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trends of metabolic reprogramming in osteoporosis (OP) based on bibliometric methods, and to explore the
application of metabolic reprogramming in the treatment of OP, so as to provide references for future research.
Methods Literature was collected from the Web of Science Core Collection (WoSCC) database. CiteSpace 6.3.1
software was employed for visual analysis. Results A total of 906 articles were included. Publications in this
field increased gradually from 2003 to 2025. China and the United States were the countries with the highest
publication output and academic influence, respectively. Shanghai Jiao Tong University was the leading
institutions in terms of output and centrality. Long FX contributed the most publications. The Journal of Bone
and Mineral Research had the highest citation frequency. Core keywords included differentiation, bone mineral
density, metabolism, osteoporosis, glucose metabolism, and lipid metabolism. Gut microbiota and mechanisms
emerged as the latest research hotspots. The top 10 most frequently co-cited references mainly focused on the
relationships among glucose metabolism, osteocalcin, the Wnt signaling pathway, insulin, and OP-related
metabolic reprogramming. Conclusion Research on metabolic reprogramming in OP has shown sustained
growth in recent years and has become an important direction in the field of bone metabolism. Current focuses
include bone mineral density and the regulation of glucose and lipid metabolism, with expanding interest in
cross-system mechanisms such as the gut microbiota. Furthermore, future studies are expected to further

elucidate multidimensional interaction networks, such as the "metabolism-bone-immune" axis, to identify novel

therapeutic targets for OP.

[ Keywords ] Osteoporosis; Metabolic reprogramming; Bibliometrics; CiteSpace; Visual analysis; Web

of Science; Hotspots
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Figure 1. Annual publication volume of osteoporosis—
related metabolic reprogramming research in the
WoSCC database from 2003 to 2025
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Keywords Year Strength Begin End 2003—2025
hormone replacement therapy 2003 5.32 2003 2011
bone mineral density 2003 427 2003 2009
postmenopausal women 2003 4.11 2003 2008
insulin 2007 44 2007 2014
beta cell 2010 8.82 2010 2017
glucose metabolism 2010 8.09 2010 2014
energy metabolism 2010 434 2010 2015
insulin resistance 2010 425 2010 2013
serum osteocalcin 2011 7.81 2011 2015
fat mass 2011 6.69 2011 2015
fracture risk 2012 433 2012 2017
bone formation 2013 4.89 2013 2016
inflammation 2014 3.99 2014 2016 —
mass 2003 7.26 2016 2019
type 2 diabetes mellitus 2015 5.66 2017 2018 a—
aerobic glycolysis 2015 5.05 2017 2022 e ———
mitochondrial biogenesis 2018 5.55 2018 2021 s
osteoblast 2014 5.19 2019 2022 e — e
glucose 2013 5.01 2019 2022
osteogenic differentiation 2020 49 2020 2023 —
bone 2011 5.88 2021 2022
mechanisms 2019 541 2021 2025 e —
glycolysis 2022 5.72 2022 2023 —
inhibition 2023 8.61 2023 2025 —
gut microbiota 2023 5.4 2023 2025 —

&8 WoSCC %4 B 1 & R Br#A 8 S X 151 B 4R A2 4FUS Y STk X 5217 SR T Bl g
Figure 8. Keyword prominence map of osteoporosis—related metabolic reprogramming literature in the WoSCC database
: Keywords A FT 9 H4h £483, Year#Rit %94 K B ILE A, Strength A= R IR HAL, Begin 5 End 55135 3% £ 4115 A 2,5 a9 AR 1],
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Table 9. Top 10 journals by the number of publications

Fs SCHkELH s REe ot RRER HAEE

1 Insulin Signaling in Osteoblasts Integrates Bone Remodeling and Energy 31 0.03 2010 Ferron M
Metabolism

2 Malic Enzyme Couples Mitochondria with Aerobic Glycolysis in Osteoblasts 30 0.15 2020 Lee WC

3 Osteocalcin differentially regulates beta cell and adipocyte gene expression and 29 0.13 2008 Ferron M

affects the development of metabolic diseases in wild-type mice

4 Energy Metabolism of the Osteoblast: Implications for Osteoporosis 28 0.15 2017 Lee WC

5 Endocrine Regulation of Energy Metabolism by the Skeleton 28 0.09 2007 Lee NK

6 WNT-LRPS5 Signaling Induces Warburg Effect through mTORC2 Activation during 27 0.41 2013 Esen E
Osteoblast Differentiation

7 Insulin Receptor Signaling in Osteoblasts Regulates Postnatal Bone Acquisition and 22 0.39 2010 Fulzele K
Body Composition

8 Both aerobic glycolysis and mitochondrial respiration are required for osteoclast 22 0.05 2020 Li BE
differentiation

9 Association between serum osteocalcin and markers of metabolic phenotype 22 0.01 2009 Pittas AG

10 Glucose Uptake and Runx2 Synergize to Orchestrate Osteoblast Differentiation and 22 0.02 2015 Wei JW

Bone Formation

AR IR H T 22 S R SN ), R L E AR IZSUSIE B X B AR
MRS AR, BlSGERA SR SRS S8 ROCHER 5 SRR 4Rkl L,
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