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Perspective

DESCRIPTION

Bone Mineral Density (BMD) is a key determinant of bone strength and plays a
critical role in assessing the risk of fractures. It is influenced by a complex
interplay of genetic, environmental and lifestyle factors. While environmental
factors like diet and physical activity are well-known contributors to BMD,
genetics also plays an important role in determining an individual's bone

density and susceptibility to fractures.
Role of genetics in bone mineral density

Bone mineral density is primarily determined by the amount of mineral content
(mainly calcium and phosphate) deposited in the bone matrix. High BMD is
generally associated with stronger bones, which are less prone to fractures,
while low BMD increases fracture risk, especially in older adults. Genetics
account for a significant portion of the variation in BMD, with estimates ranging
from 60% to 80% heritability. Several genetic factors influence bone formation,
resorption and mineralization, ultimately determining BMD levels and fracture

susceptibility.
Key genetic factors affecting bone mineral density

Collagen type | (COL1A1 and COL1A2) collagen Type | is the most abundant
protein in bone tissue, providing structural support and strength to the bone
matrix. Variations in the genes encoding the collagen type | alpha chains
(COL1A1 and COL1A2) have been linked to differences in BMD. The COL1A1
gene, in particular, has been associated with osteoporosis and fracture risk.
Specific polymorphisms, such as the Spl binding site polymorphism in
COL1A1, can affect collagen synthesis and bone strength, influencing an

individual's susceptibility to low BMD and fractures.
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Vitamin D Receptor (VDR) Gene Vitamin D plays a critical role in calcium absorption and bone metabolism. The VDR gene
encodes the vitamin D receptor, which mediates the effects of vitamin D on bone health. Certain polymorphisms in the
VDR gene, particularly those in the promoter region and the 3' untranslated region, have been linked to variations in BMD.
These polymorphisms may influence the receptor's sensitivity to vitamin D, affecting calcium homeostasis and bone
mineralization. Individuals with certain VDR gene variations may be at a higher risk for osteoporosis and fractures,

especially in regions with limited sunlight exposure.

Estrogen Receptor (ESR) Gene Estrogen is a key hormone in maintaining bone density, particularly in women. Estrogen
receptors, encoded by the ESR gene, are involved in mediating the effects of estrogen on bone metabolism. Variations in
the ESR gene can influence an individual's response to estrogen, affecting BMD and fracture risk. For example, certain
polymorphisms in the ESR1 gene have been associated with lower BMD and an increased risk of osteoporosis in

postmenopausal women, a group at heightened risk due to estrogen deficiency.

Osteoprotegerin (OPG) and Receptor Activator of Nuclear Factor-Kappa B Ligand (RANKL) The RANKL/OPG system plays
a central role in regulating bone resorption. RANKL is a cytokine that binds to the RANK receptor on osteoclast precursors,
promoting their differentiation into mature osteoclasts that resorb bone. Osteoprotegerin (OPG) acts as a decoy receptor
for RANKL, preventing RANKL from binding to RANK and thus inhibiting bone resorption. Genetic variations in the OPG
and RANKL genes have been shown to influence BMD and fracture risk. For instance, polymorphisms in the OPG gene

have been linked to increased fracture risk, particularly in postmenopausal women.
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