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Osteoporosis is defined as a decrease in bone density that results in micro-architecture deterioration, predisposing

the affected patients to fractures. Operationally, osteoporosis has been defined on the basis of a bone mineral

density assessment using dual energy X-ray absorptiometry.

osteoporosis risk factors  vitamin d  metabolic bone disease

1. Introduction

Osteoporosis is recognized as the most common form of metabolic bone disease, with an estimated 200 million

people affected worldwide; in particular, approximately 30% of postmenopausal women have osteoporosis in

industrialized countries, including Europe and United States . Great attention has been recently paid to pediatric

osteoporosis and much has changed in the field of pediatric bone health since the first positions of the International

Society for Clinical Densitometry were published in 2003 . Some scientific societies have included bone health

screening in their clinical guidelines for chronic childhood diseases . Osteoporosis in childhood and adolescence

is a condition characterized by a low bone mineral density or bone mineral content (z-score ≤ −2.0, adjusted for

race, age and gender) and the presence of a clinically significant history of skeletal fractures . In the absence of a

history of fractures, unlike the T-score in adults, the z-score < −2 cannot be used for diagnosis of osteoporosis and

thus the preferred term is reduced bone density according to chronological age . Primary osteoporosis in children

is a rare condition, recognizing a genetic background. More commonly, secondary osteoporosis (or, more

frequently, reduced mineral density) can result from chronic diseases affecting mineral metabolism and/or from

significant nutritional perturbations .

2. Pathogenesis

2.1. Modifiable Risk Factors

Diet. Among the modifiable risk factors, unhealthy eating habits involving high salt, high protein, high sugar and

inadequate calcium intakes play a central role in the pathogenesis of osteoporosis . Excessive salt intake has

been focused on in the last few years as one of the main elements that influence health status ; in particular, high

salt intake is linked to hypertension and its cardiovascular complications . There is strong evidence of excessive

salt intake starting in childhood and adolescence . This is worth special attention, because the effect of the high

salt intake will add a high amount of exposure time. Accordingly, many organizations have issued strong
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recommendations to reduce salt intake . Bone is a target organ of a high dietary sodium intake .

Several experimental studies indicate that high salt intake increases urinary calcium excretion, a well-recognized

risk factor for osteoporosis .

Moreover, a high dietary intake of simple sugars is another factor able to increase the risk of reduced bone mineral

density and osteoporosis . This increased risk has been attributed to the elevated urinary excretion of calcium

and magnesium which occurs after the ingestion of common nutritive sugars such as glucose and sucrose , to

the 1,25OH D  -dependent inhibition of intestinal and renal calcium transport, which occurs after a high dietary

intake of fructose in experimental models , and to the impairment of bone formation caused by the reduced

osteoblast proliferation, the increased osteoclast activation, and the increased lactic acid production which has

observed in experimental models after high glucose dietary intake and has be linked to impairment of bone

strength observed in type 1 and 2 diabetes . In this regard, it should be noted that the regular

consumption of soft drinks, a notoriously high source of added sugar, is strongly associated with an increased risk

of developing fractures in children and adolescents .

Low physical activity. An additional lifestyle risk factor for the occurrence of osteoporosis may be identified in

physical inactivity, which was reported to be a risk factor for both disorders, at least in post-menopausal women 

.

Smoking. Cigarette smoking is also a significant risk factor for osteoporosis . Cigarette smoking predisposes

patients to osteoporosis by different pathophysiologic mechanisms. In effect, cigarette smoking influences the

metabolism of calciotropic, cortical and sexual hormones . In addition, it directly induces alteration in the

RANK—Receptor Activator of NF-kB Ligand (RANKL)—osteoprotegerin (OPG) system in collagen metabolism and

in bone angiogenesis. Nicotine also has an inhibitory effect on osteogenesis .

An adequate vitamin D status is fundamental for bone health . The pivotal role of the vitamin D system in

regulating calcium-phosphate homeostasis has been demonstrated   associated also with a higher prevalence

of vitamin D deficiency (i.e., serum 25-hydroxyvitamin D levels < 50 nmol/L or 20 ng/mL) worldwide and at all ages

.

2.2. Non-Modifiable Risk Factors

Osteoporosis seem to be a genetically heterogeneous disease, related to multiple genetic factors , identified

on family-based or case–control studies.

All humans carry many risk alleles for all common diseases, and each affected individual likely carries a higher

burden and unique portfolio of risk variants. While the description of a polygenic model at the population level is

very simply defined, it generates considerable genetic heterogeneity between individuals, which, in turn, is

consistent with the characteristics of common complex diseases, such as heterogeneity in clinical presentation and

variation in response to treatments. Understanding the consequences of polygenicity for individuals also links to an

understanding of epistasis, the interacting effects of risk loci .
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Calcium-sensing receptor (CASR). The calcium-sensing receptor is a plasma membrane G protein-coupled

receptor that is expressed in the parathyroid hormone-producing chief cells of the parathyroid gland and in the cells

lining the kidney tubule. In the parathyroid gland, the CASR senses small changes in circulating calcium

concentration and couples this piece of information to intracellular signaling pathways that modify PTH secretion. In

the kidney, the CaSR is expressed in all tubular segments and regulates tubular cell function in response to the

increase in calcium concentrations in the interstitium or tubular lumen. In the proximal tubule, the CaSR inhibits

PTH-induced phosphate excretion. In addition, CaSR inhibits calcium reabsorption in the medullary thick ascending

limb and water reabsorption in the collecting duct. These CaSR-mediated effects ensue to dilute the tubular

calcium load in a larger fluid volume and decrease the risk of salt precipitation, crystal aggregation and growth,

leading, in the end, to stone formation and a reduced bone mineral density . Natural polymorphic

variants of CASR are associated to an increased risk of osteoporosis, directly influencing calcium tubular handling

.

Vitamin D receptor (VDR). The vitamin D receptor is an intracellular hormone receptor that specifically binds

1,25(OH) D  and mediates its biological effects. VDR contains a zinc-finger DNA-binding and transcriptional

activation domain and a ligand-binding domain . Natural polymorphic variants of VDR are associated to an

increased risk of osteoporosis, by directly affecting calcium and citrate tubular metabolism . In

addition, a natural polymorphic variant of VDR, which lacks only the first three amino acids, was shown to interact

more efficiently with its transcription factor and to possess elevated transcriptional activity. This defect resulted in

an increase in 1,25-dihydroxyvitamin D3 levels, hypocalcemia with secondary hyperparathyroidism and

hypophosphatemia, leading to rickets. In addition, these patients also showed increased serum alkaline

phosphatase levels, generalized aminoaciduria, total alopecia .

Alkaline phosphatase (ALPL). Alkaline phosphatase are membrane-bound glycoproteins that hydrolyze various

monophosphate esters at a high pH optimum. The enzyme acts physiologically as a lipid-anchored

phosphoethanolamine and pyridoxal-5-prime-phosphate . Allelic variants of the ALPL gene have been linked to

an increased risk of osteoporosis . In addition, twenty-three allelic variants have been isolated in children

affected by hypophosphatasia and kidney stones. Every mutation disrupts the spatial relationship between two

essential components of the ALP active pocket in the calcium binding domain .

Osteopontin (SPP1). Osteopontin is a multifunctional glycosylated phosphoprotein and is a member of the small

integrin-binding ligand, N-linked glycoprotein (SIBLING) family. An analysis of gene expression using microarray

technology has shown that the SPP1 gene was markedly upregulated in rats during the development of calcium

stone formation . SPP1 seems to be involved in the early and in the late stages of the stone-forming process. In

fact, that SPP1 plays a role in stimulating the deposition and adhesion of crystals to cells, due to increased

adhesion tendency. Furthermore, many studies suggested that SPP1 is also an inhibitor of abnormal calcification

and has a vital inhibitory role during crystallization, crystal retention, crystal congregation, and stone formation in

vitro or in vivo . Experimental studies also demonstrate that SPP1 plays a role in anchoring the osteoclasts

on the bone mineral matrix, stimulated by calcitriol. In this condition, SPP1 accumulates along the bone surface
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and binds osteoclasts that allow local bone resorption . Some polymorphic variants of SPP1 gene are

associated to an increased risk of  osteoporosis, directly influencing calcium tubular handling .

Claudin-14 (CLDN14). Claudin-14 is an integral membrane protein and a component of tight junction strands,

which regulates paracellular permeability at epithelial tight junctions, and its expression is regulated by extracellular

calcium changes . It has been reported to be associated with levels of urinary calcium and serum parathyroid

hormone and may therefore regulate bone development through its regulatory effect on calcium metabolism.

Transgenic overexpression of claudin-14 in mouse kidneys generated renal defects characterized by an

uncontrolled loss of calcium and magnesium . Some polymorphic variants of CLDN14 gene are also associated

to reduced bone mineral density in the hip and spine as well as to nephrolithiasis .

Fibroblast growth factor 23 (FGF23). Fibroblast growth factor 23 is a phosphaturic hormone whose physiological

actions on renal tubule tissue are mediated by FGF receptors (FGFR) and klotho, which functions as a co-receptor,

increasing the binding affinity of FGF23 for FGFRs. In the renal tubule, FGF23 regulates vitamin D metabolism and

tubular phosphate reabsorption by modulating the metabolic activity of 1α 25OH Vitamin D Hydroxylase (Cyp27b1)

and decreasing the tubular expression of type IIa sodium–phosphate cotransporter independently from PTH .

An excess of FGF23 serum levels is implicated in the pathogenesis of renal phosphate leak, a clinical disorder

characterized by PTH- and vitamin D independent hypophosphatemia and reduced renal phosphate reabsorption

. This disorder predisposes patients to both osteoporosis and nephrolithiasis  . A functional allelic

variant of the FGF23 gene (T239M, rs7955866) has been described in stone-forming patients with renal phosphate

leak. In vitro studies showed that the T239M change increases FGF23 secretion and that the FGF23(239M) variant

induces a higher activation of the FGF receptor/ERK pathway compared to FGF23(239T) .

Type 2a sodium–phosphate cotransporter (SLC34A1). The type 2a sodium–phosphate cotransporter (NPT2a) is

expressed in the apical membrane of renal proximal tubular cells and is a key-regulator of phosphate homeostasis,

modulating urinary phosphate excretion . In effect, phosphate filtered by the glomerulus is subsequently

reabsorbed in the proximal tubule, in which the rate-limiting step is the uptake of phosphate through NPT2a .

Priè et al. identified two mutations in SLC34A1 gene in two patients with a renal phosphate leak causing

osteoporosis and nephrolithiasis .

Vitamin D 24-hydroxylase (CYP24A1). CYP24A1 is a mitochondrial enzyme responsible for inactivating vitamin D

metabolites through the C-24 oxidation pathway. The 1,25-(OH)2D3 induces the 24-hydroxylase, whereas

hypocalcemia, through increased parathyroid hormone, suppresses this enzyme. The mutant CYP24A1 enzymes

revealed complete or near-complete loss of function, characterized by a weak binding of 1,25-dihydroxyvitamin D3

to 24-hydroxylase, leading, in the end, to hypercalcemia, nephrolithiasis and pseudovitamin D-deficient rickets 

. A mutation of the CYP24A1 gene has been reported in a 22-year-old male patient with recurrent

nephrolithiasis, nephrocalcinosis, hypercalcemia, low parathyroid hormone levels, hypercalciuria and low bone

mass .
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