M, Manjubala I. An in-silico approach to the potential
modulatory effect of taurine on sclerostin (SOST) and its

probable role during osteoporosis[J]. J Biomol Struct Dyn, 2024,

88

[19]

[20]

[21]

[22]

[23]

(24]

42(17): 9002-9017.
Wu K F, Ren W Y, Xu B E, et al. GLP-2 alleviates
postmenopausal osteoporosis by acting on osteoblasts through
the PI3K/AKT/FOXOL1 signalling pathway to downregulate
FGF23 expression[J]. J Orthop Surg Res, 2026, 21(1): 95.
Traechslin C, Sewing L, Baumann S, et al. Association of total
and bioactive serum sclerostin levels with bone metabolism in
type 2 diabetes mellitus[J]. J Clin Transl Endocrinol, 2025, 40:
100393.
Martinez-Montoro J I, GarciA-Fontana B, GarciA-Fontana C, et
al. Evaluation of quality and bone microstructure alterations in
patients with type 2 diabetes: a narrative review[J]. J Clin Med,
2022, 11(8): 2206.
Sirikul W, Siri-Angkul N, Chattipakorn N, et al. Fibroblast
growth factor 23 and osteoporosis: evidence from bench to
bedside[J]. Int J Mol Sci, 2022, 23(5): 2500.
van der Vaart A, Eelderink C, van Beek A P, et al. Fibroblast
growth factor 23, glucose homeostasis, and incident diabetes:
findings of 2 cohort studies[J]. J Clin Endocrinol Metab, 2023,
108(10): €971-e978.
Vilaca T, Eastell R. Efficacy of osteoporosis medications in
patients with type 2 diabetes[J]. Curr Osteoporos Rep, 2024,
22(1): 1-10.

(321 Gt )

A5 A AMVEE, RS, XUVK, A% AL . AR
LR A AR R 23 K- 4T 2 BB PRI B AR o BB
GRS RUE  JE R [T]. rh E AR BE 2 245K, 2026, 36(17): 82-88.

Cite this article as: Sun J B, Yuan H L, Liu B, et al. Association of

serum sclerostin and fibroblast growth factor 23 levels with bone

metabolic abnormalities and osteoporosis risk in elderly patients
with type 2 diabetes mellitus[J]. China Journal of Modern Medicine,
2026, 36(17): 82-88.



