[bookmark: _GoBack]Table 2 Vitamins and their subtypes that modulate metabolic pathways involved in fracture healing
	Subtype
	Core pathways
	Osteogenic differentiation markers
	Bone resorption markers
	References

	Vitamin A
Retinoids: retinol, retinal, retinoic acid, retinyl palmitate, 3,4-didehydroretinol
Provitamin A carotenoids: β-carotene, α-carotene, β-cryptoxanthin
	RAR/RXR signaling pathway
Wnt/β-catenin signaling pathway
TNFSF11 (RANKL)–TNFRSF11A (RANK)–TNFRSF11B (OPG)/NF-κB–NFATC1 signaling axis
TGF-β/BMP–Smad signaling pathway
VDR–RXR signaling pathway
PPARG (PPARγ)–RXR signaling pathway
RBP4–STRA6 signaling pathway
	ALPL (ALP)
COL1A1
RUNX2
SP7 (OSX)
BGLAP (OCN)
IBSP (BSP)
SPP1 (OPN)
TNFRSF11B (OPG)
	ACP5 (TRAP)
CTSK
MMP9
CA2
DCSTAMP
NFATC1
TNFSF11 (RANKL)
	[1-6]

	Vitamin C
L-ascorbic acid
Dehydroascorbic acid
	Collagen hydroxylation–extracellular matrix axis
Epigenetic regulation axis
Wnt/β-catenin–ATF4–MAPK axis
ROS–Nrf2–NF-κB axis
PHD–HIF–microenvironment axis
Uptake and supply axis (SLC23 family)
	RUNX2
SP7 (OSX)
ALPL (ALP)
COL1A1
COL1A2
IBSP (BSP)
SPP1 (OPN)
BGLAP (OCN)
	NFATC1
FOS (c-FOS)
ACP5 (TRAP)
CTSK
MMP9
CA2
ITGB3
DCSTAMP
TNFRSF11A (RANK)
TNFSF11 (RANKL)
	[7-14]

	Vitamin E
α-, β-, γ-, and δ-tocopherol
α-, β-, γ-, and δ-tocotrienol
	Wnt/β-catenin osteoanabolic axis
Nrf2–HO-1/NQO1 antioxidant axis
TNFSF11 (RANKL)–TNFRSF11A (RANK)–NF-κB/MAPK–NFATC1 osteoclast-lineage axis
Mevalonate–small GTPase axis
Inflammatory mediator axis
α-tocopherol phosphate (α-TP)–p38α–MITF axis
	RUNX2
SP7 (OSX)
ALPL (ALP)
COL1A1
BGLAP (OCN)
BMP2
IBSP (BSP)
SOST
DKK1
	FOS (c-FOS)
NFATC1
TNFSF11 (RANKL)
ACP5 (TRAP)
CTSK
MMP9
ITGB3
ATP6V0D2
DCSTAMP
	[15-20]

	Vitamin K
Vitamin K1 (phylloquinone)
Vitamin K2 (menaquinones)
Vitamin K3 (menadione)
	GGCX–VKORC1 vitamin K cycle axis
SXR (PXR) nuclear receptor axis
Vitamin D–vitamin K synergistic axis
TAM receptor–GAS6/PROS1 axis
	RUNX2
ALPL (ALP)
COL1A1
SP7 (OSX)
IBSP (BSP)
SPP1 (OPN)
DMP1
	ACP5 (TRAP)
CTSK
MMP9
DCSTAMP
OCSTAMP (downregulated)
	[21-25]

	Vitamin B complex
Vitamin B1 (thiamine)
Vitamin B2 (riboflavin)
Vitamin B3 (niacin)
Vitamin B5 (pantothenic acid)
Vitamin B6 (pyridoxine)
Vitamin B7 (biotin)
Vitamin B9 (folate)
Vitamin B12 (cobalamin)
	One-carbon metabolism–homocysteine (Hcy)–TNFSF11 (RANKL)/TNFRSF11B (OPG)–ROS–p38 MAPK axis
NAD⁺–sirtuin energy-sensing deacetylase axis (vitamin B3-responsive)
AGEs–RAGE–Wnt/NF-κB axis
	ALPL (ALP)
RUNX2
SP7 (OSX)
BGLAP (OCN)
COL1A1
IBSP (BSP)
SPP1 (OPN)
P1NP
AXIN2
LEF1
	ACP5 (TRAP)
CTSK
MMP9
NFATC1
FOS (c-FOS)
DCSTAMP
ITGB3
	[26-33]
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