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Introduction

In general, osteoporosis is treated in orthopaedics by standard 
medical procedures including drug therapy, exercise therapy and diet 
therapy. We have tried to apply molecular nutrition in our hospital 
conducting blood and urine tests on more than 60 items to elucidate 
the mechanism of osteoporosis and to search for better treatment 
of osteoporosis. In this paper, we report the prospect of a molecular 
nutritional approach to the study of mechanism and better treatment 
of osteoporosis based on our experiences in our hospital.

Mechanism of bone Metabolism

In bone, bone resorption by osteoclasts and bone formation 
by osteoblasts are repeatedly performed (bone metabolism), and 
progenitor cells are activated to proliferation and differentiation. 
During this process, they are known to receive control of various 
hormones and many cytokines. Osteoporosis is considered to 
be caused by the imbalance of this control mechanism of bone 
metabolism.

Postmenopausal osteoporosis is caused by decreased estrogen 
secretion associated with increased cytokine levels such as IL-1, 
TNF, and GM-CSF, decreased 1.25 (OH2) D3 production, decreased 
parathyroid hormone (PTH) and calcitonin (CT) secretion resulting 
in increases bone resorption [1]. Thereafter, bone formation is 
reactively enhanced, but the bone density continues to decrease 
because the degree of enhanced bone resorption is greater than that 
of secondary enhanced bone formation [2,3]. Thus, postmenopausal 
osteoporosis is mainly high-turnover types. On the other hand, senile 
osteoporosis is, though it still has many unclear points, mainly low-
turnover type caused by a relative deficiency of bone formation due to 
ageing-related various functional declines.

In our hospital, osteocalcin (OC) and undercarboxylated osteocalcin 
(ucOC) are used as bone metabolism markers, and tartrate-resistant 
acid phosphatase isoform 5b (TRACP 5b) is used to assess bone status

*Corresponding Author: Prof. Katsuhiko Hata, Department of Neuroscience, 
Research Center for Mathematical Medicine, Kokushikan University, Japan; E-mail: 
khata@kokushikan.ac.jp

Citation: Ominato Y, Kaneko M, Tomohisa M, Ito S, Hata K (2019) Appropriate 
Nutrition for Preventing Osteoporosis. Int J Phys Ther Rehab 5: 159. doi: https://
doi.org/10.15344/2455-7498/2019/159

Copyright: © 2019 Ominato et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

and therapeutic effects. Treatments are carried out by molecular 
nutritional techniques, monitoring bone metabolism markers, to 
improve bone metabolism, so that bone formation exceeds bone 
resorption.

Molecular Nutritional Technique

Calcium, the most important nutrient for increasing bone mass, is 
99% distributed in bone, 1% in soft tissue, and 0.1% in blood. Calcium 
works not only for bone formation but also for the trigger of secretion 
of hormones and neurotransmitters, of muscle contraction and of 
blood clotting. Therefore, dietary intake of calcium is very important 
and the recommended daily dose is about 650 mg to 800 mg for 
adults, although there are differences depending on age and gender. 
However, the Japanese average intake of calcium, both adult man and 
female, remains about 500 mg/day (survey by the Ministry of Health, 
Labor and Welfare in 2015). Deficiency of calcium intake stimulates 
secretion of parathyroid hormone which causes calcification of the 
arteries by calcium leached from the bone, causing atherosclerosis, 
hypertension and heart diseases [4,5]. On the other hand, the curious 
phenomenon called “Calcium Paradox” has been reported: in the 
countries with higher calcium intake per person per day has a higher 
number of bone diseases including osteoporosis [6,7]. The term 
“Calcium Paradox” originally indicates an increase of cellular calcium 
influx efficacy by lowered extracellular calcium concentration, but 
now it is widely used to indicate paradoxical response to calcium 
intake. The mechanism of that phenomenon is considered as follows: 
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Abstract

In general, osteoporosis is treated in orthopaedics by standard medical procedures including drug 
therapy, exercise therapy and diet therapy. We have tried to apply molecular nutrition in our hospital 
conducting blood and urine tests on more than 60 items to elucidate the mechanism of osteoporosis and to 
search for better treatment of osteoporosis. In this paper, we report the prospect of a molecular nutritional 
approach to the study of mechanism and better treatment of osteoporosis based on our experiences in our 
hospital.
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IL-1: interleukin 1; TNF: tumour necrosis factor; GM-CSF: granulocyte macrophage colony-stimulating factor; ucOC: under carboxylated 
osteocalcin; OC: osteocalcin; TRACP 5b: tartrate resistant acid phosphatase isoform 5b; PTH: parathyroid hormone, VD3: vitamin D3, CT: 
calcitonin, VDRE: vitamin D response element
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Higher calcium intake correlates with higher animal protein intake. 
Calcium is mobilized from bone for neutralizing sulphur-containing 
acidic amino acid residues, such as methionine and cysteine, causing 
bone mass density reduction [8]. Thus, not only calcium intake but 
also avoiding excessive intake of animal proteins, which are high in 
sulfur-containing amino acids, especially cystine and methionine, to 
prevent loss of bone calcium may be important for the prevention of 
osteoporosis.

Since serum calcium concentration is strictly controlled by the 
homeostatic mechanism of calcium control hormones (PTH, VD3, 
CT), it is difficult to judge whether calcium metabolism is functioning 
normally by serum calcium concentration alone. It is necessary to 
survey the dynamics of calcium in the body also from blood PTH 
and VD3 concentration, urinary calcium concentration and pH, bone 
density, and meal content.

Thus, calcium is a very important mineral for the prevention and 
treatment of osteoporosis. However, it is not sufficient to take calcium 
alone. Many previous studies have shown no significant correlation 
between dietary calcium intake and bone loss [3,9-13]. While about 
80% of the bone components are calcium phosphate, remaining about 
20% is bone matrix and cells containing collagen and other proteins. 
Therefore, nutritional therapy for osteoporosis is performed by 
supplementing, in addition to calcium, various nutrients described 
below.

Vitamin D and vitamin A

Vitamin D activates bone metabolism such as synthesis of bone 
matrix (collagen, osteocalcin) and differentiation of osteoclasts. It also 
promotes the synthesis of calbindin. Calbindin, known as a calcium-
binding protein in the small intestine, has in its gene a vitamin D 
response element (VDRE), so that its synthesis is promoted by vitamin 
D. Vitamin D has been also reported to activate immune system of 
infection defence via Toll-like receptor, as well as other differentiation 
induction actions [15-19]. Vitamin D and Vitamin A interact in the 
nucleus through the cross-talking of Vitamin D receptor (VDR) and 
retinoid X receptor (RXR). Thus, supplementation of Vitamin D and 
A is important for the activation of bone metabolism.

Protein, vitamin C, vitamin K, and Iron

Protein is necessary for the activation of bone metabolism 
and synthesis of the bone matrix which is mainly composed of 
collagen fibres. Bone matrix calcification is initiated by matrix 
vesicles produced and secreted by osteoblasts. The matrix vesicles 
contain calcified spheres composed of calcium phosphate crystals 
which contact collagen fibres secreted from osteoblasts and orderly 
calcification proceeds on the collagen fibre [20]. Vitamin C and iron 
are required for collagen synthesis, and chronic iron deficiency has 
been pointed out to increase the risk of osteoporosis [21].

Osteocalcin (OC) is a major non-collagen protein in the bone 
matrix, and plays an important role in calcium binding and 
stabilization of hydroxyapatite, regulating bone formation locally 
[22]. OC is incorporated into the bone matrix after γ-carboxylation of 
glutamate residues by γ-carboxylase. At this time, vitamin K acts as a 
coenzyme of γ-carboxylase. Insufficient vitamin K produces OC that 
does not function normally, called undercarboxylated osteocalcin 
(ucOC). Therefore, an increase in blood ucOC suggests a lack of 
vitamin K and a decrease in normal functioning OC. Vitamin K is
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mainly synthesized by intestinal bacteria and vitamin K deficiency 
is suggested to be caused not only by vitamin K antagonist such as 
warfarin but also vitamin K malabsorption in the ileum associated 
with chronic gastrointestinal disorders [23]. In our hospital, we also 
observed that most of the patients with high ucOC were associated 
with malabsorption syndrome of some cause. Thus, for treatment of 
osteoporosis, normalizing the intestinal environment is important as 
well as supplementing nutrients such as high-quality proteins, vitamin 
C, iron and vitamin K.

Magnesium (Mg)

Mg deficiency is considered as one of the risk factors of osteoporosis 
because it affects the secretion and activity of PTH and vitamin D 
[24,25]. An epidemiological survey has also shown a significant 
positive correlation between daily Mg intake and bone mineral 
density. Thus, eating a well-balanced diet of magnesium and calcium 
is important for bone mineral stabilization.

Isoflavone

Isoflavone which binds to the estrogen receptor as an agonist has 
an estrogenic effect. It is expected to be effective in preventing the 
onset of postmenopausal osteoporosis, caused by estrogen deficiency, 
as has already been confirmed in animal studies and epidemiological 
studies [26].

Conclusion

In addition to supplying various nutrients mentioned above, it is 
important for the prevention and treatment of the osteoporosis to 
improve insulin resistance, reduce oxidative stress, and optimize the 
immune system. It has long been pointed out that many diabetics have 
fractures. Recent studies have suggested that advanced glycation end 
products (AGEs) and oxidative stress are involved in the development 
of osteoporosis and vascular calcification [27]. The immune system 
is also related to bone metabolism as the osteoclasts originate from 
macrophages. Moreover, inflammation is associated with insulin 
resistance [28,29]. Thus, insulin resistance, oxidative stress, and the 
immune system interact mutually to cause osteoporosis pathogenesis. 
By the further elucidation of these mechanisms, it is expected to lead 
to a more sophisticated approach for osteoporosis treatment.
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